)
DIGITAL @@
HEALTH

DIGITAL HEALTH

Volume 10: 1-7

© The Author(s) 2024

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20552076241262276
journals.sagepub.com/home/dhj

S Sage

Original Research Article

Tele-ECG improves diagnosis of acute coronary
syndrome and ST-elevation myocardial infarction
in Cote d’lvoire
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Abstract

Introduction: The emergence of cardiovascular risk factors in sub-Saharan Africa suggests an increasing incidence of acute
coronary syndromes and STEMI. The aim of the study was to define the prevalence of STEMI and to describe the character-
istics of patients diagnosed with STEMI within the tele-electrocardiogram (ECG) network in Cote d’lvoire.

Method: A retrospective study was conducted from January 2015 to August 2019. All adult patients managed by one of the six
hospitals within the telemedicine network who benefited from a remote interpretation of their ECG by the cardiology depart-
ment of Bouaké University Hospital were included. The main reason for ECG interpretation, patient and ECG characteristics,
diagnosis, response time and treatment were described.

Results: A total of 5649 patients were included. The prevalence of STEMI was 0.7% (n= 44 cases) with a mean age of 58.6 +
11.8 years and a M/F sex ratio of 1.93. Among STEMI patients, chest pain was the main reason for ECG testing (56.8%). Most
ECGs were interpreted within 12 hours (72.8%). The anterior inter-ventricular artery location (59.1%, n=26) was predom-
inant. The Q wave of necrosis was absent in 18% (n=8) of cases. All patients received double anti-platelet aggregation and
50% (n=22) additional heparin therapy. No patient underwent primary angioplasty or thrombolysis, 65.9% (n=29) were
referred to the Bouaké Cardiology Department and 34.1% (n=15) to the Abidjan Heart Institute. Scheduled angioplasty was
performed in 20% (n=3) of patients in Abidjan.

Conclusion: Tele-ECG was an effective means of STEMI screening in Cote d’lvoire. Systematic telethrombolysis of all patients
diagnosed could improve their prognosis.
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There is a scarcity of epidemiological data concerning acute
coronary syndromes (ACS) in Sub-Saharan Africa.'™
These syndromes, which are the most severe manifestations
of heart disease, are increasingly prevalent across the
region, where there has been a rapid epidemiological tran-
sition in recent years mainly due to lifestyle changes
within the population.*> This situation is challenging for
healthcare systems often lacking resources to provide
effective treatment. Additionally, there is a great disparity
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in healthcare access between people living in major cities
and those from rural areas.

The European Society of Cardiology (ESC) guidelines
for the treatment of myocardial infarction with persistent
ST-segment elevation (STEMI) recommends primary per-
cutaneous transluminal coronary angioplasty (PTCA) as
the preferred treatment strategy if it is performed within
the recommended time frame.®® The maximum benefit is
obtained when reperfusion is achieved within three hours
of the appearance of symptoms. Performing a pre-hospital
12-lead electrocardiogram (ECG) can significantly reduce
the delay in diagnosing, and therefore treating STEMI,
which should be done within a 12-hour window after symp-
toms onset.

In Coéte d’Ivoire, however, there is a lack of both the
required materials to perform these ECGs and specialised
cardiologists able to interpret the results. Cdte d’Ivoire
has around a hundred cardiologists, with 80% concentrated
in the southern part of the country, primarily around the
Institute of Cardiology in Abidjan, which is the only
centre with a cardiac catheterisation room.

To date, the use of thrombolytic agents in emergency
departments for the treatment of patients with STEMI has
been limited to the capital city, and the number of
primary percutaneous coronary interventions performed
in public hospitals has been very low. The cost required
to transfer patients to the only reference centre with a
catheterisation laboratory for emergency revascularisation
in Abidjan is also an issue for most of patients living
outside of the capital city.

Since 2015, a national hub-and-spoke telecardiology
project was initiated to provide ECG tele-expertise to
hospitals located in less urbanised areas of the country
based on international experiences from America and
Europe.'®™"* The project’s aim was to improve the diagno-
sis and treatment of patients with STEMI. The cardiology
department of Bouaké University Hospital was the expert
centre providing the remote interpretation of ECG via tele-
medicine through a secured platform. The objective of this
study was to describe the prevalence of STEMI within the
tele-ECG project in Cote d’Ivoire and the characteristics
of patients diagnosed with STEMI.

