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A B S T R A C T

Background: Clinical practice guidelines for acute coronary syndrome recommend an interval between electro
cardiogram (ECG) and balloon of <60 min in patients attending the emergency department (ED) of a hospital 
with primary angioplasty capacity. Compliance with this can be complex, especially in atypical presentations.
Objective: To assess the effectiveness of specific training for ED triage nurses in reducing ECG-balloon time in 
STEMI.
Methods: Quasi-experimental study with a pre-test-post-test design. In June 2021, a training intervention was 
implemented in the diagnosis of STEMI in the ED. The EDUCAMI program included complex presentations, 
emphasising disparities in women and elderly people. A historical sample was compared with a post-intervention 
sample.
All patients consecutively activated as code STEMI in the ED were included, excluding those activated out-of- 
hospital. The main variable was ECG-balloon time, which was compared according to sex and age.
Results: The final sample consisted of 447 patients distributed into historical sample (n = 327) and post-test 
groups (n = 120). A reduction from 88 (65–133) to 60 (50–116) minutes in ECG-balloon time was observed 
in the post-test group together with a shorter hospital stay of 5 (3-8) vs 4 (3–5.5) days (p = 0.013).
When comparing according to sex and age, a decrease in ECG-balloon time (p < 0.001) was observed in men and 
patients under 65 years of age (p < 0.001).

Abbreviation: CAD, Coronary Artery Disease; CRA, Cardiorespiratory Arrest; CRF, Case Report Form; DLP, Dyslipidaemia; DM, Diabetes Mellitus; ECG, Electro
cardiogram; ED, Emergency Department; EMS, Emergency Medical Services; ESC, European Society of Cardiology; FMC, First Medical Contact; GPC, General Poor 
Condition.; HSCSP, Hospital de la Santa Creu i Sant Pau; AH, Arterial Hypertension; IC, Interventional Cardiology; Min, Minutes; MI, Myocardial Infarction; PCI, 
Percutaneous Coronary Intervention; SANC, Spanish Association of Nurses in Cardiology; STEMI, St-Segment Elevation Acute Myocardial Infarction; QI, Quality 
Indicators.
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Conclusions: The training intervention proved effective, reducing the ECG-balloon time by 32 %. EDUCAMI re
duces the time in men and young people, however, the bias persists in women and those over 65 years of age.

Introduction

Clinical practice guidelines for the management of ST-segment 
elevation acute coronary syndrome (STEMI) recommend an interval 
between diagnosis and reperfusion of <60 min when the patient directly 
attends the emergency department (ED) of a hospital with primary 
percutaneous coronary intervention (PCI) capability.1 Compliance with 
these times significantly improves the quality of the process and clinical 
results, particularly in terms of morbidity and mortality.2 Therefore, 
these intervals are considered optimal quality indicators (QI) in the 
management of code infarction (MI).3,4

Various studies show that there is room for improvement in 
compliance with response times in heart attacks,5 especially in atypical 
clinical and electrocardiographic presentations, as well as in women and 
the elderly, who are frequently underdiagnosed and undertreated.6,7 On 
the other hand, patients who contact the emergency medical services 
(EMS) directly have shorter times compared with those who attend the 
ED of a hospital equipped with primary PCI.8,9

Regular evaluations and ongoing training improve the identification 
and diagnosis of STEMI.3,10 Training for emergency nurses is essential, 
given their crucial role in triage, which can impact response and treat
ment times.11,12 In addition, some registries indicate that they do not 
always adequately recognise or prioritise STEMI, which underscores the 
need for specific training.13-15

Clinical simulation is an effective learning tool in clinical settings 
that enhances nurses’ skills and competencies.16,17 Some experience 
with its use has been reported in STEMI18,19; however, training pro
grams with clinical simulation that simultaneously address atypical 
presentations and differences according to sex and age have not been 
described.

The main objective of our study was to demonstrate how a training 
intervention that incorporates clinical simulation aimed at ED triage 
nurses in a hospital equipped with a PCI service can reduce diagnosis 
and treatment times in STEMI. As a secondary objective, we analysed 
whether there were differences according to sex and age.

Methods

Study design and setting

A quasi-experimental study with a pre-test-post-test design after the 
implementation of a STEMI training intervention in an ED. A historical 
sample (January 2013-January 2017) was compared with a post- 
intervention sample (June 2021-December 2023).

