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Abstract: Background: Electrical impedance tomography (EIT) is a non-invasive, radiation-free
imaging method that enables the continuous bedside monitoring of regional ventilation and lung
volume changes. The technique is based on the estimation of the resistivity changes that occur
across the lungs with breathing. Methods: We present two case reports of patients affected by
acute respiratory distress syndrome successfully managed with prone-positioning-based regional
ventilation shown on EIT. Results: Both patients were submitted to cycles of prone-positioning-guided
EIT and were successfully extubated and discharged from intensive care unit. Conclusions: EIT is a
functional imaging method that has the potential to improve respiratory care by providing real-time,
continuous monitoring of regional ventilation and lung volume changes at the bedside. Further
research is needed to evaluate its efficacy in different clinical scenarios and to optimize its use in
respiratory care.
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1. Introduction

Electrical impedance tomography (EIT) is a non-invasive, radiation-free imaging
technique that enables real-time monitoring of lung function in critically ill patients [1].
By measuring changes in electrical impedance within the body, EIT constructs dynamic
images of lung function, providing valuable information on ventilation, regional lung
compliance, and changes in lung volume during mechanical ventilation [2,3]. Compared
with other imaging modalities such as computed tomography (CT) or ultrasound, EIT offers
several advantages. It is non-invasive, eliminating radiation exposure and making it safer
for critically ill patients [1]. EIT is portable and can be conveniently used at the bedside,
facilitating the real-time monitoring of lung function during mechanical ventilation [3].
Furthermore, EIT is a cost-effective modality that complements existing imaging techniques,
assisting in the guidance of ventilator management strategies [1].

Numerous studies have explored the application of EIT in the ventilatory management
of critically ill patients. One study focused on monitoring regional lung compliance in
patients with acute respiratory distress syndrome (ARDS), using EIT to guide ventilator
management strategies and identify changes in lung compliance [2]. Another study in-
vestigated the use of EIT to monitor changes in regional lung ventilation during prone
positioning in ARDS patients, providing real-time feedback on the effectiveness of this
technique and aiding in subsequent ventilator management decisions [3]. Additionally, a
case report showcased the successful use of EIT in ventilatory management for a critically ill
COVID-19 patient. EIT was employed to monitor regional lung ventilation and compliance,
enabling targeted and effective ventilator management that potentially contributed to the
patient’s successful recovery [4].

Despite its potential benefits, EIT does have some limitations. Its spatial resolution is
relatively lower compared with other imaging techniques, limiting its ability to identify
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structural abnormalities within the lung. Moreover, EIT can be affected by changes in body
position and patient movement, leading to artifacts in the imaging data [5].

In this article, we present two case reports of critically ill patients managed successfully
with the help of electrical impedance tomography (EIT) for ventilatory management.

2. Case Report 1

The first patient is a 57-year-old man who was hospitalized due to severe acute
respiratory distress syndrome (ARDS) caused by COVID-19 infection and legionellosis
with involvement of the right lung (Figure 1). Initially, the patient was put on non-invasive
ventilation with a face mask, but due to his unstable condition, he had to be put on
mechanical ventilation. A further CT scan could not be performed due to the patient’s
condition, so EIT (electrical impedance tomography) with Enlight 2100 (Burke&Burke,
Assago (Milan), Italy) was used to assess non-aerated areas in the posterior lung regions
(Figure 2). Based on the results of the EIT scan, the patient was placed in a prone position
for 16 h, which resulted in improved oxygenation and a best-PEEP (positive end-expiratory
pressure) of 10 cm HyO (Figure 3). The patient underwent two more prono-supination
cycles, and respiratory exchanges significantly improved. To facilitate difficult weaning, the
patient underwent a percutaneous tracheostomy and was weaned off invasive ventilation
ten days after admission. The patient was discharged 15 days after admission from the ICU.
EIT was crucial in monitoring lung aeration during positioning, optimizing ventilation
strategy, and reducing the need for invasive diagnostic procedures.

Figure 1. Computed tomography of the chest before starting non-invasive ventilation.

Figure 2. Regional distribution of ventilation based on EIT.
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Figure 3. Best PEEP-based PEEP titration method.

3. Case Report 2

A 75-year-old man arrived at the emergency room after the self-inflicted ingestion of
caustic agents, which resulted in the need for emergency tracheostomy and surgical gas-
trectomy and transcervical esophagectomy due to gastric perforation. On the first day after
admission to the intensive care unit, his respiratory exchanges progressively worsened with
the development of acute respiratory distress syndrome (ARDS). Therefore, EIT monitoring
with Enlight 2100 was implemented, which showed the non-aeration of dependent lung
regions and the inhomogeneity of parenchyma with the basal right pendelluft phenomenon
(Figure 4). As a result, three cycles of prone positioning were performed, leading to a
significant improvement in oxygenation. This allowed the patient to begin weaning from
mechanical ventilation, which was successfully completed on the tenth day after surgery.
The patient was then discharged after 25 days of hospitalization to continue the necessary
treatments for the underlying condition that led to admission to the intensive care unit.
EIT was crucial in monitoring lung aeration during positioning, optimizing the ventilation
strategy, and reducing the need for invasive diagnostic procedures.
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Figure 4. Regional distribution of ventilation with EIT.

