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Thoracic EIT – Introduction 

Nicolo Sella et al 2021

• For EIT, an electrode belt containing 

16 or 32  electrodes is placed 

around the chest at around 4th to 

6th intercostal space

• EIT is a low-cost noninvasive, radiation-

free imaging method

• It reconstructs images of a specific region 

in the human body based on the electrical 

conductivity of biological tissue

• EIT allows continuous bedside monitoring 

of the regional mechanical properties by 

measuring changes in impedance 

associated with ventilation





Nicolo Sella et al 2021

• A defined AC (typically 5mA at a frequency 

of 50 kHz) is applied to a first pair of 

electrodes and the resulting voltages are 

measured using other electrode pairs

• The location of the current injection and 

voltage measurements is rotated 

continuously around the chest

• Bioelectrical impedance between the injecting and the measuring electrode 

pairs is calculated from the known applied current and the measured 

voltages





• Frame rate – It reflects the number of EIT frames recorded per second

Frame rates of at least 10 images/s are required to monitor ventilation 

and 25 images/s to monitor cardiac function or perfusion

Christian Putenson et al J. Clin. Med. 2019

• Bioimpedance 

Bioimpedance can be defined as the voltage response of 

biological tissue to an externally applied alternating electric 

current (AC)

• EIT frame - The EIT data set which is recorded during one 

cycle of AC applications, It Contains voltage measurements 

to generate raw EIT image



Nicolo Sella et al 2021



Christian Putenson et al J. Clin. Med. 2019



Image Reconstruction

2D Mesh Bilinear Filtering

Smoothing by 
Gaussian filtering 

Coregistration and 
damping 

FEM based 
reconstruction



Conductivity changes result naturally from ventilation 
(VRS) or cardiac activity (CRS) but can also be induced 
artificially, e.g., by bolus injection (IBS) for perfusion 
measurement

EIT images display 
regional physiological 
parameters, such as 
ventilation (V) and 
perfusion (Q)

Christian Putenson et al J. Clin. Med. 2019



EIT Basic Tools 

• EIT Plethysmogram

• Waveform derived from the sum of all 

pixels within a given ROI  plotted against 

time

• It represents the amount of air that    

moves in and out of the ROI

• Delta Z - tidal oscillation in the global 

plethysmogram caused by each respiratory 

cycle

• EIT monitors Delta Z i.e pulmonary 

ventilation and Delta EELZ i.e. it identifies 

changes in pulmonary aeration 

Bachmann et al. Critical Care (2018) 22:263 



Ventilation Map or Functional Image  

• It is a color map of the pixel-wise ΔZ

• Representation of the tidal changes in 
impedance pixel by pixel

• Commonly used to identify heterogeneity, 
the distribution of ventilation caused by 
pathologies  and/or ventilatory settings

Bachmann et al. Critical Care (2018) 22:263 





Scaramuzzo et al. Critical Care (2019) 23:119

• VILI – Mechanism -high volumes, high pressures, and cyclic opening and closing 

of the peripheral airways

• P-V curve - explores changes in the respiratory system compliance along a wide 

range of Paw (e.g., between 0 and 40 cmH2O)

