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Tomografia por impedancia eléctrica: utilidades para la aplicacion de la fisioterapia
respiratoria en la unidad de cuidados intensivos

Resumen La fisioterapia respiratoria, es una pieza fundamental en la intervencion clinica del
paciente critico. Dentro de las funciones clinicas del fisioterapeuta respiratorio, se puede contar
la participacion en el manejo de la ventilacion mecanica invasiva (VM) como no invasiva (VNI),
la terapia fisica y la ejecucion de técnicas de fisioterapia respiratoria a nivel del torax. La evi-
dencia actual ha demostrado que mayor tiempo en VM se pudiese asociar potencialmente a dano
pulmonar (VILI) y complicaciones musculares periféricas como debilidad muscular adquirida en
la unidad de cuidados intensivos y potencial sindrome post cuidados intensivos. En esta via la
terapia fisica y respiratoria, implementada por el equipo de cuidados criticos, ha demostrado
prevenir estas complicaciones. Es por esto, que la monitorizacion en tiempo real - que permita
visualizar cambios en la aireacion pulmonar y la distribucion del gas alveolar, asociados a cam-
bios posturales, técnicas de fisioterapia respiratoria y la aplicacion de diferentes estrategias
de VM - pudiese ser crucial guiando la seguridad de estos procesos clinicos. De esta forma la
tomografia por impedancia eléctrica (TIE) emerge como una técnica novedosa, no invasiva y
libre de radiacion, que permite la monitorizacion pulmonar al borde de la cama del enfermo
critico guiando y potenciando diversos actos clinicos para el mejor tratamiento del usuario en
la unidad critica. Es por esto que esta revision presenta las potenciales aplicaciones de la TIE

en la relacion a las técnicas de fisioterapia respiratoria en el paciente critico.
© 2024 Elsevier Espana, S.L.U. y SEMICYUC. Todos los derechos reservados.

Introduction

Monitoring of the respiratory system is crucial for manag-
ing critically ill patients in the intensive care unit (ICU).!
Advancements in imaging techniques have allowed for
better understanding of mechanical ventilation (MV) and
recruitability of the lungs.? One such technique is the
electrical impedance tomography (EIT), which was devel-
oped several decades ago and enables real-time evaluation
of pulmonary ventilation without the need for invasive
procedures.’ Nevertheless, despite its long history of devel-
opment, the clinical and research applications of EIT in
critically ill patients are still not fully understood.* Further-
more, little is known about its potential use in assessing
rehabilitation, mobilization, and respiratory physiotherapy.®

The purpose of this narrative review is to provide an
overview of the physical principles, mode of use, ventila-
tory indices, and clinical utilities of EIT in the context of
respiratory physiotherapy.

Physical and operating principles of EIT

Respiratory monitoring using EIT allows for real-time visual-
ization of lung air distribution at the patient’s bedside. EIT
is a noninvasive and radiation-free device. EIT works plac-
ing an electrode belt around the thorax, typically between
the 4th or 5th intercostal space, depending on the device
used. This location provides a representative view of the pul-
monary field without interference from large blood vessels
or the diaphragm muscle. The electrodes in the belt deliver
a low-amplitude, high-frequency electric current sequen-
tially, and changes in resistance during the respiratory cycle
are calculated based on these measurements. Additionally, a
reference electrode is placed 10 cm away from the electrode

belt to ensure consistent electrical potential for accurate
measurements.®

Changes in resistances occur due to the elongation and
thinning of the alveolar septum, which obstructs the passage
of electric current. Studies have reported that resistivity
increases by more than 200% during deep breaths.” Numer-
ous studies have demonstrated a close correlation between
aeration changes detected by EIT and aeration assessed by
computed tomography scan (CT), that is considered the gold
standard for lung aeration assessment.?

At the end of a complete sequence of electrical injec-
tion, voltage measurements are used to generate an image
using specific reconstruction algorithms. Each image corre-
sponds to a specific period recorded as a baseline for all
patients. After reconstruction, the images are projected
onto a 32 x 32-pixel matrix, where each pixel represents the
variation in air resistance during a defined time interval.’

