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Background: Continuous investment and systematic evaluation of program
accomplishments are required to achieve excellence in ST-segment elevation
myocardial infarction (STEMI) care, especially in resource-limited settings.
Therefore, this study evaluates the impact of problem-driven interventions on
reperfusion use rate in a long-term operating STEMI network from a low- to
middle-income country.

Methods: This is a healthcare improvement evaluation study of Salvador's
public STEMI network in a quasi-experimental design, comparing data from
2009 to 2010 (pre-intervention) and 2019-2020 (post-intervention). There
were evaluated all confirmed STEMI cases assisted in both periods. The
interventions, implemented since 2017, included: expanding the support team,
defining criteria to be a spoke, and initiating continuous education activities.
The primary outcome was the rate of patients undergoing reperfusion, with
secondary outcomes being time from door-to-ECG (D2E) and ECG-to-
STEMI-team trigger (E2T).

Results: Over ten years, the network’s coverage increased by 300,000 individuals,
and expanded by 1,800 km?. A total of 885 records were analyzed, 287 in the pre-
intervention group (182 men [63-4%]; mean [SD] age 62-1 [12-5] years) and 598 in
the post-intervention group (356 men [59-5%]; mean [SD] age 61.9 [11-8] years). It
was noticed a substantial increase in reperfusion delivery rate (90 [31%] vs. 431
[73%]; P=001) and reductions in time from D2E (159 [83-340] vs. 29 [15-63],
P =001), and E2T (31 [21-44] vs. 16 [6-40], P = 001).

Conclusion: The strategies adopted by Salvador's STEMI network were
associated with significant improvements in the rate of patients undergoing
reperfusion and in D2E and E2T. However, the mortality rate remains high.
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1 Introduction

Despite significant advancements in the treatment of ST-Segment
Elevated Myocardial Infarction (STEMI), it remains a significant
global health concern. In 2021, ischemic heart disease, which
includes STEMI, was responsible for 9.4 million deaths worldwide
(95% Uncertainty Interval: 8.8-9.9 million) (1). Regional STEMI
networks, which integrate various healthcare facilities, have been
particularly effective in ensuring timely reperfusion and improving
patient outcomes (2-6). However, in low- and middle-income
(LMICs),
challenges that compromises their performance (7).

countries these networks often face considerable

Salvador, the fifth most populous city in Brazil, pioneered the
implementation of a STEMI care network in 2009. This initiative
aimed to optimize care by linking several public emergency units
with Percutaneous Coronary Intervention (PCI)-Capable Centers,
thereby forming a cohesive team to organize STEMI care in the
city. A comprehensive study published in 2012 documented its
implementation, highlighting the epidemiological context, the
network’s care coordination model, and encountered barriers (8).

The 2012 study identified several key challenges that significantly
hindered the growth and effectiveness of the network. Infrastructure
limitations included inadequate health system informatization,
insufficient hospital beds in PCI centers, and capacity discrepancies
health facilites. The network’s

infrastructure growth, leading to an increasing insufficiency in

across expansion outpaced
response capacity. Additionally, professional training and public
health education on Acute Coronary Symptoms identification and
management were lacking. Systemic management and coordination
issues included STEMI care times that exceeded recommended
guidelines, lack of standardized interinstitutional protocols, limited
information sharing, and response times frequently surpassing 60 s.

In response to these challenges, several targeted interventions were
implemented to improve the network’s performance. This study
evaluates the impact of these strategic interventions on reperfusion
rates within Salvador’s STEMI network over a ten-year period. By
comparing data from the pre-intervention and post-intervention
periods, improvements in quality-of-care outcomes, structural
changes, and persistent challenges are assessed, presenting valuable
insights into the long-term performance of a STEMI network ina LMIC.

2 Methods
2.1 Study design

This is a healthcare improvement evaluation study of Salvador’s
STEMI network, employing a quasi-experimental design. Data from
two periods, pre-intervention (2009-2010) and post-intervention
(2019-2020), were compared, adhering to the Standards for Quality
Improvement Reporting Excellence (SQUIRE) guidelines (9).

