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Abstract 

The achieved technological maturity of electrical impedance tomography (EIT) and the clinical need of the informa-
tion provided by this functional imaging method has intensified research activities on the medical use of chest EIT. 
The recent years have witnessed an accelerated research covering not only the experimental setting but also the clini-
cal environment with the major focus on mechanically ventilated patients, both in the perioperative period or as part 
of the intensive care treatment. Patients of all age groups are being included in clinical investigations and studies 
using EIT. The major objectives for use of EIT are the monitoring of regional lung and cardiovascular function, identifi-
cation of adverse events (pneumothorax, alveolar overdistension and collapse, pulmonary embolism) and guidance 
for individualised therapy (selection of ventilator setting, positioning and physical therapy). Our review describes 
the most recent achievements of experimental and clinical research on chest EIT. The provided information helps 
to identify the current hot topics in EIT research and to guide further improvements of EIT technology and applica-
tions that are still needed to enforce the establishment of chest EIT in routine patient care.
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Introduction
The intensive care medicine community has witnessed 
an accelerated research on chest electrical impedance 
tomography (EIT) in the recent years. This is evidenced 
by an increasing number of publications reporting the 
results of both experimental and clinical applications of 
chest EIT. The observed boost in EIT-related research 
has been facilitated by two major factors. One of them is 
the technological advancement of EIT, offering reliable 

and approved medical devices for bedside use. The other 
is the clinical need of the information generated by EIT. 
Chest EIT is primarily able to monitor the distribution 
of regional lung ventilation and aeration. This informa-
tion is of relevance especially in mechanically ventilated 
patients where it could be utilised for guiding individual-
ised ventilator therapy.

We discuss the most recent achievements in chest 
EIT research, covering the period from January 2024 till 
August 2025. The aim was to identify the current hot top-
ics in chest EIT research, generate a structured summary 
of both experimental and clinical studies and provide a 
basis for planning of focussed EIT advancements. Our 
review does not contain information on EIT basics and 
the general principles of use which can be found in other 
sources [1, 2].

The review is organised in sections, covering the exper-
imental applications of chest EIT, clinical perioperative 
and ICU applications in adult patients, the specific use 
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in neonatal and paediatric patients and methodological 
advancements.

Experimental applications
Experimental EIT applications have been crucial for 
development of the technique before reaching bedside 
implementation, and to enhance our understanding of 
pulmonary physiology and the impact of mechanical ven-
tilation settings.

In the adult ICU, the main use-case of EIT is setting 
PEEP but the optimal approach and impact of EIT-
based strategies on respiratory mechanics and cardio-
vascular function are less well understood. In a porcine 
model of highly recruitable ARDS, Sousa et al. [3] com-
pared three different EIT-based PEEP setting strategies 
for 12 h, including the crossing point of overdistension 
and collapse (OD–CL), or targeting low (≤3%) overd-
istension or low collapse, while ventilating pigs lung-
protective with low tidal volumes (VT). In the low 
overdistension group, accepting high amounts of col-
lapse (and shunting), 50% of pigs died prior to experi-
ment completion due to cardiopulmonary dysfunction. 
In contrast, the OD–CL and low collapse strategies 
resulted in better gas exchange and mechanics, with 
more homogeneous lungs with the OD–CL approach. 
In a secondary analysis, Sousa et  al. [4] compared the 

OD–CL approach to non-EIT guided PEEP setting 
(including highest respiratory system compliance (Crs) 
and positive end-expiratory transpulmonary pressure 
(PL)) (Fig.  1). Different methods resulted in different 
suggested PEEP levels, with the EIT approach generally 
resulting in lower PEEP compared to the Crs method, 
but higher than the PL approach; between-method dif-
ferences were more pronounced in bilateral than uni-
lateral lung injury.

In a swine model of lung atelectasis, Vivona et  al. [5] 
evaluated the effect of conventional recruitment manoeu-
vres and variable ventilation with breath-by-breath vari-
ation of VT during controlled modes on ventilation and 
perfusion. Both methods successfully recruited the lungs 
(on CT scan), and the centre of ventilation and perfusion 
slightly shifted to the dorsal regions on EIT. Recruitment 
manoeuvres negatively affected haemodynamics which 
was prevented with variable ventilation.

