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Abstract Objective: To apply elec- 
trical impedance tomography (EIT) 
and the new evaluation approach 
(the functional EIT) in monitoring 
the development of artificial lung 
injury. 
Design: Acute experimental trial. 
Setting: Operating room for animal 
experimental studies at a university 
hospital. 
Subjects: Five pigs (41.3 + 4.1 kg, 
mean body weight + SD). 
Interventions: The animals were an- 
aesthetised and mechanically venti- 
lated. Sixteen electrodes were at- 
tached on the thoracic circumfer- 
ence and used for electrical current 
injection and surface voltage mea- 
surement. Oleic acid was applied 
sequentially (total dose 0.05 ml/kg 
body weight) into the left pulmo- 
nary artery to produce selective uni- 
lateral lung injury. 
Measurements and results: The pres- 
ence of lung injury was documented 
by significant changes of PaCO2 
(40.1 mmHg vs control 37.1 mmHg), 
PaO2 (112.3 mmHg vs 
187.5 mmHg), pH (7.35 vs 7.42), 
mean pulmonary arterial pressure 
(29.2 mmHg vs 20.8 mmHg) and 
chest radiography. EIT detected 1) a 
regional decrease in mean imped- 

ance variation over the affected left 
lung (-41.4 % vs control) and an in- 
crease over the intact right lung 
( + 20.4 % vs control) indicating re- 
duced ventilation of the affected, 
and a compensatory augmented 
ventilation of the unaffected lung 
and 2) a pronounced fall in local 
baseline electrical impedance over 
the injured lung (-20.6 % vs control) 
with a moderate fall over the intact 
lung (-10.0 % vs control) indicating 
the development of lung oedema in 
the injured lung with a probable 
atelectasis formation in the con- 
tralateral one. 
Conclusion: The development of the 
local impairment of pulmonary ven- 
tilation and the formation of lung 
oedema could be followed by EIT in 
an experimental model of lung inju- 
ry. This technique may become a 
useful tool for monitoring local pul- 
monary ventilation in intensive care 
patients suffering from pulmonary 
disorders associated with regionally 
reduced ventilation, fluid accumula- 
tion and/or cell membrane changes. 

Key words Lung injury - Oleic 
acid • Regional ventilation • 
Electrical impedance - Pig 

Introduction 

Electrical impedance tomography (EIT) is a new imag- 
ing technique providing cross-sectional images of parts 

of the body. The method detects the non-uniformity of 
the electrical properties of different tissues [1] by mea- 
suring the potential differences at the body circumfer- 
ence resulting from electrical current injection. Region- 
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al impedance data in the studied cross-section are com- 
puted using e.g. weighted back-projection [2] or error- 
minimizing algorithms [3] and reconstructed into an im- 
age. 

A new approach in EIT data processing, designed to 
enhance the information content of EIT tomograms by 
imaging the lung function, has recently been developed 
in our laboratory. This technique is called functional 
EIT. The new functional EIT tomograms exhibit a deci- 
sively higher quality of lung images compared with sim- 
ple EIT. We have checked the performance of function- 
al EIT by local transient occlusion of peripheral airways 
in an experimental validation study [4]. The quantitative 
comparison of the results obtained by functional EIT 
and by reference morphological techniques revealed 
that 1) functional EIT identified local diminution or in- 
terruption of ventilation, 2) lung regions with reduced 
lung ventilation were detected in volumes as low as 
20 ml and 3) the position of regions with reduced venti- 
lation imaged by functional EIT corresponded with the 
morphologically established location of the affected 
lung areas. In an additional study in healthy human vol- 
unteers, it was examined whether  the known physiolog- 
ical redistribution of inspired air in the lungs occurring 
during postural changes [5] could be determined by 
functional EIT. The results showed that gravity-depen- 
dent changes in regional ventilation were correctly im- 
aged and localised by functional EIT [6], corresponding 
with the findings originally obtained by scintigraphic 
ventilation scans [5]. 

