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MoTIVATION

We investigate electrocardiograms that are recorded while catheterizing patients with heart failure.
Our analysis is focused on the detection and differentiation of critical events by means of statistical
methods and should allow us to qualify potential possibilities of forecasting.

Events of particular interest are :

- injection of contrast agent into coronary blood-vessels
- insertion of the catheter into the ventricle

- interruption of coronary blood flow during balloon dilatation (for incorporation of stent)

As a further project we study the transition from aerobic to anaerobic metabolism observed in ergospi-
rometric measurements (anaerobic threshold AT point). Spiroergometry is a clinical tool for assessing
the cardiopulmonary capacity. The anaerobic threshold can be identified by looking at the ratio of the
total amount of inhaled gases (per breath) and the volume of consumed oxygen (per breatn) - the so
called EqOy signal. The transition is believed to show up in a rather abrupt increase of the EqOj-signal
as a function of time.

In both projects, due to medical constraints, we necessarily had to employ general analyzing procedu-
res independent of individual characteristics of patients.
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DEeTECTION OF R-PEAKS

—— Pan-Touekins ALGORITHM

Normalization of single heartbeats
SPLITTING AND NORMALIZATION OF HEARTBEATS,

FOURIER TRANSFORMATION

preparation steps :

3) Splitting of the ECG-signal into single heartbeats

b) Representation of the ECG-signal as a function of
heartbeat number

¢) Reduction to 256 data points per heartbeat

d) Transformation of the signal with Fast Fourier Transform
(FFT)

PHASE SPACE OF FOURIER COEFFICIENTS

—— "form vector V/" in 256 - dimensional phase space of Fourier coefficients characterizes ECG signal
for each heartbeat j
—— similarity between different forms Vj,Vk is quantified by euclidean norm of corresponding difference A
vector
— distance of points from origin corresponds to square root of integrated power spectrum
"energy of heartbeats”

HEARTBEAT ENERGY AND VELOGITY OF ENERGY CHANGES PROJECTION ONTO FOURIER oF LowesT FILTERING (LOAPASS FILTER)

of form vector projection onto 24 - rubspce 2 proection after fering:

projection onto 3d - subspace

veloity of form chunges.

velocity : slowly varying components of heartoeat form dominate Low-pass filtering of time series composed of Fourier
Fourier spectra coefficients belonging to lowest frequencies

—— reduction of data analysis to moduli of lowest
Fourier coefficients
7, : duration of heart beat |

APPROXIMATION OF DATA CLOUDS BY ELLIPSOIDS OR SPHERES GENERALIZED PATICIPATION RATIOS.

sencralized partition s (rarticipation ratios)

Results

Detection and differentiation of ciitical events are
strongly dependent on individual characteristics of
patients.

Good detection of injection of contrast agent and
insertion of catheter into venticle (9 of 13 patients).

Detection of balloon dilatation is possible only
for a limited number of patients (4 of 13 patients).

mean distance of data points to center of cloud i) subdivison of 2d-subspace into lattice of square cells
composed of 50 (100) consecutive data points
ii) calculation of generalized partion sums of filtered data Smoothing of data by moving average methods or fil-
Z, =3t ter techniques is @ very important ingredient of data

analysis and sometimes indispensable.

p=N,/N : occupation fraction of cell i

o —> For an improved identfication of critical events it
Nj : number of filtered data points in cell i is necessary to adopt the medical treatment to the
VoA individual properties of patients.

q : participation exponent ( here : q = -1)

SPIROERGOMETRY

DETERMINATION OF ANAEROBIC THRESHOLD

calculation of regression coefficient in moving window
of variable size
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region of change of slope can be detected by dip in —
regression coeficient mm————

.+ works only well for slowly varying signal J

M

e smoothing of curve by representation using line £q02 EqO2 and finied data
segments for intervals of 40 points

order of polynominal fit is determined by the condi-
tion that coefficients smaller then 104 of the largest
- coefficient are neglecte

change of local slope becomes maximal at extrema .
of second derivative of the polynom Lok 1 o




