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Resumen Abstract

Resumo

INTRODUCTION

= mm lele-Electrocardiography and Epidemiology in Piaui

Introduction: Telemedicine has facilitated access to healthcare services, growing rapidly after the Covid-19 pandemic.
Objectives: To evaluate the clinical-demographic profile, the remote coverage of the telehealth service, and the
electrocardiographic changes found in the studied population. Methods: Between November 2020 and March 2022, data
from patients who underwent electrocardiograms (ECG) in primary care in Teresina and cities in the interior of Piaui, which
sent electrocardiographic tracings through the Gestor Saude system to the telehealth service of the University Hospital of the
Federal University of Piaui (HU-UFPI), were evaluated. The analyzed variables included age group, sex, distance from the
UBS, coverage region, and diagnoses of electrocardiographic changes. Results: Electrocardiograms of 27,955 patients
(63% women) from 61 UBS were evaluated, with 98.67% performed in Teresina and 1.33% in 8 municipalities up to 633 km
from HU-UFPI. Of these, 78.3% of the ECGs were normal and 21.7% were altered. Ventricular repolarization abnormality
was the most common alteration (7.96%), followed by intraventricular conduction disturbance (6.63%) and arrhythmias
(4.77%). Conclusion: The tele-ECG service of HU-UFPI showed wide implementation and reach, even in regions with
difficult access to healthcare.

Keywords: Telemedicine; Electrocardiography; Epidemiology.

Aspectos epidemioldgicos de los pacientes tratados con teleelectrocardiografia en el centro de telesalud de la UFPI
Introduccién: La telemedicina ha facilitado el acceso a los servicios de salud, creciendo rapidamente después de la
pandemia de Covid-19. Objetivos: Evaluar el perfil clinico-demografico, la cobertura remota del servicio de telesalud y los
cambios electrocardiograficos encontrados en la poblacién estudiada. Métodos: Entre noviembre de 2020 y marzo de 2022,
se evaluaron datos de pacientes que se sometieron a electrocardiogramas (ECG) en atencion primaria en Teresina y
ciudades del interior de Piaui, que enviaron los trazados electrocardiograficos a través del sistema Gestor Satde al servicio
de telesalud del Hospital Universitario de la Universidad Federal de Piaui (HU-UFPI). Las variables analizadas incluyeron
grupo de edad, sexo, distancia de la UBS, regiéon de cobertura y diagnésticos de los cambios electrocardiograficos.
Resultados: Se evaluaron electrocardiogramas de 27,955 pacientes (63% mujeres) de 61 UBS, siendo 98,67% realizados
en Teresina y 1,33% en 8 municipios hasta 633 km de distancia del HU-UFPI. De estos, el 78,3% de los ECG eran normales
y el 21,7% estaban alterados. La alteracién mas comun fue la anormalidad de la repolarizacién ventricular (7,96%), seguida
de trastornos de conduccién intraventricular (6,63%) y arritmias (4,77%). Conclusién: El servicio de tele-ECG del HU-UFPI
mostré una amplia implementacion y alcance, incluso en regiones con dificil acceso a la salud.

Palabras-clave: Telemedicina; Electrocardiografia; Epidemiologia.

Aspectos epidemiolégicos de pacientes atendidos em tele eletrocardiografia no ntcleo de telessatide da UFPI

