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Construction and application of ECG database, ECG feature analysis,
and mathematical modeling of hyper- and hypo-kalemia
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Abstract

Presently, hyperkalemia is one of the
major causes of heart-vascular diseases in
emergency department. From the diagnostic
point of view, while hyperkalemia is easily
diagnosed by biochemical test for potassium
concentration, the testing may take more than
30 minutes. Since ECG may be obtained at
the bedside easily and rapidly, it has been
used for rapid diagnosis of hyperkalemia.
However, even for the experienced clinicians,
the reported sensitivity has been only about
50%. To improve the diagnosis sensitivity,
we worked with a neighboring hospital,
collecting paper ECG’s obtained from
hyperkalemia patients. These paper ECG’s
were transformed into digital data by
imaging processing and stored in a database
along with 18 measured -characteristic
parameters and potassium concentrations for
hyperkalemia patients. In addition, we have
developed a program to decode SCP-ECG
files, and stored the decoded information in a
database. By doing so, we are able to collect
more than five thousand digital ECG files
within a year.

After studying the relationship between



T-wave volume of ECG and the potassium
concentration in blood, we found that
T-wave volume is an effective predicting
parameter for hyperkalemia. When the
characteristic parameters of ECG were
analyzed using a back propagation neural
network, the results show that the diagnosis
sensitivity for hyperkalemia is about 60%,
which is better than 50% from experienced
medical doctors. By using K-mean analysis,
the diagnosis accuracy can be further
improved to 79%. The results of simulation
of mathematical model of artrial/ventrial
tissue show that the effect of potassium
concentration in blood on the action potential
is consistent with what we have expected. By
further developing 2D/3D models, we would
be able to simulate ECG waveform and apply
the results to study the possible mechanism
of the hyper- and hypo-kalemia for the
development of prevention and treatment of
the diseases.
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