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ABSTRACT

LETS (Lung Electrical Tomography System) is an innovative medical system
enabling comprehensive heart and lung function monitoring. It utilizes advanced
techniques such as electrical impedance tomography (EIT), body surface potential
mapping (BSPM), and electrical capacitance tomography (ECT) to provide accu-
rate information about physiological parameters. The LETS system allows one-time
examinations and continuous monitoring 24 hours a day. Remotely measuring and
monitoring parameters such as the electrical activity of the heart muscle, blood flow,
blood pressure, pulse, and lung aeration enables rapid identification and interven-
tion in case of abnormalities. The system also allows for the detection of cardiac
arrhythmias and other heart disorders, as well as the assessment of lung respiratory
capacity and optimization of ventilation strategies. However, it’s important to note
that the LETS system has some limitations. For example, it may not be suitable for
patients with certain pacemakers or other implanted devices. Overall, LETS repre-
sents a breakthrough in medical imaging, opening up new possibilities in diagnosing
and monitoring heart and lung diseases. Its integration may contribute to improving
patient care and increasing the effectiveness of medical interventions.

STRESZCZENIE

LETS (Lung Electrical Tomography System) to innowacyjny system medyczny,
ktéry umozliwia kompleksowe monitorowanie funkcji serca i ptuc. Wykorzystuje
on zaawansowane techniki, takie jak elektryczna tomografia impedancyjna (EIT),
badanie potencjatu powierzchni ciata (BSPM) oraz elektryczna tomografia pojem-
nosciowa (ECT), aby dostarczy¢ dokladnych informacji na temat parametréw fi-
zjologicznych. System LETS pozwala zaréwno na jednorazowe badania, jak i ciggte
monitorowanie przez 24 godziny na dobe. Dzieki zdalnemu pomiarowi i monitoro-
waniu takich parametréw jak aktywno$¢ elektryczna migsnia sercowego, przeptyw
krwi, ci$nienie krwi, tetno czy upowietrznienie ptuc, umozliwia szybka identyfikacje
i interwencje w przypadku nieprawidlowosci. System pozwala takze na wykrywanie
arytmii serca oraz innych zaburzen sercowych, a takze ocene pojemnosci oddechowej
pluc i optymalizacje strategii wentylacji. Ogélnie rzecz biorac, LETS reprezentuje
przefom w dziedzinie obrazowania medycznego, otwierajac nowe mozliwosci w dia-
gnostyce i monitorowaniu choréb serca i ptuc. Jego integracja moze przyczynic sie do
poprawy opieki nad pacjentami i zwiekszenia skuteczno$ci interwencji medycznych.

KeYwoRDS: Electrical impedance tomography, Electrical capacitance tomography,
Body surface potential mapping, Postgres database, Artificial neural net-
works

SLOWA KLUCZOWE: elektryczna tomografia impedancyjna, elektryczna tomografia
pojemnosciowa, bazy danych postgres, sztuczne sieci neuronowe
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INTRODUCTION

Medical imaging is a crucial element of modern healthcare, providing valu-
able insights to physicians about the structure and function of various organs
and tissues. One innovative approach in this field is developing a medical
measurement system designed for spatial monitoring and imaging (LETSWEB).
These systems are designed to provide precise and comprehensive visualization
of specific anatomical areas, facilitating diagnosis and monitoring of patholog-
ical conditions. In this article, we explore the concept and applications of this
system, which is dedicated to innovative imaging and spatial tracking.

The LETSWEB platform is a distributed web-server system for collecting,
processing, analysing, and interpreting measurement data. It consists of several
functional modules, including:

o Web-server system.

« Database of measurement results.

«  Collection of algorithms for data processing, analysis, and visualisation.

o  Expert system.

« The main components of the system include:

o Database system.

o Module for processing measurement and medical data.

+  Module for data analysis and interpretation.

o User module.

Measurement devices provide measurement results, which are collected in
the measurement database. Subsequently, the data is processed and analyzed
using dedicated numerical tools. Additionally, the system utilizes medical data
from healthcare facilities such as hospitals as an additional source of information.

The processed data results and medical data are transmitted to the
Interpretation and Inference Module. There, the system compares them with
information stored in the Medical Knowledge Base, interprets and infers pos-
sible causes of the situation, and formulates a diagnostic proposal. However,
it should be emphasized that this is only a diagnostic proposal, which the
attending physician can then confirm or reject based on their knowledge and
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experience. Feedback information is added to the medical knowledge base to
confirm the diagnosis, enabling further system improvement.