Beyond ventilator pressures, changing body position-
ing could recruit the lungs, which can be guided by 
EIT monitoring. Mlček et  al. [6] performed a sequen-
tial lateral position strategy in a 2-hit ARDS porcine 
model while maintaining sufficient PEEP. EIT demon-
strated that regional compliance and ventilation of the 
dorsal lung greatly improved along the lateral position-
ing strategy, without causing overdistension. Perfusion 

Fig. 1  EIT-based PEEP titration compared to methods derived from transpulmonary pressure and respiratory system compliance measurements. 
The left panel shows (1) the global EIT, end-inspiratory pressure (EIP, purple line) and positive end-expiratory pressure (PEEP, green line) waveforms 
recorded in a porcine lung injury model during a decremental PEEP trial (top), (2) functional EIT images presenting the ventilated lung regions 
(blue-white) and regions of overdistension (orange brown) and collapse (light grey) for the five highlighted PEEP steps (middle) and (3) 
the overdistension and collapse curves originating from the values of compliance loss toward higher PEEP (CL HP, orange brown line) and lower 
PEEP (CL LP, light grey line). The right panel illustrates that the crossing-point PEEP level differs from that as suggested by the transpulmonary 
pressure method targeting a positive end-expiratory value, or when titrating the highest respiratory system compliance. Representative case 
example kindly provided by Dr. Sousa, from his study [4]
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also shifted to the nondependent lung and oxygenation 
improved.

When setting PEEP, overcoming the airway opening 
pressure (AOP) might prevent repeated airway closure/
re-opening (atelectrauma). AOP can be measured on 
the ventilator (PV loops or pressure–time curve) dur-
ing a low-flow inflation manoeuvre, whereas EIT can 
identify regional AOP [7]. In a swine model of severe 
ARDS, Pellegrini et  al. [8] monitored regional ven-
tilation and perfusion when PEEP was set above or 
below AOP (confirmed by EIT), and tested the effect 
of inhaled nitric oxide (iNO) in both conditions. They 
found that iNO efficacy was influenced by the PEEP 
level relative to AOP: in bilateral injury, iNO improved 
regional ventilation/perfusion ( ̇V /Q ) matching only 
when PEEP was set above AOP. In asymmetrical injury 
this effect existed independent of the PEEP set. Clinical 
implications are that the distribution of lung injury and 
recruitability play a role in iNO efficacy—both can be 
monitored with EIT.

Lung perfusion and V̇/Q matching
Although perfusion and V̇ /Q measurement with EIT 
are less evolved than ventilation monitoring, there have 
been new experimental developments in this context. 
The bolus technique using hypertonic saline has been 
the standard for EIT perfusion assessment, where perfu-
sion is derived through kinetic analysis of the conductive 
agent passage through pulmonary vessels.

As noninvasive alternative, perfusion has also been 
studied through the heartbeat-related pulsatile EIT sig-
nal. In a pig model with acute pulmonary embolism, Li 
et  al. [9] compared this method to the bolus technique 
and found comparable results in terms of V̇ /Q match at 
different pulmonary perfusion stages. However, as both 
techniques are based on fundamentally different princi-
ples, a reliable direct comparison of perfusion-derived 
parameters is impossible.

In an attempt to derive more meaningful information 
from the EIT perfusion image, V̇ /Q parameters can be 
calibrated. Calibration of ventilation impedance changes 
to minute ventilation is easy when ventilator parameters 
are known, but calibrating the perfusion-related imped-
ance changes is more challenging as it requires monitor-
ing of cardiac output (CO). Calibrating V̇ /Q to VT/CO 
was described previously [10] and Han et al. [11] recently 
evaluated a new approach utilising the arterial blood 
pressure area under the curve (AUC). They found com-
parable results between the V̇ /Q calibration methods in 
pigs without lung injury, after pulmonary embolism and 
atelectasis.

EIT during spontaneous breathing
EIT has been used to study the impact of excessive 
breathing efforts on regional lung mechanics in the 
context of patient self-induced lung injury mechanisms 
[12]. There has been special interest in measuring the 
pendelluft, which is the pendulum-like air displacement 
between different lung regions increasing regional lung 
stress. EIT is the only bedside method to quantify this 
phenomenon and its first description dates back to 
2013 [13]. A recent study by Wittenstein et  al. [14] in 
an ARDS porcine model indicated that asynchronous 
breathing efforts resulted in pendelluft more frequently 
than synchronised efforts; however, they found no cor-
relations between asynchrony and lung injury and dia-
phragm dysfunction.

