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Acute respiratory distress syndrome (ARDS) was first 
described 1967 [1]. Mortality is high, around 30–40  %, 
with only slow decrease over the years. How can one 
then say that there are physiologic advances that have 
improved pulmonary treatment? One reason is that 
patients with increasing disease severity and increasing 
age are more frequently admitted to intensive care units 
and there receive the diagnosis of ARDS. Earlier they may 
have been lost before any diagnosis was made.

Below are listed ten physiologic advances that have 
been of importance to understand the pathophysiology of 
ARDS and have guided improvements in treatment.

 1. Imaging pulmonary pathophysiology
  Imaging methods such as computerized tomography, 

electrical impedance tomography, positron emis-
sion tomography, and ultrasound have helped us to 
understand the pathophysiology of ARDS [2]. Imag-
ing techniques have also enabled regional analysis 
of lung function and distribution of inflammation, 
the latter providing new information on ventilator-
induced lung injury (VILI). These advances have 
guided new treatment and “fine-tuning” of exist-
ing treatment, in particular in optimizing ventilator 
support. Figure 1 shows examples of visualization of 
morphological abnormalities, of lung function, and 
of sites of inflammation in the lung.

 2.. Baby lung and protective ventilation
  A large part of the ARDS lung is initially collapsed or 

poorly aerated or overinflated. Ventilated lung vol-
ume is dramatically reduced. This lung is nicknamed 
“baby lung” because only one-third or one-fourth of 
a normal lung is available for ventilation [3]. Harm-

ful stretches driven to the ventilated “baby lung” 
with ventilation set to “normal lungs” have been 
demonstrated, initiating not only baro/volutrauma 
but also biotrauma. Strategies to minimize collapse 
and overdistension have been emphasized in order 
to create “protective ventilation”. Tidal volume (VT) 
has been reduced from 12 to 15 ml/kg body weight 
(once assumed to facilitate gas exchange) to 6 ml/kg 
predicted body weight (the predicted weight being a 
better way to adapt to lung size) [4] with further pos-
sible decrease. This simple approach is life-saving.

 3. Driving pressure
  Decreasing VT or increasing end-expiratory lung vol-

ume both reduce the lung stretch that is frequently 
expressed as stress (external forces) and strain (inter-
nal deformation). Driving pressure (DP), i.e., the dif-
ference between end-inspiratory and end-expiratory 
airway pressure, can be considered a clinical esti-
mate of stress (pressure) and strain (relation to lung 
volume) as it is inversely proportional to respiratory 
compliance [5]. It contains information that reflects 
both disease severity and the effects of VT and pres-
sure settings. Ventilator settings and lung conditions 
that enable lower DP result in better survival.

 4. Lung recruitment and PEEP titration
  Reopening collapsed lung reduces shunt and possibly 

strain. An open lung should be less prone to inflam-
mation and less strain should decrease VILI. Once 
recruited, the lung should stay open and this can be 
achieved by titrating an optimum PEEP. How to per-
form the recruitment maneuver and how to select 
patients recruitable with high PEEP are still under 
debate [6, 7]. Whether this requires the systematic 
recording of transpulmonary pressure is another 
issue that causes debate.
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Spontaneous versus controlled ventilation



To advance the development of Electrical Impedance Tomography 
(EIT) in general and to accelerate clinical EIT applications Swisstom
provides ibeX, a freely available software tool based on an intuitive 
graphical user interface. Documentation of your patient´s EIT data 
has never been easier.  Following our step-by-step approach you can 
analyse Swisstom BB2 and EIT Pioneer data sets even without any 
advanced computer skills. Furthermore, ibeX supports the import 
of data you obtained with other EIT devices. All you need is a 
converter provided by EIDORS.

ibeX, named after the heraldic animal of the mountainous Swiss 
canton of the Grisons, is an EIT software tool designed to facilitate 
analysis of data obtained from clinical and experimental research. 
Its lean graphical user interface resembles the award-winning design 
of the Swisstom BB2 thereby reducing training requirements for 
experienced EIT researchers and newcomers alike. 

Simply by clicking the user can select the breaths for which several 
well-established and new EIT parameters are to be calculated. The 
results can be exported to portable document format (PDF), as a 
spread sheet (XLS) for further analysis or as video. 
ibeX is a free software and can be downloaded from 
www.swisstom.com/en/products/ibex

I B E X  P R O D U C T  I N F O R M AT I O N

Bildunterschrift High-Tech-Arbeitsplatze xxxxxxxxxxxxxxxxxxxxxxxxxxx

Intended audience

ibeX is designed for physicians, respiratory therapist, other care 
givers and EIT researchers who would like to explore the EIT data 
they recorded with Swisstom BB2, the EIT Pioneer Set or with 
other EIT devices.

Intended use

The ibeX is a data analysis software tool intended to calculate, 
display and export the results of different lung function parameters.
This is experimental software which may be used for research 
purposes only!

System requirements
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 - minimum Microsoft Excel 2003
Ê �Ê�����Õ�Ê�>Û>Ê£°Ç
 - Ghostscript

Analyse and manage your EIT data!

The Key Features
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HOW EIT WORKS

It is well-known that the bioelectric prop-
erties of lung tissue are affected by the air
content. Consequently, changes in lung
volume due to ventilation result in changes
of the thoracic impedance. 

To monitor thoracic impedance changes,
electrodes have to be placed around the
patient's chest wall, tiny electrical currents
are applied to the body through one 
electrode pair and the resulting voltages
are measured simultaneously at other
electrode pairs (Fig. 1).

In EIT, the location of the current applica-
tion is rotated around the body and thus
the current is successively applied to all
electrode pairs. 

After each complete rotation, a cross-
sectional image can be calculated by
uperimposing the voltage profiles of each
location (Fig. 2, 3)

A THERAPY OPTIMIZATION TOOL

Currently, CXR or CT scans are the only
widely available technologies which can
achieve regional information on the lung.
While those techniques provide snap-
shots of morphologic structures with a
high spatial resolution, EIT provides func-
tional images with a fairly low spatial, but
very high temporal, resolution (Fig. 4). This
means that after the assessment of radio-
logical images the clinician can follow the
response of the lung to any therapeutic
measures on a breath-by-breath basis.
Thus, EIT could be used as a complemen-
tary tool to radiological techniques in order
to monitor the patient’s lung function.

Dräger Medical expects that the clinical
value of EIT data will be even higher when
intelligently linked to other respiratory and
hemodynamic parameters in the critical
care workplace. 
Eventually, EIT should prove to be another
key piece in developing a more complete
clinical picture of ventilated patients.

Fig. 2: Voltage profile of a homogeneous object
with the current application at the upper position.
The red circle represents an area of increased
impedance, resulting in higher voltages (dark gray)
"behind" that area.

Fig. 3: EIT images are generated by superimposing
the 16 voltage profiles into one single image, which
displays the area  of increased impedance.
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Fig. 1: A first pair of electrodes applies a very small
current into the thorax while the remaining 13 
electrode pairs measure the resulting voltage 
signals and their changes.
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Fig. 4: Functional EIT image (left) and CT scan
from a patient with a pleural effusion after rupture
of the diaphragm, resulting in a significantly
reduced ventilation of the lower left lung. The red
color represents regions with the highest volume
changes, the non-ventilated regions are displayed
in deep blue.
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PulmoVista 500 determines the distribution of intra-thoracic bioimpedance  
by applying a known alternating current “I1” to a first pair of electrodes  
and measuring the resulting surface potentials “Vn” at the remaining  
13 electrode pairs (Fig. 11). Applying Ohm’s law, the bioelectrical impedance 
between the injecting and the measuring electrode pairs is determined from 
the known applied current and the measured voltages. Subsequently, the 
adjacent electrode pair is used for the next current application and another  
13 voltage measurements are performed. The location of the injecting and 
measuring electrode pairs successively rotates around the entire thorax.  
One complete rotation creates voltage profiles at 16 electrode positions, each 
consisting of 13 voltage measurements (Fig. 13). The resulting 208 values, 
also called a frame, are used to reconstruct one cross-sectional EIT image.

Please see Appendix II for more details about bioimpedance measurements.

Fig. 11: Current application and voltage measurements around the thorax
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A regional increase of impedance (E) of the subject results in a change in 
each of the 16 voltage profiles which make up one frame. Regardless of 
where the current is applied, the regional increase of impedance always 
causes an increase of the voltages “behind” the region of increased 
impedance.

Fig. 13: Profiles of voltage deviations in the presence of a regional increase of impedance.  
In this figure, white and light blue colours represent deviations of the voltage distribution in  
an inhomogeneous medium. Voltages without deviation are indicated by the black colour
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This method divides the electrode plane into 340 triangular elements, where 
each element is assigned homogeneous and isotropic bioelectrical properties 
(Fig. 16). 

