[72]
24
—
a
o)
=
wn
Q
=
=
[8a]
m
i
a
Gy

o

3
g

=

(o}
e~
=
=

Reprint from

The Review Of

DIABETIC
STUDIES OPEN ACCESS

Pre-Hospital Cath Lab Activation: The Role Of
Emts In Enhancing Heart Attack Outcomes

Abdulrahman Saad Alqwaiz Turki' , Mohammed Abdullah Barrak Alshalawi’, Khaled
Hajaj Ateqallah Almutairi®, Nasser Thamer Mutlag Alotaibi*, Shoaib Mohammed
Dawood Al-Ruais®, Saud Ali Mohammed Al Rwaidhan®, Abdullah Sultan Saud
Alduraibi’ , Mutrik Thaar Shlewih Alotaibi®

!Saudi Red Crescent Dawadmi , Ambulance Center, Saudi Arabia Emtksa55@Gmail. Com
Saudi Red Crescent Dawadmi, Ambulance Center, Saudi Arabia M500m71@Gmail. Com
3Saudi Red Crescent Dawadmi, Ambulance Center, Saudi Arabia Khaled87902@Gmail. Com
Saudi Red Crescent Dawadmi, Ambulance Center, Saudi Arabia Nhmrnhmr@Gmail. Com*
Saudi Red Crescent Dawadmi, Ambulance Center, Saudi Arabia Wcom3321@Hotmail. Com®
Saudi Red Crescent Dawadmi, Ambulance Center, Saudi Arabia S997r@Hotmail. Com
’Saudi Red Crescent Dawadmi, Ambulance Center, Saudi Arabia Mohammedsaad0584@Gmail. Com
8Saudi Red Crescent Dawadmi, Ambulance Center, Saudi Arabia Meterk@Outlook.Sa

Abstract

Timely reperfusion is the cornerstone of survival and improved prognosis in acute myocardial infarction,
particularly ST-elevation myocardial infarction (STEMI). Emergency Medical Technicians (EMTs)
have emerged as key players in bridging the gap between symptom onset and definitive hospital-based
care. Pre-hospital activation of the cardiac catheterization laboratory (cath lab) by EMTs based on pre-
hospital electrocardiograms (ECGs) and clinical assessments has been shown to reduce door-to-balloon
times, minimize myocardial damage, and improve survival outcomes. This review explores the
evidence supporting EMT-driven early activation of the cath lab, examines the systems and protocols
that facilitate this process, and highlights the technological and organizational advancements enabling
streamlined pre-hospital decision-making. Ethical, legal, and logistical considerations are also
discussed, along with barriers to implementation in different healthcare systems. By synthesizing global
data, the article emphasizes the critical role of EMTs in modern cardiac care and provides a roadmap
for optimizing pre-hospital STEMI management to ensure better patient outcomes.

Keywords: Emergency Medical Technicians, Cath Lab Activation, STEMI, Pre-Hospital Care, Door-
to-Balloon Time, Cardiac Outcomes.

1. Introduction

Cardiovascular diseases (CVDs) remain the leading cause of death globally, with ischemic heart disease
accounting for nearly 16% of all deaths worldwide in 2021 (World Health Organization [WHO], 2023).
Among these, acute myocardial infarction (AMI), particularly ST-segment elevation myocardial
infarction (STEMI), constitutes a time-sensitive medical emergency that requires rapid diagnosis and
intervention. The mantra “time is muscle” emphasizes that delays in reperfusion therapy result in larger
infarct sizes, impaired left ventricular function, and increased mortality (O’Gara et al., 2013).
Consequently, strategies that shorten total ischemic time—from symptom onset to reperfusion—are
essential for improving patient outcomes.

Primary percutaneous coronary intervention (PCI) remains the gold standard of care for STEMI
management when performed in a timely manner (Ibanez et al., 2018). Clinical guidelines consistently
recommend that door-to-balloon (D2B) times be kept under 90 minutes, and when possible, under 60
minutes, to optimize survival (Levine et al., 2016). However, achieving these benchmarks in real-world
settings is challenging, particularly in healthcare systems with delays in patient transport, emergency
department triage, and in-hospital coordination. In this context, Emergency Medical Technicians (EMTs)
have emerged as crucial players in pre-hospital care, serving as the first point of contact for many
patients with suspected STEML
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The concept of pre-hospital cath lab activation involves EMTs identifying STEMI in the field using 12-
lead electrocardiograms (ECGs) and activating the cardiac catheterization laboratory before the patient
arrives at the hospital. This early notification enables interventional cardiology teams to be mobilized
and ready, thereby significantly reducing treatment delays (Rokos et al., 2009). Several studies have
demonstrated that when EMTs initiate cath lab activation, door-to-balloon times are shortened by 15—
30 minutes, which translates into measurable improvements in morbidity and mortality (Bagai et al.,
2013; Danchin et al., 2010).

