175]
4]
=
@)
-
~
175}
O
—
—~
2]
/M
<
o}
G

o

=3
2

>

Q
=4

Q
=
=

Reprint from

The Review Of

DIABETIC
STUDIES OPEN ACCESS

The Role Of Paramedics In The Prompt
Identification And Treatment Of Acute
Myocardial Infarction

Majed Mohammed Alotaibi @, Nasser ALdosri Mohammed @, Fayez Najaa Almutairi ®,
Fahad Neda Alotibi ¥, Mohammed Hussain Al-Shammrai ©, Naif Abdullah Al-Otaibi ©,
Abdulaziz Mohammed Al-Rashidi 7, Majed Hajed Aftan Alotaibi ®, Khalid Birky
Alosaimi ®), Sattam Mobarak Saad Al-Metairy (0

. Emergency Medicine Technician, Saudi Red Crescent Authority - Riyadh Region - Afif Sector, Saudi Arabia .

mj44mj45@gmail.com
> Emergency Medicine Technician, Saudi Red Crescent Authority - Rivadh Region - Afif Sector, Saudi Arabia .
mmoh2dd@gmail.com

3 Emergency Medicine Technician, Saudi Red Crescent Authority - Riyadh Region - Afif Sector, Saudi Arabia.

Almaimoni2019@hotmail.com
Technician Emergency Medical Servies, Saudi Red Crescent Authority - Riyadh Region - Afif Sector, Saudi Arabia.
Srca09590@Srca.Org.Sa
Technician Emergency Medical Servies, Saudi Red Crescent Authority - Riyadh Region - Afif Sector, Saudi Arabia.
mh_mh3695@outlook.sa
Emergency Medicine Technician, Saudi Red Crescent Authority - Riyadh Region - Afif Sector, Saudi Arabia. Nnn-
991199@hotmail.com
Emergency Medicine Technician, Saudi Red Crescent Authority - Riyadh Region - Afif Sector, Saudi Arabia.
srcal0276(@srca.org.sa
Technician Emergency Medical Servies, Saudi Red Crescent Authority - Riyadh Region - Afif Sector, Saudi Arabia.
Majjedd200@gmail.com
Technician Emergency Medical Servies, Saudi Red Crescent Authority - Riyadh Region - Afif Sector, Saudi Arabia.
rand997@gmail.com
Technician Emergency Medical Servies, Saudi Red Crescent Authority - Riyadh Region - Al-Dawadmi Sector, Saudi Arabia.
Smms_22@hotmail.com

4
s.
6.
7.
8.
9

10.

Abstract

Acute myocardial infarction (AMI) is a leading cause of morbidity and mortality worldwide. Early
identification and treatment are crucial for improving patient outcomes. Paramedics play a pivotal role in
the prehospital management of AMI, serving as the first point of contact in the healthcare system. This
review explores the multifaceted role of paramedics in the prompt recognition and management of AMI.
Paramedics are trained to rapidly assess patients with suspected AMI using clinical history, physical
examination, and 12-lead electrocardiography (ECG). Their ability to accurately interpret ECGs and
identify ST-segment elevation myocardial infarction (STEMI) is critical for initiating timely reperfusion
therapy. Prehospital pharmacological interventions, such as aspirin, nitrates, and analgesics, are
administered by paramedics to stabilize patients and alleviate symptoms. In certain systems, paramedics
can also perform prehospital thrombolysis, significantly reducing time to treatment. Paramedics make
crucial transport decisions, prioritizing direct transfer to percutaneous coronary intervention (PCI) capable
centers when appropriate. Prehospital notification of receiving hospitals allows for activation of
catheterization laboratories and minimizes door-to-balloon times. Challenges in prehospital AMI
management include atypical presentations, limited diagnostic tools, and geographical and logistical
barriers to timely care. However, advances in portable diagnostic devices, digital ECG transmission, and
artificial intelligence-assisted triage systems are enhancing paramedics' capabilities. The expanding role of
community paramedicine also positions paramedics as key providers in preventive cardiac care and early
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detection of AMI. Ongoing training, protocol development, and integration with healthcare systems are
essential for optimizing paramedics' impact on AMI care and patient outcomes.

