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Telecardiology

In this chapter, we aimed to make an overview of recent applications of telecardiol-
ogy in primary and specialized care, as well as to give examples of our practice in
telecardiology. Our group is part of a Brazilian public telehealth network, the
Telehealth Network of Minas Gerais, a partnership among seven public universities,
with broad experience in cardiology. Since 2005, more than 4.9 million tele-
electrocardiograms have already been analyzed, as well as 3693 Holter, 655 ambu-
latory blood pressure monitoring, and 133,284 teleconsultations. We have been
working on different clinical decision support systems and short message service
(SMS) programs.

Telecardiology in Primary Care

In primary care, teleconsultations, tele-diagnosis, and tele-education, applied in an
integrated manner, possibly associated with tools such as decision support systems
(DSS), may improve the quality of care for cardiovascular diseases, especially
hypertension, atrial fibrillation, heart failure, and acute myocardial infarction. In
remote municipalities with few inhabitants, primary care is often the only level of
local healthcare and may receive patients with acute cardiovascular disease in an
outpatient setting, especially in large countries with less integrated systems with
difficult patients’ removal to a more complex healthcare unit. Thus, telecardiology
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in primary care may improve the quality of care not only for chronic diseases, but
also may support the emergency care for acute coronary diseases and arrhythmias.

Tele-regulation may support primary care to qualify access to specialized care.
The applications of telecardiology in primary care will be briefly reviewed.

Health Promotion and Prevention

In cardiology, health promotion actions for primary and secondary prevention of
cardiovascular diseases have an outstanding impact in morbimortality, and may be
associated with significant cost reduction in healthcare expenses due to the decrease
in specialized consultations, hospitalizations, and emergency hospital admissions
[1]. Telemedicine may be useful in controlling risk factors for coronary artery dis-
ease, such as improving blood pressure (BP) control [2-5], reducing glycohemoglo-
bin in diabetic patients [6—8], and improving lipid profile [9, 10]. Furthermore, it
may help to reduce weight, body mass index (BMI), and waist circumference in
obese or overweight patients [5, 11-13] as well as increasing the success of smok-
ing cessation programs [14].

Several modalities of telemedicine can assist in this regard, such as mobile phone
text or audio messaging systems, which have shown positive results in medication
adherence, change in eating habits, and physical activity in patients with hyperten-
sion, diabetes, obesity, or patients who had an acute myocardial infarction (AMI)
[13, 15]. Twenty-four-hour monitoring services are becoming more frequent
through the development of pieces of equipment which are linked to telemedicine
systems, such as a stethoscope, balance, digital thermometer, BP monitors, remote
monitoring of vital signs, and implantable electronic devices [16, 17]. Even simple
watches have been transformed into monitoring systems with technology to report
heart rate, presence of arrhythmias, stress level (analyzing humidity and skin tem-
perature), optical BP monitoring, and physical activity [18, 19]. There are several
applications which are now available for the guidance of healthcare professionals,
patients, or even for self-care [16].

Decision Support Systems

Decision Support Systems (DSS) add knowledge and information of specific
patients for physicians, other healthcare professionals, or patients themselves to
improve the quality of the treatment and patient outcomes (www.healthit.gov/topic/
safety/clinical decision support). The Community Preventive Services Task Force
recommends using these systems in the prevention of cardiovascular diseases. Such
recommendation is based on low-to-moderate quality of evidence, which show an
increase in cardiovascular risk factors screening; antiplatelet therapy prescription
for primary prevention; and also, healthy diet, physical activity, and smoking cessa-
tion counseling [20]. It may have wide application in primary healthcare, but results
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are still inconsistent when considering its clinical impact, with few isolated studies
demonstrating an increase in smoking abstinence, adherence to drug treatment, and
physical activity engagement, and a slight reduction in BMI (mean reduc-
tion = —0.10) [21].

Regarding emergency room (ER) admissions, hospitalizations, and cardiovascu-
lar events, studies have shown no consistent impact so far, but further studies are
required. In one study, which assessed an educational strategy for health profession-
als associated with DSS alerts compared to an isolated educational strategy, lower
mortality rates were observed in the intervention group [22].

