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Abstract

In Brazil, cardiovascular diseases account for more
than 10% of hospital admissions, and are considered
a significant contributor to healthcare costs. One of
the most frequently ordered diagnostic tests in the
investigation of cardiovascular diseases is the 12-
lead electrocardiogram (ECG). Cardiologists are
not widely available to provide reports in small
municipalities in Brazil, and eHealth services can be
a feasible alternative to low resource environments.
The use of tele-electrocardiography (Tele-ECG) can
improve the management of patients and support
decision making regarding referral to advanced
medical centres. This study describes the
implementation of a telediagnostic service for Tele-
ECG in the state of Pernambuco, Brazil. The service
was provided as a campaign in each community and
was conducted by a team composed of a nurse and a
technician from the university telehealth unit using
a telehealth platform HealthNet, a laptop and a
mobile digital electrocardiograph. In 2016, 34 visits
were held to municipalities in Pernambuco, with
6,138 ECGs performed on patients from waiting
lists, 63.5% of whom had never had an ECG, with
39.6%of the tests showing evidences of abnormal
clinical situations and 0.1%) showing artefacts. The
field interventions highlighted the contribution of
telehealth as a feasible strategy to enhance access to
care and reducing time to ECG reports, the need for
patient transportation and costs for the Brazilian
healthcare system, the Unified Health System.
Considering the restricted budgets of the
municipalities to acquire digital devices to perform
ECGs and the shortage of specialised medical staff,
the success of this field intervention increased the
interest of public managers for telediagnostic
services.
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Introduction

Cardiovascular diseases are frequently found in most
populations and are one of the main causes of death in
the world. These diseases are responsible for high levels
of morbidity and mortality, with impairment of
autonomy and decreased quality of life, together with
increased social and economic costs for the healthcare
system.! Systemic arterial hypertension is one of the
major factors that contributes significantly to the risk of
an individual developing cardiovascular diseases such
as heart problems or stroke. In primary care, systemic
arterial hypertension is a treatable and clinically
measurable condition.?

In Brazil, cardiovascular diseases account for more
than 10% of hospital admissions, and are considered a
significant factor for healthcare costs. Despite the
recent decline, cardiovascular diseases are still among
the main causes of death in Brazil.? The prevalence of
arterial hypertension in the Brazilian population varies
from 22.3% to 43.9%, based on a blood pressure
>140/90 mmHg. During the course of the hypertensive
disease, it is necessary to investigate possible lesions in
target organs, especially cardiac damage.’

One of the most widely ordered diagnostic tests to
investigate cardiovascular disease is the 12-lead
electrocardiogram  (ECG).  This  method is
recommended by the Brazilian guideline for the control
of arterial hypertension to evaluate cardiac damage in
patients with arterial hypertension (VII Brazilian
Guideline for Hypertension Management).* Besides
that, the ECG has been shown to be cost-effective
because it has the potential to reduce the rate of sudden
cardiac death.>®In cases of acute myocardial infarction,
the combination of clinical evaluation together with an
ECG allows a diagnostic accuracy of 90-95%.” In
general, cardiologists are responsible for formally
interpreting ECGs and writing reports. These specialists
are not widely available in smaller Brazilian
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municipalities® and thus, the use of eHealth services can
be a viable alternative in low resource environments.’
eHealth is the wuse of information and
communication technologies (ICT) for health. It
includes the relationship between medical informatics,
public health and management, enabling improvement
and/or qualified care for health services and systems
through the Internet and related technologies. '

It is reported in the literature that the use of remote
ECGs in rural areas enables a significant reduction in
the time required for the electrocardiographic diagnosis
of cardiac emergencies. Accordingly, the use of tele-
ECG (Tele-ECG) can improve the clinical management
of patients with ECG-sensitive cardiovascular diseases,
as well as assisting health professionals in decision
making for a qualified referral of these patients to
specialised medical centres.” In Brazil, Telemedicine
and Telehealth initiatives have increased over the last
decade, particularly through the Telehealth Network
Brazil Programme (TNBP). This programme was
created in 2007, by the Brazilian Ministry of Health,
which implemented telehealth to support continuing
education and improve the quality of care in the primary
care network. TNBP began in nine states, and today is
deployed throughout the country.!! The state of
Pernambuco, located in north-eastern Brazil, was one of
the pioneers in implementing the programme through
the Telehealth Center (NUTES) of the Clinical Hospital
of the Federal University of Pernambuco.!*!?