This method allows the calculation of the resulting surface voltages at the 
boundary nodes of the model, for any arbitrary distribution of impedance 
values within this mesh, which is the numerical solution of the so-called 
„forward problem“.

Fig. 16: 2D mesh with 340 finite elements for 16 surface electrodes
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For reconstruction of EIT images however, the approach is reversed: after 
the voltages at the body surface have been measured, their relative changes 
are fed into the Newton-Raphson reconstruction algorithm by multiplying 
them with a sensitivity matrix. This matrix has been optimized over the last 
several years by taking into account real EIT data from several hundred 
patients.

This algorithm assigns a relative impedance change to each individual finite 
element to achieve a best match for the numerical solution of this so-called 
„inverse problem“ of the FEM to the actual voltage profile (Fig. 17).

Fig. 17: FEM based reconstruction of regional bioimpedance distribution based on 208 measured 
surface voltages
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potencialov
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Following image reconstruction, the triangular structure is converted into  
a rectangular pattern (“co-registration”) for further image processing  
(Fig. 18). Also, damping of boundary artifacts is applied.

Fig. 18: Co-registration and damping of boundary artifacts
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poliranje signala
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Following image reconstruction, the triangular structure is converted into  
a rectangular pattern (“co-registration”) for further image processing  
(Fig. 18). Also, damping of boundary artifacts is applied.

Fig. 18: Co-registration and damping of boundary artifacts
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In the next step, a Gaussian filter is used to smooth the image (Fig. 19). 
Gaussian filtering is widely used in graphics software, typically to reduce 
image noise and details. The visual effect of this technique is that of a 
smooth blur, which resembles viewing the image through a translucent 
screen. Gaussian smoothing is also widely used as a pre-processing stage 
in computer vision algorithms in order to enhance image structures at 
different scales.

Fig. 19: Smoothing by applying Gaussian filtering
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Each EIT image consists of a matrix of 32 × 32 pixels. In order to create 
larger images for better graphical representation and interpretability, 
bilinear interpolation allows to increase the virtual resolution of the EIT 
images to a matrix of any size, as EIT images in a larger format enable better 
separation of the displayed structures by the viewer (Fig. 20). However, the 
underlying resolution of the images remains unchanged.

Fig. 20: Bilinear filtering
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fact that the images were taken at different times, and there may also be 
some variation in the caudo-cranial aspect of the images.

EXAMPLE 1: HEALTHY LUNG

Ventilation is quite evenly distributed over the quadrants of the image  
(ROI 1 = 28 %, ROI 2 = 26 %, ROI 3 = 25 %, ROI 4 = 21 %). Typically, the 
right lung (ROI 1 and ROI 3 in this ROI arrangement) receives 50 – 55 % 
of global ventilation (100 %) in a sitting or supine individual, which 
corresponds to findings in the literature [91]. This distribution changes 
significantly, even in healthy volunteers, during lateral positioning.

Fig. 49: Tidal image of a healthy individual

D
-5

0-
20

11

96|97



lens-shaped intra-thoracic volume. PulmoVista 500 captures a relatively thick 
slice of the lung which might represent about 20 % to 30 % of the entire lung. 

5.1 SCREEN ELEMENTS DISPLAYED BY PULMOVISTA 500

DYNAMIC IMAGE

The Dynamic Image continuously displays relative impedance changes 
within the EIT sensitivity region as a movie which represents the dynamics  
of ventilation (Fig. 24). PulmoVista 500 can generate up to 50 EIT images 
per second. This high temporal resolution facilitates the visualisation of  
regional ventilation even at higher respiratory rates. For example, when 

Fig. 24: Series of dynamic images representing air filling during inspiration
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ELEKTRIČNA IMPEDANČNA 
TOMOGRAFIJA

• prikaz ventilacije v realnem času (filmček)

• regional stretch 

• silent spaces



PRIKAZ V REALNEM ČASU

• ali je ventilacija sploh prisotna

• pendelluft (premikanje plina v pljučih, ne da bi pri 
tem prišlo do sprememb v volumnu pljuč)



Lung function parameters explained 

4  Swisstom BB2 Silent Spaces 2ST800-104 Rev. 000 

1.1 VentView  

The ventilation view (VentView) shows the dynamic image (the EIT movie) and the real-time 
global impedance curve (plethysmogram). The dynamic image shows the regional 
impedance distribution within the thorax. This image is based on a matrix of 32 by 32 pixels. 
Dark bluish colours indicate a small relative impedance change, while bright whitish colours 
indicate a large impedance change, which corresponds to little or much ventilation, 
respectively.  
 
 

 

Figure 1-1 VentView 

 
A: Colour bar – Shows the colour range for the dynamic image 
B: Dynamic image – Image matrix containing 32 by 32 pixels  
C: Plethysmogram – Global impedance signal for the entire lung region. The signal 

moves from right to left, with time zero being the actual time. The signal at time 10 
seconds corresponds to the signal measured 10 seconds ago.  

D: Breath detection – The Swisstom BB2 detects breaths. It marks the start of 
inspiration (D1) with a solid black vertical line and the end of inspiration (D2) with a 
dotted black vertical line. It marks the end of expiration (D3) with a solid black vertical 
line also.  

1.1.1 Plethysmogram  
The global impedance signal, also called a plethysmogram, represents the sum of all 
impedance changes within the pixels representing the lung regions. The plethysmogram 
primarily shows impedance changes caused by ventilation (C); see Figure 1-2. Small 
changes (D) – those that are approximately 1/10 of the magnitude of the ventilation signal, 
caused by cardiac-related impedance changes, might also be seen in the plethysmogram 
(A). 
  

B 

A 

C D1 D2 D3 



fact that the images were taken at different times, and there may also be 
some variation in the caudo-cranial aspect of the images.

EXAMPLE 1: HEALTHY LUNG

Ventilation is quite evenly distributed over the quadrants of the image  
(ROI 1 = 28 %, ROI 2 = 26 %, ROI 3 = 25 %, ROI 4 = 21 %). Typically, the 
right lung (ROI 1 and ROI 3 in this ROI arrangement) receives 50 – 55 % 
of global ventilation (100 %) in a sitting or supine individual, which 
corresponds to findings in the literature [91]. This distribution changes 
significantly, even in healthy volunteers, during lateral positioning.

Fig. 49: Tidal image of a healthy individual
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EXAMPLE 2: HEALTHY LUNG OF AN OBESE VOLUNTEER 

In obese individuals with healthy lungs, the distribution within the 
quadrants does not differ significantly (ROI 1 = 24 %, ROI 2 = 20 %,  
ROI 3 = 29 %, ROI 4 = 26 %) from individuals with normal body weight. 
However, the ventilated regions appear to be much smaller, as the  
lungs are surrounded by a large area of fatty tissue.

Fig. 50: Tidal image of a healthy obese individual
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EXAMPLE 3: PLEURAL EFFUSION

Fluid accumulation, such as a pleural effusion, represents a non-ventilated 
area; in the EIT image, this is displayed as a black area. On the CT image 
this region, due to its density, is shown as an area of higher contrast than the 
surrounding lung tissue.

The EIT image suggests a mediastinal displacement towards the left lung 
which was not visible in the CT image (taken about 5 hours earlier).

The non-ventilated area is reflected by significant reduction of regional 
ventilation in the lower right quadrant. The distribution of ventilation was 
ROI 1 = 35 %, ROI 2 = 20 %, ROI 3 = 31 %, ROI 4 = 14 %.

Fig. 51: Tidal image and corresponding CT image of a patient with pleural effusion in the left lung
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EXAMPLE 4: RIGHT SIDED PNEUMONECTOMY

As there is no ventilation in the right hemithorax after a pneumonectomy, 
the corresponding area on an EIT image (transverse plane) is black. In 
contrast on a chest X-ray (frontal plane) this area is white, as the right 
hemithorax is filled with fluid and connective tissue. The distribution of 
ventilation was ROI 1 = 2 %, ROI 2 = 55 %, ROI 3, = 1 %, ROI 4 = 42 %.

ELECTRICAL IMPEDANCE TOMOGRAPHY |     14. EXAMPLES OF EIT STATUS IMAGES

Fig. 52: Tidal image and corresponding chest X-ray of a patient with pneumonectomy
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EXAMPLE 9: ARDS

The CT scan shows the typical picture of late ARDS with diffuse infiltrates 
throughout nearly all lung regions. While the CT scan seems to show no 
major difference in the severity of alteration between both lungs, the EIT 
image shows a very uneven distribution of Tidal Variations. The upper  
right lung (ROI 1) received 46 %, the lower right lung (ROI 3) 39 %. The 
impedance waveforms revealed a significantly delayed filling in ROI 2 and 
ROI 4, leaving just 15 % of the tidal volume (ROI 2 = 5 %; ROI4 = 10 %)  
for the left lung. This example shows how EIT can provide additional 
information compared with other non-dynamic imaging modalities.

