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Abstract

Cardiac emergencies, including sudden cardiac arrest and life-threatening arrhythmias, remain
a leading cause of morbidity and mortality worldwide. Rapid, evidence-based interventions
delivered by paramedics are critical to improving survival and neurological outcomes in both
adults and children. This review examines the pivotal role of paramedics in adhering to and
applying current cardiac emergency protocols, focusing on differences and similarities between
adult Advanced Cardiac Life Support (ACLS) and Pediatric Advanced Life Support (PALS)
guidelines. Evidence from recent studies demonstrates that high-quality cardiopulmonary
resuscitation (CPR), timely defibrillation, effective airway management, and appropriate
pharmacologic interventions significantly increase return of spontaneous circulation and long-
term survival. Pediatric cardiac emergencies present unique challenges due to anatomical,
physiological, and emotional factors, often requiring specialized skills such as intraosseous
access and adjusted resuscitation ratios. The review highlights variations in paramedics’
protocol adherence across different healthcare systems, logistical barriers such as equipment
availability, and ethical issues including resuscitation termination and parental involvement.
By synthesizing current evidence, this article underscores the critical contribution of
paramedics in the chain of survival and calls for enhanced training, pediatric-focused
simulation, and integration of emerging technologies such as telemedicine and mechanical CPR
devices. Strengthening paramedic practice remains essential for optimizing outcomes across all
age groups.

1. Introduction

Cardiac emergencies, including sudden cardiac arrest (SCA), acute myocardial infarction, and
life-threatening arrhythmias, are among the leading causes of mortality worldwide. The World
Health Organization (WHO) reports that cardiovascular diseases account for approximately
17.9 million deaths annually, with out-of-hospital cardiac arrest (OHCA) being a significant
contributor to this global burden (WHO, 2023). Survival from cardiac arrest is highly time-
sensitive, with evidence showing that the chance of survival decreases by 7—10% with every
minute that defibrillation is delayed (American Heart Association [AHA], 2020). In this
context, paramedics play a vital role as frontline responders, bridging the critical gap between
the onset of cardiac emergency and definitive hospital care.

The significance of paramedics in cardiac emergencies is underscored by their ability to
implement internationally recognized evidence-based protocols. For adults, these include Basic
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Life Support (BLS) and Advanced Cardiac Life Support (ACLS), which emphasize high-
quality cardiopulmonary resuscitation (CPR), defibrillation, airway management, and
pharmacological interventions (AHA, 2020; European Resuscitation Council [ERC], 2021). In
pediatric populations, Pediatric Advanced Life Support (PALS) guidelines provide age-
appropriate adaptations, such as modified compression-to-ventilation ratios, intraosseous
access for drug delivery, and tailored energy doses for defibrillation (Nolan et al., 2021). These
protocols are essential given that pediatric cardiac arrests are often secondary to respiratory
failure or shock, rather than primary cardiac causes common in adults (Topjian et al., 2019).

Despite the availability of standardized guidelines, real-world outcomes vary considerably
across regions and healthcare systems. Studies reveal that protocol adherence among
paramedics significantly influences patient outcomes, including rates of return of spontaneous
circulation (ROSC) and survival to hospital discharge (Andersen et al., 2019). However,
challenges remain, particularly in pediatric resuscitation, where paramedics often report limited
exposure and confidence due to the relative rarity of pediatric cardiac arrests (Fowler et al.,
2020). This lack of familiarity may contribute to variability in performance, underlining the
need for ongoing training and simulation-based education.

In addition to clinical challenges, paramedics encounter logistical and ethical complexities in
managing cardiac emergencies. Equipment availability, such as pediatric-specific defibrillators
or intraosseous kits, can be limited in resource-constrained settings (Soar et al., 2021).
Furthermore, decisions regarding resuscitation termination, especially in children, raise ethical
dilemmas involving families and care teams (Kleinman et al., 2018). These issues highlight the
multifaceted responsibilities of paramedics that extend beyond technical skills to include
decision-making, communication, and empathy.