2.2 Context

Salvador’s STEMI Network operates with funding from the
Brazilian public health system. It is coordinated by the local
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(EMS) in
Health Departments,

Emergency Medical Service collaboration  with

Salvador’s adopting a hub-and-spoke
model. The EMS comprises various first medical contact (FMC)
points, termed spokes, such as EMS ambulances, community-
based emergency units and general hospitals. Additionally, there
are PCI-Capable Centers, referred to as hubs, offering 24/7
support for primary PCI, as depicted in Figure 1 (10, 11).

The primary pathway for network activation involves
healthcare professionals at the spokes identifying suspected
STEMI patients and connecting with the STEMI-network’s team
through an encrypted instant messaging application available on
all spoke computers. This application is used to share patient
information and electrocardiogram (ECG) data. An alternative
pathway involves a partnership with a telemedicine company,
which remotely interprets ECGs from specific community-based
emergency units. When a STEMI-compatible ECG is identified,
the company triggers the network’s team through the instant
messaging application, providing patient’s name and the location
of the unit (Figure 1).

In both scenarios, on-call trained and supervised medical
students contact the spoke to collect patient data according to a
pre-established form. Cases are then discussed with an on-call
cardiologist. If a suspected STEMI diagnosis is confirmed within
12 h of symptom onset, the team assesses resource availability,
adhering to national and international STEMI guidelines (12, 13).
Based on these factors, the optimal reperfusion strategy is
determined, and the EMS regulation center is then promptly
activated, dispatching an advanced ambulance equipped with a
nurse, physician and driver. This ambulance either rushes the
patient to a hub for immediate admission to the catheterization
laboratory or delivers fibrinolytic medication to the healthcare unit
for local administration.

2.3 Interventions

To address the challenges highlighted in the previous study,
which impeded network growth and effectiveness, the following
problem-driven interventions were implemented:

a) Team composition: In 2009, the program consisted of seven
medical students supervised by one cardiologist affiliated with
the EMS. Each student received a scholarship and was
responsible for occurrences one day per week, while the
cardiologist was on duty 24 h a day, seven days per week.
By 2017, the STEMI team expanded significantly to 26
members, including 15 medical students, five nursing students,
and six cardiologists now affiliated with the network. The
stipend paid to students increased by 2.5 times. Medical
students, now working in pairs on 12-hour shifts, are assigned
to respond to spoke calls within 60s to collect patient data,
discuss the case with an on-call cardiologist, and to contact the
hub to determine bed availability. Cardiologists took turns
working 12-hour shifts, allowing a more sustainable workload
and ensuring availability. Nursing students took on important
roles in peri-STEMI

follow-up, documenting data on
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Flowchart of operation of salvador's STEMI network. STEMI indicates ST-segment—elevation myocardial infarction; ACS, acute coronary syndrome;
ECG, electrocardiogram; EMS, emergency medical service; PCl, percutaneous coronary intervention; and PERSISST, Pesquisa Soteropolitana de

complications, clinical management and discharge plans, and
managing of a detailed database that serves as a source of key
performance indicators and informs essential public and legal
measures. The team provided specialized support 24/7.
b) Criteria for spoke designation: Healthcare facilities aiming for
“spoke” status had to meet minimum criteria for STEMI
management. They must guarantee: (i) availability of first-
line medications for STEMI; (ii) at least one portable ECG
machine;

(iii) on-site physicians; (iv) commitment to
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<)

participate in regular training sessions; and (v) willingness to
and data with the STEMI-network.
Additionally, the availability of fibrinolytic therapy was
only a few EMS
ambulances and general hospitals were equipped to provide it.

share decisions

encouraged by not mandatory, as
Continuous education and facility visits: Since 2017, the
network has implemented a program of continuous education
semiannually for universities and quarterly for spokes. These
activities aimed at training students and emergency healthcare
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professionals from various disciplines in identifying suspected
cases of STEMI and the proper procedures for activating the
STEMI network. Additionally, regular visits to all facilities
within the network were implemented to distribute and
reinforce standardized protocols for STEMI care through
printed flowcharts. Moreover, these visits also served to ensure
the proper functioning of the communication application, to
assess the compliance with the criteria for spoke designation,
and to maintain a point of contact with each spoke, with
clearly defined roles and leadership. This structure ensures that
each facility has a dedicated team member responsible for
overseeing STEMI protocols and coordinating with the
network, thereby enhancing overall efficiency and responsiveness.

