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Mathematician Develops Solutions 
for Heart and Lung Patients

Each day at the Electrical Impedance Tomography Laboratory in the 
Department of Mechanical Engineering at the University of São Paulo 
(USP), Brazil, physicians and engineers, graduates and undergraduates are 

working together to advance a 
technique for heart and lung imag-
ing from electric fields. In spring 
2007, USP was also the sabbatical 
home to CSU mathematics profes-
sor Jennifer Mueller. 

Electrical impedance tomogra-
phy (EIT) is a relatively new imag-
ing technique in which electrodes 
are placed on the surface of the 
body, a low-amplitude current 

is applied on the electrodes, and the resulting voltages are measured. An 
inverse problem is solved to determine the conductivity distribution in the 
body, and the results are plotted to form an image. The resolution of the 
image is very poor compared to that of an MRI or CT scan. However, the 
usefulness of EIT in heart and lung imaging is that “while other technologies 
are focused on and therefore represent anatomy, EIS serves as a visualiza-
tion of regional organ function and has very good resolution in time,” says 
Stephan Böhm, a member of the research team in São Paulo. 

Patients with ARDS (acute respiratory distress syndrome) have col-
lapsed alveoli, or airways, in the lungs. The treatment for this condition 
is mechanical ventilation, which reinflates the airways (recruitment) over 
time. Eventually, the patient recovers and can be weaned from the ventilator. 
However, alveolar collapse, cyclic closing and reopening of the airways, and 
lung overdistention are dangerous side effects of mechanical ventilation that 
can be prevented by choosing the proper settings for the ventilator.

Physician Marcelo Amato founded the research team in 1997 when he 
became convinced that EIT technology would provide the best solution for 
the problem of monitoring patients undergoing mechanical ventilation. The 
protective ventilation technique employs a low inspiratory driving pressure, 
which should result in slower recruitment, and high end-expiratory pressure 
to avoid reclosing of alveoli. These settings are currently determined from 
the pressure-volume (PV) curve. Prior to EIT, a method did not exist for 
determining regional ventilation data or monitoring for ventilator-induced 
problems such as cyclic lung collapse or over-inflation. Methods used to 
monitor patients undergoing mechanical ventilation include monitoring 
blood gases and pressure-volume curves, but these quantities do not provide 
regional information about lung aeration.  EIT can also effectively diagnose 
lung pathologies such as pulmonary embolus, pulmonary edema and 
pneumothorax.  

Mueller has been working in EIT for the past 10 years. She is co-advising 
the Ph.D. theses of two USP students in EIT who plan to spend the 2008-
2009 academic year in residence at CSU.
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Dr.	Raul	Gonzalez-Lima	and	Dr.	Julio	Aya	in	the	

electrical	impedance	imaging	lab	at	USP.




