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Abstract

Early activation of the cardiac catheterization laboratory (cath lab) is critical in reducing door-to-balloon
(D2B) times and improving survival rates in patients with acute coronary syndromes (ACS), particularly
ST-segment elevation myocardial infarction (STEMI). Emergency Medical Technicians (EMTs), as
frontline responders, play a pivotal role in this process by identifying candidates for urgent percutaneous
coronary intervention (PCI) and initiating cath lab activation before hospital arrival. This review
synthesizes current evidence on EMT-driven cath lab activation, highlighting its impact on system
efficiency, clinical outcomes, and healthcare resource utilization. Studies demonstrate that pre-hospital
electrocardiogram (ECG) transmission and EMT-facilitated communication with interventional
cardiology teams significantly reduce treatment delays. Furthermore, early activation protocols have
been associated with improved myocardial salvage, decreased infarct size, and reduced mortality.
Despite these benefits, challenges remain in the form of diagnostic accuracy, regional disparities in pre-
hospital systems, and ethical considerations regarding over-activation. Advances in telemedicine and
artificial intelligence may enhance EMT decision-making and support broader implementation. By
examining clinical evidence, technological innovations, and systemic challenges, this article
underscores the essential role of EMTs in bridging pre-hospital and in-hospital care to optimize
outcomes for ACS patients.

Keywords: Emergency Medical Technicians, Cath Lab Activation, Acute Coronary Syndromes,
STEMI, Pre-Hospital Care, Door-to-Balloon Time, Patient Outcomes, Telemedicine, Artificial
Intelligence, Early Reperfusion.

1. Introduction

Acute coronary syndromes (ACS), particularly ST-segment elevation myocardial infarction (STEMI),
remain one of the leading causes of morbidity and mortality worldwide. The World Health Organization
(WHO) estimates that cardiovascular diseases account for approximately 17.9 million deaths annually,
representing nearly one-third of all global deaths, with ACS being a major contributor (WHO, 2021).
Early and effective reperfusion therapy through percutaneous coronary intervention (PCI) is considered
the gold standard treatment for STEMI, as it directly reduces myocardial necrosis, preserves left
ventricular function, and lowers mortality rates (Ibanez et al., 2018). Timeliness of intervention has thus
become the cornerstone of modern ACS management, captured by the widely recognized metric of
“door-to-balloon” (D2B) time, which measures the interval from hospital arrival to PCI initiation
(O’Gara et al., 2013).
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Despite advancements in hospital-based ACS care, pre-hospital delays remain a significant barrier to
optimal patient outcomes. The period between the onset of symptoms and the initiation of PCI is
influenced by several factors, including patient recognition of symptoms, emergency medical services
(EMS) response, and hospital system readiness. Studies consistently show that each 30-minute delay in
reperfusion increases the relative risk of mortality by 7.5% (De Luca et al., 2004). Consequently, efforts
to minimize pre-hospital delays have become a critical focus of STEMI care pathways.

Emergency Medical Technicians (EMTs) and paramedics, as the first point of contact for most ACS
patients, play a pivotal role in shaping these outcomes. Their responsibilities extend beyond basic
resuscitation and transport to include early recognition of ACS, acquisition and interpretation of pre-
hospital electrocardiograms (ECGs), and initiation of communication with receiving hospitals. One of
the most transformative practices in this context is pre-hospital cath lab activation, whereby EMTs
trigger the mobilization of interventional cardiology teams before patient arrival. This practice
eliminates redundant emergency department (ED) evaluation and significantly reduces D2B times
(Bagai et al., 2014).

Evidence from multiple registries and randomized studies supports the value of EMT-led cath lab
activation. A study from the National Cardiovascular Data Registry (NCDR) showed that pre-hospital
activation shortened median D2B times by more than 20 minutes and was associated with improved in-
hospital mortality (Jollis et al., 2012). Similarly, a systematic review by Diercks et al. (2009)
demonstrated that EMS-initiated cath lab activation is consistently associated with earlier reperfusion
and superior patient outcomes compared to traditional ED-based activation. These findings underscore
the potential of EMTs not only as first responders but also as crucial decision-makers in the early stages
of ACS management.