The study was carried out in the ED of the Hospital de la Santa Creu i 
Sant Pau (HSCSP) in Barcelona, Spain. The HSCSP has formed part of the 
Codi IAM network of the Catalan Healthcare System. Around 450 MI 
codes per year are attended, 20 % of which are activated from the 
centre’s own ED and the rest by the EMS that transfers the patient 
directly to the interventional cardiology (IC) room.

The study population consisted of consecutive patients with sus
pected STEMI activated as code STEMI by the ED of our hospital. In
clusion criteria were patients ≥ 18 years old, admitted to the ED of the 
hospital, and patients who had a first medical contact (FMC) outside the 
ED without a clear STEMI diagnosis and were then admitted to the ED 
for a final diagnosis. Exclusion criteria were patients identified and 
activated as code STEMI out-of-hospital as they bypassed the ED, pa
tients who did not undergo coronary angiography, and pregnant 
women.

The study and its subsequent amendment were approved by the 

Clinical Research Ethics Committee (CEIC) of the HSCSP (IIBSP-IAM- 
2015, IIBSP-IAM-2015–84v2) and informed consent was requested from 
all participants of the training intervention.

This study is registered in the clinical trials registry NCT04333381 
and obtained funding from the Department of Health of the Generalitat 
of Catalonia within the strategic plan for research and innovation in 
health (PERIS) granted to GBC, with the code SLT008/18/00,052.

Data collection and handling

Upon identifying a suspected STEMI case, the ED nurse quickly fol
lows the recommendations of the ’Code STEMI’ protocol, which includes 
a rapid assessment, a 12-lead ECG within 10 min, and communication of 
the findings to the ED physician and to the cardiology team. Early in
terventions are initiated, such as dual antiplatelet therapy, unfractio
nated heparin, nitrates, oxygen therapy (if SpO₂ < 90 %) and 
intravenous access. Patients are continuously monitored, and an urgent 
transfer to interventional cardiology is coordinated.

The baseline clinical characteristics of all patients were collected by 
the researchers through an anonymised ad-hoc data collection notebook 
(CRF) using the Clinapsis program. The response time variables in STEMI 
were collected prospectively by the primary angioplasty on-call staff 
throughout the study period using an ad-hoc form that responds to the 
centre’s codi IAM registry, which is evaluated and mandatory. Other 
variables were also collected from the records of the medical histo
ry—where there is access to documentation from the study hospital
—emergency medical services, primary care centres, and other centres 
belonging to the Catalan public hospital network.

Intervention

EDUCAMI was developed and implemented, an online and face-to- 
face theoretical and practical training activity with methodology 
based on clinical simulation and gamification, from May to June 2021. It 
was mainly aimed at ED triage nurses since, at the HSCSP, the ED triage 
is led by nurses who are experts in the diagnosis and early treatment of 
urgent situations and they play a prominent role in the identification 
and prioritisation of patients with STEMI in the ED.

The evidence clearly establishes advanced nursing competencies in 
triage,20 which complement and optimise the work of the emergency 
medical team and the cardiologist. This comprehensive approach allows 
for STEMI diagnosis, where different professionals collaborate, although 
the final diagnostic confirmation rests with the ED physician or cardi
ologist in complex cases.

The EDUCAMI program was designed to strengthen essential com
petencies in STEMI care, such as early and accurate identification of 
STEMI in <10 min after the patient’s arrival. It also focused on opti
mising effective communication among the multidisciplinary team to 
speed up care, promote evidence-based clinical decisions, suitably pri
oritise interventions, ensure the activation of diagnosis-balloon in under 
60 min, and reduce disparities in care, paying special attention to dif
ferences according to gender and age.

Due to the nature of the clinical simulation training, a total of 20 ED 
nurses and clinicians were included. For recruitment, two information 
sessions were held and participant recruitment was through the head of 
the service and the ED supervisor.

The training program was developed and validated by members of 
the research team, endorsed by the Spanish Association of Nurses in 
Cardiology (SANC), and approved as the centre’s annual training plan. 
(Annexe 1)
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A 12-hour (h) training module was carried out with an online 
theoretical part (8 h) with gamification resources, with the discussion of 
four clinical cases focused on the diagnosis of typical and atypical ECGs 
suggestive of acute coronary occlusion and differences according to sex 
and age. In the face-to-face module (4 h), there was a session on QIs in 
STEMI and feedback from previous data, a workshop on the identifica
tion of ECGs with suspected STEMI, and two cases of clinical simulation 
based on an atypical clinical and electrocardiographic presentation that 
emphasised possible complications derived from delays in STEMI.

