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Thoracic electrical impedance tomography: an adaptive monitor
for dynamic organs
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Abstract: Electrical impedance tomography (EIT) is increasingly used in intensive care patients to monitor
pulmonary and cardiac function non-invasively at the bedside. Impedance variations measured by EIT due to
a change in thoracic air content represent the largest and most studied signal, allowing the measurement of
end-expiratory lung volume (EELV), global and regional ventilation and spatial and temporal heterogeneity
of ventilation distribution. This technique gives a dynamic, repeatable, global and regional description of
the respiratory system mechanics, providing at the same time a dynamic picture of lung function. A smaller
but detectable change in electrical impedance is due to the increase/decrease of blood content into lung
vascular tree during the cardiac cycle. This signal is used to measure stroke volume and global and regional
lung perfusion. The integration of the ventilation and perfusion components of the EIT signal can be
used to measure ventilation-perfusion matching. The aim of this review is to describe the current clinical
applications of EIT, providing a guide to the most relevant physiologic variables derived from EIT and their
clinical meaning. We will focus on respiratory and cardiac-related variables and their application in both
the anesthetized and awake patients. A special attention will be given to two greatly expanding fields of use:
pediatric patients and the perioperative (adult and pediatric) setting. Finally, we will describe potential future
applications which we expect will soon become a reality, with the potential to change our everyday practice

in the intensive care unit and the operating theatre.
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Introduction (e.g., airway pressure and flow measurement), but hardly

any single measure links the two. Anatomical images show

Since the invention of the stethoscope by Laennec and the a static, detailed picture of the lungs with high spatial but

performance of the first radiography by Roentgen to his no temporal resolution, while functional tests give a global

1 2, 101 1 1 . . . . . R .
wife’s hand, medicine started moving from the observation indication of performance, with no possibility to dissect

of the body surface to deep organs investigation. Different
technologies have been developed to help clinicians

understand anatomy (e.g., CT scan) and (patho)physiology
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regional contributions.
More recently, an anatomical and functional bedside
monitoring technique, electrical impedance tomography
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Figure 1 Belt position for EIT monitoring. EIT belt positioning at the fifth intercostal space in a standard patient, front (left panel) and

back (right panel) view. Position of the belt and the reference electrode is shown. The belt can be adjusted to patient’s chest dimensions and

centered using the vertebral spinous processes as markers. EI'T, electrical impedance tomography.

(EIT), has been introduced in clinical practice. EI'T allows
dynamic, repeatable, global and regional description of
lung function; its non-invasiveness and portability makes
it an ideal monitoring tool in both awake, spontaneously
breathing subjects and in anesthetized, intubated critically-
ill patients.

In this review, we will highlight the advantages of EIT
over conventional tests, describe its principle of functioning,
current clinical use and potential applications in both adults
and pediatric patients.

Principles of function

EIT requires the placement of standard electrodes on the
chest circumference, usually at the 5"-6" intercostal space.
Commercially available EIT devices now integrate 16
or 32 equally spaced electrodes into belts or stripes. The
belt is typically placed in one transverse plane (Figure 1),
although oblique placement has also been described. To
generate functional EIT images, very small alternating
electrical currents are applied through pairs of electrodes,
while the remaining ones measure the resulting voltages.
Current application and voltage measurement is through
adjacent electrode pairs, then sequentially spinning around
the belt at 10-50 Hz frequency (1). The set of EIT data
acquired during one cycle of current application and voltage
measurements is used to generate a single raw EI'T image.
A sequence of EIT images dynamically map the regional
changes over time of the electrical tissue resistance to
alternate currents (i.e., impedance) of a slice of the thorax
with a cranium-caudal thickness of about half the lungs size.
Specifically, an increase in regional gas content increases
impedance because it lengthens the path the applied
electrical current must follow, while an increase in blood or
fluid volume decreases impedance. The magnitude of the
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impedance changes generated by tidal ventilation is higher
and slower than the changes induced by heart activity and
lung perfusion, thus making ventilation monitoring far
more advanced than assessment of central hemodynamics.
To increase the sensitivity of EIT data analysis, only
waveforms originating from specific regions of interest
(ROIs) should be analyzed (e.g., the lungs for ventilation
and perfusion or the heart for cardiac output) but the
border between the pulmonary and non-pulmonary tissue
is not clearly defined in EIT images. Anyway, ROI-based
analysis of EIT is helpful to dynamically characterize the
spatial heterogeneity of lung ventilation and perfusion (i.e.,
two measures that are unique to this monitoring system);
this requires the application of arbitrary ROIs, such as
gravitationally-oriented same-size layers.