Considering this ability of functional EIT to follow 
short-term artificial [4] and physiological changes of re- 
gional ventilation [6], a new study was initiated with 
the intention of checking the anticipated monitoring 
properties of this technique in a protracted pathological 
disturbance of the respiratory function. An experimen- 
tal model of unilateral lung injury was used and the ca- 
pacity of EIT to follow the development of this lung 
damage over several hours was compared with concom- 
itant measurements performed with established diag- 
nostic tools. 

Methods 

Experimental set-up 

Experiments were performed on five anaesthetised supine pigs 
(41.3 + 4.1 kg, mean body weight + SD) and adhered to the guide- 
lines on animal experimentation. The protocol was approved by 
the state Animal Care Committee. The animals were sedated by 
i.m. applied azaperon (Stresnil, Janssen, Neuss, FRG) (0.25 ml/kg 
body weight) followed by halothane anaesthesia and paralysed by 
intermittent injections of pancuronium bromide (Pancuronium, 
Pharma, Karlsruhe, Germany). The pigs were mechanically venti- 
lated on 50% oxygen (O~) in nitrous oxide (N20) at a rate of 12 
breaths/min with an inspiration/expiration ratio of 1/2 and 5 cm 

H20 end-expiratory pressure (AV1, Dr~iger, Ltibeck, Germany). 
The tidal volume (500--600 ml) was adjusted to maintain normal 
end-expiratory and arterial Pco 2. The pre-set ventilatory parame- 
ters were not modified during the experiment. Pao> PaCO2 and pH 
were measured by a blood gas analysis system (ABL 505, Blood 
Gas and Electrolyte System, Radiometer, Copenhagen, Den- 
mark). 

The left carotid artery and internal jugular vein were cannulat- 
ed and the catheters were advanced into the aortic arch and the 
right atrium for monitoring arterial and central venous blood pres- 
sure, as well as for infusion and drug administration. A Swan-Ganz 
catheter was inserted into the left pulmonary artery via the right 
internal jugular vein to monitor pulmonary arterial pressure. Intra- 
vascular pressures were measured using Statham pressure trans- 
ducers and registered on a multi-channel strip-chart recorder (Re- 
comed 330, Hellige, Freiburg, Germany). 

Lung injury was induced by a series of oleic acid (Merck, 
Darmstadt, FRG) injections into the left pulmonary artery through 
the distal opening of the Swan-Ganz catheter. The overall dose of 
oleic acid was 0.05 ml/kg body weight. Each injection contained 
an emulsion of 0.1 ml oleic acid and 0.9 ml warm electrolyte solu- 
tion and was mixed well before administration. After each admin- 
istration, the catheter was flushed with a warm electrolyte solution. 

Experimental protocol 

The experiments consisted of control measurements and measure- 
ments during the development of pulmonary injury. During the 
control phase EIT measurements, blood gas analysis and chest ra- 
diographs were obtained. Thereafter, oleic acid was injected se- 
quentially at 12-rain intervals until the full individual dose of oleic 
acid had been administered. In the time intervals between oleic 
acid injections, arterial blood samples were taken and EIT mea- 
surements performed. (The total number of measurements varied 
among the animals in the range of 19-25 as the number of oleic 
acid injections administered depended on individual body weight). 
Chest radiographs were obtained at hourly intervals. 

After completion of the experiments, the animals were killed 
with potassium chloride injections and thoracotomies were per- 
formed. The lungs were removed and transverse slices of the left 
and right lower lung lobes, lying in the plane of EIT electrodes, 
were taken and cut into about 5 g samples. The lung tissue samples 
were weighed and dried in an oven at 100°C for 24 h. Thereafter 
the wet to dry (W/D) weight ratio was calculated. 

