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A B S T R A C T   

Background: A smartphone 12-Lead ECG that enables layman ECG screening is still lacking. We aimed to validate 
D-Heart ECG device, a smartphone 8/12 Lead electrocardiograph with an image processing algorithm to guide 
secure electrode placement by non-professional users. 
Methods: One-hundred-fourty-five patients with HCM were enrolled. Two uncovered chest images were acquired 
using the smartphone camera. An image with virtual electrodes placement by imaging processing algorithm 
software was compared to the ‘gold standard’ electrode placement by a doctor. D-Heart 8 and 12-Lead ECG were 
obtained, immediately followed by 12‑lead ECGs and were assessed by 2 independent observers. Burden of ECG 
abnormalities was defined by a score based on the sum of 9 criteria, identifying four classes of increasing 
severity. 
Results: A total of 87(60%) patients presented a normal/mildly abnormal ECG, whereas 58(40%) had moderate 
or severe ECG alteration. Eight(6%) patients had ≥1 misplaced electrode. D-Heart 8-Lead and 12‑lead ECGs 
concordance according to Cohen’s weighted kappa test was 0,948 (p < 0,001, agreement of 97.93%). Concor-
dance was high for the Romhilt–Estes score (kw = 0,912; p < 0.01). Concordance between D-Heart 12-Lead ECG 
and standard 12-Lead ECG was perfect (kw = 1). PR and QRS intervals measurements comparison with Bland- 
Altman method showed good accuracy (95% limit of agreement ±18 ms for PR and ± 9 ms for QRS). 
Conclusions: D-Heart 8/12-Lead ECGs proved accurate, allowing an assessment of ECG abnormalities comparable 
to the standard 12‑lead ECG in patients with HCM. The image processing algorithm provided accurate electrode 
placement, standardizing exam quality, potentially opening perspectives for layman ECG screening campaigns.   

Digital health and telemedicine flourished during the recent 
pandemic and modified the traditional physical way of patient-doctor 
interaction by using digital means and the Internet [1]. The global 
diffusion of smartphone devices is producing profound changes in di-
agnostics, as much relevant data may now be generated locally by the 
patient rather than centrally by providers [1,2]. Although the standard 
12-Lead electrocardiogram (ECG) is a cost-effective, valuable and non- 

invasive test, most machines are complex, relatively expensive and 
require the supervision by healthcare professional. Moreover, up to 15% 
of out of hospital ECGs may present technical errors like limb lead 
switching, abnormal voltage standardization and improper precordial 
lead placement [3,4]. Several intuitive, accurate and validated smart-
phone ECG devices are available on the market, but none has been 
designed or approved to operate as a standard 12-Lead ECG in the hand 
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of layman users [5,6]. These aspects become relevant for large screening 
campaigns, in resource-limited settings or in vast and low populated 
regions, where local health center often is the first point of contact [2]. 

D-Heart 8/12 Lead ECG is a multiple lead ECG device that a dedi-
cated App is able to record, display and store ECG tracings. Correct ECG 
execution is guided by an image processing algorithm that uses the 
smartphone camera, to minimize errors by layman patients. Users frame 
their own chest with the smartphone and the image processing algo-
rithm displays the correct anatomical electrode location by recognizing 
patient’s shoulders and other anatomical landmarks [7]. 

In the presented study, we aim to validate the D-Heart 8/12-Lead 
ECG device and automatic electrode placement software, as compared 
to the standard 12-Lead ECG in patients with hypertrophic cardiomy-
opathy (HCM), the most common inherited heart disease, characterized 
by severe ECG abnormalities [8]. ECG is considered to be an excellent 
tool for screening and monitoring in these patients [8] and is even more 
sensitive than ultrasonography in the identification of affected family 
members [9]. 

Methods 

Consecutive patients with a diagnosis of HCM referred for outpatient 
evaluation at a referral national institution for cardiomyopathies were 
enrolled. All patients were older than 18 years old. Patients with paced 
ventricular rhythm at the time of the ECG were excluded from the study. 
Informed written consent for the study participation and the publication 
of the images was acquired for each patient. The study was approved by 
the local ethics committee (Comitato Etico Area Vasta Centro Toscano, 
protocol number SPE 16.211). 