THE MAIN COMPONENTS OF THE SYSTEM

The Postgres database stores all user data and data associated with the op-
eration of the system’s CMS layer. Data partitioning: For security reasons and
to avoid excessive load, data is divided according to different user groups and
functions: patient data, doctor data, administrator data, and CMS data. Each
of these data groups is stored on a separate Postgres server. Such partitioning
helps manage load and increases data security. Security measures: Passwords
for the database servers are stored in a separate location using the secrets
functionality of the Docker tool. This ensures that the service-building file
does not contain passwords, further enhancing system security.

Medical data handling module: This key system element handles medical
data from two sources: DICOM files and measurements collected from the
vest. DICOM files: DICOM format files provided by the patient are stored in
a specially designed database. This database communicates using REST API
and Python language library. A table linking these two values has also been
created to associate HashId in Orthanc with identifiers in the rest of the system.

Partial data: These data result from processing input data but cannot yet be
used for visualization. They are stored in the MinlIO object database, which
allows data to be stored in practically any format. Additionally, a table has
been created in the relational database to store relationships between files in
MinlIO and patient identifiers to which these data belong. DICOM viewer: The
open-source OHIF viewer was decided to allow physicians to view DICOM
files, which offers many valuable tools. The viewer has been implemented
into LETSWEB using a frame tag. This ensures that the files do not leave the
server, and the physician receives the full functionality of the viewer Figure 1.
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Figure 1. Window browser DICOM

Application of IoT in healthcare: Healthcare is one of the most attractive
areas for IoT application. This technology has the potential to be used in
various medical fields, such as remote monitoring, fitness programs, moni-
toring individuals with chronic diseases, and healthcare for the elderly. It is
predicted that the development of wireless technologies with increasingly
more comprehensive coverage and faster data transfer will enable rapid data
transmission, thereby contributing to quicker diagnosis.

Diagnosis and decision-support systems: There are various diagnoses, such
as probabilistic, Bayesian, pattern recognition, and causal or deductive. Each re-
quires complex decisions that the system must make; therefore, cloud computing
or supercomputers are essential for physicians’ assistance. Many techniques can
support clinical decision-making, such as neural networks, systems based on
rough set theory, conditional probability, fuzzy systems, and clinical algorithms.

Artificial neural networks: Artificial neural networks have been created as
models that mimic the functions of the nervous system. They are capable of
learning, parallel processing of information, processing incomplete data, gen-
erating approximate results, and self-analysis. Neural networks are built by
connecting neurons, which form a network. For self-analysis and self-diagnosis,
it is necessary to use multilayer neural networks that contain so-called hidden
layers. Application of neural networks in medicine: Neural networks are used
in various fields of medicine, such as patient condition recognition based on
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symptoms, analysis of medical images, filtering from signal devices, and search-
ing for regularities in medical databases. An example of such a system, based on
the application of neural networks, is Watson Healthcare, which IBM produced.

Analytical engine: The analytical engine serves in the system as a tool for
analyzing medical data. The medical data analyzed by the engine will pro-
vide suggestions to the physician for faster diagnosis. Decision support in
medicine using already built-in systems is becoming increasingly important
in the face of advancing technology. Systems based on self-detection and
self-analysis, which will analyze medical data and detect medical pathologies,
can be helpful for physicians.

Figure 2. An example of how the analytical engine for ROI detection works
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Detection of pathological changes: The accuracy of detecting changes is
crucial for precisely analysing pathological disorders. Due to tissues’ relatively
high conductivity, imaging of them can be achieved using measurement de-
vices. Algorithms can process bioelectrical signals to obtain reconstructions,
which can then be filtered, segmented, and analyzed. This way, the analytical
engine can detect relevant regions of interest (ROIs) with pathological ab-
normalities (Goncalves, 2021).
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Limitations of a single imaging modality: However, relying solely on one
modality may prove insufficient. Imaging methods of the human body using
electrical tomography have low resolution, which may lead to not detecting all
pathological changes in the examined organ after obtaining the final result from
machine learning (Goncalves, 2021). Expanded database for the analytical engine:
Therefore, the analytical engine needs an extensive database of pulmonary and
cardiac disorders obtained using various imaging methods such as CT, MR, etc.

Additional data and learning algorithms: This will give learning algorithms
a more significant knowledge base about pathological lung changes. This,
in turn, will enable the algorithms to determine regions of interest (ROIs)
through self-detection, i.e., places where pathological changes are exactly
located for a given patient (Shimazaki, 2022). Patient monitoring using elec-
trical tomography: Subsequently, during patient monitoring using electrical
tomography, it will be possible to detect whether visible changes have occurred
in the ROIs while using the measurement device.

