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A B S T R A C T   

Background: Pre-partecipation ECG screening of large populations has a significant socioeconomic impact. 
Technological progress now allows for high-tech-low-cost ECG screening using validated smartphone-based 
devices capable of guiding to the correct performance of a 12‑lead ECG by layman with no medical background. 
Methods: We enrolled 728 (364, 52% males) individuals, aged 12–13 years who underwent ECG screening with a 
smartphone 12‑lead ECG during school hours by layman volunteers. Correct electrodes placement was provided 
by a validated image-processing algorithm by the smartphone camera in the App. ECG interpretation was via a 
telecardiology platform and alterations classified following current standards. 
Results: A total of 741 ECGs were recorded, of which 13(2%) were technically not interpretable. Mean PR, QRS 
and QTc were: 145 ± 22, 85 ± 19 and 387 ± 57 msec. No QTc prolongation was observed. Mean QRS axis was 
15◦; 26 (4%) patients presented an iRBB. T-wave inversion from V1-V3 was present in 145 (21%) subjects. 
Twenty-one(3%) patients were referred to second level examination: deep Q-waves in inferior leads in 12(1.6%), 
ventricular ectopics in 5(0.7%), anterior T-waves inversions V1-V4 in 3(0.4%); extreme right axis deviation in 1 
(0.3%). Second line investigations did not provide any definitive diagnosis. Total project costs (material 
equipment and human cost) was 14.460€, 19.51€ per individual. The potential net saving with respect to current 
pre-participation screening cost was 19%. 
Conclusions: Layman 12‑lead Smartphone-ECG population screening proved feasible and effective, with a rate of 
non-interpretable ECG of <5%. Potential cost-saving in ECG screening and recording was 19%, providing an 
appealing opportunity when large campaigns should be addressed also in developing countries.   

Most cardiovascular conditions responsible for sudden cardiac death 
(SCD) in young population are clinically silent and unlikely to be sus-
pected or diagnosed on the basis of spontaneous symptoms [1]. The 
Italian screening program has shown that ECG, in addition to history and 
physical examination, has a substantial incremental value for identi-
fying asymptomatic individuals who have potentially lethal heart dis-
orders [1]. However, screening of large populations has a significant 
socioeconomic impact, estimated to be € 45/individual, of which around 
18% are related to nurse, infrastructure, consumables and ECG device 
costs [2–4]. Technological progress now allows for low-cost ECG 
screening using validated smartphone-based devices [5,6] capable of 
guiding to the correct performance of a 12‑lead ECG by a volunteer with 

no medical background [7]. We therefore took this opportunity to 
perform a feasibility study of layman smartphone-based ECG screening 
on school children aged 13–14 years and to evaluate its cost- 
effectiveness, in collaboration with the local cardiology unit. 

Between March and June 2019 a total of 728 (364, 52% males) in-
dividuals, aged 12–13 years was screened as part of the project ‘In the 
heart of the city’ in collaboration with 13 volunteers from Croce Rossa 
Italiana and Misericordia di Firenze. Screening sessions were carried out 
during school hours in the gyms of 5 Tertiary Schools in Florence, Italy. 
Each individual underwent a 12‑lead ECG with D-Heart smartphone 
ECG by a volunteer with a predefined smartphone dedicated to the 
project [5,6]. Correct electrodes placement and ECG quality was 
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provided by the previously validated image-processing algorithm to the 
correct electrode placement by the smartphone camera in the D-Heart 
App [7]. ECG recording length was 12 s, interpretation was provided 
within 1 week by three cardiologists via a telecardiology platform. ECG 
alterations were classified following current standards [8]. 

A total of 741 ECGs were recorded, of which 13 (2%) were techni-
cally not interpretable. Specifically, 8 contained movement artifacts, 2 a 
missing lead and 3 were incorrectly saved (Fig. 1). 

Of the 728 children examined, 15 (2%) had a history of asthma, 3 

were affected by coeliac disease and 1 presented dextrocardia. ECG 
showed sinus rhythm in 526 and sinus arrhythmia in 202 (28%) of them. 
Mean PR, QRS and QTc were respectively: 145 ± 22, 85 ± 19 and 387 
± 57 msec. No QTc prolongation was observed. Mean QRS axis was 15◦

and 26 (4%) patients presented an incomplete right bundle branch 
block. The pattern ‘juvenile T wave inversion’, with T wave inversion 
from V1-V3, was present in 145 (21%) subjects. A total of 21 (3%) pa-
tients was referred to second level examination. Main reasons were: 
deep Q waves in inferior leads in 12 (1.6%), ventricular ectopics in 5 

Fig. 1. Feasability of Layman ECG screening in school children using smartphone based technologies.  

Fig. 2. Electrode placement algorythm and ECG tracings. 
Panel A shows the identification by the smartphone camera of the correct electrodes placement on the chest of the screened school children. In panel B, a 12-lead ECG 
showing inferior deep Q waves is shown. Panel C presents a normal tracing of 13 years old boy. In panel D, a tracing of a 13 years old girl is shown, showing persistent 
T wave inversion in anterior leads, that qualified the individual for an echocardiography. Panel E represents an incomplete right bundle branch block in a 12 years 
old boy. 
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(0.7%), anterior T waves inversions from V1 to V4 in 3 (0.4%) and 
extreme right axis deviation in 1 (0.3%) (Fig. 2). Second line in-
vestigations did not show any definitive diagnosis and 8 (1%) referred 
children are currently in follow-up. 

Total project costs consisted in material equipment cost (328 € for 
the ecg device, 100 € for the electrodes, 400 € for a medium quality 
smartphone) and human cost (19 € for each tele-cardiology report by the 
National Health Service cardiologists), resulting in a total of 14.460 €, i. 
e. 19.51 € per individual. Considering only the ECG recording and 
interpretation aspect, the net saving compared to standard pre- 
participation screening programs was 19% (24.08 € vs 19.51 €). 

The present pilot study shows the feasibility of layman 12‑lead ECG 
population screening using novel smartphone based technologies. To 
our knowledge, this is the first attempt to use smartphone guided 
12‑lead ECG acquisition technologies to offer cost effective pre- 
participation population screening, since previous experiences relied 
on single‑lead ECGs [9,10]. The proposed approach proved effective, 
providing good quality 12‑lead tracings for the correct identification of 
abnormalities with a rate of non-interpretable ECG of <5%. A total of 
2% of patients were referred to second line investigation. Interpretation 
of ECG related abnormalities in the pre-adolescent phase is challenging 
and might lead to false positive. This is partly explained by the different 
level of transition toward ‘adulthood’ of the heart between age 12–14. 
However, current literature of large screening addressing the same age 
range report a similar rate of second line investigations. Specifically, 
mass screening of school children by using an ECG resulted in 2.7% of 
Japanese students addressed to additional evaluation and testing [11]. 
In 2006 to 2007, 400 healthy children were screened at The Children’s 
Hospital of Philadelphia using a personal medical questionnaire, phys-
ical examination, ECG, and echocardiography and ten individuals 
(2.5%) were found to have potentially serious conditions [12]. Lastly, 
screening of more >4000 children using an ECG-based system at the 
Children’s Hospital of Philadelphia identified 5%–7% of the children 
who needed a second line investigation with a positive rate of 0.7% for 
true significant conditions from this ECG-based screening [13]. 

Current proposed approach might be an appealing cost-saving 
strategy, since it can potentially reduce the cost of ECG recording and 
interpretation by 19%. Given the global shortage of health personnel, 
such remote high-technology-low-cost strategy, employing health vol-
unteers can be of primary importance in developing countries, where 
access to facilities is challenging and specialists are few. Criticisms that 
cite a lack of infrastructure to perform ECG screening fail to recognize 
that facilities, equipment, and infrastructure might already exist. An 
ECG could be appended to existing well-child visits or to large-scale 
school screening events. Although an entirely new system does not 
need to be created, further, large scale studies evaluating technical and 
logistic aspects should be performed in order to understand its appli-
cability and potential advantages on a regional or national level. 
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Abstract: Background: Chronic Chagas cardiomyopathy (CChC) is the most common cause of death
related to Chagas disease (CD). The aim of this study was to assess the feasibility of a combined
rapid diagnostic test (RDT) and electrocardiographic (ECG) screening in a remote rural village of the
Bolivian Chaco, with a high prevalence of CChC. Methods: Consecutive healthy volunteers > 15 years
were enrolled in the community of Palmarito (municipality of Gutierrez, Santa Cruz Department,
Bolivia) in February 2019. All patients performed an RDT with Chagas Stat-Pak® (CSP, Chembio
Diagnostic System, Medford, NY, USA) and an ECG by D-Heart® technology, a low-cost, user-
friendly smartphone-based 8-lead Bluetooth ECG. RDTs were read locally while ECGs were sent to a
cardiology clinic which transmitted reports within 24 h from recording. Results: Among 140 people
(54 men, median age 38(interquartile range 23–54) years), 98 (70%) were positive for Trypanosoma cruzi
infection, with a linear, age-dependent, increasing trend (p < 0.001). Twenty-five (18%) individuals
showed ECG abnormalities compatible with CD. Prevalence of ECG abnormalities was higher in
infected individuals and was associated with higher systolic blood pressure and smoking. Following
screening, 22 (16%) individuals underwent clinical evaluation and chest X-ray and two were referred
for further evaluation. At multivariate analysis, positive CSP results (OR = 4.75, 95%CI 1.08–20.96,
p = 0.039) and smoking (OR = 4.20, 95%CI 1.18–14.92, p = 0.027) were independent predictors of
ECG abnormalities. Overall cost for screening implementation was <10 $. Conclusions: Combined
mobile-Health and RDTs was a reliable and effective low-cost strategy to identify patients at high
risk of disease needing cardiologic assessment suggesting potential future applications.