Teleconsultation

Teleconsultation can be defined as a second opinion system that allows information
exchange between distant healthcare professionals and local healthcare profession-
als to discuss a clinical case when a specialist is not locally available (Fig. 24.1)
[23]. They can be synchronous/real-time (with simultaneous interaction; by video,
web conference, telephone, or toll-free telephone number) or asynchronous/store-
and-forward, in a time-independent basis (Fig. 24.1).

Teleconsultations may have great applications in primary care to support health-
care professionals in remote and resource-constrained areas, including timely access
to correct medical information, quality improvement of the diagnosis and treatment
process, increased physician trust, and significant improvement in the total quality
of healthcare [24]. As a tool with potential to increase primary care resolution, it
may be incorporated into the workflow of primary care units as a part of the

Fig.24.1 Representation
of the teleconsultation

service
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Fig.24.2 The audit cycle. Planning and
(Adapted from Benjamin preparation

A, 2008)

Defining strategies to

keep the improvement 5 Selecting criteria

for audit review

Defining strategies to
improve Measuring level of
performance

regulatory process of the municipality. Thus, it represents an efficient way to reduce
waiting times for a face-to-face appointment with a cardiologist.

There are still few studies on the impact of teleconsultations on hard outcomes,
such as mortality. A systematic review by Liddy et al. [25] cited a randomized study
comparing patients who had had teleconsultation to those who had been offered a
traditional referral. The authors assessed the impact on death, myocardial infarction,
catheterization or emergency angioplasty, and ER visits. The teleconsultation group
was more likely to have an appointment with the cardiologist and fewer ER
admissions.

Continued education and professional qualification are other benefits of the tele-
consultations, as well as a reduced sense of isolation, for the professionals who
work in remote areas.

Overall, patients and medical professionals appear to be satisfied with telecon-
sultation services [26—28]. However, the quality of the service should be assessed
periodically using predetermined criteria to ensure sustained positive effects
(Fig. 24.2) [29]. Our group recently published a paper describing a methodology to
analyze the quality of teleconsultations [24].

The methodology started with a literature review to analyze methodologies that
had already been used to evaluate the quality of asynchronous teleconsultations in
the following databases: Medline, Lilacs, and Scielo. In Medline, the following
descriptors were used: telemedicine, remote consultation, medical audit; and terms:
teleconsultation, audit, quality. In Lilacs and Scielo corresponding terms were used.
Due to the lack of studies analyzing teleconsultation in the literature, it was neces-
sary to develop our methodology. With this purpose, specialists from our group
were consulted and an initial version was developed, tested, and improved over
time, resulting in the criteria showed in Table 24.1.

We established five domains which represented important items to be assessed:

1. Quality: Technical and scientific knowledge based on the best online available
evidence, point-of-care information summaries, and guidelines from the
Brazilian Ministry of Health.

. Objective: Focus and details which are required for an answer to be complete.

. Ethics: If the teleconsultant has an ethical behavior.

. Courtesy: If the teleconsultant is polite when answering a query.

. Grammar: Adequacy of grammar and vocabulary basic rules).
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Each category received a score from 1 to 3 from the lowest to the highest grade.

This methodology has been used for feedback of the teleconsultation team and
continued improvement of our service (Fig. 24.2). It can be easily replicated in other
services worldwide to guarantee high quality of periodic auditing and may have
positive impact to the quality of services provided by large-scale telemedicine
services.

Tele-Regulation

The demand for specialist referrals is growing worldwide, surpassing what most
services can offer in terms of specialists’ consultation, and thus waiting lists are
becoming increasingly longer [30]. Telehealth interventions, especially when
involving tele-regulation, have shown a great impact in reducing waiting times,
qualifying demands to avoid unnecessary referrals [31-33]. By using guiding pro-
tocols, tele-regulation enables to classify the demand for specialized care according
to a risk classification, and the final decision regarding referrals’ priority is a joint
decision between both the attending and the tele-regulator physician [30-33].

Telediagnosis

Tele-electrocardiography is a very popular modality in telecardiology, as it is a sim-
ple exam and requires low-cost technology for transmitting files easily, even with
slow Internet connections (Fig. 24.3). It can be easily incorporated into the primary
care routine, due to its great utility and technology suitability for places with basic
infrastructure in poor and remote areas [34, 35]. Twenty-four-hour Holter monitor-
ing and ambulatory blood pressure monitoring (ABPM) are other exams which have
been analyzed by telecardiology services.