2.3.1 Data collection

Data from 2009 to 2010 were sourced from the study by Solla
et al. (8) Data from 2019 to 2020 were prospectively collected
from service records maintained by the team STEMI network
team. The collected data included patients demographics (age,
sex), risk factors, clinical presentation, GRACE Score, various time
metrics in STEMI management (e.g., door-to-ECG [D2E] and
ECG-to-STEMI team trigger [E2T]), and in-hospital mortality. All
suspected STEMI cases assisted by the network during the study
period were included, with non-confirmed STEMI cases being
excluded (Figure 2). The primary outcome was the rate of patients
undergoing reperfusion. Secondary outcomes included time from
door-to-ECG and time from ECG-to-STEMI team trigger.

2.4 Statistical analysis

Normality was assessed using the Shapiro-Wilk test.
Descriptive statistics were employed to summarize the data.

Continuous non-normal variables were reported as medians and

10.3389/fcvm.2024.1381504

interquartile ranges (IQR), while continuous normal variables
(SD).
Categorical variables were reported as absolutes number and
Fisher’s

proportions, the one-sample T-test for comparing means, and

were reported as means and standard deviations

percentages. Exact test was used for comparing
the one-sample Wilcoxon’s signed-rank test for comparing
medians. Geospatial information was incorporated into the study
using public data from the Brazilian Institute of Geography and
Statistics (IBGE) and analyzed using QGIS (QGIS Geographic

Information System, version 3.38 QGIS Association) (14, 15).

3 Results
3.1 STEMI network in 2019-2020

The coverage area of Salvador’s STEMI network has experienced
substantial expansion, increasing from 751 km? to an extensive 2,586
km? (Figure 3). This expansion includes the integration of eight new
municipalities surrounding Salvador, with Human Development
Indexes (HDI) ranging from 0.617 to 0.759. Consequently, the
program now extends its support to approximately 2.9 million
individuals, compared to 2.7 million reported in 2010. Between
2010 and 2020 the number of spokes expanded from 21 to 46,
leading to a range of distances between the spokes and hubs
ranging from 1.00 km to 103.00 km. Remarkably, the number of
hubs remained unchanged over the past decade.

3.2 Outcome measures, and quality
improvement in STEMI care

A total of 885 records were analyzed, being 287 in the pre-
intervention group and 598 in the post-intervention group.
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FIGURE 2

Geographic distribution of public healthcare facilities part of the integrated regional STEMI network of salvador, Bahia, Brazil and its metropolitan area
through the decade. (A) Units by the time of the first publication, in 2012 (total coverage area: 751.84km?). (B) Health units currently covered by the
STEMI network (2021), highlighting its expansion (total coverage area: 2,553.40km?).
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Suspected STEMI
(n=1539)
Non-confirmed High-risk (n = 89)
STEMI cases (n = 941) . .
Other diagnosis (n = 852)
Confirmed STEMI
(n=598)
EMS’ Ambulances Community-based General hospitals Metropolitan region
(n=82) Emergency units (n = 300) (n=109) spokes (n =107)
A
Reperfusion therapy (n = 66) Reperfusion therapy (n =214) Reperfusion therapy (n =79) Reperfusion therapy (n = 72)
Primary PCI (n = 29) Primary PCI (n=113) Primary PCI (n = 40) Primary PCI (n = 40)
Thrombolysis (n = 37) Thrombolysis (n=101) Thrombolysis (n = 39) Thrombolysis (n = 32)
\
Whitout reperfusion Without reperfusion Whitout reperfusion Without reperfusion
therapy (n = 16) therapy (n = 86) therapy (n =30) therapy (n = 35)
Early death (n=2) Early death (n=3) Early death (n=3) Early death (n=1)
Symptoms >12h (n = 2) Symptoms >12h (n = 35) Symptoms >12h (n = 15) Symptoms >12 (n =9)
Others (n=12) Others (n = 48) Others (n=12) Others (n =25)
FIGURE 3
Point of entrance of the cases attended by the STEMI network and the reperfusion strategy performed. STEMI indicates ST-segment—elevation
myocardial infarction; EMS, emergency medical service and PCI, percutaneous coronary intervention.