The main advantage of EIT over other imaging meth-
ods is its high temporal resolution, as it can generate up
to 50 images per second (50 frames). This allows for the
immediate evaluation of phenomena such as lung recruit-
ment and derecruitment in response to changes in position
or secretions suctioning, for instance.® Moreover, either for
real time or offline analysis of the data, each image can be
divided into regions of interest (ROIs). Within each ROI, it
is possible to early visualize the baseline aeration and any
dynamic change associated, as shown in percentage, and
afterword to extract the plethysmography curve or resis-
tance curve, where the amplitude corresponds to changes in
air volume and the frequency corresponds to the respiratory
rate. This enables the objective assessment of ventilation
changes between different regions and facilitates the com-
parison of aeration behavior between the left and right lung
or between the upper and lower regions. The waveform
reflects changes in local electrical impedance. Ventilation
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Figure 1

Lighter blue:
Zone of large impedance
change

Representation of changes in impedance and aeration. Legend: the lighter blue color corresponds to an area that has

shown a large impedance change. Correlative, therefore, to a well-ventilated lung area. The darker blue shade color represents
areas with less impedance change. Correlative to a lung zone with less aeration. Regions of interest are observed in quadrants or
in layers. Each of the regions of interest expresses a percentage of the total tidal impedance change.

or the action of the heart and lung perfusion induce periodic
fluctuations in the signal, and current devices incorporate a
frequency filter to separate the perfusion component from
the overall plethysmography signal. Point changes may be
caused by factors such as an overall increase in gas volume
due to increased positive end-expiratory pressure (PEEP)
during mechanical ventilation'® or by changes in patient
position® EIT waveforms may also show artifacts originat-
ing, for example, from body motion or interference with
some medical devices, but these can often be eliminated by
offline processing of the signal and data,'" with pacemakers
currently being the only clinical device that is considered
exclusion criteria for EIT use.

In EIT, a color map is used to visually identify aeration
zones. Lighter shades of blue indicate areas with signif-
icant impedance changes, corresponding to well-aerated
lung zones. Darker shades of blue represent areas with less
impedance change, indicating less aeration in those lung
zones,'? see Fig. 1.

Considering the aforementioned characteristics, EIT
allows for the specific assessment of phenomena related
to air distribution within a lung region. It can be used, for
example, to guide processes during mechanical ventilation,
ventilatory support, intensive kinesiology procedures such
as functional mobilization, and manual techniques of respi-
ratory physiotherapy, among others.'®

Indices that can be evaluated with the EIT

Several indices can be assessed by the EIT. These indices
include the heterogeneity index or global inhomogeneity

index, tidal variation of impedance, regional compliance
of the respiratory system, regional ventilation delay, center
of ventilation, and end expiratory lung impedance. Table 1
summarizes the definitions, usefulness, and associated for-
mulas of all these indices.

Clinical applications of EIT for respiratory
physiotherapy

To date, the role of the intensive care physiotherapist in pro-
moting functional mobility and assisting in the respiratory
therapy of critically ill subjects has become relevant within
the intensive care team. Physiotherapy has been shown to
reduce functional complications in survivors of the ICU. Par-
ticularly, respiratory physiotherapy techniques can promote
mucociliary clearance and lung recruitment. These tech-
niques include high flow oxygen therapy (HFOT), noninvasive
mechanical ventilation (NIV), invasive mechanical ventila-
tion, and assistance in the weaning process from mechanical
ventilation as well as the physical rehabilitation of critically
ill subjects.'

Respiratory physiotherapy

Respiratory physiotherapy techniques aim to expand the
thorax to promote lung recruitment and prevent the reten-
tion of bronchial secretions and atelectasis.

Respiratory  physiotherapy can promote airway
permeabilization.™ It also includes techniques such
as:
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Table 1 Indices that can be evaluated with the EIT.