D-Heart 8/12 lead ECG device and app 

The D-Heart 8/12 Lead ECG device was conceptualized as a device 
for electrocardiographic screening in resource limited settings. It is 

constituted by a battery-powered device for ECG measurement on 
multiple leads (three peripherals and two precordials (V2 and V5)) 
connected through the use of Bluetooth low energy to a smartphone with 
a dedicated App (Fig. 1). The device was created for the electrocardio-
graphic measurement allowing the user to perform standard 8-Leads 
setting (arrhythmias diagnosis or monitoring) and/or in 12-Lead ECG 
setting. In the latter, the standard 8-Lead ECG is coupled with the 
sequential asynchronous recording of 6 s ECG from each precordial 
position (V6, V4, V3 and V1) by V5 electrode misplacement (Fig. 1). 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 display, whereas Lithium battery ensures the 
functionality during measurement. 

The dedicated App, for iOs and Android systems, contain an image 
processing algorithm that uses the smartphone camera to guide the 
correct electrode placement on the patient’s chest. Once the user frames 
its own chest with the smartphone, the algorithm identifies and displays 
the electrodes’ theoretical location by recognizing patient’s shoulders 
and other anatomical landmarks. The user, by mirroring his/her image 
user can proceed to electrode placement (Fig. 1). 

Electrode placement performance test 

The image processing software performances were validated in the 
study population. For each patient, two uncovered chest images were 
acquired using the smartphone camera. No image was acquired from a 
previous database or contained previously created elements. The first 
image was processed and virtual electrodes automatically placed by D- 
Heart App with the imaging processing algorithm software. The second 
image was stored in a database and virtual electrodes were placed on the 
chest picture by a trained doctor, blinded to the image processing al-
gorithm results. The two chest images were than compared for assess-
ment of the accuracy of the software in the placement of electrodes, 

Fig. 1. Multiple Leads Smartphone ECG for layman use. 
In Panel A the dedicated App with the electrode placement algorythm is shown. Panel B displays the portable ECG device hardware worn by a patient (circular device 
with central button). Panel C, D, E and F shows ECG 8 and 12 lead ECG acquired during the study of patients with HCM. Panel G show function of the D-Heart App 
ECG device: image processing algorythm indicated electrodes placement (bottom right and bottom left), the user wears the ECG device and the ECG is shown on 
the smartphone. 
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assuming the doctor electrode placement as the ‘gold standard’. 
Particular attention was dedicated to women, who were instructed to 
place the electrodes under the breast tissue for V3, V4 and V5 position. 
For peripheral electrodes (RA, LA, LL) an error within ±3 cm was 
considered to be acceptable, whereas for precordial electrodes (V1, V2, 
V3, V4, V5 and V6) an error within ±2 cm was considered satisfactory. 

ECGs acquisition 

D-Heart 8/12 Lead ECGs and standard 12‑lead recordings were 
subsequently obtained (within 2–5 min) in each subject. Electrode 
placement performed by the image processing algorithm was used and 
consumable electrodes were employed. Standard 12-Lead ECG used for 
the comparison and used as the ‘gold standard’ was MyCardioPad 12- 
Lead (Esaote SpA). Severity of ECG abnormalities was defined by a 
previously validated semi-quantitative score based on the sum of 9 
criteria (based on reference 10) by each reader: abnormal cardiac 
rhythm, QRS duration ≥100 ms, Romhilt-Estes Score (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 group were identified: 
normal (0 criteria); mildly abnormal (1–3 criteria); moderately 
abnormal (4–6 criteria); markedly abnormal (7–9 criteria). ECGs from 
D-heart were assessed by two independent observers (J.I. and C.F.) that 
categorized in a separate database the ECG abnormalities, whereas two 
other independent observers (A.F. and N.M.) analyzed the tracings from 
standard electrocardiograph. PR and QRS intervals were measured 
manually on printed ECGs by two independent observers (J.I. and C.F.). 

Statistics 

The primary objective was to determine the concordance between 
the accuracy of D-Heart 8-L and 12-L ECG readings with respective 
standard ambulatory 12-L ECG readings. 

To obtain a level of tolerance β (probability of judging the mea-
surements incorrectly discordant) equal to 0.99 with a first type error of 
0.05, at least 110 cases were required. Considering a possible 20% drop 
out, a total of at least 145 patients were recruited. 

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 electrode placement algo-
rithm and doctor’s placement was assessed by the weighted kw-Cohen 
index, with its relative significance, taking as the endpoint variable the 
doctor’s placement. 