Measured and derived variables

A very high number of variables can be derived by EIT
monitoring, potentially making the interpretation of study
results confusing (7able I). Below, we suggest a few macro-
categories to guide clinicians and researchers approaching
EIT for the first time. EIT variables usually fall within the
following:

(I) Quantification of global and regional ventilation:
changes of chest impedance are linearly correlated
with tidal ventilation, both at the global and
regional level (2). In this way, tidal ventilation
can be assessed in patients lacking spirometry
monitoring (e.g., non-intubated patients), while
pixel-level ventilation might be used to monitor the
changes in hypo-ventilated units (i.e., silent spaces)
induced by alveolar recruitment (3);

(II) Spatial heterogeneity of ventilation distribution:
inhomogeneous distribution of lung ventilation

jeccm.amegroups.com F Emerg Crit Care Med 2018;2:71
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Table 1 EIT-derived variables
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Unit of measure Spatial resolution

Variable of interest

Time resolution

Derived variables

Clinical use

4 Global Volume
Zz ROI Volume
AZ/APaw Global or ROI Ventilation
NZ ROI Ventilation
AZ ROl or pixel Air movement
NZ ROl or pixel Air movement
AZ%' ROI Ventilation
AZ non-dep/dep ROI Ventilation
Cardiac AZ Global Hemodynamics
Cardiac AZ Global Hemodynamics
Cardiac AZ ROI Perfusion
AZ/Cardiac AZ ROI Ventilation/
Perfusion

End-expiration

End-expiration

Tidal cycle

Tidal cycle

Start of inspiration

End-inspiration

During inspiration

Tidal cycle

Cardiac cycle
During tidal
ventilation

Cardiac cycle

Tidal/cardiac
cycle

End-expiratory
lung volume

End-expiratory

regional volume

Compliance

Re-ventilation

Pendelluft
Pendelluft

Heterogeneity of
ventilation

Heterogeneity of
ventilation
Stroke volume
Stroke volume
variation
Blood flow

Shunt and dead
space

Changes over time (recruitment/
derecruitment)

Recruitment
Dynamic hyperinflation

Changes over time (recruitment/
derecruitment)

Re-expansion of a previously
collapsed area

Unassisted breath
Time constant inequalities

Intratidal recruitment or
overdistention

Maldistribution of ventilation,
stress risers

Non-invasive cardiac output
measurement

Fluid responsiveness

Regional lung perfusion

Pulmonary embolism,
atelectasis/alveolar flooding

ElT-derived variables most often reported in the literature to describe cardio-pulmonary function are reported, along with the timeframe
in which they are measured and their clinical meaning. T, AZ% is commonly referred to as “intratidal ventilation distribution” (ITV). Z,
impedance; ROI, region of interest; Paw, airway pressure; non-dep, non-gravitationally dependent; dep, gravitationally dependent; EIT,

electrical impedance tomography.

(I1I)

V)
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causes local multiplication of transpulmonary
pressure (4). Thus, EIT-based protective ventilation
strategies could be based on improvement of
the various inhomogeneity indexes [e.g., global
inhomogeneity (GI) index or center of ventilation
)

Regional respiratory system mechanics: if regional
tidal ventilation is divided by driving pressure,
regional compliance can be calculated. Improved
compliance can then be used to detect decreased
alveolar over-distension or recruitment (6);
Quantification of global and regional change of
the end-expiratory lung volume (EELV): changes
in end-expiratory impedance are correlated with
changes in EELV, from which changes in lung
strain (7), alveolar recruitment (8) or dynamic

VD

jeccm.amegroups.com

hyperinflation (9) can be quantified;
Quantification of global and regional perfusion:
heart and lungs present out of phase impedance
changes from which cardiac output (10), stroke
volume variations, pulmonary artery pressure
and global and regional lung perfusion can be
quantified. Hypertonic saline boluses are usually
implemented as tracer for magnification of the
signal and increased accuracy (11);

Spatial heterogeneity of lung perfusion distribution:
regional defect can be used to diagnose pulmonary
embolism (12) while quantification of the
regional heterogeneity could help stratification
of acute respiratory failure severity, with higher
heterogeneity associated with a higher risk of
ventilation-induced lung injury.