Recently, Artificial Intelligence (AI) has helped large electrocardiogram data-
bases to facilitate the execution of the exam reports, as well as to increase their
accuracy. Decision support systems qualify care, with the potential to improve the

Fig. 24.3 Telediagnosis
service in the primary care
units in Brazil




386 M. S. Marcolino et al.

management of patients with cardiovascular diseases, such as hypertension, atrial
fibrillation, and heart failure.

Tele-echocardiography has also shown to be a promising strategy to enable access
to initial cardiology investigation, early diagnosis, prioritization of referrals, and orga-
nization of waiting lines in healthcare systems. Initial evidence for its use comes from
population-based screening studies, such as in rural India, where more than 1000
echocardiograms were performed in about 11 hours and sent to the cloud computing
with good agreement between preliminary field diagnosis and expert reports (k = 0.85)
and an alarming 16% rate of significant abnormalities (including 32.9% of heart valve
abnormalities) [36]. Evidence also suggests that even in high-income regions such as
the United Kingdom, population-based echocardiographic screening in primary care
by non-specialists proved to be an attractive strategy, with clinically significant (mod-
erate-to-severe) valve disease observed in 6.4% of asymptomatic population aged
>65 years, with prevalence associated with socioeconomic factors [37]. The strategy
may be especially useful in low-income countries, where presumably there is a high
burden of undiagnosed cardiovascular disease and limitations in the provision of spe-
cialized care, including conventional echocardiography. The tele-echocardiography
strategy was initially tested in Brazil in a rheumatic heart disease screening program
(study PROVAR: Rheumatic Valve Disease Screening Program), which established a
research protocol acquisition routine at the research level simplified with portable and
ultraportable devices by paramedics (nurses and technologists), uploaded to dedicated
cloud computing system for expert storage and remote interpretation [38, 39]. In addi-
tion to remote diagnostics, telemedicine was also used for training health profession-
als on basic principles of echocardiography through interactive online modules. The
effectiveness of online training has been demonstrated even by the accuracy of these
professionals for the basic diagnosis of rheumatic heart disease [38]. In this project,
there was a high prevalence of subclinical rheumatic heart disease (4.2%), a signifi-
cant finding considering the impact of the disease on public health [40].

Telediagnosis exams should be submitted to periodic audits, to guarantee the
quality of the services (Fig. 24.2).

Tele-Education

Remote educational activities in cardiology for healthcare professionals may help
improving the quality of care. Patient-focused educational activities should also be
encouraged for their empowerment.

Specialized Care
Heart Failure
There is extensive literature on the use of telemedicine strategies to monitor patients

with heart failure (HF), aiming to reduce hospitalizations, which are associated with
increased morbidity, mortality, and costs. Additionally, there is evidence it may
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increase the patients’ empowerment. Interventions range from using traditional
technologies, such as structured telephone support, telemonitoring using innovative
technologies with implantable or wearable devices, DSS, and machine learning to
predict complications [41-43]. Although evidence is variable, overall there is a
positive impact. However, the application of these strategies in clinical practice is
still very limited by regulatory, logistical, and financial restraints [44].

Telemonitoring can be either invasive or noninvasive. Sensors are tools which are
increasingly embedded in smartphones and other mobile devices, and are capable of
detecting, recording, and responding to specific data, for instance, patients’ vital
signs. Sensor’s logging can generate large data sets that can be transmitted in real
time to healthcare professionals [45]. As many multi-professional intervention pro-
grams often have geographical, economic, and bureaucratic barriers, telemonitoring
may be a solution to promote better care for patients with HF [41].

Evidence about structured telephone support and noninvasive telemonitoring in
HF patients was summarized in a Cochrane systematic review, which included 41
studies. Structured telephone support has shown to reduce all-cause mortality (RR
0.87,95% CI 0.77-0.98; n = 9222) and HF-related hospitalizations (RR 0.85, 95%
CI 0.77-0.93; n = 7030), both with moderate quality of evidence. As for telemoni-
toring, it also reduced all-cause mortality (RR 0.80, 95% CI 0.68-0.94; n = 3740)
and HF-related hospitalizations (RR 0.71, 95% CI 0.60-0.83; n = 2148), both with
moderate quality of evidence [45].