Definition and formulas

Clinical significance

Heterogeneity index (Gl):

Tidal variation of
impedance (TVI)

Regional compliance of the
respiratory system:

Regional
ventilation delay
(RVD)

Center of Ventilation (CoV)

End Expiratory Lung Impedance (EELI)

Is a parameter that quantifies the
inhomogeneity of the tidal volume distribution
within the lungs."? For its calculation, starting
from the 32 x 32-pixel matrix, the sum of the
absolute differences between the median of
the complete matrix and the aeration value of
each pixel (value that has been called delta Z)
is calculated. A low heterogeneity index
represents a more homogeneous distribution
and, vice versa.'?

It represents the impedance variations during
each respiratory cycle. It is calculated as the
difference between the maximum impedance
value (end of inspiration) and the minimum
value (end of expiration) of a representative
period of the ventilation evaluated (10-20
breaths approximately).

Tidal impedance variation: maximum
impedance — minimum impedance. '

During controlled mechanical ventilation
distensibility or compliance can be calculated
using tidal volume and driving pressure. Its
monitoring is of significant clinical importance
in users with respiratory failure.

Regional distensibility: gt

This index shows temporal delay

between pulmonary regions.

Describes delay in regional lung

impedance to reach a given

impedance change.?

Vertical change in the distribution of
ventilation within a gravitational axis. When
the location of the Center of Ventilation is
expressed as a percentage of the thoracic
diameter, a value of 50% represents a balanced
distribution between the dorsal and ventral
regions. CoV values less than 50% imply
changes in the distribution of ventilation
towards the ventral region

End-expiratory lung impedance expresses and
correlates with end-expiratory lung volume or
functional residual capacity. It is calculated
with the average of the minimum values of the
plethysmography curve of a defined number of
respiratory cycles (10-20) that are
representative of the period evaluated'®

To identify presence of
atelectasis, structural
damage of the lung
parenchyma (emphysema,
cavitations) or in response
to changes in the
programming of mechanical
ventilation. Clinically, it has
been used for PEEP
titration, success of
spontaneous ventilation
tests, intraoperative lung
monitoring, among others.'*
Impedance changes during a
tidal breath.

Difference of impedance
between end-inspiration an
end-expiration.
Monitoring compliance of
respiratory system. By
calculating the division of
the tidal impedance
variation by the driving
pressure.'*

Temporal delay in
distribution of inspired air
to achieve impedance
change.

Experimental studies have
shown that in areas where
the regional ventilation
delay is greater, there is
greater dependence on
PEEP

To identify restrictive
phenomena on lung
parenchyma. Atelectatic
phenomena develop in this
area, the center of
ventilation moves towards
dorsal regions'’

PEEP titration, showing that
in those cases where there
is recruitment potential,
there is a correlation where
the increase in PEEP is
associated with an increase
in the EELI. Therefore,
associating EELI with
pulmonary recruitment.’
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e Postural drainage (positioning subject in lateral decubi-
tus to facilitate drainage of bronchial secretion using the
force of gravity'?);

e Manual lung hyperinflation (using a manual rebreathing
bag connected to a flow of oxygen. A pressure is applied
to the bag that is capable of generating pressure peaks of
up to 40cmH,0'%);

e Ventilator lung hyperinflation (this maneuver is performed
in controlled mechanical ventilation, doing six breaths per
minute with an inspiratory slow flow of 20L/min, then
an inspiratory pause of 2s, followed by hyperinflation by
increasing tidal volume by 200 mL until peak airway pres-
sure of 30cmH,0'?);

e Percussion (percussing with palm of hand rhythmically on
the affected lung segment'?);

e Vibro-compression (fast rhythmic movements with high
intensity to cause vibration at the bronchial level. Per-
formed by hand open on the thorax applying pressure);

e Compression techniques should achieve a difference
higher than 33 L/min between peak expiratory flow and
peak inspiratory flow (PEF-PIF)"); and

e Aspiration techniques (direct aspiration of the secretion
into the endotracheal tube).

