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Abstract

Introduction— The research area focused on health has
led to the development of platforms for cardiovascular moni-
toring systems, considering the implementation of the Inter-
net of Things as the central axis of technological innova-
tion in medical environments, in turn, machine learning
techniques and Language. Machine (ML) has proven their
1mportance in the field of data analysis, efficiently extract-
ing information for effective decision making in the field of
precision medicine.

Objective— This article objective to present results of the
design, test and evaluation of a prototype cardiovascular
variables monitoring system, where they can be saved and
displayed in real time in the cloud.

Methodology— For its development, non-invasive body sen-
sors and low-cost embedded systems were used, which allow
it to be implemented in medical environments.

Results— Consequently, the results of the implementation
demonstrate to a large extent the feasibility of implementing
this type of technology and systems without the need for the
acquisition of high-cost technological devices.

Conclusions— The prototype allows health professionals
not to have constant contact with patients who have this
device installed on their body, but to obtain medical samples
at any time under the implementation of this ICT tool.

Keywords— ESP8266; Internet of Things; Precision medi-
cine; Cardiovascular monitoring; cloud monitoring

Resumen

Introduccion— El area de investigacién enfocado a la salud
ha llevado al desarrollo de plataformas de sistemas de moni-
toreo cardiovascular teniendo en cuenta la implementacion del
internet de las cosas como eje central de la innovacién tecnol6-
gica en ambientes médicos. A su vez, las técnicas de aprendi-
zaje automatico y Lenguaje Maquina (ML) han demostrado su
importancia en el ambito de analisis de datos, extrayendo de
forma eficaz informaciéon para una toma de decisiones efectiva
en el ambito de la medicina de precision.

Objetivo— Este articulo tiene como objetivo presentar resulta-
dos del diseno, prueba y evaluaciéon de un prototipo de sistema
de monitoreo de variables cardiovasculares, en donde pueden
ser guardadas y mostradas en tiempo real en la nube.

Metodologia— Para el desarrollo de esta se utilizaron senso-
res no invasivos corporales y sistemas embebidos de bajo costo,
lo cual permiten ser implementados en ambientes médicos.

Resultados— Por consiguiente, los resultados de la implemen-
tacion demuestran a gran medida la viabilidad de implementar
este tipo de tecnologia y sistemas sin necesidad de la adquisi-
cién de dispositivos tecnoldgicas de costo elevado.

Conclusiones— El prototipo permite a los profesionales de la
salud no tener contacto constante con los pacientes que posean
este dispositivo instalado en su cuerpo, pero obteniendo mues-
tras medicas en cualquier momento bajo la implementacion de
esta herramienta TIC.

Palabras claves— ESP8266; Internet de las Cosas; medicina
de precision; monitoreo cardiovascular; monitoreo en la nube
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1. INTRODUCTION

Cardiovascular Diseases (CVD) are a major global health problem, accounting for 42% of deaths from
1schemic heart disease and 34% from cerebrovascular disease worldwide. In 2015, an estimated 17.7 million
people succumbed to CVD, representing 31% of all recorded global deaths [1]. Reports from the WHO [2],
the PAHO [3], and the ONS [4], indicate that cardiovascular diseases, along with cancer, diabetes and
chronic lung diseases, are among the most rapidly increasing health challenges. They are among the leading
causes of death globally, with CVD the most prominent, significantly outpacing cancer, diabetes mellitus,
and chronic lung diseases.

In response to this health crisis, there is an increasing emphasis on the integration of technology into health-
care. Information and Communication Technologies (ICT) play a pivotal role in identifying heart-related dis-
eases, thereby facilitating early detection of CVD. This early identification is crucial to improve patient quality
of life. The technological advancements in this field are evident, with a growing number of evaluation features
emerging that utilize both hardware and software. This progress is demonstrated in controlled clinical environ-
ments where medical examination data are efficiently captured [5]. The objectives of these ICTs, particularly
in relation to Acute Coronary Syndrome (ACS) tests [6], include: 1) developing predictive models for the biclass
1dentification of cardiovascular disease tendencies, 2) providing software-based tools for medical professionals
to diagnose CVD, and 3) stratifying patient risk by combining validated risk scores.

Data collected from sensors in controlled environments are meticulously stored in data sets. These data sets
encompass a variety of data, including laboratory tests, diagnostic tests, and clinical stress tests. To facilitate
comprehensive data collection, various modalities have been proposed, such as biomarkers [12], clinical tests
[13], biomedical sensors [14]-[16], and cardiovascular risk assessments [5]-[7].

