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Abstract  

Electrical impedance images of the chest of a dog were made while 

ventilating the lung unilaterally using a tracheal divider. Admittivity of the 

lungs decreased with inspiration only on the ventilated side, to an extent 

proportional to tidal volume. During breatholding, a Swan-Ganz catheter 

balloon was inflated in a major branch of the pulmonary artery, diverting 

flow from a substantial pulmonary segment. The phasic admittivity 

signal in one region of interest in the chest image increased abruptly 

when the occlusion was released. In a second region in the same 

images, a simultaneous decrease in admittivity was seen. We conclude 

that regional ventilation and perfusion can be assessed in impedance 

images.  

Introduction  

Electrical impedance tomography is a technology which permits regional 

assessment of the electrical properties of organs within the body based on 

measurements made from electrodes on the body's surface. Since different 

organs conduct electricity differently, maps or images of these organs can be 



made. More importantly, the electrical properties of the heart and lungs change 

with their functional state. This allows the possibility of extracting a clinically 

useful assessment of physiological function from electrical impedance images. 

The present experiment was conducted to demonstrate the ability of impedance 

imaging to assess regional differences in ventilation and perfusion.  

Methods  

A 17 kg dog was anesthetized and placed in a Pavlov sling. The dog received 

endotracheal intubation with a Carlens' tracheal divider, allowing separate 

ventilation of the left and right lungs using a dual-piston mechanical ventilator. 

The pulmonary artery was catheterized by a Swan-Ganz catheter, allowing 

occlusion of a major branch of the pulmonary artery when the catheter balloon 

was inflated. 32 copper foil electrodes faced with hydrogel were applied around 

the thorax at the level of the third rib. Currents at 28.8 kHz, with amplitudes up to 

0.85 mA peak, were applied to the chest [1,2] and images were reconstructed 

from the resulting voltage data [3], taking into account currents that flow out of 

the plane of the electrodes [4]. 100 images were made of the chest during three 

5.5 sec periods. For the first period, tidal volume was 300 ml to each lung. For 

the second, the left lung was ventilated, and the right lung airway was 

disconnected and submerged under water, to assure that no air leak was 

present. For the third sequence, only the right lung was ventilated. 

After restoring bilateral ventilation, we positioned the balloon of the Swan-Ganz 

catheter in a major branch of the pulmonary artery by progressively withdrawing 

the catheter and observing the amount of air needed in the balloon to cause a 

wedge pressure to be observed. With progressive withdrawal, increasing air 

volumes were needed. With the tip of the catheter just distal to the pulmonary 

valve, and requiring a full 1.5 ml to barely achieve a wedge pressure, we 

recorded a 5.5 sec interval of breatholding during which the balloon was abruptly 

deflated.  

Ventilation Results  

Figure 1 shows that when either the left or right lung was ventilated unilaterally, 

the mean admittivity in a region of interest on that side of the chest image 



decreased during inspiration. The contralateral region of interest showed little or 

no change in admittivity. When both lungs were ventilated, both regions' 

admittivity decreased. An additional data sequence with a bilateral tidal volume of 

150 ml showed peak admittivity changes of almost exactly half those seen in Fig. 

1.  

 
Perfusion Results  

Two regions of interest were selected (Figure 2). The left region was identified by 

its change with balloon deflation. In this region, representing the pulmonary 

parenchyma with occluded vasculature, there was an increase in admittivity with 

flow restoration. In the other region, admittivity decreased as flow was restored 

elsewhere. The onset of the rapid increase in lung admittivity occurred 0-50 ms 

after the R-wave of the ecg. 



 
Discussion  

The results show the ability to make real-time measurements related to regional 

ventilation and perfusion. The relationship between these data and the volumes 

of air, blood and other fluids in the lung is not known quantitatively, and 

represents an area requiring further investigation. Regional abnormalities in 

perfusion are seen, for example, in acute pulmonary embolus. Regional 

abnormalities in ventilation occur, for example, in tension pneumothorax. Since a 

normal ratio of ventilation to perfusion throughout the lung is critical to 

maintaining gas exchange, the ability of impedance imaging to identify regional 

abnormalities may offer a clinically useful continuous monitor for patients at risk 

of these or other abnormalities.  
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