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Abstract

Background: Developing countries struggle to diagnose and treat ST-segment eleva-

tion myocardial infarction (STEMI) patients in a timely manner, and subsequent out-

comes are suboptimal.

Methods: The Latin America Telemedicine Network (LATIN) functioned between

2013 to present in four countries—Brazil, Colombia, Mexico, and Argentina. A Hub

and Spoke platform was developed to expand access to >100 million population for

STEMI care. Patients were triaged at spokes that included small clinics and primary

health care centers in remote South American locations. Three telemedicine

command sites provided immediate 24/7 electrocardiogram diagnosis and

teleconsultation of the STEMI process at 355 centers in four countries.

Results: LATIN Spokes (n = 313) screened up to 30,000 patients per month, and a total

of 780,234 patients over the study period. Telemedicine experts diagnosed 8395 (1�1%)

with STEMI, of which a total of 3872 (46�1%) were urgently treated at 47 Hubs. A total

of 3015 patients (78%) were reperfused with percutaneous coronary intervention. Time-

to-telemedicine diagnosis averaged 3�5 min. Average door-to-balloon time improved

from 120 to 48 min during the study period and overall STEMI mortality was 5�2%.

Interpretation: Telemedicine transcends boundaries and enables access to millions of

patients for STEMI care. With this initiative, LATIN has created a template for reduc-

ing disparities in STEMI management between developed and developing countries.
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1 | INTRODUCTION

It is widely known that rapid reperfusion is essential to successful

ST-segment elevation myocardial infarction (STEMI) treatment. Door-

to-balloon time (D2B) is a standard metric of the quality of STEMI

treatment. Since the American College of Cardiology's D2B Alliance

for Quality campaign in 2006,1 several developed countries reported

significant reductions in D2B times and improved outcomes for

patients.2,3 Developing countries, on the other hand, are still strug-

gling to meet “D2B within 90 min” criteria.4

Abbreviations: ACS, acute coronary syndrome; AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; D2B, door-to-balloon time; D2N, door-to-needle time; DIDO, door-in-

door-out; ECG, electrocardiogram; EMS, emergency medical system; LATIN, Latin America Telemedicine Infarct Network; PCI, percutaneous coronary intervention; pPCI, primary percutaneous

coronary intervention; STEMI, ST-segment elevation myocardial infarction; TTD, time to telemedicine diagnosis.
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Multiple factors cause delays in STEMI treatment in countries

with limited resources. This includes a lack of infrastructure, of emer-

gency medical systems (EMSs) and ambulances, of cardiac catheteriza-

tion laboratories, and of trained personnel. Moreover, the absence of

an organized protocol for STEMI management may account for half

of the total systemic delays observed.5,6 Accurate STEMI diagnosis is

also a limiting factor. One study found that almost a third of acute

myocardial infarction (AMI) patients were initially misdiagnosed.7

STEMI misdiagnosis at smaller hospitals is an even bigger issue and is

a leading cause of higher mortality in rural settings.8

In underserved settings, telemedicine has proven an adept tool

capable of delivering high-quality health care services to distant loca-

tions, and is emerging as a rational solution to improve time-critical

disease management. In the case of STEMI management, the electro-

cardiogram (ECG) is recorded in the early prehospital phase and sent

to cardiologists to interpret and diagnose, and recommend the most

optimal management.

Telemedicine in relatively small networks demonstrated a reduc-

tion in treatment delays and improved outcomes.9–12 A meta-analysis

of 37 studies concluded that telemedicine reduced in-hospital, 30-day

and 1-year mortality by approximately 40%.13 D2B times were also

significantly reduced by 30 min. However, this meta-analysis men-

tioned limitations due to small studies with low-confidence levels, and

most was from wealthy countries in North America, Europe, and Asia.