The integration of technology has further enhanced this process. The introduction of portable ECG
devices, telemedicine platforms, and wireless data transmission enables EMTs to transmit real-time
ECGs to cardiologists, who can verify STEMI diagnosis and authorize cath lab activation remotely
(Ting et al., 2008). More recently, artificial intelligence (Al)—driven algorithms have emerged to support
EMTs in detecting subtle ischemic changes on ECGs, thus improving diagnostic accuracy and reducing
false-positive activations (Lindholm et al., 2021). These technological advancements represent
important steps toward standardizing pre-hospital activation protocols and expanding their application
across diverse healthcare systems.

Nevertheless, challenges remain. Variability in EMT training, differences in EMS systems across
regions, and concerns about unnecessary cath lab activations continue to hinder universal adoption
(Patel et al., 2016). Ethical and legal considerations also arise regarding the delegation of diagnostic
authority to pre-hospital providers. Furthermore, rural and resource-limited settings face unique barriers,
such as longer transport times and limited access to PCl-capable hospitals, which complicate the
implementation of early activation strategies.

This review seeks to synthesize the growing body of literature on EMT-driven early cath lab activation
and its impact on ACS patient outcomes. It explores the training and competency of EMTs in ACS
recognition, the influence of pre-hospital activation on treatment delays and clinical outcomes, and the
evolving role of technology in supporting this practice. Ethical, legal, and systemic considerations are
also addressed. By providing a comprehensive analysis, this article aims to highlight the critical role of
EMTs in bridging pre-hospital and in-hospital care, while identifying strategies to optimize the
efficiency and effectiveness of ACS management worldwide.

2. EMT Training and Competency in ACS Recognition

The ability of Emergency Medical Technicians (EMTs) to promptly recognize acute coronary
syndromes (ACS), especially ST-segment elevation myocardial infarction (STEMI), is the cornerstone
of successful pre-hospital cath lab activation. Given that the benefits of early reperfusion are time-
sensitive, EMTs must be equipped with adequate knowledge, diagnostic tools, and decision-making
skills to accurately identify patients who would benefit from urgent percutaneous coronary intervention
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(PCI). Training and competency in ACS recognition therefore represent critical determinants of system
efficiency and patient outcomes.

2.1 EMT Education and Protocol-Based Training

Training programs for EMTs and paramedics vary internationally, but most emphasize cardiovascular
emergency care, including chest pain assessment, risk factor evaluation, and electrocardiogram (ECG)
acquisition. In the United States and Europe, advanced cardiac life support (ACLS) certification and
additional modules in cardiovascular emergencies are integral to EMT training pathways (Neumar et
al., 2015). Standardized protocols, such as those from the American Heart Association (AHA) and the
European Society of Cardiology (ESC), provide structured guidelines that EMTs use to triage suspected
ACS cases in the field (Ibanez et al., 2018; O’Gara et al., 2013).

Simulation-based training has been increasingly adopted to improve diagnostic accuracy and decision-
making skills among EMTs. Studies show that simulation and scenario-based exercises significantly
improve the speed and accuracy of ECG interpretation, as well as communication with receiving
hospitals (Youngquist et al., 2016). These findings highlight the value of experiential learning in
enhancing EMT competency.

2.2 Pre-Hospital ECG Acquisition and Interpretation

The pre-hospital ECG is the single most important tool available to EMTs in diagnosing STEMI.
Guidelines recommend obtaining a 12-lead ECG within 10 minutes of first medical contact for all
patients with suspected ACS (Ibanez et al., 2018). EMTs are trained to perform and interpret ECGs in
the field, and numerous studies have demonstrated their ability to do so with reasonable accuracy.

A systematic review by Cone et al. (2013) reported that EMTs and paramedics were able to identify
STEMI correctly in more than 80% of cases. However, diagnostic accuracy is influenced by the level
of EMT training, years of experience, and the complexity of the ECG. Misinterpretation can lead to
false-positive cath lab activations, which strain resources and delay care for other patients. To address
this, many systems rely on a combination of EMT interpretation and remote cardiologist confirmation
via telemedicine (Ting et al., 2008).