The mean age of patients was 62.1 years (SD: 12.5) in the pre-
intervention group and 61.9 years (SD: 11.8) in the post-
intervention group. The pre-intervention group had a higher
prevalence of inferior wall STEMI cases and a greater number of
individuals with a history of prior myocardial infarction. The
baseline characteristics for both periods are presented in Table 1.

Community-based Emergency units were the main point of
first medical contact in both periods (152 [52.9%] vs. 300
[50.1%], p-value =0.470). However, there was an increase in the
number of calls by ambulances (3 [1.0%] vs. 82 [13.7%], p-value
=0.001) (Figure 2). Although approximately half of the patients
still took around two hours to seek care, comparing the study
periods revealed a reduction in the median time from pain-
to-first medical contact (P2FMC) (180 min [IQR: 90-473] to
122 min [IQR: 50-265], p-value=0.003).
median times from Door-to-ECG (D2E) decreased significantly
(159 min [IQR 83-340] to 29 min [IQR: 15-63], p-value = 0.001),
as did the median time from ECG-to-STEMI team trigger (E2T)
(31 min [IQR: 21-44] to 16 min [IQR: 6-40], p-value=0.001)
(Table 2). Additionally, the number of patients who underwent

Furthermore, the

ECG within 12 h of symptom onset increased significantly (119
[41.4%] vs. 523 [87.5%], p-value =.001).

There was a significant increase in overall reperfusion use,
rising from 90 cases (31%) in the pre-intervention period to
431 cases (73%) in the post-intervention period (p=0.001).
This increase included isolated primary PCI, which rose from
31 cases (10.8%) to 222 cases (37.1%), and fibrinolytic use, which
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increased from 59 cases (20.6%) to 209 cases (34.9%) (both with
p=0.001) (Table 2). It is important to note that while door-
to-needle and door-to-balloon times, as well as in-hospital
mortality, still exceed international guidelines. Unfortunately,
comparative data for these specific metrics from the 2009-2010
period are not available. The observed in-hospital mortality rate
was 15%, with an average GRACE score of 109 (SD: 27).

4 Discussion

This study revealed a significant increase in the proportion of
STEMI cases receiving reperfusion therapy, despite the expansion
to a larger area and population assisted and the unchanged
number of available hubs. This finding indicates the importance
of optimizing protocols and efficiently dispatching patients
within the critical treatment window.

In comparison to other regional registries, there is noticeable
variability in the proportion of patients receiving reperfusion
therapy: 90.1% in the Tamil Nadu STEMI registry (16), 92% in
the Supra Network (17), 45% in the Veneto’s region (18), and
37.2% in the JAC Registry (19). In Malopolska Registry, the rate
varied from 65% to 89% depending on the region reported (20).
The multinational LATIN group reported a 46% reperfusion rate
among those diagnosed, with only 1.5% receiving fibrinolysis.
This discrepancy suggests the need to overcome barriers to
ensure broader access and utilization of reperfusion therapies

frontiersin.org
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TABLE 1 Baseline characteristics of the 885 STEMI cases assisted.

10.3389/fcvm.2024.1381504

Characteristics 2009-2010 Missing data®
(n=287)
Age, mean (SD), years 619+11.8 62.1£12.5 0.628 -
Males 356 (59.5) 182 (63.4) 0.586 -
Risk factors
Hypertension 416 (69.6) 193 (73.7) 0.764 -
Diabetes 204 (34.1) 97 (37.5) 0.999 -
Dyslipidemia 60 (10.0) b - -
Prior myocardial infarction 60 (10.0) 51 (21.5) 0.004 -
Features at presentation
Blood pressure, mean (SD), mmHg
Systolic 148 (36) b - 9 (1.5)
Diastolic 89 (22) b - 9 (1.5)
Heart rate, mean (SD), bpm 85+20 779 +17.7 <0.001 8 (1.3)
Killip 9 (1.5)
I 529 (88.4) b -
11 38 (6.3) b -
111 10 (1.7) b -
% 12 (2.0) b -
Location of infarct 2 (0.3)
Anterior 321 (53.7) 218 (56.8) 0.346
Inferior 238 (39.8) 137 (47.7) <0.001
Other 37 (6.2) b -
Grace score (points) 109 +27 b - 109 (18.2)
Low risk 253 (42.3) b -
Intermediate risk 171 (28.6) b -
High risk 65 (10.9) b -
First medical contact <12 h since symptom onset 488 (81.6) 138 (48.0) <0.001 82 (13.7)
Completion of ECG <12 h since symptom onset 523 (87.5) 119 (41.4) <0.001 39 (6.5)
In-hospital death 90 (15) b - 22 (3.6)