Fig. 57: Tidal image and corresponding CT image of an ARDS patient

D
-5

3-
20

11

D
-3

43
6-

20
11

104|105

EXAMPLE 4: RIGHT SIDED PNEUMONECTOMY

As there is no ventilation in the right hemithorax after a pneumonectomy, 
the corresponding area on an EIT image (transverse plane) is black. In 
contrast on a chest X-ray (frontal plane) this area is white, as the right 
hemithorax is filled with fluid and connective tissue. The distribution of 
ventilation was ROI 1 = 2 %, ROI 2 = 55 %, ROI 3, = 1 %, ROI 4 = 42 %.

ELECTRICAL IMPEDANCE TOMOGRAPHY |     14. EXAMPLES OF EIT STATUS IMAGES

Fig. 52: Tidal image and corresponding chest X-ray of a patient with pneumonectomy

D
-5

6-
20

11

D
-3

43
1-

20
11

100|



REGIONAL STRETCH 

• relative tidal stretch

• 10 področij z enakim relativnim “tidal strechom”

• konstrukcija histograma
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The ten-part bar chart is a weighted histogram of the pixels in the image. The procedure for 
creating the ten-part bar chart is as follows: 

1 Pixels in each of the 10 categories are counted. 
2 The number of pixels in each category is multiplied by the relative tidal stretch value 

of that category (the weighted sum of pixels) 
3 The sum of all 10 categories yields the total change, which results from 100% of the 

volume that enters the lung during the breath. For this reason, the value of each 
category is relative and relates to the sum of all categories. 

4 The final value and thus the height of each bar in the histogram shows the relative 
contribution to the tidal volume of each category. The x-axis shows the 10 categories 
of relative tidal stretch. The y-axis shows the relative contribution of the above 
categories to tidal volume (% tidal volume).  
 

 

 

Figure 1-6 Relative stretch calculations 

A: Breath detection – A1 is taken at the start of inspiration and A2 is taken at the end of 
 inspiration  
B: Tidal image (A2 – A1) in the lung image 
C: Ten-part bar chart 

1.2.3 Relative tidal stretch TrendView  
The TrendView shows the trend of the Stretch parameter along with the tidal images at time 
T1 and T2. The lines represent the 25% quartile (lower dotted line) of the LuFuTrend (B), the 
median (solid middle line) and 75% quartile (upper dotted line). The user can select the time 
scale (E) of the TrendView by tapping onto the time button. The following trending times are 
available:  

- 5 min   (unfiltered)  
- 15 min   (unfiltered)  
- 30 min  (median filter using 3 stretch images)  
- 60 min   (median filter using 3 stretch images) 
- 6 h   (median filter using 9 stretch images) 
- 24 h   (median filter using 27 stretch images) 

 
While in the 5 and 15 min trend each breath is shown, in the 30 and in the 60 min trend three 
consecutive stretch images are summarized to one stretch image and the respective time 
points in the trend curve using a medina filter. In the 6 h trend nine consecutive stretch 
images are summarized to one data point and the respective time points in the trend curve 
and in the 24 h trend 27 consecutive ones. 

B 

A1 

C 

A2 
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Extract from: Algorithm-based monitoring
 of intensive care ventilation using
 electrical impedance tomography, 2nd edition
 Authors: Peter Kremeier, Christian Woll, Sven Pulletz
 published by Pabst Publishers

Minimize sources of interference:
• Deactivate respiratory rate detection feature of 

the intensive-care monitor.
• Suspend continuous CO monitoring by means of Swan 

Ganz (the electrical signals of the measurement may 
interfere with those of the EIT measurement)

Configuring intensive care ventilator elisa 800VIT:
• Start the EIT function by tapping on the animated lung.
• Open the input screen by tapping on the “patient” 

symbol.
Enter patient data:
• Height
• Actual weight
• Gender
• Age
• Half chest circumference in cm

Check SensorBelt and settings:
• Proper entry of patient data;
• SensorBelt size matches the recommended size;
• ContactAgent was applied in accordance with 

instructions;
• SensorBelt is properly fitted to the body and 

correctly positioned;
• Signal quality is adequate;
• SensorBelt has been in use for less than 96 hours.

Rule out contraindications:
• Open chest injuries
• Non-intact skin or uncovered wounds in the chest 

area
• Patients with active implants (such as pacemakers 

or defibrillators)
• Temporary pacemaker

In the case of contraindications: NO use of electrical 
impedance tomography.

Put SensorBelt on the patient according to instructions.

Preparing the 
patient

NO

NO

Select „Ventilation“ display

YES

YES

Among other factors, rule out and address:
• Lung resection (agenesis)
• Lateral position of patient
• (Unilateral) phrenoplegia
• (Unilateral) diaphgragm dysfunction
• (Unilateral) intra-abdominal process

Consider further measures:
• Therapeutic patient positioning  

(”down with the good lung”)
• Bronchial hygiene
• Additional diagnostics

NO

NO

Evaluating 
results

Image without artefacts?

Does the ventilation predominantly take place within 
the displayed lung contours?

YES

Is this due to known morphological conditions?
• Pneumothorax
• Pleural effusion
• Bronchial obstruction
• Unilateral intubation
• Dislocated tube or tracheal cannula
• Morphology: resection of lung tissue, pulmonary 

agenesis

Are both pulmonary sides ventilated similarly? YES

• Chest X-ray
• CT

Consider additional suitable diagnostics depending on 
the overall clinical situation:
• Auscultation 
• Ultrasound 
• Bronchoscopy

NO

NO

YES
Does the quantitative 
stretch distribution match 
the normal distribution?

Is the stretch 
distribution 
decelerating?

YES

Analyse „Stretch“ 
display

Select „Stretch“ display

NO

NO

Is the stretch 
distribution 
accelerating?

Is the stretch distribution U-shaped, or are all the 
bars of approximately the same height?

YES

YES

The tidal volume is primarily delivered with a medium 
stretch.

The stretch image shows areas with maximal, minimal 
or uniform stretch side by side. This heterogeneity may 
be harmful.

Possible common diagnoses:
• Pneumothorax
• Pleural effusion
• Dislocated tube or tracheal cannula
• Pneumonia
• Bronchial obstruction

The stretch image is dominated by high-amplitude 
areas. This may be a sign of harmful ventilator settings. 

Possible common diagnoses:
• Local over-distension
• Collapsed lung
• Cyclical recruitment (PEEP too low)
• Tidal volumes too high

Areas with minimally ventilated lung segments 
dominate. This may be a sign of harmful ventilator 
settings.

Possible common diagnoses:
• Tidal volumes too low
• Dislocated tube or tracheal cannula
• Bronchial obstruction

Re-evaluation of stretch after completion of measures.

Take appropriate measures depending on the findings.

NO

NO

Do SilentSpaces take up > 5%?

Initiate further diagnostic or therapeutic measures 
depending on the findings.

Continue EIT monitoring.

Are the Silent Spaces mainly 
located in the upper, non-
dependent area (ventral)?

Are the SilentSpaces primarily 
located in the lower, dependent 
area (dorsal)?

Analyse „SilentSpaces“ 
display

NO

YES

YES

YES

YES

Are there significant SilentSpaces 
both in the lower and upper 
parts of the lung?

Select „SilentSpace“ display

Possible common diagnoses:
• Lung overdistension
• Pneumothorax

Consider appropriate measures:
• Reduce tidal volume TV
• Lower inspiration pressure
• Decrease PEEP
• Therapeutic patient positioning

Possible common diagnoses:
• Atelectases
• Pleural effusion

Consider appropriate measures:
• Recruitment
• Increase PEEP
• Therapeutic patient positioning
• Therapy of the pleural effusion

Consider appropriate measures:
• Lung-protective ventilation with delta pressure 

(plateau - PEEP) < 15 cmH2O (achieved through 
active recruitment, high PEEP and small tidal 
volumes)

• Therapeutic prone positioning
• Extracorporeal systems

Extract from: Algorithm-based monitoring
 of intensive care ventilation using
 electrical impedance tomography, 2nd edition
 Authors: Peter Kremeier, Christian Woll, Sven Pulletz
 published by Pabst Publishers

Minimize sources of interference:
• Deactivate respiratory rate detection feature of 

the intensive-care monitor.
• Suspend continuous CO monitoring by means of Swan 

Ganz (the electrical signals of the measurement may 
interfere with those of the EIT measurement)

Configuring intensive care ventilator elisa 800VIT:
• Start the EIT function by tapping on the animated lung.
• Open the input screen by tapping on the “patient” 

symbol.
Enter patient data:
• Height
• Actual weight
• Gender
• Age
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Check SensorBelt and settings:
• Proper entry of patient data;
• SensorBelt size matches the recommended size;
• ContactAgent was applied in accordance with 
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• SensorBelt is properly fitted to the body and 

correctly positioned;
• Signal quality is adequate;
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Rule out contraindications:
• Open chest injuries
• Non-intact skin or uncovered wounds in the chest 
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• Patients with active implants (such as pacemakers 

or defibrillators)
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In the case of contraindications: NO use of electrical 
impedance tomography.