Clinical applications in a perioperative setting
EIT can be useful throughout the different phases of 
the surgical process: (1) in the preoperative phase for 
assessing baseline ventilation patterns, (2) during sur-
gery for PEEP titration, recruitment assessment and 
ventilation strategy optimisation which is crucial for 
preventing postoperative pulmonary complications 
(PPCs), and (3) after surgery, for patient phenotyping 
and prediction or potential diagnosis of respiratory 
complications.

The recent EIT applications in the perioperative set-
ting are summarised below.

EIT before surgery
Although EIT is primarily used intraoperatively, some 
studies have suggested its preoperative use for screen-
ing ventilatory patterns, aiming to identify patients with 
nonhomogeneous distribution or areas of hypoventila-
tion that may be more vulnerable to the development 
of atelectasis. For example, observational studies have 
shown that subjects with reduced dorsal ventilation at 
baseline are more likely to experience alveolar collapse 
immediately after induction [15], while other studies 
have dynamically shown the regional formation of ate-
lectasis, especially in the obese population [16]. Some 
case reports identified a possible EIT application in 
the evaluation of peri-induction complications, such as 
pulmonary aspiration [17]. These observations suggest 
a role for EIT in the prompt evaluation of anaesthe-
sia-related complications. However, randomised trials 
demonstrating impact on clinical practice during rou-
tine monitoring are lacking.
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EIT during surgery
PEEP titration
EIT-based PEEP adjustment is the most widely explored 
area in the surgical patient, using the OD–CL method 
that was first described in the ARDS setting [18]. Fig-
ure 2 illustrates the findings obtained by this method.

Several randomised trials and physiological studies 
have shown that EIT-based PEEP titration improves ven-
tilation distribution, reduces atelectasis formation and 
limits hyperinflation. An early study on patients undergo-
ing laparoscopic and open abdomen surgery [20] showed 
that PEEP setting using EIT reduced postoperative ate-
lectasis and intraoperative driving pressure compared 
to the standard of care (fixed PEEP). Ma et  al. [21] and 
Pan et  al. [22] confirmed this in other surgical settings, 
as individualised PEEP using EIT enhanced respiratory 
mechanics, reduced the incidence of post-operative ate-
lectasis and led to better oxygenation compared to fixed 
PEEP.

In a recent trial on obese patients undergoing lapa-
roscopic surgery [19], EIT showed that the optimal 
PEEP setting varied during the procedure, suggesting 
the necessity for continuous monitoring. Similar find-
ings supporting the concept of a dynamic tailored PEEP 
strategy, adapting the PEEP level during surgery, were 
reported by Simon et al. [23].

Effects of anaesthesia, surgical position 
and pneumoperitoneum
General anaesthesia and start of mechanical ventilation 
have immediate effects on regional lung expansion and 
ventilation (Fig. 3). Nothofer et al. [16] have shown how 

anaesthesia induction in obese patients quickly causes 
the formation of dorsal atelectasis. Buonanno et al. [24] 
documented that ventilation distribution becomes highly 
unbalanced in robotic laparoscopic surgery in Trendelen-
burg position. In these contexts, personalised PEEP with 
EIT allows the extent of these alterations to be limited. 
Surgical positioning (supine, lateral, prone) also signifi-
cantly affects ventilation distribution, as shown by Ukere 
et  al. [15]. EIT enables real-time monitoring of these 
variations, facilitating targeted and real-time posture 
adjustments.

In thoracic surgery, EIT was applied to monitor single-
lung ventilation, thereby increasing safety, especially in 
elderly and frail patients [25–27].

Assessment of lung recruitment
Rosà et  al. [28] used EIT to evaluate the effect of the 
recruitment-to-inflation (R/I) ratio in patients undergo-
ing abdominal surgery, demonstrating that R/I reflected 
individual recruitment potential, correlated with 
recruited volumes measured by both gas dilution and 
EIT. Patients with R/I > 0.40 showed greater benefit from 
higher PEEP, with a significant reduction in collapse, 
dynamic strain and dead space. This suggests that R/I can 
be integrated with EIT in the assessment of intraopera-
tive recruitability, facilitating personalised ventilation.