Application of EIT 

The EIT device "Applied Potential Tomography System Mark I" 
(IBEES, Sheffield, UK) [7] was used in the experiments. Sixteen 
X-ray transparent electrodes (Blue Sensor BR-50-K, Medicotest 
A/S, Olstykke, Denmark) were placed around the thorax in the 
form of a ring located about 3 cm below the axilla. Each pair of ad- 
jacent electrodes was sequentially used for electrical current 
(5 mAp_p, 50 kHz) injection and the resulting potential differences 
were measured on the remaining adjacent electrode pairs. This ro- 
tating current injection and voltage detection is the basis for the 
calculation of regional intrathoracic impedance data from the reg- 
istered surface potential differences with the Sheffield back-pro- 
jection algorithm [8]. 

Immediately after each administration of oleic acid, separate 
EIT data acquisitions were performed and referred to as "EIT 
measurements". A schematic description of one EIT measurement 
is shown in Fig. 1. The standard EIT measurement consisted of two 
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Fig. 1 Schematic EIT measurement. Surface voltage data resulting 
from electrical current injection are collected on the chest circum- 
ference during different phases of the respiratory cycle, i.e. at dif- 
ferent intrathoracic lung volumes (VL) (upper panel). One com- 
plete EIT measurement requires two separate impedance data col- 
lections: the reference and the measuring period. The mean sur- 
face voltage values are calculated from the data acquired during 
the reference period. All data collected subsequently during the 
measuring period are referred to the reference and provide a se- 
quence of relative impedance change data (rel. AZ) reconstructed 
into a series of instantaneous simple EIT images using the back- 
projection algorithm. The number of EIT images corresponds 
with the number of data points collected during the measuring pe- 
riod. The EIT images represent the instantaneous change in im- 
pedance with respect to reference, therefore only images originat- 
ing from data collection at lung volumes differing from the mean 
lung volume show lung-like structures (middle panel). The series 
of simple EIT images is processed by the functional EIT technique 
giving rise to one functional EIT image with clearly discernible 
lungs. The local time course of relative impedance change can be 
obtained in any image location (lower panel) 

periods of 115 s and 240 s, respectively. The data acquired during 
the first sampling period were averaged and referred to as "refer- 
ence". The data from the second sampling period ("measuring pe- 
riod") were processed by the back-projection algorithm, which cal- 
culated the normalised regional impedance changes. These values 
were referred to as "relative impedance changes". All regional rel- 
ative impedance changes were given in a 32 x 32 matrix. Hence, 
the resultant circular image was composed of 912 pixels. Such im- 
ages are the simple EIT images [2] and can be generated either in 
a grey or colour scale. In the current study, 240 black-and-white im- 
ages were reconstructed from each 240 s long measurement, i.e. 
with an image sampling rate of 1 Hz. 

Functional EIT imaging 

All collected sets of simple EIT images were then processed by the 
new technique of functional EIT imaging [4]. One functional EIT 
image was generated from each series of 240 EIT images (Fig. 1). 
The principle of this procedure is shown in Fig. 2. 

The functional EIT image is a cross-sectional representation of 
regional variation of relative impedance changes. The amount of 
local impedance variation was determined as the standard devia- 
tion of the time-dependent impedance changes in each image pixel 
position. Large impedance variation was represented in light tones 
and low variation in dark ones. To achieve a better visual effect, 
the image data were graphically interpolated by a factor of 4. The 
original functional EIT imaging software enabled additionally an 
interactive display of the time course of relative impedance change 
at any chosen cursor position. Using this approach, the original 
data entering the calculation of the impedance variation could be 
viewed and checked (Fig. 1, lower panels). 

The effect of functional imaging can be described as follows. 
The impedance of the chest wall (ribs, backbone, muscles) does 
not change significantly in the course of the measurement, there- 
fore the variation of local relative impedance change is low and 
these areas are imaged in dark tones. The impedance of the lungs 
varies largely with ventilation due to cyclical changes of air volume 
and, consequently, the lungs become visible as light areas (Fig. 2). 
Therefore, functional EIT tomograms are cross-sectional repre- 
sentations of regional ventilation and reflect its magnitude. 