The accuracy of EMTs in diagnosing STEMI has been an area of active research. With proper training
and standardized protocols, EMTs have demonstrated high reliability in ECG interpretation and
activation decisions (Patel et al., 2012). The integration of telemedicine has further enhanced this
process, enabling EMTs to transmit ECGs directly to cardiologists for confirmation and immediate
decision-making (Terkelsen et al., 2010). This technological support minimizes the risk of false
activations while ensuring that patients most in need receive expedited care.

Beyond the clinical advantages, pre-hospital cath lab activation has system-level implications. It
optimizes resource utilization, enhances hospital workflow efficiency, and supports regionalized
STEMI networks designed to streamline patient transfer from non-PCI to PCI-capable centers (Rathore
et al., 2021). In resource-rich settings, this approach has become standard practice; however, in low-
and middle-income countries, implementation is often constrained by limited EMT training, availability
of portable ECG devices, and infrastructure for rapid communication (AlHabib et al., 2019).

Despite its benefits, pre-hospital activation is not without challenges. Concerns include the risk of
inappropriate or false activations, medicolegal liability, and variability in EMT training across
jurisdictions. False activations, while relatively uncommon, can lead to unnecessary mobilization of
cath lab teams and increased healthcare costs (Kontos et al., 2011). Balancing these risks with the life-
saving potential of early activation remains a key consideration for policymakers and healthcare
providers.

This review aims to provide a comprehensive analysis of the role of EMTs in pre-hospital cath lab
activation and its impact on heart attack outcomes. Specifically, it examines the competencies required
for accurate STEMI diagnosis, evaluates different models of pre-hospital activation, synthesizes
evidence on clinical outcomes, and explores ethical, legal, and practical considerations. By
consolidating available evidence, the article underscores the importance of empowering EMTs as
frontline decision-makers in STEMI care and highlights the need for global strategies to expand the
adoption of pre-hospital cath lab activation.

2. EMT Competency and Pre-Hospital STEMI Diagnosis

Emergency Medical Technicians (EMTs) are often the first healthcare providers to encounter patients
with acute chest pain in the pre-hospital setting. Their ability to recognize ST-segment elevation
myocardial infarction (STEMI) quickly and accurately is fundamental to activating the cardiac
catheterization laboratory (cath lab) early and ensuring timely reperfusion therapy. Competency in this
domain requires a combination of technical skills, clinical judgment, and adherence to established
protocols.

Acquiring and interpreting a 12-lead electrocardiogram (ECG) is a cornerstone of pre-hospital STEMI
diagnosis. Studies show that with appropriate training, EMTs can achieve high diagnostic accuracy
comparable to emergency physicians in identifying STEMI (Whitbread et al., 2002). Standardized
training programs have been developed in many countries to equip EMTs with the skills to record ECGs,
recognize acute ischemic changes, and initiate early communication with hospital teams (Turner et al.,
2014). Continuous education and simulation-based training have been shown to enhance accuracy and
confidence, particularly in distinguishing STEMI from non-ST elevation acute coronary syndromes
(NSTEMI) and other mimicking conditions such as left bundle branch block or pericarditis (El-Menyar
etal., 2017).

Competency extends beyond ECG interpretation to the application of structured decision-making
protocols. Many EMS systems have adopted algorithms that guide EMTs in determining whether to
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activate the cath lab. For example, the American Heart Association (AHA) recommends pre-hospital
activation when a clear STEMI is identified on the field ECG, provided the patient is clinically stable
and within an acceptable transport time to a PCI-capable facility (O’Gara et al., 2013). Such protocols
standardize care, minimize delays, and reduce variability in decision-making between providers (Le
May et al., 2006).

Despite training, EMTs may encounter borderline or ambiguous ECGs, leading to uncertainty in
diagnosis. Telemedicine plays a crucial role in bridging this gap. Modern pre-hospital systems allow
ECGs to be transmitted directly from the ambulance to on-call cardiologists, enabling rapid expert
confirmation (Terkelsen et al., 2010). This not only increases diagnostic accuracy but also empowers
EMTs to act decisively while maintaining patient safety. Some studies have shown that integrating
telecardiology with EMT protocols reduces false activation rates while preserving the time-saving
benefits of early activation (Brodie et al., 2013).

