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Abstract

Background: India bears a high burden of acute coronary syn-
drome, with younger patients and a high prevalence of ST-elevation
myocardial infarction (STEMI). Spandan is, therefore, an attractive
smartphone-based electrocardiogram (ECG) device that could allow
for potentially early diagnosis as well as enabling timely intervention
which may even save lives in resource-poor settings. The study aimed
to assess the performance and diagnostic capability of the Spandan
smartphone-based ECG device in decision-making for percutaneous
coronary intervention (PCI) by analyzing the initial ST-segment el-
evation, which was compared to a 12-lead ECG as the gold standard
(BPL Cardiart ECG Machine).

Methods: This was an observational cross-sectional study involving
184 eligible participants with chest pain presenting to the local hos-
pital, in Meerut, Uttar Pradesh, India. The study was conducted for
the evaluation of the diagnostic appropriateness of the Spandan ECG
device for the detection of ST elevation as compared to standard 12-
lead ECGs so that the cardiologists could be more easily guided in
their decisions relative to PCI. Patients with the onset of chest pain
within or after 120 h and ST elevation above 1 mm in two or more
leads were enrolled and patients with dementia, bundle branch block,
cardiogenic shock, and ECG artifacts were excluded. The analysis in-
cluded calculating response characteristics and estimating correlation
coefficients and confusion matrix to compare both appraisal methods.

Results: The Spandan device performed with good agreement with
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the gold standard ECG, particularly in the leads II, III, and AVF, with
Pearson correlation coefficients close to 1. The ST elevation in the
Spandan device showed no statistical difference compared to the 12-
lead ECG. The device exhibited a sensitivity of 94% and a positive
predictive value of 94% for ST-elevation detection, thus having sup-
portive evidence for possible usefulness for decision-making in PCI.

Conclusions: ECG findings, such as that of the smartphone-based
device (Spandan Pro ECG, a single channel autoswitched ECG ma-
chine), demonstrated comparable accuracy with the gold standard 12-
lead ECG for the diagnosis of ST elevation and helped in making
clinical decisions in patients requiring PCI, especially in resource-
limited settings.

Keywords: Acute coronary syndrome; ST-elevation myocardial in-
farction; Percutaneous coronary intervention; Portable ECG; Span-
dan ECG

Introduction

Acute coronary syndrome (ACS) refers to several conditions
that include ST-elevation myocardial infarction (STEMI), non-
ST-elevation myocardial infarction (NSTEMI), and unstable
angina. It is a type of coronary heart disease (CHD), which
accounts for almost one-third of the total deaths in individuals
above 35 years of age. Some of the forms of CHD are asymp-
tomatic, but ACS is definitely symptomatic [1]. India bears the
world’s highest burden of ACS, with patients being younger
(average age 56.3 years) and having a higher prevalence of
STEMI at over 60.6%, leading to an estimated 3 million STE-
MI cases annually [2]. STEMI is a clinical syndrome defined
by characteristic symptoms of myocardial ischemia in associa-
tion with persistent electrocardiographic (ECG) ST elevation
and subsequent release of biomarkers of myocardial necrosis
[3]. Rapid reperfusion therapy remains the cornerstone of treat-
ment for acute STEMI [4, 5]. The sooner it can be instituted,
the better the outcome will be [6]. The primary percutaneous
coronary intervention (PCI) mechanical reperfusion results in
lesser morbidity and mortality than that of fibrinolysis [4, 5,
7, 8].
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Figure 1. Spandan portable ECG developed by Sunfox Technologies Pvt. Ltd. A smartphone-based portable ECG device that is
capable of taking 12-lead ECGs by using derived ECG methods to evaluate STEMI/NSTEMI. ECG: electrocardiogram; NSTEMI:
non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction.

Conventional practice for STEMI diagnosis via 12-lead
ECG can be delayed in resource-limited settings or prehospi-
tal logistics due to the need for specialized equipment which
will also be equipped by non-professionals. One major limita-
tion to the wider use of primary PCI is the system delay from
the first contact with the emergency medical services to balloon
inflation, due to a limited number of 24/7 PCI centers and long
transport distances. The identification and optimization of pre-
hospital logistics, therefore, become very crucial, along with the
reduction of system delay in STEMI patients [9]. Many initia-
tives have been taken all over the world to overcome this chal-
lenge [10-12]. The use of prehospital ECG diagnosis in STEMI
has been shown in numerous reports in highly selected patient
populations to reduce treatment delay [13-18]. At this point, the
emergence of smartphone-based ECG devices offers portability,
accessibility, and even cost-effectiveness in early diagnosis and
decision-making in acute cardiac events at the point of care.

