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Abstract: The “Chain of Survival” has become one of the most influential conceptual models in
resuscitation medicine, emphasizing early recognition of cardiac arrest, rapid activation of emer-

gency
post-resuscitation care. Although this approach has contributed substantially to improvements in

systems, immediate cardiopulmonary resuscitation, defibrillation and advanced
cardiac arrest outcomes worldwide, evidence suggests that many in-hospital cardiac arrests are
preceded by hours of detectable physiological deterioration. Consequently, increasing attention
has shifted toward prevention-oriented models, particularly the “Chain of Prevention”, which
prioritizes early detection of deterioration before catastrophic events occur. This Perspective argues
that the Chain of Prevention and the Chain of Survival should be viewed as complementary com-
ponents of a unified continuum of care and examines the implications of this integrated perspective
for patient safety, resuscitation science and healthcare system design. It further proposes that
modern healthcare systems should evolve from predominantly reactive rescue-based paradigms
toward integrated anticipatory systems capable of identifying, escalating and treating clinical de-
terioration at earlier stages. The article further examines the role of Early Warning Systems, rapid
response teams, implementation science and health-system organization in operationalizing pre-
vention-based models, particularly in low- and middle-income countries. Finally, the article pro-
poses that the future of resuscitation science depends not only on improving survival after cardiac

arrest but increasingly on reducing the incidence of preventable cardiac arrest itself.

Keywords: Chain of Prevention; Chain of Survival; Early Warning Systems; Rapid Response Sys-
tems; Clinical Deterioration; Patient Safety; Cardiac Arrest.

1. Introduction

Few conceptual models in medicine have achieved the global recognition and prac-
tical influence of the Chain of Survival [1]. Initially developed to improve outcomes after
sudden cardiac arrest, the model emphasized the importance of sequential and
time-sensitive interventions including early recognition, rapid activation of emergency
response systems, immediate cardiopulmonary resuscitation (CPR), defibrillation and
advanced life support [1,2]. Since its introduction by the American Heart Association
(AHA), the model has transformed resuscitation training, public health initiatives and
emergency cardiovascular care systems worldwide, becoming a foundational element of
resuscitation practice and guideline development [3,4].

The Chain of Survival emerged during a period when resuscitation science focused
predominantly on improving outcomes after cardiac arrest had already occurred [1,2].
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The central question was how to optimize rescue after cardiac arrest in order to improve
survival and neurological outcomes [1,5]. However, over the past three decades, accu-
mulating evidence has demonstrated that many in-hospital cardiac arrests are not sud-
den unpredictable events but rather the final stage of progressive physiological deterio-
ration that often remains unrecognized or inadequately managed [6-9].

Studies consistently show that abnormalities in respiration rate, oxygen saturation,
blood pressure, heart rate and level of consciousness are frequently present hours before
catastrophic deterioration [6,8,9]. These findings fundamentally changed the under-
standing of hospital cardiac arrest by reframing it not merely as an isolated emergency
event but as the consequence of failures in surveillance, recognition, communication and
timely escalation of care within healthcare systems [5,10,11]. In this context, the concept
of the Chain of Prevention emerged as a complementary paradigm emphasizing the
identification and management of clinical deterioration before cardiac arrest occurs,
thereby reframing the focus from rescue after collapse to prevention of deterioration
through surveillance, recognition and timely response [5,10]. While the Chain of Survival
seeks to optimize rescue after collapse, the Chain of Prevention seeks to prevent collapse
itself [5]. This conceptual evolution reflects a broader transformation in patient safety and
healthcare quality [12,13]. Modern healthcare systems are increasingly judged not only
by their capacity to rescue critically ill patients but also by their ability to anticipate de-
terioration, prevent avoidable harm and reduce Failure-to-Rescue events [14,15].

The present Perspective discusses the conceptual relationship between the Chain of
Survival and the Chain of Prevention, explores their implications for contemporary
healthcare systems and argues that prevention-oriented approaches may represent the
next major frontier in resuscitation science. More importantly, we propose an Integrated
Continuum of Rescue and Prevention (ICRP), a unified operational framework that links
surveillance, recognition, escalation, rescue and recovery into a single patient-safety
pathway. This framework seeks to move beyond the conceptual separation of prevention
and resuscitation by explicitly identifying the organizational interfaces through which
failures in anticipation evolve into failures of rescue.