Evaluation of long-term regional ventilation changes 

To display the isolated regional changes in ventilation magnitude 
associated with lung injury, "subtraction EIT images" were creat- 
ed. These images were generated by subtracting the functional 
EIT image obtained during control conditions from the functional 
EIT image acquired after lung injury development. Positive values 
in the subtraction image (dark tone) represent a regional increase 
in impedance variation due to locally augmented ventilation, and 
negative ones (light tone) its decrease (see lower panels in Fig. 4). 

The development of regional ventilation changes was charac- 
terised by calculating the average impedance variation over the 
right and left lungs from the individual 19-25 measurements and 
plotted over time for each animal (see lower panels in Fig. 5). The 
region of the right and left lungs was defined as that area in the 
functional EIT image in which the variation of the relative imped- 
ance change was higher than 20 % of the maximum standard devi- 
ation. 
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Fig.2 Generation of a thoracic functional EIT image. The relative 
impedance change originating from the lungs varies largely with 
ventilation (upper time course of local impedance change), where- 
as only small variation of the measured relative impedance change 
is associated with other, non-pulmonary thoracic structures (lower 
time course of local impedance change). The local impedance vari- 
ation is determined from the whole series of EIT images of instan- 
taneous relative impedance change for each image pixel position, 
scaled and imaged in graded grey colour at the proper location giv- 
ing rise to a functional EIT lung ventilation image (right). (The 
dorsal part of the thorax is at the top and the left side of the thorax 
on the right of the image.) Original data from a 60 s long EIT mea- 
surement in an anaesthetised mechanically ventilated pig with 
three individual time courses of the regional relative impedance 
change in single pixels and the resulting functional EIT image are 
shown 

Evaluation of long-term changes in baseline impedance 

To localise the long-term effect of oleic acid on the electrical prop- 
erties of the lung tissue, images showing the shift in baseline im- 
pedance were generated. These images were created by the stan- 
dard procedure for the generation of simple EIT images using the 
reference periods of the control measurement in combination 
with the reference periods from the subsequent measurements. 
The resulting 19-25 images of the change in baseline impedance 
were not affected by the short-term ventilation related impedance 
variations and display only the long-term shifts in baseline imped- 
ance distribution. The last image in each animal is shown in Fig. 4 
(upper panels). Negative pixel values (light tone) imply a local de- 
crease of impedance e.g. due to lung water accumulation. 

To reflect the trend during the whole experiment, the baseline 
impedance data were averaged over the right and left lungs in all 
measurements and presented graphically as a function of time for 
each animal (see middle panels in Fig. 5). The area of the right 
and left lungs was defined according to the same criteria as stated 
above. 

The results obtained during the control conditions and the last 
measurement are given in the text as mean values _+ SD. The Stu- 
dent's t-test was used to test the significance of differences between 
the controls and the last data for the five animals studied. A p value 
less than 0.05 was considered significant. 

Results 

Electrical impedance  t omography  (EIT) 

Affected left lung 

In all animals the impedance  variation was reduced 
over the affected lung compared  with the respective 
control (Fig. 3). This was also clearly shown by  the sub- 
traction images (Fig. 4, lower panels). The cont inuous 
fall of the impedance  variat ion averaged over  the left 
lung during the exper iment  is shown in Fig.5 (lower 
panels). The  impedance  variat ion was reduced  by 
41.4 _+ 8.2 % (mean  _+ SD) by the end of the measur ing 
period. 

A p ronounced  fall in baseline impedance  was ob- 
served over  the affected lung (Fig.4, upper  panels). 
The cont inuous shift of lung impedance was evidenced 
by the time course  of  baseline impedance averaged 
over the left lung reaching -20.6 _ 1.9 % by the end of 
the exper iment  when  c o m p a r e d  with control  (Fig.5, 
middle panels). 

Unaffected right lung 

The impedance  var iat ion was increased in the unaffect- 
ed lung, which is in contrast  to the affected one. The im- 
ages in Fig. 3 ( lower panels),  the subtract ion images in 
Fig. 4 (lower panels)  and the time course of  the imped- 
ance variation averaged  over  the right lung (Fig. 5, low- 
er panels) show this finding. The impedance  variat ion 
averaged over the right lung rose by 20.4_+ 14.2% 
(mean _+ SD) by the end of  the experiment  when  com- 
pared with control .  