The concordance between D-Heart 8 and 12 Lead ECG readings and 
the standard 12 lead ECG readings was assessed by: 

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

• the Bland-Altman method, with a 95% confidence level, for the PR 
and QRS interval measurements. Since differences between the two 
measurements did not follow a normal distribution, a non-parametric 
approach (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. 

Results 

Clinical and echocardiographic profile 

The 145 consecutive HCM study patients were 51 ± 16 years old, and 
90 (62%) were males. Mean BMI was 23 ± 4 (19 to 28) kg/m2, 125 
patients were asymptomatic or had mild symptoms (86%, in NYHA class 
I-II), 41 (28%) had LV outflow obstruction >30 mmHg at rest and 32 
(22%) had atrial fibrillation (AF) (Table 1). Syncope had occurred in 13 

(9%) and 19 (13%) had a history of non-sustained ventricular tachy-
cardia (NSVT). Mean Left atrial (LA) diameter was 40 ± 6 mm, with a 
mean Left Ventricular ejection fraction (LV EF) of 65 ± 9%. Maximal LV 
thickness was 23 ± 5 mm, and was ≥30 mm in 12 (8%). (Table 1). 

A total of 87 (60%) patients presented a normal/mildly abnormal 
ECG, whereas 58 (40%) had moderate or severe ECG alterations based 
on the pre-defined score. Patients with abnormal ECG were older (52 ±
14 vs 46 ± 18 years, p = 0.03), more symptomatic (13 (22%) vs 7 (8%) 
in NYHA III-IV, p < 0.01) and presented a more severe cardiomyopathy 
phenotype: they were more frequently obstructive (23 (40%) vs 18 
(21%), p < 0.01) with a more dilated LA (43 ± 5 vs 38 ± 9 mm, p <
0.01) and underwent more frequently septal reduction procedures (18 
(31%) vs 4 (5%) for myectomy, p < 0.01) (Table 1). 

Electrode placement algorithm performance 

Electrode placement algorithm was operated in all study patients and 
an output was given in 145/145 cases. Median placement error for the 
image processing software was on horizontal and vertical axis 

Table 1 
Clinical characteristics of the 145 HCM patients stratified per severity of ECG 
abnormalities.   

Variable Total 
Cohort 
(n =
145) 

Normal / 
Mildly 
Abnormal 
ECG 
(n = 87) 

Moderately 
/ Severely 
Abnormal 
ECG 
(n = 58)  

Medical History       
Age (years) 51 ±

16 
46 ± 18 52 ± 14 p =

0.03  
Male sex (n) 90 

(62%) 
52 (59%) 38 (65%) p =

0.45  
NYHA I - II 125 

(86%) 
80 (92%) 45 (78%) p =

0.02  
NYHA III 
-IV 

20 
(14%) 

7 (8%) 13 (22%) p <
0.01  

LVOT 
Gradient 
>30 mmHg 
(n) 

41 
(28%) 

18 (21%) 23 (40%) p <
0.01  

Syncope (n) 13 
(9%) 

5 (6%) 8 (14%) p =
0.05  

Non 
sustained 
VT (n) 

19 
(13%) 

9 (10%) 10 (17%) p =
0.21  

Myectomy 
(n) 

22 
(15%) 

4 (5%) 18 (31%) p <
0.01  

Alcohol 
Septal 
Ablation (n) 

6 (4%) 2 (3%) 4 (5%) p =
0.78  

Atrial 
Fibrillation 
(n) 

32 
(22%) 

11 (13%) 21 (36%) p <
0.01 

Echocardiography       
LA 
diameter 
(mm) 

40 ± 6 38 ± 9 43 ± 5 p <
0.01  

EF (%) 65 ± 9 65 ± 9 63 ± 11 p =
0.55  

Maximal LV 
thickness 
(mm) 

23 ± 5 22 ± 6 24 ± 3 p =
0.31  

LV 
thickness ≥
30 mm (n) 

12 
(8%) 

4 (5%) 8 (14%) p <
0.01  

Restrictive 
diastolic 
pattern (n) 

6 (4%) 4 (5%) 2 (3%) p =
0.67 

Abbreviations: LVOT = left ventricular outflow tract; VT = ventricular tachy-
cardia on ambulatory ECG; ICD = implantable cardioverter defibrillator; LA =
left atrium; LV = left ventricle; EF = ejection fraction; LV = left ventricle; NYHA 
= New York heart association 
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respectively: 0.3 [0.1–1] cm and 0.8 [0.5–1.5] cm for RA; 0.9 [0.9–1.5] 
cm and 1 [0.5–1] cm for LA; 0.8 [0.5–1] cm and 0.7 [0.3–1] cm for LL; 
0.8 [0.5–1] cm and 1 [0.5–1.5] cm for V1; 1 [0.2–1.3] cm and 0.2 
[0.1–0.5] cm for V2; 0.8 [0.5–1] cm and 0.8 [0.5–1] cm for V3; 0.4 
[0.1–1] cm and 0.5 [0.4–0.8] cm for V4; 0.6[0.3–1] cm and 0.4 [0.2–1] 
cm for V5; 0.4 [0.3–1] cm and 0.9 [0.8–1.2] cm for V6 (Table 2, Fig. 2). 