• The region between the the LIP and UIP as safe for mechanical ventilation to 

prevent Barotrauma and atelectotrauma 



• But this approach considers the respiratory system as a whole 

• Regional P-V curves obtained by EIT would provide different information

• In this study P-V curves for each pixel row from non-dependent to dependent 

lung regions of patients of AHRF and ARDS were constructed using EIT 

Scaramuzzo et al. Critical Care (2019) 23:119



LIPr values increased 

from the non-

dependent to the 

dependent lung

UIPrMIN located in the 

most non-dependent 

lung and LIPrMAX in 

the most dependent

Scaramuzzo et al. Critical Care (2019) 23:119



The global P-V and the regional P-V 

curves do not provide the same 

information, and the inflection points of 

the global P-V curve are different from 

those of the PVr -   suggest 

heterogeneity of the inflection points of 

the different lung region

Scaramuzzo et al. Critical Care (2019) 23:119



• A statistically significant difference was 

also found between the LIPg and 

LIPrMAX

•  A statistically significant difference was 

found between UIPg and UIPrMIN

• Hypothesis-  LIPrMAX can be helpful in 

setting PEEP while UIPrMIN can 

represent a pressure limit to avoid 

regional overstretch

• Delta PrLIN - the maximal pressure range 

which avoids regional overinflation and 

derecruitment
Scaramuzzo et al. Critical Care (2019) 23:119



EIT in ARDS 

• EIT is a monitoring tool that allows 

one to evaluate at the bedside the 

distribution of pulmonary ventilation 

continuously, in real-time 

• Useful in optimizing mechanical 

ventilation parameters in critically ill 

patients

Bachmann et al. Critical Care (2018) 22:263

Subtracting fEIT images from previous image 



Estimation of lung collapse and overdistension

Costa et al 2009, estimation of lung collapse and 
overdistention by EIT 

• By EIT one can estimate 

pulmonary collapse and 

overdistension using regional 

information (pixel compliance) 

during a decremental PEEP 

maneuver

• Compliance of each EIT pixel  

=  ΔZ/Pplateau - PEEP  



Pixel A – Non-dependent pixel 
Pixel B – Dependent Pixel 

Costa et al 2009, estimation of lung collapse and 
overdistention by EIT 



Trials Intervention Outcome 

Early individualized peep guided by 
EIT in ARDS - RCT
He et al 2021 (crit care)

N = 126,  1:1
PEEP by low peep fio2 table vs EIT 

Primary endpoint – All-cause 
mortality(28d)  - 13(21%) vs 
15(27%), p = 0.63
VFD and length of ICU stay – No 
significant diff
D1, D2 SOFA score , p = 0.0001

PEEP titration with EIT and P-V 
curve – RCT, Hui et al 

N = 87, 1:1
PEEP by EIT vs P-V tool 

Primary outcome – Respiratory 
mechanics (compliance) – No 
significant difference
Significantly lower Pd and hospital 
mortality rate 

Lung recruitment assessed by EIT 
RECRUIT study (COVID 19) – ATS 
2023

N = 108, mod to severe ARDS 
PEEP set by EIT – crossing point of 
overdistention and collapse curves

• Recruitability varied from 0.3% 
to 66.9% and was unrelated to 
ards severity



He et al Crit Care 2021



• 126 Patients were randomly assigned in a 1:1 ratio to the EIT or the control group 

(PEEP setting by low PEEP/FiO2 table)

• PEEP titration by EIT was performed at the enrollment. The optimal PEEP 

determined by EIT was applied for 24  h

• PEEP was set  based on the low PEEP/FiO2 table

• EIT group – PEEP was set as the intercept point of cumulated collapse and 

overdistension percentage curves



Primary endpoint -  all-cause mortality within 28 days after randomization

Secondary endpoints - the number of ventilator-free days at day 28,ICU length of 

stay, new onset barotrauma









Positive end-expiratory pressure titration with electrical impedance 
tomography and pressure–volume curve: a randomized trial in moderate 
to severe ARDS -

• Aim - To compare titration of PEEP with EIT and with ventilator-embedded PV 

loop in moderate to severe ARDS 

• 87 moderate to severe ARDS patients were randomized to either EIT group (n = 

42) or PV group (n = 45)

• Primary outcomes -  Respiratory mechanics(compliance)

• Secondary outcomes -  oxygenation, all-cause hospital mortality, and weaning 

success rate (unassisted breathing without ventilator support for 5 days)

Hui-Ju Hsu et al 2021 Physiol



Optimal PEEP selection 

• Airway pressure at the time point of maximal hysteresis(i.e. largest volume 

difference in the PV loop)was defined as optimal PEEP for this group of patients

• During EIT measurement, intercept point of cumulated collapse and 

overdistension percentages curves

Hui-Ju Hsu et al 2021 Physiol



Hui-Ju Hsu et al 2021 Physiol











Both PEEP titration methods  improved 

PaO2/FiO2, APACHE II score, driving 

pressure 

EIT-guided PEEP titration was associated 

with significantly lower driving pressure 

and hospital mortality rate

Hui-Ju Hsu et al 2021 Physiol



• Rationale: Defining lung recruitability is needed for safe PEEP selection in 

mechanically ventilated patients

• Objectives: To describe the range of recruitability using EIT, the effects of 

PEEP on recruitability

• Included 108 patients of COVID-19 with mod to severe ards 

• EIT-based optimal PEEP was defined as the crossing point of the 

overdistension and collapse curves during a decremental PEEP trial
Annemijn H. Jonkman et al ATS Journal 2023





Annemijn H. Jonkman et al ATS Journal 2023







• Patients were classified as low, medium, or high recruiters.