In contrast, data regarding telemedicine use for STEMI manage-

ment in developing countries are limited.14,15

Previously, we reported a telemedicine model to provide guid-

ance of STEMI management, increase patient access and avoid un-

necessary transfer of patients in developing areas of the world.16 To

the best of our knowledge, our LATIN report is the largest-ever tele-

medicine experience for managing STEMI—we report >780,000

patients that were screened at 355 remote centers in four developing

countries. Our number of STEMI patients exceeds the total in the

meta-analysis of 37 prior studies.17 In addition, LATIN is the first

endeavor to achieve international collaboration between sites, with

command center, spokes, and hubs sometimes being located in differ-

ent countries. Our goal was to evaluate the effects of telemedicine on

STEMI management, patient mortality, and to analyze the cost-

effectiveness of our telemedicine model.

2 | METHODS

2.1 | Study design and patient population

The Latin America Telemedicine Infarct Network (LATIN) is a prospec-

tive observational study. Table 1 reviews economic differences between

our four countries and the United States, and provides rationale for

using telemedicine to flatten the disparities of care. The pilot project

was started in Barranquilla, Colombia in 2013. The immediate challenge

was stakeholder buy-in, selection of appropriate spokes, and creating

D2B pathways at the hub. The very remote spokes that contributed to

the success of LATIN's strategy and enabled its geographic reach, also

posed unique challenges. Several very small and remote centers were

located in mountainous terrain (Medellin, Apartado, and Cucuta). There

were also safety concerns from intransigent warfare. A few centers in

Brazil and Colombia were located in extremely poor neighborhoods

with extreme crime rates related to drugs and gangs. In these areas, the

ambulance structure was non-existent, the level of awareness was poor

and neither thrombolysis nor percutaneous coronary intervention (PCI)

were available.

Since most regions lacked a central ambulance system, we desig-

nated LATIN spokes to have either unidirectional (ambulance located

at the spoke and transporting patients to the Hub; preferred model)

or bidirectional (ambulance dispatched from Hub to the Spoke to

transport the patient, non-ideal) structure. The LATIN program was

expanded to Mexico in conjunction with C�odigo Infarto, an initiative

of Sociedad de Cardiología Intervencionista de Mexico (SOCIME). The

protocol for telemedicine; however, was unique—all 81 LATIN centers

were managed from Bogota, Colombia. With minor logistic changes,

we were able to achieve comparable telemedicine efficiency for the

Mexican component of LATIN. The last foray of LATIN was in Argen-

tina. LATIN now provides an umbrella of AMI care to a population of

almost 100 million inhabitants (Figure 1).

2.2 | Spoke and hub strategy and LATIN protocol

Command centers were established to provide remote 24/7 ECG

interpretation and teleconsultation, EMS activation, and overall super-

vision of the STEMI activation process. The three command centers

were located in Sao Paulo and Uberlandia in Brazil, and in Bogota,

Colombia. Mexico and Argentina represented an “external model”
with the command centers guiding the spokes and hubs from outside

the country.

Figure 1 illustrates the LATIN structure. Of a total of 355 LATIN

sites, 47 were hubs, and 308 were spokes. Hubs provided PCI and/or

coronary artery bypass grafting (CABG) surgery. Spokes provided

triage, stabilization, thrombolysis, and initiated pharmaco-invasive

management.

The LATIN study implemented a 3 T strategy at its spokes: tele-

medicine, triage, and transfer. Most of the training efforts for LATIN

were directed at the spokes—since several were very small clinics and

with no prior proficiency in handling thrombolysis nor had any previ-

ous experience with telemedicine.

Training was also provided at the spokes using the telemedicine

technology and creating fail-safe pathways, with a trans telephonic

and fax-modem alternatives to help with broadband signal dropouts.

Staff at each spoke was trained with the LATIN protocol by a nurse

located at the hub, who obtained daily updates on its spokes (average

5–7).