The evidence on the use of respiratory physiotherapy
techniques in subject with ARDS is still controversial.” In this
sense, EIT could result in a guide for the application of such
maneuvers in subjects with high risk and alveolar instabil-
ity. Recent evidence has shown that EIT - looking at center
of ventilation and end-expiratory lung impedance (EELI) -
is a tool that can guide physiotherapy at the bedside of the
critically ill subject, not only to compare lung aeration pre
versus post therapy, but also to obtain a real-time guide to
alveolar gas gain and distribution. '

In spontaneously ventilated subjects with ARDS, there
is a potential risk for spontaneous ventilation-induced lung
injury (P-SILI)."” This risk could be exacerbated by lung
expansion maneuvers performed by the physiotherapist. By
performing a simple calibration consisting of executing 10
breaths inside a calibration balloon and using the tidal vari-
ation of impedance differences, it is possible to determine
with EIT the tidal volume mobilized by the subject, even
during non-invasive respiratory support or respiratory phys-
iotherapy maneuvers in spontaneously breathing subjects.
This could help prevent P-SILI and ensure a safer process of
respiratory physiotherapy. '®

Body position and physical therapy

The body position of critically ill subjects affects ventilation
and can lead to decreased lung volume and hypoxemia.'
Physical therapy can help mitigate the negative effects asso-
ciated with bed rest.?° For example, the application of
HFOT in postoperative abdominal surgery subjects placed
in a semi-sitting position in bed - inclined at 45° - has
been shown to increase EELI as evaluated by EIT, compared
to conventional oxygen therapy.” In addition, in subjects
undergoing mechanical ventilation with mild to moderate
ARDS, higher positioning such as sitting on the edge of the
bed, bipedal standing, walking, and other functional activ-
ities have been found to increase EELI and oxygenation

without the need to increase PEEP or FiO,,° as shown in
Fig. 2.

Noninvasive mechanical ventilation

Alteration in pulmonary aeration is easily recognized by EIT
through three indexes: the heterogeneity index,?' the vari-
ation of tidal impedance?? and pulmonary impedance at the
end of expiration.?

NIV, which in the last 20 years has played a crucial role
in the management of ventilatory failure in the emergency
room and in the ICU, is considered the support of choice
in 80% of exacerbations associated with chronic cardiac and
respiratory failure and the first line technique to relief sub-
ject’s symptoms in 40% of cases,’*?> thus providing a positive
pressure that increases EELI. Specifically, a clinical trial
found that survivors increased EELI of 50% as compared with
non-survivors, where the EELI increased only by 24%.2¢

High flow oxygen therapy

The use of HFOT can be helpful to prevent intubation and
invasive MV in subjects with hypoxemia and a mild to moder-
ate increase of work of breathing.?” In healthy young people,
without increased ventilatory work, an increase in EELI is
generated when comparing ventilation in high flow nasal
cannula device as compared with room air. Several groups of
researchers seek to find a predictor index that determines
the need for intubation when using HFOT, through evalua-
tion with EIT, without finding differences between subjects
who presented a favorable clinical response to high-flow
oxygen therapy compared to those who did not.?® Recently,
an asymmetric cannula, designed with a smaller diameter
tip and a larger diameter tip, has been approved for clin-
ical use, resulting in an overall 30%-40% increase in total
cross-sectional area compared to a conventional interface
of the same size.? This clinical trial used EIT to compare
the effects on EELI of conventional nasal cannula versus
asymmetric cannula.

Specific clinical situations in subjects under
mechanical ventilation

Visualization of air trapping

Recent evidence reports the possibility of visualizing
trapped air though EIT - which would constitute intrin-
sic PEEP - during acute obstructive events in users with
exacerbated chronic obstructive pulmonary disease under
invasive mechanical ventilation. This by means of visual-
ization regional end-expiratory flow. Indeed, it is possible
to diagnose air trapping by EIT, as well as to guide clinical
therapeutics such as the execution of aerosol therapy.® In
that way EIT could visualize effective nebulization to pro-
vide efficient inhalation delivery of the drug, increasing, if
necessary, the effective dose to reach the distal airways. '
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Figure 2

Effects of physical therapy and body position on lung impedance. Legend: position 1: bed rest position. First average

image of EELI. Position 2: stand up and walk beside bed. Last average image of EELI.

