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Abstract 
 

Impedance cardiography (ICG) remains a potential 

technique for measuring cardiac related indices, 

especially cardiac output, although the reliability has 

been questioned in numerous studies. A means of ICG 

applying multichannel measurements via the 12-lead 

ECG electrode system has been proposed. The main 

problem with the 12-L ICG is the vast amount of data 

in multiple channels, which is demanding to record 

simultaneously in real-time. We propose a method to 

overcome the demands of massively simultaneous data 

acquisition by applying the synthesis of 12-L ICG 

based on the recorded dataset of independent 

impedance data. A general purpose equation is 

presented with illustrative examples that can be 

applied in any bioimpedance measurement application.  

 

 

1. Introduction 
 

Conventional ICG measures one channel of 

impedance data. These data is divided into basal value 

and a small, time-varying signal synchronous to the 

cardiac cycle. This signal has been related to the 

cardiac output with numerous calculation equations.  

The basic limitation of measuring only one 

impedance signal has been proposed to be overcome 

by applying the electrode system of the 12-lead ECG, 

constituting the 12-lead ICG. In that, a large number of 

measurements (channels) are collected, each of which 

having differing measurement properties. These 

properties have been studied by anatomically detailed 

models and experiments, indicating availability of 

more detailed data on the cardiovascular function as 

compared to conventional methods. [1] 

It is not feasible to measure for instance 500 

impedance channels simultaneously. This would 

require instrumentation presently not available. In this 

paper we examine the possibility of utilizing 

independent data to numerically derive new 

measurement channels. 

 

2. Methods 
 

In order to perceive how new measurements may be 

composed, the bioimpedance sensitivity distribution is 

first reviewed followed by the introduction of synthesis 

of new measurements on the basis of independent data.  

 

2.1. Bioimpedace measurement sensitivity 
 

Sensitivity distribution of an impedance 

measurement gives a relation between the impedance Z 

caused by a given conductivity distribution by 

  
v
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where 
LE

J  and 
LI

J  are the current density fields (i.e. 

impedance lead fields) associated with the current and 

voltage leads [2]. Eq. (1) may be expressed as 
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where 
LE

E  and 
LI

E  are the lead fields expressed as 

electric fields. 

 

2.2. New measurements from independent data 
 

The fundamental difference between bioelectric and 

bioimpedance measurement is the signal source. In 

bioelectric measurements, the source is intrinsic 

electrical functioning of the cells, which is reflected by 

the measurement lead properties. In bioimpedance no 

intrinsic electromotive sources are measured. Instead, 

in addition to the lead field of the “measurement” lead 

(i.e. potential pick-up), the other lead field associated 

with the current injection may be conceived as another 

measurement lead (although actually it is delivering the 

current excitation). These together are i) the 

measurement leads and ii) the sources modified by the 

conducting medium, they are not separate as in 

bioelectric measurements.  
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The optimization of the measurement lead field is 

often applied in bioelectric measurements as a standard 

tool. For example, a single electrode reference may be 

changed to a common reference, as is done in EEG. 

Also in bioimpedance measurement, especially in 

impedance tomography (EIT), similar operations are 

often used. The fundamental difference here lies in the 

fact that this has been done only for static current 

fields, optimizing only the voltage measurement leads 

as in bioelectric measurements. Considering how the 

measurement sensitivity and, therefore, the information 

content is composed in bioimpedance, this results in 

partial optimization without fully employing the 

capacity of the particular setup. To fully apply the 

independent data, derivation of both lead fields, current 

injection and voltage measurements must be utilized.  

The dot product in Eqs. 1&2 converts vector fields 

to scalars. This requires that any lead synthesis must be 

done separately for both leads prior the dot product 

operation. In other words, lead fields of current and 

voltage must be handled independently when 

combining new leads. Only after the derivation of these 

separate lead fields, the dot product may be taken. The 

12-lead electrodes can be utilized to get 28 

independent measurements, from which new optimized 

leads can be derived. 

 

3. Results 
 

An example showing how the independent data of 

the 12-lead setup can be used to derive new 

multielectrode measurements – the example derives an 

8-electrode measurement (the independent data consist 

of only 28 measurements, referenced to the left leg) 

with current injection (electrodes at RA, LL) – (V1, 

LA) and voltage measurement (V3, V2) – (V6, V4): 

 

 

 

by doing this, the 8-electrode configuration can be 

formed using 16 independent measurements.  

An even more simplified example is a case, where 

the synthesized measurement applied current between 

RA – LL, and measured voltage between V1 – V4. 

Again, the original set is 28 independent data 

referenced to the left leg. The new lead reduces to 

RAV1 – RAV4, applying just two independent 

measurements. This is illustrated with actual 

measurements in Fig. 1.  

 

4. Discussion  
 

It was shown that independent impedance data may 

be applied to arrive at any multi-electrode 

measurement by simple calculations. Instead of having 

to measure hundreds of channels simultaneously, only 

independent data is needed, simplifying the 

instrumentation markedly.  

It was not addressed how to acquire independent 

data feasibly. It still requires relatively fast sampling 

and switching of the current and voltage electrodes in 

real-time. Measurement accuracy and noise 

mechanisms are other keys issues in off-line derivation 

that should be subjected to further analysis.  

The proposed method allows detailed investigations 

of numerous impedance measurements simply without 

having to actually perform each one separately.  

 

 
Figure 1. Example data synthesis showing the 

derivation of a new lead from independent data, and 
corresponding directly measured signal. 
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Independent tetrapolar: C = RA-LL    U = V1-LL

Independent tetrapolar: C = RA-LL    U = V4-LL

Derived from independent data:  C = RA-LL    U = V1-V4

Directly measured:  C = RA-LL    U = V1-V4
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