Introducao: A telemedicina tem facilitado o acesso aos servigos de saude, que vem crescendo rapidamente apds a
pandemia da Covid-19. Objetivos: Avaliar o perfil clinico-demografico, a abrangéncia remota do servigo de telessaude e as
alteragées eletrocardiogréficas encontradas na populagdo estudada. Métodos: Entre novembro de 2020 e margo de 2022,
foram avaliados dados de pacientes que se submeteram a eletrocardiogramas (ECG) na atengéo primaria em Teresina e
cidades do interior do Piaui que enviaram os tragados eletrocardiograficos através do sistema Gestor Saude ao servigo de
telessaude do Hospital Universitario da Universidade Federal do Piaui (HU- UFPI). As variaveis analisadas incluiram faixa
etaria, sexo, distancia da UBS, regido de abrangéncia e diagnésticos das alteragbes eletrocardiograficas Resultados: Foram
avaliados eletrocardiogramas de 27.955 pacientes (63% mulheres) de 61 UBS, sendo 98,67% realizados em Teresina e
1,33% em 8 municipios distantes até 633 km do HU-UFPI. Destes, 78,3% dos ECG eram normais e 21,7% alterados.
Alteragdo de repolarizagdo ventricular foi a alteragdo mais comum (7,96%), seguida por distirbio de condugdo
intraventricular (6,63%) e arritmias (4,77%). Conclusao: O tele-ECG do HU-UFPI mostrou ampla implementagao e alcance,
mesmo em regiées com dificil acesso a saude.

Palavras-chave: Telemedicina; Eletrocardiografia; Epidemiologia..

of acute and chronic cardiovascular diseases,
reducing medical errors, increasing patient safety,

The impact of cardiovascular diseases in Brazil  reducing waiting times for specialized care in large

goes beyond individual health consequences influencing
the country's health system and economy*2. Studies reveal
significant variation in reducing mortality rates from
cardiovascular diseases (CVD) among Brazilian states,
with a more pronounced decrease observed in the
Southeast, South, and the Federal District, compared to the
North and Northeast®. This disparity highlights challenges
in the effective management of CVD, particularly within the
Unified Health System (SUS), where the implementation of
low-cost strategies that balance prevention and treatment
is complex*.

In  this context, telemedicine, especially
telecardiology, is emerging as a promising tool to improve
risk assessment in primary care®. Through screening
technologies, such as electrocardiograms (ECG),
telecardiology can facilitate early diagnosis and appropriate
management of heart disease®. By providing remote ECG
reports and support to physicians, this approach can
streamline the treatment

centers and financial costs for the SUS, and avoiding
people having to leave their homes and work.

The telecardiology system implementation in
primary care, especially in regions lacking specialized
cardiology care such as in the state of Piaui, appears
to be a viable and economically advantageous
measure’?.

The telemedicine project of the Telehealth Center
of the University Hospital of the Federal University of
Piaui (HU-UFPI) is a Brazilian initiative that integrates
information technology in the health area, aiming to
improve access and quality of medical care in remote
areas lacking specialists. This project is part of a
national effort and has been adopted in several
Brazilian states, such as Minas Gerais, Bahia, Rio
Grande do Sul, and Sao Paulo. Such initiatives seek to
promote equity in health care, allowing patients in
remote locations to receive specialized diagnoses and
treatments without the need to travel, optimizing the
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use of available health resources, and increasing the
efficiency of the health system.® This study aims to evaluate
the clinical-demographic profile and electrocardiographic
alterations in patients treated in primary health care,
enhancing the delivery of cardiovascular care at the local
level

OBJECTIVE

This study aimed to evaluate the clinical-
demographic profile and investigate electrocardiographic
changes in the studied population.

METHOD
Study Design

A cross-sectional, observational, and analytical
study was carried out, analyzing data from patients who
underwent electrocardiograms (ECG) at UBS in Teresina
and other municipalities in Piaui. The data were collected
between November 2020 and March 2022 and sent to the
HU-UFPI telehealth center.

Data Collection

Anonymized secondary data were collected from
the Ministry of Health's SMART platform. Cardiologists
evaluated the ECGs of patients treated in primary care via
the HU-UFPI telehealth system. Questionnaires assessed
the quality of electrocardiographic devices in the UBS,
including type of equipment, electrode application, quality
of printouts, and results. The number of ECG requests and
the changes identified were recorded. The variables
analyzed included age group, gender, distance from the
UBS, coverage region, and electrocardiographic
diagnoses, such as ventricular repolarization disorders
(VRD), old infarction, bundle branch block, ischemia,

Table 1: Distribution of electrocardiograms by Result

intraventricular  conduction  disorders
arrhythmias, and ventricular overload.

