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Mecanismos, enfoques diagnósticos y estrategias terapéuticas en
el paro cardíaco
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Resumen

El paro cardíaco es un evento crítico y potencialmente mortal, definido por el cese brusco de la actividad cardíaca
efectiva, lo que provoca una interrupción inmediata del flujo sanguíneo hacia los órganos vitales. Sigue siendo
una de las principales causas de muerte a nivel mundial y exige una intervención médica inmediata para aumentar
las probabilidades de supervivencia y de recuperación neurológica. Las causas del paro cardíaco son diversas e
incluyen arritmias ventriculares, infarto agudo de miocardio y cardiopatías estructurales subyacentes. Esta
revisión analiza los mecanismos fisiopatológicos que subyacen al paro cardíaco, los principales enfoques
diagnósticos utilizados para identificar su etiología y orientar el tratamiento, así como las estrategias actuales de
manejo. Se hace especial hincapié en las prácticas de reanimación basadas en la evidencia, en la atención integral
posparo cardíaco y en las terapias emergentes dirigidas a mejorar los resultados clínicos de los pacientes
afectados.
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Summary

Mechanisms, Diagnostic Approaches, and Treatment Strategies in Cardiac Arrest

Cardiac arrest is a critical, life-threatening event defined by the abrupt cessation of effective cardiac activity,
resulting in an immediate interruption of blood flow to vital organs. It remains one of the leading causes of
death globally and demands prompt medical intervention to enhance the chances of survival and
neurological recovery. The causes of cardiac arrest are varied and include ventricular arrhythmias, acute
myocardial infarction, and underlying structural heart disease. This review examines the mechanisms
underlying cardiac arrest, the principal diagnostic approaches used to identify its etiology and guide
therapy, and current management strategies. Particular emphasis is placed on evidence-based resuscitation
practices, comprehensive post–cardiac arrest care, and emerging therapeutic interventions designed to
improve clinical outcomes in affected patients.
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Introduction to Cardiac Arrest

Cardiac arrest is a sudden and often unexpected ces-
sation of heart function, characterized by the abrupt
loss of effective circulation and the absence of a pal-
pable pulse. This medical emergency is distinct from
a heart attack (myocardial infarction), as it involves
the failure of the heart’s electrical system rather than
a blockage in blood flow [1]. The condition is a
leading cause of death worldwide, with survival rates
heavily dependent on timely intervention. Without
immediate resuscitation efforts, such as cardiopul-
monary resuscitation (CPR) and defibrillation, irre-
versible brain damage or death can occur within min-
utes [2]. Cardiac arrest can occur in both hospital and
out-of-hospital settings, with out-of-hospital cardiac
arrest (OHCA) being particularly challenging due to
delays in accessing advanced care [3].

The causes of cardiac arrest are diverse and en-
compass both cardiac and non-cardiac origins. Car-
diac causes are primarily arrhythmias, with ventricu-
lar fibrillation (VF) and ventricular tachycardia (VT)
being the most common. These conditions often
result from underlying disorders such as coronary
artery disease, cardiomyopathy, or congenital heart
defects [4]. Non-cardiac triggers include hypoxia,
electrolyte imbalances, drug overdoses, and trauma,
all of which can disrupt the heart’s electrical or me-
chanical function [5]. Understanding the multifacto-
rial etiology of cardiac arrest is crucial for developing
effective prevention and intervention strategies.

Pathophysiologically, cardiac arrest disrupts the
heart’s ability to pump blood to vital organs by im-
pairing its electrical system. This results in a rapid
decline in oxygen delivery, cellular damage, and
multi-organ failure if not promptly reversed [6]. Pa-
tients experiencing cardiac arrest often present with
sudden collapse, absence of breathing or gasping res-
pirations, and no detectable pulse or blood pressure
[7]. The "Chain of Survival" highlights critical steps
for improving outcomes in such emergencies, includ-
ing early recognition and activation of emergency re-
sponse systems, immediate initiation of high-quality
CPR, rapid defibrillation when indicated, and ad-
vanced life support and post-resuscitation care [8].

Despite advancements in resuscitation science,
survival rates for cardiac arrest remain low, and out-
comes are heavily influenced by the timing and qual-
ity of intervention. Neurological injuries are a pri-
mary concern for survivors, with many experiencing
varying degrees of cognitive and functional impair-
ment [9]. Raising awareness about the importance of
CPR training, increasing public access to automated

external defibrillators (AEDs), and enhancing emer-
gency medical services are crucial strategies for re-
ducing mortality and improving outcomes [10].