Constant technology upgrades, business intelligence tools, cloud

computing, and broadband availability helped maintain extremely low

time-to-telemedicine diagnosis (TTD). TTD is composed of eight dis-

tinct constituents: (1) ECG is transmitted at spoke; (2) It is received at

the telemedicine command center with HIPAA compatibility; (3) The
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ECG strip is filtered to eliminate artifacts; (4) The telemedicine plat-

form automatically locates an available cardiologist; (5) The ECG strip

is sent to the cardiologist; (6) The strip is downloaded by the cardiolo-

gist and it becomes an integral part of the electronic medical record;

(7) The cardiologist interprets the ECG; (8) He/she reports on the

ECG and if there is STEMI, the platform generates three automatic

texts—to spoke, hub, and transport command center.

Patient demographics (age, gender, comorbid diseases, and

smoking status) and the ECG were digitized, encrypted, and sent to

the command center via the LATIN App in a Health Insurance Porta-

bility and Accountability Act (HIPAA) compliant manner. Upon STEMI

confirmation, the command sent alerts to the Hub and the Spoke and

triggered ambulance dispatch and initiation of the standard STEMI

protocol. Thrombolysis or PCI was quickly selected by the emergency

room doctor, often in consultation with the expert at the telemedicine

command center. At several spokes, this decision was pre-determined

based upon the transfer time to the hub and the ready availability of

24/7 PCI capability. Patients with successful thrombolysis were

F IGURE 1 Title: Telemedicine pathways [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Epidemiology and infrastructure in Brazil, Colombia, Mexico, and Argentina compared to the USA. *World Bank Open Data.
Available at https://data.worldbank.org/. Accessed March 22, 2019

Indicator Brazil Colombia Mexico Argentina USA

Population (millions) 209.3 49 129.2 44.2 327.2

Gross national income per capita (PPP dollars) 15,160 14,170 17,740 20,270 60,200

Total health expenditure per capita (PPP, USD) 1391 852 1008 1389 9535

Cardiologist ratio (per 100,000 Pop) 6.71 1.97 12.5 7.4 48.4

Total number of cardiac Cath Labs (per 100,000 Pop) 799 245 266 645 2000

Total number of ambulances (per 100,000 Pop) 10.9 4.8 64 9.8 48.3

Ischemic heart disease mortality rate (per 100,000 Pop) 114.8 114.1 80.5 90 84

Note: Shaded cells emphasize those indicators and provide rationale to use telemedicine to flatten the disparities of those indicator between USA and

other countries mentioned.

Abbreviations: Cath, catheterization; GDP, gross domestic product; PCI, percutaneous coronary intervention; Pop, population; PPP, purchasing power

parity.
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stabilized for 4–24 h before transferring to a hub. Any failed attempt

in reperfusion prompted an immediate transfer to a hub for

rescue PCI.

2.3 | Definition and data collection

Door to needle (D2N) and door-in-door-out (DIDO) time was mea-

sured by patient time spent at spoke sites, and mean transfer time

was measured between a spoke and its designated hub. At the hubs,

door to balloon (D2B) times was measured to evaluate hub perfor-

mance. The ECG and its report were directly incorporated into the

medical records database. In-hospital STEMI mortality was obtained

at both the spokes and the hubs.

2.4 | Statistical analysis

Statistical analyses were performed using Microsoft Excel (2016).

Values were expressed as frequency (number and percentage) or

mean ± SD, as appropriate. Chi-square and Wald tests were employed

for comparisons of gender in STEMI treatment. p-value < 0�05 was

considered statistically significant.

3 | RESULTS

3.1 | LATIN demographics, treatment, and
mortality

A total of 780,234 ECGs were transmitted to the telemedicine com-

mand centers. Of the aforementioned, 8395 (1�1%) were diagnosed as

STEMI. Brazil was the largest source of LATIN enrollment, as it re-

presented 73�1% of screened and 74�9% of treated patients (Table 2).

More male patients were diagnosed with STEMI - male to female ratio

was 1�71. Hypertension was the most prevalent underlying disease

(58�8%), followed by smoking (30�0%) and diabetes mellitus (28�8%).