Each state adopted different strategies to offering
telehealth services, based on the local health
characteristics and available budget from the Federal
and State Government. NUTES is the oldest telehealth
centre working in a public university hospital in the
country. It began its activities in telehealth in 2003,
implementing the NUTES Network (RedeNUTES)
offering tele-assistance (inter-professional
consultations) and tele-education services in several
health-related specialties to primary care settings in
Pernambuco.'* ECG telediagnostic has been offered
through RedeNUTES since 2013. The logic behind the
telediagnostic service is based on the offer of
complementary examinations (mainly in the scope of
primary care), by means of ICT. The telediagnostic
service enables the specialist physician to write ECG
reports without the need to be in the same environment
as the patients whose ECG signals are being collected.
This provides a way to expand access to skilled and
qualify health care in remote locations of overcoming
an old barrier of the uneven distribution of specialists
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capable of writing ECG reports. Preliminary
assessments indicate an increasing interest from the
public managers of small municipalities in investing in
acquiring Tele-ECG devices and providing this service
in their communities. The aim of this paper is to
describe the implementation process of a telediagnostic
service, specifically Tele-ECG, in municipalities of
Pernambuco State, in Brazil.

Methods

This is a descriptive study based on the process of
implementing the Tele-ECG, a telediagnostic service in
cardiology, through RedeNUTES for municipalities of
the state of Pernambuco in 2016. NUTES provided
telehealth infrastructure and consultants specialised in
cardiology, technical professionals and service
logistics. A medical device company, was a partner in
the implementation and provided two 12-lead
electrocardiographs for implementation of Tele —ECG,
as the NUTES budget from the Ministry of Health did
not cover the acquisition of medical devices for
examinations.

Municipalities did not have knowledge of the
potential of the telediagnostic service, nor the resources
to acquire digital devices for its practice. Due to these
limitations, we adopted a strategy based on visiting
municipalities to deliver the Tele-ECG service as a
campaign by an itinerant team from the university. This
strategy aimed to demonstrate to public health
managers and health professionals the benefits brought
by telediagnostic practices.

Additionally, the team’s activity stimulates future
deployment by the municipality of telediagnostic fixed
sites for the continuous provision of the service to the
population. To carry out the service, the municipalities
were selected based on five requirements: the frequency
of their use of Internet based inter-professional
consultation and tele-education services; the local
infrastructure to receive the itinerant team; the size of
the population (less than 50,000 inhabitants); remote
and/or isolated locations; unmet demand and access to
the exam in loco.

The itineraries of the telemedicine team were
defined according to the municipalities’ eligibility to
receive the service, compatible schedules and
availability of transportation for the team. For each
municipality selected, Tele-ECGs were performed
during the visit on patients on waiting lists. (Figure 1)

The infrastructure of the Tele-ECG service consists
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Figure 1. Electrocardiogram test being performed on a
patient.

of a nurse, a nursing technician, 12-lead digital
electrocardiogram equipment and a laptop connected to
the Internet with access to the telehealth platform
HealthNet. This platform is used to transmit relevant
information and the ECG signals and also gives the
primary care team secure access to the report. Each
municipality was responsible for inviting the patients
who were on their waiting list for an ECG and also for
arranging for the healthcare unit to accommodate the
telehealth team and their equipment. As an effort to
stimulate the acquisition of the digital equipment, the
local healthcare practitioners also participated in the
action and received training in loco to carry out the
examination. (Figure 2)

Figure 2.Training for the test at the primary care
setting.

Communication between the team and the
cardiology specialist (also called the -cardiology
teleconsultant) was carried out through the telehealth
HealthNet platform, a cloud application developed by
NUTES. This platform is device independent and is
based on Brazilian telehealth standards to provide
structured reports. By means of this platform, NUTES
provides several telehealth services, among them inter-

De Melo KTM, et al., J Int Soc Telemed eHealth 2017;5:e11

JStTH

professional consultation and telediagnostics.

During a visit, the team accessed the telediagnostics
platform to include the request, filled in the patient's
clinical data and the requesting healthcare practitioner’s
(e.g. physician's) data, attached the ECG (as an image
or pdf file), and forwarded the request for report.
Requests were received by the NUTES teleregulation
team and after evaluating the technical quality of the
examination, were sent to the medical teleconsultant.
When completed, the report was made available
through the platform to be accessed by the physician
who requested the test. (Figure 3) At any time, the
actors in this process could connect through the
platform to request more clinical information about the
patient or attach other information that supported the
issuance of the report or the clinical discussion that may
have been generated from the result of the test.