One such invention is the Spandan Pro smartphone-based
ECG device developed by Sunfox Technologies Private Lim-
ited, Dehradun, India, which uses a smartphone platform to
provide accurate ECG readings (Fig. 1). The device has proven
to be a convenient and reliable diagnostic tool for STEMI, po-
tentially revolutionizing the management of ACS. To assure its
clinical utility and wider implementation, however, thorough
validation of its effectiveness in guiding treatment decisions is
necessary, especially concerning PCI.

Several studies have investigated the effectiveness of
smartphone-based ECG devices in the facilitation of better
outcomes for patients with ACS, particularly STEMI. These
devices have the potential to solve the challenge posed by
conventional methods, such as the difficulty with current ap-
proaches to delays in diagnosis and treatment commencement,
especially in resource-limited settings.

The present cross-sectional observational study aimed to ad-
dress this critical gap in evidence by assessing the effectiveness
of decisions regarding PCI or coronary angioplasty using the
Spandan device. Additionally, the study sought to determine the
utility of initial ST-segment elevation in guiding the selection of
the treatment strategy. The primary objective of this study was
to provide robust evidence for the incorporation of smartphone
ECG-based technology in the management of STEMI by bet-
ter investigating the diagnostic accuracy of the Spandan device
compared with the gold standard 12-lead ECG.

Therefore, findings from this study hold significant clini-
cal practice implications, potentially making decisions to
streamline the diagnosis of STEMI and treatment decision-
making, particularly in resource-limited settings. In addition,
this study will add insights into the role of initial ST-segment
elevation in the treatment strategy selection for the develop-
ment process for refining evidence-based guidelines on the
management of STEMI.

This study aimed to improve patient outcomes and opti-
mize resource utilization in cardiovascular care by offering
insightful information about the evolving field of STEMI di-
agnosis and treatment through meticulous design, significant
data collection, and rigorous statistical analysis.

Materials and Methods

Study design

This study was designed with meticulous care: as a single-
blinded, observational, and cross-sectional design. It aimed to
evaluate the efficacy of decisions regarding PCI or coronary
angioplasty using the smartphone-based ECG device Spandan
Pro. Additionally, the study aimed to validate the utility of ini-
tial ST-segment elevation in determining the treatment strategy
for patients presenting with ACS.

Settings

The data were collected at the local hospital, in Meerut, Uttar
Pradesh, India, from May 16 to November 24, 2023, involving
the emergency department and the ECG room to ensure prop-
er evaluation and management of all the patients who report
symptoms and signs of ACS.

Participants

The study cohort, which includes 200 individuals who are 20
years of age or older, was chosen from the hospital’s emergency
and ECG rooms. Chest pain within or developing after 120 h
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Table 1. Baseline Characteristics of Patients

Variables Total PCIrecommended PCI notrecommended

Male 136 45 91
Female 48 10 38
Diabetic 33 8 25
Smoking 81 28 53
CAD 68 32 36

CAD: coronary artery disease; PCI: percutaneous coronary interven-
tion.

and ST elevation greater than 1 mm in two or more leads on
the initial ECG were used to select participants. The following
conditions must be met to be excluded: patients with dementia,
complete bundle branch block, cardiogenic shock, higher-than-
normal risk of bleeding, baseline wandering, and artifacts in
ECG readings. A total of 184 eligible participants were included
in the study once the exclusion criteria were applied.

Among 184 patients, the patient’s demographic and clini-
cal data were divided into patients for whom PCI was recom-
mended and those for whom the procedure was not recom-
mended. Key variables included gender, diabetic, smoking,
and coronary artery disease (CAD) (Table 1).

Ethical considerations

This study adhered to ethical guidelines, ensuring patient confi-
dentiality, safety, and well-being. It was a prospective research
study approved by the Institutional Ethics Committee of LLRM
Medical College, Meerut (approval no. SC-1/2025/2170). All
procedures were conducted in accordance with the ethical prin-
ciples outlined in the Declaration of Helsinki.