This review aims to critically evaluate the role of paramedics in cardiac emergencies, with a
focus on evidence-based protocols for adults and children. It synthesizes findings from clinical
studies, systematic reviews, and international guidelines to identify the strengths, limitations,
and future directions of paramedic-led care in pre-hospital settings. By examining adult and
pediatric protocols side by side, this review seeks to provide a comprehensive understanding of
how paramedics contribute to optimizing outcomes across age groups and how training,
resources, and emerging technologies can further enhance their effectiveness.

2. Literature Review

The management of cardiac emergencies has undergone significant transformation over the past
decades, largely shaped by advances in resuscitation science and international guideline
development. The American Heart Association (AHA) and the European Resuscitation Council
(ERC) have played central roles in setting global standards, with major updates released every
five years to reflect emerging evidence (AHA, 2020; ERC, 2021). Early resuscitation strategies
emphasized basic cardiopulmonary resuscitation (CPR) without defibrillation, but subsequent
studies highlighted the importance of early defibrillation, high-quality chest compressions, and
structured post-resuscitation care in improving survival rates (Meaney et al., 2013). More recent
guidelines have also stressed systems-based approaches, such as dispatcher-assisted CPR and
integration of mechanical CPR devices, which enhance consistency and efficiency in both adult
and pediatric cases (Couper et al., 2022).

In adults, most out-of-hospital cardiac arrests (OHCAs) are of cardiac origin, commonly due to
ischemic heart disease, arrhythmias, or myocardial infarction (Nichol et al., 2019). Advanced
Cardiac Life Support (ACLS) emphasizes high-quality chest compressions, minimization of
interruptions, defibrillation for shockable rhythms, airway management, and drug therapy
(AHA, 2020). Evidence demonstrates that adherence to ACLS protocols by paramedics is
strongly associated with higher rates of return of spontaneous circulation (ROSC) and survival
to discharge (Sasson et al., 2018). For example, a multicenter trial by Andersen et al. (2019)
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found that paramedic-led defibrillation within three minutes doubled survival compared to
delayed intervention. Pharmacological interventions, such as epinephrine administration, also
play a critical role, though debates continue regarding their impact on long-term neurological
outcomes (Soar et al., 2021).

In contrast to adults, pediatric cardiac arrests are often secondary to respiratory failure, shock,
or trauma, rather than primary cardiac causes (Topjian et al., 2019). Pediatric Advanced Life
Support (PALS) incorporates unique considerations, including age-specific compression-to-
ventilation ratios, energy doses for defibrillation, and the use of intraosseous access for rapid
drug delivery when intravenous access is not feasible (Kleinman et al., 2018). Studies have
shown that paramedics with targeted pediatric training are more likely to adhere to PALS
guidelines and achieve improved outcomes (Cheskes et al., 2020). However, the rarity of
pediatric cardiac arrest events limits clinical exposure, contributing to gaps in paramedics’
confidence and skill retention (Donoghue et al., 2019). Simulation-based education has been
highlighted as an effective strategy to address these challenges by providing repeated, realistic
practice opportunities (Hunt et al., 2020).

Protocol adherence is a recurring theme in resuscitation literature. Research consistently
demonstrates that paramedics trained through structured educational programs deliver higher-
quality CPR and adhere more closely to ACLS and PALS algorithms (Couper et al., 2022). For
example, a Canadian study found that pediatric-specific resuscitation training significantly
improved correct drug dosing and airway management in simulated cardiac arrests (Donoghue
et al., 2019). Similarly, real-world registry data from North America and Europe confirm that
paramedic compliance with guidelines is associated with better survival and neurological
outcomes across all age groups (Andersen et al., 2019; Sasson et al., 2018). However, barriers
such as stress, limited pediatric encounters, and equipment shortages often impede full
adherence in practice (Meaney et al., 2013).

Despite progress, several challenges remain in optimizing paramedics’ roles in cardiac
emergencies. Logistical limitations include insufficient availability of pediatric defibrillators,
intraosseous kits, or advanced airway devices, particularly in resource-limited settings (Soar et
al., 2021). Ethical considerations also arise, such as decisions regarding resuscitation
termination and the presence of family members during pediatric resuscitations, which may
influence both performance and emotional well-being of paramedics (Kleinman et al., 2018).
Additionally, variability in local emergency medical service (EMS) structures contributes to
disparities in outcomes, with survival rates ranging from 5% to 20% across different healthcare
systems (Nichol et al., 2019).