The availability of automated ECG interpretation software also enhances EMT diagnostic performance.
While not infallible, these systems provide an additional safeguard against missed or delayed diagnoses
and help standardize care across EMTs with varying experience levels (Pinto et al., 2016).

2.3 Competency Differences Across EMT Levels

Globally, EMS systems employ a tiered structure of providers, ranging from basic EMTs to advanced
paramedics. Competency in ACS recognition and cath lab activation authority often differs across these
levels. For instance, in many U.S. systems, basic EMTs are primarily responsible for patient
stabilization and transport, while advanced paramedics are authorized to interpret ECGs and initiate
STEMI alerts (Brown et al., 2010). European systems, on the other hand, often integrate specialized
cardiac training across all paramedic levels, allowing broader implementation of pre-hospital activation
(Steg et al., 2012).

This variation underscores the importance of standardized education, continuous training, and
credentialing frameworks to ensure consistent performance regardless of provider level.

2.4 Impact of EMT Training on Patient Qutcomes

Training and competency are directly linked to patient outcomes. Multiple observational studies have
demonstrated that EMTs with advanced training in ECG interpretation and STEMI protocols achieve
faster door-to-balloon (D2B) times, reduced treatment delays, and improved survival (Le May et al.,
2006). Furthermore, regions that emphasize regular retraining and quality assurance audits report higher
accuracy in STEMI recognition and fewer unnecessary activations (Patel et al., 2016).
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By improving EMT training and ensuring competency in ACS recognition, health systems can enhance
the effectiveness of early cath lab activation strategies, ultimately translating into better myocardial
salvage, reduced morbidity, and lower mortality.

3. Time-Critical Interventions and Systems of Care

Time is the most critical factor in the management of acute coronary syndromes (ACS), especially ST-
segment elevation myocardial infarction (STEMI). The concept of “time is muscle” reflects the direct
relationship between the duration of myocardial ischemia and the extent of irreversible myocardial
damage (De Luca et al., 2004). This understanding has driven the development of standardized systems
of care designed to minimize delays between symptom onset, first medical contact, and definitive
reperfusion therapy. Emergency Medical Technicians (EMTs) are at the heart of this system, as their
early recognition of ACS and activation of the cardiac catheterization laboratory (cath lab) can
dramatically reduce treatment delays and improve clinical outcomes.

3.1 The Importance of Time in ACS Care

Reperfusion therapy through percutaneous coronary intervention (PCI) is most effective when
performed promptly after the onset of ischemia. The American Heart Association (AHA) and the
European Society of Cardiology (ESC) guidelines recommend achieving a door-to-balloon (D2B) time
of <90 minutes for STEMI patients undergoing primary PCI (Ibanez et al., 2018; O’Gara et al., 2013).
However, studies have shown that the more critical metric is “first medical contact-to-device” (FMC-
to-device) time, which encompasses both pre-hospital and in-hospital delays (Bradley et al., 2006).
Each 30-minute delay in reperfusion increases mortality risk by 7.5% (De Luca et al., 2004),
underscoring the necessity of rapid and coordinated interventions.

3.2 Role of EMTs in Reducing Pre-Hospital Delays

EMTs are often the first healthcare professionals to encounter ACS patients, making their actions vital
in determining treatment timelines. By performing a rapid assessment, obtaining a pre-hospital ECG,
and activating the cath lab before hospital arrival, EMTs bypass unnecessary emergency department
(ED) triage, which has been shown to significantly reduce D2B times (Bagai et al., 2014).

A multicenter analysis by Jollis et al. (2012) demonstrated that pre-hospital cath lab activation reduced
median D2B times by more than 20 minutes compared to hospital-based activation. More importantly,
this reduction translated into improved in-hospital survival rates. Similarly, Le May et al. (20006)
reported that direct transport of STEMI patients to PCI-capable hospitals by EMTs reduced treatment
delays and mortality compared with interhospital transfers.

3.3 Systems of Care: Regional STEMI Networks

Effective time-critical interventions require integration across the entire system of care. Many countries
have implemented regional STEMI networks that link EMS providers, non-PCI-capable hospitals, and
PCI centers into coordinated pathways (Henry et al., 2007). These systems rely heavily on EMTs to
identify eligible patients, activate the cath lab, and ensure direct transfer to PCI facilities when
appropriate.