Keywords: Chagas disease; Chagas Stat-Pak; chronic Chagas cardiomyopathy; mHealth; telemedicine;
seroprevalence; Bolivia; Chaco

1. Introduction

Chagas disease (CD), caused by infection with the protozoan parasite Trypanosoma
cruzi, is the neglected tropical disease exerting the highest burden in most Latin American
countries, with 8 million persons chronically infected and approximately 200,000 new cases
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each year [1]. It is transmitted to humans through the feces of infected hematophagous
triatomine insects in areas in which the disease is endemic and, occasionally, by non-
vectorial mechanisms such as blood transfusion, organ transplants, or vertically from
mother-to-child [2].

Three clinical stages of CD have been described: the acute phase, typically asymp-
tomatic and short-lasting, followed by a chronic long-acting phase that may span for
decades without showing any symptoms associated to the infection (indeterminate stage),
and the determinate phase. Approximately 40% of chronically infected individuals progress
to either advanced cardiac and/or digestive tract forms characterized by high morbidity
and mortality, if left untreated [2].

Despite progress in vector control [3,4], a timely and accurate diagnosis remains a
major obstacle to start treatment. Still today, early accessing to presently available drugs
is a major issue. It is estimated that current chemotherapies only reach 1% of infected
individuals [1,5].

Communities with intense transmission remain, especially in the Bolivian Gran Chaco
(estimated infection rate at 4% per year) [3,4]. Cardiac involvement, i.e., Chagas Cardiomy-
opathy (CChC), is the main cause of death [2,5,6]. The early signs of Chagas cardiomyopa-
thy are typically conduction system abnormalities, most commonly right bundle branch
block (RBBB), often progressing to bifascicular blocks. Later manifestations include left
ventricular systolic dysfunction, apical aneurysms, high-degree atrioventricular block, and
sustained and non-sustained ventricular tachycardia [6–8]. Of note, sudden cardiac death
may occur at any moment, including early phases. Therefore, early recognition of cardiac
involvement through cost-effective screening efforts becomes a priority in areas with high
endemic burden. As patients with CD, compared to non-CD subjects, have almost a three-
fold higher prevalence of electrocardiogram (ECG) alterations, ECG coupled with a rapid
diagnostic test (RDT) screening can be a reasonable first-line approach. However, limited
resources, lack of trained personnel and infrastructures in highly endemic areas, challenge
the implementation of such programs. Smartphone technology, with its’ computational
power, applied to telemedicine may overcome several of these limitations by providing an
easy and affordable access to accurate diagnostic methods [9–11].

The aim of this study was to understand the potential impact and sustainability of a
mHealth ECG screening program, coupled with an RDT test, in remote rural villages of
the Bolivian Chaco with the help of a validated smartphone-based ECG (D-Heart®). The
present device allows low-cost ECG screening campaigns by community health workers
and offers the possibility of Remote ECG interpretation by expert physicians.

2. Materials and Methods
2.1. Study Population and Settings

The study was carried out in Palmarito Community (municipality of Gutierrez, Santa
Cruz Department; 19◦49′ S; 63◦48′ W, Bolivian Chaco Region), in February 2019. In this re-
gion, estimated seroprevalence of Chagas Disease is 50% in the general population, but can
be as high as 70% in individuals aged >15 years [3,4]. The nearest secondary level Hospital
is located 80 km far away (Hospital Municipal de Camiri). All individuals ≥ 15 years old
were invited to participate to the study. Overall, 653 inhabitants live in Palmarito, of whom
402 people ≥ 15 years old. A representative sample of 140 healthy volunteers were consec-
utively enrolled, taking into account the age group distribution. Demographic data was
recorded, and a brief clinical history, focused on common cardiovascular risk factors and
manifestations, was obtained through a standardized questionnaire. Height and weight
were recorded and body mass index (BMI) calculated. All participants underwent blood
pressure (BP) measurement, by trained personnel, before performing electrocardiographic
and serological screening; those with elevated systolic (SBP ≥ 140 mmHg) and/or diastolic
blood pressure (DBP ≥ 90 mmHg) had a second measurement.
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2.2. ECG Screening and Referral Path

For each participant, an ECG was recorded using D-Heart® electrocardiograph. D-
Heart® is a CE marked multiple lead smartphone-based ECG device (DI, DII, DIII, aVR,
aVL, aVF peripheral leads V2 and V5 precordial leads) specifically designed for ECG screen-
ing in low-income settings by non-medical personnel [10,11]. The device is manufactured
by the social-vocation start-up D-Heart, an Italian-based company. The device weighs less
than 194 g and is extremely portable. If operated by non-health professionals it can register
an 8-lead ECG, whereas in the health professionals setting standard 12-lead ECG can be
acquired. The module Bluetooth Low Energy streams the ECG data to the smartphone
in a medically certified App that enables in loco reading of the tracings or Telecardiology
Reporting via web-based Telecardiology Platform. The actual components of the device
offer a manufacturing price of 90$ per unit.

ECG tracings were acquired with D-Heart Smartphone ECG device during the on-site
screening activities and were sent daily to the Cardiomyopathy Unit, Careggi Hospital,
Florence, Italy where they were read with D-Heart Telecardiology Platform within 24 h by
two staff physicians, N.M and C.F., blinded for subjects’ T.cruzi infection status. Each ECG
was recorded with a dedicated smartphone protected by a code known by the Community
Health Worker. An abnormal ECG suggestive of CChC was defined as an ECG with
(i) ventricular conduction defects: complete right BBB (RBBB), left anterior fascicular
block, left posterior fascicular block, left bundle branch block, or bifascicular block; (ii)
any degree of atrioventricular block; (iii) rhythm disturbances: atrial fibrillation/flutter,
junctional rhythm, sinus bradycardia with heart rate < 50 beats/min, or complex ventricular
ectopy; (iv) other: pathologic Q waves, fragmented QRS, low QRS voltage [6,7,12]. Other
findings, such as incomplete RBBB, atrial ectopy, nonspecific ST-T wave changes, right or
left ventricular hypertrophy were considered nonspecific for CChC and were not included
in our definition of CChC-related ECG abnormality. Reports were sent back daily to the
Community Health Center in Palmarito.

2.3. T. cruzi Infection Screening Chagas Stat-Pak® Assay

After ECG testing, all patients during the onsite screening activities performed a Cha-
gas Stat-Pak® (CSP) (Chembio Diagnostic System, Medford, NY, USA), an immunochro-
matographic, qualitative, rapid diagnostic test (RDT), which uses a combination of antigens
for the detection of IgG antibodies to T. cruzi, in use as standard tool for Chagas disease
screening by the Chagas National Program since 2005. Blood samples were obtained by
finger-prick and the result read after 15 min, according to the manufacturer’s instructions.
During previous studies, carried out in the same highly endemic area of the Bolivian Chaco,
CSP yielded excellent performance in comparison with the conventional serology, with
sensitivity, specificity, positive predictive value and negative predictive value up to 100%,
99.3%, 99.5%, and 100%, respectively [13,14].

2.4. Sustainability and Cost of a mHealth Screening Campaign

Financial feasibility models were built to project the overall cost of our screening
campaign. A total of two analyses were performed: the first model would include start-
up and operative costs related to human resources, consumables (RDT kits, electrodes,
disinfection kits), non-consumable devices (D-Heart®, compatible smartphone, blood
pressure cuff, and internet connection) and logistics; the second one would comprise only
consumables and human resources for screening continuation.