Assessment of spontaneous ventilation

The transition from controlled ventilation, under sedation,
to spontaneous or partially controlled ventilatory modalities
is a challenge that the clinician faces, especially in situations
where connection to mechanical ventilation is associated
with respiratory failure. In this sense, EIT allows observ-
ing how in injured lungs, a ‘‘pendelluft’’ phenomenon can
be generated; movement of air within the lung from non-
dependent to dependent regions, without any change in
tidal volume, generating dangerous mechanical tension in
the dorsal areas, all this caused by spontaneous breathing
during mechanical ventilation, at the wrong time.?

In this sense, in patients with ARDS, ‘‘pendelluft’’
phenomenon associated with the onset of spontaneous
ventilation has been demonstrated. This phenomenon pre-
sented an independent association with the increase of
specific inflammatory biomarkers related to lung injury
induced by mechanical ventilation, such as interleukin (IL)-
8, IL-18, and Caspase-1.%

Spontaneous breathing trial test

The process of liberation from MV, known as weaning, is a
critical event that involves removing the endotracheal tube
and invasive MV support. The success or failure of weaning
from MV can greatly impact the morbidity and mortality of
critically ill subjects. The spontaneous breathing trial (SBT)
is a testing process to determine if a subject can ventilate
without support. However, there is currently no consensus on
the best technique to define the success or failure of extu-
bation. Multi-modal monitoring is crucial in this pathway to
aid in clinical decision-making.**

In some cases, respiratory fatigue, indicated by a loss of
EELI at EIT, has been observed within the first five minutes of
SBT. Patients who experience this exhaustion phenomenon
also tend to have a higher rate of heterogeneity.*

If the heterogeneity index is greater than 41.5, it is not
recommended to extubate the subject as it is associated
with a failure rate of 87.5%, with a sensitivity of 60.9%.

For subjects with an initial heterogeneity index of >41.5,
the spontaneous ventilation test should be avoided to pre-
vent failures in 87.5% of cases, with a sensitivity of 60.9%.
This method could be used as a detection method to sup-
port decision-making.* EIT seems more precise in predicting
successful weaning compared to functional parameters of
gas exchange or respiratory mechanics.*® Indeed, during
spontaneous breathing, the variation of tidal impedance
is significantly reduced, indicating increased respiratory
fatigue.’*

Alveolar recruitment maneuver

Alveolar recruitment maneuvers (ARM) are a procedure used
in MV in selected cases in subjects with acute respiratory
failure or ARDS, where alveolar instability is observed. Many
techniques of respiratory physiotherapy can promote alve-
olar recruitment, and protocolized physiotherapy sessions
often include ARMs. The goal of ARM is to decrease lung col-
lapse, improve oxygenation, lung compliance, and increase
functional residual capacity.*’

It is crucial to determine the lung’s recruitment capacity
to avoid overdistension and potential VILI.*® In this context,
EIT plays an important role in providing real-time informa-
tion on the behavior of lung ventilation and its homogeneity
during the maneuver. This information can be used to opti-
mize the application of PEEP and tailor the strategy to each
subject’s characteristics.

A recent study published by Jonkman et al.* describes in
a cohort of subjects diagnosed with moderate to severe ARDS
by COVID-19, the use of EIT to define alveolar recruitment
potential and PEEP titration. The study analyzed optimal
PEEP, regional distribution of collapse and overdistension,
regional distribution of ventilation, recruitment/inflation
ratio (R/l), respiratory mechanics, hemodynamics, gas
exchange, and recruitment capacity. The authors concluded
that EIT is important and feasible in establishing indi-
vidualized PEEP values, optimizing protective mechanical
ventilation The authors conclude the importance and fea-
sibility of EIT to establish an individualized PEEP value
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according to the characteristics of distensibility and alveo-
lar recruitment of each subject, thus optimizing protective
mechanical ventilation.*’