Keywords acute myocardial infarction, paramedics, cardiac emergency, community paramedicine,
emergency medical services (EMS).

1. Introduction
1.1 Definition and Pathophysiology of AMI

Acute myocardial infarction (AMI), commonly known as a heart attack, is defined as irreversible necrosis
of heart muscle tissue due to an abrupt reduction or cessation of blood flow through the coronary arteries,
primarily caused by the rupture of an atherosclerotic plaque leading to thrombus formation and vascular
occlusion. This ischemic event initiates an inflammatory cascade with myocardial cell injury and death,
predominantly affecting specific territories supplied by coronary arteries such as the left anterior
descending, left circumflex, or right coronary artery. Histopathological changes evolve from early cellular
edema to coagulative necrosis, inflammation, and ultimately fibrotic scarring (Mechanic et al., 2023).

1.2 Global Epidemiology and Burden

Cardiovascular diseases remain the leading cause of death globally, accounting for approximately 31% of
all deaths. Ischemic heart disease, including AMLI, is the primary contributor. Annually, around 15.9 million
individuals worldwide experience AMI, with over 3 million presenting as ST-segment elevation myocardial
infarction (STEMI). While mortality rates have declined in some regions due to improved care, AMI still
results in high morbidity and mortality, with an estimated 40-50% of patients succumbing before or shortly
after hospital arrival in some settings (Salari et al., 2023).

1.3 Importance of Early Identification and Management

The prognosis of AMI critically depends on the timeliness of reperfusion therapy. Early identification and
treatment significantly improve survival rates and reduce complications such as heart failure or arrhythmias.
Mortality can be reduced by approximately 17% when thrombolytic therapy is initiated promptly, ideally
within 30 minutes of first medical contact, emphasizing the need for rapid diagnosis and intervention.
Standard reperfusion strategies include thrombolysis, percutaneous coronary intervention (PCI), and
medical management with antiplatelets, beta-blockers, and ACE inhibitors (Brown et al., 2018).

1.4 Role of the Prehospital Care System and Paramedics

Paramedics play a pivotal role in the prehospital phase by rapidly recognizing AMI, performing diagnostic
procedures such as 12-lead electrocardiography, and initiating treatments including thrombolysis when
indicated. Their skillful intervention shortens the time to reperfusion, thereby improving patient outcomes.
Studies worldwide demonstrate that paramedic-administered thrombolysis reduces the delay to treatment
by an average of nearly one hour, resulting in significant mortality reduction. Prehospital care also involves
stabilization, symptom management, and facilitating direct transport to specialized cardiac centers (Suarez
et al., 2024).

1.5 Aim and Scope of the Review

This review aims to explore and synthesize current evidence on the role of paramedics in the prompt
identification and treatment of AMI. It focuses on the impact of prehospital diagnosis, the effectiveness of
paramedic-initiated thrombolysis, the integration of prehospital care within cardiac emergency systems,
and strategies to improve outcomes through early intervention.

2. Overview of Acute Myocardial Infarction (AMI)

2.1 Pathophysiology
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Acute myocardial infarction (AMI), commonly known as a heart attack, occurs when there is a significant
reduction or complete cessation of blood flow to a portion of the heart muscle (myocardium), leading to
ischemia and subsequent myocardial cell death. This is most often caused by the sudden thrombotic
occlusion of a coronary artery, typically following the rupture of an atherosclerotic plaque. The rupture
triggers an inflammatory response involving monocytes and macrophages, which promote platelet
aggregation and thrombus formation, thereby obstructing coronary blood flow (Akbar & Mountfort, 2024).

This ischemic process leads to a cascade of metabolic and cellular disturbances, including ATP depletion,
sarcolemmal disruption, mitochondrial dysfunction, and ultimately myocardial necrosis. The infarction
generally starts in the subendocardium and may extend transmurally to the subepicardium over time,
depending on the duration and severity of ischemia. Due to the low regenerative capacity of cardiac tissue,
the necrotic myocardium undergoes scar formation during healing, contributing to cardiac remodeling and
sometimes dysfunction (Mechanic et al., 2023).