In another meta-analysis [46], which assessed 26 studies, 2506 patients were fol-
lowed by telemonitoring, including the transmission of vital signs, a time-dependent
effect was observed. Short-term follow-up (up to 180 days) demonstrated better
results in hard outcomes, including mortality, which were not achieved with a fol-
low-up for a period longer than 1 year. On the other hand, telemonitoring has not
shown to reduce hospitalization, regardless of the follow-up time. An increase in ER
visits was observed in the telemonitoring group, thus, it raises the question of how
an intervention that does not reduce hospitalization can impact on mortality. Perhaps
early detection of decompensating sign encourages patients to seek medical atten-
tion, which can be promptly treated with diuretics and vasodilators without the need
for intensive therapy.

The evidence regarding length of hospital stay is even more controversial as
among seven structured telephone support and nine telemonitoring studies, only one
study of each intervention observed a significant reduction in length of hospital stay.
However, a much more noteworthy number of studies, 9 of 11 structured telephone
support and 5 of 11 telemonitoring, reported significant improvements in quality of
life and welfare. Three of nine structured telephone support studies and one of six
cost-monitoring telemonitoring studies noted a reduction in cost, and two telemoni-
toring studies reported cost increases due to the cost of the intervention and increased
medical management. Seven of the nine studies that assessed knowledge about HF
and self-care behaviors observed significant improvements. Although acceptability
among participants was observed between 76% and 97%, a decrease in participants’
adherence over time can be challenging. In this review, adherence rates varied
between 55.1% and 65.8% for structured telephone support and 75% and 98.5% for
telemonitoring [45].



388 M. S. Marcolino et al.

The benefit of telemonitoring in HF was recently confirmed by the publication of
“The Interventional Telemedical Management in Heart Failure II (TIM-HF2)”
study. This was a prospective, randomized, and multicenter clinical trial in which
1571 HF patients with New York Heart Association (NYHA) functional classifica-
tion II or IIT or those who had been hospitalized for heart failure within 12 months
prior to randomization and with ejection fraction (LVEF) of 45% or less were ran-
domly assigned to remote management or just usual care lasting up to 393 days
[47]. Patients assigned to remote patient care lost an average of 17.8 days per year
due to unplanned cardiovascular hospital admissions compared to 24.2 days per
year for patients assigned to usual care. All-cause mortality had a hazard ratio (HR)
0.70, 95% (CI 0.50-0.96; p = 0.0280) in favor of telemonitoring, but cardiovascular
mortality was not significantly different between the two groups (HR 0.671, 95% CI
0.45-1.01; p = 0.0560) [47].

New devices which monitor intracardiac pressures have the most compelling
evidence for the use of telemonitoring and are related to the use of more advanced
technologies. CardioMEMS is a device implanted percutaneously in the pulmonary
artery that transmits central pressure values to a platform. When pulmonary artery
pressure levels reach values above a certain threshold, the physician receives an
alert and a trend statement indicating pulmonary congestion or low cardiac output.
Other devices for right ventricular implantation are already in experimental use. The
“CardioMEMS Heart Sensor Allows Monitoring of Pressure to Improve Outcomes
in NYHA Class III Heart Failure Patients (CHAMPION)” study [48] evaluated HF
patients with NYHA function capacity III in 64 United States centers, who were
randomized to use an electronic central unit that receives hemodynamic data from
CardioMEMS or for control group treatment. In the monitored group, doctors used
daily data from pulmonary artery pressure measurements to guide treatment. At the
mean follow-up of 15 months, there was a 37% reduction in the rate of HF-related
hospitalizations compared to the control group [49].

Hypertension

Telemonitoring strategies can also be applied to control BP. They are frequently
confused with the self-monitoring BP approach. Studies which evaluated antihyper-
tensive medication titration using self-monitoring present contradictory results;
moreover, the precise role of telemonitoring on self-monitoring is unclear.