Supervision and oversight

All tests and procedures were carried out under the direct ob-
servation of a cardiologist to ensure that they were carried out
by standard protocols and that there was minimal potential for
bias as possible. The integrity of this study is maintained be-
cause of the rigorous and attentive supervision that ensures the
high accuracy and reliability of the data collected.

Reference standard

The diagnostic accuracy of the Spandan 12-lead ECG was com-
pared to that of the conventional gold standard 12-lead ECG.
Both ECG reports were interpreted by a cardiologist, and the in-
terpretations were subsequently compared to validate the Span-
dan device’s alignment with PCI recommendations. Treatment
decisions for participants were based solely on the cardiologist’s
interpretation of the conventional gold standard 12-lead ECG.
While treatment decisions could also be informed by the Span-
dan device, no direct interventions or treatment decisions were
made based on its findings in this study.

Data collection

Upon the presentation of chest pain, each subject was assessed
and documented wholly with informed consent and a medical
history recorded in detail in the case report form (CRF). The
first ECG recordings were obtained with both the gold stand-
ard 12-lead ECG and the smartphone-based ECG device Span-
dan Pro. Based on the interpretation of the gold standard ECG,
treatment and testing plans were made, and the ECG obtained
via Spandan was interpreted separately by the cardiologist for
validation of accuracy.

Timing considerations

The potential biases in this comparative study were minimized
by ensuring that the time interval between the generation of
the Spandan ECG report and the conventional gold standard
12-lead ECG report did not exceed 5 to 6 h. This time restric-
tion was put in place to ensure uniformity in the comparison
by accounting for cases in which the gold standard ECG was
conducted outside of regular working hours (late night to early
morning) or in emergency department cases where the physi-
cian’s primary focus is on stabilizing the serious patient, which
may delay the recording of the Spandan ECG. Temporal sepa-
ration ensured that the assessment of diagnostic accuracy was
unbiased and rigorous, reducing the risk of any bias by inter-
pretation.

In some cases, the time discrepancy of more than 30 min
to 1 h between the two reports may contribute to the variation,
as the patient’s cardiac condition could be in a phase of evolv-
ing during this period. In this study, there was a case with a
time discrepancy of 5 h and 19 min between both reports. The
ST elevation was less pronounced in the Spandan ECG over
time. Specifically, in the gold standard, the ST elevation meas-
ured4 mmin V1, 5mmin V2,7 mm in V3, 7 mm in V4, and 2
mm in V5, respectively (Fig. 2a). Conversely, in Spandan, the
ST elevation measured 1 mm in V1,2 mm in V2, 3 mm in V3,
and 2 mm in V4 (Fig. 2b).

Statistical analysis

The evaluation of the diagnostic accuracy of both devices,
Spandan and gold standards, to measure the ST elevation and
based on it to recommend PCI, was conducted by calculating
standard deviation, #-test, confusion matrix, and the correlation
coefficient, respectively. The data were analyzed using appro-
priate software.

Data privacy, security, confidentiality, and storage

The hospital ensures that it will never share data with any de-
partment, company, or third party since the safety of patient’s
data and its privacy are our top concerns. The data will be
treated according to very stringent data handling protocols. All
data will be anonymized at the point of collection and archived
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Figure 2. (a) A gold standard ECG test report. The patient’s report indicates ST-elevation, with the test performed on November
24,2023 at 12:05 pm. (b) Spandan ECG test report. The patient’s report indicates ST-elevation, with the test performed on No-
vember 24, 2023 at 4:24 pm. ECG: electrocardiogram.

securely on a two-step authenticated local server of the hos- sheets stored in the hospital. Access to the data will be restrict-
pital, with backup storage being maintained through HIPPA- ed to authorized personnel from the hospital. No personally
compliant cloud storage and Spreadsheets and also printed identifiable information will be attached to the analyzed data.
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In addition, all data transfers will use secure, encrypted chan-
nels to maintain the integrity and confidentiality of data.

Archival

Scanned ECG reports and all study-related documents were
archived in cloud storage to ensure transparency, facilitate
future reference, and enable the scrutiny and verification of
study findings.