In addition, an infographic and a diptych on the identification and 
early diagnosis of STEMI as an additional tool for ED triage were pro
vided. (Annex 2)

After completing the training program, all participants, both nurses 
and clinicians, demonstrated a significant improvement in their 
knowledge, with an average increase exceeding 50 %. Additionally, the 
program received excellent feedback, with a satisfaction score of 9.7 out 
of 10. Currently, the training program has been institutionalised with an 
annual implementation under the updated format "EDUCAMI II," 
designed to train newly incorporated professionals and reaccredit those 
who wish to refresh their competencies. Furthermore, an annual update 
session is conducted, focusing on the latest evidence-based practices and 
providing feedback on quality indicators related to STEMI management 
in the ED. This continuous education strategy ensures that the knowl
edge and skills acquired through the program remain up to date and 
directly applicable to clinical practice.

Target variables of the study

The primary outcome was the time between diagnosis and opening of 
the artery or balloon. Diagnostic time was established as the time to 
perform the electrocardiogram (ECG), and balloon time as the time in 
which the angioplasty guide traverses the lesion of the culprit artery. An 
ECG-balloon time ≤60 min is considered optimal, which is the time 
recommended in the STEMI clinical guidelines of the European Society 
of Cardiology (ESC) for patients who attend the ED of a centre equipped 
with primary PCI.1

Other response time variables and their intervals (pain, FMC, ED, 
ECG, activation, IC, and balloon time), which were measured in minutes 
(min), were also considered. (Fig. 1)

Statistical analysis

All patients consecutively activated as code STEMI from the ED were 
distributed into two groups: a historical sample of the centre from 2013 
to January 2017 (n = 327) and the post-test group from June 2021 to 
December 2023, after the implementation of EDUCAMI (n = 120).

Considering an alpha error of 0.05 and a statistical power of 80 %, a 
final sample of 120 patients consecutively activated as code MI in the 
post-test group, who met the selection criteria, was estimated to 

demonstrate a 40 % reduction in care time compared with the historical 
sample. This reduction, equivalent to 63 min, assumes a standard de
viation of 160 min and an anticipated 10 % loss of patients.

First, a descriptive analysis was performed providing the percentage 
and number of cases for categorical variables, the mean value ± stan
dard deviation for quantitative variables with a normal distribution, and 
the median with its interquartile interval for quantitative variables that 
did not follow a normal distribution.

The variables of the two groups—historical sample and post- 
test—were compared using the chi-square or Fisher’s exact test in the 
case of categorical variables, or with the t-test or Mann-Whitney test in 
the case of quantitative variables.

A Mann-Whitney test was used to compare the different time in
tervals until reperfusion between these groups, given the high dispersion 
of the temporal variables.

The level of significance considered was 5 % (α = 0.05), with a 
bilateral hypothesis. All analyses were conducted using the IBM-SPSS 
statistical package (V27.0).

Results

Patients included

During the study period, a total of 2747 code STEMI were activated 
in the study centre, 1687 in the pre-test period (from January 2013 to 
January 2017) and 1060 in the post-test period (from June 2021 to 
December 2023). The final sample consisted of 447 patients distributed 
into the historical sample (n = 327) and the post-test group (n = 120). 
(Fig. 2)

Of the total number of patients included, 75.2 % were men with a 
mean age of 64±14 years and 76 % (n = 338) received treatment with 
primary angioplasty. An overall all-cause mortality of 9.8 % (n = 44) 
was observed, with cardiorespiratory arrest (CRA) being the first event 
in 9.6 % of cases (n = 43).