Several studies have demonstrated that hypertension telemonitoring strategies
with clinical pharmacist involvement have a beneficial short- and medium-term
impact on BP control. Margolis et al. [S0] evaluated the effect of this intervention
after a 54-month follow-up in a randomized cluster study of 16 primary care cen-
ters, which involved 450 patients (228 in telemonitoring and 222 in usual care). The
intensive telemonitoring intervention has shown sustained effects on BP control for
up to 24 months (12 months after the end of the intervention), losing longer-term
efficacy [50].
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The INTERACT study was a randomized controlled trial in which 303 patients
using oral antihypertensive and/or hypolipidemic medication were allocated to
receive or not SMS text messages. The group receiving text messages improved
adherence to the prescribed medication at 6 months compared to the patients who
did not receive any messages. Overall, there was a 16% improvement in medication
adherence [50, 51].

In the TASMINH4 study, 1182 patients were randomly allocated (1:1:1) for anti-
hypertensive titration by the attending physician who used clinical readings (usual
care group), performing monitoring alone (self-monitoring group), or using tele-
monitoring self-monitoring (telemonitoring group). It has been observed that the
use of BP self-monitoring to support antihypertensive therapy in the treatment of
individuals with poorly controlled hypertension in primary care results in lower
systolic BP without increasing the workload of the healthcare team. After 1 year,
patients whose medication was adjusted using self-monitoring, with or without tele-
monitoring, had significantly lower systolic blood pressure than those who received
office-adjusted BP treatment. Blood pressure in the telemonitoring group for medi-
cation titration has a faster decrease (at 6 months than the control group), an effect
that is likely to reduce cardiovascular events even further and may improve manage-
ment [52, 53].

A Cochrane systematic review [54] aimed to establish the effectiveness of mobile
phone interventions to improve medication adherence for primary prevention of
cardiovascular disease in adults. Participants were recruited from primary care units
or outpatient clinics in high-income countries (Canada, Spain) and middle- and
high-income countries (South Africa, China), but interventions received varied
widely. One trial evaluated an intervention focused on adherence to blood pressure
medication, provided exclusively through the SMS, whereas a different intervention
involved blood pressure monitoring combined with feedback provided via smart-
phone. The authors judged the body of evidence for the efficacy of mobile phone—
based interventions as poor quality with regards to objective outcomes (blood
pressure and cholesterol). Considering two studies which evaluated medication
adherence along with lifestyle modifications, one reported a slight improvement in
lowering low-density lipoprotein cholesterol (LDL-c), while the other found no
benefit whatsoever. A study (1372 participants) of a text-based intervention for
adherence showed little effect in systolic blood pressure reduction for the interven-
tion group which received informational-only text messages, and uncertain evi-
dence of benefit about the second intervention model which provided additional
interactivity with participants. One study examined the effect of blood pressure
monitoring combined with a mobile phone text-messaging system and reported
moderate benefits on systolic and diastolic blood pressure. There was conflicting
evidence from two trials aimed at adherence to medication along with lifestyle
advice using multicomponent interventions. While the former found great benefits
on blood pressure levels, the latter showed no such effect. The authors concluded
that there is poor quality evidence regarding the effects of mobile phone interven-
tions to increase adherence to prescription drugs for primary prevention. In
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conclusion, there is currently uncertainty about the effectiveness of such interven-
tions based on this review.

Emergency Services

Telemedicine has different applications in emergency services, including electro-
cardiogram transmission, which can be associated with synchronous teleconsulta-
tion, to assist the early diagnosis and management of acute coronary syndrome
(ACS) cases (Fig. 24.4) [55].

Decision support systems could also to aid in the diagnosis, management, and
prediction of cardiac complications in patients with ACS [56], prehospital bedside
ultrasound image transmission, [57] and image transmission and support in the

Fig.24.4 Schematic
representation of

telemedicine for
emergency acute care. Situation B ) Situation C
Treatment strategies using s : i
telemedicine are shown for ician physician
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Telemedicine on emergency acute care

Acute Coronary Syndrome
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electrocardiogram.
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goes to the nearest RAU
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electrocardiograph.
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calls the prehospital care THE HUB
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data and information transmission ambulance with EKG without
~—————¢ patient transfer physicians
RAU  remote attendance unit B3~ ambulance with EKG and
PCl  percutaneous coronary intervention physicians
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diagnosis and management of patients with stroke [58]. The use of DSS could
increase adherence to ACS patient management guidelines recommendations, but
evidence on its impact on clinical outcomes is still lacking [58].