Treatment was administered in 3871 (46�1%) STEMI patients; primary

PCI was the most used treatment modality at 78%. Only 1�5% of

STEMI patients were treated with thrombolytics. A total of

100 (2�6%) patients underwent CABG surgery. Of 4525 patients that

had a timely diagnosis of STEMI but were not reperfused, the reasons

for nontreatment included insurance denials (3211; 71%), delayed

presentation (871; 19�2%) a lack of Intensive Care Unit beds (232;

5�1%) and other miscellaneous reasons (211; 4�6%). In-hospital mor-

tality was 5�2% overall and was the highest at 6�7% in Mexico.

3.2 | LATIN metrics

Two groups of LATIN metrics were monitored—STEMI systems of

care metrics (DIDO, Transfer times, D2N, D2B) and telemedicine met-

rics. Within the country and between countries, the system-wide met-

rics showed tremendous variability and were often beyond the

control of LATIN (insurance approvals, ambulance structure). On the

other hand, the telemedicine metrics were wholly LATIN-dependent

as they relied on telemedicine performance and IT infrastructure.

DIDO times showed wide variability (Brazil 108 min, Colombia

190 min)—although times showed improvement, they were hindered

by the need to obtain insurance approvals. DIDO times were shorter

at 16 LATIN sites where reperfusion treatment was pre-determined.

Transport times (mean 110 min) were often related to ambulance

availability, but showed some improvement over time. D2B times

improved from 120 min to a mean of 48 min, as several hubs were

TABLE 2 LATIN demographics by each country, telemedicine uses, applied treatment and mortality

Brazil Colombia Mexico Argentina Total

ECG transmissions, n 570,098 186,751 23,189 196 780,234

STEMI telemedicine diagnosis, n 6290 1666 433 6 8395

STEMI population demographics Male 3874 1120 306 6 5306

Female 2416 546 127 0 3089

DM 1903 277 234 4 2418

Smoking 2099 302 121 1 2523

HTN 3929 740 264 5 4938

STEMI treated T, n 32 21 5 0 58

PI, n 66 6 8 0 80

Angiography, n 439 164 16 0 619

pPCI, n 2422 490 100 3 3015

CABG, n 62 30 7 1 100

Total, n 3021 711 136 4 3872

Mortality% 4.9% 4.2% 6.7% – 5.2%

Abbreviations: CABG, coronary artery bypass grafting; ECG, electrocardiogram; pPCI, primary percutaneous coronary intervention; STEMI, ST-segment

elevation myocardial infarction.

4 MEHTA ET AL.



able to bypass the ED. D2N times (mean 205 min) were high and simi-

lar to DIDO times, mostly due to delays in requiring insurance

approvals for lytic therapy. The use of lytic therapy has decreased

over time as more patients were being referred for primary PCI.

Beginning with 37 min of TTD initially, we have meticulously

lowered the TTD to its present and consistent average of around

3�5 min. In addition, there was no difference in TTD between the

“internal model” (Brazil and Colombia) and “external model” (Mexico

and Argentina)—thus the location of the expert within or outside the

country did not affect TTD times.

4 | DISCUSSION

As the world recalibrates to the Covid-19 crisis and healthcare begins

to optimally use telehealth, we believe LATIN demonstrates the vast

public good that can be achieved with the use of telemedicine. LATIN

was created to prove the ability of telemedicine to increase access, to

increase accuracy, to apply a comprehensive AMI strategy and to pro-

vide these in a cost-effective manner, even across national borders.

Over the years, we achieved over 100 million-population coverage

with three command centers, 313 spokes, and 47 hubs. A cumulative

total of more than 780,000 patients were screened via LATIN tele-

medicine consults. By applying a standardized protocol throughout

Spokes and Hubs, the time between telemedicine activation and diag-

nosis were consistently around the 3�5-min mark regardless of com-

mand center location, even when located in a different country.

The LATIN experience by itself exceeds the entire worldwide use

of telemedicine in coronary artery disease management. In our study,

a total of 8395 (1�1% of screened patients) STEMI patients were diag-

nosed, of which 3872 (46�1%) were treated. A study done in the rural

area of Italy had STEMI detected in 1�03% of screened patients.18

Another study done in New Jersey had a higher detection rate of

STEMI at 28% out of 330 ECG transmissions, but there could have

been bias in which ECGs to transmit.9 The difference in the STEMI

detection rate seems dependent on how widely ECGs are obtained

and the stringency of ECG transmission criteria.