In the United States, the Mission: Lifeline initiative was launched to standardize ACS care by
optimizing pre-hospital activation and interhospital transfers. The program significantly reduced
treatment delays and improved clinical outcomes nationwide (Jollis & Granger, 2006). Similar systems
in Europe, such as the French SAMU model, have demonstrated success in integrating EMS and
hospital resources to streamline STEMI care (Danchin et al., 2009).

3.4 Comparative Evidence: Pre-Hospital vs. ED Activation

Several studies have compared outcomes between pre-hospital cath lab activation and ED-based
activation. A study by Fosbol et al. (2013) found that patients with pre-hospital activation had a 15-20
minute shorter D2B time, with a corresponding reduction in 30-day mortality. These benefits were
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consistent across urban and rural populations, although challenges such as longer transport times in
rural areas were noted.

Meta-analyses further support these findings, confirming that EMT-driven activation consistently
reduces treatment delays and improves both short-term and long-term outcomes (Fanari et al., 2015).
Importantly, these studies highlight that the effectiveness of pre-hospital activation is not solely
dependent on technology but also on EMT training, communication protocols, and system-level
coordination.

3.5 Barriers to Effective Systems of Care

Despite the demonstrated benefits, several barriers hinder the widespread adoption of EMT-driven pre-
hospital activation. False-positive activations remain a concern, as unnecessary mobilization of cath lab
teams may result in resource strain and increased healthcare costs (Patel et al., 2016). Variability in
EMT training, differences in EMS protocols, and lack of telecommunication infrastructure also
contribute to uneven implementation.

Additionally, disparities between urban and rural systems affect treatment timelines. While urban
settings often benefit from proximity to PCI-capable hospitals, rural patients frequently face longer
transport times and limited access to advanced EMS resources. These disparities necessitate tailored
strategies, such as pre-hospital thrombolysis in rural areas where timely PCI is not feasible (Widimsky
etal., 2010).

3.6 The Future of Time-Critical Interventions

Advances in technology and system design continue to improve the efficiency of time-critical
interventions. Telemedicine platforms allow EMTs to transmit ECGs in real-time, enabling remote
cardiologists to verify diagnoses and authorize cath lab activation (Ting et al., 2008). Artificial
intelligence (Al)-based ECG interpretation tools are being piloted to support EMT decision-making
and reduce false-positive activations (Lindholm et al., 2021).

Future improvements in ACS systems of care will likely focus on expanding regional STEMI networks,
enhancing EMT training, and leveraging digital health innovations to ensure that every patient—
regardless of geography—receives timely and effective reperfusion therapy:.

4. Clinical Outcomes Associated with Early Activation

The primary goal of early cath lab activation by Emergency Medical Technicians (EMTs) is to shorten
reperfusion delays and improve survival in patients with acute coronary syndromes (ACS), especially
ST-segment elevation myocardial infarction (STEMI). Numerous clinical studies and registry analyses
have established a clear association between earlier activation, reduced treatment delays, and better
patient outcomes.

One of the most consistent findings in the literature is that EMT-driven pre-hospital activation reduces
door-to-balloon (D2B) times compared to emergency department (ED)-initiated activation. Bagai et al.
(2014) demonstrated that pre-hospital cath lab activation shortens D2B times by more than 20 minutes,
eliminating redundant in-hospital evaluation steps. Similarly, Jollis et al. (2012) reported that EMS
activation of the cath lab led to significantly shorter system delays and improved adherence to the
guideline-recommended 90-minute D2B target.

The reduction in treatment delays translates into measurable survival benefits. A meta-analysis by
Fanari et al. (2015) confirmed that patients receiving pre-hospital activation had a 23% lower risk of
in-hospital mortality compared to those activated in the ED. Moreover, Le May et al. (2006)
demonstrated that patients directly transported to PCI centers with pre-hospital activation had reduced
30-day and 1-year mortality rates, highlighting the long-term benefits of early activation.