Telecardiology on Myocardial Infarction Systems of Care

Myocardial infarction systems of care aim to integrate prehospital, hospital, and
hemodynamic services where patients with acute myocardial infarction (AMI)
are managed in a given region to optimize their management. This system is
proposed to better delineate these patients’ care, involving early diagnosis, pre-
hospital care, initial treatment, thrombolytic use, referral to a specialized hospi-
tal and post-event follow-up. It aims for high quality, effective, and safe care for
patients with AMI, optimizing resources and reducing disparities in access to
care [56, 59].

Telemedicine services play a crucial role in AMI systems of care as they facili-
tate communication from the physician in a low-complexity emergency unit or hos-
pital and prehospital healthcare professional with cardiologists at a hub or
hemodynamic center hospital that will receive the patient. Cardiologists may assist
in the following:

1. Analyzing and interpreting the electrocardiogram in order to obtain an accurate
and early diagnosis of ST-segment elevation myocardial infarction [54, 60]

2. Guidance on the best management, helping to decide if there is indication of
thrombolytic use and other medications by using synchronous teleconsultations
[55, 60]

3. Monitoring the patient’s clinical condition through telemonitoring, with syn-
chronous data transmission [60]

In patients submitted to primary PCI, prehospital electrocardiogram, and trans-
mission to PCI center can decrease treatment time, by direct admission of the patient
in the catheterization laboratory, bypassing the ER [55].

A typical telemedicine system of care consists of a specialized center (hub) and
multiple remote care units distributed within a geographic region (spoke centers),
connected bidirectionally with the help of a communication channel (Fig. 24.4).
The specialized center can be a cardiology referral hospital, an ambulance regula-
tion service, or a telemedicine center. Some AMI systems of care are comprised of
more than one specialized center, each with certain remote units with regional
coverage [61].

In recent years, the use of telemedicine tools in AMI has soared worldwide. A
recent meta-analysis included studies in Europe (11), North America (8), South
America (5), Asia (9), and Australia (2) with 16,960 patients. There was a moderate
quality of evidence that the use of telemedicine strategies plus usual care reduces
in-hospital mortality by 37% (relative risk [RR] 0.63 [95% CI 0.55-0.72]), with a
number needed to treat (NNT) of 29 (confidence interval [CI] 95% 23-40), when
compared to usual care without telemedicine. This analysis also showed poor qual-
ity of evidence that this intervention reduces door-to-balloon time (mean difference
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28 (95% CI —35, —20) minutes), 30-day mortality (RR 0.62 [95% CI 0.43-0.85]) as
well as long-term mortality (RR 0.61 [95% CI 0.40-0.92]) [55].

Management of Oral Anticoagulant Users

Self-management strategies have been associated with a significantly lower risk of
ischemic stroke compared with treatment with direct oral anticoagulants, while no
significant differences were observed for major bleeding or mortality. However,
decreased vigilance is a potential problem in detecting patients who are unable to
take care of their treatment. A structured education program is required for all stake-
holders (patients, their caregivers, and healthcare professionals), as well as an
increased quality control system [62—-64].

Cardiac Rehabilitation

Guidelines recommend cardiac rehabilitation for patients after myocardial infarc-
tion, percutaneous coronary intervention (PCI), or coronary artery bypass graft
(CABG) surgery. However, it is still underused, with only 14-31% of participants
among all eligible patients. Difficulties in patient access to attend face-to-face ses-
sions and high costs are important barriers [65]. In this sense, telehealth interven-
tions using information and communication technologies to enable remote
rehabilitation programs can overcome barriers to access while preserving clinical
supervision and individualized exercise prescription [66].

In a systematic review that included 11 studies, the type of intervention proposed
was highly variable and included the use of mobile or desktop applications, biosen-
sors, and interventions using fixed-line phone calls. The interventions involved pre-
scription and/or performance monitoring and adherence. All interventions included
feedback, education, psychosocial support, and/or change behavior via fixed-line
phone calls, mobile messaging, email, website, online tutorials, or online chat [67].

It was observed that the level of physical activity was higher in the intervention
group compared to usual care. As for face-to-face rehabilitation, telehealth interven-
tions were more effective for physical activity improvement, exercise adherence, in
lowering diastolic blood pressure and LDL-c levels, with low to moderate quality of
evidence. The telehealth rehabilitation was similar to face-to-face rehabilitation
with regards to aerobic exercise levels and other modifiable cardiovascular risk
factors [67].