Cardiac arrest arises from a complex interplay
of pathophysiological mechanisms. Cardiac arrhyth-
mias, particularly VF and VT, are the most common
causes, resulting from abnormalities in the heart’s
electrical conduction system. VF is characterized
by chaotic and uncoordinated electrical activity in
the ventricles, rendering the heart unable to gener-
ate effective contractions [11]. Sustained VT, if un-
treated, can degenerate into VF and often occurs in
patients with structural heart diseases such as my-
ocardial infarction or cardiomyopathy [12]. Brad-
yarrhythmias and asystole, characterized by severe
slowing or complete cessation of electrical activity,
are less common but more challenging to treat, with
significantly lower survival rates [13].

Ischemia plays a critical role in cardiac arrest by
reducing coronary perfusion and triggering electri-
cal instability. Acute blockages in the coronary ar-
teries deprive myocardial tissue of oxygen, impair-
ing the heart’s ability to function properly and in-
creasing the likelihood of arrhythmias [14, 15]. Sys-
temic hypoxia and hypoperfusion further exacerbate
the condition by depleting cellular energy reserves
and causing acid-base imbalances, which impair my-
ocardial contractility and electrical stability [16, 17].
Other contributing factors include electrolyte imbal-
ances and toxicological causes, such as drug over-
doses, which can disrupt myocardial excitability and
conduction [18].

From a public health perspective, cardiac arrest
represents a significant global burden. Efforts to
reduce its impact must focus on improving aware-
ness, education, and accessibility to life-saving in-
terventions. Public education campaigns emphasiz-
ing CPR training and AED use, along with initiatives
to enhance emergency medical services, are essen-
tial steps toward reducing the mortality associated
with cardiac arrest [10]. By addressing these chal-
lenges through a multidisciplinary approach, signifi-
cant strides can be made in improving survival rates
and neurological outcomes.

In conclusion, cardiac arrest is a critical med-
ical emergency with a multifaceted etiology and
pathophysiology. Its management requires a co-
ordinated response encompassing early recogni-
tion, rapid intervention, and comprehensive post-
resuscitation care. Continued research and innova-
tion are needed to optimize treatment strategies and
mitigate the global burden of this condition.
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Advances in Diagnostic Techniques for
Cardiac Arrest

Recent developments in diagnostic tools have signifi-
cantly enhanced the ability to detect and manage car-
diac arrest. These advancements include innovations
in electrocardiography (ECG) and advanced medical
imaging technologies, enabling early diagnosis, im-
proved risk stratification, and tailored treatment ap-
proaches [19].

ECG remains a cornerstone in diagnosing cardiac
arrest and its underlying causes. Post-resuscitation
ECG is particularly valuable in identifying ischemic
changes, such as ST-segment elevation, which can
indicate acute myocardial infarction as the underly-
ing cause [20]. High-resolution ECG, including tech-
nologies like signal-averaged ECG, can detect subtle
electrical abnormalities like late potentials, which are
predictive of ventricular arrhythmias [21]. Continu-
ous ECG monitoring through portable and wearable
devices has further revolutionized patient care, allow-
ing real-time monitoring of high-risk individuals and
aiding in the early detection of arrhythmic events that
may precede cardiac arrest [22].

Imaging technologies have also become essen-
tial for assessing structural and functional abnormal-
ities contributing to cardiac arrest. Cardiac mag-
netic resonance imaging (CMR) provides detailed in-
sights into myocardial structure, including scar tissue
and fibrosis, which are key markers of arrhythmo-
genic risk. It is particularly useful in identifying car-
diomyopathies such as hypertrophic cardiomyopathy
and arrhythmogenic right ventricular cardiomyopa-
thy [23]. Echocardiography, particularly point-of-
care ultrasonography (POCUS), is a rapid and non-
invasive tool for evaluating cardiac function during
resuscitation and can help differentiate between re-
versible and irreversible causes of cardiac arrest [24].
Coronary CT angiography is increasingly employed
to detect coronary artery obstructions and other struc-
tural abnormalities, aiding in identifying ischemic
triggers of cardiac arrest [25]. Additionally, nuclear
imaging modalities such as PET and SPECT provide
valuable insights into myocardial perfusion, viability,
and inflammatory conditions associated with cardiac
arrest [26].

While not a direct imaging or electrical diag-
nostic tool, biomarker-based diagnostics have fur-
ther refined the diagnostic process for cardiac arrest.
Biomarkers like troponins and brain natriuretic pep-
tide (BNP) are increasingly integrated with imaging
and ECG findings to improve diagnostic accuracy
and risk stratification [27].

Management of Cardiac Arrest: Immediate
Interventions

Prompt and effective management of cardiac arrest is
critical for survival, as irreversible damage can oc-
cur within minutes without adequate circulation and
oxygenation. Immediate interventions such as car-
diopulmonary resuscitation (CPR) and defibrillation
play a pivotal role in restoring cardiac function and
preventing long-term complications [28].