Put SensorBelt on the patient according to instructions.

Preparing the 
patient
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Select „Ventilation“ display
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Among other factors, rule out and address:
• Lung resection (agenesis)
• Lateral position of patient
• (Unilateral) phrenoplegia
• (Unilateral) diaphgragm dysfunction
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Consider further measures:
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• Additional diagnostics
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Evaluating 
results
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Does the ventilation predominantly take place within 
the displayed lung contours?

YES

Is this due to known morphological conditions?
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• Pleural effusion
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• Dislocated tube or tracheal cannula
• Morphology: resection of lung tissue, pulmonary 
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Are both pulmonary sides ventilated similarly? YES

• Chest X-ray
• CT

Consider additional suitable diagnostics depending on 
the overall clinical situation:
• Auscultation 
• Ultrasound 
• Bronchoscopy

NO

NO

YES
Does the quantitative 
stretch distribution match 
the normal distribution?

Is the stretch 
distribution 
decelerating?

YES

Analyse „Stretch“ 
display

Select „Stretch“ display

NO

NO

Is the stretch 
distribution 
accelerating?

Is the stretch distribution U-shaped, or are all the 
bars of approximately the same height?

YES

YES

The tidal volume is primarily delivered with a medium 
stretch.

The stretch image shows areas with maximal, minimal 
or uniform stretch side by side. This heterogeneity may 
be harmful.

Possible common diagnoses:
• Pneumothorax
• Pleural effusion
• Dislocated tube or tracheal cannula
• Pneumonia
• Bronchial obstruction

The stretch image is dominated by high-amplitude 
areas. This may be a sign of harmful ventilator settings. 

Possible common diagnoses:
• Local over-distension
• Collapsed lung
• Cyclical recruitment (PEEP too low)
• Tidal volumes too high

Areas with minimally ventilated lung segments 
dominate. This may be a sign of harmful ventilator 
settings.

Possible common diagnoses:
• Tidal volumes too low
• Dislocated tube or tracheal cannula
• Bronchial obstruction

Re-evaluation of stretch after completion of measures.

Take appropriate measures depending on the findings.

NO

NO

Do SilentSpaces take up > 5%?

Initiate further diagnostic or therapeutic measures 
depending on the findings.

Continue EIT monitoring.

Are the Silent Spaces mainly 
located in the upper, non-
dependent area (ventral)?

Are the SilentSpaces primarily 
located in the lower, dependent 
area (dorsal)?

Analyse „SilentSpaces“ 
display

NO

YES

YES

YES

YES

Are there significant SilentSpaces 
both in the lower and upper 
parts of the lung?

Select „SilentSpace“ display

Possible common diagnoses:
• Lung overdistension
• Pneumothorax

Consider appropriate measures:
• Reduce tidal volume TV
• Lower inspiration pressure
• Decrease PEEP
• Therapeutic patient positioning

Possible common diagnoses:
• Atelectases
• Pleural effusion

Consider appropriate measures:
• Recruitment
• Increase PEEP
• Therapeutic patient positioning
• Therapy of the pleural effusion

Consider appropriate measures:
• Lung-protective ventilation with delta pressure 

(plateau - PEEP) < 15 cmH2O (achieved through 
active recruitment, high PEEP and small tidal 
volumes)

• Therapeutic prone positioning
• Extracorporeal systems

Extract from: Algorithm-based monitoring
 of intensive care ventilation using
 electrical impedance tomography, 2nd edition
 Authors: Peter Kremeier, Christian Woll, Sven Pulletz
 published by Pabst Publishers

Minimize sources of interference:
• Deactivate respiratory rate detection feature of 

the intensive-care monitor.
• Suspend continuous CO monitoring by means of Swan 

Ganz (the electrical signals of the measurement may 
interfere with those of the EIT measurement)

Configuring intensive care ventilator elisa 800VIT:
• Start the EIT function by tapping on the animated lung.
• Open the input screen by tapping on the “patient” 

symbol.
Enter patient data:
• Height
• Actual weight
• Gender
• Age
• Half chest circumference in cm

Check SensorBelt and settings:
• Proper entry of patient data;
• SensorBelt size matches the recommended size;
• ContactAgent was applied in accordance with 

instructions;
• SensorBelt is properly fitted to the body and 

correctly positioned;
• Signal quality is adequate;
• SensorBelt has been in use for less than 96 hours.

Rule out contraindications:
• Open chest injuries
• Non-intact skin or uncovered wounds in the chest 

area
• Patients with active implants (such as pacemakers 

or defibrillators)
• Temporary pacemaker

In the case of contraindications: NO use of electrical 
impedance tomography.

Put SensorBelt on the patient according to instructions.

Preparing the 
patient

NO

NO

Select „Ventilation“ display

YES

YES

Among other factors, rule out and address:
• Lung resection (agenesis)
• Lateral position of patient
• (Unilateral) phrenoplegia
• (Unilateral) diaphgragm dysfunction
• (Unilateral) intra-abdominal process

Consider further measures:
• Therapeutic patient positioning  

(”down with the good lung”)
• Bronchial hygiene
• Additional diagnostics

NO

NO

Evaluating 
results

Image without artefacts?

Does the ventilation predominantly take place within 
the displayed lung contours?

YES

Is this due to known morphological conditions?
• Pneumothorax
• Pleural effusion
• Bronchial obstruction
• Unilateral intubation
• Dislocated tube or tracheal cannula
• Morphology: resection of lung tissue, pulmonary 

agenesis

Are both pulmonary sides ventilated similarly? YES

• Chest X-ray
• CT

Consider additional suitable diagnostics depending on 
the overall clinical situation:
• Auscultation 
• Ultrasound 
• Bronchoscopy

NO

NO

YES
Does the quantitative 
stretch distribution match 
the normal distribution?

Is the stretch 
distribution 
decelerating?

YES

Analyse „Stretch“ 
display

Select „Stretch“ display

NO

NO

Is the stretch 
distribution 
accelerating?

Is the stretch distribution U-shaped, or are all the 
bars of approximately the same height?

YES

YES

The tidal volume is primarily delivered with a medium 
stretch.

The stretch image shows areas with maximal, minimal 
or uniform stretch side by side. This heterogeneity may 
be harmful.

Possible common diagnoses:
• Pneumothorax
• Pleural effusion
• Dislocated tube or tracheal cannula
• Pneumonia
• Bronchial obstruction

The stretch image is dominated by high-amplitude 
areas. This may be a sign of harmful ventilator settings. 

Possible common diagnoses:
• Local over-distension
• Collapsed lung
• Cyclical recruitment (PEEP too low)
• Tidal volumes too high

Areas with minimally ventilated lung segments 
dominate. This may be a sign of harmful ventilator 
settings.

Possible common diagnoses:
• Tidal volumes too low
• Dislocated tube or tracheal cannula
• Bronchial obstruction

Re-evaluation of stretch after completion of measures.

Take appropriate measures depending on the findings.

NO

NO

Do SilentSpaces take up > 5%?

Initiate further diagnostic or therapeutic measures 
depending on the findings.

Continue EIT monitoring.

Are the Silent Spaces mainly 
located in the upper, non-
dependent area (ventral)?

Are the SilentSpaces primarily 
located in the lower, dependent 
area (dorsal)?

Analyse „SilentSpaces“ 
display

NO

YES

YES

YES

YES

Are there significant SilentSpaces 
both in the lower and upper 
parts of the lung?

Select „SilentSpace“ display

Possible common diagnoses:
• Lung overdistension
• Pneumothorax

Consider appropriate measures:
• Reduce tidal volume TV
• Lower inspiration pressure
• Decrease PEEP
• Therapeutic patient positioning

Possible common diagnoses:
• Atelectases
• Pleural effusion

Consider appropriate measures:
• Recruitment
• Increase PEEP
• Therapeutic patient positioning
• Therapy of the pleural effusion

Consider appropriate measures:
• Lung-protective ventilation with delta pressure 

(plateau - PEEP) < 15 cmH2O (achieved through 
active recruitment, high PEEP and small tidal 
volumes)

• Therapeutic prone positioning
• Extracorporeal systems
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Extract from: Algorithm-based monitoring
 of intensive care ventilation using
 electrical impedance tomography, 2nd edition
 Authors: Peter Kremeier, Christian Woll, Sven Pulletz
 published by Pabst Publishers

Minimize sources of interference:
• Deactivate respiratory rate detection feature of 

the intensive-care monitor.
• Suspend continuous CO monitoring by means of Swan 

Ganz (the electrical signals of the measurement may 
interfere with those of the EIT measurement)

Configuring intensive care ventilator elisa 800VIT:
• Start the EIT function by tapping on the animated lung.
• Open the input screen by tapping on the “patient” 

symbol.
Enter patient data:
• Height
• Actual weight
• Gender
• Age
• Half chest circumference in cm

Check SensorBelt and settings:
• Proper entry of patient data;
• SensorBelt size matches the recommended size;
• ContactAgent was applied in accordance with 

instructions;
• SensorBelt is properly fitted to the body and 

correctly positioned;
• Signal quality is adequate;
• SensorBelt has been in use for less than 96 hours.