The user module is designed with three groups of users in mind, which
differ in their level of permissions:

«  Patient: This account has the lowest permissions, only allowing the view
of scheduled examinations in the calendar and personal data. There is
no possibility to add any records.

o Doctor: This account offers more capabilities, such as managing pa-
tients (adding new accounts, editing existing ones), conducting exami-
nations (borrowing and returning devices, viewing the list of completed
examinations and visualizations), searching for patients by first or last
name, adding scheduled examinations to the calendar, and viewing
personal data.

o Administrator: This account, following the assumptions of Unix sys-
tems, has access to all system functionalities. This includes all func-
tions available to the doctor, adding doctors and other administrators,
managing devices (adding, editing, lending to doctors), and accessing
historical data regarding edited records.
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ONE-TIME EXAMINATIONS AND 24-HOUR
MONITORING OF HEART AND LUNG
FUNCTION PARAMETERS

LETS is a mobile tomographic imaging and area monitoring system that
utilizes nodal potential maps. The measurement device (vest) uses techniques
based on electrical impedance tomography (EIT) and body surface potential
mapping (BSPM). Additionally, electrical capacitance tomography (ECT) vis-
ualises the spatial distribution of electrical conductivity within the examined
volume. The image is reconstructed based on mutual capacitance measure-
ments between surface electrodes surrounding the examined volume. This
technique is characterized by very high measurement frequency, allowing
imaging of dynamic phenomena.

Studies based on the BSPM technique enable noninvasive monitoring of
the electrical activity of human organs without radiation emission. Techniques
such as ECG, electromyography, and electroencephalography (EEG) are based
on this technique. The most straightforward method for hemodynamic moni-
toring is impedance cardiography (ICG), allowing assessment of both cardiac
output (CO) and other hemodynamic parameters, such as thoracic fluid
content (TFC), systemic vascular resistance (SVR), and heart rate (HR).

The LETS system will remotely measure and monitor essential parameters
of heart and lung function, such as electrical activity of the heart muscle,
blood flow, blood pressure, pulse, thoracic impedance and its changes, lung
aeration including PEEP and AEELYV, and relative electrical conductivity, as
well as patient position during examination. Heart muscle activity based on
changes in nodal potential maps. During heart function analysis, the first
parameter that can be read is the heart rhythm, i.e., the number of beats per
minute, known as the pulse. Analysis of intervals between individual heart
cycles allows the determination of R-R intervals — their excessive variability
may indicate cardiac arrhythmias.

A monitoring vest placed on the patient’s chest using electrode arrays allows
precise detection of any abnormalities in the heart’s electrical activity, enabling
detection of conditions such as myocardial infarction. Additionally, visuali-
zation of changes in the conduction of cardiac electrical signals in areas not
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detectable in standard 12-lead ECGs can be achieved. Cells that do not receive
adequate blood supply become oxygen-deprived, altering their mechanism
and pace of work, which can be observed through parameters deviating from
the norm in the electrical signal flow. Algorithms can detect pre-infarction
states and alert medical services to intervene appropriately and prevent a heart
attack. The proposed solution can also diagnose the state after myocardial in-
farction — damaged cardiomyocytes are not replaced by muscle cells but only
by connective tissue. This negatively affects the heart’s performance capabilities,
and from a diagnostic point of view, it changes the way electrical stimulation
flows, measured in the BSPM technique. Using a matrix consisting of multiple
electrodes, as in the diagnostic vest, allows the diagnosis of numerous heart
function disorders—cardiac arrhythmias based on changes in nodal poten-
tial maps. The BSPM technique is very suitable for diagnosing heart rhythm
disorders. It involves measuring electrical potential directly on the skin of
the patient, significantly expanding the method used in electrocardiography
(ECG) examination. The greatest advantage is collecting information from
electrodes placed all over the patient’s chest.

The LETS measurement device allows for obtaining data from areas tradi-
tionally located electrodes — and using them similarly to routine diagnostics,
subjecting them to analysis and drawing conclusions from a traditional ECG,
but offering much more. In the BSPM area, the heart can be imaged in a full
360° range, as we have electrodes from the front and back. Sides of the chest,
and this imaging is performed from several rows of electrodes — some placed
higher, others lower, covering the heart from the atria, through the ventri-
cles, to the apex. It will be easier to detect abnormalities in the conduction
of impulses of the heart’s control system and detect changes within the heart
muscle in different locations.