This study was approved by the Research
Project Evaluation Committee (CAPP) of the University
Hospital of UFPI with a letter of consent number
107/2024/SGPITS/GEP/HU-UFPI-EBSERH (protocol
number CAAE  83548624.6.0000.8050). The
researchers guaranteed data privacy, confidentiality,
and anonymity.

(IVCD),

Statistical Analysis

Data on gender, age, and ECG changes were
analyzed using the statistical software R. Absolute and
percentage frequencies described the sample
characteristics and electrocardiographic changes.
Anderson-Darling (a = 0.01) and Mann-Whitney tests
assessed the normality of age and differences
between genders and ECG changes. The significance
level adopted was 5% (a = 0.05).

RESULTS

Among 36,593 electrocardiograms available on
the SMART platform, 27,955 ECG tracings were
evaluated, from 61 active executing units, 86% were
located in Teresina. The mean age of the patients was
51.9 + 17.3 years and 63% of the patients were female.
Regarding the analysis of the electrocardiographic
tracings, 78.3% were normal, while 21.7% presented
some alteration (Table 1). Regarding the percentage
distribution of the electrocardiographic alterations
presented considering the total population studied, we
found that among the 21.7% of altered ECGs, the most
frequent abnormality found were repolarization
alterations, followed by conduction disorders and
arrhythmias (Table 2 and Figure 1).

ECG result Number of screenings Percentage (%)
Normal 21,881 78.30%
Altered 6,074 21.70%

Total 27,955 100%

Legend: ECG = electrocardiogram.

Table 2: Percentage distribution of the main electrocardiographic alterations presented (n=5595) in the studied

population (N=27,955).

Type of Alteration

Number of screenings (n)

Percentage (%)

Repolarization Alterations 2,397
Driving Disorders 1,647
Arrhythmias 1,551

Total 5,595

8.57%

5.89%

5.54%

20.01%
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Figure 1 - Percentage distribution of the main electrocardiographic alterations found in the studied population. Total
N = 27,955; N of altered ECGs = 5595.
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Electrocardiographic Alterations by Age Group

Electrocardiographic alterations were more frequent in patients over 69 years old, with 37.55% in the 69-79
age group and 51.88% in patients over 79 years old. This highlights the importance of intensified cardiovascular
monitoring in the elderly population (Figure 2). From 30 years old onwards, the presence of electrocardiographic

alterations has a progressive increase.
Figure 2. Presence or absence of electrocardiographic alterations related to age group.
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DISCUSSION

Telemedicine has been explored in the assessment and management of cardiovascular conditions in the
primary care setting. This study focused on the retrospective analysis of ECG results of patients treated in the primary
care network, emphasizing early identification and stratification of cardiovascular risk.

The distribution of ECG results showed that 78.3% of the screenings were normal, indicating a relatively
stable cardiovascular profile in the study population. Detailed analysis of electrocardiographic changes and their

ISSN: 2175_2990 | Latin Am J telehealth, Belo Horizonte, 2023;10(3): 210 - 216

213



214

Tele-Electrocardiography and Epidemiology in Piaui -

associations with epidemiological factors enables the
development of risk stratification algorithms and
protocols, enriching the ability to identify and manage
patients with cardiac conditions in primary care units
through telemedicine, especially in low-resource areas.

There are regional particularities and
variability in the prevalence and patterns of
cardiovascular diseases'?. This highlights the need to
monitor these conditions, especially in higher-risk
populations such as the elderly and men. In addition,
telemedicine allows patients in remote areas to access
specialized evaluations without traveling to urban
centers. This approach not only improves the efficiency
of the health system but also reduces the costs
associated with transportation and seeking medical
care,

The implementation of the ECG telediagnosis
system facilitated access to specialized diagnoses by
enabling electrocardiograms to be performed locally
and the reports to be interpreted remotely by
cardiologists. This ensured rapid and accurate
diagnosis, which is essential for timely interventions in
cardiac emergencies. In addition, tele-ECG promoted
the ongoing training of health professionals, ensuring
the quality and accuracy of the tests performed?2.