2.5. Statistical Analysis

Statistical analysis of the data was performed with STATA 11.0 (StataCorp, College
Statio, TX, USA). Frequencies and percentages with 95% confidence intervals (CI) for
categorical variables, means and medians and interquantile ranges (IQR) for continuous
variables were calculated. T-Student test or Mann–Whitney test were used to compare
continuous variables. Chi-square test, or Fisher’s exact test, when appropriate, were used
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to investigate the association between positive CSP test with ECG abnormalities, individ-
ual risk factors and demographic data. Multivariate logistic regression was performed
including age, sex and all the variables significantly associated to ECG abnormalities at
univariate analysis. Results were considered significant when the p-value ≤ 0.05.

2.6. Ethics Statement

The study was realized in agreement with the Ministry of Health of the Plurinational
State of Bolivia (Convenio Ministerio de Salud y Deportes, Estado Plurinacional de Bo-
livia/Cátedra de Enfermedades Infecciosas, Universidad de Florencia, Italia), the Servicio
Departamental de Salud (SEDES) of Santa Cruz and with the support of the Guaraní politi-
cal organization (Asamblea del Pueblo Guaraní). The study was approved by a local Ethic
Committee and a written informed consent was obtained by each enrolled participant (or
by a parent or a legal guardian, if minor).

3. Results
3.1. Baseline Characteristics

Of the 140 subjects included in the study, 54 (39%) were men, with a median age of 38
(interquanrtile range 23–54) from 15 to 85 years old. Twenty-four (17%) had family history
for cardiovascular diseases and 11 (8%) of sudden unexpected death. Cardiovascular risk
profile was generally low, with only five (4%) individuals affected by Type 2 diabetes
mellitus, two (1%) with known dyslipidemia and median BMI was 24 kg/m2 (22–27).
Palpitations were reported by 39 (28%) patients, whereas chest pain was the most common
complaint, present in 82 (59%) patients. History of loss of consciousness was present in
14% of patients (Table 1)

Table 1. Characteristics of the surveyed population in a rural community of the Bolivian Chaco by T.
cruzi infection status.

Total
(n = 140)

Chagas Stat Pak®

p-ValuesNegative
(n = 42)

Positive
(n = 98)

Sex
Male 54 (39%) 22 (41%) 32 (59%)

Female 86 (61%) 20 (23%) 66 (77%) 0.028 *

Age 38.5 (23–54) 20 (17–30) 45 (33–62) <0.001 #

Range 15–85 15–75 15–85
15–20 yo 34 23 (68%) 11 (32%)
21–49 yo 63 17 (27%) 46 (73%)
≥50 yo 43 2 (5%) 41 (95%) <0.001 §

SBP (mmHg) 111 ± 16 110 ± 15 117 ± 13 0.010 ◦

DBP (mmHg) 69 ± 10 67 ± 8 70 ± 10 0.048 ◦

Legend: IQR: interquartile range; yo: year-old; SBP: systolic blood pressure; DBP: diastolic blood pressure;
* Pearson’s chi-squared test; # Mann–Whitney test; § linear regression; ◦ t-Student test.

No one had been screened with an ECG or for T. cruzi before the study enrolment.

3.2. Outcome of Combined T. cruzi and ECG Screening

Community screening was carried out in 6 days. RDTs were read locally, and results
recorded, while ECGs were sent to the Florence Cardiomyopathy Unit and analyzed within
24 h (average response time: 9 ± 1 h). No ECG recording was lost, and all patients with
positive ECG and RDT results combined were actively referred to further evaluation.

Overall, 98 (70%) subjects were screened positive for T.cruzi infection with CSP
(Table 2). T. cruzi seroreactive people were significantly older than uninfected ones (p < 0.001),
with a linear, age-dependent, increasing trend (p < 0.001). Ten subjects (7%; 51 to 85 years)
had elevated BP values: four had arterial hypertension at two successive measures, and
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six had isolated systolic hypertension (SBP ≥ 140 mmHg, DBP < 90 mmHg). Of note,
only two were aware of their condition. Mean SBP and BDP values were slightly—but
significantly—higher in CSP-positive group than in non-reactive people (Table 2).

Table 2. Electrocardiographic findings in T. cruzi infected and uninfected population of a rural
community of the Bolivian Chaco.

Total
(n = 140)

Chagas Stat Pak®

Negative
(n = 42)

Positive
(n = 98)

Normal 115 (82%) 39 (93%) 76 (78%)

Any CD-related abnormality 25 (18%) 3 (7%) 22 (22%)

Bundle Branch Blocks
Complete right BBB 6 (4%) 0 6 (6%)

Left anterior fascicular block 2 (1%) 0 2 (2%)

Atrioventricular Blocks
I degree atrioventricular block 3 (2%) 1 (2%) 2 (2%)

Rhythm disturbances
Sinus bradycardia 3 (2%) 1 (2%) 2 (2%)

Complex ventricular ectopies 2 (1%) 0 2 (2%)

Other
Pathologic Q waves 2 (1%) 0 2 (2%)

Fragmented QRS 5 (4%) 1 (2%) 4 (4%)
Low QRS voltage 2 (1%) 0 2 (2%)

Heart rate (bpm) (±SD) 70 ± 10 73 ± 12 69 ± 9

PR interval (ms) (±SD) 156 ± 21 156 ± 16 159 ± 22

QTc interval (ms) (±SD) 410 ± 24 408 ± 25 411 ± 23
Legend: CD: Chagas disease; BBB: bundle branch blocks; AVB: atrioventricular block; bpm: beats per minute; ms:
milliseconds; SD: standard deviation.

None of the study participants had performed an ECG test prior to enrolment. A total
of 115 (82%) subjects had a normal ECG, while 25/140 (18%) showed ECG abnormalities,
compatible with CD, and prevalence was higher in CSP positive individuals (22% vs.
7%, p = 0.03). No differences were described for PR and QTc intervals duration. ECG
abnormalities included Bundle Branch Blocks (n = 8), 1st Degree Atrioventricular blocks
(n = 3), rhythm disturbances (n = 5), pathologic Q waves (n = 2), fragmented QRS (n = 5),
and low QRS voltage (n = 2) (Table 2). ECG abnormalities were directly associated with
higher systolic blood pressure (117 ± 13 vs 110 ± 15, p = 0.017) and smoking habit (48
vs 26%, p = 0.030) (Table 3). Age- and sex-adjusted multivariate analysis confirmed the
association of ECG abnormalities with CSP-positive results (OR: 4.75, 95%CI 1.08–20.96,
p = 0.039) and smoking habit (OR: 4.20, 95%CI 1.18–14.92, p = 0.027).
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Table 3. Characteristics and cardiovascular risk factors of the surveyed population in a rural commu-
nity of the Bolivian Chaco, by D-Heart® result.

Total
(n = 140)

D-Heart® ECG
p-ValueNormal

(n = 115)

Any
Abnormality

(n = 25)

Sex
Male 54 (39%) 44 (38%) 10 (40%) 0.871 *

Age
Median (IQR) 38 (22–54) 37 (20–53) 40 (31–59) 0.92 #

Range 15–85 15–85 16–83

Chagas Stat Pak®

Negative 42 39 (34%) 3 (12%)
Positive 98 76 (66%) 22 (88%) 0.032 ˆ

CV risk factors
Family history of CV

diseases 24 (17%) 22 (19%) 2 (8%) 0.247 ˆ

Family history of sudden
death 11 (8%) 11 (10%) 0 0.211 ˆ

Positive Smoking History 42 (30%) 30 (26%) 12 (48%) 0.030 *
Dyslipidaemia 2 (1%) 1 (0.9%) 1 (4%) 0.326 ˆ

Diabetes 5 (4%) 4 (3.5%) 1 (4%) 0.632 ˆ

History of leg oedema 54 (39%) 41 (36%) 13 (52%) 0.128 *
Loss of consciousness 20 (14%) 16 (14%) 4 (16%) 0.757 ˆ

History of Palpitations 39 (28%) 33 (29%) 6 (24%) 0.635 *
History of Chest pain 82 (59%) 66 (57.4%) 16 (64%) 0.543 *

BMI (IQR) 24 (22–27) 24 (22–27) 24 (22–28) 0.389 #

SBP (mmHg) 111 ± 16 110 ± 15 117 ± 13 0.017 ◦

Legend: CV: Cardiovascular Disease; IQR: Interquartile range; BMI: Body Mass Index; SBP: Systolic Blood
Pressure. * Pearson’s chi-squared test; # Mann–Whitney test; ˆ Fisher’s exact test; ◦ t-Student test