The first step in managing cardiac arrest is early
recognition and activation of the emergency response
system. Recognizing the signs of cardiac arrest, in-
cluding unresponsiveness, absence of breathing, and
lack of a pulse, is vital to initiating timely interven-
tions [29]. Once cardiac arrest is identified, calling
emergency medical services (EMS) ensures profes-
sional intervention and advanced care [30].

Cardiopulmonary resuscitation (CPR) is the cor-
nerstone of cardiac arrest management. High-quality
chest compressions should be performed at a rate of
100–120 per minute and a depth of at least 2 inches (5
cm) in adults, allowing full chest recoil between com-
pressions to maximize venous return [31]. If trained,
rescuers should provide rescue breaths at a ratio of
30 compressions to 2 breaths. For those untrained
in CPR, continuous chest compressions are recom-
mended until professional help arrives [32]. Inter-
ruptions in chest compressions should be minimized
to maintain adequate blood flow to vital organs [33].

Defibrillation is another critical component in the
management of cardiac arrest. Automated exter-
nal defibrillators (AEDs) should be used as soon as
they become available. Following the device’s voice
prompts, the heart rhythm is assessed, and a shock
is delivered if indicated [34]. Early defibrillation is
especially important for ventricular fibrillation (VF)
and pulseless ventricular tachycardia (VT), as these
rhythms are most amenable to electrical therapy. For
healthcare professionals, manual defibrillation allows
for tailored shock delivery based on rhythm analysis
[35].

Advanced life support (ALS) is often required
to stabilize the patient during cardiac arrest man-
agement. Airway management, including advanced
techniques such as endotracheal intubation, ensures
effective oxygen delivery and ventilation. Medica-
tions such as epinephrine and amiodarone are admin-
istered to address arrhythmias and support circulation
[36]. These advanced interventions, combined with
high-quality CPR and timely defibrillation, form a
comprehensive approach to improving outcomes in
cardiac arrest.
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Long-term Management and Rehabilitation

Following survival from cardiac arrest, long-term
management and rehabilitation are crucial to pre-
vent recurrence, address underlying conditions, and
improve the patient’s quality of life. These strate-
gies involve medical, device-based, and rehabilita-
tive approaches tailored to individual patient needs
[37]. Implantable cardioverter defibrillators (ICDs)
are recommended for patients at high risk of recur-
rent cardiac arrest due to arrhythmias such as ventric-
ular tachycardia or fibrillation. ICDs continuously
monitor heart rhythms and deliver shocks or pacing
to restore normal rhythm if necessary [38]. Patients
with structural heart diseases, inherited arrhythmias,
or a history of sudden cardiac arrest are prime candi-
dates for ICD therapy.

Cardiac resynchronization therapy (CRT) is an-
other important intervention for patients with heart
failure and ventricular dyssynchrony, particularly in
those with reduced ejection fraction. CRT improves
cardiac efficiency and reduces symptoms, thereby
decreasing the risk of future cardiac events [39].
Alongside device-based interventions, medical man-
agement plays a critical role in long-term care. Phar-
macological interventions, including beta-blockers,
ACE inhibitors, ARBs, and anti-arrhythmic drugs,
are prescribed to manage underlying conditions such
as heart failure, hypertension, or arrhythmias. Con-
trolling risk factors like diabetes, hypertension, and
hyperlipidemia is equally essential for reducing the
overall risk of cardiac events.

Cardiac rehabilitation is an integral part of recov-
ery, combining supervised exercise, education, and
psychological support to help patients regain phys-
ical strength, manage stress, and adhere to lifestyle
changes [40]. Survivors of cardiac arrest often ex-
perience anxiety, depression, or post-traumatic stress
disorder, making psychological counseling and sup-
port groups a vital component of their recovery pro-
cess. Adopting a heart-healthy lifestyle, including a
balanced diet, regular physical activity, smoking ces-
sation, and stress management, is critical for long-
term cardiac health.

Emerging Therapies and Future Directions

The field of cardiac arrest management is witness-
ing rapid advancements with innovative therapeutic
approaches such as regenerative medicine and gene
therapy. These cutting-edge technologies hold great
promise for improving outcomes and addressing the
underlying causes of cardiac conditions that lead to

arrest [42]. Regenerative medicine approaches, in-
cluding stem cell therapy, aim to restore cardiac func-
tion by replacing necrotic or scarred myocardium
with new, functional tissue [43]. Exosome-based
therapies, derived from stem cells, contain growth
factors and microRNAs that promote tissue repair
and reduce inflammation, offering a non-cell-based
alternative for cardiac regeneration. Advances in bio-
engineering have enabled the creation of bio-artificial
heart tissues and scaffolds, which could repair or
replace damaged myocardium in patients with end-
stage heart failure or severe post-arrest cardiac dys-
function [44].