Similarly to the affected lung, a long- term decrease 
of  electrical impedance  was observed in the unaffec ted  
one (Fig.4, upper  panels; Fig.5, middle panels).  The 
fall in baseline impedance  was less p ronounced  than in 
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Fig.3 Thoracic functional EIT images before (Control) and after 
the development of artificially induced left lung injury (Lung inju- 
ry) reflecting the distribution of ventilation in the five animals 
studied. (The lungs are typically located in the central and ventral 
parts of the thorax due to the well developed backbone muscula- 
ture in pigs.) The schematic cross-section of the pig thorax in the 
left upper corner shows the spatial orientation of the images. 
Each image is scaled to the individual maximum impedance varia- 
tion. The scale shows that higher local impedance variation (i. e. 
higher fluctuation of regional lung volume) is represented in light 
tones 

the injured lung and  r eached  -10.0 + 4.4 % by  the end of 
the measur ing  per iod.  

Blood  gas analysis  

The  adminis t ra t ion  of oleic acid resul ted in acute respi- 
ra tory  distress wi th  increased  p u l m o n a r y  ar ter ial  pres- 
sure, a f fec ted  ar ter ia l  b lood  gas tensions and  progres-  
sive d e v e l o p m e n t  of  resp i ra to ry  acidosis (Table  1). The  
individual t ime  courses  of  Pao2 and Paco2 during the ex- 
per iments ,  r e l a t ed  to the t ime  courses of  the E I T  pa ram-  
eters, are shown in Fig. 5 ( uppe r  panels) .  

Morphologica l  r e f e rence  techniques  

The  occur rence  of  uni la teral  acute  lung injury was docu- 
m e n t e d  by chest  X-rays  with hazy and less radiolucent  
left lung in each  animal.  The  p o s t - m o r t e m  inspect ion of 
the lungs r evea l ed  dark  red h a e m o r r h a g e s  on the sur- 

Table 1 Parameters of acid base balance and pulmonary arterial 
pressure (mean values_+ SD) during control measurements and 
during fully developed unilateral lung injury artificially in ventila- 
ted pigs (n = 5). (PoCO 2 carbon dioxide arterial partial pressure, 
P,02 oxygen arterial partial pressure, Pap mean pulmonary arte- 
rial pressure) 

Control Lung 
injury 

PaCO 2 (mmHg) 37.1 + 2.5 40.1 + 4.0* 
PaO2 (mmHg) 187.5 + 18.1 112.3 + 46.0* 
pH 7.42 + 0.06 7.35 + 0.09* 
Pap (mmHg) 20.8 + 2.9 29.2 + 4.2* 

* p < 0.05 

face of the left  lung. T h e  injured lung was stiff, fil led 
with fluid and  pleura l  exuda te  was found  in the  inter-  
p leural  space.  N o  such macroscop ica l  changes  were  
found  in the u n t r e a t e d  lung. The  eva lua t ion  of the  lung 
tissue samples  f rom the lung t rea ted  with oleic acid and  
f rom the non-a f fec ted  lung, ana lysed  in t e rms  of  the  W/  
D weight  rat io,  p r o v e d  the  p r e d o m i n a n t  occur rence  of  
o e d e m a  in the  left lung (p < 0.01). The  m e a n  W / D  
weight  r a t i o + S D  in the  left and  right lungs was 
8.83 + 0.94 and  6.90 + 0.48, respectively.  No  significant  
difference b e t w e e n  the W / D  weight  rat ios f rom the ven-  
tral  and dorsal  regions  was found  in the a f fec ted  lung 
(8.70 + 0.82 vs 8.64 + 1.94) whereas  significant d i f ferenc-  
es were  d e t e r m i n e d  in the unaf fec ted  lung (6.73 + 0.41 
vs 7.11 + 0.46). 
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Fig.4 EIT images of long-term shift in baseline impedance be- 
tween control conditions and the state of left lung injury showing 
the pronounced fall in left lung tissue impedance (upper panels) 
and subtraction images showing the increased and decreased venti- 
lation of the right and left lung respectively (lower panels). The or- 
der of the EIT tomograms corresponds with that of the functional 
EIT images in Fig. 3. The upper right-hand scale shows that a de- 
crease in baseline impedance is depicted in light tones. The lower 
right-hand scale indicates that a decrease in regional ventilation 
magnitude manifests itself in light tones and an increase in dark 
o n e s  