Recently, the combination of EIT and esophageal bal-
loon has been used to provide individualized mechanical
ventilation support and protection in subjects on mechan-
ical ventilation.® In addition, a recent systematic review
has concluded that the use of EIT is a useful imaging tech-
nique that provides safety when performing a PEEP titration
maneuver. %

Conclusions

EIT is a promising non-invasive tool that could guide clin-
ical strategies for respiratory physiotherapy maneuvers,
such as to identify the right time to switch from con-
trolled to assisted ventilation and spontaneous breathing
in the context of weaning from MV, PEEP titration, visu-
alization of acute phenomena such as atelectasis, pleural
effusion, pneumothorax, and assessment of subject ability
to cough. EIT offers advantages over traditional monitoring
tools, including non-invasiveness, radiation-free imaging,
and dynamic monitoring. This real-time guidance will also
make it possible to observe the distribution of alveolar gas
within the lungs, which will lead to safer physiotherapy.

Authors’ contribution

RA writing first draft. All authors substantial contribution in
conception and design, interpretation of literature, revision
for critical important intellectual content, editing, approval
of the version submitted. DB supervision, writing, editing.

Funding

None.

Conflicts of interest

None.

Acknowledgment

None.

References

1. Nolan JP, Sandroni C, Bottiger BW, Cariou A, Cronberg T, Friberg
H, et al. European Resuscitation Council and European Society
of Intensive Care Medicine guidelines 2021: post-resuscitation
care. Intensive Care Med. 2021;47:369-421.

2. Gattinoni L, Pelosi P, Pesenti A, Brazzi L, Vitale G, Moretto A,
et al. CT scan in ARDS: clinical and physiopathological insights.
Acta Anaesthesiol Scand. 1991;35:87-96.

3. Barber DC, Brown BH. Applied potential tomography. J Phys E.
1984;17:723-33.

4. Rauseo M, Spinelli E, Sella N, Slobod D, Spadaro S, Longhini F,
et al. Expert opinion document: ‘‘Electrical impedance tomog-
raphy: applications from the intensive care unit and beyond’’.
J Anesth Analg Crit Care. 2022;2:28.

5. Hickmann CE, Montecinos-Munoz NR, Castanares-Zapatero D,
Arriagada-Garrido RS, Jeria-Blanco U, Gizzatullin T, et al.
Acute effects of sitting out of bed and exercise on lung aer-
ation and oxygenation in critically ill subjects. Respir Care.
2021;66:253-62.

6. Lobo B, Hermosa C, Abella A, Gordo F. Electrical impedance
tomography. Ann Transl Med. 2018;6, 26-26.

7. Bodenstein M, David M, Markstaller K. Principles of electrical
impedance tomography and its clinical application. Crit Care
Med. 2009;37:713-24.

8. Muders T, Luepschen H, Zinserling J, Greschus S, Fimmers R,
Guenther U, et al. Tidal recruitment assessed by electrical
impedance tomography and computed tomography in a porcine
model of lung injury. Crit Care Med. 2012;40:903-11.

9. Piraino T. An introduction to the clinical application and inter-
pretation of electrical impedance tomography. Respir Care.
2022;67:721-9.

10. Barbas CSV, Amato MBP. Electrical impedance tomography to
titrate PEEP at bedside in ARDS. Respir Care. 2022;67:1061-3.

11. Frerichs |, Dargaville PA, van Genderingen H, Morel DR,
Rimensberger PC. Lung volume recruitment after surfactant
administration modifies spatial distribution of ventilation. Am J
Respir Crit Care Med. 2006;174:772-9.

12. Battaglini D, Robba C, Caiffa S, Ball L, Brunetti |, Loconte M,
et al. Chest physiotherapy: an important adjuvant in critically ill
mechanically ventilated patients with COVID-19. Respir Physiol
Neurobiol. 2020;282:103529.

13. Volpe MS, Guimaraes FS, Morais CC. Airway clearance tech-
niques for mechanically ventilated patients: insights for
optimization. Respir Care. 2020;65:1174-88.