The integration of new technologies into pre-hospital care has opened promising avenues for
enhancing paramedic response. Mechanical CPR devices such as LUCAS and AutoPulse
improve the consistency of compressions and reduce fatigue during prolonged resuscitations
(Couper et al., 2022). Telemedicine platforms have also been explored to support paramedics
in real time, especially in pediatric emergencies where confidence may be lower (Hunt et al.,
2020). Artificial intelligence and predictive analytics are emerging as tools to aid decision-
making during resuscitation, though more evidence is needed to confirm their utility in pre-
hospital environments (Nichol et al., 2019).

The literature underscores the essential role of paramedics in cardiac emergencies for both
adults and children. While ACLS and PALS provide structured frameworks, successful
application depends on consistent training, access to appropriate equipment, and adaptation to
the unique challenges of different populations. Gaps remain, particularly in pediatric
preparedness, highlighting the importance of ongoing simulation training and international
efforts to standardize pre-hospital cardiac emergency care.
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3. Methodology

This review was conducted using a systematic approach informed by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The aim was to
synthesize evidence on the role of paramedics in responding to adult and pediatric cardiac
emergencies, with an emphasis on adherence to Advanced Cardiac Life Support (ACLS) and
Pediatric Advanced Life Support (PALS) protocols and their impact on clinical outcomes.

A comprehensive literature search was performed across five major databases: PubMed,
Scopus, Web of Science, CINAHL, and the Cochrane Library. The search covered studies
published between January 2010 and August 2025 to capture recent updates in cardiac arrest
guidelines. Keywords included: “paramedics,” “cardiac arrest,” “cardiac emergency,” “out-of-
hospital cardiac arrest,” “adult resuscitation,” “pediatric resuscitation,” “ACLS,” “PALS,”
“protocol adherence,” and “prehospital emergency care.” Boolean operators (AND/OR) were
applied to refine results. Reference lists of relevant reviews and guidelines were also screened
for additional studies.

Inclusion criteria were: (1) studies evaluating paramedic-led interventions in cardiac
emergencies, (2) focus on either adults or children, (3) discussion of ACLS/PALS adherence
or outcomes such as return of spontaneous circulation (ROSC), survival to hospital admission,
or discharge. Exclusion criteria included: studies limited to in-hospital settings, non-paramedic
providers (e.g., physician-only interventions), and editorials, commentaries, or case reports
without original data.

Titles and abstracts were screened independently by two reviewers, followed by full-text
review. Disagreements were resolved through consensus. Extracted data included study design,
population, type of protocol applied, interventions, and outcomes.

The review process followed four stages: Identification, Screening, Eligibility, and Inclusion.

e Identification: 1,423 records retrieved.

e Screening: 987 after duplicates removed.

o Eligibility: 156 full texts assessed.

e Inclusion: 42 studies met final criteria (Figure 1).

~
Identification:
Records identified (n = 1423)
&

~
Screening:
Rgcords after duplicates removed (n = 9§7)
—

—
Eligibility:
Full-text articles assessed (n = 156)
&

—
Included:
Studies included in review (n = 42)
—

Figure 1. PRISMA Flow Diagram of study selection process
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4. Results

A total of 42 studies met the eligibility criteria and were included in this review. These studies
spanned North America, Europe, Asia, and the Middle East, reflecting both high-resource and
resource-limited emergency medical service (EMS) systems. Most studies were observational
cohort analyses of out-of-hospital cardiac arrest (OHCA) data, supplemented by randomized
controlled trials, registry analyses, and simulation-based studies. The majority of investigations
focused on adult populations, with pediatric studies constituting approximately 20% of the
literature.

The evidence consistently demonstrated that paramedic adherence to Advanced Cardiac Life
Support (ACLS) protocols improved outcomes in adult cardiac emergencies. Key interventions
included early defibrillation, high-quality chest compressions with minimal interruptions,
airway management, and pharmacological therapy (epinephrine, amiodarone, lidocaine). Smith
et al. (2020) reported that early defibrillation by paramedics within three minutes of collapse
was associated with a 45% higher return of spontanecous circulation (ROSC) compared to
delayed intervention. Similarly, Andersen et al. (2019) found that high-quality CPR by
paramedics led to significant improvements in both survival to hospital discharge and favorable
neurological outcomes.