3.3. Medical Referral, Feasibility of Current Screening Strategy, and Cost Analysis

Twenty-two patients with a positive CSP testing and possible CD-related ECG abnor-
malities were recalled from Palmarito Community and referred to the second level Camiri
Hospital, where physical examination and chest X-ray were performed. All 22 patients
had CD diagnosis confirmed by Chagatest Lisado ELISA (Wiener Laboratories, Rosario,
Argentina), performed at the “Elvira Wunderlich” Health Center, Santa Cruz, Bolivia. Of
these, two patients had cardiomegaly on the chest X-ray and were referred to further third
level examinations. The first person was a 45-year old man, active smoker with history
of chest pain; his ECG showed sinus bradycardia with a RBBB. The second person was
a 59-year old woman, with history of palpitations, leg edema, chest pain, and loss of
consciousness; at ECG, a RBBB and low voltages were present (Figure 1A–C). People with
positive CSP, but normal ECG findings, were referred to the Chagas National Program for
serological confirmation and possible benznidazole treatment, and managed according to
their guidelines [15].
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Figure 1. ECG samples of patients referred to further second level examinations and Smartphone ECG device used in the
screening activities. (A) 45-year old man, active smoker with history of chest pain; his ECG showed sinus bradycardia
with a RBBB; (B) 59-year old woman, with history of palpitations, leg oedema, chest pain and loss of consciousness; at
ECG, a RBBB and low voltages were present. (C) Patient during screening activities with D-Heart Smartphone ECG device
operating. The D-Heart device can record either 8- or 12-lead ECGs. In the 8-lead setting, DI, DII, and DIII leads are directly
measured, as well as precordial unipolar leads V2 and V5. Augmented leads aVR, aVL, and aVF are calculated by definition.
In the 12-lead settings, the unipolar electrode in V5 is sequentially placed in V6, V4, V3, V1 position to acquire all the
precordial recordings.

Two models for cost effectiveness analysis were developed. The first one, compris-
ing start-up and operative costs, is summarized in Table 4. For a 6-day screening for a
community of 150 inhabitants, the overall start-up amount was projected to 4.82$/patient
and to 8.23$/patient when operative costs (i.e., on-site nurse and healthcare assistant with
remote physician on call) were included. For the second model, intended to predict cost of
screening continuation, an average of 5.13$/patient was estimated.

Table 4. RDT and ECG screening model for 150 Individuals for a 6-day screening.

Start Up Cost

Item Cost/Unit Units
Needed

Total Cost
($)

Consumables D-Heart 280 1 280
Smartphone 200 1 200
Electrodes 0.12 150 18

Blood Pressure Cuff 20 1 20
Rdt 1 150 150

Disinfection Kit 2 5 10
Data Plan (Sim Card) 10 GB for

30 Days 40 1 40

Operative Costs Nurse 100 1 100
Healthcare Assistant 60 1 60

Remote Physician 330 1 330
Transportation (200 Km) 11 6 66

4. Discussion

In this study, we evaluated the feasibility of a combined mobile-health electrocardio-
graphic and rapid diagnostic test screening for Chagas-related cardiac alterations in a in a
low-income setting, hyperendemic for CD. Subjects screened with ECG were also tested
for the presence of T.cruzi antibodies, by an easy-to-use RDT.

In the surveyed community, seroprevalence for T. cruzi was 70%, and its distribution
by age-class was consistent with previously reported data from this [3,4].
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More than one in five patients with CSP positive serology showed ECG abnormalities
compatible with CChC (n = 22/98, 22%), in line with the estimate that 20–30% of infected
individuals eventually develop heart disease. The most common findings were ventricular
conduction defects, including RBBB and left anterior fascicular block. Moreover, we
observed a number of ECG with fragmented QRS, considered as a predictor of arrhythmic
events in patients with ischemic and non-ischemic cardiomyopathy, previously reported
to be highly prevalent among patients with advanced CChC [6,7]. Other abnormalities
included AVB and rhythmic disturbances, which are typical CChC manifestations, and low
QRS voltage, which has been previously identified as a strong predictor of the risk of death
from cardiac causes in CD patients [12].

Notably, 2 of the 22 individuals with positive ECG and CSP were referred for further
medical evaluation: in both cases, ECG showed at least two alterations and chest X-ray was
abnormal. Multiple ECG abnormalities have already been described as highly prevalent in
patients with signs of dilated cardiomyopathy at echocardiogram [12].

Overall, our observations strongly emphasize the potential application of mHealth
technology and telemedicine, together with RDT, to improve access to diagnosis and
treatment for CD and CChC in remote areas of the rural Bolivian Chaco. In fact, although
a pilot study, simultaneous screening by CSP and D-Heart electrocardiograph resulted
feasible, with a cost/patient < 10$ to start up.

The combined, on-field use of RDT and ECG in large-scale screening campaigns could
play a pivotal role within a more comprehensive strategy against CD. Early diagnosis of
CD is of paramount importance to start treatment before symptoms progress. In remote
regions, easy-to-use RDTs, which use whole blood from digital puncture as sample, would
ease access to CD diagnosis, allowing timely treatment.

Recently, the use of combined RDTs was shown to be a reliable and accurate alternative
to conventional serological assays in order to achieve a conclusive CD diagnosis, in settings
where equipped labs and trained personnel are not available [13].

The role of antitrypanosomal treatment in adult patients with established CChC re-
mains controversial. So far, the only published placebo-controlled trial in adults with
advanced CChC concluded that benznidazole treatment did not affect the clinical progres-
sion of Chagas cardiomyopathy, but important methodological bias has been raised [16,17].
Ideally, etiological treatment should be offered timely in adult patients with chronic Chagas
disease before established cardiac damage requires more aggressive management [18,19].
Furthermore, recently published studies support benznidazole use in standard treatment
in addition to new alternative regimens for short-course and combination treatments [20].

Screening campaigns that result in early therapy inception are, however, successful as
long as effective vector control activities can be achieved, and intensive care be delivered
to individuals in need.

As a case in point, in 2013, blanket insecticide application was shown to decrease the
force of infection in the Bolivian Chaco, though active transmission remained [3,21,22].
Moreover, several pharmacological and non-pharmacological interventions are currently
available and have been increasingly used in CChC patients with the intention of preventing
or delaying complications [23].

As part of the study protocol, ECG recordings were sent to Florence for analysis. It
is tempting to hypothesize that, should combined (ECG and RDTs) screening programs
be further implemented, ECGs could be seamlessly transmitted to local cardiologists or
community physicians with the intention to monitor individuals through time and create
electrocardiographic and serologic ‘profiles’ to detect conversion (Figure 2A,B).
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Specifically, patients are screened on site, in a community of the Bolivian Chaco. ECGs are sent to Telecardiology Service
in Careggi University Hospital, Italy and reports are back on site; in case of need, patients with a pathologic ECG were
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Hospital, according to their condition.

Finally, pocket echocardiography integrated mHealth device assessments are now
under scrutiny for potential applications in resource-limited settings. In a randomized
trial enrolling 253 patients at a tertiary care center in Bangalore, India, patients who were
randomly allocated to a m-health clinic for valvular and structural heart disease, as opposed
to standard of care, were associated with shorter time to definitive therapy [24].

In this scenario, adding such instruments to CD screening would allow to reduce
lag from infection to diagnosis, increase access to therapy and improve outcomes in pa-
tients with signs compatible with early cardiomyopathy, thus limiting disease progression
and morbidity.

Ultimately, our effort may focus on bringing high-tech instruments at low-cost for
effective remote screening therefore allowing for appropriate and timely diagnosis.

The study has limitations. The healthy volunteers were not randomly selected, but
consecutively enrolled in the Health Centre. Severely ill community residents may have
been unable to report to the health Centre for evaluation. Moreover, screening for CD was
made on a single RDT, namely, CSP assay, which is in use as standard tool for Chagas
disease screening by the Chagas National Program since 2005 and showed an excellent
performance in the same geographical area [13,14]. Only people with potential CD-related
ECG abnormalities (n = 22) were referred to a secondary level hospital for further inves-
tigations, including serology confirmation by ELISA testing. People with positive CSP,
but normal ECG findings, were referred to the Chagas National Program for serological
confirmation and were offered benznidazole treatment, but such data were not collected,
being beyond the objective of the study.