Postoperative applications and respiratory phenotyping
In the postoperative phase, EIT has proven useful for 
monitoring the persistence of ventilatory alterations and 
identifying patients at risk of PPCs. Iwata et al. analysed 
patients after major surgery and demonstrated that some 

Fig. 2  EIT-based PEEP titration in laparoscopic surgery. Relative collapse and overdistention curves were determined by EIT during a PEEP titration 
trial from 16 to 6 cmH2O. Percentage of collapsed (blue) and overdistended (red) pixels are shown after intubation (left) and pneumoperitoneum 
and patient positioning (right). * Significant difference at p ≤ 0.05. The figure is reproduced under a Creative Commons Attribution 4.0 International 
License from [19]
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of them had asymmetrical ventilation patterns and per-
sistent hypoventilated areas [29]. They found three dif-
ferent phenotypes with different incidence of PPCs in a 
population of high-risk patients admitted routinely to the 
ICU after surgery. Patients with inhomogeneous ventila-
tion, either mostly ventral (phenotype 1) or dorsal (phe-
notype 3), showed higher incidence of PPCs and delayed 
ventilator weaning. These alterations were missed by 
conventional radiographic imaging at ICU entrance.

Another study [30] has linked postoperative ventilatory 
heterogeneity with an increase in pneumonia, respiratory 
failure and prolonged hospitalisation. In this context, EIT 
could provide prognostic parameters, and guide early 
interventions (respiratory physiotherapy, supplemental 
ventilatory support). This supports the EIT application 
for functional phenotyping [31] beyond intraoperative 
guidance.

Other applications outside the operating room
EIT was applied in the nonoperating room anaesthesia 
during radiological or endoscopic procedures. EIT could 

identify lung volume reduction after the placement of 
one-way endobronchial valves in an animal model [32] 
and to evaluate the impact of alternative oxygenation/
ventilation procedures on regional ventilation in bron-
choscopic procedures [33]. Finally, the impact of deep 
sedation on regional ventilation has been explored espe-
cially in children undergoing diagnostic procedures (see 
below).

Clinical applications in adult intensive care
Despite the increased interest in EIT, widespread 
adoption of EIT for personalisation of ventilator set-
tings/strategies at the bedside is still in an early stage. 
Through a survey and focus-group interviews, we 
recently gathered insights in the clinicians’ experiences 
and perceived role of EIT in order to improve bedside 
implementation [34]. The main use-case of EIT cur-
rently is individualisation of PEEP setting, and although 
the technique is considered relevant and helpful, a lack 
of evidence-based guidelines was mentioned as the 
main reason that hampers bedside use. The recently 

Fig. 3  EIT findings during anaesthesia induction. Evolution of end-expiratory lung impedance (EELI) during different phases of general anaesthesia 
induction in an obese patient undergoing laparoscopic surgery. Functional EIT image (left) presents the regions with reduced EELI compared 
to the spontaneous breathing phase in orange colour. Global and regional EIT waveforms in four regions-of-interest (ROI) show the instantaneous 
regional changes in tidal impedance variation (TV) and end-expiratory impedance (middle) during the whole measurement period. Normalised 
changes in EELI between the initial phase and the onset of controlled ventilation are given in the right panel. * Significant difference at p ≤ 0.05
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published recommendations [1] may promote stand-
ardised use and processing/analysis of EIT data. We 
here update on a selection of clinical applications.

PEEP setting
Recent meta-analyses on EIT-guided PEEP setting 
in ARDS described better respiratory mechanics as 
compared to conventional methods, and a potential 
for improved survival [35–37]. These results were not 
reproduced in a meta-analysis that combined ARDS 
and surgical patients, where patients undergoing anaes-
thesia showed better mechanics with an EIT strategy 
[38]. Evidence from prospective clinical studies pow-
ered on outcomes is lacking. Pilot studies are ongoing 
and Costa et al. [39] demonstrated the feasibility of an 
EIT-guided approach within a lung-protective venti-
lation strategy, where PEEP setting was based on the 
OD–CL method. Standardisation and homogenisation 
of the PEEP titration strategy is the key to the design of 
large-scale RCTs [1], as many techniques for PEEP set-
ting with EIT exist [40, 41].