14. Quintana ARG, Atallah AN, Saconato H, Wale JL, Melnik
T. Respiratory therapy for removing bronchial secretions in
mechanically ventilated adult patients. Cochrane Database Syst
Rev. 2018;2018(2). CD010317.

15. Oliveira ACO, Lorena DM, Gomes LC, Amaral BLR, Volpe MS.
Effects of manual chest compression on expiratory flow bias
during the positive end-expiratory pressure-zero end-expiratory
pressure maneuver in patients on mechanical ventilation. J Bras
Pneumol. 2019;45.

16. Li Q, Li Y, Niu G, Li M, Deng J, Moller K, et al. Chest
physiotherapy guided by electrical impedance tomography
in high-dependency unit patients with pulmonary diseases:
an introduction of methodology and feasibility. Crit Care.
2023;27:24.

17. Brochard L, Slutsky A, Pesenti A. Mechanical ventilation to min-
imize progression of lung injury in acute respiratory failure. Am
J Respir Crit Care Med. 2017;195:438-42.

18. Sosio S, Bellani G, Villa S, Lupieri E, Mauri T, Foti G. A
calibration technique for the estimation of lung volumes in
nonintubated subjects by electrical impedance tomography.
Respiration. 2019;98:189-97.

19. Battaglini D, Ciaravolo E, Caiffa S, Delpiano L, Ball L, Vena A,
et al. Systemic and cerebral effects of physiotherapy in mechan-
ically ventilated subjects. Respir Care. 2023;68:452-61.

20. Denehy L, Lanphere J, Needham DM. Ten reasons why ICU
patients should be mobilized early. Intensive Care Med.
2017;43:86-90.

21. Zhao Z, Méller K, Steinmann D, Guttmann J. Global and local
inhomogeneity indices of lung ventilation based on electrical
impedance tomography; 2009. p. 256-9.

22. Frerichs I, Hinz J, Herrmann P, Weisser G, Hahn G, Dudykevych
T, et al. Detection of local lung air content by electrical
impedance tomography compared with electron beam CT. J Appl
Physiol. 2002;93:660-6.

23. Bikker IG, Leonhardt S, Bakker J, Gommers D. Lung volume cal-
culated from electrical impedance tomography in ICU patients
at different PEEP levels. Intensive Care Med. 2009;35:1362-7.

409


http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0005
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0010
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0015
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0020
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0025
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0030
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0035
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0040
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0045
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0050
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0055
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0060
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0065
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0070
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0075
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0080
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0085
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0090
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0095
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0100
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0105
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0110
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0115

R. Arriagada, M.C. Bachmann, C. San Martin et al.

24.

25.

26.

27.

28.

29.

30.

31.

Hill NS, Garpestad E, Schumaker G, Spoletini G. Noninvasive
ventilation for acute hypoxemic respiratory failure/ARDS — is
there a role? Turk J Anaesth Reanim. 2018;45:332-4.

Tonelli R, Fantini R, Tabbi L, Castaniere I, Pisani L, Pellegrino
MR, et al. Early inspiratory effort assessment by esophageal
manometry predicts noninvasive ventilation outcome in de novo
respiratory failure. A pilot study. Am J Respir Crit Care Med.
2020;202:558-67.

Rauseo M, Mirabella L, Laforgia D, Lamanna A, Vetuschi P, Sori-
ano E, et al. A Pilot study on electrical impedance tomography
during CPAP trial in patients with severe acute respiratory syn-
drome coronavirus 2 pneumonia: the bright side of non-invasive
ventilation. Front Physiol. 2021;12.

Yasuda H, Okano H, Mayumi T, Nakane M, Shime N. Association
of noninvasive respiratory support with mortality and intuba-
tion rates in acute respiratory failure: a systematic review and
network meta-analysis. J Intensive Care. 2021;9:32.

Riera J, Pérez P, Cortés J, Roca O, Masclans JR, Rello J. Effect
of high-flow nasal cannula and body position on end-expiratory
lung volume: a cohort study using electrical impedance tomog-
raphy. Respir Care. 2013;58:589-96.