Research supports the reliability of EMTs in diagnosing STEMI when appropriate training and support
are provided. For instance, Aufderheide et al. (2006) reported that EMTs achieved a sensitivity of 88—
94% in identifying STEMI, with specificity exceeding 90%. Similarly, a Canadian study demonstrated
that paramedics using pre-hospital ECGs and activation protocols were able to reduce median door-to-
balloon times by 25 minutes without increasing inappropriate activations (Le May et al., 2006). These
findings suggest that EMT competency is not merely theoretical but translates into measurable clinical
1mpact.

The authority of EMTs to initiate cath lab activation varies worldwide. In the United States, many
regions empower EMTs and paramedics to independently activate the cath lab based on protocol
adherence. In contrast, some European and Middle Eastern systems require physician validation before
activation (El-Menyar et al.,, 2017). This variability reflects differences in training standards,
medicolegal frameworks, and healthcare system structures. Nonetheless, the global trend is toward
greater autonomy for EMTs, supported by technology and standardized pathways.

Despite advancements, challenges remain in ensuring consistent EMT competency. Variations in
training quality, experience levels, and access to advanced diagnostic tools may limit diagnostic
accuracy in some settings. Furthermore, expanding EMT responsibilities raises questions about
medicolegal liability and accountability in case of misdiagnosis. Future directions include incorporating
artificial intelligence (Al)-based ECG interpretation tools to support EMTs, integrating continuous
feedback systems for quality assurance, and harmonizing international training standards to ensure
consistent competency.

In summary, EMT competency in pre-hospital STEMI diagnosis is a critical determinant of early cath
lab activation success. With structured training, algorithm-based protocols, and telemedicine support,
EMTs can reliably identify STEMI and initiate life-saving interventions that significantly improve
patient outcomes.

3. Systems of Care and Pre-Hospital Activation Models

The effectiveness of pre-hospital cath lab activation by Emergency Medical Technicians (EMTs)
depends not only on their competency but also on the systems of care in which they operate. Optimized
models of care are designed to minimize system delays, streamline communication, and facilitate rapid
reperfusion. These models vary across healthcare systems worldwide, yet they share the common goal
of reducing total ischemic time for patients with ST-segment elevation myocardial infarction (STEMI).

Regionalized STEMI networks have been established in many countries to improve outcomes through
coordinated care between emergency medical services (EMS), non—PCl-capable hospitals, and PCI-
capable centers. These networks often operate on a hub-and-spoke model, in which smaller hospitals or
EMS units (spokes) are linked to specialized PCI centers (hubs). Evidence suggests that patients treated
within these networks experience shorter reperfusion delays and lower mortality rates compared to
those outside such systems (Jollis et al., 2012). The European Society of Cardiology and American
Heart Association both recommend regional systems as best practice for optimizing STEMI care
(Ibanez et al., 2018; O’Gara et al., 2013).
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In many healthcare systems, EMTs are authorized to activate the cath lab directly after identifying
STEMI in the field. This approach eliminates the need for additional physician confirmation, thereby
reducing delays. Studies in the United States and Canada have shown that direct EMT activation reduces
median door-to-balloon (D2B) times by 15-30 minutes (Le May et al., 2006; Rokos et al., 2009).
Moreover, patients treated under these models have demonstrated improved survival and left ventricular
function, highlighting the clinical value of empowering EMTs as frontline decision-makers.

In other regions, particularly in parts of Europe, the Middle East, and Asia, cath lab activation requires
validation by an emergency physician or cardiologist. In these systems, EMTs transmit ECGs via
telemedicine to hospital-based specialists, who then make the final activation decision. While this
approach ensures diagnostic accuracy and reduces the risk of false activations, it may introduce
additional delays, especially when communication systems are inefficient (Terkelsen et al., 2010).
Balancing diagnostic certainty with timeliness remains a central challenge in physician-mediated
models.

Telemedicine is an essential enabler of both direct and physician-mediated models. Real-time
transmission of 12-lead ECGs allows EMTs to share patient data with cardiologists within minutes,
facilitating rapid confirmation and activation (Brodie et al., 2013). In some advanced systems, ECGs
are automatically interpreted using Al algorithms before being reviewed by specialists, further reducing
diagnostic errors (Smith et al., 2021). Integration of telecommunication technologies into EMS systems
has been associated with consistent reductions in D2B times and improved patient outcomes.

Comparisons across activation models reveal that direct EMT activation is consistently associated with
the shortest delays and most favorable outcomes (Bagai et al., 2013). However, physician-mediated
models provide safeguards in settings where EMT training or diagnostic capacity is variable. For
instance, in the Gulf region, physician-mediated activation has been favored due to wide differences in
EMT competency levels (El-Menyar et al., 2017). Ultimately, the success of any model depends on
local infrastructure, resource availability, and the integration of EMS with hospital systems.