Methods

A retrospective study was performed using data collected
from January 2015 to August 2019 at six hospital centres
in Cote d’Ivoire that did not have any cardiologists
(Abobo, Bouaké, Bouna, Boundiali, Man, Odienné)
(Figure 1, Table 1).

The centres were provided with kits including a digital
ECG machine, high-speed reliable internet connection and
a secure telemedicine platform locally developed for
sharing and interpreting ECGs. Patients presenting at one
of the six hospitals underwent a clinical evaluation

including a 12-lead ECG. The ECGs were sent to the cardi-
ology department of Bouaké CHU using the telemedicine
network, where they were interpreted by an on-call cardiol-
ogists within a pool of three cardiologists. The cardiologist
then provided tele-expertise to recommend a care pathway
for the patient. In case of STEMI, patients were referred
either to Abidjan Heart Institute or to Bouaké CHU depend-
ing on the medical needs. All adult patients aged 18 years or
older with an ECG sent through the platform were included.

Patients were diagnosed with STEMI according to the
third universal definition of myocardial infarction (persist-
ent ST segment elevation at ECG localised in a territory
associated with symptoms of chest pain) who presented at
one of the six study centres.'”> Patient informed consent
was obtained to send the ECG to the telemedicine platform.
Patient consent was not necessary to collect data for the
study as it was a retrospective study based on medical
records.

Data collected included the patient age, sex, diagnosis,
reason of consultation, delay in hours of ECG interpretation
since received ECG at expert centre, localisation of the
involved arteries, presence of Q wave, the treatment
given, as well as the referral decision. ECGs were subdi-
vided into two groups: acute electrocardiographic abnor-
malities including level 1 ECGs (urgent abnormalities)
and level 2 ECGs (important abnormalities), and non-acute
anomalies included those of level 3 (non-serious
anomalies).

Statistical analysis

The software EPIDATA 3.1 and SPSS v22 were used to
conduct the statistical analysis. The categorical variables
are presented as raw numbers and as percentages. The quan-
titative variables are presented as a mean =+ standard devi-
ation in the case of a normal distribution.

Results

There were 5649 patients included in the study. Most of
ECGs had acute anomalies (52.93%) and STEMI repre-
sented 13.75% of acute anomalies, second after atrial fibril-
lation accounting for 43.33% of acute cases (Table 2 and
Table 3).

The prevalence of STEMI was 0.78% (n=44). The
prevalence was 0.23% in 2015, 1.01% in 2016, 0.81% in
2017, 0.58% in 2018 and 1.09% in 2019. The highest
number of STEMI cases were recorded in 2016 (31.8%).
All ECGs of patients with STEMI were performed
between 7 AM and 10 PM, 40.9% were interpreted
within 6 hours, 72.7% within 12 hours, and 100% within
24 hours after receiving the ECG, as planned in the
protocol.

The hospital of Abobo had the highest number of
patients with STEMI (34.1%), followed by the hospital of
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Figure 1. Hospital locations within the telecardiology network of Cote d’Ivoire between 2015 and 2019.

Man (25%) (Table 4). For the patients with STEMI, the first mean age of patients with STEMI was 58.6 + 11.8 years
clinical motive for conducting the ECG was chest pain  (minimum:35, maximum: 82 years). The STEMI popula-
(59.1%) followed by hypertension (22.7%) (Table 5). The tion was 66% male, with a sex ratio of 1.93.
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Table 1. Distances in non-medicalised car travel between the satellite hospitals and centres of expertise in Bouaké and Abidjan within the
telecardiology network of Cote d’lvoire between 2015 and 2019.

Abobo (Municipality of Abidjan) 349
Bouake (Centre) 0.5
Bouna (North East) 384
Boundiali (North) 392
Man (West) 332
Odienne (North East) 453

Table 2. Classification of ECG according to their severity profile
within the telecardiology network of Cote d’Ivoire between 2015 and
2019.