• Recruitability varied from 0.3% to 66.9% and was unrelated to ards severity

• Median EIT-based PEEP differed between groups: 10 versus 13.5 versus 15.5 cm 

H2O for low versus medium versus high recruitability (P < 0.05)

Annemijn H. Jonkman et al ATS Journal 2023



• EIT is a feasible bedside technique for defining the potential of lung recruitment 

over a clinical range of PEEP

• Recruitability varies widely and is not related to ARDS severity or general severity

• EIT allows the differentiation of patients with different responses to PEEP, 

including regional information

• EIT therefore could allow personalized PEEP selection at the bedside



Studies comparing EIT-guided PEEP selection with conventional PEEP 

titration methods and reported at least one primary or secondary 

outcome of interest were included



EIT group - Intercept point of cumulated 

collapse and overdistension percentages 

curves by Costa et al. to guide PEEP 

titration



Primary outcome – 

Respiratory 

mechanics and 

mechanical power 







• By using EIT we can monitor the ventilation in real-time 

• We can assess the ventilation distribution 

• Regional ventilation properties can be assessed with regional compliance

• PEEP titration by EIT showed promising results such as better  compliance, 

reduced driving pressure and mechanical power



EFFECTS OF OXYGEN THERAPY AND BODY POSITION ON EIT

Zhiyong Yuan et al Resp Care 2020



Pneumothorax 

• Occult pneumothorax is common in critical patients of RTA where cxr might not 

pick up on AP film 

• Usg surpasses cxr in the detection of pneumothorax but has limitations – like 

interobserver variability, difficulty in quantifying 

• CT is the IOC but risk of radiation exposure, shifting the patient for CT 

• EIT can provide non-invasive, radiation-free, real-time monitoring for the 

detection of pneumothorax  



On the ventilation maps,
dark to light shades of 
blue - increasing values of 
regional ventilation
Gray-  indicates the total 
absence of ventilation

The pneumothorax 
images show the regions 
corresponding to the 
pneumothorax in white

Caio Morais et al .atsjournals 2017



Detection of Pneumothorax by EIT 

G Hahn et al imaging pathologic pulmonary air and fluid by EIT



Monitor the effects of endotracheal aspiration on pulmonary volumes

• ET suctioning leads to significant lung de-recruitment 

• Closed suctioning minimizes loss of lung volume compared with open suctioning

• After each suction, the CSC requires flushing with NS while suction is 

simultaneously applied to prevent built-up secretion within the CSC

• It was observed that during cleaning of the CSC, there was a marked loss of lung 

volume 

• It was due to the absence of a valve between the CSC and the patient’s airway

Amanda Corley RN et al RC Journal 2014



It has a separate cleaning chamber that is 
isolated from the patient’s airway and 
ventilator circuit by a valve

EIT ventilation waveforms during cleaning of CSC 

Amanda Corley RN et al RC Journal 2014



EELZ at baseline and post OS

 - EELZ does not return to 

baseline values after OS 

Reduction of pulmonary 

ventilation after OS 



Ventilator Dyssynchrony by EIT 

• Patient–ventilator dyssynchronies  - weaning prolongation and increased 

mortality

• EIT plethysmogram may assist in the early identification of potentially harmful 

dyssynchronies, such as breath stacking and pendelluft

• Breath stacking - usually secondary to reverse triggering or double-triggering

• Where a second respiratory cycle is imposed by the ventilator on top of an 

incomplete exhalation



During breath stacking, the volume 

waveform shows an inspired volume of 

approximately 8 ml/kg of predicted 

weight

However, the inspired volume detected 

by EIT is nearly twice that of a regular 

cycle, which indicates injurious 

deformation of the lung



In normal lungs, local changes in pleural 

pressure (Ppl) are generalized over the 

whole pleural surface

In injured lungs, a pendelluft phenomenon 

(movement of air within the lung from 

nondependent to dependent regions 

without change in tidal volume) was caused 

by spontaneous breathing during MV



Takeshi Yoshida et al AJRCCM 2013



Takeshi Yoshida et al AJRCCM 2013



Pulmonary Perfusion 
• One of the targets of MV is to promote adequate gas exchange, but the efficiency of this 

process depends not only on ventilation but also on adequate pulmonary perfusion

• EIT also estimates perfusion disturbances at the bedside

• 2 methods of lung perfusion assessment by EIT 

1. First pass kinetics - performed by a brief respiratory pause, followed by a rapid iv bolus 

of hypertonic sodium chloride injected through a central venous line (the saline will 

act as an intravascular contrast due to its high conductivity)