2. The Chain of Survival: A Revolutionary Rescue Framework

The Chain of Survival represented one of the most important advances in emer-
gency cardiovascular care during the late twentieth century (Figure 1), providing a
structured framework for improving outcomes after cardiac arrest through coordinated,
time-sensitive interventions [1,2]. The original model incorporated four essential com-
ponents: early access to emergency care, early CPR, early defibrillation and early ad-
vanced cardiac life support [1].

Subsequent iterations expanded the approach to include post-cardiac arrest care,
targeted temperature management, rehabilitation and systems-level implementation
strategies [16,17]. The impact of the Chain of Survival extended far beyond clinical prac-
tice, informing public CPR training programs, the widespread deployment of automated
external defibrillators (AEDs) and the development of coordinated emergency medical
systems [2,18].

Importantly, the Chain of Survival established several principles that remain central
to modern emergency medicine: time-critical intervention improves outcomes, systems
organization matters, standardized protocols improve reliability and education, and im-
plementation are as important as technology [1,3,4]. Despite its enormous contribution to
resuscitation science, the Chain of Survival remains fundamentally reactive, as it is acti-
vated only after cardiac arrest has occurred [5,9]. Consequently, even optimal execution
of its individual links may be insufficient when progressive physiological deterioration
has advanced beyond a reversible stage [5,9]. This limitation became increasingly ap-
parent within hospital environments, where many arrests were found to be potentially
preventable [8].
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Figure 1. The Chain of Survival.
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Adapted from Cummins et al. [1] and contemporary resuscitation guidelines [16,17].

3. Clinical Deterioration and the Emergence of the Chain of Prevention

Research during the 1990s and early 2000s demonstrated that most patients experi-
encing in-hospital cardiac arrest exhibit abnormal physiological signs before collapse
[6,8,9]. Schein et al. showed that significant abnormalities in vital signs frequently pre-
cede cardiac arrest by several hours [9]. Similar observations were reported across mul-
tiple healthcare systems and patient populations, consistently demonstrating that physi-
ological deterioration frequently precedes in-hospital cardiac arrest, unplanned intensive
care unit admission and death [6-8]. These findings challenged the traditional view of
cardiac arrest as a sudden, unpredictable event, revealing that it is frequently preceded
by a recognizable pattern of physiological deterioration.

Smith subsequently proposed the concept of the Chain of Prevention as a conceptual
extension of the Chain of Survival [5]. The model emphasized five interconnected ele-
ments: staff education, monitoring, recognition of deterioration, calling for help and ap-
propriate clinical response [5]. These independent components are illustrated in Figure 2.

Although the Chain of Prevention represented a major conceptual advance, it re-
mained primarily a descriptive framework. While it identified the critical stages preced-
ing cardiac arrest, it did not explicitly define how prevention systems interact with rescue
systems once deterioration progresses beyond reversible thresholds. Consequently, an
important conceptual gap remains regarding the operational interface between preven-
tion-oriented and rescue-oriented care pathways. Unlike the Chain of Survival, which
focuses on rescue after collapse, the Chain of Prevention focuses on preventing collapse
through earlier intervention [5].

The conceptual distinction is highly significant: the Chain of Survival focuses on
rescue after cardiac arrest, whereas the Chain of Prevention focuses on preventing car-
diac arrest through the early recognition and management of clinical deterioration. This
shift parallels broader developments in public health and patient safety, where preven-
tion is increasingly prioritized over late-stage rescue.

4. Early Warning Systems as Operational Tools of the Chain of Prevention

The operationalization of the Chain of Prevention became possible largely through
the development of Early Warning Systems (EWS), which aggregate routinely measured
physiological variables into structured scores linked to predefined escalation pathways
[19,20]. Among the most influential models is the National Early Warning Score 2
(NEWS2), developed by the Royal College of Physicians in the United Kingdom, which
combines measured physiological parameters, including respiration rate, oxygen satura-
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tion, systolic blood pressure, pulse, temperature and level of consciousness, into a
standardized risk score linked to predefined clinical escalation pathways [20,21].