5. Conclusions

Early diagnosis of CD and CChC is of paramount importance to provide access to
targeted therapy (currently <1% of all seropositive subjects) and maximize treatment
benefits. Combined mHealth and RDTs may prove reliable and effective low-cost strategies,
especially in rural, highly endemic environments like the Bolivian Chaco, to identify
patients at high risk of disease and in need of further cardiologic assessment. Further
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studies are clearly needed to assess if these theoretical advantages are supported by patient-
centered outcomes and positive cost–benefit analysis.
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Background: MHealth technologies are revolutionizing cardiovascular medicine. However, a low-cost, user-
friendly smartphone-based electrocardiograph is still lacking. D-Heart® is a portable device that enables the ac-
quisition of the ECG on multiple leads which streams via Bluetooth to any smartphone. Because of the potential
impact of this technology in low-income settings, we determined the accuracy of D-Heart® tracings in the strat-
ification of ECG morphological abnormalities, compared with 12-lead ECGs.
Methods: Consecutive African patients referred to the Ziguinchor Regional Hospital (Senegal) were enrolled
(n= 117; 69males, age 39± 11 years). D-Heart® recordings (3 peripheral leads plus V5)were obtained imme-
diately followed by 12 lead ECGs and were assessed blindly by 2 independent observers. Global burden of ECG
abnormalities was defined by a semi-quantitative score based on the sum of 9 criteria, identifying four classes
of increasing severity.
Results:D-Heart® and 12-lead ECG tracings were respectively classified as: normal: 72 (61%) vs 69 (59%); mildly
abnormal: 42 (36%) vs 45 (38%); moderately abnormal: 3 (3%) vs 3 (3%). None hadmarkedly abnormal tracings.
Cohen's weighted kappa (kw) test demonstrated a concordance of 0,952 (p b 0,001, agreement 98,72%).
Concordance was high as well for the Romhilt–Estes score (kw = 0,893; p b 0,001 agreement 97,35%). PR and
QRS intervals comparison with Bland-Altman method showed good accuracy for D-Heart® measurements
(95% limit of agreement ±20 ms for PR and ±10 ms for QRS).
Conclusions: D-Heart® proved effective and accurate stratification of ECG abnormalities comparable to the
12-lead electrocardiographs, thereby opening new perspectives for low-cost community cardiovascular screen-
ing programs in low-income settings.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Mobile health (mHealth) technologies are revolutionizing the prac-
tice of cardiovascular medicine. The global diffusion of smartphone de-
vices is producing profound changes in diagnostics, as much relevant
data could now be generated locally by the patient rather than centrally
by providers [1].While high-income countries remain at the forefront of
developing the latestmobile technologies used in healthcare, the rate of
penetration of such technologies in low- and middle-income countries
has recently exceeded that of their wealthier neighbors [2]. In general,
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low- and middle-income countries have major restrictions on their
healthcare capacities due to the lack of infrastructures, human resources
and logistics. Smartphone technology may overcome several of these
limitations by providing an easy and affordable access to accurate diag-
nostic and monitoring methods [2].

The importance of non-communicable diseases – and especially
of cardiovascular related morbidity and mortality [3,4] – is rising
steeply in low-income countries, unmasking new unmet needs for risk
assessment and early diagnosis [5]. In such setting, widespread avail-
ability of accurate ECG screening would represent a major step in the
right direction [6,7]. However, a low-cost, user-friendly smartphone-
based electrocardiograph, enabling the acquisition ofmultiple lead elec-
trocardiograms (ECG)with a reliability comparable to the standard ECG,
is still lacking. D-Heart® electrocardiograph has been recently devel-
opedwith this specific aim, both for iOS and Android operative systems,
enabling the acquisition of surface electrical signals through 5 elec-
trodes, capturing 3 peripheral and 1 precordial lead (V5), and their
transmission to the smartphone via Bluetooth technology (Fig. 1).

Because of the potential impact of such technology in low-income
countries, we performed a validation study of D-Heart® in a community
hospital in Senegal, comparing the accuracy of D-Heart® tracings for the
stratification of ECG morphological abnormalities compared with a
standard 12-lead technique.

2. Methods

2.1. Study population

Consecutive patients referred at the Ziguinchor Regional Hospital
(Senegal) for routine medical evaluation at Radiology, Medicine and
Surgical Departments were enrolled from January to February 2016.
The study was undertaken in the setting of the cooperation program
set by the Center for International Cooperation and Development
(CICOPS) of the University of Pavia, Italy.

2.2. ECGs acquisition

D-Heart® and 12-lead recordings were subsequently obtained (with-
in 2–5min) in each subject. Severity of ECG abnormalities was defined by
a semi-quantitative score based on the sum of 9 criteria (based on refer-
ence 8): abnormal cardiac rhythm, QRS duration ≥ 100 ms, Romhilt–
Estes (R-E) score ≥ 5, fascicular block and/or bundle-branch block, ST-T
abnormalities, ST-T segment elevation ≥ 0.2 mV, prolonged QTc interval,
pathological Q waves and absence of normal Q wave. Four ECG groups

were identified: normal (0 criteria);mildly abnormal (1–3 criteria);mod-
erately abnormal (4–6 criteria); markedly abnormal (7–9 criteria).

ECGs from D-heart® were assessed by two independent observers
(J.I. and N.M.) that categorized in a separate database the ECG
abnormalities, whereas two other independent observers (A.F. and
M.T.) analyzed the tracings from standard electrocardiograph.

2.3. D-Heart® smartphone electrocardiograph technology

The D-Heart® device was conceptualized by N.M. and N.B. as a de-
vice for electrocardiographic screening in low income settings. It's is
constituted by a battery-powered device for ECGmeasurement onmul-
tiple leads (3 peripherals and one precordial (V5)) connected through
the use of Bluetooth low energy to a smartphone. The device was creat-
ed for the electrocardiographic measurement allowing the user to per-
form a measurement of up to 8 leads. The front end is constituted by 3
Sigma Delta modulators able to sample the ECG signal and then filter
the signal in a digital way. The module Bluetooth Low Energy is able
to send data to the smartphone or Tablet deputy to the ECG signal dis-
play, whereas Lithium battery ensures the functionality during mea-
surement. The actual components of the device offer a manufacturing
price of b35 $ per unit.

The sample was described by means of the usual descriptive statis-
tics: for continuous variables by mean, standard deviation or median
and interquartile range, when appropriate and for categorical variables
by proportions. The concordance between D-Heart® and standard 12
lead electrocardiographs was assessed by:

• the weighted kw-Cohen index, with its relative significance, taking as
the endpoint variable the ECG group;

• the Bland-Altmanmethod, with a 95% confidence level, for the PR and
QRS interval measurements. Since differences between the two mea-
surements did not follow a normal distribution, a non-parametric ap-
proach (median value and 2.5^ and 97.5^ percentiles) was used to
determine the limits of agreement.

p values were two-sided and considered significant at the 0.05 level.
All analyses were performed using SPSS/for Windows, version 20.

3. Results

The study enrolled 117 patients of African origin (69 males, mean
age 39 ± 11 years) with a mean blood pressure of 119 ± 21/78 ±
9mmHg. Eight (7%) patients had a diagnosis of hypertension, whereas

A B

C D

E

)))

Fig. 1.D-Heart system configuration. Panels A, B, C andD represent different ECGs fromD-Heart as displayed on the smartphone. Panel E shows a pediatric patientwearingD-HeartDevice.
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5 (4%) presented a history of coronary artery disease. D-Heart®
and Twelve-lead ECG tracings were respectively classified as: normal:
72 (61%) vs 69 (59%); mildly abnormal ECG: 42 (36%) vs 45 (38%);
moderately abnormal ECG: 3 (3%) vs 3 (3%).

Agreement was obtained in 116/117 (99%) cases with D-Heart
tracings and in 115/117 cases with 12-lead ECGs. When there was
disagreement, ECGs, both from D-Heart and standard 12 lead electro-
cardiograph, were adjudicated by an independent observer (I.O.).
Weighted Cohen's kappa (kw) test showed a concordance of 0,952
(p b 0,001) with an agreement of 98,72% between the two techniques.
Thus, while the 12-lead ECG was – as expected - more sensitive for
mild abnormalities, there was a 100% concordance for the moderately
abnormal tracings.

Of note, concordance was also high for the Romhilt–Estes score
(kw = 0,893; p b 0,001). Comparison of PR and QRS intervals (Bland-
Altman method, non-parametric approach) showed excellent concor-
dance for D-Heart® measurements (95% limit of agreement −20 to
+20 ms for PR and −10 to +10 ms for QRS).