F Emerg Crit Care Med 2018;2:71
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Figure 2 Lung recruitment and derecruitment. Representative
EIT-derived “silent spaces” map of an ARDS patient during
an incremental and decremental PEEP trial from PEEP 5 to
15 emH,O. Silent spaces, defined as pixels in the lung area (grey
profiles) showing <10% tidal impedance change, are represented in
pink. The grey circle represents the center of ventilation and the
horizontal line passing through this point is used to divide the lung
area into non-dependent (above the line) and dependent (below the
line) parts. As shown, when increasing PEEP from 5 to 15 cmH,O,
dependent silent spaces decreased from 37% to 10% of the lung
area (i.e., dorsal lung recruitment occurred). The opposite was
observed when PEEP was decreased again to 5 cmH,O (Authors’
personal unpublished data). EIT, electrical impedance tomography;
ARDS, acute respiratory distress syndrome; PEEP, positive end-

expiratory pressure.

Respiratory monitoring
PEEP setting and recruitment

In patients with acute respiratory distress syndrome (ARDS),
selection of an appropriate value of positive end-expiratory
pressure (PEEP) is of cornerstone importance to maximize
lung recruitment, reduce alveolar overdistension and avoid
atelectrauma. Several studies have explored the possibility
to guide the individual PEEP setting by EIT monitoring.
Many EIT-derived indexes have been proposed, based on
EIT capability to give regional information, e.g. separating
dependent and non-dependent lung regions.

Costa et al. measured regional dynamic compliance
(Pixel compliance = AZpixel/APaw) during a decremental
PEEP titration and found that the dependent lung
regions progressively reduced their compliance, while the
opposite was true for the non-dependent ones, suggesting
the contemporary presence of two opposite phenomena:
lung collapse and over-distension. Moreover, the Authors
demonstrated a good correlation between EIT-derived
and computed tomography-derived data (13). Another
parameter that describes ventilation distribution is the GI
index: the smaller its value, the more homogeneous is the
distribution of ventilation. GI index has been shown to be

© Journal of Emergency and Critical Care Medicine. All rights reserved.
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comparable to dynamic compliance for determining the best
PEEP during an incremental PEEP trial in patients with
healthy lungs (14). Another EIT-derived index proposed
to guide PEEP setting is the intratidal ventilation (I'T'V)
index, applied in post cardiac surgery patients by Lowhagen
et al. (15). This index measures the homogeneity of tidal
volume distribution between the dependent and non-
dependent regions and is as accurate as the dynamic
compliance method in finding the best PEEP (16).

EIT allows to monitor EELV variations, which can
be used to select the PEEP level needed to prevent
derecruitment (17).

Furthermore, EIT is useful for assessing recruitment and
regional distribution of ventilation during the open lung
approach (18). EIT signal, combined with anthropometric
parameters, can individuate poorly ventilated lung units,
the so-called silent spaces, defined as regions exhibiting
less than 10% of variations in impedance during tidal
ventilation. The dynamic variation of dependent silent
spaces during incremental and decremental PEEP steps
correlates well with lung recruitment and derecruitment
assessed by the pressure/volume (P/V) curve (3) (Figure 2).

Finally, EIT-guided PEEP selection has been studied
during a decremental PEEP trial in patients undergoing
extracorporeal membrane oxygenation. PEEP setting
was ideally based on the balance between collapse and
overdistension, i.e., the lowest PEEP level needed to
limit the collapse to <15% with the least overdistension.
This study showed a wide variability in optimal PEEP
values, highlighting the need for individualized setting of
mechanical ventilation (19).

Heterogeneity of ventilation distribution

The space and time resolution of EI'T makes it an attractive
tool to monitor fast changes in ventilation occurring at the
alveolar (pixel) level, not easily captured by other available
techniques. Conventional quantitative imaging of the thorax
(CT scan) allows measuring volumes at end-expiration or
end-inspiration in static conditions, which are almost never
reached during tidal breathing. While the lung viscoelastic
behavior has long been postulated by physiologists (20)
and global airway pressure waveforms have been used to
describe lung dynamic properties, no direct visualization
of fast regional lung volume changes (21), redistribution of
aeration (Pendelluft) or dynamic airflow limitation (22) was
possible before EI'T. It is thus not surprising that the number
of EI'T-derived indexes used to evaluate the heterogeneity

jeccm.amegroups.com F Emerg Crit Care Med 2018;2:71
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Figure 3 Heterogeneity of ventilation distribution. EIT images showing tidal volume distribution expressed in relative impedance units

(upper panel) and histogram showing relative distribution of impedance (lower panel) in an ARDS patient ventilated with a tidal volume of
6 mL/kg of predicted body weight, delivered either with a low (400 mL/sec, left) or a high inspiratory flow (1,200 mL/sec, right). Higher

inspiratory flow results in both higher impedance values, indicative or regional overdistention (red areas in the upper panel), and more

spread distribution of impedance (i.e., ventilation) throughout the lungs (authors’ personal unpublished data). EIT, electrical impedance

tomography; ARDS, acute respiratory distress syndrome.

of ventilation keeps growing, given the importance of
identifying the dynamic determinants of lung injury (23,24).