Beyond survival, early activation improves surrogate outcomes, including infarct size, left ventricular
ejection fraction (LVEF), and rates of heart failure. Pinto et al. (2016) found that pre-hospital activation
significantly reduced the incidence of cardiogenic shock and adverse cardiovascular events. By
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facilitating faster reperfusion, EMT activation contributes to myocardial salvage and preservation of
cardiac function.

In addition to clinical benefits, early cath lab activation optimizes healthcare resource utilization.
Eliminating unnecessary ED triage reduces hospital crowding, improves cath lab workflow efficiency,
and allows for better allocation of resources (Patel et al., 2016). Furthermore, regional STEMI networks
relying on EMT-driven activation have demonstrated reduced variability in care delivery, ensuring more
equitable outcomes across diverse populations (Henry et al., 2007).

Despite the benefits, some limitations must be acknowledged. False-positive activations remain a
challenge, with reported rates ranging from 5-15% (Diercks et al., 2009). Although these rarely cause
harm to patients, they can strain hospital resources and lead to increased healthcare costs. Nonetheless,
the overall consensus remains that the benefits of earlier reperfusion far outweigh the risks associated
with occasional over-activation (Patel et al., 2016).

Table 1. Summary of Key Studies on EMT Interventions and Outcomes in Early Cath Lab
Activation

Author/Year | Study Design Sample | Intervention Main Outcomes
Size
Bagai et al., Multicenter 29,000+ | Pre-hospital ECG & | Reduced D2B time by 22
2014 observational cath lab activation minutes; improved
vs. ED activation adherence to <90 min
benchmark
Jollis et al., Registry-based | 30,000+ | EMS activation of Shorter system delays;
2012 study (NCDR) cath lab lower in-hospital mortality
Le May et al., | Prospective 1,400 Direct EMS transport | Reduced 30-day and 1-
2006 cohort with pre-hospital year mortality; improved
activation long-term survival
Fanari et al., | Meta-analysis of | 13,000+ | Pre-hospital vs. ED 23% reduction in in-
2015 9 studies activation hospital mortality; shorter
D2B times
Pinto et al., Observational 12,000+ | EMT-driven Lower rates of cardiogenic
2016 registry activation shock; reduced adverse
cardiovascular events
Diercks et al., | NCDR registry 12,500 Pre-hospital ECG Faster reperfusion; false-
2009 study and activation positive rate 7.5% but no
adverse impact on patient
care
Patel et al., Review N/A Evaluation of EMS Highlighted barriers (false
2016 activation programs | positives, training);
benefits outweighed risks

Early cath lab activation by EMTs is strongly associated with reduced treatment delays, improved
survival, better cardiac function preservation, and optimized healthcare system performance. While the
challenge of false-positive activations remains, the evidence consistently supports pre-hospital
activation as a best practice in modern STEMI systems of care.

5. Technology and Innovation in Pre-Hospital Activation

The evolution of pre-hospital cardiac care has been accelerated by technological innovations that enable
Emergency Medical Technicians (EMTs) to identify acute coronary syndromes (ACS), communicate
rapidly with hospital teams, and activate the cardiac catheterization laboratory (cath lab) before hospital
arrival. These advances have improved both diagnostic accuracy and system efficiency, positioning
technology as a cornerstone of modern STEMI networks. This section explores the major innovations
that support EMT-driven cath lab activation, including electrocardiogram (ECG) transmission,
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telemedicine platforms, artificial intelligence (Al) tools, mobile health applications, and integrated
information systems.

Pre-hospital ECG acquisition and transmission remain the most significant technological advancement
supporting early activation. EMTs are now equipped with portable 12-lead ECG devices that can capture
diagnostic-quality tracings in the field within minutes of first medical contact. These ECGs can be
wirelessly transmitted to emergency departments, PCI-capable hospitals, or directly to interventional
cardiologists for immediate interpretation (Ting et al., 2008).

Several studies have demonstrated that pre-hospital ECG transmission significantly reduces door-to-
balloon (D2B) times. Youngquist et al. (2016) showed that EMS systems implementing real-time ECG
transmission reduced treatment delays by more than 15 minutes compared with systems relying solely
on EMT interpretation. The integration of ECG transmission also mitigates the risk of false-positive
activations by allowing cardiologist confirmation, improving the balance between early activation and
resource efficiency.