Rule out contraindications:
• Open chest injuries
• Non-intact skin or uncovered wounds in the chest 

area
• Patients with active implants (such as pacemakers 

or defibrillators)
• Temporary pacemaker

In the case of contraindications: NO use of electrical 
impedance tomography.

Put SensorBelt on the patient according to instructions.

Preparing the 
patient

NO

NO

Select „Ventilation“ display

YES

YES

Among other factors, rule out and address:
• Lung resection (agenesis)
• Lateral position of patient
• (Unilateral) phrenoplegia
• (Unilateral) diaphgragm dysfunction
• (Unilateral) intra-abdominal process

Consider further measures:
• Therapeutic patient positioning  

(”down with the good lung”)
• Bronchial hygiene
• Additional diagnostics

NO

NO

Evaluating 
results

Image without artefacts?

Does the ventilation predominantly take place within 
the displayed lung contours?

YES

Is this due to known morphological conditions?
• Pneumothorax
• Pleural effusion
• Bronchial obstruction
• Unilateral intubation
• Dislocated tube or tracheal cannula
• Morphology: resection of lung tissue, pulmonary 

agenesis

Are both pulmonary sides ventilated similarly? YES

• Chest X-ray
• CT

Consider additional suitable diagnostics depending on 
the overall clinical situation:
• Auscultation 
• Ultrasound 
• Bronchoscopy

NO

NO

YES
Does the quantitative 
stretch distribution match 
the normal distribution?

Is the stretch 
distribution 
decelerating?

YES

Analyse „Stretch“ 
display

Select „Stretch“ display

NO

NO

Is the stretch 
distribution 
accelerating?

Is the stretch distribution U-shaped, or are all the 
bars of approximately the same height?

YES

YES

The tidal volume is primarily delivered with a medium 
stretch.

The stretch image shows areas with maximal, minimal 
or uniform stretch side by side. This heterogeneity may 
be harmful.

Possible common diagnoses:
• Pneumothorax
• Pleural effusion
• Dislocated tube or tracheal cannula
• Pneumonia
• Bronchial obstruction

The stretch image is dominated by high-amplitude 
areas. This may be a sign of harmful ventilator settings. 

Possible common diagnoses:
• Local over-distension
• Collapsed lung
• Cyclical recruitment (PEEP too low)
• Tidal volumes too high

Areas with minimally ventilated lung segments 
dominate. This may be a sign of harmful ventilator 
settings.

Possible common diagnoses:
• Tidal volumes too low
• Dislocated tube or tracheal cannula
• Bronchial obstruction

Re-evaluation of stretch after completion of measures.

Take appropriate measures depending on the findings.

NO

NO

Do SilentSpaces take up > 5%?

Initiate further diagnostic or therapeutic measures 
depending on the findings.

Continue EIT monitoring.

Are the Silent Spaces mainly 
located in the upper, non-
dependent area (ventral)?

Are the SilentSpaces primarily 
located in the lower, dependent 
area (dorsal)?

Analyse „SilentSpaces“ 
display

NO

YES

YES

YES

YES

Are there significant SilentSpaces 
both in the lower and upper 
parts of the lung?

Select „SilentSpace“ display

Possible common diagnoses:
• Lung overdistension
• Pneumothorax

Consider appropriate measures:
• Reduce tidal volume TV
• Lower inspiration pressure
• Decrease PEEP
• Therapeutic patient positioning

Possible common diagnoses:
• Atelectases
• Pleural effusion

Consider appropriate measures:
• Recruitment
• Increase PEEP
• Therapeutic patient positioning
• Therapy of the pleural effusion

Consider appropriate measures:
• Lung-protective ventilation with delta pressure 

(plateau - PEEP) < 15 cmH2O (achieved through 
active recruitment, high PEEP and small tidal 
volumes)

• Therapeutic prone positioning
• Extracorporeal systems
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Figure 1-7 LuFu TrendView 

A: T1 – Tidal image and bar chart at time T1  
B: LuFuTrend – 25% quartile (lower dotted line), median (solid middle line) and 75% 
 quartile (upper dotted line). 
C: T2 – Tidal image and bar chart at time T2 
D: DetailView – You can switch between trend view and detail view  
E: Time scale – You can switch between different time scales 

1.2.4 Silent Spaces  

It is well known that physiological and pathophysiological phaenomena are influenced by 
gravity. In lung physiology, the famous work of John West [3] highlights this fact. The Silent 
Spaces analysis provides information about lung areas that do not receive much air during 
tidal breathing and are thus hypoventilated. If they are located on the “bottom” of the lungs 
(dependent areas), there is a certain probability that such lung areas are closed, collapsed, 
or filled with fluid. If such areas are, however, located on the “top” of the lungs, it is more 
likely that they are already distended, maybe even overdistended [4]–[6]. The Silent Spaces 
analysis shall identify such areas prone to potential complications and thereby help in 
guiding therapy. While being highly sensitive, it is important to note that Silent Spaces are 
not specific as to the actual cause of such hypoventilation. For reaching at a diagnosis 
additional diagnostic means might have to be employed and further information taken into 
account. 

Tidal images refer to the changes in regional impedance values during one breathing cycle. 
During a breath, the lung tissue expands to receive the inhaled tidal volume. Some areas 
within the lung receive large amounts of air during tidal breathing, others very little to no air. 
The Silent Spaces analysis provides information about areas that do not receive much or no 
air during tidal breathing. The Silent Spaces are defined as the smallest of the stretch 
categories described above (see Chapter 1.5.1) and divided into two groups: the dependent 
Silent Spaces and the non-dependent Silent Spaces.  

“Dependent” in this context means located physically below a reference line within the thorax 
while “non-dependent” means above such reference line within the thorax. As reference line, 
the line perpendicular to the gravity vector running right through the “Centre of Ventilation” 
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SILENT SPACES

• predeli, ki se ne ventilirajo (normalno < 5%)

• dorzalni

• ventralni

➜ kolaps

➜ hiperinflacija

Extract from: Algorithm-based monitoring
 of intensive care ventilation using
 electrical impedance tomography, 2nd edition
 Authors: Peter Kremeier, Christian Woll, Sven Pulletz
 published by Pabst Publishers

Minimize sources of interference:
• Deactivate respiratory rate detection feature of 

the intensive-care monitor.
• Suspend continuous CO monitoring by means of Swan 

Ganz (the electrical signals of the measurement may 
interfere with those of the EIT measurement)

Configuring intensive care ventilator elisa 800VIT:
• Start the EIT function by tapping on the animated lung.
• Open the input screen by tapping on the “patient” 

symbol.
Enter patient data:
• Height
• Actual weight
• Gender
• Age
• Half chest circumference in cm

Check SensorBelt and settings:
• Proper entry of patient data;
• SensorBelt size matches the recommended size;
• ContactAgent was applied in accordance with 

instructions;
• SensorBelt is properly fitted to the body and 

correctly positioned;
• Signal quality is adequate;
• SensorBelt has been in use for less than 96 hours.

Rule out contraindications:
• Open chest injuries
• Non-intact skin or uncovered wounds in the chest 

area
• Patients with active implants (such as pacemakers 

or defibrillators)
• Temporary pacemaker

In the case of contraindications: NO use of electrical 
impedance tomography.

Put SensorBelt on the patient according to instructions.

Preparing the 
patient

NO

NO

Select „Ventilation“ display

YES

YES

Among other factors, rule out and address:
• Lung resection (agenesis)
• Lateral position of patient
• (Unilateral) phrenoplegia
• (Unilateral) diaphgragm dysfunction
• (Unilateral) intra-abdominal process

Consider further measures:
• Therapeutic patient positioning  

(”down with the good lung”)
• Bronchial hygiene
• Additional diagnostics

NO

NO

Evaluating 
results

Image without artefacts?

Does the ventilation predominantly take place within 
the displayed lung contours?