In low- and middle-income countries, implementation of pre-hospital activation systems faces
challenges, including limited access to portable ECG devices, inadequate EMT training, and fragmented
communication networks. Nevertheless, pilot studies in countries such as India and Brazil have
demonstrated that structured training and low-cost telemedicine solutions can significantly improve
reperfusion times, even in resource-constrained environments (Amaral et al., 2018). Strengthening EMS
systems and adopting scalable digital solutions are essential to expanding pre-hospital cath lab
activation globally.

Systems of care are pivotal in shaping the success of EMT-led pre-hospital cath lab activation.
Regionalized STEMI networks, direct EMT activation protocols, and telemedicine-enabled decision-
making all contribute to reducing treatment delays and improving outcomes. While direct activation
models appear most effective in reducing delays, physician-mediated systems may be appropriate in
settings with variable EMT competencies. Moving forward, the integration of advanced technologies
and expansion of regional networks will be essential to optimizing STEMI care worldwide.

4. Clinical Outcomes of EMT-Initiated Cath Lab Activation

Early cath lab activation from the field translates process gains into patient-centered benefits. Across
diverse systems, EMT-initiated activation (often coupled with pre-hospital ECG transmission)
consistently shortens total ischemic time and door-te-balloon (D2B) intervals and is associated with
improved survival, left-ventricular function, and lower major adverse cardiovascular events
(MACE)—particularly where activation is embedded within regional STEMI networks.

4.1 Process Outcomes: Reperfusion Delays

Pre-hospital activation reliably reduces D2B by ~15-30 minutes in mature systems, largely by
bypassing ED bottlenecks and pre-notifying the cath team (Le May et al., 2006; Rokos et al., 2009).
Systematic reviews of EMS prenotification show consistent time savings across heterogeneous settings
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(Bagai et al., 2013). When combined with direct transport to PCI centers, these gains compound,
lowering system delay from first medical contact to device (Terkelsen et al., 2010; Jollis et al., 2012).

4.2 Mortality and MACE

Time savings correlate with lower in-hospital and 30-day mortality, especially when activation trims
delays in patients presenting early after symptom onset (Bagai et al., 2013; Danchin et al., 2010).
Network-wide implementations demonstrate population-level reductions in mortality and readmissions,
reflecting both faster reperfusion and fewer inter-facility transfers (Jollis et al., 2012). While some eras
showed a weakening mortality association after widespread D2B improvements, studies focusing
specifically on pre-hospital activation (rather than in-hospital process tweaks alone) continue to report
mortality and MACE benefits where substantial time reductions are achieved (Bagai et al., 2013).

4.3 Myocardial Salvage and Left-Ventricular Function

Shorter ischemic time is linked to smaller infarct size and higher post-PCI LVEF, with early
activation enabling the cath team to be “on the wire” sooner (Danchin et al., 2010). Programs reporting
the largest D2B improvements frequently note better discharge LVEF or fewer heart-failure
complications, consistent with the “time-is-muscle” paradigm.

4.4 False Activations and Safety

Concerns about false activations (no-culprit angiography) are valid but generally modest when EMTs
operate under ECG-driven protocols and have telecardiology backup (Brodie et al., 2013). Physician-
mediated confirmation can slightly reduce false positives but may add minutes; net clinical impact tends
to favor models that protect time while maintaining quality controls (Terkelsen et al., 2010; Bagai et al.,
2013).

4.5 Equity, Geography, and Subgroup Effects

Benefits are amplified in rural/transfer scenarios, where pre-hospital activation avoids “wasted” ED
time at non-PCI hospitals and accelerates interfacility pathways (Jollis et al., 2012). Observational
cohorts suggest similar relative benefits across sex and age strata, though absolute risk reductions may
be higher in older or high-risk patients given greater baseline risk (Bagai et al., 2013).

4.6 Implementation Ingredients That Drive Outcomes
The magnitude of outcome improvement scales with:

1. Protocolized EMT empowerment to activate,

2. Reliable pre-hospital ECG acquisition/transmission,
3. Regional networks with predefined transfer rules, and
4

Continuous QA (feedback on ECG accuracy and activation appropriateness). Where these
elements co-exist, programs report the most convincing mortality/MACE benefits (Le May et
al., 2006; Jollis et al., 2012).

Table 1. Selected Evidence on EMT-Initiated (or Pre-Hospital) Cath Lab Activation and
Outcomes

Study Setting / Population Activation Model Primary Key Findings

(Year) Design Outcomes

Le May | Canada; STEMI pts | Paramedic ECG-based | D2B, Substantial

et al. citywide treated with | activation with direct system D2B reduction

(2006) protocol primary PCI | transport delay, and fewer

(before—after) mortality delays; signals

toward
improved
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outcomes with
networked,
paramedic-
driven model.