Telemedicine platforms have further enhanced the ability of EMTs to consult with specialists in real-
time. Using secure communication systems, EMTs can transmit ECGs, vital signs, and clinical
summaries directly to cardiologists, who can then advise on cath lab activation or alternate pathways
(Gibler et al., 2003). These technologies reduce reliance on EMT diagnostic judgment alone,
particularly in complex cases such as left bundle branch block (LBBB) or atypical presentations.

Telemedicine has been particularly impactful in rural and resource-limited settings, where cardiologists
may not be on-site. By enabling remote decision-making, telemedicine bridges geographical gaps,
ensuring equitable access to timely reperfusion therapy (Widimsky et al., 2010).

The use of Al-based ECG interpretation systems represents a major frontier in pre-hospital STEMI care.
Automated algorithms can rapidly analyze ECGs and flag suspected STEMI patterns with high
sensitivity and specificity. Lindholm et al. (2021) demonstrated that Al-assisted ECG interpretation
significantly improved diagnostic accuracy compared with EMT assessment alone, particularly for
borderline or atypical cases.

Al tools also have the potential to reduce false-positive activations, thereby conserving cath lab
resources while still ensuring timely activation for true STEMI patients. As these systems evolve, they
are being integrated directly into portable ECG monitors and telemedicine platforms, allowing seamless
decision support in the field.

Mobile health applications are increasingly being utilized to streamline communication between EMTs,
hospitals, and cath lab teams. Applications such as STEMI alert systems notify all stakeholders
simultaneously once a pre-hospital STEMI is identified, ensuring parallel preparation of staff,
equipment, and facilities (Wong et al., 2015). These platforms also allow real-time tracking of patient
location, transport time, and estimated arrival, further enhancing coordination.

By improving communication efficiency, mHealth applications minimize human delays in activating
cath lab teams and facilitate synchronized patient transfer across regional networks.

The integration of EMS technologies with hospital electronic health records (EHRs) and information
systems enables smoother transitions of care. Data collected in the field, including ECGs, vital signs,
and pre-hospital interventions, can be automatically uploaded into hospital systems, eliminating
redundant data entry and reducing information loss (Bradley et al., 2006).

Such interoperability enhances continuity of care, provides cardiologists with immediate access to
clinical data, and allows for performance tracking across systems of care. These data-driven insights
also facilitate continuous quality improvement (CQI) initiatives, enabling hospitals and EMS agencies
to monitor door-to-balloon times, false-positive rates, and outcomes in real time.

Emerging technologies hold promise for further transforming pre-hospital ACS care:
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e Wearable Biosensors: Devices capable of continuous ECG monitoring and automated ACS
detection may alert EMS before patients even call for help.

e Augmented Reality (AR): Tools that assist EMTs with real-time visualization of clinical
pathways and decision algorithms during emergencies.

¢ Big Data Analytics: Advanced analytics applied to EMS and hospital databases can predict
system bottlenecks and optimize resource allocation.

e Al-Driven Dispatch Systems: Algorithms that identify potential ACS cases based on call data
and prioritize ambulance dispatch accordingly.

These innovations have the potential to not only improve clinical outcomes but also enhance efficiency,
equity, and scalability of pre-hospital STEMI care.

While promising, widespread adoption of these innovations is challenged by issues of cost,
interoperability, and training. Rural regions may lack the infrastructure for high-speed data transmission,
while resource-limited healthcare systems may struggle with technology acquisition and maintenance.
Furthermore, reliance on automated systems requires safeguards to prevent over-reliance and ensure
human oversight in ambiguous cases (Patel et al., 2016).

Technological innovations have redefined the role of EMTs in ACS care, enabling early and accurate
cath lab activation, reducing treatment delays, and improving outcomes. The integration of pre-hospital
ECG transmission, telemedicine, Al, and mobile health applications has strengthened EMS-hospital
coordination and standardized STEMI management across diverse settings. As future innovations
emerge, continued focus on interoperability, equitable access, and quality assurance will be essential to
maximize their impact.