Heterogeneity is described in terms of (I) amount of
ventilation at the pixel level at end inspiration, compared
to the median ventilation of all pixels [GI index (5)]; (II)
fraction of ventilation at the ROI level during different
phases of inspiration [I'TV distribution (15)]; (III) 7aze of
inflation at the ROI or pixel level, compared to the global
rate [filling index (25)]; (IV) time from start of ventilation in
the whole EIT image to start of ventilation in the ROI or
pixel [regional ventilation delay (26)] (7able I).

© Journal of Emergency and Critical Care Medicine. All rights reserved.

Of note, while aeration heterogeneity has been
demonstrated in ARDS patients (27), its role as an initiator/
propagator of lung injury is indirect, requiring ventilation
maldistribution in order to cause damage (4). The chance
to measure even temporary occurrence of regional
overinflation, which will disappear during redistribution in
static conditions, and to monitor how different ventilator
settings (e.g., respiratory rate, amount and shape of
inspiratory flow) can affect these potentially dangerous

transient states, is an invaluable tool for the treatment of
ARDS (Figure 3).
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Furthermore, inspiratory (and expiratory) ventilation
heterogeneity, time constant inequalities and airflow
limitation are typical features of chronic obstructive
pulmonary disease (COPD) (28) and asthma (29).
Severe acute exacerbations of these syndromes requiring
mechanical ventilation are challenging and treatment could
greatly benefit from EI'T monitoring.

Spontaneous breathing

Spontaneous breathing is characterized by dynamic
fluctuations of the respiratory pattern (e.g., sudden changes
in tidal volume size and/or in the respiratory rate) and by
limited accuracy of classic respiratory volume monitoring
tools (e.g., spirometry can be performed only through
a mouthpiece and closed nose altering the respiratory
pattern, and static CT scan is simply not feasible). These
characteristics make dynamic non-invasive EIT imaging
the new gold standard for respiratory monitoring of lung
volumes during spontaneous breathing. For example, in
this era of rapidly spreading use of high flow nasal cannula
(HENC) in hypoxemic and hypercapnic patients (30,31),
EIT could guide selection of a personalized HFNC flow rate
(i.e. that associated with significant increase of EELV) (32)
and it could be used to monitor changes in minute
ventilation (33) or to detect potentially injurious (i.e., too
large) tidal volumes (34). After intubation, early switch to
assisted mechanical ventilation modes can be associated with
strong inspiratory effort causing occult pendelluft of gas
content from non-dependent to dependent lung region (35).
EIT can quantify occult pendelluft and increased regional
lung stretch, supporting interventions aimed at mitigating
this phenomenon (e.g., increase PEEP level). Personalized
pressure support level to avoid over- and under-assistance
can also be inferred from optimized homogeneity assessed
by EIT (36). Similarly, usefulness of new ventilation modes
such as neurally adjusted ventilation assist (NAVA) or
addition of Sigh to assisted ventilation (7) can be evaluated
by EIT-derived variables such as improved homogeneity
or increased EELV at constant PEEP (i.e., alveolar
recruitment). Finally, during a spontaneous breathing trial,
shift of the largest part of ventilation to the dependent lung
region might indicate too strenuous inspiratory efforts and
predict weaning failure, even in the presence of acceptable
gas exchanges and respiratory rate.

© Journal of Emergency and Critical Care Medicine. All rights reserved.
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Hemodynamic monitoring
Pulmonary perfusion and V/Q matching

Since cyclic variations in both pulmonary air and blood
content are the major determinants for the changes in
thoracic impedance, a logical application for EIT would be
to combine imaging of lung perfusion with ventilation data
to provide a global functional assessment of pulmonary gas
exchange. To this end, cardiac-related impedance changes
have been shown to reflect pulmonary blood content and
are therefore a surrogate for pulmonary perfusion (37,38).
However, perfusion imaging with EI'T remains a challenge,
both for technical difficulties and for the interpretation of
the results. Perfusion impedance changes are much smaller
than ventilation changes (39), complicating signal detection
and filtering. Three different signal-processing techniques
have been proposed to separate perfusion and ventilation
components in EIT (38,40-42) but the best method remains
to be defined because of lack of systematic comparison to
standard perfusion imaging.