YES

Is this due to known morphological conditions?
• Pneumothorax
• Pleural effusion
• Bronchial obstruction
• Unilateral intubation
• Dislocated tube or tracheal cannula
• Morphology: resection of lung tissue, pulmonary 

agenesis

Are both pulmonary sides ventilated similarly? YES

• Chest X-ray
• CT

Consider additional suitable diagnostics depending on 
the overall clinical situation:
• Auscultation 
• Ultrasound 
• Bronchoscopy

NO

NO

YES
Does the quantitative 
stretch distribution match 
the normal distribution?

Is the stretch 
distribution 
decelerating?

YES

Analyse „Stretch“ 
display

Select „Stretch“ display

NO

NO

Is the stretch 
distribution 
accelerating?

Is the stretch distribution U-shaped, or are all the 
bars of approximately the same height?

YES

YES

The tidal volume is primarily delivered with a medium 
stretch.

The stretch image shows areas with maximal, minimal 
or uniform stretch side by side. This heterogeneity may 
be harmful.

Possible common diagnoses:
• Pneumothorax
• Pleural effusion
• Dislocated tube or tracheal cannula
• Pneumonia
• Bronchial obstruction

The stretch image is dominated by high-amplitude 
areas. This may be a sign of harmful ventilator settings. 

Possible common diagnoses:
• Local over-distension
• Collapsed lung
• Cyclical recruitment (PEEP too low)
• Tidal volumes too high

Areas with minimally ventilated lung segments 
dominate. This may be a sign of harmful ventilator 
settings.

Possible common diagnoses:
• Tidal volumes too low
• Dislocated tube or tracheal cannula
• Bronchial obstruction

Re-evaluation of stretch after completion of measures.

Take appropriate measures depending on the findings.

NO

NO

Do SilentSpaces take up > 5%?

Initiate further diagnostic or therapeutic measures 
depending on the findings.

Continue EIT monitoring.

Are the Silent Spaces mainly 
located in the upper, non-
dependent area (ventral)?

Are the SilentSpaces primarily 
located in the lower, dependent 
area (dorsal)?

Analyse „SilentSpaces“ 
display

NO

YES

YES

YES

YES

Are there significant SilentSpaces 
both in the lower and upper 
parts of the lung?

Select „SilentSpace“ display

Possible common diagnoses:
• Lung overdistension
• Pneumothorax

Consider appropriate measures:
• Reduce tidal volume TV
• Lower inspiration pressure
• Decrease PEEP
• Therapeutic patient positioning

Possible common diagnoses:
• Atelectases
• Pleural effusion

Consider appropriate measures:
• Recruitment
• Increase PEEP
• Therapeutic patient positioning
• Therapy of the pleural effusion

Consider appropriate measures:
• Lung-protective ventilation with delta pressure 

(plateau - PEEP) < 15 cmH2O (achieved through 
active recruitment, high PEEP and small tidal 
volumes)

• Therapeutic prone positioning
• Extracorporeal systems
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(CoV) is taken. This line is called “ventilation horizon” and used to sort the pixels of the 
lowest stretch category into dependent and non-dependent Silence Spaces. The value 
attributed to the dependent Silent Spaces is the relative number of pixels located “below” the 
ventilation horizon, expressed as percent of the total number of pixels within the lung 
contour. The nondependent Silent Spaces is the relative number of pixels located “above” 
the ventilation horizon, expressed as percent of the total number of pixels within the lung 
contour.  

The Silent Spaces are calculated breath-by-breath. Regions that do not receive much 
ventilation are shown in violet colours. Lung regions that receive normal ventilation are 
displayed in dark grey colour.  

 Figure 1-8 LuFu View Silent Spaces 

A: Thoracic image – Visual representation of Silent Spaces. The violet colour 
represents a cluster of pixels receiving little or no ventilation during tidal breathing. 
Grey pixels in the lung region represent well-ventilated areas.  

B: Ventilation Horizon – horizontal line perpendicular to the gravity vector running 
 through the CoV dividing the image into dependent (upper part of image) and non-
dependent area (lower part of image). 

C: Bar chart – numerical representation of the dependent and nondependent Silent 
 Spaces  
D: View selection bar – Toggle between different views  
E: TrendView – shows the trend view of the Stretch-Parameter. For details see  

Figure 1-10.  
  

C A 

D E 

B 

SILENT SPACES



Extract from: Algorithm-based monitoring
 of intensive care ventilation using
 electrical impedance tomography, 2nd edition
 Authors: Peter Kremeier, Christian Woll, Sven Pulletz
 published by Pabst Publishers

Minimize sources of interference:
• Deactivate respiratory rate detection feature of 

the intensive-care monitor.
• Suspend continuous CO monitoring by means of Swan 

Ganz (the electrical signals of the measurement may 
interfere with those of the EIT measurement)

Configuring intensive care ventilator elisa 800VIT:
• Start the EIT function by tapping on the animated lung.
• Open the input screen by tapping on the “patient” 

symbol.
Enter patient data:
• Height
• Actual weight
• Gender
• Age
• Half chest circumference in cm

Check SensorBelt and settings:
• Proper entry of patient data;
• SensorBelt size matches the recommended size;
• ContactAgent was applied in accordance with 

instructions;
• SensorBelt is properly fitted to the body and 

correctly positioned;
• Signal quality is adequate;
• SensorBelt has been in use for less than 96 hours.

Rule out contraindications:
• Open chest injuries
• Non-intact skin or uncovered wounds in the chest 

area
• Patients with active implants (such as pacemakers 

or defibrillators)
• Temporary pacemaker

In the case of contraindications: NO use of electrical 
impedance tomography.

Put SensorBelt on the patient according to instructions.

Preparing the 
patient

NO

NO

Select „Ventilation“ display

YES

YES

Among other factors, rule out and address:
• Lung resection (agenesis)
• Lateral position of patient
• (Unilateral) phrenoplegia
• (Unilateral) diaphgragm dysfunction
• (Unilateral) intra-abdominal process

Consider further measures:
• Therapeutic patient positioning  

(”down with the good lung”)
• Bronchial hygiene
• Additional diagnostics

NO

NO

Evaluating 
results

Image without artefacts?

Does the ventilation predominantly take place within 
the displayed lung contours?

YES

Is this due to known morphological conditions?
• Pneumothorax
• Pleural effusion
• Bronchial obstruction
• Unilateral intubation
• Dislocated tube or tracheal cannula
• Morphology: resection of lung tissue, pulmonary 

agenesis

Are both pulmonary sides ventilated similarly? YES

• Chest X-ray
• CT

Consider additional suitable diagnostics depending on 
the overall clinical situation:
• Auscultation 
• Ultrasound 
• Bronchoscopy

NO

NO

YES
Does the quantitative 
stretch distribution match 
the normal distribution?

Is the stretch 
distribution 
decelerating?

YES

Analyse „Stretch“ 
display

Select „Stretch“ display

NO

NO

Is the stretch 
distribution 
accelerating?

Is the stretch distribution U-shaped, or are all the 
bars of approximately the same height?

YES

YES

The tidal volume is primarily delivered with a medium 
stretch.

The stretch image shows areas with maximal, minimal 
or uniform stretch side by side. This heterogeneity may 
be harmful.

Possible common diagnoses:
• Pneumothorax
• Pleural effusion
• Dislocated tube or tracheal cannula
• Pneumonia
• Bronchial obstruction

The stretch image is dominated by high-amplitude 
areas. This may be a sign of harmful ventilator settings. 

Possible common diagnoses:
• Local over-distension
• Collapsed lung
• Cyclical recruitment (PEEP too low)
• Tidal volumes too high

Areas with minimally ventilated lung segments 
dominate. This may be a sign of harmful ventilator 
settings.

Possible common diagnoses:
• Tidal volumes too low
• Dislocated tube or tracheal cannula
• Bronchial obstruction

Re-evaluation of stretch after completion of measures.

Take appropriate measures depending on the findings.

NO

NO

Do SilentSpaces take up > 5%?

Initiate further diagnostic or therapeutic measures 
depending on the findings.

Continue EIT monitoring.

Are the Silent Spaces mainly 
located in the upper, non-
dependent area (ventral)?

Are the SilentSpaces primarily 
located in the lower, dependent 
area (dorsal)?

Analyse „SilentSpaces“ 
display

NO

YES

YES

YES

YES

Are there significant SilentSpaces 
both in the lower and upper 
parts of the lung?