Rokos et
al.
(2009)

u.S,;
multicenter
program
report

EMS-
identified
STEMI

Pre-hospital ECG+
EMS activation

D2B,
process
measures

Meaningful
D2B reductions
with EMS
activation and
prenotification;
operational
feasibility
across centers.

Danchin
et al.
(2010)

France;
FAST-MI
registry
(observationa

)

National
STEMI
cohort

Pre-hospital activation
within regional systems

D2B,
LVEF,
mortality

Shorter
treatment
delays, better
LV function,
and lower
mortality
associated with
early activation
pathways.

Terkelse
n et al.
(2010)

Denmark;
national data
(observationa

D

Primary PCI
for STEMI

Focus on system delay
(includes pre-hospital
elements)

System
delay,
mortality

System delay
independently
predicts
mortality—
supports
strategies (incl.
pre-hospital
activation) that
cut delays.

Jollis et
al.
(2012)

U.S.; state-
wide network
(before—after)

Regional
STEMI
population

EMS-integrated hub-
and-spoke activation

Reperfusio
n times,
mortality

Network
implementation
with EMS
integration
reduced delays
and improved
population-
level outcomes.

Bagai et
al.
(2013)

Systematic
review

Multination
al STEMI
studies

EMS
prenotification/activati
on

D2B,
mortality

Consistent D2B
reductions;
several studies
show

mortality/ MAC
E benefits with
pre-hospital
activation.

Brodie
et al.
(2013)

U.S.; single-
System
(observationa

)

STEMI via
EMS

Telecardiology-
supported pre-hospital
activation

False
activations,
D2B,
outcomes

Low
inappropriate
activation with
telemedicine;
time gains
preserved and

outcomes
favorable.
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Note: Effect sizes vary by baseline performance and network maturity; programs achieving >15-20-
minute D2B reductions tend to demonstrate the clearest mortality/MACE advantages.

5. Ethical, Legal, and Practical Considerations

Implementing EMT-initiated cath lab activation raises interlocking ethical, legal, and operational
questions that must be addressed to sustain both patient benefit and system integrity. While the clinical
rationale is strong—earlier reperfusion saves myocardium—the expansion of EMT authority, the use of
telemedicine, and the risk of inappropriate activations require explicit governance frameworks, rigorous
quality assurance (QA), and attention to equity and resource stewardship.

Pre-hospital activation often occurs under conditions of limited time and incomplete information.
Respect for autonomy is upheld through implied consent in life-threatening emergencies, consistent
with emergency exception norms in cardiovascular guidelines (O’Gara et al., 2013; Ibanez et al., 2018).
Beneficence is served by reducing ischemic time; conversely, non-maleficence requires minimizing
harm from false activations (e.g., unnecessary mobilization, invasive procedures, or crowd-out effects
in busy cath labs). Justice concerns arise if activation pathways preferentially benefit urban or well-
resourced regions, leaving rural or low-resource settings with slower access (Jollis et al., 2012).
Programs should therefore embed equity metrics—e.g., time-to-device by geography/sex/age—to
detect and correct disparities.

Empowering EMTs to activate the cath lab expands scope of practice and redistributes decisional risk.
Clear medical direction and standing orders—aligned with national/regional regulations—are necessary
to protect both patients and clinicians. Protocols should specify activation criteria (ECG thresholds,
symptom profiles, hemodynamic status), when to seek telecardiology confirmation, and when to bypass
non-PCI facilities. Registries show that physician-mediated systems can reduce inappropriate
activations but may add delay; conversely, direct EMT activation preserves time but requires stronger
training and QA to mitigate medicolegal exposure (Kontos et al., 2011; Bagai et al., 2013).

Field ECG transmission and remote decision support introduce privacy and security obligations. Health
data transfer must comply with applicable frameworks (e.g., HIPAA in the United States; GDPR in the
European Union) and local health-information regulations. Minimum safeguards include encrypted
transmission, access controls, authenticated endpoints, and auditable logs. Operationally, redundancy
(dual networks, offline fallbacks) is essential to avoid care delays due to connectivity failures.
Telemedicine should be integrated into protocols so that consultation improves accuracy without
materially eroding the time advantage of pre-hospital activation (Terkelsen et al., 2010; Brodie et al.,
2013).