Data are presented as the number (percentage) of participants unless otherwise indicated.

®Missing data is referent for 2019-2020 cohort.

“Blank cells represent data not available between 2009 and 2010. Electrocardiogram (ECG), Beats per minute (bpm), millimeters of mercury (mmHg), Not applicable (-).

TABLE 2 Comparison of cardiac event response metrics between 2019-2020 and 2009-2010 cohorts.

2009-2010 (n=

7)

Missing data®

Key Performance Metrics

2019-2020 (n =598)

p-value

Time from pain to first medical contact, median (IQR), min 122 [50-265] 180 [90-473] 0.003 82 (13.7)
Time from Door to ECG time, median (IQR), min 29 [15-63] 159 [83-340] <0.001 49 (8.2)
Time from ECG to STEMI team trigger, median (IQR), min 16 [6-40] 31 [2-44] <0.001 22 (3.6)
Door to fibrinolysis time, median (IQR), min 141 [92-202] b - 13/209 (6.2)
Door to balloon time for primary PCI, median (IQR), min 240 [173-351] b - 33/222 (14.8)
Any reperfusion 431 (72.0) 90 (31.3) <0.001 -
Fibrinolytic use 209 (34.9) 59 (20.6) <0.001

Rescue PCI 24/209 (11.4) _b

Primary PCI 222 (37.1) 31 (10.8) <0.001

Coronary angiography 372 (62.2) b - 49 (8.2)
No reperfusion therapy reason is symptom >12 h 61/167 (36.5) 129/197 (65.4) <0.001 -

Data are presented as the number (percentage) of participants unless otherwise indicated.

®Missing data is referent for 2019-2020 cohort.

PBlank cells represent data not available between 2009 and 2010. Electrocardiogram (ECG); ST-segment elevation myocardial infarction (STEMI); Percutaneous Coronary

Intervention (PCI); Not applicable (-).

(21, 22). These challenges may encompass logistical issues, limited

resources, delays in patient transport, and variations in healthcare

infrastructure and practices across different regions. There were

significant reductions in all assistance times in Salvador’s STEMI

network. A median P2FMC time of 122 min was observed,

which is lower than that reported by the Tamil Nadu registry, a
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awareness on

region with similar social conditions (16), but it remains high
when compared to standards from developed countries (23).
Efforts to reduce these delays, which can subsequently decrease
related complications and mortality rates, must prioritize public

symptom recognition and the urgency of

immediate medical care (24). However, specific measures to
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address this factor are lacking in the studied network. The
reduction in the D2E and E2T times represents a significant
improvement in the prompt identification of STEMI suspected
cases by health care professionals and may be attributed to the
implementation of continuous educational activities. However,
reaching the 10-minute target for D2E time remains a challenge.

Regarding reperfusion times, the need to reduce D2N time
remains evident despite data limitations that hinder direct
comparisons with previous periods. The current median of
140 min falls significantly short of the quality benchmark. This
discrepancy is also reflected in other registries, such as LATIN
and CAMI, which report average fibrinolysis times of 205 min
and a median time of 220 min, respectively, highlighting real-
world challenges in adhering to guideline recommendations
(22, 25). Similarly, a regional registry from Sao Paulo city, Brazil,
which only provides pharmacoinvasive therapy due to logistical
constraints, reported minimal changes in D2N time over a
decade. Their median D2N time was 70 [43-115] minutes. Both
registries underscore the urgent need to shorten time to
reperfusion strategies (26).