Select „SilentSpace“ display

Possible common diagnoses:
• Lung overdistension
• Pneumothorax

Consider appropriate measures:
• Reduce tidal volume TV
• Lower inspiration pressure
• Decrease PEEP
• Therapeutic patient positioning

Possible common diagnoses:
• Atelectases
• Pleural effusion

Consider appropriate measures:
• Recruitment
• Increase PEEP
• Therapeutic patient positioning
• Therapy of the pleural effusion

Consider appropriate measures:
• Lung-protective ventilation with delta pressure 

(plateau - PEEP) < 15 cmH2O (achieved through 
active recruitment, high PEEP and small tidal 
volumes)

• Therapeutic prone positioning
• Extracorporeal systems

Extract from: Algorithm-based monitoring
 of intensive care ventilation using
 electrical impedance tomography, 2nd edition
 Authors: Peter Kremeier, Christian Woll, Sven Pulletz
 published by Pabst Publishers

Minimize sources of interference:
• Deactivate respiratory rate detection feature of 

the intensive-care monitor.
• Suspend continuous CO monitoring by means of Swan 

Ganz (the electrical signals of the measurement may 
interfere with those of the EIT measurement)

Configuring intensive care ventilator elisa 800VIT:
• Start the EIT function by tapping on the animated lung.
• Open the input screen by tapping on the “patient” 

symbol.
Enter patient data:
• Height
• Actual weight
• Gender
• Age
• Half chest circumference in cm

Check SensorBelt and settings:
• Proper entry of patient data;
• SensorBelt size matches the recommended size;
• ContactAgent was applied in accordance with 

instructions;
• SensorBelt is properly fitted to the body and 

correctly positioned;
• Signal quality is adequate;
• SensorBelt has been in use for less than 96 hours.

Rule out contraindications:
• Open chest injuries
• Non-intact skin or uncovered wounds in the chest 

area
• Patients with active implants (such as pacemakers 

or defibrillators)
• Temporary pacemaker

In the case of contraindications: NO use of electrical 
impedance tomography.

Put SensorBelt on the patient according to instructions.

Preparing the 
patient

NO

NO

Select „Ventilation“ display

YES

YES

Among other factors, rule out and address:
• Lung resection (agenesis)
• Lateral position of patient
• (Unilateral) phrenoplegia
• (Unilateral) diaphgragm dysfunction
• (Unilateral) intra-abdominal process

Consider further measures:
• Therapeutic patient positioning  

(”down with the good lung”)
• Bronchial hygiene
• Additional diagnostics

NO

NO

Evaluating 
results

Image without artefacts?

Does the ventilation predominantly take place within 
the displayed lung contours?

YES

Is this due to known morphological conditions?
• Pneumothorax
• Pleural effusion
• Bronchial obstruction
• Unilateral intubation
• Dislocated tube or tracheal cannula
• Morphology: resection of lung tissue, pulmonary 

agenesis

Are both pulmonary sides ventilated similarly? YES

• Chest X-ray
• CT

Consider additional suitable diagnostics depending on 
the overall clinical situation:
• Auscultation 
• Ultrasound 
• Bronchoscopy

NO

NO

YES
Does the quantitative 
stretch distribution match 
the normal distribution?

Is the stretch 
distribution 
decelerating?

YES

Analyse „Stretch“ 
display

Select „Stretch“ display

NO

NO

Is the stretch 
distribution 
accelerating?

Is the stretch distribution U-shaped, or are all the 
bars of approximately the same height?

YES

YES

The tidal volume is primarily delivered with a medium 
stretch.

The stretch image shows areas with maximal, minimal 
or uniform stretch side by side. This heterogeneity may 
be harmful.

Possible common diagnoses:
• Pneumothorax
• Pleural effusion
• Dislocated tube or tracheal cannula
• Pneumonia
• Bronchial obstruction

The stretch image is dominated by high-amplitude 
areas. This may be a sign of harmful ventilator settings. 

Possible common diagnoses:
• Local over-distension
• Collapsed lung
• Cyclical recruitment (PEEP too low)
• Tidal volumes too high

Areas with minimally ventilated lung segments 
dominate. This may be a sign of harmful ventilator 
settings.

Possible common diagnoses:
• Tidal volumes too low
• Dislocated tube or tracheal cannula
• Bronchial obstruction

Re-evaluation of stretch after completion of measures.

Take appropriate measures depending on the findings.

NO

NO

Do SilentSpaces take up > 5%?

Initiate further diagnostic or therapeutic measures 
depending on the findings.

Continue EIT monitoring.

Are the Silent Spaces mainly 
located in the upper, non-
dependent area (ventral)?

Are the SilentSpaces primarily 
located in the lower, dependent 
area (dorsal)?

Analyse „SilentSpaces“ 
display

NO

YES

YES

YES

YES

Are there significant SilentSpaces 
both in the lower and upper 
parts of the lung?

Select „SilentSpace“ display

Possible common diagnoses:
• Lung overdistension
• Pneumothorax

Consider appropriate measures:
• Reduce tidal volume TV
• Lower inspiration pressure
• Decrease PEEP
• Therapeutic patient positioning

Possible common diagnoses:
• Atelectases
• Pleural effusion

Consider appropriate measures:
• Recruitment
• Increase PEEP
• Therapeutic patient positioning
• Therapy of the pleural effusion

Consider appropriate measures:
• Lung-protective ventilation with delta pressure 

(plateau - PEEP) < 15 cmH2O (achieved through 
active recruitment, high PEEP and small tidal 
volumes)

• Therapeutic prone positioning
• Extracorporeal systems

© 2017 Salvia medical GmbH & Co. KG. All rights 
reserved.



Extract from: Algorithm-based monitoring
 of intensive care ventilation using
 electrical impedance tomography, 2nd edition
 Authors: Peter Kremeier, Christian Woll, Sven Pulletz
 published by Pabst Publishers

Minimize sources of interference:
• Deactivate respiratory rate detection feature of 

the intensive-care monitor.
• Suspend continuous CO monitoring by means of Swan 

Ganz (the electrical signals of the measurement may 
interfere with those of the EIT measurement)

Configuring intensive care ventilator elisa 800VIT:
• Start the EIT function by tapping on the animated lung.
• Open the input screen by tapping on the “patient” 

symbol.
Enter patient data:
• Height
• Actual weight
• Gender
• Age
• Half chest circumference in cm

Check SensorBelt and settings:
• Proper entry of patient data;
• SensorBelt size matches the recommended size;
• ContactAgent was applied in accordance with 

instructions;
• SensorBelt is properly fitted to the body and 

correctly positioned;
• Signal quality is adequate;
• SensorBelt has been in use for less than 96 hours.

Rule out contraindications:
• Open chest injuries
• Non-intact skin or uncovered wounds in the chest 

area
• Patients with active implants (such as pacemakers 

or defibrillators)
• Temporary pacemaker

In the case of contraindications: NO use of electrical 
impedance tomography.

Put SensorBelt on the patient according to instructions.

Preparing the 
patient

NO

NO

Select „Ventilation“ display

YES

YES

Among other factors, rule out and address:
• Lung resection (agenesis)
• Lateral position of patient
• (Unilateral) phrenoplegia
• (Unilateral) diaphgragm dysfunction
• (Unilateral) intra-abdominal process

Consider further measures:
• Therapeutic patient positioning  

(”down with the good lung”)
• Bronchial hygiene
• Additional diagnostics

NO

NO

Evaluating 
results

Image without artefacts?

Does the ventilation predominantly take place within 
the displayed lung contours?

YES

Is this due to known morphological conditions?
• Pneumothorax
• Pleural effusion
• Bronchial obstruction
• Unilateral intubation
• Dislocated tube or tracheal cannula
• Morphology: resection of lung tissue, pulmonary 

agenesis

Are both pulmonary sides ventilated similarly? YES

• Chest X-ray
• CT

Consider additional suitable diagnostics depending on 
the overall clinical situation:
• Auscultation 
• Ultrasound 
• Bronchoscopy

NO

NO

YES
Does the quantitative 
stretch distribution match 
the normal distribution?

Is the stretch 
distribution 
decelerating?

YES

Analyse „Stretch“ 
display

Select „Stretch“ display

NO

NO

Is the stretch 
distribution 
accelerating?

Is the stretch distribution U-shaped, or are all the 
bars of approximately the same height?

YES

YES

The tidal volume is primarily delivered with a medium 
stretch.

The stretch image shows areas with maximal, minimal 
or uniform stretch side by side. This heterogeneity may 
be harmful.

Possible common diagnoses:
• Pneumothorax
• Pleural effusion
• Dislocated tube or tracheal cannula
• Pneumonia
• Bronchial obstruction

The stretch image is dominated by high-amplitude 
areas. This may be a sign of harmful ventilator settings. 

Possible common diagnoses:
• Local over-distension
• Collapsed lung
• Cyclical recruitment (PEEP too low)
• Tidal volumes too high

Areas with minimally ventilated lung segments 
dominate. This may be a sign of harmful ventilator 
settings.

Possible common diagnoses:
• Tidal volumes too low
• Dislocated tube or tracheal cannula
• Bronchial obstruction

Re-evaluation of stretch after completion of measures.

Take appropriate measures depending on the findings.