Inappropriate activations consume resources, disturb on-call teams, and may expose patients to risks
from invasive procedures or transfers. Reported false-activation rates vary across systems but are
generally modest when ECG criteria are strict and telecardiology is available (Brodie et al., 2013).
Programs should implement stewardship guardrails:

¢ Prospective criteria (ECG + symptoms +hemodynamics) with decision trees.
¢ Real-time cardiology review for borderline tracings.

e Monthly QA that tracks positive predictive value (PPV), door-to-balloon, first-medical-
contact-to-device, and clinical outcomes, with feedback to EMT crews.

o Targeted retraining when PPV falls or misinterpretations cluster (e.g., LBBB, early
repolarization).

Pre-hospital activation redistributes work upstream. Hospitals must ensure 24/7 cath lab readiness,
maintain rapid team mobilization, and prevent burnout from frequent after-hours call-ins. Cost-
effectiveness analyses generally favor time-saving strategies given the downstream reduction in heart-
failure burden and rehospitalization, but local cost structures (transport distances, staffing models)
matter (Le May et al., 2006; Jollis et al., 2012). Practical considerations include:
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¢ ED bypass policies (direct-to-cath lab vs. brief ED stabilization).
o Interfacility transfer agreements within regional networks.
¢ [oad balancing between hubs when simultaneous activations occur.

Systems must avoid “activation privilege,” whereby patients in urban or well-networked regions gain
faster access while rural patients remain disadvantaged. Low- and middle-income settings can still
realize benefit by prioritizing fundamentals: widespread EMT ECG training, low-cost transmission, and
simple checklists, augmented by regionalized transfer pathways (Amaral et al., 2018). Periodic audits
should stratify performance by sex, age, socioeconomic status, and geography to ensure equitable
impact.

5.7 Documentation, Auditability, and Learning Health Systems

Every activation should produce a traceable record: field ECG(s), time stamps (symptom onset, first
medical contact, transmission, activation, device), clinical rationale, and final diagnosis. Linking EMS
and hospital datasets supports learning cycles—root-cause analysis of delays, algorithm refinement, and
predictive analytics for continuous improvement (Bagai et al., 2013). Publishing de-identified metrics
fosters transparency and helps align stakeholders (EMS leadership, cardiology, hospital administration,

payers).

In regions with variable EMT training or differing medicolegal norms, hybrid models (EMT activation
with mandatory telecardiology confirmation) may optimize safety while preserving time. Local
adaptation should respect cultural communication norms (e.g., involving family decision-makers when
feasible) without jeopardizing reperfusion timelines in time-critical scenarios.

In sum, ethical deployment of EMT-initiated activation requires more than permission to call the lab; it
demands robust protocols, legal clarity, privacy/security by design, stewardship of activations, equity
monitoring, and a learning-health-system mindset. When these elements are in place, programs can
preserve the time advantage that drives better outcomes while safeguarding patients, clinicians, and
institutions.

6. Technology and Innovation in Pre-Hospital Cardiac Care

Rapid, reliable information flow is the backbone of EMT-initiated cath lab activation. Over the last
decade, advances in sensors, connectivity, analytics, and interoperability have compressed decision
times and reduced error, allowing field teams to translate “time is muscle” into measurable outcome
gains.

6.1 Mobile 12-Lead ECG, Secure Transmission, and Telecardiology

Modern monitors enable field acquisition and encrypted transmission of 12-lead ECGs directly to on-
call cardiologists and hospital systems within minutes, supporting immediate activation and destination
decisions. When coupled with structured feedback loops, telecardiology sustains accuracy while
preserving the time advantage of pre-hospital activation (Brodie et al., 2013; Terkelsen et al., 2010).
Emerging deployments leverage SG/LTE bonding and edge buffering to mitigate coverage gaps and
latency.

6.2 Al-Assisted ECG Interpretation

Machine-learning tools now assist EMTs with real-time STEMI flagging and differential cues (e.g.,
early repolarization or LBBB confounders). Studies show Al can improve sensitivity/specificity for
STEMI detection and reduce borderline false activations when used as decision support, not
replacement for protocolized care (Smith et al., 2021). Pragmatic guardrails include: visible confidence
scores, human override, and continuous re-training on local ECG data.

6.3 Digital Cath-Team Paging and Workflow Orchestration
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Activation platforms integrate ECG snapshots, vitals, ETA/GPS, and checklists into a single alert that
auto-pages interventional teams, starts door timers, and pre-assigns roles. These systems can trigger
direct-to-cath routing and order sets (antiplatelets, labs), shrinking “activation-to-wire” intervals and
reducing variation (Bagai et al., 2013).

6.4 Electronic Patient Care Records (ePCR) and Interoperability

Linking ePCR to hospital EHRs using HL7® FHIR®/SMART enables one-click import of pre-hospital
data (meds, allergies, timestamps, ECGs) and supports closed-loop quality improvement (Mandel et al.,
2016). Interoperable data standards also simplify regional benchmarking of first-medical-contact-to-
device (FMC-to-D) and appropriateness metrics across hubs and spokes.