Eight (6%) patients had at least 1 electrode misplaced 1 isolated RA 
misplacement, 3 isolated V1 misplacement, 2 combined V4 and V6 
misplacement, 1 combined V1, RA, LL misplacementand 1 case with RA, 
LL, V4 and V5 misplacement (Table 2, Fig. 2). Of these, 7 were females 
and 5/7 with BMI > 24 (mean BMI 27 ± 2 kg/m2). The one male patient 
with at least one electrode misplaced, had a normal BMI. 

Weighted Cohen’s kappa (kw) test showed a concordance of 0,902 (p 
〈0,001) with an agreement of 93.88% between the two techniques. 

D-Heart 8-Lead ECG and Standard 12-Lead ECG 

Agreement between readers was obtained in 144/145 (99%) cases 
with D-Heart tracings and in 143/145 (99%) cases with 12‑lead ECGs. 
When there was disagreement, ECGs, both from D-Heart and standard 
12 lead electrocardiograph, were adjudicated by an independent 
observer (M.T.). 

D-Heart 8-Lead and 12‑lead ECG tracings were respectively classified 
as: normal: 9 (6%) vs 9 (6%); mildly abnormal: 75 (52%) vs 78 (54%); 
moderately abnormal: 50 (35%) vs 48 (33%) and severely abnormal 10 
(7%) vs 10 (7%). Weighted Cohen’s kappa (kw) test showed a concor-
dance of 0,948 (p < 0,001) with an agreement of 97.93% between the 
two techniques (Fig. 3). 

Mean PR and QRS interval measurements from D-Heart tracings and 
12 Lead Electrocardiograph were 168 ± 31 ms vs 173 ± 33 and 104 ±
32 ms vs 108 ± 29 ms respectively. Of note, concordance was also high 
for the Romhilt-Estes Score (kw = 0,912; p < 0.01). Comparison of PR and 
QRS intervals (Bland-Altman method, non-parametric approach) 
showed excellent concordance for D-Heart® measurements (95% limit 
of agreement − 18 to +18 ms for PR and − 9 to +9 ms for QRS) (Fig. 4). 
No misclassification of 1st degree AV block or bundle branch block 
occurred. 

D-Heart 12-Lead ECG and Standard 12-Lead ECG 

Agreement between readers was obtained in 143/145 (99%) cases 
with D-Heart tracings and in 143/145 (99%) cases with 12‑lead ECGs. 

D-Heart and 12 standard 12‑lead ECG tracings were respectively 
classified as: normal: 9 (6%) vs 9 (6%); mildly abnormal: 78 (54%) vs 78 
(54%); moderately abnormal: 48 (33%) vs 48 (33%) and severely 
abnormal 10 (7%) vs 10 (7%), with a 100% agreement between the two 
techniques. Of note, concordance was also high for the Romhilt-Estes 
Score (kw = 0,967; p < 0.01). (Fig. 3). 

Mean PR and QRS interval measurements from D-Heart tracings and 
12 Lead Electrocardiograph were 170 ± 28 ms vs 173 ± 33 and 104 ±
28 ms vs 108 ± 29 ms respectively. Concordance was also high for the 
Romhilt–Estes score (kw = 0,952; p < 0.01). Comparison of PR and QRS 
intervals (Bland-Altman method, non-parametric approach) showed 
excellent concordance for D-Heart® measurements (95% limit of 
agreement − 20 to +20 ms for PR and − 10 to +10 ms for QRS) (Fig. 4). 
No misclassification of 1st degree AV block or bundle branch block 
occurred. 

Discussion 

Despite the many ways in which telemedicine is transforming 
healthcare, 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 
methodologies [11,12]. With this aim, we assessed the accuracy of the 
D-Heart 8/12-Lead electrocardiograph, demonstrating that tracings 
obtained from smartphones may compare favorably with the current 
gold standard 12‑lead in identifying ECG abnormalities. 