6. Discussion

The findings of this review highlight the critical role of Emergency Medical Technicians (EMTs) in
reducing treatment delays and improving outcomes for patients with acute coronary syndromes (ACS),
particularly those presenting with ST-segment elevation myocardial infarction (STEMI). Early cath lab
activation, driven by EMT recognition and supported by technological innovations, consistently
demonstrates reductions in door-to-balloon (D2B) times, improved survival, and better preservation of
myocardial function. However, while the benefits are well-established, important challenges remain,
including variability in training, differences in healthcare infrastructure, and concerns regarding false-
positive activations.

The most significant contribution of EMT-driven early activation is its ability to integrate pre-hospital
care seamlessly with hospital-based interventions. By enabling direct communication with
interventional cardiology teams and bypassing unnecessary emergency department (ED) evaluation,
EMTs reduce systemic delays that historically hindered timely reperfusion. Studies from North America,
Europe, and Asia consistently demonstrate that pre-hospital activation leads to substantial reductions in
D2B times and increased adherence to guideline-recommended targets (Bagai et al., 2014; Fanari et al.,
2015).

These results underscore the importance of structured STEMI networks, in which EMTs are recognized
as frontline decision-makers. In many systems, EMTs not only initiate cath lab activation but also
determine whether patients should be transported directly to PCI-capable centers. This model ensures a
more efficient allocation of resources and improves regional equity in STEMI care (Henry et al., 2007).

The clinical benefits of early cath lab activation extend beyond process metrics. Reduced ischemic time
translates directly into improved myocardial salvage, higher left ventricular ejection fraction, and lower
rates of heart failure and cardiogenic shock (Le May et al., 2006; Pinto et al., 2016). Moreover,
observational studies and meta-analyses consistently report significant reductions in in-hospital and 30-
day mortality when pre-hospital activation is implemented (Fanari et al., 2015).
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These improvements in survival and morbidity confirm that EMTs, when adequately trained and
supported by technology, are not only responders but also critical contributors to long-term patient
outcomes.

Despite these benefits, implementation remains uneven across healthcare systems. One major barrier is
the variability in EMT training and competencies. While paramedics in some regions receive extensive
cardiovascular training and are authorized to interpret ECGs, in other systems EMTs may have limited
diagnostic authority (Cone et al., 2013). This heterogeneity affects diagnostic accuracy and influences
the reliability of pre-hospital activation.

False-positive activations, reported at rates between 5—15%, pose another challenge (Diercks et al.,
2009). Although these rarely harm patients, they can lead to resource inefficiency, increased costs, and
potential burnout of cath lab personnel. Balancing the urgency of activation with diagnostic accuracy
remains a central issue in optimizing pre-hospital systems.

Geographical disparities further complicate outcomes. Rural and resource-limited regions often face
longer transport times and reduced access to PCI-capable hospitals (Widimsky et al., 2010). In these
contexts, thrombolysis may remain the first-line reperfusion strategy, although pre-hospital activation
can still facilitate rapid transfer to tertiary centers when necessary. Addressing these disparities will
require context-specific solutions, including mobile telemedicine, expanded use of air medical transport,
and hybrid reperfusion strategies.

The integration of technology has significantly strengthened EMT capacity for accurate and timely
activation. Pre-hospital ECG transmission, telemedicine, and artificial intelligence (Al)—based
interpretation have reduced diagnostic errors and increased confidence in EMT decision-making (Ting
et al., 2008; Lindholm et al., 2021). Mobile health (mHealth) applications further enhance coordination
by simultaneously alerting hospital teams and tracking patient transport in real-time.

These innovations are not limited to high-resource settings. Pilot projects in low- and middle-income
countries have demonstrated that even basic ECG transmission via mobile networks can yield
significant improvements in STEMI outcomes (Rao et al., 2012). Future innovations, such as Al-driven
dispatch algorithms and wearable biosensors for early detection of ACS, hold promise for expanding
the role of EMTs in pre-hospital care.

The delegation of diagnostic authority to EMTs raises important ethical and legal questions. EMTs are
traditionally trained as providers of stabilization and transport rather than definitive diagnostic decision-
makers. Expanding their role requires clear policies, legal protections, and quality assurance
mechanisms. Some argue that increased responsibility could expose EMTs to medico-legal risks in
cases of false activation or missed diagnosis (Patel et al., 2016).