A key diagnostic and pathophysiological distinction exists between ST-elevation myocardial infarction
(STEMI) and non-ST-elevation myocardial infarction (NSTEMI). STEMI is characterized by a complete
and persistent occlusion of a large coronary artery, causing full-thickness myocardial injury, visible on an
electrocardiogram (ECG) as persistent ST-segment elevation. Immediate reperfusion therapy, such as
percutaneous coronary intervention (PCI) or thrombolysis, is critical (Basit et al., 2023).

In contrast, NSTEMI results from a partial or transient occlusion causing subendocardial ischemia, without
consistent ST-segment elevation on ECG. Diagnosis relies heavily on detecting elevated cardiac biomarkers
such as troponins. While NSTEMI can be less immediately severe than STEMI, it still requires medical
intervention to prevent further myocardial damage (Basit et al., 2023).

2.2 Risk Factors and Epidemiological Trends

Acute myocardial infarction is influenced by both modifiable and non-modifiable risk factors. Non-
modifiable factors include age, sex, and genetic predisposition, while modifiable factors encompass
hypertension, smoking, diabetes mellitus, hyperlipidemia, obesity, and sedentary lifestyle. Socioeconomic
status and access to healthcare also play critical roles; low socioeconomic and minority populations often
experience higher incidence rates and poorer outcomes due to disparities in risk factor management and
care access (Sajid et al., 2025).

Globally, the incidence and mortality rates of AMI have generally declined, particularly in older
populations, due to improved prevention and treatment. However, in some regions and among younger
adults, rates have remained stable or increased slightly, reflecting lifestyle trends and disparities in
healthcare. Prehospital cardiac arrest remains a significant challenge in AMI management worldwide,
emphasizing the importance of prompt identification and early intervention by first responders, including
paramedics (Farah Yusuf Mohamud, 2022).

2.3 Clinical Presentation

The classic symptom of AMI is sudden onset of chest pain, frequently described as a pressure, heaviness,
or tightness, typically retrosternal and possibly radiating to the left arm, neck, or jaw. The pain generally
lasts more than 20 minutes and is not relieved by rest. Prodromal symptoms may include fatigue, malaise,
or chest discomfort days prior. Atypical presentations are common, especially in elderly, diabetic, and
female patients. Elderly individuals may predominantly present with dyspnea or fatigue rather than chest
pain. Diabetic patients often have silent or painless infarctions due to autonomic neuropathy. Women may
experience symptoms such as nausea, vomiting, epigastric pain, or unexplained dyspnea, and are more
likely to have their MI unrecognized on initial evaluation. Other associated signs may include diaphoresis,
nausea, vomiting, syncope, pallor, and signs of heart failure or shock in severe cases. Physical examination
can reveal cool, clammy skin, abnormal heart sounds such as a fourth heart sound or new murmurs due to
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papillary muscle dysfunction, and signs of right ventricular infarction such as jugular venous distension
(Krittanawong et al., 2023).

3. The Prehospital Chain of Survival
3.1 Concept and Importance

The prehospital "chain of survival" is a critical framework in the management of cardiac emergencies,
specifically acute myocardial infarction (AMI). This sequence of interconnected steps is designed to
minimize the time from symptom onset to definitive care, thereby improving patient survival and outcomes.
The chain includes early recognition of symptoms, prompt activation of emergency medical services
(EMS), rapid intervention by paramedics, and timely transport to specialized care centers (Brown et al.,
2018).

Paramedics serve as a pivotal link within this system. Positioned at the frontline, they offer immediate
assessment, initiate advanced life support measures, and make crucial decisions on treatment and hospital
destination. Their actions directly affect ischemic time reduction and patient survival rates, connecting
community response to hospital care seamlessly (Suarez et al., 2024).

3.2 Role of Dispatch Centers

Dispatch centers function as the initial point of organized emergency response, critically influencing
outcomes through early recognition of suspected myocardial infarction. Skilled dispatchers use structured
protocols to rapidly identify callers' symptoms suggestive of AMI and prioritize ambulance dispatch
accordingly. They also provide pre-arrival instructions that can include guidance on basic life support, thus
potentially improving patient chances even before EMS arrival (Dong et al., 2022).

