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Agenda:

1. Principles of Electrical Impedance Tomography - EIT. 

2. Validation of lung ventilation and perfusion distribution 
imaging. 

3. Clinical applications to assist in respiratory care.



Electrical Impedance Tomography: Basic Principles

• Noninvasive, radiation-free clinical imaging tool.

• Image reconstruction is based on the estimation of the resistivity 
changes across the lungs.

EIT Ventilation EIT Perfusion

MC Bachmann, C Morais, et al. Crit Care, 2018.

EIT-Electrodes



Recommendation for electrode placement: 

5th to 6th intercostal spaces at the parasternal line.
(I Frerichs, M Amato, et al. 2016.)



End-expiration

End-inspiration

Im
p

e
d

a
n

c
e

 C
h

a
n

g
e

Electrical Impedance Tomography: Basic Principles



End-expiration

End-inspiration

Im
p

e
d

a
n

c
e

 C
h

a
n

g
e

Ventilation

Pulsatility

Electrical Impedance Tomography: Basic Principles



Electrical 

current 

Injection

(5 to 12 

mA)

EIT Chest measurements
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EIT Image

EIT Chest measurements



Scan rate ~ 

50Hz

Method with high temporal resolution.

EIT Chest measurements

EIT Image



EIT Chest measurements

EIT ImageCT Image
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What is the EIT 

ventilation imaging?
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Types of ROIs to characterize the distribution of ventilation
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Validations





Sheffield EIT system (16 channels)











University of São Paulo - (Brazil)



University of São Paulo - (Brazil)

Animal Facility/LIM09



Respiratory ICU / FMUSP, Brazil (2004)







State of Technology

Enlight 2100

TIMPEL MEDICAL (32 electrodes)



Enlight 2100 – TIMPEL MEDICAL



15 cm

Validações da tomografia de impedância elétrica

Rattes, C. PhD Thesis. 2018



Summary of validation studies
Bias and limmits of agreement

1. J Hinz, et al. 2004 (ROIs: 32 ventral-dorsal): Bias ≈ 0 %, ULA <2%, LLA < -2%

2. J Victorino, et al. 2004 (ROIs: Anterior-Posterior, quadrants): Bias = 0%, ULA = 10%, LLA = -10%.

3. JC Richard, et al. 2009 (ROIs: Anterior-Posterior): Bias = 0.4 ml, ULA = 29.08 mL, LLA = -29.1ml.

4. G Elke, et al. 2013 (ROIs: 32 ventral-dorsal): Bias = 0.06% %, ULA = 2.2% mL, LLA = -2%

5. B Hentze, et al. 2018 (ROIs: 32 ventral-dorsal): Bias = 0 %, ULA = 1.4 %, LLA = -1.4%

6. C Rattes, et al. 2018 (ROIs: Anterior-Posterior): Bias = 0.8%, ULA = 10.9%, LLA = -9.2%.

7. SD Reinartz, et al. 2019 (ROIs: UR, UL, LR, LL): Bias ≈0 %, ULA ≈7%, LLA ≈-7%.
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Functional lung size = 100%



Functional lung size = 75%



Functional lung size = 50%



Functional lung size = 50%



Examples of clinical use of ventilation 
image and plethysmogram



Ventilation Distribution During PEEP Trial
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Desconexão 

do VM + AET
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Estimation of lung collapse and overdistension



PEEP Titration Guided by EIT











Regional lung perfusion estimated by EIT



Im
p
e
d
a
n
c
e
 C

h
a
n
g
e

12 20 284 Time (s)

Apnea

NaCl 7,5% - 10 mL

V
. .

Q

EIT Perfusion – Basic Concept





Swan Ganz catheter deflated

Control       

Perfusion  EITPerfusion- Dynamic CT  



Swan Ganz catheter inflated at the left pulmonary artery

Inflated volume = 1.5 mL

Perfusion  EITPerfusion- Dynamic CT  



Swan Ganz catheter inflated at the right pulmonary artery

Inflated volume = 1.5 mL

Perfusion  EITPerfusion- Dynamic CT  



+ Nitroprusside



R = 0.88

P<0.001



Examples of clinical use combining 
ventilation and perfusion imaging



66-yr-old man with COVID-19 - related 

ARDS, with progressive deterioration in gas 

exchange (P/F ratio-day 6 = 120 mmHg)

• D-dimer > 10 000 ng ml-1

• Echo: RVSP > 35 mmHg 

• Dead space = 66%

• PEEP= 14 cmH2O (ARDSnet table)

• FiO2 = 0.7

Safaee Fakhr, et al. BJA 2020

Clinical Case:
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66-yr-old man with COVID-19 - related 

ARDS, with progressive deterioration in gas 

exchange (P/F ratio-day 6 = 120 mmHg)

• D-dimer > 10 000 ng ml-1

• Echo: RVSP > 35 mmHg 

• Dead space = 66%

• PEEP= 14 cmH2O (ARDSnet table)

• FiO2 = 0.7

Decremental PEEP Trial
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Safaee Fakhr, et al. BJA 2020

Clinical Case:

Compliance

Overdistension

Collapse



Ventilation Image

Safaee Fakhr, et al. BJA 2020



EIT - Take Home Points:

• EIT is a clinical tool for real-time monitoring
of lung ventilation and perfusion distribution.

• EIT can help optimize mechanical ventilation
settings to improve lung function.
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