NO

NO

Do SilentSpaces take up > 5%?

Initiate further diagnostic or therapeutic measures 
depending on the findings.

Continue EIT monitoring.

Are the Silent Spaces mainly 
located in the upper, non-
dependent area (ventral)?

Are the SilentSpaces primarily 
located in the lower, dependent 
area (dorsal)?

Analyse „SilentSpaces“ 
display

NO

YES

YES

YES

YES

Are there significant SilentSpaces 
both in the lower and upper 
parts of the lung?

Select „SilentSpace“ display

Possible common diagnoses:
• Lung overdistension
• Pneumothorax

Consider appropriate measures:
• Reduce tidal volume TV
• Lower inspiration pressure
• Decrease PEEP
• Therapeutic patient positioning

Possible common diagnoses:
• Atelectases
• Pleural effusion

Consider appropriate measures:
• Recruitment
• Increase PEEP
• Therapeutic patient positioning
• Therapy of the pleural effusion

Consider appropriate measures:
• Lung-protective ventilation with delta pressure 

(plateau - PEEP) < 15 cmH2O (achieved through 
active recruitment, high PEEP and small tidal 
volumes)

• Therapeutic prone positioning
• Extracorporeal systems
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5.2 MAIN VIEW

The “Main” view (Fig. 32) is the usual monitoring screen and displays the 
following: A “Dynamic Image”, showing impedance changes over time,  
a “Status Image”, a global impedance waveform at the top, and below 
this, four regional impedance waveforms, representing relative impedance 
changes of the Regions Of Interest (ROI) defined in the “Status Image”. On 
the right side of this screen, parameter fields are arranged which contain 
the numeric values described.

Based on the feedback provided by more than 30 clinical users of EIT over 
several years, it had become increasingly obvious that the best way to present 
EIT data is to combine EIT status images (containing regional information), 
impedance curves (containing regional and temporal information) 
and derived numerical parameters (allowing quantitative assessment). 
Consequently, the “Main” view of the PulmoVista 500 provides EIT data in a 
graphical layout similar to that which clinicians know from patient monitors.

Fig. 32: Screenshot of “Main” view
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were considered significant. Statistical analysis was carried out
using SPSS version 20.0 (IBM, New York, NY, USA).

Results
The numerical values of CoV showed a significant and continu-
ous decrease over the course of time points fromM1 to M4 [M1,
62.9% (6.6) vs M2, 54.8% (6.7) vs M3, 45.4% (4.0) vs M4, 41.7%
(8.7)], which can be understood as a continuous shift of the
CoV towards the ventral lungs. The lowest value was found in
head-down tilt with capnoperitoneum, showing a shift by
more than 20% compared with M1 [M1, 62.9% (6.6) vs M4,
41.7% (8.7)]. The return to the supine position and release of
capnoperitoneum led to a significant reversal of this shift of
CoV towards the dorsal lung region of the lung [M4, 41.7%
(8.7) vs M5, 46.1% (3.9)], reaching a value not different from
the one measured after induction of anaesthesia immediately
before the capnoperitoneum [M3, 45.4% (4.0)] (see Fig. 3 and
Table 1).

In line with the trend of the CoV, the dorsal silent spaces in-
creased significantly over the course of the study period time
points from M1 [0.1% (0.3)] to M2 [2.3% (2.3)] to M3 [9.2% (6.3)]
and to M4 [11.5% (8.9)], whereas they decreased at M5 to 8.5%
(5.8) with the release of the capnoperitoneum and the

Trendelenburg position. Ventral silent spaces showed continu-
ous and significant decreases from M1 [5.3% (2.9)] to M2 [4.1%
(1.9)] and to M3 [3.05% (1.9)], but stayed constant thereafter (see
Fig. 4 and Table 1).

Discussion
In spontaneously breathing patients sitting with their legs
stretched out, silent spaces, reflecting poorly ventilated areas,
were found in the ventral but not in the dorsal lungs. In the su-
pine position, a small lack of ventilation occurred in the dorsal
parts of the lung.With the induction of anaesthesia, silent spaces
in the dependent dorsal lung regions increased significantly, and
the application of capnoperitoneum and the Trendelenburg pos-
ition led to even more silent spaces in the dependent but not in
the non-dependent lung. The latter stayed constant during all
conditions in which mechanical ventilation was applied. The ef-
fects of surgery were not fully reversible.

The complete absence of silent spaces in the dorsal lung in
the sitting position and the fact that they increased only margin-
ally (<3%) as they became gravity dependent in the supine pos-
ition are indicators of a reliable fit between the predicted lung
contours used to calculate the EIT images and the real anatomy
of the individual patients.9
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Fig 2 Representative electrical impedance tomography images and electrical impedance tomography-derived parameters of one patient at time points from M1 to
M5. Pictograms at the top of the figure symbolize the patient’s position. () Picture of tidal ventilation within the region of interest. () Relative stretch within the
region of interest. () Ten-bar histogram representing the distribution of stretch within these respective categories. () Silent spaces visualized as grey areas within
the region of interest. The blue dotted line shows the ventilation horizon. The blue dot represents the centre of ventilation.
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PODROČJE UPORABNOSTI
• določanje PEEPa

• preprečevanje VILI

• diagnostika

• uspešnost odpiralnih manevrov 

• perfuzija?



Ali ima bolnik pnevmotoraks desno?
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Conclusions: Electrical impedance tomography-guided 
ventilation resulted in improved respiratory mechanics, 
improved gas exchange, and reduced histologic evidence 
of ventilator-induced lung injury in an animal model. 
This is the first prospective use of electrical impedance 
tomography-derived variables to improve outcomes in 
the setting of acute lung injury.

Full article: www.ccmjournal.org
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Real-time tomographic images for organ  
function monitoring and diagnosis

electrical
impedance
tomography

Contact us! 

call: + 41 (0) 81 330 09 72 
mail: info@swisstom.com
visit: www.swisstom.com

Swisstom AG
Schulstrasse 1, CH-7302  
Landquart, Switzerland

Swisstom AG
Swisstom AG, located in Landquart, Switzerland,  
develops and manufactures innovative medical devices. 
Our new lung function monitor enables life-saving 
treatments for patients in intensive care and during 
general anesthesia. 

Unlike traditional tomography, Swisstom´s bedside 
imaging is based on non-radiating principles: Electrical 
Impedance Tomography (EIT). To date, no comparable 
devices can show such regional organ function  
continuously and in real-time at the patient’s bedside. 

Swisstom creates its competitive edge by passionate 
leadership in non-invasive tomography with the goal  
to improve individual lives and therapies.

Made in Switzerland

Figure*: Electrical impedance tomography (EIT) and CT images 
of a control and EIT-guided animal. Larger areas of lung collapse 
are seen especially in dorsal (dependent) lung areas in the CT 
image of the control group (two upper left images).  
This corresponds to a lesser degree of ventilation-induced  
impedance change in the EIT image of the control group  
(bottom left). The EIT-guided animal displays better aeration on 
CT (two upper right images) and increased impedance change 
(indicated by white color) especially in the dependent lung  
areas (bottom right).

* modified from the article
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To advance the development of Electrical Impedance Tomography 
(EIT) in general and to accelerate clinical EIT applications Swisstom
provides ibeX, a freely available software tool based on an intuitive 
graphical user interface. Documentation of your patient´s EIT data 
has never been easier.  Following our step-by-step approach you can 
analyse Swisstom BB2 and EIT Pioneer data sets even without any 
advanced computer skills. Furthermore, ibeX supports the import 
of data you obtained with other EIT devices. All you need is a 
converter provided by EIDORS.

ibeX, named after the heraldic animal of the mountainous Swiss 
canton of the Grisons, is an EIT software tool designed to facilitate 
analysis of data obtained from clinical and experimental research. 
Its lean graphical user interface resembles the award-winning design 
of the Swisstom BB2 thereby reducing training requirements for 
experienced EIT researchers and newcomers alike. 

Simply by clicking the user can select the breaths for which several 
well-established and new EIT parameters are to be calculated. The 
results can be exported to portable document format (PDF), as a 
spread sheet (XLS) for further analysis or as video. 
ibeX is a free software and can be downloaded from 
www.swisstom.com/en/products/ibex

I B E X  P R O D U C T  I N F O R M AT I O N
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Intended audience

ibeX is designed for physicians, respiratory therapist, other care 
givers and EIT researchers who would like to explore the EIT data 
they recorded with Swisstom BB2, the EIT Pioneer Set or with 
other EIT devices.

Intended use

The ibeX is a data analysis software tool intended to calculate, 
display and export the results of different lung function parameters.
This is experimental software which may be used for research 
purposes only!

System requirements
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 - minimum Microsoft Excel 2003
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 - Ghostscript

Analyse and manage your EIT data!

The Key Features
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 EIT data analysis
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