Selecting the right population for such approach is 
crucial. EIT-based PEEP titration was found repro-
ducible in patients with hypoxemic respiratory fail-
ure. Aydeniz et  al. [42] compared COVID-19 with 
pre-pandemic patients who underwent a clinical EIT-
based PEEP titration. Overall, regional lung dynam-
ics were comparable but COVID-19 patients generally 
had higher percentages of overdistention; these differ-
ences disappeared when correcting for the PEEP level. 
In severe ARDS patients on venovenous ECMO, Cop-
pens et  al. [43] found that the R/I manoeuvre could 
help identifying patients that likely benefit from EIT-
guided PEEP titration. In low-recruitable patients 
(R/I ratio < 0.34 in their cohort), a moderate PEEP 
(8–10  cmH2O) may suffice, whereas personalisation 
with EIT could be helpful in moderate/higher recruita-
ble patients.

EIT-guided PEEP may not be relevant in neurocriti-
cal patients with healthy lungs. Spatenkova et  al. [44] 
found neither differences in ventilation homogeneity nor 
haemodynamic or ventilatory parameters with EIT-based 
PEEP as compared to a standard 5  cmH2O PEEP. PEEP 
titration was limited to the range of 2–9  cmH2O and 
resulted in similar PEEP settings between groups.

As mentioned in the experimental applications section, 
clinicians should consider the AOP during PEEP selec-
tion. EIT can provide insight in AOPs during a low-flow 
insufflation [45] and Sun et  al. [46] described that the 
AOP derived from the global EIT signal reflects the low-
est opening pressure in the lung, whereas regional AOPs 
could be higher.

APRV
In ARDS patients who were sedated and receiving neu-
romuscular blockade during invasive ventilation with 
airway pressure release ventilation (APRV), Pequignot 
et al. [47] used EIT to set Phigh within the time-controlled 
adaptive ventilation (TCAV) protocol. They performed a 
TCAV Phigh trial where Phigh was lowered by 4 cmH2O for 
every 5 min. Tlow was set to maintain a constant driving 
pressure, allowing the EIT computation of overdisten-
sion and collapse during the trial. Phigh was then set at the 
OD–CL crossing point, analogous to a PEEP trial. This 
could be a novel application to gain insight into regional 
ventilation distribution at various settings and specially 
to prevent overdistension during controlled ventilation 
with APRV.

Lung perfusion and V̇/Q matching
Gao et  al. confirmed that bicarbonate could be a good 
alternative to hypertonic saline as contrast agent for 
lung perfusion assessment in ventilated patients [48]. 
Although saline caused a larger drop in impedance after 
injection, regional perfusion distribution showed high 
agreement.

Leali et  al. [49] calibrated V̇ /Q maps using minute 
ventilation and CO in ARDS patients on controlled ven-
tilation. CO was derived from invasive measurements 
but also noninvasively obtained from EIT directly using 
the pulsatility signal, which showed close correlation. 
This highlights the potential utility of EIT in providing 
insights into the degree of shunt and dead space com-
pensation. The same research group found that V̇ /Q mis-
match was associated with several plasma biomarkers of 
lung epithelial and endothelial dysfunction, as well with 
impaired mechanics [50], meaning that V̇ /Q mismatch 
on EIT could be an indicator of ARDS severity.

EIT during spontaneous breathing
EIT in patients with spontaneous breathing is challeng-
ing because of variable breathing patterns and movement 
artefacts [1]. Concepts and EIT-derived parameters from 
the controlled ventilation setting should therefore be 
translated to patients with spontaneous breathing with 
caution.

EIT has been used as potential method for PEEP selec-
tion in patients on assisted ventilation. Heines et al. [51] 
developed the regional peak flow method that is based on 
changes in regional flow rate (i.e., derivative of the imped-
ance signal) and thought to reflect changes in regional 
compliance. Mauri et  al. [52] performed the OD–CL 
approach, while using dynamic changes in PL instead of 
airway driving pressure to estimate pixel compliance; this 
requires synchronised measures of PL and EIT. Lower 
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work of breathing was found with this approach as com-
pared to using the PEEP-FiO2 table. It should be noted 
that measuring pixel compliance during spontaneous 
breathing is prone to error as driving pressures are not 
static and the diaphragm generates a pressure gradient.

At different PEEP settings early after spontaneous 
breathing, Bassi et  al. [53] showed that pendelluft was 
present in about half of patients (n = 11/20), though in 
small amounts (median of 28  mL). Pendelluft was not 
directly associated with the applied PEEP but with the 
breathing effort and respiratory mechanics.