D-Heart 8/12-Lead ECG device was designed to address the specific 
need of enabling the performance of multiple lead tracings by layman 
users. Enabling volunteers with no medical background to perform a 
correct recording of a 12‑lead ECG might expand the use of such exam 
beyond the hospital settings. Large, low-cost/high-tech ECG screening 
campaign in resource-limited settings can be designed and implemented 
as well as and promote early diagnoses in community-based and 
homecare settings [9,13–15]. Such approach has already been tested in 
other field of healthcare, such as ophthalmology [16,17], showing 
impressing results in terms of reliability and cost-effectiveness. One of 
the main limiting factor to the diffusion of multiple lead ECG screening 
was the need of trained personnel not only for the interpretation of the 
tracings but as well for the correct recording of the exam [3]. Up to 15% 
of the ECGs performed in extra-hospital setting may presents technical 
errors such as limb lead switching or improper precordial lead place-
ment [4]. Therefore, a process to standardize the correct recording of an 
exam becomes a priority. The automatic electrode placement algorithm 
by the smartphone camera has been designed to overcome this limit. By 
using an image-processing technology present in commercial smart-
phones, it identifies crucial anatomical landmarks on the patient’s chest 
to guide the user to the correct identification of the electrodes location. 
The algorithm proved effective with an acceptable average error: ulti-
mately, only 8% of the patients had one or more electrodes misplaced, to 
a degree that did not compromise the overall adjudication of ECG ab-
normalities. To our knowledge, van Dam et al. were the only to apply 
image processing to a dedicated multisensory static camera for the 
correct electrode positioning during electrophysiology procedure [18]. 
Despite encouraging preliminary results, the extension of such tech-
nique to routine and out of hospital ECG screening is unfeasible. The 
novel concept that an image processing technology may be used to guide 
a noninvasive clinical procedure has potential implications for other 
fields of healthcare [19]. Further work should be done regarding the 
analysis of female thorax, since 7/8 patients with at least an electrode 
misplaced were females. Specifically they mostly presented with an 
increased BMI and challenges in the identification was more pronounced 
in women with significant breast mass. Despite a dedicated sub-analysis 
could not be performed in the present investigation, a current ongoing 
sub-project, using artificial intelligence model is currently investigating 
the present aspect. Moreover, in the present study, extreme phenotypes 
were underrepresented, since mean BMI was normal and no patients 
with a BMI > 30 kg/m2 were enrolled. Such limitations should be 
addressed before utilization of such device in mass screening campaigns. 
D-Heart ECG device uses Mason-Likar ECG disposition for seek of 
simplicity of ECG recording. In this system, chest electrodes are placed 
in the standard positions, but limb electrodes are transposed to the torso 
to reduce movement artefacts. Right and left arm electrodes are placed 

Table 2 
Electrode placement algorythm performance: median errors in placement and 
number of electrodes misplaced.   

Horizontal axis 
(cm) 

Vertical axis (cm) Number of electrodes 
displaced 

RA 0.3 [0.1–1] (0–2.5) 
0.8 [0.5–1.5] 
(0–2.5) 

2/144 (1.4%) 

LA 0.9 [0.9–1.5] (0–2) 1 [0.5–1.0] (0–2) 0 
LL 0.8 [0.5–1] (0–2) 0.7 [0.3–1] (0–2) 2/144 (1.4%) 
V1 0.8 [0.5–1] (0–2) 1 [0.5–1.5] (0–2) 4/144 (2.8%) 

V2 1.0 [0.2–1.3] (0–2) 
0.2 [0.1–0.5] 
(0–2.5) 0 

V3 0.8 [0.5–1] (0–2) 0.8 [0.5–1] (0–2) 0 
V4 0.4 [0.1–1] (0–2) 0.5 [0.4–0.8] (0–2) 3/144 (2.1%) 
V5 0.6 [0.3–1] (0–2) 0.4 [0.2–1] (0–2) 1/144 (0.7%) 

V6 0.4 [0.3–1] (0–2.5) 0.9 [0.8–1.2] 
(0–1.5) 

2/144 (1.4%) 

Abbreviations: RA: Right Arm; LA: Left Arm; LL: Left Leg. 
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in the infraclavicular fossae, medial to the deltoid muscle, 2 cm below 
the lower border of the clavicle. Right and left leg electrodes are kept in 
the anterior axillary line, halfway between costal margin and iliac crest 
(Fig. 1). Right lower electrode serves as the ground as in standard 12 
lead ECG. This lead system is routinely used for treadmill testing, as well 
as for real time ST segment monitoring during hospital surveillance. As a 
result of the electrode positioning, Q waves in the inferior leads may be 
masked and there is mild right ward shift in the QRS axis. However, 
none of this characteristics were observed in the present study and no 
ECG in the 12‑lead ECG group was misclassified in different class of 
abnormalities. 