Effective emergency medical dispatch is shown to shorten prehospital delay, improve diagnostic accuracy,
and optimize coordination between EMS and hospital teams, enabling prehospital electrocardiography and
activation of catheterization labs prior to patient arrival. This coordination reduces door-to-treatment times
and overall ischemic duration (Canto et al., 2002).

Together, the integration of dispatch centers with paramedic response forms an essential foundation of the
prehospital chain of survival, markedly influencing survival odds and functional recovery in AMI patients.

4. Role of Paramedics in Early Identification of Acute Myocardial Infarction (AMI)
4.1 Clinical Assessment and Recognition

Paramedics play a critical role in the early recognition of AMI through thorough clinical assessment. They
gather a focused patient history emphasizing chest pain characteristics such as onset, duration, quality, and
radiation and accompanying symptoms including diaphoresis, nausea, dyspnea, or syncope. This detailed
history directs suspicion towards AMI. Physical examination by paramedics seeks signs like diaphoresis,
pallor, elevated heart rate, hypotension, or signs of heart failure, which may suggest an ongoing infarction.
While physical findings are not diagnostic alone, when combined with history they help paramedics triage
urgency and initiate timely interventions (Johnston et al., 2006).

4.2 Electrocardiogram (ECG) Acquisition and Interpretation

The 12-lead ECG is a cornerstone of prehospital diagnosis. Rapid acquisition and interpretation enable
carly identification of ST-segment elevations indicating STEMI, warranting immediate reperfusion
therapies. Advances in portable, battery-operated 12-lead ECG devices have made it feasible for paramedics
to obtain diagnostic quality ECGs in the field (Matsuzawa et al., 2022).

Paramedics receive intensive training in ECG interpretation; studies show that after focused training,
paramedic interpretations of STEMI are comparable to cardiologists’, thus eliminating the need for routine
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ECG transmissions for physician confirmation and reducing treatment delays. They use established criteria
for ST-segment elevation and related diagnostic markers to identify AMI accurately (Matsuzawa et al.,
2022).

4.3 Use of Portable and Advanced Diagnostic Devices

Besides ECGs, paramedics increasingly utilize point-of-care (POC) troponin tests to assess myocardial
injury directly in the prehospital environment. Although still emerging in practice, POC troponin assays
combined with clinical decision tools (e.g., HEART score) can enhance diagnostic accuracy and risk
stratification, potentially expediting care for high-risk patients and safely ruling out AMI in low-risk cases
(Albagami et al., 2025).

Integration of telemedicine services, allowing remote physician support for ECG interpretation or clinical
decision-making, complements paramedic autonomy and ensures precision in diagnosis, especially in
systems where paramedic ECG interpretation training is limited (Albaqami et al., 2025).

4.4 Communication with Receiving Hospitals

Effective communication is essential to optimize AMI outcomes. Paramedics initiate pre-notification
protocols to alert receiving hospitals, allowing early activation of catheterization labs and seamless
preparation for percutaneous coronary intervention (PCI). Studies show that such coordination reduces
door-to-balloon time and facilitates care in high-volume PCl-capable centers, significantly improving
patient survival (Landman et al., 2013).

Paramedic-to-hospital communication includes conveyance of clinical findings, ECG results, and
prehospital treatments administered. Institutions with EMS liaisons foster continuous dialogue, clinical
feedback, and shared commitment to evolving protocols, strengthening the chain of survival from
prehospital to definitive care (Landman et al., 2013).

5. Prehospital Management of Acute Myocardial Infarction by Paramedics

In the prehospital setting, paramedics play a crucial role in the early recognition, stabilization, and treatment
of acute myocardial infarction (AMI). Timely intervention is vital in reducing myocardial damage and
improving patient outcomes. This section reviews the components of prehospital management carried out
by paramedics, including initial assessment, pharmacological interventions, reperfusion strategies,
transport decisions, and advanced life support procedures.

5.1 Initial Assessment and Stabilization

Paramedics utilize the ABC (Airway, Breathing, Circulation) approach as the foundation of initial
assessment. This systematic evaluation ensures airway patency, adequate ventilation, and circulatory
stability. Continuous monitoring of vital signs, including heart rate, blood pressure, respiratory rate, and
oxygen saturation, is standard practice. Oxygen is administered according to protocols, especially when
hypoxia is detected or the patient is in respiratory distress. Early acquisition and interpretation of a 12-lead
electrocardiogram (ECG) allow paramedics to identify ST-segment elevation myocardial infarction
(STEMI), guiding immediate interventions and transport choices (Suarez et al., 2024).