In this study, community-based emergency units served as the
primary medical contact point, while EMS ambulances were
responsible for the swift dispatch of fibrinolytics or the transfer
of patients to hubs. Nonetheless, there is ongoing debate about
whether having EMS ambulances as the primary medical contact
point could contribute to the reduction of reperfusion times.
Such a strategy could prevent transferring patients to units
lacking essential resources, such as PPCI, and has been stated as
good practice for many studies (2, 27-29).

A notable 108% increase in diagnosed STEMI cases was
recorded over the study period. National public data on the
prevalence of STEMI in Brazil are limited; however, available
data on AMI-related hospitalizations indicate an upward trend in
the network’s assisted area during the same timeframe (30). The
number of cases rose from 1,450 to 3,355, representing a 131%
increase. While these general AMI data provide valuable insights
into the overall trends of myocardial infarction, they may not
fully capture the specific dynamics of STEMI cases in Brazil.

The observed in-hospital mortality rate of 15% is alarming. A
previous study from Salvador’s STEMI Network, reported a

10.3389/fcvm.2024.1381504

comparable 30-day mortality rate of 15% between the years 2011
to 2013, along with an average GRACE score of 145+ 34 (31). It
is essential to recognize that mortality rates can vary significantly
across different cities and countries. For instance, the registry of
Veneto in Italy, that operates in a similar model, reported a
12.2% in-hospital mortality rate (18). The Malopolska registry
(20) reported a 19.3% in-hospital mortality, and in contrast, the
LATIN registry evidenced 5.1% mortality rate (22), the Tamil
Nadu and Supra STEMI registry 5.6% (16, 17), and the JAC
registry 7.5% (19).

4.1 Limitations

The primary limitation of this study is the lack of continuous
information since the implementation of the STEMI network.
data  storage,
comprehensive tracking of important time metrics and mortality

This gap led to incomplete preventing
rates over the entire duration of the network. This interruption
in data collection can be attributed to the initial absence of
STEMI

Additionally, certain benchmarks in STEMI evaluation, such as

professionals  directly employed by the network.
total ischemic time and Door-In-Door-Out time, were not
reported in this study, further contributing to data gaps. Despite
these limitations, this study provides valuable insights into the
long-term performance of a STEMI network in a low- and
middle-income areas for

country setting and highlights

improvement in future evaluations.

4.2 Future perspectives

New challenges, ongoing challenges, and achievements in the
post-intervention period were summarized in Table 3. There is a
pressing need for effective initiatives to educate patients on
recognizing acute coronary syndrome symptoms and the urgency
of immediate medical intervention, which could reduce P2FMC
times. Another important issue is the shortage of beds in
coronary care units, which affects the delivery of timely
specialized care.

TABLE 3 A decade of progress and ongoing challenges in salvador’s STEMI network.

Infrastructure

Challenges

Professional training and

Management and coordination of

population health education

Low level of health system informatization with a lack of | Education for patients’ recognition of ACS
symptoms

Persistent
technology for specific record
Insufficient availability of hospital beds in coronary care
units/hubs

Accessed Varied level and capacity of health facilities

Absence of clear leadership and predefined

the health system

STEMI care times above recommended by the
guidelines

Lack of standardization of STEMI care protocols

roles in some spokes

Increased assisted network

Insufficient support team
New Provide the availability of fibrinolytics on a large scale

among the spokes spokes

Periodic training for spokes’ staff

High turnover of health professionals in the

Limited sharing of information with private
system units
Extended response time (more than 60 s)

Offer individualized performance feedback to
spokes

ST-segment—elevation myocardial infarction (STEMI); Acute coronary syndrome (ACS); Emergency medical service (EMS).
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Regarding the network’s spokes, a high turnover of frontline
professionals impairs the consistency and standardization of
STEMI care. Additionally, the limited availability of electronic
medical records and digital ECGs may cause significant
communication delays. Furthermore, the high cost and lack of
staff experience in using fibrinolytics hampers the widespread
availability of these medications in the network. However, the
decentralization of healthcare during the COVID-19 pandemic
has led to greater availability of these medications in the network.

5 Conclusion

The strategies adopted by Salvador’s STEMI network on this
with
improvements in the reperfusion delivery rate and in door-to-

decade-long  analysis were associated significant
ECG and ECG-to-Network trigger times. However, despite its

efforts, the mortality rate remains high.
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