The Internet of Things (IoT) plays a crucial role in the implementation of precision medicine, especially in
the decision-making process. IoT effectively blends hardware with software for efficient data acquisition, collec-
tion, processing, and analysis. Furthermore, IoT techniques enable the transmission of data collected through
biomedical sensors to the cloud. Once in the cloud, these data can be visualized through dashboards, offering
graphical representations accessible from any device, be it mobile or desktop. This integration of technology
significantly enhances the capacity for real-time monitoring and analysis in medical settings.

In summary, the technique discussed in this article involves measuring and integrating data from various
parameters. This integration aims to support medical professionals in improving decision-making processes
and identifying patients at risk of cardiac events before they occur.

The purpose of this article is to introduce the design, implementation, and evaluation of an IoT platform tai-
lored for the measurement and analysis of cardiovascular variables. These variables are crucial in the realm
of cardiovascular medicine.

Accordingly, the structure of this article is as follows: The second section delves into the proposed topic and
its background. The third section explores the cardiovascular variables in question and their significance in
the development of the proposed system. The fourth section introduces the model of the cardiovascular vari-
able monitoring system. Following this, the fifth section discusses the results obtained from the system's
implementation. The article ends with the sixth section, where we draw conclusions and outline potential
avenues for future research.

1I. RELATED WORKS

In reviewing existing literature on this subject, it is noted that many reviews adopt a highly specific techno-
logical perspective. They explore aspects such as the use of biomedical equipment, the analysis of information
capture, and the identification of potential cardiovascular risks. Other reviews, while not as comprehensive,
focus mainly on evaluating methods to capture and optimize the evaluation of parameters in medical records
of patients with cardiovascular disease [8].

However, there appears to be a gap in the literature regarding a novel model that specifically addresses the
acquisition of medical variables for cardiovascular parameters using IoT-based methods and tools. A more
detailed examination of some of these aforementioned studies is presented below:

At the UMH in Spain [9], researchers have implemented computer-aided techniques that offer fast and
accurate tools for the identification of a patient's Electrocardiogram (ECG) signals. Their work involves
summarizing and comparing various diagnostic techniques, including data preprocessing, feature engineering,
classification, and practical application.
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Similarly, studies conducted at the UNMSM in Peru [10], have focused on reviewing portable devices that
allow users to monitor their cardiovascular status anytime, anywhere. These devices offer exciting new pos-
sibilities and pose unique challenges for the application of ECG algorithms.

1I1. RELEVANCE OF MEASURABLE VARIABLES

In the medical field, the monitoring and identification of diseases, especially in patients who show symptoms
related to the circulatory system, requires the measurement of various parameters. These symptoms can be
silent or manifest overtly. Accurately obtaining the correct levels of these measurement parameters in medical
settings is a challenging task, necessitating the implementation of precision systems. The parameters that are
commonly monitored in this context are listed below.

A. Body Mass Index

The Quetelet index, also known as the Body Mass Index (BMI), is a crucial anthropometric variable in medical
evaluations. It plays an important role in the identification and stratification of obesity levels in adults. This
index, which calculates body fat based on a specific formula (Formula for the calculation of body fat index = (1),
has been emphasized in research conducted in Japan [11]. According to the Quetelet index, obesity levels are
classified into four distinct classes: underweight, healthy weight, overweight, and obesity.

| Weight (Kg)
BMI= —poieht (m)? W

Being overweight is a significant health problem, as it can lead to elevated total cholesterol and blood pres-
sure, both of which are key risk factors for coronary artery disease. Furthermore, obesity markedly increases
the likelihood of encountering other cardiovascular risk factors. These include, but are not limited to, high blood
pressure, elevated cholesterol levels, and diabetes. The interaction between obesity and these conditions signifi-
cantly increases the overall risk of cardiovascular diseases.

B. Body Temperature

Temperature is a measure that reflects the amount of heat in an object or entity. In the context of biology, the
term "body" refers to the physical structure of a living being, which encompasses organs, apparatus, and systems.
Therefore, body temperature is the heat level measured in the body of a person or an animal. This temperature
can fluctuate according to the time of day and other factors. However, it is generally accepted that normal body
temperature hovers around 37°C [12].

C. Blood Pressure

Blood pressure in humans is defined as the force exerted by blood against the walls of the arteries. When
the heart beats, it pumps blood into these arteries. Blood pressure is measured in two components: Systolic
(the higher number) and diastolic (the lower number). Systolic pressure represents the force when the heart
contracts and pumps blood out, while diastolic pressure indicates the force when the heart is at rest between
beats. Typically, the systolic number is written first or on top of the diastolic number. For example, a reading
of 120/80 mmHg means a systolic pressure of 120 mmHg and a diastolic pressure of 80 mmHg [12].