Level 3 ECG (normal and 2659 47.07
non-significant abnormalities)

Level 2 ECG (significant 2670 47.26
abnormalities)

Level 1 ECG (urgent abnormalities) 320 5.67

Total 5649 100

Among the patients with STEMI, the left anterior des-
cending artery was the coronary arteries most affected
(59.1%) (Table 6). Pathological Q waves (necrosis) were
present in 82% of STEMI cases.

No patients were treated by thrombolysis. All patients
received dual anti-platelet therapy. More than half of
patients received heparin treatment (Table 7). Among
STEMI patients, 65.9% (n=29) were referred to the
Bouaké Cardiology Department and 34.1% (n=15) to the
Abidjan Heart Institute. Scheduled angioplasty was per-
formed in 20% (n =3) of patients in Abidjan.

Discussion

The prevalence of STEMI in our population of patients
receiving an ECG was 0.78% (n=44). To our knowledge,
our study is the first to have described a prevalence of
STEMI at the national level in Cote d’Ivoire based on inter-
national guidelines. While this result should not be

4 h 55 min 26.9 48 min

5 min 395 5 h 55 min
5 h 58 min 577 8 h 05 min
6 h 21 min 673 10 h 13 min
6 h 24 min 547 8 h 31 min
6 h 34 min 721 10 h 19 min

Table 3. Classification of urgent abnormalities ECG diagnosis within
the telecardiology network of Cote d’lvoire between 2015 and 2019.

Atrial fibrillation 139 43.33
STEMI L4 13.75
Others 30 9.38
Atrial Flutter 21 6.67
Complete BAV 21 6.67
Atrial tachycardia 21 6.67
Alternating sinus and junctional 11 3.33
tachycardia

Supraventricular tachycardia 11 3.33
Junctional tachycardia 11 3.33
Prefibrillar state 11 3.33
Total 320 100

?Prognosis of these patients was not collected within this study.

considered as a population level STEMI prevalence, it
reveals that STEMI exists, is probably under-diagnosed
and its impact under-estimated. The national telecardiology
network led by CHU Bouaké is therefore a critical tool to
improve the diagnosis and treatment of ACS and STEMI
in the country. Without this project, the hospitals participat-
ing in the network would have no diagnostic or therapeutic
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Table &. Distribution of STEMI cases among participating hospitals
within the telecardiology network of Cote d’lvoire between 2015 and
2019.

Abobo 15 34.1
Bouake 8 18.2
Bouna 5 11.4
Boundiali 2 4.5
Man 11 25.0
Odienne 3 6.8
Total L4 100.0

Percentage of patient within hospitals was not collected within this study.

Table 5. Reasons for performing the ECG among the patients with
diagnosed STEMI within the telecardiology network of Cote d’lvoire
between 2015 and 2019.

Chest pain 26 59.1
High blood pressure 10 22.7
Palpitations 3 6.8
Cardiomegaly 2 4.5
Preoperative workup 2 4.5
Dyspnea 1 23
Total L4 100.0

capacity at all. This study was also the largest study in Cote
d’Ivoire regarding cardiology patients with more than 5000
patients included.'®

A previous study related to ACS in Cote d’Ivoire iden-
tified a prevalence of 9.6% (n=304) of STEMI among a
population consulting at the Cardiology Institute of
Abidjan in a period between 2010 and 2013.'7 The
higher prevalence in this study could be related with a
selection bias as patients were included from the main
cardiology centre of the capital city while our study
included patients from local non-specialised rural hospi-
tals. Other reasons which may explain the lower preva-
lence in our study may be the lowest awareness of the
population towards heart diseases in rural areas, the per-
ception of lack of treatment options refraining patients to

Table 6. Coronary arteries affected for patients diagnosed with
STEMI within the telecardiology network of Céte d’lvoire between
2015 and 2019.

Left anterior descending artery 26 59.1
Right coronary artery 11 25

Left circumflex artery 5 11.3
Septal branches 1 2.3
Several coronary arteries 1 2.3
Total Ly 100.0

Table 7. Treatment of patients diagnosed with STEMI within the
telecardiology network of Cote d’lvoire between 2015 and 2019.