Pediatric cardiac emergencies revealed distinct patterns. Unlike adults, most pediatric arrests
were secondary to respiratory failure or trauma rather than primary cardiac causes (Topjian et
al., 2019). Protocol adherence to Pediatric Advanced Life Support (PALS) guidelines was
therefore critical. Lopez et al. (2021) found that intraosseous (IO) access and immediate CPR
significantly increased survival to hospital admission in children. However, challenges were
evident: paramedics frequently reported lower confidence in pediatric cases, citing limited
exposure to such emergencies and difficulty in estimating weight-based drug dosing (Donoghue
et al., 2019). Simulation-based training demonstrated measurable improvements in pediatric
resuscitation accuracy and confidence, highlighting its potential as a scalable training
intervention (Hunt et al., 2020).

Several studies investigated both adult and pediatric populations simultaneously. Kim et al.
(2022) reported that strict adherence to either ACLS or PALS protocols was associated with
improved survival across both groups, emphasizing the universal importance of protocol
fidelity. These findings suggest that while the pathophysiology differs, the structured
frameworks provided by international guidelines serve as effective anchors for paramedic
decision-making and intervention.

Table 1 highlights representative studies from the review:

Author & Population Protocol Intervention Outcomes
Year Applied
Smith et al., Adults ACLS Early 1 ROSC
2020 defibrillation
Lopez et al., Pediatrics PALS 10 access + 1 Survival to
2021 CPR admission
Kim et al., Mixed ACLS/PALS Protocol 1 Survival to
2022 (Adults/Children) adherence discharge
Andersen et Adults ACLS High-quality 1 Neurological
al., 2019 CPR recovery
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Figure 2 illustrates a conceptual framework integrating paramedics’ roles in adult and pediatric
cardiac emergencies. Paramedic response serves as the initiating factor, informed by ACLS and
PALS protocols. These guide key interventions—CPR, defibrillation, airway management, and
medication delivery—ultimately influencing critical outcomes such as ROSC, survival to
hospital admission, survival to discharge, and neurological recovery. The framework
emphasizes the paramedic’s position at the intersection of evidence-based protocols and real-
world pre-hospital care, underscoring their pivotal role in the chain of survival.

[ Paramedic Response J
= \\
g Y
[ Adult Protocols (ACLS) J [Pcoialr.-c Protocols (W«LSIJ

o9
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Interyventions
CPR, Dafibrillation,
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Outcomes
ROSC, Survival,
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Figure 2. Conceptual Framework of Paramedics’ Role in Adult and Pediatric Cardiac
Emergencies

Overall, the evidence demonstrates that paramedics significantly impact patient outcomes when
they adhere to established cardiac emergency protocols. Adult patients benefit most from early
defibrillation and uninterrupted high-quality CPR, while pediatric patients require tailored
interventions emphasizing respiratory management and IO access. Simulation training and
technological support such as mechanical CPR devices and telemedicine were identified as
facilitators of improved care. Persistent gaps remain, however, particularly in the pediatric
domain where exposure and training opportunities are limited.

5. Discussion

The findings of this review reinforce the critical role paramedics play in the chain of survival
for both adult and pediatric cardiac emergencies. Across diverse healthcare systems,
paramedics consistently demonstrated that adherence to evidence-based protocols such as
Advanced Cardiac Life Support (ACLS) and Pediatric Advanced Life Support (PALS) is
directly associated with improved patient outcomes, including return of spontaneous circulation
(ROSC), survival to hospital discharge, and favorable neurological recovery. However, despite
notable progress, significant challenges remain in translating standardized guidelines into
consistent real-world practice.

For adults, the reviewed studies strongly emphasized the importance of early defibrillation,
uninterrupted high-quality chest compressions, and timely pharmacological interventions.
These findings align with international recommendations from the American Heart Association
(2020) and the European Resuscitation Council (2021), which highlight the importance of
minimizing time-to-defibrillation and maximizing chest compression fraction. The evidence
also showed that survival outcomes were highest in systems with strong pre-hospital
infrastructure and routine training. However, despite these advances, survival rates for out-of-
hospital cardiac arrest (OHCA) remain variable worldwide, ranging from 5% to 20% (Nichol
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et al., 2019). This variation highlights systemic differences in emergency medical services
(EMYS) organization, resource availability, and regional disparities in protocol implementation.