4. Discussion

Cardiovascular diseases (CVD) are an emerging threat to popula-
tions of low-income countries. It is estimated that, in 2013, CVD
accounted for N40% of all causes of death in sub-Saharan Africa [9]. Con-
comitantly, these areas are affected by dramatic shortage of health pro-
fessionals who aremainly concentrated in urban areas, while 60% of the
patients still live in rural settings [6]. In a country such as Cameroon,
there is one cardiologist every 50,000 inhabitants, compared with the
EU standard of 1 every 500 [10]. Telemedicine is an appealing alterna-
tive to direct access tomedical structures, by providing easy and afford-
able access to specialist care and reducing the need for rural patients to
travel for health-related issues [11].

Additionally, telemedicine may play a pivotal role in reducing
healthcare costs in low-income settings, for both the patients and the
hospital facilities, including a N70% cost reduction in the setting of ob-
stetrics and cardiology services [12]. Lastly, telemedicine opens the pos-
sibility for international cross-border services, aimed at managing and
reporting the enormous amount of data acquired, as well as at linking
global (remote) experts with local health workers [11].

Several smartphone based electrocardiographs are commercially
available, such as AliveCor or Cardiosecur, but both are mostly intended
for rhythm analysis rather than morphological interpretation, thus un-
suitable for electrocardiographic population screening in low income
settings. In the present study, the potential role of the D-Heart® device
was evaluated in the only hospital present in Casamance, the Southern
region of Senegal. The cardiology center at Ziguinchor Regional Hospital
serves a region expanding on a total surface of 28,350 km2. Basic health
services to the population are delivered via 8 Community Health Cen-
ters and 12 Service Pharmacies. Although D-Heart allows immediate
and on site interpretation of the electrocardiogram and therefore is
not solely intended for telemedicine purposes, its potential for telemed-
icine is obvious and relevant. The present device validation study might
lay the foundation for future telemedical screening protocols aimed to
improve the appropriateness and efficacy of referral to specializedmed-
ical care. Potential benefits range from early diagnosis of acute heart
conditions to screening of high-risk populations, to remote monitoring
of known chronic conditions.

Despite the many ways in which telemedicine may transform
healthcare for the better, mHealth faces a number of major challenges.
Specifically, the validation of novel technologies represents a critical
step in our understanding of whether they can substitute or implement
current usedmethodologies [13–15].With this aim,we assessed the ac-
curacy of the D-Heart® electrocardiograph, demonstrating that tracings
obtained from smartphones may compare favorably with the current
gold standard 12-lead in identifying ECG abnormalities. D-Heart was
originally conceived based on the evidence that a system with

5 electrodes (3 peripheral leads plus V5), had a 95% sensitivity com-
paredwith a 12-lead tracings in conventional recordings [16]. However,
since the 12-lead ECG was found to be more sensitive in identifying
minor ECG abnormalities, we decided to improve the clinical accuracy
of D-Heart. Particularly, since the 3mildly abnormal tracingsmislabeled
by D-Heart®weremisclassified because of the lack of specificity for Left
Ventricular Hypertrophy (LVH) Criteria we decided to derive the aug-
mented leads (aVL, aVF and aVR) and insert an additional precordial
electrode (V2) to explore more reliably the anterior territories of the
heart and enable the correct identification of LVH.

Of note, the present study was based on a low-risk patient cohort,
with limited prevalence of abnormal tracings, as would be expected in
a young community-based African population.

5. Conclusions

D-Heart® ECGs proved accurate, allowing a stratification of ECG ab-
normalities comparable to the standard 12-lead ECG in a low-income
setting. Novel smartphone-based techniques open promising perspec-
tives for low-cost cardiovascular screening programs. Further studies
are clearly needed to assess if these theoretical advantages are support-
ed by patient-centered outcomes and positive cost-benefit analysis.
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unexplained palpitations (9), unexplained syncope (7), treated AF (9), first year
post MI (8).
Results: 95% of des patients used the garment at least 6 days a week, 86%
every day. Average monitoring time was 17.4 hours/day, with a 15 weeks av-
erage monitoring. 100% of patients sent interpretable signals. The analysis of
signals consisted in a combination of artificial intelligence and cardiologist ex-
pertise (semi-supervised Machine Learning). 166000 signals were treated by the
algorithm and dispatched to the platform in case of abnormalities, among them
7000 have been confirmed as pathological by cardiologists, corresponding to 115
rhythmic disorders event, which allowed to establish a new diagnosis for 42% of
patients (17). No false negative has been identified after reviewing EKGs not con-
sidered as abnormal by the algorithm. Mean time before event detection was 4.9
weeks (1–13). Mean event number per patient was 2.88 (1–15). Each of the 17
patients received a specific treatment by their treating cardiologist on the basis
of the established and documented diagnosis. Diagnosis per group were: crypto-
genic stroke: 3 asymptomatic AF (42%), unexplained palpitations: 1 polymorphic
TV (11%), unexplained syncope: 1 atrioventricular block and 3 sick sinus syn-
dromes (57%), treated AF: 4 AF, 3 of them asymptomatic (44%), first year post
MI: 0 event.
Conclusion: This pilot study confirms the reliability of the tool, the feasibility of
the method and the relevance of the decision-making chain. It allows a very long
term monitoring acceptable for the patient, cost-effective and applicable to a very
large number of patients. It must be confirmed by a multicentric study planned for
1500 patients.

P4233
Safe multidisciplinary management of new therapies: the RITMO
project (Real Time Continuous Web Monitoring)

L. Lupi1, F. Glisenti2, I. Papa1, M. Piazzani1, V. Guerini1, F. Fioretti1, G. Arabia1,
M. Metra1, S. Nodari1. 1University of Brescia, Department of Clinical and

Surgical Specialities, Cardiology section, Brescia, Italy; 2Health Telematic

Network, Brescia, Italy

Background: Fingolimod is an immunosuppressive drug that prevents the typi-
cal autoimmune responses of multiple sclerosis (MS). This drug can cause, even
after the first dose, bradycardia and atrioventricular conduction block (AVB). Ac-
cording to a decree of the Committee for Medicinal Products for Human Use
(CHMP), the first administration of a dose of fingolimod must meet the following
conditions: a) 12-lead electrocardiogram (ECG) and blood pressure (BP) evalua-
tions before first dose administration; b) continuous ECG and BPmonitoring every
hour during the first 6 hours of treatment. The aim of the study was to evaluate the
efficacy of our virtual Intensive Care Unit connected to selected Departments of
Neurology for cardiology monitoring via web, during the first dose administration
of fingolimod in patients with MS.
Methods: Health Telematic Network, in collaboration with our Cardiology Depart-
ment, has installed in several Neurology Departments in the country intensive
care equipment with real time monitoring via the web of ECG, BP and oximetry.
The telemonitoring system is composed of an IntelliVue MP2 monitor, for 12-lead
ECG recording, and by an IntelliVue Philips M3150 Central, for continuous remote
monitoring of ECG and the detection and storage of arrhythmias. The HTN Car-
diologist thus can evaluate in real time ECG monitored and each alarm detected.
Results: From Jan 2014 to Jan 2018, 172 sites participated and 4320 pts were
enrolled. The telemonitoring system recognized 3576 episodes of bradycardia,
203 first degree AVB, 149 second degree AVB Mobitz I, 41 second degree AVB
Mobitz II, 439 pathological lengthening of the QTc interval, single monomorphic
ventricular ectopic beats in 206 pts, bigeminy ventricular extrasystoles in 14 pts
and polymorphic ventricular extrasystoles in 3 cases. 5 cases of nonsustained
ventricular tachycardia occurred and were recognized.
Conclusion: This web-based real time telemonitoring project was an optimal so-
lution for the administration of the first dose of fingolimod, according to current
indications of the CHMP. The RITMO project could lead the way for the use of a
multidisciplinary approach for the management of new therapies.