Spandan Pro ECG device recording system

The Spandan Pro ECG is a 12-lead smartphone-based ECG de-
vice designed for real-time cardiac monitoring with a compact
and portable setup. It functions similarly to a gold standard
12-lead ECG by recording electrical activity through limb and
chest electrodes following Goldberger lead placement. Apply
the RA electrode on the right forearm or wrist. LA on the left
forearm or wrist. While LL/F and RL/N electrodes were placed
on the left and right legs, respectively. The placement of chest
electrodes includes: C1 (red), at the right margin of the fourth
intercostal space on the sternum, C2 (yellow) at the same level
left margin of the sternum, C3 (green) at an equal distance
to C2 from the C4, C4 (brown) on the fifth intercostal space
along the mid-clavicular line, C5 (black) is placed on the fifth
intercostal space between equal distances of C4 and C6, and
C6 (purple) at the fifth intercostal space along the mid-axillary
line. Unlike traditional hospital-based ECG machines, which
are bulky and require battery, Spandan Pro is seamlessly con-
nected to the smartphone via a micro-USB cable, enabling eas-
ily accessible and machine-driven ECG interpretation.

The test was then started through the smartphone applica-
tion; however, during the test, the patient should be ensured to
remain still during the procedure. The ECG report generated
by the device was later analyzed for clinical interpretation. In
this clinical trial, the Goldberg system was used for electrode
placement.

Spandan device algorithm for detecting STEMI

A description of the algorithms utilized by the device for STE-
MI detection, as outlined in Figure 3, was applied for analysis.

Results

In this study, 200 patient records were evaluated. However, 16
cases were discarded in the database because of baseline wan-
dering, and the remaining 184 cases were further included for
analysis in the cohort. Out of 184 cases considered for analy-
sis, 96 patients developed chest pain within 120 h of follow-
up, and 88 patients reported the development of chest pain
beyond this period. Of these, 55 had some ST-segment eleva-
tion at the time of or any time after the chest pain and within
or after 120 h of the onset of symptoms, thus falling within

the recommended timeframe for PCI. The remaining 129 did
not fall under the PCI recommendation based on ST elevation
and timing of symptoms (Fig. 4). Of 55 patients who fit the
criteria for PCI, 33 showed up to the hospital with chest pain
within the recommended time window of 120 h, while 22 were
brought in after this period with chest pain.

The testing for the accuracy of both devices, the gold
standard and the Spandan Pro, was based on their recommen-
dations for PCI against the doctor’s diagnosis and the PCI rec-
ommendations. Surprisingly, both devices are 100% concord-
ant with the PCI recommendations, which indicates a constant
agreement between the device recommendations and the clini-
cally indicated guidelines.

Both reports (Figs. 5 and 6) refer to the same patient who
was diagnosed with acute anterolateral MI. The patient was
reported to the hospital after 120 h of onset of chest pain. Both
reports showed anterior, septal, and lateral leads of ST eleva-
tion. Therefore, the recommendation for this patient was to
undergo PCI.

Table 2 allocates STEMI and NSTEMI diagnoses into
PCI-recommended cases which outlines the spread of MI and
ischemia in various parts of the heart. It comprises 16 cases
of anterior wall MI, one anterolateral MI, 33 anteroseptal MI,
seven inferior wall MI, six inferolateral MI, and one lateral
wall MI. Ischemic cases include six cases of inferior-lateral
ischemia, three cases of anterior-septum ischemia, one case of
each for the anterior wall, inferior wall, and lateral wall is-
chemia, and four cases of unspecified ischemia. This provides
a comprehensive view of the infarction and ischemia locations
in patients recommended for PCI.

Moreover, the ST-elevation measurements for leads V1-
V6 and leads I, II, III, AVF, and AVL were recorded on both
devices against all the cases that met the recommendation
criteria of PCI. Such comprehensive assessment will enable
a detailed analysis of ST-elevation patterns and their correla-
tion with the recommendations under PCI, hence helping to
validate the efficacy of the Spandan device in guiding the ACS
treatment decision.