Aspirin (loading dose)/clopidogrel 44 100
75 mg/beta blocker/statin

Anticoagulant (LMWH) 42 95.45

ACE inhibitor/angiotensin Il 40 90.91
receptor antagonist

Analgesic 30 68.19

Thrombolysis 0 0

LMWH: low molecular weight heparin; ACE: angiotensin converting enzyme.

consult to the hospital, or a less probable lower preva-
lence in rural regions. The prevalence of STEMI may
also be higher due to the non-inclusion of certain
private practices in our network and possible sudden
deaths at home.

Characteristics of patients diagnosed with STEMI in our
study, however, matched well with the previous studies
conducted on STEMI in Coéte d’Ivoire. The mean age
found in our study was 58.6+11.8 years, while other
studies reported mean ages of 54.5, 53.2, 57, 55.6 and
55.4 years old. Regarding the sex ratio, our study was
also matching a male predominance found in all other
studies in Cote d’Ivoire.'®™'® The percentage of male of
66% in our study was within the range of 55.4 to 91.6 iden-
tified in previous research. The territory of the lesion being
anterior and around 50% of patients was also similar to pre-
vious studies.

Within the network, most ECGs were performed during
the day and read within a 12-hour delay. No ECGs were
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performed during the night which could be an issue for
patients coming during the night to not have proper diagno-
sis on time.?’! It could therefore be very beneficial for
health professionals to be prepared to perform ECGs 24/7
to reduce the time between onset of symptoms and realisa-
tion of the ECG. The delay of interpretation, while being
within the 24 hours planned for this project, was still too
long and should be optimised by updating the processes
for ECG interpretation. In a similar study from Brazil, the
median interval time between the ECG and the remote inter-
pretation was 31 minutes (interquartile range, 21—
44 minutes).”* Another tele-ECG study from Cameroon,
however, reported an average time of ECG interpretation
of 10.3 + 11.6 days.”

In our study, the eight patients admitted within the
therapeutic window (less than 12 hours after symptom
onset) did not receive reperfusion therapy due to the
unavailability of thrombolytic medications, making it
therefore impossible to respect international guidelines.
This represents a real challenge to organise telethromboly-
sis in the country for hospitals far from the capital which
currently has the cardiac catheterisation rooms in the
country.

The main strengths of our study were its national geo-
graphical scope, the volume of patients included and the
centralised homogenous interpretation of ECG. The main
limits were the retrospective study design, the lack of clin-
ical data collected for the whole population, as well as the
lack of prognostic data for patients diagnosed with
STEMI. The lack of troponin test in the hospitals from
the network additionally did not allow to better identify
and categorise non-STEMI patients in our sample.

In our study of the telemedicine network set up by the
cardiology department of Bouaké CHU in Céte d’Ivoire,
ECG tele-expertise contributed significantly to the diagno-
sis of STEMI in health centres with no cardiologists. These
results suggest that this model could be helpful in develop-
ing countries. However, we nevertheless observed delays in
the time to diagnosis, which could reflect a lack of health-
care education in both urban and rural populations in
Cote d’Ivoire as well as a lack of optimised telecardiology
processes.”*

The major uptake increase of telemedicine since the
COVID-19 pandemic and the experience of other countries
related to tele-expertise such as France could also encour-
age the national health authorities in Céte d’Ivoire to
develop dedicated policies to promote these innovative
medical activities to improve public health.”>® While
some countries, such as Indonesia, demonstrated the feasi-
bility of tele-ECG in primary care settings with general
practitioners, it should be easier to develop a stronger
network within hospitals in Cote d’Ivoire at first.”’
Pre-hospital triage with tele-ECG, while being of potential
higher public health impact, may additionally prove diffi-
cult to implement in Cte d’Ivoire.”®

Conclusions

The national telecardiology network led by CHU Bouaké is
a critical tool to improve the diagnosis and treatment of
ACS and STEMI in Coéte d’Ivoire. Without this project,
the hospitals participating in the network would have no
diagnostic or therapeutic capacity. The network should be
further expanded.
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