The Telehab III study was a prospective multicenter randomized controlled clini-
cal trial with cardiac rehabilitation patients. There were 140 patients randomly allo-
cated to a 24-week tele-rehabilitation together with usual rehabilitation group and a
usual rehabilitation group only. The additional intervention which involved tele-
rehabilitation contributed even further to improvements in physical activity and
quality of life and may induce persistent health benefits [68].
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In a Chinese clinical trial, 98 NYHA classes I to III HF patients were randomized
to either a home exercise training program via teleconsultation for 8 weeks or usual
outpatient follow-up. Significant statistically improvements were observed in the
experimental group regarding quality of life and 6-minute test compared to the con-
trol group. The results corroborate that physical training programs via teleconsulta-
tion is an effective alternative method for cardiac rehabilitation [69].

The REMOTE-CR is a non-inferiority randomized controlled trial which tested
costs and effects of a real-time teleconsultation cardiac rehabilitation in 162 HF
patients and demonstrated that it is a cost-effective alternative to increase the scope
of rehabilitation [70].

Home cardiac rehabilitation may be an alternative to increase patient engagement
in the program by offering greater flexibility and options for activities. Therefore, it
is a reasonable choice which can suit the patient’s values and preferences, and can be
implemented in their daily routine [71]. The association of tele-rehabilitation with
conventional rehabilitation was more effective and efficient when compared to the
conventional rehabilitation program only, promoting a reduction in readmissions rate
due to cardiovascular causes and increasing quality of life [68, 72].

Remote Monitoring Using Implantable Devices

Pacemaker telemonitoring showed no significant improvement in the quality of life
and number of cardiovascular events; however, events were detected and treated
earlier, thus reducing hospitalization and hospital visits (routine and emergency).
Moreover, it was cheaper than the in-hospital follow-up [73].

Another form of implantable monitoring can be performed using implantable
cardiac defibrillators (ICDs) or resynchronization devices. Some of these devices
may have multiparameter monitoring software such as thoracic impedance and
right ventricular filling pressure measurements captured by the electrode on the
right ventricle. A groundbreaking 2008 study suggested that the use of such devices
had clinical benefit in 92 NYHA class III patients [74]. Later, the IN-TIME study
tested a similar strategy using multiparameter monitoring devices (ICDs and resyn-
chronization devices). In this study, the parameters studied were events such as
ventricular and atrial tachyarrhythmia, a low percentage of biventricular pacing,
increased frequency of ventricular premature beats, decreased patient activity, and
intracardiac electrogram abnormalities. If these parameters had any abnormalities,
the system triggered phone calls to a specific contact. The group allocated for
remote monitoring showed a significant reduction in combined clinical outcome
and total mortality [75].

Other similar studies also demonstrated a reduction in combined clinical out-
comes, often related to a decreased need for face-to-face visits [76]. Results from an
unselected population cohort study also indicate benefits of using information
obtained from remote monitoring with ICD/cardiac resynchronization therapy
(CRT) on mortality [77]. However, a meta-analysis with 11 randomized trials
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evaluating 5703 patients showed no consistent results on clinical outcomes. In this
meta-analysis, telemonitoring devices were associated with a reduction in the total
number of visits (planned, unplanned, and ER) (RR 0.56; 95% CI 0.43-0.73,
P < 0.001); however, hospitalization rates from cardiac causes (RR 0.96; 95% CI
0.82-1.12, P = 0.60) and the composite endpoints of ER, unplanned hospital visits,
or hospitalizations (RR 0.99; 95% CI 0.68—1.43, P = 0.96) was similar between the
groups. Total and cardiac mortality were also similar between groups [78].

Telecardiology Monitoring and Management

Cost and quality in a telecardiology service are strictly related to the monitoring and
management of the process. To have adequate control of cost and quality it is neces-
sary to establish the management framework based on Key Performance Indicators
(KPI). Monitoring KPI variations, corrective actions are taken to reach the estab-
lished goals.

There are two types of KPIs: those related to the final goals or objectives of the
whole process (high-level KPIs) and those related to the subprocesses or activities
necessary to achieve those goals (low-level KPIs). Initially, high-level indicators
and respective goals must be defined based on the objective to be reached. In a sec-
ond step, those KPIs are deployed according to the subprocesses to have control of
every step along the main process. The deployment level has to compromise moni-
toring cost and amount of information: A very deep deployment results in detailed
information but has a high monitoring cost.