Whatever the method used, the amplitude of global
EIT pertfusion signal is related to the size of pulmonary
vascular bed (43) and therefore can be used to assess
anatomic and functional changes in pulmonary circulation.
Indeed, clinical studies showed that EIT can document the
loss of pulmonary vessels in COPD (44) and pulmonary
artery hypertension (45), as well as changes in pulmonary
vascular resistance (hypoxic vasoconstriction and hyperoxic
vasodilation) (46).

Simultaneous perfusion and ventilation monitoring
by EIT could allow dynamic assessment of ventilation/
perfusion (V/Q) matching. In an experimental study on
mechanically ventilated animals, global EIT V/Q ratio
showed an acceptable correlation with calculated alveolar
dead space and venous admixture during acute changes
in pulmonary ventilation and perfusion (47). Grant et al.
evaluated the ability of EIT to trace gravitational changes
in the regional distribution of ventilation and perfusion
in spontaneously breathing subjects; they reported the
potential limits of EIT-derived regional V/Q ratio, mainly
due to the use of relative changes of ventilation and
perfusion impedance instead of absolute values (38). To
overcome this and other issues related to the interpretation
of cardiac-related impedance changes as surrogate for
pulmonary perfusion, Borges et 4/. proposed an EI'T-based

jeccm.amegroups.com F Emerg Crit Care Med 2018;2:71
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method that quantitatively estimates regional lung perfusion
based on first-pass kinetics of a bolus of hypertonic saline
contrast (11). Accuracy is improved by this technique,
providing reliable measurement of regional blood flow
in healthy lungs and in experimental models of alveolar
collapse (11) and pulmonary embolism (37). Nevertheless,
the use of large quantities of this hypertonic solution (20%
sodium chloride) represents a major limitation to the
clinical applicability of this technique.

Cardiac output and fluid responsiveness

Cardiac-related changes in thoracic impedance can also be
used for non-invasive hemodynamic monitoring. As these
changes are caused by the passage of the stroke volume
through the lungs, a strong correlation has been found
between their amplitude and stroke volume measured
by thermodilution (10), supporting the use of EIT for
dynamic cardiac monitoring. Moreover, EIT might be
used to predict fluid responsiveness by providing non-
invasive evaluation of stroke volume variations inside the
aorta, which correlate well with the same index assessed by
aortic ultrasonic flow probe and from arterial pulse contour
analysis, both in healthy animals (48) and in experimental
lung injury (49).

Non-invasive dynamic monitoring of pulmonary and
central hemodynamics is a novel promising application
of EIT, but current knowledge is mostly based on
animal models and confirmation in clinical studies is
mandatory prior to clinical use. Although based on the
same physiologic principles, EIT indexes are intrinsically
different from the “standard” comparators, because EIT
parameters derive from relative impedance changes.
Understanding the underlying assumptions is key to their
correct interpretation.

Pediatric patients

Children, while being undoubtedly smaller than adults, are
not small adults. Furthermore, it is worth underlining that
the lungs develop and grow, as does the child. Indeed, both
the number of alveoli and their size increase over time.
Alveoli increase in number, over tenfold from birth to adult
life, while alveolar diameter increases slightly in the first
8 years of life, thereafter reaching a value similar to that of
adults (50,51). Finally, newborns present a high percentage
of lung tissue, mainly localized at the points of bifurcation
of alveolar ducts and respiratory bronchioles (50). However,

© Journal of Emergency and Critical Care Medicine. All rights reserved.
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the percentage of lung tissue decreases with age, leading,
in combination with the increase in alveolar number and
size, to a reduction in lung density (52) and therefore to
an increase in impedance (53). The discussed dynamicity
of young lungs, in combination with the difficulties in
obtaining reliable/repeated physiologic measurements and
the logical attempt to reduce/avoid radiation exposure in
this highly radiosensitive population, make thoracic EIT
particularly interesting for pediatric critical care physicians.
In addition, the smaller size of children’s lungs allows the
assessment, with EI'T; of a greater part of the parenchyma,
as compared to adults.