Moving to the weaning phase, Phoophiboon et  al. 
[54] found that ventrodorsal ventilation differences 

during a spontaneous breathing trial (SBT) could iden-
tify patients at risk for weaning failure. In line with 
these findings, Wisse et  al. [55] described that end-
expiratory lung impedance dropped after the start of 
the SBT and remained low after resuming mechani-
cal ventilation (Fig.  4). Only few patients failed the 
SBT (n = 5/24), who showed high lung inhomogene-
ity. Machine learning was applied by Wang et  al. [56] 
to identify features in EIT images during the SBT in 
patients with prolonged mechanical ventilation. They 
found good performance of the XGBoost model to 
predict weaning failure with regional ventilation delay 
being the most relevant feature.

Fig. 4  EIT examination of an adult ICU patient during a spontaneous breathing trial. Global EIT waveforms (top) and tidal impedance variation 
images (bottom) were recorded prior to, during, and after a spontaneous breathing trial (SBT) in an adult ICU patient. Note that end-expiratory 
lung impedance (EELI) is less stable during spontaneous breathing as compared to controlled ventilation, due to diaphragm contractions. During 
the start of the SBT, EELI drops due to the reduction in PEEP. Upon completion of the SBT and resuming mechanical ventilation, EELI increases again 
but not back to its initial value. Tidal impedance variation images show a different ventilation distribution during the SBT as compared to periods 
of mechanical ventilation. Representative case example kindly provided by Dr. Wisse, from her study [55]
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Clinical applications in neonatal and paediatric 
patients
The use of EIT in neonatal and paediatric patients is less 
frequent than in adults but its potential benefits are high. 
First, lung imaging methods are less frequently applied in 
neonates, infants and children than in adults, specifically 
those that utilise ionising radiation, to reduce the harm-
ful effects of radiation on immature body tissues. Besides, 
the extremely fragile group of preterm patients gener-
ally requires very careful and cautious handling with 
preference for bedside examination methods to limit 
the patient transport. Second, unintentionally aggressive 
ventilator therapy may induce iatrogenic and long-last-
ing side effects that change the pulmonary structure and 
function, induce permanent lung tissue damage and lead 
to bronchopulmonary dysplasia. Therefore, close patient 
monitoring at the bedside and individualised therapy are 
highly relevant in sick neonates, infants and children.

EIT exhibits several advantageous features that favour 
its application in the neonatal and paediatric patients, 
however, its implementation is challenging, especially 
in very preterm and preterm neonates. These challenges 
are related to the EIT technology and the patient char-
acteristics. Miniature EIT electrode interfaces fitting on 
the very small chest and still securing adequate but gen-
tle skin–electrode contact are needed. Since the breath-
ing and heart rates are higher in neonates and children 
than in adults, higher temporal resolution of EIT devices 
is required in these patients. Only modern devices secure 
sufficiently high scan rates (~50  Hz) to allow reliable 
analysis of dynamic physiological and pathophysiological 
events.

Essential findings of the main neonatal and paediatric 
EIT studies are given below.

Effect of sedation, anaesthesia, surgery and physical 
therapy
Chidini et  al. studied the effects of sedation in spon-
taneously breathing paediatric patients [57]. Sedation 
increased the spatial and temporal heterogeneity of 
ventilation identified by EIT which could be reversed 
by noninvasive ventilation but not by continuous posi-
tive airway pressure (CPAP). Lauret et  al. confirmed 
that only pressure-support ventilation was able to 
restore end-expiratory lung volume after inhalational 
induction of anaesthesia using EIT [58].

In a small study on infants aged less than 1  year, 
Marchesini et  al. analyzed the spatial distribution of 
ventilation at six perioperative timepoints, during 
induction of anaesthesia, after intubation, in course 
of surgery and after extubation [59]. The study identi-
fied the typical ventilation shift towards nondepend-
ent regions after intubation and during surgery, known 
also from other studies on adult patients [60] and chil-
dren [61]. The striking finding of the study was the 
occurrence of one-sided intubation in three out of the 
20 studied patients which went unnoticed during the 
anaesthesia but was identified during EIT data analyses 
(Fig. 5).

The effect of surgical repair of congenital diaphrag-
matic hernia was studied by EIT by Douglas et al. [62]. 
The immediate postrepair changes in ventilation dis-
tribution could be identified along with the changes 
measured at the end of the NICU stay (Fig. 6).