Slobod D, Spinelli E, Crotti S, Lissoni A, Galazzi A, Grasselli
G, et al. Effects of an asymmetrical high flow nasal cannula
interface in hypoxemic patients. Crit Care. 2023;27:145.

Zhao Z, Chang M-Y, Frerichs |, Zhang J-H, Chang H-T, Gow C-H,
et al. Regional air trapping in acute exacerbation of obstructive
lung diseases measured with electrical impedance tomography:
a feasibility study. Minerva Anestesiol. 2020;86.

Rahmel T, Koniusch A, Schwertner M, Oprea G, Adamzik M,
Nowak H. Evaluation of inhaled salbutamol effectiveness under
supportive use of electrical impedance tomography in venti-
lated ICU patients: study protocol for a randomised controlled
clinical trial. BMJ Open. 2019;9:e026038.

32.

33.

34.

35.

36.

37.

38.

39.

40.

410

Yoshida T, Torsani V, Gomes S, De Santis RR, Beraldo MA,
Costa ELV, et al. Spontaneous effort causes occult pendelluft
during mechanical ventilation. Am J Respir Crit Care Med.
2013;188:1420-7.

Cornejo RA, Arellano DH, Ruiz-Rudolph P, Guinez DV, Morais
CCA, Gajardo AlJ, et al. Inflammatory biomarkers and pendel-
luft magnitude in ARDS patients transitioning from controlled
to partial support ventilation. Sci Rep. 2022;12:20233.
Bickenbach J, Czaplik M, Polier M, Marx G, Marx N, Dreher M.
Electrical impedance tomography for predicting failure of spon-
taneous breathing trials in patients with prolonged weaning.
Crit Care. 2017;21:177.

Slobod D, Leali M, Spinelli E, Grieco DL, Spadaro S, Mauri
T. Integrating electrical impedance tomography and transpul-
monary pressure monitoring to personalize PEEP in hypoxemic
patients undergoing pressure support ventilation. Crit Care.
2022;26:314.

Wang G, Zhang L, Li B, Niu B, Jiang J, Li D, et al. The applica-
tion of electrical impedance tomography during the ventilator
weaning process. Int J Gen Med. 2021;14:6875-83.

Jonkman AH, Alcala GC, Pavlovsky B, Roca O, Spadaro S,
Scaramuzzo G, et al. Lung Recruitment Assessed by Electri-
cal Impedance Tomography (RECRUIT): a multicenter study of
COVID-19 acute respiratory distress syndrome. Am J Respir Crit
Care Med. 2023;208:25-38.

Gattinoni L, Caironi P, Cressoni M, Chiumello D, Ranieri VM,
Quintel M, et al. Lung recruitment in patients with the acute
respiratory distress syndrome. N Engl J Med. 2006;354:1775-86.
Jonkman AH, Ranieri VM, Brochard L. Lung recruitment. Inten-
sive Care Med. 2022;48:936-8.

YuM, DengY, Cha J, Jiang L, Wang M, Qiao S, et al. PEEP titration
by EIT strategies for patients with ARDS: a systematic review
and meta-analysis. Med Intensiva. 2023;47:383-90.


http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0120
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0125
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0130
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0135
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0140
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0145
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0150
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0155
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0160
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0165
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0170
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0175
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0180
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0185
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0190
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0195
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200
http://refhub.elsevier.com/S0210-5691(24)00067-6/sbref0200

	Electrical impedance tomography: Usefulness for respiratory physiotherapy in critical illnesses
	Introduction
	Physical and operating principles of EIT
	Indices that can be evaluated with the EIT

	Clinical applications of EIT for respiratory physiotherapy
	Respiratory physiotherapy
	Body position and physical therapy
	Noninvasive mechanical ventilation
	High flow oxygen therapy

	Specific clinical situations in subjects under mechanical ventilation
	Visualization of air trapping
	Assessment of spontaneous ventilation
	Spontaneous breathing trial test
	Alveolar recruitment maneuver

	Conclusions
	Authors contribution
	Funding
	Conflicts of interest
	Acknowledgment
	References