Nonetheless, given the weight of evidence demonstrating patient benefit, most professional guidelines
endorse EMT-driven activation when supported by standardized training, protocols, and cardiology
oversight. Establishing clear accountability frameworks and continuous feedback mechanisms can
mitigate risks while reinforcing EMT confidence in the decision-making process.

The success of EMT-led pre-hospital activation depends on supportive healthcare policies and system-
level investments. Key priorities include:

e Standardizing EMT training in ACS recognition and ECG interpretation.
o Ensuring widespread access to portable ECG devices and transmission technologies.

e Expanding regional STEMI networks that integrate EMS, non-PCI hospitals, and tertiary
centers.

e Implementing continuous quality improvement programs with regular audits of D2B times,
activation accuracy, and outcomes.
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Countries that have adopted these strategies—such as the United States through Mission: Lifeline and
France through the SAMU system—report significant improvements in both process and outcome
metrics (Jollis & Granger, 2006; Danchin et al., 2009). Adapting these models to local contexts will be
essential for global improvements in ACS care.

Looking forward, several opportunities exist to enhance the effectiveness of EMT-driven early
activation. The incorporation of Al into pre-hospital ECG analysis is likely to standardize interpretation
and reduce false positives. Wider use of telemedicine can bridge gaps in rural and underserved areas,
while mobile applications can improve coordination across fragmented healthcare systems. Moreover,
expanding research into patient-reported outcomes, long-term morbidity, and cost-effectiveness will
provide a more comprehensive understanding of the benefits of early activation.

Ultimately, a combination of human expertise, technological innovation, and system-level coordination
will be required to fully realize the potential of EMT-driven pre-hospital activation.

The discussion of available evidence underscores that EMT-driven early cath lab activation is a pivotal
intervention in modern ACS management. It reduces treatment delays, improves survival, and enhances
healthcare efficiency. While challenges such as variability in EMT training, false-positive activations,
and geographic disparities persist, innovations in telemedicine and Al are reshaping the landscape. By
addressing these challenges through standardized protocols, supportive policies, and technological
integration, health systems can maximize the life-saving potential of EMTs in ACS care.

Conclusion

Acute coronary syndromes (ACS), particularly ST-segment elevation myocardial infarction (STEMI),
remain a leading cause of morbidity and mortality worldwide. Timely reperfusion therapy is the most
effective intervention to reduce myocardial damage, preserve cardiac function, and improve survival.
This review highlights the pivotal role of Emergency Medical Technicians (EMTs) in achieving this
goal through early cath lab activation.

The evidence consistently demonstrates that EMT-driven pre-hospital activation reduces door-to-
balloon (D2B) and first medical contact-to-device times, leading to improved clinical outcomes,
including reduced infarct size, lower rates of heart failure, and decreased short- and long-term mortality.
Beyond clinical benefits, early activation also enhances healthcare system efficiency by bypassing
redundant emergency department processes, optimizing cath lab workflows, and promoting equity
through regional STEMI networks.

Technological innovations—including portable ECG devices, telemedicine, artificial intelligence (Al),
and mobile health applications—have further empowered EMTs to make accurate, timely decisions and
to coordinate effectively with hospital teams. These tools not only improve diagnostic precision but also
help address geographic disparities, particularly in rural or resource-limited settings. However,
challenges remain, including variability in EMT training, false-positive activations, medico-legal
concerns, and infrastructure limitations.

The future of EMT-led early activation lies in expanding training programs, strengthening standardized
protocols, and integrating advanced technologies into pre-hospital care. Equally important are
supportive policies that recognize EMTs as vital partners in ACS management, ensuring accountability
while protecting them from undue legal risks. By addressing these challenges and leveraging
innovations, healthcare systems can further reduce treatment delays and improve outcomes for heart
patients worldwide.

In conclusion, early cath lab activation by EMTs represents not just a procedural improvement but a
paradigm shift in ACS care—transforming EMTs from transport providers into critical agents of life-
saving intervention. Continued investment in training, technology, and system-wide collaboration will
be essential to maximize the survival and quality of life of patients experiencing acute coronary events.
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