Discussion 

Model of lung injury 

Intravenous administration of oleic acid is a well estab- 
lished method of inducing acute respiratory distress 
[9-12]. In view of the goal of our study, it was necessary 
to induce lung injury in a protracted way. Therefore, 
oleic acid was administered in a series of injections [12, 
13]. The overall dose of oleic acid used was comparable 
with other studies in pigs. The pulmonary injury induced 
exhibited all the typical characteristics of acute lung 
damage. The findings of pulmonary vascular hyperten- 
sion and impaired gas exchange corresponded to the ob- 
servations of other authors [9-12]. The chest radio- 
graphs and the post-mortem changes with significantly 
higher W/D weight ratio in the affected lung confirmed 
the presence of injury in the left lung. 

The unilateral lung injury model was chosen as the 
unaffected lung provided an "internal reference" for 
the simultaneously observed changes in the injured 
lung. This is a substantial difference to other EIT studies 

on lung oedema, where global lung injury was induced 
[14, 15]. This model enabled us to study the complex 
pattern of changes of the pulmonary function (e. g. the 
redistribution of ventilation in response to the local de- 
gree of oedema formation). 

EIT measurements 

Already in the early studies on EIT, it was suggested 
that this technique might be useful in monitoring pul- 
monary disorders [16, 17]. The first attempts at imple- 
menting simple EIT in respiratory applications were en- 
couraged by the theoretical analysis of impedance imag- 
ing [8]. A linear relationship between the changes of 
lung volume and measured impedance [16, 18], as well 
as an overall correspondence between spirometrie and 
EIT recordings were determined [4, 16]. The few fol- 
low-up "respiratory" applications of EIT focused on 
the morphological information (e. g. identification of ex- 
tremely large bullae [19]) and were partly performed 
during deep ventilatory manoeuvres [20, 21]. Only such 
extreme manoeuvres producing large impedance chan- 
ges guaranteed the generation of useable EIT images. 
The quality of the EIT images in all these applications 
was very low when compared with established medical 
imaging techniques. 

The functional EIT technique [4] is different from 
the "morphological" approach in simple EIT. It was in- 
troduced with the aim of obtaining and imaging func- 
tional information from EIT measurements during tidal 
breathing or artificial ventilation, i.e. under such venti- 
latory conditions as are relevant in clinical settings. Ex- 
treme manoeuvres are not acceptable, as they are po- 
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Fig.5 The time courses of 1) Pao2 (solid line) and PaCO2 (dashed 
line) (upper panels), 2) the baseline impedance shift over the left 
(solid line) and right lung (dashed line), referred to control (middle 
panels) and 3) the impedance variation in the left (solid line) and 
right lung (dashed line) (lower panels) of individual animals. The 
order of the panels corresponds with that of the EIT tomograms 
in Figs. 3 and 4 

tentially dangerous (e. g. barotrauma) and may interfere 
with the clinical situation. Functional EIT offered the 
possibility to collect large sets of EIT data based on a 
small magnitude of relative impedance changes and to 
process them statistically. The long data collection peri- 
od made possible the calculation of functional images 
from a higher number of  single images and resulted in 
a marked improvement of the image quality. Using sim- 
ple EIT, only a limited number of single images with sig- 
nificant stochastic instability could be acquired during 
the short duration of the ventilatory manoeuvres 
(e. g. 5 s [201). 