5.2 Pharmacological Interventions

Pharmacological management in the field focuses on reducing myocardial oxygen demand, inhibiting clot
progression, and alleviating pain. Aspirin administration is critical for its antiplatelet effect, reducing
mortality when given early. Nitrates are used cautiously for chest pain relief and to reduce cardiac workload,
provided hemodynamics are stable. Oxygen supplementation is reserved for hypoxic patients or those with
signs of respiratory insufficiency. Analgesics, typically opioids like morphine, manage severe pain and
anxiety but are used judiciously due to potential adverse effects. Paramedics trained under standing orders
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may administer anticoagulants and additional antiplatelet agents to further limit thrombus formation. Pain
management and hemodynamic stabilization are tailored to each patient's presentation (Brown et al., 2018).

5.3 Reperfusion Strategies and Transport Decision-Making

Rapid reperfusion is the cornerstone of AMI treatment. Paramedics identify PCl-capable hospitals and
prioritize transporting patients directly to these facilities, bypassing non-PCI centers when feasible. This
reduces door-to-balloon time and improves survival rates. When immediate PCI is not accessible within
recommended time frames, prehospital fibrinolysis (thrombolysis) administered by trained paramedics has
demonstrated mortality benefits. Decision algorithms incorporating ECG findings, symptom onset time,
transport times, and contraindications help paramedics choose between immediate fibrinolytic therapy or
direct transfer for primary PCI. Protocol-driven EMS transportation and prehospital notification optimize
hospital readiness and further decrease treatment delays (Bagai et al., 2014).

5.4 Advanced Life Support Procedures

In cases of cardiac arrest related to AMI, paramedics initiate advanced life support (ALS) following
established guidelines. Prompt recognition of cardiac arrest and rapid defibrillation with automated external
defibrillators (AEDs) or manual defibrillators is essential for survival. Post-resuscitation care includes
airway management, ventilation, medication administration, and preparation for expedited transport to a
facility equipped for coronary intervention. Advanced skills ensure that patients receive continuous high-
quality care en route to definitive treatment (Ryynénen et al., 2010).

6. Time-Critical Intervals and Impact on Patient Outcomes
6.1 Concept of “Time is Muscle”

The concept "Time is Muscle" fundamentally emphasizes the critical relationship between the time elapsed
from symptom onset to reperfusion therapy and the extent of myocardial damage in acute myocardial
infarction (AMI). Eugene Braunwald’s hypothesis highlighted that the severity and extent of myocardial
ischemic injury increase as the delay in restoring blood flow lengthens. The duration of ischemia directly
correlates with the degree of myocardial cell death, influencing patient prognosis and survival (Abreu,
2019).

Minimizing symptom-to-balloon time, the interval from onset of symptoms to percutaneous coronary
intervention (PCI) is paramount. Early reperfusion, ideally within the first 1 to 2 hours of symptom onset
in ST-segment elevation myocardial infarction (STEMI), significantly reduces mortality by limiting
myocardial necrosis. Delays beyond this window rapidly diminish the benefits of reperfusion therapies,
underscoring the urgency of prompt diagnosis and treatment (Bulluck & Hoole, 2018).

6.2 Prehospital Factors Influencing Treatment Delay

Delays in treatment for AMI can be categorized into patient delay, system delay, and prehospital delay.
Patient delay refers to the time from symptom onset to activation of emergency services, often influenced
by individual recognition and interpretation of symptoms. System delay encompasses the time spent within
the healthcare infrastructure, from ambulance arrival to hospital intervention. Prehospital delay specifically
includes time from symptom onset to hospital arrival or reperfusion therapy initiation (ALAhmadi et al.,
2020).