The teleconsultants were professionals (physician,
nurse) hired and trained by NUTES in the use of the
platform and other associated resources. The health
professionals of the municipalities involved in this
service were previously registered and trained in the use
of the HealthNet Telehealth Platform.
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Figure 3.HealthNetTelehealth Platform interface for
telediagnostic.

Results and Discussion

In 2016, visits to 34 municipalities were undertaken
to perform the ECG test on patients who were on the
waiting list. (Figure 4) At each visit, 40 to 60 patients
were seen. During this period 6,138 electrocardiograms
were performed on these patients, of whom 63.5% had
never had an ECG before.
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Figure 4: Municipalities visited in Pernambuco by the Tele-ECG in 2016.

ECG abnormalities were present in 2,537 cases
(39.6%) and 0.1% of the ECGs had artefacts that
impaired reporting. (Table 1)

Table 1. Diagnoses made by Tele-ECG.

Most frequent diagnosis (n) %

Overload of the heart chambers 635 | 25.0
Arrhythmias 489 19.3
Ventricular repolarisation 382 15.1
Conduction disorders IV 355 14.0
Conduct disorders AV 256 10.1
Electrically inactive areas 189 8.0
Ischemic heart disease 125 4.9
Voltage 106 4.2

The electrocardiogram (ECG) is an important
diagnostic procedure in the investigation of
cardiovascular events in primary care. Tele-ECG allows
a medical diagnosis of pathologies related to the
cardiovascular system and consequently contributes to
a favourable prognosis and reduction of morbidity and
mortality. Small changes detected by Tele-ECG can be
characterised as "predictors" of clinical manifestations
of coronary diseases.”!”

In addition, Tele-ECG allows healthcare
professionals to better manage their patients through
early identification of clinical manifestations of
cardiovascular diseases and timely and appropriate
referrals, as in many instances patients can be managed
locally without the need to be sent to specialised
centres.

In addition, the inclusion of Tele-ECG as a routine
in healthcare service has the potential to reduce health
costs and the distance between patients and health
professionals. According to Andrade et al telecardiol-
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ogy is a useful strategy for municipalities in remote
areas without local diagnostic infrastructure.” In these
contexts, in addition to history and clinical examination,
the Tele-ECG can also be used in cardiovascular
epidemiology, being a simple and low-cost examination
that provides data on myocardial status, allowing
diagnosis of cardiac manifestations such as myocardial
infarction, ischaemia and cardiac hypertrophy and
detecting the risk of future cardiac events or mortality
from heart disease.'>!®

Of the 34 municipalities visited, 12 (35.2%) have
deployed fixed telediagnostic sites and offer the service
on a continuous basis. The acquisition of digital
devices was carried out by the municipalities
themselves. In these cases, the health team returned to
the municipality to carry out training for the
professionals who were responsible for performing the
test on a daily basis. In some cases, the municipality
implemented both, fixed and a mobile telediagnostic
site, e.g. a primary care unit with a higher demand
received a fixed site, and the others receive the visit of
the itinerant team as needed.

In such cases, the NUTES team continues to provide
support to the municipality, whether for technical and
operational questions, through call centre. Additionally,
reports are delivered through the platform and
teleconsultants are made available to discuss cases of
patients that need more monitoring.

Conclusion

The implementation of the Tele-ECG service developed
by NUTES has proved to be a crucial tool in the
diagnostic support for municipalities in the state of
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Pernambuco. These municipalities are mostly small to
medium-sized and have no health diagnostic services as
a routine. Since the implementation of Tele-ECG,
public health managers frequently report the cost-
effectiveness of the telediagnostic service through
reduction of personnel costs, less transportation of
patients, less diagnostic delay, qualification of referrals
to the specialised network.

From the experience described, we highlight the
contribution of telehealth as a safe and economically
viable alternative to broaden access to diagnostic tests.
By means of telediagnostics and specifically Tele-ECG,
specialised care can be provided to communities in
areas with restricted access, as well as supporting
clinical decision making through specialised
teleconsultation in cardiology.

The managers are enthusiastic to join the
telediagnostic service, but its implementation faces
problems such as the acquisition of equipment (basic
technological infrastructure) and hiring human
resources to perform the tests. The combined strategy
of fixed and mobile sites of telediagnostic will be
routinely offered by RedeNUTES, and new
telediagnostic procedures will be made available.
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