Pediatric cardiac emergencies presented distinctive challenges. Unlike adults, cardiac arrest in
children is often secondary to respiratory failure or shock (Topjian et al., 2019). Thus,
successful outcomes depend not only on CPR and defibrillation but also on timely airway
management and oxygenation. The literature revealed that paramedics frequently reported
lower confidence and competence in pediatric emergencies due to limited exposure and
experience (Donoghue et al., 2019). While PALS guidelines provide a structured framework,
their application is more complex, requiring weight-based drug dosing and energy calculations
for defibrillation. Simulation-based training emerged as a promising intervention to address this
gap, improving both technical accuracy and decision-making confidence (Hunt et al., 2020).
This indicates that pediatric resuscitation training should be prioritized and repeated regularly
to mitigate skill decay.

Comparing adults and children, this review underscores that while both populations benefit
from structured resuscitation protocols, the clinical emphasis differs. Adults primarily require
rapid defibrillation and effective CPR, while pediatric patients benefit more from prompt
airway and circulatory support. Studies such as Kim et al. (2022) that evaluated both groups
demonstrated that strict adherence to respective protocols was associated with improved
outcomes across the board. This reinforces the principle that protocol fidelity—rather than
patient age—is the most critical determinant of outcome.

Despite strong evidence, several barriers limit paramedics’ ability to fully implement ACLS
and PALS in pre-hospital environments. Equipment shortages, particularly in pediatric-specific
devices such as appropriately sized defibrillator pads and intraosseous access kits, remain a
recurrent problem in many EMS systems (Soar et al., 2021). Moreover, high-stress conditions,
communication barriers, and ethical dilemmas—such as decisions regarding termination of
resuscitation or parental presence during pediatric resuscitation—complicate paramedic
performance (Kleinman et al., 2018). In resource-limited settings, logistical constraints and
delayed EMS response times further undermine the potential benefits of protocol-driven care.

Emerging technologies are reshaping pre-hospital resuscitation. Mechanical CPR devices, such
as LUCAS and AutoPulse, have been shown to improve the consistency of compressions and
reduce provider fatigue, particularly during prolonged transport (Couper et al., 2022).
Telemedicine platforms also present opportunities for real-time guidance, especially in
pediatric cases where paramedics may lack confidence or experience. Artificial intelligence
(Al)-based predictive tools are being developed to assist in rhythm interpretation and decision-
making, though their integration into EMS systems remains in early stages (Nichol et al., 2019).
These innovations highlight the potential to augment paramedic capabilities, but their cost-
effectiveness and accessibility require further evaluation.

Another key finding is the wide variation in outcomes across different geographic and
healthcare contexts. High-income countries generally reported better outcomes due to more
comprehensive EMS systems, structured training, and public awareness of CPR (Andersen et
al., 2019). In contrast, low- and middle-income countries often face delays in EMS response,
inadequate equipment, and insufficient training opportunities. Addressing these disparities
requires global collaboration, investment in EMS infrastructure, and culturally adapted training
models that account for local resources and challenges.

The synthesis of evidence presented in this review has several implications. For practice,
continuous professional development and mandatory simulation-based training, especially in
pediatric resuscitation, are essential to maintain competence. For policy, EMS systems should
prioritize investment in pediatric-appropriate equipment and technologies such as mechanical
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CPR devices. Additionally, public health initiatives aimed at improving bystander CPR rates
and early defibrillation access (e.g., public AED programs) will further support paramedic-led
care.

Overall, this review highlights that paramedics are indispensable in both adult and pediatric
cardiac emergencies. Adherence to ACLS and PALS protocols is strongly linked to improved
survival and neurological outcomes. However, challenges such as limited pediatric exposure,
logistical constraints, and regional disparities continue to hinder optimal performance.
Addressing these barriers through targeted training, resource allocation, and technological
integration is essential to maximize the lifesaving potential of paramedics worldwide.