In the present study, the standard deviations of differences
in ST-elevation measurement between the Spandan device and
the gold standard method have been calculated for various
ECG leads: V1-V6, I, 11, III, AVL, and AVF. The standard de-
viations were observed from a minimum of 0.067 mm in lead
T to a maximum of 0.812 mm in lead V3, thereby indicating
that Spandan’s agreement with the gold standard varied from
lead to lead. This is as indicated in Table 3. Leads V2, V3,
and V4 recorded the highest standard deviations, thus the most
spread-out dispersion of the difference in measures on ST el-
evation between the two methods. On the other hand, leads I,
II, AVL, III, and AVF had the lowest standard deviation meas-
ures, showing that there is more consistency in measurement
differences. This variability in agreement across leads under-
lines the requirement for further study of factors influencing
the consistency and performance of the Spandan device with
particular reference to those leads that exhibit higher variabil-
ity (Table 3).

Table 4 presents the P-values obtained from a statistical
test (likely a #-test) comparing the ST-elevation measurements
between the smartphone-based ECG device Spandan and the

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ | https://cr.elmerpub.com 229



Spandan ECG Device for PC| Decisions

Cardiol Res. 2025;16(3):225-237

230

Symptoms Suggest Myocardial Infarction

Chest pain within or
developing after 120
hours that radiates

A

Y

to arm, jaw and
shoulder

Start, ECG Acquisition, and then signal Preprocessing:
Nolse Reduction: Apply filters to remove baseline wander and high-
frequency noise,

R-Peak Detection: Identify the R-peaks to segment indridual cardiac
cycles.

v

Feature Extraction
Analyze different features of the ECG wavelorm, including:

ressed,
T-Wave: Evaluate for any inversion or abnormal changes.
Q-Wave: Detect the presance of pathological Q-waves,

Segment: Assess whether the ST segment is elevated or

>2.5 mm in less than 40 year old patient

=2 mm in greater than or equal to 40 year old patient
>1.5mm In all Ages

All Other Leads-

=1 mm in all Ages

No ST Depression or
ST Segment Elevated? & i
Yes
v
STEMI onset of symptom >2 hours? —No 3. Admit to monitored
Bed
Yes|
h 4
STEMI Detection
Criteria for STEMI:
5T Elevation in specific leads:
V2 or V3 Lead-

v

STEMI Classification

lateral wall

Antero apical wall

Anterior wall
Infarction

ST elevation in V1

o V4 Leads.,

LLAD Artery

Infarction
FST elevation in W2
land V3 Leads.
FLADY Branch of
LAD Artery

Antero septal wall
Infarction
FST elevation in V1
land V2 Leads.
-Proximal LAD

Infarction
-ST elevation in V4
lto V6 Leads, Lead
,avl Lead.

Mild LAD Artery

nvalved

Involved

WArtery Involved

nvolved

Lateral wall
Infarction
ST elevation in
Lead | and aVL
HLCX Artery

involved

Inferior wall
Infarction

LST elevation in

Lead I, Il and aVF.

FRCALCK Artery

involved

Posterior wall
Infarction

O waves V6, R>S,

V1.

FPDA Artery

involved

|

Begin Reperfusion Protocol (PCI preferred)

Articles © The authors

| Journal compilation © Cardiol Res and Elmer Press Inc™

Figure 3. Spandan ECG device algorithm for detecting STEMI. ECG: electrocardiogram.
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Figure 4. STORBE flow chart of the study. Flow diagram for the inclusion of patients in this study from May 16, 2023 to November
24,2023 according to the Strengthening the Reporting of Observational Studies in Epidemiology (STORBE) studies.
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Figure 5. A gold standard ECG test report. The patient’s report indicates anterolateral Ml and the test was performed on Novem-
ber 20, 2023. ECG: electrocardiogram; MI: myocardial infarction.
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Figure 6. Spandan ECG test report. The patient’s report indicates anterolateral Ml and the test was performed on November 20,

2023. ECG: electrocardiogram; MI: myocardial infarction.

gold standard method across various leads (V1, V2, V3, etc.).

All the P-values in Table 4 are ranging from 0.725 to 1.
In no lead was the null hypothesis rejected which means that
it shows a minimum difference between Spandan and the gold
standard ECG. There were minimum differences in the ST-el-
evation measurements obtained by the two devices that could
not have occurred by chance.

Table 5 expresses the Pearson correlation coefficients

computed to evaluate the relationships between ST-elevation
measurements obtained from Spandan and the gold standard
method across all leads such as V1, V2, V3, etc.