Figure 2. The Chain of Prevention.

1 2 3 4 5
STAFF EDUCATION MONITORING RECOGNITION OF CALLING FOR HELP  APPROPRIATE CLINICAL
Equip staff with the Continuously observe DETERIORATION Activate the RESPONSE
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to recognize and condition and vital physiological response system appropriate
respond to signs deterioration early interventions to
deterioration stabilize the patient
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Adapted from Smith [5].

Early Warning Systems function primarily within the afferent arm of Rapid Re-
sponse Systems, facilitating physiological surveillance, risk recognition, standardized
communication and escalation of care [10,11]. The effectiveness of these systems depends
not only on predictive accuracy but also on organizational capacity to respond appro-
priately and in a timely manner to signs of clinical deterioration [11,22,23]. Accurate de-
tection without timely intervention provides limited clinical benefit.

Consequently, modern resuscitation science increasingly recognizes that preventing
hospital cardiac arrest requires integrated socio-technical systems involving monitoring
infrastructure, workforce training, escalation protocols, rapid response teams, safety and
leadership support [10,11]. The transition from rescue-oriented models toward preven-
tion-oriented systems therefore reflects a broader system-based understanding of patient
deterioration.

5. Human Factors and Implementation Challenges

Despite widespread adoption, Early Warning Systems frequently fail to achieve
their anticipated clinical impact because physiological detection alone does not guarantee
effective action. Implementation studies have identified several recurring barriers, in-
cluding alarm fatigue, clinical inertia, professional hierarchy, communication failures
and excessive cognitive workload. Alarm fatigue may occur when repeated alerts de-
sensitize healthcare professionals, increasing the risk that genuine deterioration signals
are ignored [24]. Similarly, clinical inertia arises when deterioration is recognized but
escalation is delayed because staff underestimate risk or assume that another team
member will intervene.

Professional hierarchy may further impede escalation, particularly when junior
nurses identify deterioration but feel reluctant to challenge senior clinicians. These be-
havioral and organizational barriers illustrate that patient deterioration is not merely a
physiological phenomenon but a socio-technical challenge requiring both technological
and cultural solutions [25,26].
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6. Implementation Science and Organizational Readiness

The Consolidated Framework for Implementation Research (CFIR) provides a use-
ful framework for understanding why Early Warning Systems succeed in some organi-
zations and fail in others [27]. Factors such as leadership engagement, implementation of
climate, organizational readiness, communication structures and workforce capability
may influence outcomes as strongly as the predictive performance of the scoring system
itself [27]. Consequently, successful implementation requires not only accurate monitor-
ing tools but also institutional commitment to timely escalation and response.

Table 1. Common Barriers to Effective Chain of Prevention Implementation and Poten-
tial Mitigation Strategies.

Barrier Operational Consequence Potential Mitigation

Alarm fatigue Missed deterioration signals Tiered alert systems

Clinical inertia Delayed escalation Mandatory escalation protocols
Professional hierarchy Suppressed communication Structured escalation authority
Workforce shortages Inadequate surveillance Task-sharing and simplified workflows
Poor safety culture Failure to activate response systems Leadership engagement and training

As illustrated in Table 1, many of the challenges associated with clinical deteriora-
tion arise from interactions between human behaviour, organizational culture and sys-
tem design rather than deficiencies in physiological monitoring alone. Consequently,
successful implementation of the Chain of Prevention requires a broader systems per-
spective that integrates technological tools with workforce development, leadership en-
gagement and institutional readiness.

7. Chain of Prevention and Failure-to-Rescue

The concept of Failure-to-Rescue (FTR) provides an important theoretical frame-
work linking the Chain of Prevention to healthcare quality and is defined as death fol-
lowing a complication that was not recognized or managed effectively [15,28]. Im-
portantly, FITR emphasizes organizational performance rather than disease severity
alone, as hospitals with comparable complication rates may demonstrate substantially
different mortality outcomes depending on their capacity to recognize and respond ef-
fectively to clinical deterioration [15,28].