D. Oxygen saturation

Oxygen saturation is the measure of the proportion of oxygen-saturated hemoglobin in the blood relative to
total hemoglobin. Essentially, it indicates the amount of oxygen that is available in the blood. When the heart
pumps blood, oxygen binds to hemoglobin in red blood cells and is transported throughout the body. Maintain-
Ing optimal oxygen saturation levels is crucial, as it ensures that an adequate amount of oxygen is delivered
to the body's cells for their proper functioning and metabolic processes. Typically, healthy oxygen saturation
levels range from 95% to 100% in most people [12].
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II. CARDIOVASCULAR VARIABLES MONITORING SYSTEM MODEL

The development of the cardiovascular variable monitoring system is based on measurements obtained through
the implementation of biomedical sensors. These sensors employ a noninvasive methodology which simplifies the
process of medical sampling. In addition, the system incorporates a component that focuses on in situ samples. The
specifics of this approach, including the parameters measured and the techniques used, are detailed in Table 1.

TABLE 1.
MEDICAL DATA COLLECTION METHOD.
Measure Sensor Applied Type of sample
BMI Measuring tape Insitu
Pulse Pulse sensor Non-invasive
Systolic Digital blood pressure monitor Non-invasive
Diastolic Digital blood pressure monitor Non-invasive
Height Measuring tape Insitu
Temperature DS18B20 Non-invasive
Blood oxygen MAX30101 Non-invasive

Source: Authors.

All sensors in the monitoring system are integrated with the ESP8266 hardware [17]. This hardware is respon-
sible for processing the collected data and transmitting it to the cloud. Data transmission to the server occurs
through a WiFi connection, utilizing the communication module embedded in the ESP8266 device[17].

Once in the cloud, the data are aggregated and displayed on a dashboard. This dashboard facilitates effective
monitoring, enabled by the continuous interaction with the ESP8266 hardware [17], and its reliable WiF1i con-
nection. A comprehensive diagram illustrating the overall architecture and workflow of the proposed platform is
presented in Fig. 1.

?'\

Pulse sensor

©

MAX30101

(®)

0518820 ESP8266

Fig. 1. Diagram of a prototype system for monitoring cardiovascular variables.
Source: Authors.

The programming of the ESP8266 module [17] was carried out using the Arduino Integrated Development Envi-
ronment (IDE) software [18]. Within this programming environment, sensors were configured and the respective
software for the monitoring system was developed. The Arduino IDE's console provided a robust platform for
coding, testing, and debugging the software necessary to effectively operate the ESP8266 module in the context
of cardiovascular variable monitoring [17].

II1. IMPLEMENTATION RESULTS

The monitoring platform was successfully implemented at the Universidad de la Costa-CUC (Barranquilla,
Colombia). This platform enables real-time monitoring of various health parameters, and it also provides access
to historical medical data. The sampling process involved students from the Computer Science and Electron-
ics department, specifically targeting those in the third and fourth semesters of the active systems engineering
program.

In the visualization process, as shown in Fig. 2, pulse, Body Mass Index (BMI), and temperature sampling is
demonstrated. Fig. 3 illustrates the relationship between systolic and diastolic blood pressure. Meanwhile, Fig. 4
displays the blood oxygenation levels of the analyzed patient. Each figure also specifically denotes the period of
sample capture, which 1s crucial to developing a subsequent data analysis. It 1s important to note that during
this phase, no alerts were generated as the model's scope was confined to the acquisition, transmission, and visu-
alization of data on the described platform.
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Fig. 2. Display of sample related to Pulse, BMI, and Temperature.

Source: Authors.
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Fig. 3. Visualization and relationship between Systolic and Diastolic Pressure.
Source: Authors.
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Fig. 4. Visualization of Blood Oxygenation.
Source: Authors.

IV. CoNCLUSIONS

The Internet of Things (IoT) and its role in precision medicine are highly relevant in this post-pandemic era, par-
ticularly for monitoring vital signs and analyzing behavioral changes in patients who have recovered from SARS-
CoV-2 (COVID-19). This article presents a clear demonstration of the design, implementation and deployment of an
efficient prototype to monitor cardiovascular variables on a small scale, using IoT as a fundamental component of
decision making. Furthermore, it enables systematic recording and storage of information in the cloud, facilitating
the maintenance of an electronic health record for the patient under analysis.

A key feature of this system is that it allows healthcare professionals to monitor patients remotely, reducing the
need for constant physical contact with individuals who have this device installed in their bodies. Medical samples
can be obtained at any time using this ICT tool. However, some limitations were identified in this research, such
as occasional delays when transmitting all data simultaneously.

As part of future work, it is proposed to extend the range of sensors and implement Bluetooth Low Energy (BLE)
based technologies to improve the physical prototype. It should be noted that all connecting elements were initially
implemented in a wired form.
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