It was extremely frustrating that despite being able to diagnose

and make treatment recommendations within 3�5 min, less than 50%

of STEMIs received reperfusion therapy. A lack of Intensive Care Unit

beds, insurance denials, and late presentation were the main culprits

behind several of these patients not being reperfused. This speaks to

the need for developing countries to strive to provide effective emer-

gency care regardless of the ability of the patient to pay. Despite the

remote nature of sites, thrombolysis was used infrequently. The most

commonly applied treatment modality was the PCI, used in 3015

(78%) of the patients treated. Given the delay in transfer noted in

some areas, perhaps a pharmaco-invasive approach should be more

widely considered.

On average, a STEMI mortality of 5�2% was observed in this

study, continuing the decreasing trend seen throughout our past

efforts. Although direct comparison is not possible, a recent report

found that mortality due to AMI in Mexico reached 27�5% of adults

aged 45 or more, showcasing the potential benefits of LATIN imple-

mentation in this country.19 Our data suggest that telemedicine may

be able to reduce mortality in South America, similar to that observed

in other continents where all-cause mortality was 18% in patients

with prehospital diagnosis versus 31% in patients without it

(p = 0�003).20
Although historical data are not available for the expanded Latin

study, Dallan et al. conducted an earlier substudy between 2013 and

2014 comparing patients treated before and after the implementation

of LATIN protocol.21 The D2B time using the LATIN protocol was

48 min, significantly less than the 85 minutes seen with the previous

protocol (p < 0�05). Our LATIN D2B times were comparable with

other telemedicine studies. Sanchez-Ross et al. compared 92 patients

with prehospital STEMI diagnosis using a wireless network versus

50 who used alternative methods.9 Their results showed shorter D2B

time–63 min in the wireless network versus 119 min in control

(p < 0�00004). Similar spoke and hub strategies in Brazil also showed

the spoke to hub time was 188 min, and D2B was 40 min (±18�7 min),

which are consistent with our findings.22

5 | LIMITATIONS

Despite these numerous successes, LATIN investigators have been

humbled by the inability of the program to make maximal impact in all

the four countries where the program was instituted. Our decade-long

experience demonstrated that technology and global experts by them-

selves do not completely determine the health outcomes of patients

present with heart attacks. We enriched our telemedicine platform to

diagnose STEMI for a patient presenting 700 miles away in 3.5 min,

but we could not remove the obstacles to his immediate treatment.

Despite technological prowess and vast expertise and dedication of

remote cardiologists, the majority of patients that were diagnosed to

have a STEMI were not offered reperfusion therapy. We encountered

this problem at both public and private hospitals. In fact, despite all

the power and prestige of the program and its broad publicity, we

could not convince the payers to provide expedited approvals for

treating these patients. Based on these sobering data, we strongly rec-

ommend aligning similar initiatives with payers and healthcare econo-

mists. All stakeholders also need to work harder and increase patient

awareness, including for women, to reduce the delays in seeking care.

This study also has the intrinsic limitations of an observational

study—it lacks the power to prove the efficacy of telemedicine. There

was no data collected to measure the outcomes of telemedicine other

than mortality and no data to assess false positive or false negative

activation of STEMI treatment.

6 | CONCLUSIONS

LATIN demonstrates the power of telemedicine in managing

population-based STEMI care and does it cost-effectively. The pro-

gram reduces disparities of care between developed and developing

MEHTA ET AL. 5



countries and has a halo effect in improving awareness, ambulance

care as well as pre- and in-hospital care. Establishing Spoke and Hub

networks can increase STEMI detection, rapidly activate STEMI proto-

cols, and reduce symptom-to-treatment times, potentially leading to

decreasing mortality in this underserved population.
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