2. Based on the separation of the cardiac signal to the ventilation signal by 

electrocardiography gating or by algorithms based on principal component analysis

N Wang et al 2023



N Wang et al 2023







Bedside assessment of pulmonary perfusion by EIT in a patient 
of acute PTE 

Siyi Yuan et al 2021



• Included patients who were sequentially admitted to the ICU with ARF or who 

had a new onset of ARF in ICU 

• PaO2 /FIO2 <300 mm Hg, and/or peripheral oxygen saturation as measured by 

pulse oximetry <94%

• EIT measurements were obtained with PulmoVista500 (Drager ̈  Medical)

• Functional ventilation and perfusion maps were derived 

AJRCCM 2020

Huaiwu He et al AJRCCM 2020



• EIT derived parameters 

• 68 patients with ARF were enrolled to the study, including 11 patients with PE 

• 57 patients without PE (ARF caused by other reasons such as diffuse lung 

interstitial disease, lung edema/pneumonia, or pleural effusion)

Huaiwu He et al AJRCCM 2020



No recognizable defects in regional 
ventilation and perfusion were 
observed in the patient with diffuse 
lung disease

Defect in regional perfusion 
with normal ventilation was 
observed in the PE patient

Defects in both regional 
ventilation and perfusion were 
found in a patient with 
hemothorax

Huaiwu He et al AJRCCM 2020



(AUC) comparing the ability of dead space 

%, V -Q match %, intrapulmonary shunt %, 

and D-dimer to discriminate pulmonary 

embolism in the 68 patients. The AUC of 

dead space % was significantly higher than 

the AUC of the other parameters (P , 0.05)

Huaiwu He et al AJRCCM 2020



Electrical impedance tomography as a bedside assessment tool 
for COPD treatment during hospitalization 

• EIT measurements  - at the time of admission and before the discharge 

simultaneously when the FVC maneuver was conducted

• EIT data is usually illustrated as - 

- Global impedance-time curve (sum of ΔZ from all pixels against time) and    

- Regional impedance-time curves (sum of ΔZ from regions of interest against 

time) 

Yang L et al Front Physiol. 2024 



• Spatial ventilation distribution was achieved by calculating the global 

inhomogeneity (GI) index

• A high GI index implies large variations among pixel tidal impedance values, 

indicating heterogeneous ventilation

Yang L et al Front Physiol. 2024 



• (FEV1EIT),  - difference between the rel. ΔZ values after 1 s of forced full expiration 

and the value at residual lung volume at the beginning of the expiration limb of 

the maneuver in the lung pixels

• The global time points of 25% and 75% of FVC were identified (MEF25 and 

MEF75). The mean flow was calculated in the pixel level and denoted as MEF25-

75EIT

• To characterize the dispersion of the fEIT images, i.e., the heterogeneity of their 

spatial distribution, the global inhomogeneity (GI) index was calculated for each 

type of fEIT

Yang L et al Front Physiol. 2024 



Yang L et al Front Physiol. 2024 





Diagnosis of ARDS 

Monitor the impact of HFNO and NIV 

If worsening i.e. EIT showing reduced 
ventilation, reduced EELI

Intubation 

Identify optimal PEEP 
Identify P-V dyssynchronies

Identify de-recruitment 
Early detection of complications e.g. 

pneumothorax

If proning needed – To monitor prone 
positioning effect
Identify dyssynchronies 

If improvement – 
Identify readiness to 
wean and monitor 





Summary 

• Electrical impedance tomography has huge potential as a non-invasive and real-

time, radiation-free method

• Promising role in ARDS – optimization of peep, detection of complications such as 

pneumothorax, ventilator dyssynchronies, ETT dislodgement, and assessment of 

perfusion can also be done by EIT

• Potential role in other areas such as COPD, weaning, detection of PTE

• Further studies are needed to demonstrate its clinical outcome 



Thank you!
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