This is substantiated further by high correlation coeffi-
cients in Table 5 related to most leads, which implies a strong
positive linear relationship of measurements obtained from
Spandan regarding a gold standard method. Even more impor-
tant are leads II, I1I, and AVF, which have the highest correlation
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Table 2. Classification of STEMI/NSTEMI Diagnosis in PCI
Recommended Cases

Table 4. P-Value of All the Leads of the ST-Elevation Obtained
From the Spandan ECG and Gold Standard ECG

Parameters Total number of cases Leads P-value (two-tailed)
Anterior wall MI 16 V1 0.9909203153
Anterolateral M1 1 V2 0.8285679301
Anteroseptal MI 33 V3 0.7806998477
Inferior wall MI 7 V4 0.8611220978
Inferolateral MI 6 V5 0.8769113181
Lateral wall MI 1 Vo6 1

Inferolateral ischemia 6 [ 0.7324147294
Anteroseptal ischemia 3 AVL 0.8340370406
Anterior wall ischemia 1 1I 0.7250799428
Inferior wall ischemia 1 111 0.9309606195
Lateral wall ischemia AVF 0.8496250343

Ischemia

NSTEMI: non-ST-elevation myocardial infarction; PCl: percutaneous
coronary intervention; STEMI: ST-elevation myocardial infarction.

coefficients close to 1, indicating that the signal is almost perfect-
ly positive and linear between the measurements of the devices.

For example, lead I shows a correlation coefficient of 1,
meaning that there is an exact positive linear relationship between
measurements from both devices. For this reason, amongst the
chest leads, the correlation coefficient of measurements between
Spandan and the gold standard is the highest in lead V5.

The concluding part is that the results appraise a strong
positive linear relationship between the measurements ob-
tained from Spandan and the gold standard across most leads,
where correlation coefficients are turning out to be very high in
some leads, showing almost perfect agreement across the de-
vices. The findings suggest that they are comparable and very
reliable in the ST-clevation measurement as a smartphone-
based device for ECG.

Table 3. Standard Deviation of Difference in ST-Elevation of
Spandan ECG and Gold Standard ECG

ECG: electrocardiogram.

Table 6 presents a comparative analysis of the diagnos-
tic performance of the Spandan ECG and the gold standard
12-lead ECG in detecting ST elevation. The key performance
metrics include true positive (TP), true negative (TN), false
positive (FP), false negative (FN), sensitivity, and positive pre-
dictive value (PPV).

Confounding factors

Analysis of demographic variability (age, gender, and comor-
bidity) and its influence on the results are described in Table 7.

Discussion

This study evaluated the accuracy and reliability of the Span-

Table 5. Pearson Correlation of All Leads of the ST-Elevation
Obtained From the Spandan ECG and Gold Standard ECG

Leads Standard deviation (mm) Leads Correlation
V1 0.5151378489 V1 0.8182728113
V2 0.6471798443 \ 0.864204206
V3 0.8116491919 V3 0.8493956246
V4 0.8020386482 V4 0.8833404998
V5 0.4407447019 V5 0.9443084849
V6 0.3333333333 V6 0.908508351
1 0.161807967 I 1

AVL 0.1518682754 AVL 0.7825253865
11 0.1336360201 I 0.9830217466
1T 0.06741998625 I 0.9929328666
AVF 0.0944592977 AVF 0.9839417391

ECG: electrocardiogram.

ECG: electrocardiogram.
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Table 6. Comparative Diagnostic Performance of Spandan
ECG and Gold Standard 12-Lead ECG for ST-Elevation Detec-
tion

Table 7. Confounding Factor - Variability in Patient Demo-
graphics

Chest pain with STEMI patients et G,

Metric Spandan ECG Gold standard ECG mended recommended
True positive 49 49 Total patients 55 129
True negative 0 0 Patients with diabetes
False positive 3 2 Total patients 8 25
False negative 3 4 Male 5 17
Sensitivity 94% 92% Female 3 8
Positive predictive value 94% 96% Age group (more prevalent) 41 - 60 41 - 60
ECG: electrocardiogram. Patient with a history of smoking
Total patients 28 53
dan device in measuring ST elevation compared to the gold Male 27 48
standard ECG method, specifically focusing on its potential
s . - . . . . Female 1 5
application in guiding PCI decisions in patients presenting
with chest pain. Age group (more prevalent) 41 - 60 41 - 60

The Spandan ECG can be used to rule in which patients
need rapid detection and transport to a PCI center, without
having many false alarms. This could be of great importance to
reduce time to treatment in a patient with atypical complaints.