In the current study, an experimental lung injury was 
followed by functional EIT. In general, lung injury alters 
the mechanical properties of  the affected lung and leads 
to a redistribution of ventilation in favour of the intact 
lung. The expected changes in regional magnitude of 
ventilation were reflected by changes in regional imped- 
ance variation in all animals. Impedance variation over 
the injured lung decreased in accordance with the re- 
duction of properly ventilated lung tissue whereas that 
of the contralateral lung increased, which corresponds 
with higher local tidal volume associated with constant 
ventilator settings. This inverse behaviour of the affect- 

ed and unaffected lung was detected by the primary 
functional EIT tomograms (Fig.3), the subtraction im- 
ages (Fig. 4, lower panels) and the individual time cours- 
es (Fig. 5, lower panels) of  the impedance variation over 
the left and right lungs. 

The accumulation of extravascular fluid in the lungs 
with the formation of  interstitial or intra-alveolar lung 
oedema is the other typical component in the pathology 
of lung injury. The EIT images and the individual time 
courses, showing the long-term shift in regional baseline 
impedance (Fig. 4, upper panels and Fig. 5, middle pan- 
els), reflected this effect as a pronounced decrease of 
impedance in the affected lung. However, a less signifi- 
cant fall of regional impedance was detected in the in- 
tact lung as well. This phenomenon may be explained 
by the development of atelectasis in the dependent parts 
of the lungs, which is known to occur during prolonged 
mechanical ventilation, [22] or with oedema, which 
may develop even during unilateral oleic acid admini- 
stration [23]. Both atelectasis and lung injury manifest 
themselves by a decrease of  impedance. At present, 
pathogenetically dissimilar processes associated with a 
general decrease of impedance (e. g. fluid and blood ac- 
cumulation, atelectasis, reduction of residual air vol- 
ume) cannot be differentiated. It remains to be clarified 
whether the application of  injection currents with differ- 
ing frequencies will add this feature to functional EIT. 
However, the interpretation of multi-frequency mea- 
surements [24, 25] with respect to the underlying patho- 
physiological mechanisms is not yet satisfactory [14]. 

The decline in impedance variation and baseline im- 
pedance over the affected lung occurred in the same 
parts of the subtraction images and the images of base- 
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line impedance shift. Over the unaffected lung, a more 
ventrally located increase in impedance variation and 
dorsally indicated fall in baseline impedance were ob- 
served. This may reflect a) the homogeneity of lung 
damage in the left lung with accumulation of lung water 
and reduction of ventilation in the whole affected tissue 
and b) the better ventilation of the non-dependent lung 
regions and atelectasis or oedema in the dependent 
parts of the right lung. The EfT results were confirmed 
by the regional W/D weight ratios, that exhibited signif- 
icant differences between the dependent and non-de- 
pendent regions in the unaffected lung but no differenc- 
es in the injured lung. 

An interesting phenomenon is that, in two of the ani- 
mals studied, EIT provided early information on chan- 
ges of the lung function. In animals 2 and 3 constant 
Pao2 and PaCO2 were found during almost the whole ex- 
periment in spite of changes detected in chest X-rays 
and in the time courses of baseline impedance and im- 
pedance variation (Fig. 4, 2nd and 3rd column of pan- 
els). The ability of EIT to indicate an early development 

of lung injury may be related to the complex histological 
changes resulting from oleic acid administration, which 
are known to vary from mild and focal to severe and dif- 
fuse [12]. The gas exchange was not severely compro- 
mised at the beginning of lung injury, but the electrical 
conductivity of the affected tissue rose continuously 
and, therefore, was identified by EIT. 

In conclusion, the current study has shown that a 
long-term disturbance of  the lung function can be fol- 
lowed by functional EIT. Both the development of the 
unilateral lung injury and the accompanying ventilation 
redistribution in the lungs was monitored over a period 
of several hours. These results indicate the future possi- 
bility of applying functional EIT in non-invasive bedside 
monitoring of regional lung function in the clinical envi- 
ronment. This technique may become useful in assess- 
ing the progression of such pathological changes that 
are associated either with shifts in baseline impedance 
or in impedance variation. However, clinical acceptance 
of this technique will depend on the future development 
of the EIT hardware and software. 
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