Gene therapy is another promising area, with
tools like CRISPR/Cas9 being developed to correct
hereditary mutations that predispose individuals to
arrhythmias and sudden cardiac arrest. Early-stage
research focuses on conditions such as long QT syn-
drome and hypertrophic cardiomyopathy. Adeno-
associated viral (AAV) vectors are being explored
to deliver therapeutic genes that enhance myocardial
function, suppress arrhythmic triggers, or promote
angiogenesis in ischemic tissues [45]. Personalized
medicine and artificial intelligence (AI) are also play-
ing a transformative role in cardiac care. By com-
bining genetic, molecular, and clinical data, precision
medicine enables the development of tailored thera-
pies specific to an individual’s risk factors and dis-
ease profile. Machine learning algorithms provide
AI-driven insights by analyzing large datasets, pre-
dicting cardiac arrest risk, and optimizing therapy se-
lection based on patient-specific characteristics.

Novel pharmacological agents targeting specific
pathways, such as mitochondrial dysfunction or ox-
idative stress, are under investigation to improve
post-arrest myocardial recovery. Biologic therapies,
including cytokine inhibitors and immunomodula-
tors, are being studied to manage inflammatory re-
sponses associated with cardiac arrest and resuscita-
tion injury. These emerging therapies and innovative
technologies represent a new frontier in the manage-
ment of cardiac arrest, offering hope for improved
outcomes and reduced mortality.

Role of Public Awareness and Training in
Cardiac Arrest Survival

Public awareness and community training programs
play a vital role in improving survival rates for car-
diac arrest. Since the majority of out-of-hospital car-
diac arrests (OHCA) occur in public or residential
settings, immediate bystander intervention is often
the determining factor in patient survival. Educating
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the public about recognizing cardiac arrest, perform-
ing CPR, and using automated external defibrillators
(AEDs) is critical [46]. Campaigns aimed at educat-
ing individuals to identify symptoms such as unre-
sponsiveness and abnormal breathing ensure timely
activation of emergency medical services (EMS), re-
ducing delays in initiating life-saving interventions
[47]. In addition, awareness programs highlight the
importance of locating and using AEDs in public
spaces such as airports, schools, and sports facilities.
Empowering individuals with the knowledge to oper-
ate AEDs confidently during emergencies is a crucial
aspect of these initiatives.

Community training programs further enhance
public readiness to respond to cardiac emergencies.
Hands-only CPR courses teach participants to per-
form effective chest compressions, enabling imme-
diate response in critical situations. Studies have
shown that bystander CPR can double or even triple
survival rates [48]. Many workshops also include
demonstrations on AED usage, ensuring participants
understand how to operate these devices safely and
effectively. To maximize reach and impact, train-
ing programs often target densely populated areas
or regions with low EMS response times, promoting
wider dissemination of life-saving skills.

The integration of technology has revolution-
ized the way public training and awareness are con-
ducted. Mobile applications, such as "PulsePoint,"
alert trained bystanders to nearby cardiac arrest inci-
dents, facilitating faster intervention. Online learn-
ing resources, including e-learning modules and vir-
tual simulations, have made CPR and AED training
more accessible to broader audiences, ensuring that
more individuals can acquire these critical skills at
their convenience.

Encouraging a culture of action is essential for
enhancing community responses to cardiac arrest.
Public education initiatives aim to reduce fear of in-
tervention by addressing concerns about legal liabil-
ity or performing CPR incorrectly, thereby empower-
ing individuals to act decisively during emergencies.
Programs introduced in schools and workplaces en-
sure that the next generation is equipped with life-
saving skills, fostering a community-wide prepared-
ness for cardiac emergencies. Together, these efforts
underscore the importance of public awareness and
training in improving survival rates and outcomes for
cardiac arrest victims.

Conclusion
Cardiac arrest remains a critical global health chal-
lenge, requiring a comprehensive understanding of
its mechanisms, risk factors, and management strate-
gies to improve survival rates and patient out-
comes. Advances in diagnostic tools, immediate
interventions, and long-term management have sig-
nificantly contributed to addressing the complexi-
ties of this life-threatening condition. Early recogni-
tion and timely intervention, including high-quality
cardiopulmonary resuscitation (CPR) and defibril-
lation, are the cornerstones of acute cardiac arrest
management. The integration of innovative diag-
nostic techniques, such as advanced imaging and
genetic screening, enables more precise identifica-
tion of underlying causes, allowing for tailored treat-
ments. Long-term strategies, including implantable
cardioverter defibrillators (ICDs), cardiac resynchro-
nization therapy (CRT), and structured rehabilitation
programs, enhance quality of life and reduce the risk
of recurrence. Emerging therapies like regenerative
medicine and gene therapy represent the future of
cardiac care, offering the potential to repair dam-
aged myocardium and address the genetic basis of
arrhythmic conditions. Additionally, public aware-
ness and community training programs play a pivotal
role in improving survival rates, emphasizing the im-
portance of early bystander response and access to
automated external defibrillators (AEDs).
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