4. Discussion

Based on the two case reports, it can be concluded that electrical impedance tomogra-
phy (EIT) is a valuable tool for monitoring lung aeration during positioning, optimizing
ventilation strategy, and reducing the need for invasive diagnostic procedures in patients
with acute respiratory distress syndrome (ARDS). EIT is a non-invasive imaging technique
that uses electrical conductivity measurements to create a dynamic image of the distri-
bution of air in the lungs [6]. EIT has shown promising results in respiratory care as a
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bedside monitoring tool for assessing lung function and optimizing mechanical ventilation
parameters in critically ill patients [3]. One of the key advantages of EIT in respiratory
care is its ability to monitor the distribution of pulmonary ventilation continuously and
in real time. This is especially useful in managing acute respiratory distress syndrome
(ARDS), where ventilation heterogeneity in the lung is associated with the existence of
injurious mechanisms such as the collapse and cyclic opening of small airways and alveoli,
and pulmonary overdistension. EIT has been used as a bedside tool to detect the presence
of pneumothorax in real-time. In addition, EIT has been used to identify the effects of
endotracheal suction on pulmonary volumes, where it showed a greater alveolar collapse,
especially in the dorsal regions of the lung [6].

Several studies have also demonstrated the use of EIT in the assessment of lung
perfusion. EIT estimates perfusion disturbances at the bedside and has been acquired using
two methods: first-pass kinetics and blood volume determination. EIT may be a potential
diagnostic bedside tool in the diagnosis and follow-up of acute pulmonary embolism [7,8].

In mechanical ventilation, EIT has been used to personalize care for COVID-19 pa-
tients. In one case study, EIT was used to monitor the patient’s response to therapeutic
interventions [4]. EIT-guided positive end-expiratory pressure (PEEP) titration has also
been proposed as a technique to optimize mechanical ventilation parameters [9]. EIT
enables real-time assessment of the distribution of ventilation at different levels of PEEP, en-
abling individualized PEEP titration [10]. A recent study showed that modern EIT devices
provide an assessment of regional lung aeration and tidal volume and enable evaluation of
the immediate effects of a change in ventilation or other therapeutic intervention [11].

EIT is also useful in detecting patient-ventilator dyssynchrony, which is common
during mechanical ventilation and is usually related to adverse events such as weaning
prolongation and increased mortality. EIT provides information on the distribution of
ventilation during the respiratory cycle, which can be used to detect dyssynchrony and
optimize ventilator settings. To quantify and compare the findings obtained from EIT,
different indices have been developed from the “offline” analysis of the data. For example,
the regional ventilation distribution index (RVDI) has been used to describe the distribution
of ventilation within the lungs. The EIT global inhomogeneity index (EIT-GI) has been used
to evaluate the heterogeneity of ventilation distribution. The EIT-derived end-expiratory
lung impedance (EELI) has been used to assess the amount of aerated lung tissue at
end-expiration [6].

Despite its numerous advantages, EIT also has several limitations. Firstly, the spatial
resolution of EIT is relatively low compared with other imaging modalities, such as MRI
and CT scans, which limits its use in some applications. Secondly, the accuracy of EIT
images is dependent on several factors, such as the electrode placement, patient position,
and the electrical properties of the tissues being imaged. Finally, the interpretation of EIT
images requires specialized training and experience, which can limit its widespread use in
clinical practice [12].

Future studies are needed to further investigate the efficacy of EIT in clinical practice
and to identify new applications for the technique. In particular, studies are needed to
determine the optimal electrode placement and current patterns for different imaging
applications and to investigate the potential of combining EIT with other imaging modal-
ities, such as MRI and CT scans. Additionally, more research is needed to identify the
specific patient populations that may benefit the most from the use of EIT and to develop
standardized protocols for the interpretation of EIT images [13].

5. Conclusions

In summary, EIT has shown great promise in respiratory care, especially in managing
acute respiratory distress syndrome, assessing lung function, and optimizing mechanical
ventilation parameters. EIT provides real-time monitoring of the distribution of pulmonary
ventilation, detecting patient—ventilator dyssynchrony, and has also been used to assess
lung perfusion. EIT-guided positive end-expiratory pressure (PEEP) titration has been
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proposed as a technique to optimize mechanical ventilation parameters. While EIT delivers
only relative values, different indices have been developed to quantify and compare the
findings obtained from EIT. Despite its limitations, EIT has the potential to revolutionize
the way medical imaging is performed and has the potential to improve patient outcomes
by providing real-time, bedside monitoring.
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