The Chain of Prevention directly addresses the mechanisms underlying Fail-
ure-to-Rescue, including failures in monitoring, recognition of deterioration, communi-
cation, escalation of care and timely clinical intervention [5,25]. Thus, the Chain of Pre-
vention should not be viewed merely as an extension of resuscitation science but as a
broader patient-safety framework. This perspective aligns closely with Donabedian’s
Structure-Process-Outcome model, where organizational structures influence surveil-
lance processes which ultimately determine patient outcomes [29,30].

8. Reframing Failure-to-Rescue Across the Continuum

Failure-to-Rescue has traditionally been defined as death following a complication
that was not recognized or managed effectively [15,28]. However, within the context of
an integrated continuum, Failure-to-Rescue may arise through failures occurring either
before or after physiological collapse. Prevention Failure-to-Rescue refers to failures oc-
curring within the Chain of Prevention, including inadequate monitoring, failure to
recognize deterioration, delayed communication and delayed escalation of care [15,28].
Rescue Failure-to-Rescue refers to failures occurring after collapse, including delays in
cardiopulmonary resuscitation, defibrillation, advanced life support or post-cardiac ar-
rest management [15,28].
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Failure-to-Rescue definitions and performance metrics vary substantially across
surgical, medical and oncological populations owing to differences in complication pro-
files and deterioration trajectories. Consequently, specialty-specific calibration may be
required when applying continuum-based Failure-to-Rescue metrics. Distinguishing
between these two domains may allow healthcare organizations to better identify where
patient-safety vulnerabilities occur and design more targeted quality-improvement in-
terventions.

9. The Integrated Continuum of Rescue and Prevention

Rather than representing independent frameworks, the Chain of Prevention and the
Chain of Survival can be conceptualized as sequential components of a single Integrated
Continuum of Rescue and Prevention (ICRP). The Integrated Continuum of Rescue and
Prevention is illustrated in Figure 3 and conceptualizes hospital safety as a continuous
pathway extending from anticipation of clinical deterioration through escalation of care,
rescue interventions and recovery.

Figure 3. Integrated Continuum of Rescue and Prevention (ICRP): A Three-Domain
Model.
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The interface between the afferent limb of deterioration recognition and the efferent
limb of clinical response represents a critical transition point within the continuum and a
common source of Failure-to-Rescue events. The model proposes that the Chain of Pre-
vention and the Chain of Survival should be understood as interconnected components
of a unified operational framework rather than separate paradigms. The transition be-
tween Domains 2 and 3 may represent the most important target for future quali-
ty-improvement initiatives because failures at this interface frequently determine
whether deterioration remains reversible or progresses to cardiac arrest.

10. Implications for Low- and Middle-Income Countries

The relevance of the Chain of Prevention may be especially pronounced in re-
source-limited healthcare systems. Resource-constrained hospitals cannot realistically
implement all components of the Chain of Prevention simultaneously. Consequently,
implementation should prioritize interventions according to local resource availability:

. In severely constrained environments, the initial priorities should include
routine physiological monitoring, standardized observation charts, pa-
per-based Early Warning Scores and basic escalation protocols.

. Intermediate-resource settings may subsequently develop structured rap-
id-response mechanisms, escalation teams and digital surveillance tools.

. Highly resourced systems may further incorporate continuous monitoring
technologies and predictive analytics.

LMICs face major structural constraints including workforce shortages, limited
monitoring equipment, delayed escalation pathways and restricted ICU capacity [31,32].
Under these conditions, preventable deterioration frequently progresses unnoticed until
advanced organ failure or cardiac arrest occurs. Recent evidence from Angola and other
sub-Saharan African settings suggests that adaptation and implementation of Early
Warning Systems are feasible even in constrained environments [31-33]. Contextual
adaptation, however, is essential because scores developed in high-income countries may
not perform identically across different epidemiological and organizational settings
[31-33].

Findings from Angolan adaptation and Delphi studies demonstrated that successful
implementation required linguistic adaptation, simplification of escalation algorithms,
alignment with local staffing models and incorporation of locally relevant clinical work-
flows. These findings highlight the importance of contextual adaptation rather than di-
rect transplantation of Early Warning Systems developed in high-income healthcare
systems. The future of prevention-oriented systems in LMICs will depend heavily on
implementation science, workforce education, simplified escalation models, digital sur-
veillance tools and locally validated scoring systems [31,34,35].