Regarding the clinical profile, no significant differences were 
observed between the two groups, except in the electrocardiographic 
presentation of STEMI in the post-test group, with more frequent atyp
ical presentations suggestive of acute coronary occlusion (p < 0.001). 
(Table 1)

Response times: diagnosis and treatment in STEMI and intervention

A 32 % reduction was observed in the ECG-balloon time, from 88 
(65–133) to 60 (50–116) minutes in the post-test period (p < 0.001). 
Additionally, the post-test group presented a significant reduction in 
activation-interventional cardiology and interventional cardiology- 
balloon times (p = 0.008 and p < 0.001); however, higher pain-FMC 
and ED-ECG times were observed (p < 0.001 and p = 0.043, respec
tively). (Table 2)

Fig. 1. Response times in STEMI patients admitted to the emergency department 
ECG: Electrocardiogram. ED: Emergency Department. FMC: first medical contact.
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Regarding QIs, there was a significant improvement in the ECG- 
balloon, FMC-balloon, and ED-balloon indicators (p < 0.001, p <
0.001, and p < 0.001, respectively), except for pain-balloon (p < 0.001). 
In addition, the post-test group had a shorter hospital stay of five (3–8) vs 
four (3–5.5) days (p = 0.013). (Table 1)

Analysis according to sex and age

In the post-test group, a decrease in ECG-balloon (p < 0.001), 
activation-interventional cardiology (p = 0.040), interventional 
cardiology-balloon (p = 0.002), and FMC-balloon intervals (p = 0.014) 
was observed in men. On the other hand, in women, a positive effect was 
only observed in interventional cardiology-balloon time (p = 0.020). 
Furthermore, sex differences in the post-test stage persist in women for 
the FMC-ECG (p < 0.001), ED-ECG (p = 0.003), and ECG-activation 
intervals (p = 0.030). (Table 3)

In the post-test group, those under 65 years of age exhibited a 
reduction in ECG-balloon (p < 0.001), ECG-activation (p = 0.037), 
activation-interventional cardiology (p = 0.015), interventional 
cardiology-balloon (p < 0.001), ED-balloon (p = 0.021), and FMC- 
balloon intervals (p = 0.004); those over 65 years of age had a greater 
delay in pain-FMC (p < 0.001) and FMC-ECG (p = 0.006). In addition, 
the age bias was maintained in the post-test stage in the case of the 
elderly for practically all intervals. (Table 4)

Additionally, to try to isolate external effects during the study period, 
an analysis was conducted, eliminating the year 2021, which was 
considered the year with the greatest impact of the COVID-19 epidemic. 
This did not cause any notable changes to the findings. This showed a 
reduction in the ECG-balloon time in the post-test period (p = 0.05). The 
post-test group presented a significant reduction in interventional 
cardiology-balloon times (p < 0.006); however, higher pain-FMC and 
FMC-ECG times were observed (p = 0.005 and p = 0.043, respectively).

Discussion

Our study shows that a nurse-oriented training intervention, which 
highlighted atypical STEMI presentations and age- and sex-related bia
ses, can significantly reduce the ECG-balloon time interval, with an 
average decrease of 32 %. This intervention was particularly effective in 
men and people under 65 years of age. In the study by McLaren et al.,10 a 
training intervention on atypical ECGs for ED physicians was conducted, 
resulting in a significant reduction in diagnosis and activation times. 

However, unlike our study, it focused on the ECG-activation interval, 
without considering treatment delays.

It should be noted that EDUCAMI obtained a higher percentage 
reduction in ECG-balloon time than other reports,21 however, the 
reduction was less than the 40 % estimated in our hypothesis. Addi
tionally, it is important to note that, in the pre-intervention period, the 
ECG-balloon time recommended by the ESC clinical guidelines for pa
tients attending the ED of a hospital with primary PCI was not met; only 
19 % of cases complied with this indicator. In contrast, in the post-test 
period, the guideline-recommended 60 min were reached and 48 % of 
cases fulfilled this indicator.1

After the implementation of EDUCAMI, a considerable reduction was 
observed not only in the ECG-balloon time but also in the intervals be
tween activation and reaching haemodynamics. This indicates a better 
organisation of the circuits and a greater awareness of professionals, 
allowing a more efficient management of transfers.