Paramedics play a vital role in mitigating these delays. Through early recognition of AMI symptoms and
use of prehospital 12-lead electrocardiograms (ECGs), paramedics can expedite diagnosis and hospital
notification. This early detection allows immediate activation of catheterization labs and preparation for
PCI before hospital arrival, effectively shortening door-to-balloon time. Additionally, paramedics
administering prehospital treatments such as aspirin, oxygen, and, in some systems, thrombolytics further
reduce ischemic time (Yoon et al., 2022).
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Strategies to reduce onset-to-door and door-to-balloon times include public education to reduce patient
delay, streamlined emergency medical service (EMS) protocols, and prehospital ECG acquisition and
transmission, enabling direct transport to appropriate cardiac centers. Adherence to these protocols
significantly shortens critical intervals and improves outcomes (Alrawashdeh et al., 2025).

6.3 Evidence of Outcome Improvement

Strong evidence supports the reduction in mortality and complications with prehospital ECG use and
paramedic-initiated interventions. Studies consistently show that prehospital ECG acquisition shortens
ischemic time by allowing earlier diagnosis and activation of reperfusion pathways. For example, patients
transported by ambulance with prehospital ECGs experience significantly reduced time to treatment and
improved survival compared with self-transport (Cheung et al., 2019).

Moreover, paramedic administration of thrombolytic therapy in appropriate cases has demonstrated a
decrease in time to reperfusion and mortality rates. Mortality reductions of up to 6.5% have been reported
when treatment is administered within the first hour of symptom onset, highlighting the life-saving potential
of prehospital interventions. Integrated systems of care involving paramedics, emergency departments, and
cardiology teams have shown that coordinated prehospital activation systems reduce door-to-balloon times
and improve clinical outcomes. These systems exemplify the impact of early paramedic involvement on
survival rates and reduced post-infarction complications (Sudrez et al., 2024).

7. Training, Competence, and Decision-Making
7.1 Paramedic Education in Cardiac Care

Paramedic education includes a critical focus on cardiac care to equip prehospital providers with the
knowledge and skills needed to identify and manage acute myocardial infarction (AMI). The core
paramedic curricula encompass cardiac physiology, pathophysiology of ischemic heart disease, recognition
of symptoms of AMI, and the vital skills of electrocardiogram (ECG) acquisition and interpretation.
Prehospital cardiac care training incorporates advanced cardiac life support (ACLS) principles and
protocols for early management including administration of aspirin, nitroglycerin, and oxygen therapy
when indicated (Mahadevan et al., 2022).

Continuing professional development (CPD) for paramedics emphasizes maintaining and enhancing
cardiac care competencies, particularly in ECG interpretation, which is pivotal for the early detection of
ST-elevation myocardial infarction (STEMI). Structured education programs and targeted courses offer
case-based learning and hands-on practice with 12-lead ECGs, improving paramedics’ accuracy in
diagnosing AMI and differentiating it from other cardiac or non-cardiac causes of chest pain. Simulation-
based and e-learning modules tailored to cardiac emergencies are increasingly adopted to meet ongoing
CPD needs and ensure proficiency in evolving MI treatment protocols (Mahadevan et al., 2022).

7.2 Clinical Judgement and Autonomy

Paramedics operate with significant clinical autonomy, especially in situations requiring rapid decision-
making for AMI patients. Within the framework of standing medical protocols, paramedics are empowered
to initiate lifesaving treatments including prehospital thrombolysis and direct transport to percutaneous
coronary intervention (PCI) centers based on recognized ECG patterns. Their clinical judgment, supported
by thorough training and regular quality assurance, reduces door-to-treatment times and improves patient
outcomes in STEMI cases (Mahadevan et al., 2022).

Collaboration and communication between paramedics and emergency physicians are essential components
of optimal cardiac care. Paramedics provide real-time ECG interpretations and clinical status updates to
receiving facilities, enabling early activation of catheterization lab teams. Telemedicine and prehospital
ECG transmission enhance this collaboration, facilitating shared decision-making and confirming
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paramedic diagnoses, thereby reinforcing their autonomy while ensuring patient safety (Mahadevan et al.,
2022).

7.3 Simulation and Skill Maintenance

Simulation-based education plays a pivotal role in maintaining paramedics’ competence in AMI
identification and management skills. High-fidelity simulation scenarios replicate real-life cardiac
emergencies, allowing paramedics to practice ECG interpretation, clinical assessment, decision-making,
and procedural skills in a safe, controlled environment. Such training enhances psychomotor skills, critical
thinking, and interprofessional team communication (Wheeler & Dippenaar, 2020).