6.5 Point-of-Care (POC) Biomarkers—Targeted Use

Portable troponin and lactate devices exist for ambulances; however, time-to-PCI should not be delayed
to obtain POC results in clear STEMI. Select programs evaluate POC troponin to refine non-STEMI
triage or inform diversion away from PCI centers when STEMI criteria are absent. Local validation and
“no-delay” rules are essential.

6.6 Destination Decision Support and GIS

GIS-enabled tools combine traffic, distance, cath-lab status, and transfer queues to recommend the
fastest PCl-capable destination, minimizing futile ED stopovers. When integrated with regional
protocols, these engines reduce interfacility transfers and support equitable access across urban—rural
gradients (Jollis et al., 2012).

6.7 Citizen-Responder Networks, AED Mapping, and Drones (Adjuncts)

Although oriented to cardiac arrest, community technologies indirectly benefit AMI systems by
improving early recognition and scene times. Mobile-phone responder dispatch and public AED
mapping increase bystander actions (Ringh et al., 2015), while drone-delivered AEDs shorten time-to-
defibrillation in pilot studies (Claesson et al., 2017). These ecosystem gains can free EMS capacity and
expedite STEMI transport.

6.8 Cybersecurity, Reliability, and Safety by Design

With more connected endpoints, privacy/security (encryption, role-based access, audit trails) and
resilience (offline caches, dual-network failover, device hardening) are non-negotiable. Technology
should be additive: if connectivity fails, protocols default to field-based activation using EMT
interpretation and phone consults.

6.9 Learning Health Systems and AI-Driven QA

Aggregated pre-hospital + in-hospital data—ECGs, time stamps, outcomes—feed dashboards that track
D2B, FMC-to-D, and positive predictive value of activations. Al can flag outliers (e.g., frequent false
activations on LBBB) and suggest targeted retraining, closing the loop between technology and
competency (Bagai et al., 2013).

7. Discussion

This review highlights that pre-hospital cath lab activation by EMTs represents a transformative strategy
in the management of ST-segment elevation myocardial infarction (STEMI). Across diverse healthcare
systems, early activation consistently reduces treatment delays, improves myocardial salvage, and is
associated with enhanced clinical outcomes. However, the effectiveness of this approach depends on
the interplay of EMT competency, system design, technological support, and ethical safeguards.

The most consistent finding across studies is the substantial reduction in door-to-balloon (D2B) time
when cath labs are activated directly from the field (Le May et al., 2006; Rokos et al., 2009). Meta-
analyses and registries confirm that these process gains are not merely operational metrics but translate
into improved patient-centered outcomes, including lower in-hospital mortality, better left ventricular
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gjection fraction, and reduced major adverse cardiovascular events (MACE) (Bagai et al., 2013;
Danchin et al., 2010). The FAST-MI registry, for instance, demonstrated that patients undergoing pre-
hospital activation had significantly shorter ischemic times and improved survival compared with those
activated after arrival (Danchin et al., 2010). These results reinforce the long-standing principle that
“time is muscle,” where every minute saved has measurable prognostic value (O’Gara et al., 2013).

Despite compelling evidence for time savings, false activations remain a concern. Inappropriate cath
lab activations may cause unnecessary mobilization of interventional teams, increased costs, and
potential exposure of patients to invasive procedures. False activation rates, however, are generally low
when structured protocols are used and EMTs are trained in ECG interpretation (Aufderheide et al.,
2006; Brodie et al., 2013). The integration of telecardiology—real-time ECG transmission and
cardiologist feedback—further reduces diagnostic uncertainty while preserving the time advantage of
pre-hospital activation (Terkelsen et al., 2010). This hybrid model appears particularly valuable in
systems where EMT training levels vary or where medicolegal concerns limit full autonomy.

Pre-hospital activation is not an isolated intervention but part of a broader STEMI system of care.
Regionalized hub-and-spoke models, supported by standardized transfer agreements, maximize the
benefit of early activation by ensuring patients are transported directly to PCI-capable centers when
appropriate (Jollis et al., 2012). Evidence suggests that the largest population-level benefits occur when
pre-hospital activation is combined with network-level protocols that minimize interfacility transfers
(Ibanez et al., 2018). This implies that empowering EMTs alone is insufficient unless accompanied by
coordinated system design, reliable communication infrastructure, and hospital readiness.