To demonstrate the use of KPIs in telecardiology, it will be considered as an
example a Tele-Electrocardiogram Service: ECG signal is collected in remote sites
and sent to a diagnostic center to be analyzed by a cardiologist. Then a diagnostic
report is sent back to requesting doctor. The main objective of such service is to
produce a precise diagnostic report rapidly at low cost. The subprocesses involved
to reach such objectives are ECG data collection and transfer, medical analysis, and
report delivery. Based on these premises it is possible to establish the high-level
KPIs and to deploy them in subprocess KPIs.

High-Level KPIs for a Tele-ECG Service

Based on the main objective of the tele-ECG service to produce a precise diagnostic
report rapidly at low cost, it is possible to establish the following KPIs:

1. Production: The number of diagnostic reports made in a specific time interval,
usually by month, and the accumulated number of reports. These KPI allows
evaluation of the acceptance of the service and to scale future needs of labor and
infrastructure.

2. Response time: Defined as the time interval between the ECG data, it is intro-
duced in the system and the diagnostic report is available to the requesting
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doctor. To reduce this KPI it is necessary to control each time step between these
two events.

3. Report precision: This KPI depends on how precision evaluation is measured. In
a specific quality control system, different cardiologists reevaluate a predeter-
mined number of reports. The percentage of discordances can be used as KPI
precision measurement.

4. Unitary report cost: Corresponds to the total expenditure in a specific time inter-
val, usually in a month, divided by the total number of reports produced in the
same time interval. A precise control of this KPI requires its deployment in each
type of cost and activity. This KPI is usually compared to the savings concerning
the face-to-face exam cost.

Deployment of High-Level KPIs for a Tele-ECG Service
(Low-Level KPIs)

Once the high-level KPIs and their goals are established, it is necessary to obtain
more detailed information regarding the subprocesses leading to main goals. The
deployment of those high-level KPIs has to consider the following factors affecting
the KPI:

1. Production: Depends on the number of remote sites implemented and the num-
ber of exams per site. The deployment of this KPI results in the following KPIs,
for example:

a. Percentage of service coverage defined as the number of implemented sites
divided by the number of viable sites in a geographic area to be implemented

b. The number of exams per site

c. Percentage of service utilization defined as the number of sites using the ser-
vice divided by the number of implemented sites

2. Response Time: The response time depends on the following subprocess
time KPIs:

a. Sending time defined as time interval between EGC data sent by remote site
and acceptance by the system (it measures the quality of Internet
infrastructure)

b. Waiting time for report defined as the time interval between ECG data accep-
tance by the system and ECG data file opening by the cardiologist

c. Report time corresponding to the time between data file opening and report
availability

d. Visualization time by the requesting doctor after report availability

3. Report precision: The quality of the report mainly depends on the cardiologist
and the report time. Consequently, the KPI percent of discordances can be
deployed:

a. Percent of discordances by cardiologist

b. Percent of discordances by report time (usually those below a specific
report time)
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4. Unitary report cost: Cost has different sources such as labor, equipment mainte-
nance, utilities, depreciation, etc. The unitary report cost KPI can be deployed as:
a. Unitary labor cost
b. Unitary maintenance cost and etc.

These different categories permit to implement a cost follow-up to find the rea-
son of cost increase or reduction in order to implement corrective actions to reduce
cost or to implement good practices in case of cost reduction.

Splitting fixed and variable cost KPIs

c. Unitary fixed cost
d. Unitary variable cost
allow to evaluate cost fluctuations due to exam demand variation.

Some of these KPIs, in a specific situation, demand a deeper deployment. For
instance, a long waiting time for report can be caused by mismatch between demand
and report production. In this case, deploying this KPI in an hourly demand KPI and
comparing it to the hourly report production KPI, permit to adjust doctor’s avail-
ability to exam demand.

In summary, KPIs are an important tool for management of any process and for
a Tele ECG Service it would not be different, as it has been demonstrated by actual
application of this method by the authors. Monthly, sometimes weekly or daily,
follow-up of the KPIs results a strict control of the service, allowing correction of
eventual deviations from established goals. Similarly, the method can be applied to
other telecardiology applications.
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