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Bioelectrical activity is a spatio-temporally 

distributed process. It is of importance and 
significance to develop high resolution spatio-
temporal imaging modalities to image 
bioelectrical activity in the organ systems such as 
the brain and heart [1-2].  

Compared with the BOLD functional magnetic 
resonance imaging, imaging techniques based on 
electromagnetic measurements have merits of 
high temporal resolution. Of challenge is the need 
to enhance substantially the spatial resolution of 
electromagnetic measurements based imaging. 
Such imaging needs to solve the inverse problem 
of bioelectrical field or biomagnetic field.  

In this presentation, we review our research on 
electrophysiological imaging of brain and cardiac 
electrical activity. Our approach is based on the 
concept of constraint imaging – that is, to develop 
high resolution electrophysiological imaging 
methods by incorporating a priori information 
with regard to the anatomy and physiology of the 
brain and heart.  

In the field of electrophysiological 
neuroimaging, we have demonstrated that one can 
estimate electrocorticograms and its spatial 
distribution from the scalp EEG with the aid of 
structure MRI [3]. We have validated such 
noninvasive cortical neuroimaging results using 
invasive intra-cranial recordings in the same 
patients undergoing neurosurgical evaluation [3]. 
In addition to cortical imaging, we have 
developed a novel 3-dimensional source imaging 
approach using sub-space source localization 
algorithm [4], and demonstrated that high 
resolution 3-dimensional electrophysiological 
neuroimaging can successfully image seizure 
sources in a group of epilepsy patients. Further 
integrating with functional connectivity analysis, 
we have demonstrated that electrophysiological 
neuroimaging can image primary seizure sources, 
as validated by MRI visible lesions in epilepsy 
patients [4].   

In the field of electrophysiological cardiac 
imaging, we have been developing methods for 3-
dimensional electrophysiological cardiac imaging 
[5]. We have demonstrated that by incorporating 
electrophysiological a priori information, we can 
image three-dimensional activation sequence 
throughout the myocardium [6]. In this approach, 
we incorporate a cellular-automaton-heart-
excitation-model into the inverse imaging process 
[7]. The heart-excitation-model provides 
electrophysiological a priori information which 
greatly facilitates the estimation of cardiac 
activation sequence over the 3-dimensional 
myocardium as validated using simultaneous 3-
dimensional intra-cardiac mapping in rabbits [8]. 
We have also demonstrated that 3-dmensional 
cardiac activation sequence can be imaged from 
body surface potential maps by incorporating the 
current density source imaging with bi-domain 
modeling of cardiac tissue [9]. Very recently we 
have further proposed the concept of 3-
dimensional cardiac electrophysiological imaging 
from intra-cavity recordings [10]. Out numerical 
and experimental data are highly promising, 
suggesting the potential clinical impact of this 
new technique. 

Recently the multimodal imaging approach has 
received considerable attention. Significant efforts 
are being made to integrate EEG or MEG with 
functional MRI in an attempt to achieve greater 
spatio-temporal imaging ability. We have 
developed novel algorithms to integrate fMRI 
with EEG and demonstrated the merits of such 
multimodal neuroimaging in both computer 
simulation and human experimentation [11-12]. 

Of importance is to characterize and image the 
tissue impedance distribution. Accurate source 
imaging needs reliable estimation of electrical 
conductivity of the tissues. For example, recent 
experimental studies suggest that the brain-to-
skull conductivity ratio is around 20 based on 
experiments with intracranial current injection in 
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humans [13], which provides important 
experimental data guiding electrophysiological 
neuroimaging. 

We have recently proposed and developed a 
novel approach – magnetoacoustic tomography 
with magnetic induction [14], by delivering 
magnetic energy to the tissues and measuring the 
induced ultrasound signals. Our theoretical and 
experimental work suggests its mm level spatial 
resolution in imaging electrical impedance of 
biological tissues, and that it may play a 
significant role in electrical impedance imaging 
with various biomedical applications [15]. 
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