Despite simulation’s benefits, challenges persist in sustaining ECG interpretation accuracy among
paramedics. Complex ECG patterns and occasional infrequent exposure to AMI cases can lead to skill
degradation over time. Structured refresher training, ongoing performance feedback, and the use of digital
tools such as simulation recordings for debriefing help mitigate these challenges. Furthermore, variability
in ECG education delivery across training institutions necessitates standardized curriculum reforms and
competency assessments to ensure consistent paramedic preparedness (Funder et al., 2020).

8. Challenges in Prehospital AMI Management
8.1 Diagnostic Uncertainty and Atypical Presentations

Paramedics face considerable challenges in accurately diagnosing acute myocardial infarction (AMI) in
prehospital settings, particularly when patients present with atypical or non-classical symptoms. While
chest pain is the hallmark symptom of AMI, atypical presentations such as dyspnea, diaphoresis, nausea, or
even silent myocardial infarctions are common, especially in elderly patients, women, and diabetics. These
atypical symptoms increase diagnostic uncertainty, making it difficult for paramedics to promptly identify
AMI, which can lead to misdiagnosis or delayed diagnosis (Johannessen et al., 2020).

The limitations of prehospital diagnostics stem from the absence of advanced diagnostic tools and reliance
primarily on patient history, physical examination, and 12-lead electrocardiography (ECG). Although 12-
lead ECG remains the gold standard for prehospital AMI detection, its sensitivity is not absolute, and some
patients with myocardial infarction may present with non-diagnostic or subtle ECG changes. Additionally,
early biochemical markers such as troponins are rarely available prehospital, limiting confirmatory
diagnosis until hospital arrival (Takeda et al., 2022).

Misdiagnosis poses significant clinical risks, including inappropriate treatment or missed opportunities for
timely reperfusion therapy, which can affect morbidity and mortality. The challenge is compounded by the
need for paramedics to make rapid decisions based on limited data, balancing risks and benefits of
prehospital interventions.

8.2 Resource and System Limitations

Resource variability is a persistent obstacle in effective prehospital AMI management. There is wide
disparity in paramedic training levels, availability of advanced diagnostic equipment, and standardized
protocols across different geographical regions and EMS systems. These disparities affect the capacity of
paramedics to deliver accurate, timely care (Moxham et al., 2024).

Another significant barrier is the integration of ECG transmission and telemedicine technologies into
prehospital care. While digital prehospital ECG transmission to receiving hospitals has been demonstrated
to significantly reduce door-to-balloon times and mortality, not all EMS systems have the infrastructure or
protocols to support this capability. Technical challenges with ECG transmission, including signal quality,
interoperability issues between EMS and hospital systems, and lack of trained personnel to interpret
transmitted ECGs, can hamper effectiveness. Integration of telemedicine for remote physician oversight
during prehospital assessment offers promise but is not universally implemented (Rushworth et al., 2014).
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8.3 Geographic and Logistical Barriers

Geographical and logistical constraints pose critical challenges in the prompt management of AMI,
especially in rural or remote areas. Patients in such settings experience delayed access to emergency care
due to greater distances to equipped hospitals and limited EMS coverage (Bhuyan et al., 2013).

Transport time significantly impacts reperfusion therapy outcomes, as timely restoration of coronary blood
flow is essential to minimize myocardial damage. Extended transport durations can delay percutaneous
coronary intervention (PCI) or thrombolytic treatment, leading to increased morbidity and mortality. Rural
EMS may also face limited availability of advanced prehospital interventions, necessitating longer "door-
in-door-out" times if initial hospitals lack PCI facilities, further delaying definitive care. Additional
logistical challenges include variability in ambulance service coordination, traffic delays, and availability
of specialized cardiac transport units. These factors all contribute to delays in receiving guideline-directed
reperfusion therapy (Bhuyan et al., 2013).