Concerning the pain-FMC time, a significant increase was recorded 
in the post-test group. This increase appears to be associated with the 
period during which the intervention was carried out, given that, 
although the most critical phase of the COVID-19 pandemic had sub
sided, there were still recurring waves of the epidemic. Various studies 
have reported that the population delayed seeking urgent medical 
attention due to fear of infection, which could explain the longer times 
observed.22,23

The ED-ECG time experienced a slight increase in the post-test stage 
(5 vs 7 min) without clinical repercussions, as it remained within the 
limits recommended by the clinical guidelines (<10 min).1

Unlike other registers, our series features some discretely superior 
response times,24 this is attributed to a higher percentage of patients 
included with an initial diagnosis of CRA that were activated as code 
STEMI, which has been described as a predictor of delay.25 Our registry 
also includes patients with atypical presentations suggestive of acute 
coronary occlusion, without a clear ST-segment elevation, who more 
frequently present with delayed diagnosis.7 Indeed, 37 % of cases in the 
post-test group presented atypical ECGs and 20.8 % of the entire sample 
reported equivalent or non-specific symptoms.

Regarding the results according to sex, we observed that, after 
EDUCAMI, the response time in patients with STEMI decreased signifi
cantly in men who attended the ED. However, in women, the reduction 
of these times was limited to the coronary intervention phase, after 
diagnosis. This evidences, as several studies have pointed out, that there 
is still a bias in STEMI diagnosis according to sex26,27 despite the age and 

Fig. 2. Flow chart. Population included in the study 
ED: Emergency Department. MI: myocardial infarction. HSCSP: Hospital Santa Creu i Sant Pau.

G. Berga Congost et al.                                                                                                                                                                                                                        Heart & Lung 70 (2025) 305–312 

308 



sex criteria that were included in the training intervention.
EDUCAMI sought to foster awareness of this bias in our context7 and 

contained measures aimed at emphasising differences in clinical and 
electrocardiographic presentations of STEMI in women and the elderly, 
along with simulation scenarios designed to address these disparities; 
however, improvements in response times were not achieved equitably.

Similarly, previous studies that have employed machine learning 
techniques to improve the training of professionals in the management 
of STEMI have reported less favourable results in underrepresented 
populations, such as women and the elderly. This phenomenon can be 
attributed to the predominance of young males in the dataset used, as 
they represent the population most studied in previous research.28

As pointed out by other authors, the biases associated with health 
professionals towards these groups of patients may contribute to the 
delay in door-to-balloon time, due to an underestimation of symptoms in 
women and the elderly, especially in those cases where clinical pre
sentations are more atypical.29

Similarly, the Pain-FMC time in the post-intervention stage increased 
by 177 % in women and 44 % in men. This increase is mainly attributed 
to the COVID-19 epidemic and, on the other hand, to the fact that, as 

reported by other authors, women tend to have a greater delay in 
seeking medical assistance because they have greater difficulty in rec
ognising symptoms and different educational needs.30 Also, because the 
reduced access to healthcare that many women experience is often 
exacerbated during pandemics.31

Aligning with reports from other authors, our series confirms that 
chest pain is the predominant symptom in men and women, however, 
women more frequently present accompanying symptoms and pro
dromes that can interfere with the diagnosis.28,32,33

Regarding differences according to age after the implementation of 
EDUCAMI, a significant decrease in all response times for STEMI in 
young people was observed. However, patients over 65 years of age had 
longer delays in the pain-FMC, FMC-ECG, and pain-balloon intervals and 
did not show any benefits in the other intervals, indicating that an age 
bias persists in the elderly despite the training intervention.34

As indicated by other reports, multidisciplinary, continuous, and 
regular training interventions on STEMI are required34,35 that emphasise 
the differences in diagnosis and treatment according to sex and age, thus 
raising awareness among health professionals.36 In addition, they un
derline the need for specific validated training in the management of 
STEMI in women and the elderly. In this sense, the type of intervention 
has been modified and adapted to diverse populations, giving rise to 
EDUCAMI II, which is expected to be able to validate its effectiveness in 
these groups in the near future and demonstrate that the disparities in 
the management of STEMI in our centre have been mitigated.

It should be noted that the training conducted is easily reproducible, 
and once organised, it can be readily repeated in different emergency 
services.

It is essential to apply protocols and clinical guidelines developed 
and implemented by multidisciplinary teams that include specific 
guidelines for women and the elderly, as well as the continuous evalu
ation of response times in both groups.3,37 In addition, digital tools to 
support clinical decision-making should be implemented to warn about 
the possibility of bias. In this sense, developing and validating algo
rithms using artificial intelligence could contribute to improving the 
identification and early diagnosis of STEMI in women and the 
elderly.38,39 Also, gender- and age-disaggregated audits, awareness 

Table 1 
Baseline clinical characteristics of study participants’ variables.