P4234
A telemonitoring program for screening and primary and secondary
prevention of cardiovascular disease

L. Lupi1, F. Glisenti2, I. Papa1, G. Arabia1, M. Piazzani1, D. Fabbricatore1,
A. Castiello1, A. Madureri1, S. Nodari1. 1University of Brescia, Department of

Clinical and Surgical Specialities, Cardiology section, Brescia, Italy; 2Health

Telematic Network, Brescia, Italy

Background: Cardiovascular diseases (CV) have a high prevalence and inci-
dence and are associated with a high rate of mortality and hospitalization, result-
ing in a significant spending on care and poor quality of life.
Purpose: The aim of our study was to evaluate the effectiveness of a re-
mote monitoring through the use of electrocardiogram (ECG), ambulatory blood
pressure monitoring (ABPM) and ECG Holter monitoring in primary prevention
(screening checks in healthy subjects and in patients at risk of CV diseases such
as patients with diabetes, hypertension or dyslipidemia), and in secondary pre-
vention after CV events.
Methods: Health Telematic Network (HTN), in collaboration with our Cardiology
Department and Federfarma (National Association of Pharmacists), has installed

in 3,272 pharmacies distributed throughout the country a telematic network con-
nected to a single Telemedicine platform where cardiologists were available for a
24-hour tele-consulting. Pharmacies performed 12-lead ECG for pimary preven-
tion in healthy subjects or those with CV risk factors, ABPM in case of discordant
blood pressure value or to assess the response to antihypertensive therapy and
Holter ECG in subjects with episodes of palpitation, syncope or pre-syncope or a
history of paroxysmal atrial fibrillation or ventricular or supraventricular extrasys-
toles.
Results: From the 1th Jan 2015 to 31th Dec 2017 a total of 79,898 women
(mean age 52±12) and 68,458 men (mean age 49±11) have benefited of our
telematic network. We analyzed 148,352 exams: 94,985 ECG; 29,567 ABPM and
23,800 ECG Holter. Among all the ECG, 7,348 (7.7%) showed electrocardio-
graphic abnormalities not compatible with the patient’s medical history. Among
the total of ABPM performed, 7,214 (24.4%) revealed an abnormal 24-hour pres-
sure trend, according to the classification of European Society of Hypertension:
51% systo-diastolic hypertension; 26% isolated systolic hypertension; 23% iso-
lated diastolic hypertension. Among all the ECG Holter monitoring, 6,414 (26.9%)
showed arrhythmias: atrial fibrillation (2,220 patients), supraventricular tachycar-
dia (1,172 patients), ventricular arrhythmias (1,391 patients), advanced atrio-
ventricular block (770 patients) and QT corrected prolungation (861 patients); in
1,177 cases (4.9%) these arrhythmias were life threatening. In case of detections
of abnormalities, subjects were referred to their General Practitioner or Cardi-
ologist for further evaluation or further diagnostic investigations; in cases of life
threatening conditions, patients were referred to the closest Emergency Depart-
ment (ED).
Conclusion: Our data confirm the important role of a telematic network in pri-
mary and secondary prevention of CV diseases, by promoting early diagnosis
and treatment of CV events and by improving the appropriateness of the access
to the ED, then resulting in a likely positive impact on health care and health
expenditure.

P4235
Telemedicine cardiovascular screening program in low-income
settings by smartphone based technology

N. Maurizi1, S. Peschiera2, E. Ochola3, C. Fumagalli1, R. Rughetti4,
F. Avvantaggiato5, M. Tamba5, F. Corradi6, N. Marchionni1, C. Esposito2,
G.B. Parigi7, S. Perlini8, F. Cecchi9, J. Kansiime3, I. Olivotto9. 1University of

Florence, Department of Clinical and Experimental Medicine, Florence, Italy;
2Salvatore Maugeri Foundation IRCCS, Department of Nephrology, Pavia, Italy;
3St. Mary Hospital, Lachor, Uganda; 4Amref Health Africa Italia, Rome, Italy;
5Comitato Pavia Asti Senegal, Pavia, Italy; 6Galliera Hospital, Department of

Anaesthesiology, Genoa, Italy; 7Center for Internal Cooperation, Pavia, Italy;
8Clinica Medica 2„ Pavia, Italy; 9Careggi University Hospital (AOUC),

Cardiomyopathy Unit, Florence, Italy

Background: Mobile health technologies are revolutionizing cardiovascular (CV)
medicine. However, more than 80% of heart disease related deaths occur in
low-income settings, that are unable to take advantage of such technologies for
healthcare awareness and prevention.
Purpose: We assessed the feasibility of a pilot telemedicine-based CV screening
campaign with D-Heart®, a validated low-cost 8-lead smartphone portable ECG,
coupled with blood-pressure (BP) monitoring in three regions of Africa.
Methods: A total of 590 patients (62%) men, age 34±21) were enrolled at 5
African rural dispensaries, 2 in Kitui (Kenya), 2 in Ziguinchor (Senegal) and at
St. Mary Hospital of Lachor (Uganda). ECGs recording were obtained by com-
munity health workers with D- Heart® smartphone ECG; BP was measured with
a validated smartphone BP recorder. Global burden of ECG abnormalities was
defined by a semi-quantitative score based on the sum of 9 criteria, identifying
four classes of increasing severity. ECGs that were moderately and severely ab-
normal and from patients with severe hypertension, were sent for consultation via
smartphone to D-Heart® tele-cardiology centre: an advice on how to manage the
patient was sent back to the community health worker’s smartphone within 15
minutes. If referral was needed, patients were sent to the local hospital to perform
further examinations.
Results: Mean BMI was 25.2±2.5 and women were more overweight than
men (22.3±1.5 vs 27.2±1.1, p<0.01). Active/recent history of smoking and al-
cohol intake were 197/580 (34%, 121 men) and 232/590 (40%, 198 men) re-
spectively. Fifty-eight (10%) patients had been previously diagnosed with di-
abetes, 101 (17%) had known hypertension (95/101 on treatment), whereas
10 (2%) had a previous myocardial infarction. A total of 271 (46%) patients
never had their blood pressure measured, whereas 211 (91%) never received
an ECG. Mean SBP/DBP were 134±33/74±12 mmHg respectively. Patients with
normal BP were 189 (32%), whereas 236 (40%) were mildly-moderately hyper-
tensive (SBP/DBP 143±6/93±3 mmHg) and 171 (29%) with severe hyperten-
sion (SBP/DBP 161±6/105±4 mmHg). D-Heart® ECGs tracings were respectively
classified as: normal: 224 (38%); mildly abnormal: 207 (35%); moderately abnor-
mal: 124 (21%) and severely abnormal 35 (6%). Most common ECG abnormality
was a positive Romhilt-Estes index in 224/590, 38%. For 66 patients smartphone
tele-report advised referral to the local hospital: 5 (8%) were found to have normal
hearts, 31 (47%) with hypertensive heart disease, 21 (32%) with rheumatic heart
disease 9 (14%) with heart failure. Visit time was 6±2 minutes; cost of screening
per patient was 1.10�: 0,30� for consumable electrodes, 0.80� for the commu-
nity health worker visit time.
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Conclusions: D-Heart® ECG screening combined with smartphone BP mea-
surement proved feasible and cost-effective. This should encourage to develop
and extend low-cost/high-technology community-based CV screening programs
in low-income settings.
Funding Acknowledgements: D-Heart provided expenses for devices, Commu-
nity Health worker salary and cardiological consultation
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Original questionnaire and mobile technology for advanced remote
monitoring in patients with chronic heart failure and cardiac
resynchronisation device

O. Bockeria, T. Kurdgelia. A.N. Bakulev National Medical Research Center for

cardiovascular surgery, Moscow, Russian Federation

Background: Mobile healthcare is a convenient modern and effective tool for
long-distance monitoring of patients with chronic heart failure including those with
the implanted cardiac resynchronisation therapy devices. Nowadays mobile tech-
nologies are widely used as an inexpensive and effective method of correcting
the treatment of such patients.
Purpose: To assess the results of advanced remote monitoring in patients with
chronic heart failure and cardiac resynchronisation device using original ques-
tionnaire and mobile technology
Methods: 100 patients with chronic heart failure NYHA class II-IV with implanted
CRT-D devises were included. Patients were randomly assigned into two groups,
study group (I), n=45 and control group (II), n=55. Within 6 months in the study
group remote monitoring was carried out using originally developed remote mon-
itoring questionnaire, the data was transmitted via WhatsApp messenger, emails
and text messages (SMS) every 2 weeks if patient’s LV ejection fraction (LVEF)
was below 35% or every 4 weeks if LVEF was above 35%. The questionnaire
included the following indicators: patient weight, blood pressure, heart rate, di-
uresis, dyspnoea, ankle circumference, medications taken and regularity of exer-
cises.
Results: Statistically significant improvement in the following parameters was
registered in the study group: the weight of patients decreased by 0.97±0.05 kg
(p=0.039), 20% of patients ceased to have shortness of breath at a physical ex-
ertion, median walk distance increased by 755.28±433.53 meters (p<0.0001),
ankle circumference decreased by 0, 24±0.1 cm. Quality of life assessed by
SF-36 questionnaire demonstrated improvement in the following parameters:
physical functioning 45.21±23.4 versus 52.12±25.12 (p=0.003), physical role
functioning 31.23±3.12 versus 34.54±3.96 (p=0.021), general health 38.43±1.59
versus 44.21±1.21 (p=0.002), social functioning 54,43±3.21 versus 64.15±4.83
(p=0.001) and psychological health 44.23 SF-36 2.87 versus 52.86 SF-36 4.01
(p=0.002). Control group demonstrated statistically significant improvement in
a single parameter - the weight of patients with median decrease by 2,56 kg
(p=0.008). The use of the remote monitoring system reduced the frequency of
hospitalizations: 2.2% in study group versus 18.2% in a control group, p=0.009
and the number of outpatient visits: 4% in study group versus 21.8% in a control
group, p=0.007.
Conclusions: Originally developed questionnaire and the mechanism of using
mobile remote monitoring for patients with chronic heart failure and implanted
CRTD devices allowed us to improve the clinical status of patients, the quality
of life, and also reduce the frequency of hospitalizations and repeated outpatient
visits.
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Gastrointestinal bleeding is associated with gastrointestinal cancer in
patients with atrial fibrillation treated with anticoagulants -
a nationwide study