A significant strength of our study is the large sample size
of 184 patients, providing a robust dataset for analysis. Of the
patients, 129 did not meet the criteria for PCI based on ST el-
evation and symptom timing. Among the 55 who met PCI crite-
ria, 33 arrived at the hospital within the crucial 120-h window,
while 22 presented after this period, potentially reducing the ef-
fectiveness of PCI. Additionally, the inclusion of patients with
varying degrees of ST elevation and time delays in presentation
strengthens the generalizability of our findings. Furthermore,
the comprehensive evaluation of ST-elevation measurements
across multiple leads enhances the understanding of Spandan’s
performance in different anatomical regions of the heart.

Principal findings

The Spandan device demonstrated a strong positive linear re-
lationship with the gold standard ECG across most leads, as
indicated by high Pearson correlation coefficients. In particu-
lar, lead I showed perfect agreement and leads II, III, and AVF
showed correlation coefficients close to 1, suggesting almost
perfect agreement.

The t-tests conducted across various leads indicated that
there was no statistically significant difference between the
ST-elevation measurements obtained from Spandan and the
gold standard. All P-values were above the classical threshold
of 0.05, suggesting that any observed differences might be due
to random variation rather than systematic error.

The Spandan ECG demonstrated a sensitivity of 94%,
slightly higher than the gold standard ECG (92%), indicating
that it effectively detects true ST-elevation cases with a low FN
rate. The PPV of Spandan ECG (94%) is slightly lower than
the gold standard ECG (96%), meaning that when the device
detects ST elevation, there is a high probability that the diag-
nosis is correct.

PCI: percutaneous coronary intervention; STEMI: ST-elevation myo-
cardial infarction.

Comparison with existing literature

In this study, 184 patients were diagnosed with STEMI, and
of them, 73.9% were males, while the most affected age group
was 41 to 60. It was strongly associated with diabetes and the
severity of STEMI. Diabetes has a significant association with
worse clinical outcomes in STEMI patients. These results are
in agreement with previous studies, which also reported a sig-
nificant association between diabetes and adverse outcomes in
STEMI patients [19, 20]. Moreover, 44% of STEMI patients
in this study were smokers which highlights the strong associa-
tion between smoking and STEMI severity. This observation is
in keeping with the previous studies [19, 21].

Several studies have explored the accuracy of smartphone-
based ECG devices in detecting ST elevation. For instance, a
study by Muhlestein et al (2015) reported that a smartphone
ECG device demonstrated excellent correlation with the gold
standard 12-lead ECG in all patients. Four out of six tracings
were judged to meet STEMI criteria [22]. Similarly, our study
found a strong positive correlation between the Spandan de-
vice and the gold standard, especially in leads II, III, and AVF,
supporting these findings.

The earlier study by Redfors et al (2021) has already es-
tablished that symptom-to-door time is a very strong predictor
of outcomes in patients presenting with STEMI [23]. In this
study, the availability of a Spandan smartphone-based ECG at
the level of residence or institutional and departmental level
where a standard 12-lead ECG is not available can significant-
ly expedite the decision-making for PCI and can result in an
improvement of outcomes in patients.

Studies by van der Ende et al (2020) have shown that 15-
30% of patients with acute MI do not recognize their symptoms
and either never contact emergency services or do so only after
the optimal window for early PCI (< 12 h) has passed [24].
Our study demonstrated the value of the Spandan smartphone-
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based ECG in detecting ST deviations in patients with inter-
mittent angina pectoris or atypical symptoms, highlighting its
potential to improve early detection and timely intervention.

Our experience with the Spandan ECG device has dem-
onstrated its ability to detect nonspecific ST-T-wave changes
and aspecific ST-segment depression, which are commonly
observed in individuals with a narrow antero-posterior tho-
racic diameter, concave-shaped chest wall conformation,
and/or mitral valve prolapse (MVP). While our study primar-
ily focused on ST elevation, we recognize the importance of
distinguishing nonischemic ST-T abnormalities and have ad-
dressed this aspect. A previous study by Digeos-Hasnier et
al has shown that MVP patients often exhibit prolonged QT
intervals and an increased nocturnal QT/RR slope, indicating
altered ventricular repolarization and a potential mechanism
for arrhythmic risk [25]. Given that the Spandan ECG ef-
fectively identifies repolarization abnormalities, it may aid in
detecting subtle electrophysiological changes that contribute
to arrhythmias in MVP.