Several studies investigating the use of EIT have
been conducted in the pediatric intensive care unit. The
feasibility of EIT monitoring in pediatric patients was
first demonstrated by Frerichs and colleagues in eight
critically ill children requiring intensive care treatment for
various diseases (54). Thereafter, Wolf et 4/. used EIT to
describe regional lung volume changes occurring during
airway suctioning in children with ARDS (55). The same
group used EIT to describe the regional dynamics of lung
reopening and overdistension during the performance
of a recruitment maneuver in critically ill children with
acute lung injury (56). Another recent study evaluated
with EIT the effect of prone positioning in children with
ARDS, showing an improvement in lung homogeneity and
recruitment of the dorsal lung regions (57).

In summary, EIT seems a very promising technique to
evaluate and monitor global and regional lung function. It
could be particularly interesting and useful in the pediatric
population, where the avoidance of radiation exposure is of
paramount importance.

The discussion of the use of thoracic EIT in the
Neonatal ICU is beyond the scope of the present review.

Perioperative monitoring

Reports describing EIT use during general anesthesia
for surgery are growing in number in recent years. Most
of the current use is for monitoring derecruitment and
PEEP setting in obese patients, especially in the setting of
laparoscopic surgery (58-60). Another field of interest, for
obvious reasons, is thoracic surgery. Reliable evaluation
of correct exclusion of one side for one-lung ventilation is
made possible by EIT (61,62). A major limitation of this
technique during surgery regards belt position interference
with the surgical field: while feasibility of intraoperative
monitoring during upper abdominal surgery has been
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shown (63), evaluations during thoracic surgery can be
performed only before the start or after the end of the
operation.

Pediatric anesthesia and surgery merit a separated
mention. The already discussed advantages for pediatric
patients (small lung size, radiation-free technique) make
EIT a valuable monitoring tool. Indeed, EIT has been
employed to assess intratidal recruitment/derecruitment
and the effect of PEEP in 39 children undergoing elective
ear, nose and throat surgery (64). Furthermore, EIT
could be a useful tool to evaluate the correct placement of
endotracheal tubes (65).

Other less common applications of EIT in the operating
room such as evaluation of complete recovery of ventilation
after paralysis reversal (66) and hemi diaphragmatic paresis
after locoregional anesthesia (67) have been occasionally
reported.

Future applications

EIT is just at its dawn. We have described the principal
fields of current clinical use, but the growing number of
innovative applications being reported (68) confirms the
increasing interest of clinicians for this informative, easy to
apply technique.

We can expect EI'T to be increasingly employed in ARDS
patients, to unveil what has thus far been just inferred from
CT scan analysis, without being possible to record it “live”:
opening and closing phenomena (3), pendelluft (35), dynamic
overdistention (9). Even if EI'T, as any other monitoring
tool, cannot improve outcome per se, the knowledge of the
dynamic pathophysiology of the patient, derived from EIT,
can be used to take clinical decisions and tailor treatment.
Future studies will address if clinical management based on
EIT-derived parameters, such as alveolar recruitment and
lung heterogeneity, can reduce mortality, or other clinically
relevant outcomes, of ARDS patients.

Diseases characterized by heterogeneity of ventilation
distribution such as pediatric and adult asthma, bronchiolitis
and adult COPD will surely benefit from a monitoring
tool able to measure and display inflation and deflation (69)
patterns of fast and slow pulmonary units (i.e., measuring
time constants) (70,71).

Hemodynamic monitoring lags some steps behind
respiratory monitoring but is currently receiving a great
interest both in the ICU and in the operating room, since
cardiac output measurement and fluid responsiveness are
cornerstones of the care of the critically-ill patient.

© Journal of Emergency and Critical Care Medicine. All rights reserved.
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Finally, the application of the EIT belt to awake or
anesthetized spontaneously breathing subjects will probably
spread its use outside the intensive care and anesthesia
settings. Pulmonologists have already started using it for
pulmonary function testing (72,73), and us as intensivists
should not underestimate the advantages of portability,
expanding the use EIT to the pre-anesthesia outpatient
clinic (e.g., before thoracic surgery) and for monitoring in
non-operating room anesthesia settings (74).

Conclusions

EIT has just entered our intensive care units and operating
rooms. Its non-invasiveness and the unique capability of
dynamically assessing the function of intrathoracic organs,
make it a perfect candidate for monitoring of critically-
ill patients, and will probably change our clinical practice
in the next few years. We should welcome this change, to
improve patients’ safety and our ability to tailor treatments
to specific patient’s need.
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