Technological innovation is rapidly reshaping the feasibility of pre-hospital activation. Mobile ECG
transmission, artificial intelligence—assisted interpretation, and integrated paging systems enable more
accurate and faster decision-making (Smith et al., 2021). Geographic information systems (GIS) can
support destination decision-making by recommending the fastest PCl-capable facility, while
interoperable electronic records allow pre-hospital data to flow seamlessly into hospital systems
(Mandel et al., 2016). These advances not only reduce delays but also enhance quality assurance through
automated data collection and feedback loops. However, new technologies bring challenges in data
privacy, cybersecurity, and cost, which must be addressed for sustainable adoption (Brodie et al., 2013).

The ethical justification for EMT-initiated activation lies in beneficence—delivering faster, life-saving
reperfusion. Yet this must be balanced with non-maleficence, avoiding unnecessary procedures from
false activations, and justice, ensuring that rural or resource-limited regions are not left behind (Kontos
et al., 2011). Medicolegal frameworks vary widely; in some regions, EMTs have full authority to
activate the cath lab, while in others activation requires physician approval. Clear protocols, standing
orders, and quality oversight are essential to support EMTs and safeguard patient safety.

The implementation of pre-hospital activation in low- and middle-income countries faces obstacles,
including limited EMT training, scarce ECG transmission devices, and weak communication networks.
Nevertheless, pilot projects demonstrate that low-cost telemedicine solutions and targeted training
programs can deliver meaningful improvements even in constrained environments (Amaral et al., 2018).
These findings suggest that the model is adaptable across income settings, provided that interventions
are tailored to local capacity and infrastructure.

A recurring theme across studies is the importance of feedback and continuous improvement. Pre-
hospital activation programs should function as learning health systems, with integrated data collection,
auditability, and feedback to EMTs. Metrics such as D2B, false activation rates, and patient outcomes
should be tracked and reported transparently (Bagai et al., 2013). Advanced analytics, including Al-
driven quality monitoring, can identify patterns of misinterpretation and guide targeted retraining. This
cycle of learning ensures that competency remains high and patient safety is preserved.

The future of EMT-initiated cath lab activation lies in wider adoption, technological integration, and
global harmonization. Research priorities include evaluating the cost-effectiveness of widespread
adoption, exploring the role of Al in supporting real-time decisions, and developing global training
standards to ensure consistency across regions. In addition, health systems must focus on equity,
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ensuring that time-saving innovations benefit all patient populations, not just those in urban or well-
resourced areas.

The evidence is compelling: when supported by robust systems and technologies, EMT-initiated cath
lab activation reduces delays, improves outcomes, and enhances STEMI care. Challenges remain in
ensuring diagnostic accuracy, managing ethical and legal considerations, and extending these benefits
to resource-limited settings. By embracing innovation, fostering continuous learning, and prioritizing
equity, pre-hospital activation can continue to evolve as a cornerstone of modern cardiac emergency
care.

Conclusion

Pre-hospital cath lab activation by Emergency Medical Technicians (EMTs) represents a pivotal
advancement in the modern management of ST-segment elevation myocardial infarction (STEMI). By
enabling cath lab teams to be mobilized before hospital arrival, this strategy addresses one of the most
critical determinants of survival in myocardial infarction care: time to reperfusion. The evidence
consistently demonstrates that EMT-initiated activation shortens door-to-balloon intervals, preserves
myocardial function, reduces complications, and, in many systems, lowers mortality.

However, the effectiveness of this approach is not determined solely by EMT competency but also by
the system of care in which it is embedded. Regionalized STEMI networks, standardized activation
protocols, reliable telecommunication infrastructure, and hospital readiness are essential for translating
early activation into clinical benefits. Technology—including telecardiology, artificial intelligence—
assisted ECG interpretation, and integrated digital alert systems—further enhances diagnostic accuracy
and operational efficiency.

Ethical and legal considerations remain important. Balancing the imperative of rapid reperfusion against
the risks of false activation requires structured protocols, ongoing training, and transparent quality
assurance mechanisms. Ensuring equitable access across urban and rural populations, as well as high-
and low-resource healthcare systems, is equally critical to the ethical sustainability of this model.

Looking forward, pre-hospital activation should evolve within the framework of learning health systems,
where continuous feedback, outcome monitoring, and adaptive training ensure sustained performance
improvements. Expanding adoption in resource-limited settings through scalable telemedicine, low-
cost ECG devices, and simplified protocols will be key to ensuring global equity.

In conclusion, empowering EMTs to initiate cath lab activation is more than an operational
improvement—it is a paradigm shift in acute cardiac care. By combining frontline decision-making,
system-level integration, and technological innovation, this approach holds the potential to significantly
enhance outcomes for heart attack patients worldwide. The challenge for healthcare systems and
policymakers is to provide the infrastructure, governance, and training necessary to maximize the life-
saving potential of this strategy while ensuring safety, equity, and sustainability.
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