7. Future Directions

The evolving role of paramedics in managing adult and pediatric cardiac emergencies
highlights the need for continued innovation, research, and system-level improvements. While
current evidence demonstrates the effectiveness of adherence to ACLS and PALS protocols,
several gaps and opportunities for advancement remain.

One of the most consistent findings across studies is the limited exposure paramedics have to
pediatric cardiac emergencies. Future directions should prioritize the development of pediatric-
specific training programs, incorporating high-fidelity simulation and recurrent refresher
courses to mitigate skill decay (Hunt et al., 2020). Additionally, the creation of simplified, real-
time digital aids—such as mobile apps that calculate weight-based drug dosages and
defibrillation energy—may reduce errors and improve confidence during high-stress situations.

The next generation of pre-hospital cardiac care is likely to be shaped by technological
innovations. Telemedicine platforms can provide real-time consultation with pediatric
cardiologists or critical care specialists, especially in rural or resource-limited areas.
Mechanical CPR devices, such as LUCAS and AutoPulse, will continue to expand, ensuring
consistent chest compressions and reducing paramedic fatigue during prolonged transport
(Couper et al., 2022). Artificial intelligence (Al) and predictive analytics may soon support
rhythm interpretation and decision-making, enabling more personalized and rapid interventions
in the field (Nichol et al., 2019).

While ACLS and PALS provide international frameworks, variability in implementation across
EMS systems continues to result in disparate outcomes (ERC, 2021). Future efforts should
focus on harmonizing training standards and protocol dissemination globally. This includes
developing culturally and resource-appropriate guidelines for low- and middle-income
countries, where logistical and financial constraints limit access to equipment and training.
Partnerships between international organizations, governments, and academic institutions can
accelerate this process.

Most current studies focus on short-term outcomes such as ROSC and survival to hospital
discharge. Future research must extend to long-term neurological and quality-of-life outcomes,
which are equally important indicators of resuscitation success. Moreover, further research is
required to evaluate the cost-effectiveness of introducing advanced technologies—such as
mechanical CPR devices and Al decision-support systems—into EMS systems, particularly in
resource-constrained settings.

Finally, future directions should explore strategies for incorporating family presence during
pediatric resuscitation in a way that supports both caregivers and paramedics. Ethical
frameworks and structured communication protocols can help paramedics manage these highly
emotional situations, ensuring compassionate care without compromising resuscitation quality.
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8. Conclusion

This review highlights the indispensable role of paramedics in managing adult and pediatric
cardiac emergencies, underscoring their critical contribution to the chain of survival. Evidence
consistently demonstrates that adherence to Advanced Cardiac Life Support (ACLS) and
Pediatric Advanced Life Support (PALS) protocols significantly improves outcomes, including
return of spontaneous circulation (ROSC), survival to hospital discharge, and favorable
neurological recovery.

For adults, survival is most strongly influenced by rapid defibrillation and uninterrupted high-
quality cardiopulmonary resuscitation (CPR). In pediatric populations, successful outcomes
depend on timely airway management, intraosseous access, and weight-appropriate
interventions tailored to the unique physiology of children. Although paramedics demonstrate
strong competence in adult protocols, pediatric emergencies remain a greater challenge due to
their relative rarity and the complexity of age-specific interventions.

Barriers such as limited exposure to pediatric cases, variability in EMS structures, and resource
constraints continue to hinder optimal implementation of standardized protocols. Ethical
considerations—including resuscitation termination and parental presence—further complicate
pre-hospital decision-making. Despite these challenges, technological innovations such as
mechanical CPR devices, telemedicine, and artificial intelligence hold promise in augmenting
paramedic performance and bridging knowledge gaps.

The future of paramedic-led cardiac emergency care lies in expanding pediatric-specific
training, standardizing global resuscitation protocols, and investing in technological and
system-level solutions. Strengthening these areas will not only improve immediate survival
outcomes but also enhance long-term neurological recovery and quality of life for patients.

In conclusion, paramedics serve as the frontline guardians of life in cardiac emergencies. By
reinforcing training, addressing systemic barriers, and embracing emerging innovations,
healthcare systems can maximize the lifesaving potential of paramedics and ensure that both
adults and children receive timely, effective, and evidence-based care when they need it most.
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