The effects of active and passive chest physical ther-
apy were assessed in paediatric patients by Moersdorf 
et  al. [63]. Significant changes in ventilation distribu-
tion were only noted in patients with active therapy and 
in patients with localised radiological findings.

Fig. 5  Functional EIT images of a 23-week old patient acquired at five perioperative time points. At T0, when patient was spontaneously breathing 
with face mask support, ventilation was relatively symmetrically distributed between the right and left lung regions. At T1, after intubation, 
an almost complete loss of ventilation in the left lung regions was observed that persisted at T2 and T4. (EIT recording at T3 was excluded 
during post hoc analysis because of insufficient data quality.) At T5, after extubation, there was a partial return of ventilation in the left lung, 
but not yet reaching the T0 pattern. The EIT findings obtained during this patient examination are consistent with potential right bronchus 
intubation that persisted during the whole 20-min surgery. CoV: ventrodorsal centre of ventilation. (Higher values imply more dorsal ventilation 
distribution.). The figure is reproduced under a Creative Commons Attribution 4.0 International License from [59]
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Change in ventilator mode
Rahtu et al. analysed the continuously acquired EIT data 
in a group of preterm neonates during the time of transi-
tion from neurally adjusted ventilatory assist (NAVA) to 
time-cycled pressure-controlled ventilation (PCV) and 
vice versa [64]. No systematic changes in ventilation dis-
tribution between the two modes, regarding ventrodor-
sal or right-to-left distribution or the presence of ‘silent 
spaces’, were identified. The only difference between the 
two modes was the higher breathing pattern variability 
during NAVA, as expected.

In a larger study by Katheria et al., high-flow nasal can-
nula (HFNC) was compared with nasal CPAP [65]. EIT 
data revealed that infants who failed HFNC had a higher 
percentage of dependent ‘silent spaces’ compared with 
infants who tolerated HFNC well.

The study by Wisse et al. analysed the transition from 
invasive to noninvasive mechanical ventilation in pre-
term infants [66]. EIT data were evaluated 1 h before and 
after extubation. They showed higher degree of ventila-
tion inhomogeneity in infants who failed extubation and 

significant reduction of dependent ‘silent spaces’ in suc-
cessfully weaned patients.

Lozano-Ray et al. conducted a study on nonventilated 
children hospitalised with lower respiratory tract infec-
tion and in children without infection [67]. The authors 
modulated the respiratory system mechanics by placing a 
weighted blanket on the chest. They examined the venti-
lation distribution and measured oxygen saturation up to 
30 min after blanket application and concluded the pro-
cedure was safe, well-tolerated without any major effects 
on ventilation distribution but with slight oxygenation 
improvement.

PEEP setting
Application of EIT for individualisation of PEEP selection 
based on the OD–CL approach has also been shown to 
increase in children.

Wang et al. applied this method to determine individu-
alised ‘optimum’ PEEP in a study on children undergo-
ing laparoscopic hernia repair [68]. They analysed the 
incidence of atelectasis by lung ultrasonography directly 

Fig. 6  Chest radiography and functional EIT images acquired before and after the surgical repair of congenital diaphragmatic hernia. First 
lung imaging was performed before surgery (a). At this timepoint the left (ipsilateral) lung was hypoplastic and lung movement in both lungs 
(but especially the left) was restricted by hernia contents in thorax. Second lung imaging (b) was performed as soon as possible (defined 
by clinical stability) after the hernia repair. At this point the left lung was likely to be as equally hypoplastic as in pre-repair state, but movement 
was not restricted by herniated contents in thorax. Pre-discharge imaging (c) was undertaken at time clinical team commenced discharge 
planning. Magnitude of tidal ventilation in each lung region is expressed using a colour scale from dark blue (minimum) to light blue/white 
(maximum). R: right, L: left, V: ventral, D: dorsal (dotted line demarcates ipsilateral [left] and contralateral [right] hemithorax). The figure is reproduced 
under a Creative Commons Attribution 4.0 International License from [62]
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after surgery and 1  h after extubation and compared 
the findings with a control group of children ventilated 
with a PEEP value of 5  cmH2O. EIT-based PEEP titra-
tion reduced the incidence and severity of postoperative 
atelectasis and led to less frequent oxygen desaturations.