The data from this study provide important
epidemiological information on the
electrocardiographic and epidemiological
characteristics of patients treated at primary care units
in the state of Piaui, especially in the capital. There was
a significant predominance of units located in Teresina
(86%). This concentration of data in a single
metropolitan region may influence the generalization of
the results to the state as a whole or to Brazil, given the
socioeconomic and demographic diversity present in
the country. Compared with national studies, the
epidemiological characteristics in Teresina may not
reflect the reality of less urbanized regions or other
geographic regions of Brazil, where factors such as
access to medical care, prevalence of comorbidities,
and lifestyle habits may differ significantly'314.
Therefore, it is crucial to consider these regional
variations when interpreting the results and when
planning public health interventions, ensuring that
strategies are adapted to the specificities of each
location.

Recent studies on dynamic ECG devices to
detect atrial fibrillation (AF) have shown that advanced
technologies and artificial intelligence algorithms can
identify a higher prevalence of cardiac anomalies, often
missed by conventional ECGs. This suggests that a
significant proportion of normal ECGs may hide
undiagnosed abnormalities'®'6. Another study, part of
the MONICA/KORA project, found a high prevalence of
early ventricular repolarization (VRP) pattern in middle-
aged people, especially men, and associated VRP with
an increased risk of cardiac death. The prevalence of
VRP was higher than previously reported, indicating
that some anomalies may go undetected in routine
assessments'. These data indicate that although
many ECGs are classified as normal, underlying
anomalies may not be detected by traditional methods.
More advanced technologies and continuous
monitoring may improve the accuracy of detecting
anomalies, suggesting that the prevalence of abnormal
ECGs may be underestimated.

Therefore, it is crucial to consider technological
advances in cardiac diagnostics and the possibility of
subclinical anomalies not captured by traditional
methods.

Among the alterations found in the ECG,
ventricular repolarization alterations were the most
prevalent but this does not increase the degree of need
for attention for these patients, given that ventricular
repolarization abnormalities are common in the general
population and generally have no important clinical
significance. Arrhythmias and conduction disorders are
more prevalent in patients with structural heart disease,
especially those with previous myocardial infarction, due
to fibrotic scars that alter the electrical conduction of the
heart'8. In our study, ventricular repolarization alterations
that characterized myocardial ischemia were rare (0.4%),
being considered a low-risk profile for the population
served by primary care in our region and reinforces the
importance of actions directed at these patients who
present clinically significant alterations, optimizing the use
of public resources in the health care of the population.

One of the main limiting factors of the research
is the lack of detailed information on patients'
comorbidities. The absence of such data prevents a more
in-depth analysis of health conditions that may influence
the observed electrocardiographic characteristics. In
addition, the research did not have access to the
symptoms reported by the patients, which limits the ability
to correlate electrocardiographic changes with specific
clinical manifestations. These limiting factors may lead to
a limited interpretation of the results since it is not possible
to adequately assess the full clinical context of the
patients, which is essential for a holistic understanding of
the electrocardiographic and epidemiological findings.

CONCLUSION

In the initial experience of the HU-UFPI
telehealth center, we observed that clinically relevant
electrocardiographic alterations such as acute ischemia
and atrial fibrillation were not very prevalent but they
allowed for early diagnosis and treatment of these
patients through specialized guidance. This study
highlights the feasibility and usefulness of HU-UFPI
telemedicine as an auxiliary tool for diagnosis and
therapeutic guidance for users of the public health
system. Telemedicine, especially tele-ECG, has proven
to be an effective strategy for early identification of cardiac
anomalies, even in areas with limited resources,
facilitating access to specialized care for populations in
remote regions. However, the research faced limitations
such as the lack of detailed data on patients'
comorbidities and symptoms, which restricted a more
complete analysis of health conditions. These findings
highlight the importance of including more comprehensive
clinical information in future studies to improve the
correlation between electrocardiographic findings and
patients' health status. Therefore, the study highlights the
value of telemedicine in the cardiovascular conditions
diagnosis and management in primary care, reinforcing
the need to expand these programs and to consider
regional variations in the formulation of public health
strategies.
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