Variables STEMI Code n 
= 447 (100 
%)

Before STEMI 
training n = 327 
(100 %)

After STEMI 
training n = 120 
(76.1 %)

p- 
value

Male gender 336 (75.2) 249 (76.1) 87 (72.5) 0.459
Age 64±14 64±14.1 66±13.6 0.175
AH 271 (60.6) 198 (60.6) 73 (60.8) 0.957
DLP 244 (54.8) 177 (54.1) 67 (56.8) 0.667
DM 118 (26.5) 84 (25.7) 34 (28.6) 0.546
Tobacco use 268 (60) 197 (60.2) 71 (59.2) 0.913
Obesity 83 (18.6) 63 (19.3) 20 (16.7) 0.585
CAD 109 (24.4) 80 (24.5) 29 (24.2) 0.948
Killip III/IV 77 (17.6) 58 (18.1) 19 (16.1) 0.673
FMC ED 254 (56.8) 184 (56.3) 70 (58.3) 0.747
Working 

hours
172 (38.5) 120 (36.7) 52 (43.3) 0.228

PCI 338 (76) 248 (75.8) 90 (76.3) 0.925
ECG ST 

elevation
341 (76.3) 267 (81.7) 75 (63) <

0.001
Chest pain 354 (79.2) 254 (77.4) 99 (83.2) 0.224
CRA 43 (9.6) 36 (11) 7 (5.9) 0.101
In-hospital 

mortality
44 (9.8) 38 (11.6) 6 (5) 0.039

Hospital stay 4 (3–8) 5 (3–8) 4 (3–5.5) 0.013
False 

positive
59 (13.2) 42 (12.8) 17 (14.3) 0.752

QI ECG- 
Balloon < 
60

92 (26.9) 47 (19) 45 (47.9) <

0.001

QI PCI < 720 311 (85.2) 217 (87.5) 94 (80.3) 0.083
QI FMC-ECG 
< 10

220 (49.4) 167 (51.1) 53 (44.9) 0.283

QI ED-ECG >
10

297 (66.7) 222 (67.9) 75 (63.6) 0.425

QI IC- 
Balloon <
30

257 (75.1) 185 (74.6) 72 (76.6) 0.780

QI FMC- 
Balloon <
60

60 (17.5) 32 (12.9) 28 (29.5) <

0.001

QI ED- 
Balloon <
60

84 (24.5) 47 (19) 37 (38.9) <

0.001

QI Pain- 
Balloon <
180

253 (74.2) 217 (87.5) 36 (38.7) <

0.001

The table shows n (%). Mean ± standard deviation. CAD: coronary artery dis
ease; CRA: cardiorespiratory arrest; DLP: dyslipidaemia; DM: diabetes mellitus; 
ECG: electrocardiogram; ED: Emergency Department; FMC: first medical con
tact; GPC: general poor condition; AH: arterial hypertension; PCI: percutaneous 
coronary intervention; QI: quality indicator.

Table 2 
Primary and secondary endpoints. Time of STEMI activation in acute myocardial 
infarction.

Time 
Variables

Total 
STEMI

Before STEMI 
education n = 327 
(100 %)

After STEMI 
education n = 120 
(100 %)

p- 
value

No. of 
patients

447 (100) 327 (100) 120 (100) ​

ECG-Balloon 
time

83 
(58–122)

88 (65–133) 60 (50–116) < 
0.001

Pain-FMC 
time

90 
(30–240)

80 (25–181) 126.5 (56–541) <

0.001
FMC-ECG 

time
11 (5–30) 10 (5–26) 14 (5–49) 0.095

ED-ECG time 6 (0–14) 5 (0–14) 7 (3–13) 0.043
ECG- 

Activation 
time

26 (12–70) 30 (12–75) 20 (10–54) 0.082

Activation-IC 
time

29 (17–35) 30 (20–35) 25 (15–33) 0.008

IC-Balloon 
time

25 (19–30) 25 (20–31) 20 (16–28) <

0.001
ED-Balloon 

time
85 
(60–127)

88 (64–122) 71 (57–141) 0.141

FMC-Balloon 
time

105 
(73–165)

109 (77–160) 91 (59–204) 0.089

Pain-Balloon 
time

215 
(135–466)

207 (135–405) 223 (135–608) 0.321

The table shows n (%) Median (interquartile range). Time intervals: minutes 
(min); ECG: electrocardiogram; ED: Emergency Department; FMC: first medical 
contact; IC: interventional cardiology.
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campaigns, and equitable inclusion in STEMI records can generate solid 
evidence.