The disease chosen for validation of our algorithm deserves a 
mention, in view of its characteristic and challenging ECG abnormalities 
observed in HCM patients, often associated with prognostic implica-
tions. Since HCM is the most common cause of sudden death in young 
athletes, the possibility to screen ample populations employing non- 
professional personnel appears highly desirable and cost-effective. In 
our cohort, 40% of patients presented moderate to severe ECG alter-
ations. They were on average older, more symptomatic, more frequently 
obstructive and with a more dilated left atrium, thereby reflecting a 
more severe cardiomyopathy phenotype [8]. D-Heart 8/12 Lead ECG 
proved accurate, allowing stratification of ECG abnormalities compa-
rable to the standard 12‑lead ECG also in the identification of LVH. A 
total of 3 ECGs, were misclassified by D-Heart in the 8-Lead setting, 
while the 12 lead system showed optimal concordance with the standard 
12-Lead Electrocardiograph measurements of PR and QRS interval, with 

minor differences, below the sensitivity of manual measurement in 
clinical practice. 

Several other smartphone-based electrocardiographs are commer-
cially available, including AliveCor or Cardiosecur [20,21]. They are 
mostly intended for rhythm analysis and recommended as a screening 
tool for atrial fibrillation (AF) in high-risk population or to monitor re-
currences post AF ablation procedure [22]. Such products are charac-
terized by an extreme usability and have extensively validated for 
rhythm analysis [23]. Although such devices may be used as a more 
accessible ‘interim’ screening tool for arrhythmias (including detection 
of symptomatic episodes), they cannot replace the 12-Lead ECG in 
population screening that allows also a morphological assessment. 
Conversely, the present study represents the validation of a 12‑lead ECG 
mHealth devices allowing layman data acquisition, to potentially pro-
mote large and cost-effective screening campaigns. The latter have been 
historically limited, particularly in the US and Canada, by logistical and 
economic aspects that can be potentially overcome by validated low- 
cost/high-tech mHealth devices. 

Further studies now are clearly needed to assess if these theoretical 
advantages are supported by patient-centered outcomes and positive 
cost-benefit analysis. 

Conclusions 

D-Heart 8/12-Lead ECGs proved accurate, allowing a stratification of 
ECG abnormalities comparable to the standard 12‑lead ECG in a patient 

Fig. 2. Image processing electrode placement algorithm performance evaluation. 
Panel A shows the performance of the algorithm in the detection of the 8-lead setting. Automatic algorithm’s placement, doctor’s placement and their comparison are 
represented. 
Panel B represents the performance of the algorithm in the detection of the 12-lead setting. Automatic algorithm’s placement and doctor’s placement are shown for 
each precordial electrodes. 
Abbreviations: RA: Right Arm; LA: Left Arm; LL: Left Leg; N: neutral or mass electrode. 
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with HCM, characterized by high prevalence of abnormal ECGs. The 
image processing algorithm guided the users to accurate electrode 
placement, standardizing the exam quality. Novel smartphone-based 
techniques open promising perspectives for low-cost cardiovascular 
screening programs. Further studies are clearly needed to assess whether 

such technologies would have patient-centered outcomes and positive 
cost-benefit analysis. 

Fig. 3. Severity of ECG abnormalities and Rohmlit-Estes score of ECG recorded with D-Heart device and Standard Ambulatory ECG. 
In Panel A and B, comparison results between D-Heart 8-Lead ECG and standard 12-Lead ECG in ECG abnormalities and Romhilt-Estes Score are represented. Panel C 
and D shows comparison results between D-Heart 12-Lead ECG and standard 12-Lead ECG in grading ECG abnormalities and Romhilt-Estes Score. 

Fig. 4. Bland-Altmann plotting of PR and QRS intervals measurement differences between D-Heart 8 and 12 Lead ECG and standard 12 Lead ECG. 
Bland-Altmann plot for PR (top) and QRS (bottom) differences are shown. 
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