Respiratory lung capacity based on electrical tomography measure-
ments. Obtaining lung capacity depends on the frequency at which measure-
ments were taken, as soft lung tissue contains membranes with high relative
permeability. Suppose lung tissue resistance is measured at a sufficiently high
frequency to allow current to pass through all cell membranes. In that case,
the lungs consist only of two elements: air with almost infinite resistivity and
condensed matter with nearly uniform resistivity, determined by the resistivity
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of intracellular and extracellular fluids. To estimate lung resistance at fre-
quencies above 2 MHz, values obtained for frequencies from 2 to 768 kHz
(24 frequencies) were first fitted to Cole’s equation using a method described
by Waterworth et al. (Vargas-Luna, 2024).

Lung impedance is analyzed using electrical tomography. In EIT tomog-
raphy, individual measurement frames collected during a several-second
measurement are analyzed. These frames are then reconstructed and passed
to interpreting algorithms.

PEEP (Positive End-Expiratory Pressure) based on electrical tomography
measurements. Typically, the EIT technique is used in medicine for lung imag-
ing and examination. Lungs are organs that dynamically change their volume
through inhalation and exhalation processes. Lungs show greater resistance
when properly aerated, with a median lung resistance of 157 (2 cm, a maximum
value (during maximum inhalation) of 300 Q2 cm, and a minimum value of 100
Q cm. PEEP prevents excessive lung emptying during exhalation. It is a com-
ponent of both conventional mechanical ventilation, non-invasive nasal ven-
tilation, and support of the patient’s own breathing with CPAP (Heines, 2023).

Relative electrical permeability is based on electrical tomography measure-
ments (Wdjcik, 2022). We can maintain different resistance to current flow by
applying impedance to tissues. At the same time, these results are not absolute
and may vary depending on ambient temperature, blood pressure, etc. Here
are the sample electrical resistivity values for various tissues:

» Lung during exhalation: 12.5 Qm

o Lung during inhalation: 25 Om

o Blood (50% hematocrit): 1.4-1.7 Om

o Muscles/coronary vessels: 2.5-5 Om

o  Skeletal muscles: 15-5 Qm

o Liver: 8.3 Om

o Fat: 10-50 Om

o Bone tissue: 160 Om
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CONCLUSIONS

The LETSWEB platform represents an innovative medical imaging and spa-
tial monitoring approach, offering a comprehensive data collection, processing,
and analysis system. With its distributed web-server architecture and dedicated
modules, LETSWEB enables precise visualization and interpretation of measure-
ment data, facilitating diagnosis and monitoring of pathological conditions. Key
components of the LETSWEB system include a database system, data process-
ing and analysis modules, and a user interface for interaction with healthcare
professionals. Measurement devices collect data, which is then processed and
analyzed using numerical tools. Medical data from healthcare facilities further
enrich the system, providing additional context for interpretation.

The Interpretation and Inference Module plays a crucial role in the diag-
nostic process, comparing measurement results with information stored in
the Medical Knowledge Base to formulate diagnostic proposals. However,
these proposals are subject to confirmation by attending physicians, who rely
on their expertise to validate the findings. Integrating LETS (Local Electrode
Tomography System) into medical practice heralds a significant advancement
in diagnostic capabilities, particularly cardiovascular and pulmonary health
monitoring. LETS employs a multifaceted approach, leveraging techniques
such as electrical impedance tomography (EIT), body surface potential map-
ping (BSPM), and electrical capacitance tomography (ECT) to provide com-
prehensive insights into physiological parameters.

One notable feature of LETS is its ability to conduct one-time examinations
and continuous 24-hour monitoring of heart and lung function parame-
ters. This capability is precious in identifying dynamic physiological changes
and detecting abnormalities early on. LETS facilitates proactive intervention
and management of cardiac and respiratory conditions by remotely meas-
uring and monitoring key parameters such as the electrical activity of the
heart muscle, blood flow, blood pressure, pulse, thoracic impedance, and
lung aeration. The system’s versatility extends to its diagnostic capabilities,
allowing for detecting various cardiac arrhythmias and abnormalities in heart
function. Monitoring vests equipped with electrode arrays enable precise
detection of irregularities in the heart’s electrical activity, including those
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that may not be detectable with standard ECGs. Moreover, LETS offers insights
into post-myocardial infarction states, providing clinicians with valuable
information for patient management and risk stratification.

In the realm of pulmonary health, LETS enables the assessment of respira-
tory lung capacity and monitoring parameters such as Positive End-Expiratory
Pressure (PEEP) to optimize ventilation strategies. LETS provides a non-invasive
means of evaluating lung function and detecting abnormalities in ventilation
dynamics using electrical tomography measurements. Overall, LETS represents
a paradigm shift in medical imaging and monitoring, offering clinicians a pow-
erful tool for early detection, diagnosis, and management of cardiovascular
and pulmonary conditions. Its integration into clinical practice can potentially
improve patient outcomes and enhance personalised healthcare delivery.
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