Future studies should evaluate the effectiveness of these measures to 
guarantee equity in STEMI care.

The training intervention not only enhanced knowledge and reduced 
response times but also led to sustainable modifications in the ED 
workflow. Protocols such as the systematic use of right-sided and pos
terior leads have significantly improved diagnostic accuracy, particu
larly in complex STEMI presentations, while the implementation of 
serial ECGs has ensured continuous monitoring of dynamic changes. 
These workflow adjustments have contributed to improved adherence to 
quality indicators in STEMI management and reflect a shift toward a 
more evidence-based, standardised, and patient-centred approach to 
care. Furthermore, this training has been institutionalised into the 

annual education plan for ED nurses and clinicians, providing reac
creditation and updates for current staff while also preparing newly 
incorporated professionals. This highlights the critical role of ongoing 
education in driving long-term improvements in clinical practice and 
optimising patient outcomes.

Limitations

A limitation of this study could be the possible information bias 
related to the lack of blinding. To foresee this possible bias, we included 
all variables that could act as confounders and performed an initial 
analysis that helped us determine the possible biases and a final multi
variate analysis.

Another limitation is the single-centre nature of this study and that 

Table 3 
Time of STEMI activation in acute myocardial infarction by sex.

Time 
Variables

Total Males n =
336 (75.2)

Males Before 
EDUCAMI 249 
(76.1)

Males After 
EDUCAMI 167 
(51.07)

p- 
value

Total Females n =
111 (24.8)

Females Before 
EDUCAMI 78 
(23.9)

Females After 
EDUCAMI 160 
(48.93)

p- 
value

p-value 
by sex

ECG-Balloon 
time

80 (57–117) 85 (65–120) 57 (49.7–100) <

0.001
92 (64.2–155.7) 93 (70–165) 90 (52–130.5) 0.142 0.141

Pain-FMC 
time

92 (30–227) 83 (25.2–175) 120 (58–525) 0.003 84 (25–360) 62.5 (19.8–241.5) 172 (53–664) 0.020 0.681

FMC-ECG 
time

10 (5–26) 10 (5–25) 7 (4.2–31.5) 0.570 15 (8–49) 12 (5–32.5) 39 (16.5–101) <

0.001
< 0.001

ED-ECG time 5 (0–13) 5 (0–14) 6 (2.5–12.5) 0.242 8 (0–15) 5 (0–14,25) 9 (5− 20) 0.089 0.003
ECG- 

Activation 
time

25 (10.7–63.2) 26 (11–70) 17 (9.5–48) 0.069 34 (14–89) 33 (15–98.5) 39 (11.5–69) 0.594 0.030

Activation-IC 
time

29 (16–35) 30 (17–37) 25 (15–33) 0.040 30 (20–35) 30 (23.8–35) 27 (15–33.5) 0.069 0.865

IC-Balloon 
time

25 (19–29) 25 (20–30) 20 (16–26) 0.002 26 (20–35) 29 (20–35) 20 (15.5–31) 0.020 0.899

ED-Balloon 
time

81 (57–117) 85 (62–117.5) 64 (56–130) 0.057 101 (70.2− 178.2) 94 (74–173) 112 (60–203.5) 0.979 0.141

FMC-Balloon 
time

101 (66–157) 106 (75.5–155.5) 77 (56–171.5) 0.014 120 (85–213.7) 120 (85–190) 129 (82–274.5) 0.678 0.141

Pain-Balloon 
time

202 
(130.7–386.2)

203 (133–339.5) 200 (128–596)a 0.948 267 
(155.7–608.5)

240 (152–535) 380 (180.5–898) 0.142 0.061

a The table shows n (%) Median (interquartile range). Time intervals: minutes (min); ECG: electrocardiogram; ED: Emergency Department; FMC: First Medical 
Contact; IC: interventional cardiology

Table 4 
Time of STEMI activation in acute myocardial infarction by age.