Soltesz et  al. acquired EIT data during a decremental 
PEEP trial in patients suffering from neonatal and pae-
diatric ARDS [69]. During offline analysis, they showed 
that the clinically set PEEP differed from the EIT-derived 
PEEP balancing regional overdistention and collapse and 
concluded that EIT might contribute to better individu-
alisation of PEEP. A similar conclusion was drawn by Lee 
et al. [70] who used the same EIT-based PEEP selection 
intraoperatively in supine and prone postures. The study 
demonstrated the need of higher PEEP in prone infants.

Neonatal physiology
Janulionis et  al. compared regional ventilation distribu-
tion in term neonates delivered by caesarean section and 
normal vaginal delivery [71]. The mode of delivery signif-
icantly affected early postnatal lung aeration, with larger 
fractions of lung areas being less ventilated in neonates 
delivered by caesarean section.

In a unique study, Gaertner et al. studied the breathing 
patterns in preterm infants immediately after birth [72]. 
During the first 10  min of life, EIT identified different 
patterns of lung ventilation and expansion development 

with distinct breath types of tidal breathing and breaths 
with holding or braking manoeuvres.

Methodological studies
Following advancements in primary EIT image genera-
tion and data analyses were noted.

Rocheleau et  al. developed an algorithm for real-time 
EIT image reconstruction using an infant CT scan data-
base [73]. The algorithm was applied to EIT data of 
healthy and premature neonates. The EIT image quality 
of regional tidal ventilation and heartbeat-related imped-
ance variation was improved by implementing prior ana-
tomical information.

Digital signal filtering methods have been often applied 
during EIT data analyses to reduce the level of noise, drift 
and to separate the signal components associated with 
ventilation, and heartbeat-related phenomena. Wisse 
et  al. compared three advanced filter techniques with 
conventional low-pass filtering [74], using patient data 
and simulated tracings. The new filters exhibited benefits 
according to the EIT parameter of interest, and outper-
formed the traditional low-pass filtering.

Francovich et  al. [75] developed an approach for ven-
tral and dorsal ROI selection in EIT data during con-
trolled ventilation, with each ROI contributing equally 
to the sum of tidal impedance variations. This is similar 
to the established centre of ventilation parameter. The 

Fig. 7  Summary of recent studies using chest EIT. Major effects and monitoring targets for the use of chest EIT in experimental, clinical 
and methodological studies reviewed in this article are presented. (The EIT use in spontaneously breathing pulmonology patients is not addressed 
since it was not included in this review for the intensive care medicine community.) ICU, intensive care unit; NICU, neonatal ICU; PICU, paediatric 
ICU; PEEP, positive end-expiratory pressure; AOP, airway opening pressure; iNO, inhaled nitric oxide; V̇  , ventilation; Q, perfusion; PPC, postoperative 
pulmonary complication; OR, operating room; ARDS, acute respiratory distress syndrome; APRV, airway pressure release ventilation; SBT, 
spontaneous breathing trial, nARDS, neonatal ARDS; pARDS, paediatric ARDS; ROI, region-of-interest
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procedure can be extended to multiple layers as shown by 
Van Oosten et al. [76], allowing to study subtle changes in 
ventilation distribution.

Conclusions
Our review with the summary of the most recent experi-
mental and clinical research advances in chest EIT appli-
cation (Fig. 7) is a clear evidence of the growing interest 
in this medical imaging method. The potential benefits of 
EIT use are being explored in a large variety of experi-
mental and clinical scenarios but our review shows that 
the current major interest is linked with the use of EIT for 
individualised guiding the ventilator therapy. It focuses 
mainly on the PEEP setting using the generally available 
and automated procedure based on a decremental PEEP 
trial. This confirms the relevance of standardised pro-
cedures in EIT applications. However, further improve-
ments are still needed (1) to exploit the full information 
content of EIT data (including lung perfusion), (2) to 
utilise intervention-free data or simple diagnostic inter-
ventions suitable for continuous assessment of regional 
lung function (i.e., less complex than a full decremental 
trial), (3) to combine EIT monitoring with findings of 
other clinically available methods, and (4) to implement 
decision-support systems. Since most of the available 
evidence on EIT use concerns physiological outcomes, 
conduction of controlled clinical studies demonstrat-
ing benefits on relevant clinical outcomes such as PPCs, 
length of stay, or hospital mortality is encouraged.
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