P.V. Rasmussen1, F. Dalgaard1, A. Brandes2, S.P. Johnsen3, A.M.B. Munster4,
E.L. Grove5, L. Pedersen6, C. Torp-Pedersen7, G.H. Gislason1,
J.L. Pallisgaard1, M.L. Hansen1. 1Gentofte University Hospital, Department of

Cardiology, Copenhagen, Denmark; 2Odense University Hospital, Department of

Cardiology, Odense, Denmark; 3Aalborg University, Department of Clinical

Medicine, Aalborg, Denmark; 4Sydvestjysk Hospital, Department of Clinical

Biochemistry, Esbjerg, Denmark; 5Aarhus University Hospital, Department of

Cardiology, Aarhus, Denmark; 6Aalborg University Hospital, Department of

Surgery, Aalborg, Denmark; 7Aalborg University Hospital, Department of Clinical

Epidemiology, Aalborg, Denmark

Background: In patients with atrial fibrillation (AF), treated with oral anticoagulant
(OAC) therapy, gastrointestinal bleeding (GI-bleeding) is a frequent complication.
In the general population GI-bleeding is associated with the occurrence of gas-
trointestinal cancer (GI-cancer). To what degree this is the case in AF patients in
OAC therapy is unknown.
Purpose: To determine the incidence of GI-bleeding and the associated risk of
being diagnosed with GI-cancer in AF patients treated with OAC.
Methods: Using Danish nationwide registries, patients with non-valvular AF
treated with OAC therapy between 1996 and 2014 were included at the date of
first OAC prescription after AF diagnosis. Outcomes of interest were GI-bleeding;
GI-bleeding with a subsequent endoscopy within 90 days, and GI-cancer.

For comparative analyses, each patient with GI-bleeding was matched with two
controls using matching on a categorized variable of age, gender, and CHA2DS2-
VASc score. Aalen-Johansen estimator was applied for estimating cumulative in-
cidences, with competing risk of death, for the outcome of incident GI-cancer from
the date of GI-bleeding.
Results: A total of 137,866 AF patients were eligible for inclusion. In the study
population 57.7% were male with a median age of 73 years (Inter Quartile Range
[IQR] 66–80 years). Median follow-up time was 4.37 years (IQR 2.17–8.19).
We identified 10,265 (7.4%) cases of GI-bleeding and 4630 (3.4%) cases of GI-
bleeding with an endoscopic procedure within 90 days corresponding to 45% of all
cases with GI-bleeding. In patients with GI-bleeding, 673 (6.6%) were diagnosed
with a GI-cancer during follow-up.
The cumulative incidence of GI-cancer revealed a drastic increase in GI-cancer
immediately after a GI-bleeding. As such, cumulative incidence estimates of GI-
cancer in bleeding cases were 2.85% (95% confidence interval [95% CI] 2.52–
3.18) and 4.47% (95% CI 4.06–4.87) 30 days and six months after a bleeding
event, respectively. Conversely, the cumulative incidences in the control group
without GI-bleeding were 0.02% (95% CI 0.004–0.041) and 0.19% (95% CI 0.13–
0.25) after 30 days and six months, respectively. See (Figure 1).

Figure 1. Cumulative incidence of GI-cancer, in AF patients treated with OAC, depicted by cases
with GI-bleeding (red dotted line) and the matched controls without GI-bleeding (black line) during
300 days of follow-up. Day 0 indicates the date of GI-bleeding.

Conclusion: GI-bleeding in patients with non-valvular AF treated with OAC ther-
apy was highly associated with incident GI-cancer, especially in the aftermath of
a GI-bleeding event. As such, GI-bleeding should not be dismissed as a benign
consequence of OAC treatment but should be examined as a marker of a poten-
tially malignant cause.
Funding Acknowledgements: The study was supported by Bristol Myers
Squibb/Pfizer
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Making sense of real world evidence: addressing the uncertainties
surrounding anticoagulation for stroke prevention in non-valvular
atrial fibrillation

N. Rotheram1, C.D. Poole1, R. Alikhan2, A. Banerjee3, J. Dawson4, J. Halcox5,
F.D.R. Hobbs6, D. Keeling7, R.S. Taylor8, P. Dequen-O’byrne9, D. Scott9,
S. Webster1, R. Ghouse1, M.W. Marcus1, N. Hawkins4. 1Boehringer Ingelheim

Ltd, Bracknell, United Kingdom; 2University Hospital of Wales, Cardiff, United

Kingdom; 3University College London, London, United Kingdom; 4University of

Glasgow, Glasgow, United Kingdom; 5Swansea University, Swansea, United

Kingdom; 6University of Oxford, Oxford, United Kingdom; 7Oxford University

Hospitals NHS Trust, Oxford, United Kingdom; 8University of Exeter, Exeter,

United Kingdom; 9Visible Analytics Ltd, Oxford, United Kingdom

Background: Heterogeneity in design and patient characteristics between ran-
domised controlled trials (RCTs) presents uncertainty regarding the comparative
effectiveness of oral anticoagulants (OACs) for stroke prevention in non-valvular
atrial fibrillation (NVAF). Real world evidence (RWE) may address this.
Purpose: To review the clinical effectiveness of OACs (apixaban, dabigatran,
edoxaban, rivaroxaban and warfarin) for stroke prevention in NVAF based on RCT
and RWE data.
Methods: After systematic literature review of RCT and RWE studies, a panel of
clinical experts reviewed clinical uncertainties, study comparability and analytic

Hazard ratios relative to warfarin

Intervention Dose Study All-cause mortality Stroke/systemic Major bleed
(mg) design (HR; 95% CrI) embolism (HR; 95% CrI) (HR; 95% CrI)

Apixaban 2.5 bd RWE 1.55 (0.55–4.44) 0.80 (0.55–1.15) 0.66 (0.44–1.01)
5 bd RCT 0.89 (0.79–0.99)† 0.79 (0.66–0.95)† 0.66 (0.58–0.76)†

5 bd RWE 0.47 (0.15–1.49) 0.59 (0.41–0.85)† 0.59 (0.39–0.90)†

Dabigatran 110 bd RCT 0.90 (0.82–1.01) 0.90 (0.74–1.09) 0.80 (0.69–0.92)†

110 bd RWE 0.82 (0.50–1.36) 0.93 (0.66–1.31) 0.63 (0.34–0.95)†

150 bd RCT 0.88 (0.79–0.98)† 0.65 (0.52–0.81)† 0.93 (0.81–1.07)
150 bd RWE 0.50 (0.29–0.81)† 0.84 (0.58–1.20) 0.84 (0.63–1.23)

Edoxaban* 30 od RCT 0.87 (0.79–0.96)† 1.13 (0.96–1.34) 0.47 (0.41–0.54)†

60 od RCT 0.92 (0.84–1.02) 0.87 (0.73–1.04) 0.80 (0.97–1.15)
Rivaroxaban 15/20 od RCT 0.85 (0.70–1.03) 0.81 (0.73–0.91)† 1.05 (0.97–1.15)

15 od RWE 0.91 (0.48–1.73) 0.81 (0.58–1.13) 1.16 (0.71–1.92)
20 od RWE 0.55 (0.25–1.13) 0.81 (0.56–1.17) 1.07 (0.71–1.60)

*Appropriate RWE not available for edoxaban; †Strong evidence of benefit. bd: twice-daily; CrI:
credibility interval; HR: hazard ratio; od: once-daily; RCT: randomised controlled trial; RWE: real-
world evidence.
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