Time 
Variables

Total < 65 
years STEMI 
223 (49.9)

<65 years Before 
STEMI training 167 
(51.01)

<65 years After 
STEMI training 56 
(46.7)

P-value Total ≥65 
years STEMI 
224 (50.1)

≥65 years Before 
STEMI training 160 
(48.9)

≥65 years After 
STEMI training 64 
(53.3)

P-value P-value 
by age

ECG- 
Balloon 
time

73 (54–103) 77 (62.3–115) 54 (47–83) <0.001 93 (66–148) 94 (72.3–147.5) 91.5 (53.5–149) 0.262 0.005

Pain-FMC 
time

84 (30–180) 73 (30–165) 94 (40.5–437.7) 0.082 101 (26–320) 88 (20–230) 176 (63–600) <0.001 0.197

FMC-ECG 
time

10 (5–20) 10 (5–20) 7 (3–30) 0.483 14 (6–43) 12 (5–35) 19 (8–95.2) 0.006 0.033

ED-ECG time 5 (0–10) 5 (0–11) 5 (2–10) 0.333 6 (0–15) 6 (0–15) 8 (4–15) 0.104 0.019
ECG- 

Activation 
time

25 (10–57) 25 (10–64) 17 (9–35) 0.037 32 (13–87) 31.5 (14.3–90) 33 (12–71) 0.579 0.094

Activation- 
IC time

27 (16–35) 29 (16–35) 24 (12–31.7) 0.015 30 (20–35) 30 (20–35.8) 27 (17–33) 0.125 0.163

IC-Balloon 
time

24 (19–28) 25 (20–30) 20 (15–24) <0.001 25 (20–33) 26 (20–33) 23.5 (18–31) 0.133 0.036

ED-Balloon 
time

74 (57–105) 76.5 (60–105.8) 59 (52–96) 0.021 102 (69–148) 102.5 (74.3–140.5) 99 (60.3–169) 0.845 0.015

FMC-Balloon 
time

89 (61–137) 95 (70.5–145.8) 66 (56.25–115.7) 0.004 120 (90–200) 120 (93.3–183.8) 148 (71–255) 0.749 0.002

Pain-Balloon 
time

185 (124–330) 188.5 (125–329.5) 153.5 (105–385) 0.502 242 (156–512) 236.5 (154–466.3) 335 (174–671.7) 0.049 0.022

The table shows n (%) Median (interquartile range). Time intervals: minutes (min); ECG: electrocardiogram; ED: Emergency Department; FMC: first medical contact; 
IC: interventional cardiology.
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patients activated as STEMI cases out-of-hospital were excluded, which 
could limit the generalisability of the findings to other clinical settings. 
However, since the variables and interventions used are based on 
established clinical guidelines, in practice, it was possible to reduce 
variability, which minimises this limitation.

Other factors may have conditioned response times in STEMI. This 
training intervention had been scheduled for March 2020; the COVID-19 
epidemic forced it to be delayed until June 2021. The participating ED 
professionals rated the course as excellent, however, it was a period in 
which there was a significant care and emotional burden and this could 
have conditioned the results. Nevertheless, the recovery of normality in 
terms of continuous training and performing the first training inter
vention on STEMI through clinical simulation, was referred to as a 
positive stimulus for all participants.

In addition, during the post-intervention period, multiple waves of 
COVID-19 impacted healthcare-seeking behavior and response times. 
Many patients with suspected STEMI experienced delays in seeking 
medical care due to fear of infection or perceived inadequacies in 
healthcare availability. Moreover, initial response times in the ED may 
also have been affected by the logistical challenges posed by the 
implementation of infection control measures, such as donning personal 
protective equipment (PPE), which added an unavoidable layer of 
complexity to emergency care workflows.

Conclusion

The EDUCAMI training intervention, aimed mainly at ED triage 
nurses, has proven to be effective, reducing the time between ECG and 
balloon by 32 %, aligning with clinical guideline recommendations. 
Furthermore, there were significant improvements in intrahospital 
transfer times and interventionism. However, the marked increase in the 
pain-to-FMC interval during the COVID-19 pandemic underscores the 
need to address external factors, to ensure consistent improvements 
across the entire STEMI care pathway.

EDUCAMI managed to reduce diagnosis and treatment times for 
STEMI in men and patients under 65 years of age. However, bias in 
diagnosis and treatment persists in women and the elderly, even though 
training focused on these groups and their specific disparities.
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