Limitations

This analysis could be attributed to Spandan’s lower opera-
tional efficiency, as it functions up to 2.5 V compared to the
gold standard’s 5 V. The reduced voltage range likely impacts
its ability to capture higher amplitudes of electrical activity, re-
sulting in diminished accuracy in detecting significant abnor-
malities. In most cases, 2.5 V is generally sufficient to capture
the necessary amplitudes of electrical activity. Additionally, in
some cases, the time discrepancy of more than 30 min to 1
h between the two reports may contribute to the variation, as
the patient’s cardiac condition could be in a phase of evolving
during this period.

In summary, the approaches to researching and adopt-
ing the technologies should deliberately address the barriers
of current applicability intra-procedurally to further build on
the potential of ECG using smart devices into PCI decision
support. It is therefore clear that a smartphone-based ECG has
great potential for value in decision support simply due to its
portable, convenient, and real-time observability.

This study is limited by the small number of patients in-
cluded, which may affect the analysis and generalizability of
our findings. A larger sample size would provide better conclu-
sions and allow for a more comprehensive evaluation of vari-
ability across different patient populations. Future studies with
expanded cohorts are needed to further validate our findings.

This study lacks the validation to determine whether ECG
findings align consistently with angiographic reports in diag-
nosing STEMI. Further research is needed to establish wheth-
er STEMI decisions can be reliably made directly from ECG
reports, ensuring accuracy and improving clinical decision-
making.

A non-inferiority analysis was not feasible as only ST-
elevation patients were included, resulting in a TN count of
zero. Key metrics like specificity and receiver operating char-
acteristic (ROC) curves could not be calculated. Instead, a ¢-
test assessed significant differences in ST-segment elevation

between Spandan and gold standard ECGs. The study focuses
on ECG-based PCI decisions, not angioplasty outcomes or
phlebitis involvement. Further studies should evaluate angio-
plasty outcomes, long-term prognosis, and broader clinical ap-
plications.

Prehospital ECG reducing STEMI mortality

Role of prehospital ECG in STEMI management

Prehospital ECG (Spandan Pro) enables early STEMI diagno-
sis, pre-alerts PCI-capable hospitals, reduces door-to-balloon
time by directing patients appropriately, and improves out-
comes by minimizing myocardial damage, short-term mortal-
ity, and complications through timely revascularization.

Optimizing prehospital ECG implementation

A 12-lead ECG is essential for accurate STEMI diagnosis. A
12-lead smartphone-based portable device (Spandan Pro) can
provide high-quality readings for early detection. It also pro-
vides real-time data transmission for confirmation of STEMI
by the ECG experts.

Reducing time to PCI

Direct transfer to PCI centers, prehospital ECG transmission,
and reducing first medical contact (FMC)-to-balloon time
streamline care, enabling faster and more effective PCI.

Conclusion

This study critically assessed the Spandan smartphone-based
ECG device for measuring ST elevation, as against the gold
standard of 12-lead ECG, in terms of accuracy and reliability,
with particular interest paid to its possible role in inform-
ing decisions for PCI. The results indicate that across sev-
eral leads, Spandan has shown a strong positive correlation
with the gold standard ECG in many leads; most of them
fall within leads II, III, and AVF range, which is an almost
perfect agreement. The #-test was presented to indicate that
the differences in ST elevation between the devices do not
suggest any statistical significance; hence, the variation was
probably produced by chance and not by systematic fault.
The research records the potential of the Spandan device as
an important tool for PCI decision and support, especially in
conditions when restructuring needs durations to be short for
an accurate diagnosis. However, at the same time, the study
emphasizes more research and validation that will further add
to its reliability and generalization into clinical practice. On
the whole, the Spandan device is promising and is likely to
improve outcomes by the ability to prompt well-timed inter-
vention in ACS cases. Additionally, it can be used in pre-
hospital emergency and before sending the patient, medical
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centers can be informed to reduce the delay in transferring
the patient to the Cat Lab unit.
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