9. Advances and Future Directions
9.1 Emerging Diagnostic Technologies

Recent advances in diagnostic technologies have significantly enhanced the ability of paramedics to
promptly identify acute myocardial infarction. Real-time electrocardiogram (ECQG) interpretation using
artificial intelligence (Al) has emerged as a transformative tool in prehospital cardiac care. Al algorithms
integrated into portable ECG devices provide rapid, highly accurate detection of ST-elevation myocardial
infarction (STEMI), often matching cardiologist-level interpretation. Such Al-powered systems enable
paramedics to make immediate diagnostic decisions on-scene, minimizing delays in reperfusion therapy
initiation. For instance, studies demonstrate that Al-assisted 12-lead ECGs in the field can shorten contact-
to-balloon times by enabling rapid triage and direct transport to PCI-capable centers (Martinez-Sellés &
Marina-Breysse, 2023).

Complementing Al-enhanced ECG is the increasing integration of portable ultrasound devices into
paramedic practice. Handheld ultrasound probes, such as the Butterfly device, allow paramedics to perform
focused cardiac ultrasounds and assess for cardiac function or complications like pericardial effusion and
other life-threatening conditions. Training paramedics in basic ultrasound skills has proven feasible and
enhances diagnostic accuracy in the field, further expediting critical treatment decisions (Chen et al., 2022).

9.2 Digital Communication and Artificial Intelligence

Modern emergency medical services (EMS) increasingly rely on digital communication platforms and
cloud-based data sharing systems to streamline prehospital care. Cloud-based integration allows real-time
sharing of patient data, including vital signs and diagnostic imaging, between ambulances and receiving
hospitals. This seamless communication facilitates early specialist involvement and preparation for
immediate intervention upon hospital arrival, reducing treatment delays and improving patient outcomes
(Tuler de Oliveira et al., 2022).

Artificial intelligence plays a crucial role beyond diagnostics, assisting in prehospital triage through
sophisticated algorithms that evaluate patient data to predict disease severity and prioritize transport
decisions. Al-powered triage aids support paramedics in making evidence-based decisions to direct patients
to the most appropriate facilities, optimizing resource allocation and enhancing survival odds in time-
critical conditions like AMI (Zarei et al., 2025).

Mobile health applications further augment field triage by providing user-friendly interfaces for clinical
decision support. Smartphone-based platforms equipped with Al algorithms facilitate rapid risk
stratification, are designed for intuitive use, and have demonstrated improved triage accuracy and reduced
assessment times compared to traditional tools (Nogueira et al., 2017).
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9.3 Expanded Paramedic Scope and Community Paramedicine

The evolving healthcare landscape sees paramedics assuming more expansive roles beyond emergency
response, particularly through the rise of community paramedicine. This model positions paramedics as
frontline healthcare providers engaged in proactive cardiac surveillance, chronic disease management, and
preventive care within communities, especially in underserved rural and remote areas. Expanded scope of
practice includes enhanced assessment skills, diagnostic interventions, and the ability to refer patients
directly to specialized care or alternative pathways, thereby reducing hospital admissions and improving
continuity of cardiac care (Shannon et al., 2022).

Innovations in field triage leverage mobile health (mHealth) applications and real-time data analytics to
support paramedics in delivering tailored care at home or in the community. These technologies integrate
with broader mobile integrated healthcare (MIH) frameworks, promoting patient-centered care models that
emphasize prevention, early detection of cardiac events, and timely intervention. Future developments
anticipate greater connectivity and Al utilization in community paramedicine, enabling continuous cardiac
monitoring and rapid response to emerging AMI symptoms in the field (Schmollinger et al., 2024).

Conclusion

Paramedics play a critical and multifaceted role in the early identification and management of acute
myocardial infarction, significantly impacting patient outcomes. Their ability to rapidly assess clinical
presentations, perform and interpret 12-lead electrocardiograms, initiate prehospital pharmacological and
reperfusion therapies, and coordinate timely transport to PCI-capable centers shortens ischemic time and
reduces mortality. Despite challenges such as atypical symptom presentations, resource limitations, and
geographic barriers, advances in diagnostic technology, digital communication, and expanded paramedic
scope of practice hold promise for further improving prehospital AMI care. Ongoing education, simulation
training, and integration with healthcare systems are essential for enhancing paramedic competence and
clinical autonomy. Ultimately, paramedic-led early intervention forms a cornerstone of the cardiac
emergency chain of survival, improving survival rates and long-term cardiac function for AMI patients.
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