Importantly, prevention-based models may offer greater scalability and sustaina-
bility than highly specialized rescue technologies. The operational requirements for im-
plementing the Chain of Prevention vary substantially according to resource availability.
While high-income healthcare systems may rely on continuous electronic monitoring,
automated escalation pathways and predictive analytics, resource-limited hospitals often
depend on manual observations, simplified escalation mechanisms and work-
force-driven surveillance. These differences do not invalidate prevention-oriented ap-
proaches; rather, they require adaptation to local contexts. Key operational differences
across resource settings are summarised in Table 2.

As shown in Table 2, the fundamental principles of surveillance, recognition and
escalation remain consistent across healthcare systems despite substantial differences in
technological and organisational capacity. This observation suggests that the Chain of
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Prevention should be adapted rather than transplanted across settings, with implemen-
tation strategies tailored to local resources, workforce capabilities and healthcare priori-
ties.

Table 2. Common Barriers to Effective Chain of Prevention Implementation and Poten-
tial Mitigation Strategies.

Domain High-income settings Resource-limited settings
Monitoring Continuous electronic monitoring Intermittent manual observations
Early Warning Scores Automated digital systems Paper-based systems

Escalation Electronic alerting Telephone or direct communication
Response Rapid response teams Senior clinician review

Analytics Predictive analytics and Al Simplified audit systems

11. The Future of Resuscitation Science

The evolution from Chain of Survival toward Chain of Prevention reflects a deeper
philosophical transition within medicine: the movement from episodic rescue toward
anticipatory systems-based care. Although artificial intelligence and predictive analytics
may substantially improve the early identification of deterioration, their implementation
raises important concerns regarding equity, algorithmic bias, data governance and fi-
nancial sustainability [36]. Many predictive models have been developed using datasets
derived primarily from high-income healthcare systems [36]. Consequently, their per-
formance may be reduced when applied to populations with different epidemiological
profiles, resource constraints and clinical workflows.

Furthermore, excessive reliance on proprietary technologies risks widening existing
disparities between highly resourced hospitals and underfunded healthcare facilities.
Similar concerns have been raised within the digital health literature, where informatics
interventions implemented without explicit attention to equity, context and local capacity
may unintentionally exacerbate existing healthcare inequalities rather than reduce them
[37].

Artificial intelligence should therefore be viewed as an additional layer within the
prevention continuum rather than a substitute for fundamental prevention infrastructure
(36). In resource-constrained healthcare systems, prioritizing advanced predictive ana-
lytics before establishing basic monitoring and escalation infrastructure may inadvert-
ently widen existing safety inequities. Basic monitoring, structured escalation pathways
and workforce capability remain prerequisites for effective prevention irrespective of
technological sophistication. Future resuscitation science will likely depend increasingly
on artificial intelligence-assisted deterioration detection, continuous remote physiologi-
cal monitoring, predictive analytics, automated escalation systems and integrated pa-
tient-safety platforms [23,38]. These developments may fundamentally redefine the
boundaries between critical care, patient safety and hospital medicine.

Importantly, the future challenge is not merely technological but organizational.
Even highly accurate predictive systems will fail without effective implementation, staff
engagement and institutional readiness. The most advanced Early Warning Score cannot
compensate for dysfunctional escalation pathways, poor communication or inadequate
staffing. Thus, the next frontier in resuscitation science may not be improving CPR itself
but preventing the need for CPR whenever possible.

12. Prevention as a Health-System Investment Strategy
From a health-economic perspective, prevention-oriented systems may offer sub-
stantial value by reducing avoidable ICU admissions, hospital cardiac arrests and Fail-
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ure-to-Rescue events [11,39]. While advanced rescue technologies such as extracorporeal
cardiopulmonary resuscitation and highly specialized critical care programmers remain
essential for selected patients, prevention infrastructure potentially influences a much
larger population [11,39]. Although economic evidence remains limited, preven-
tion-oriented systems may influence substantially larger patient populations than highly
specialized rescue technologies, potentially generating greater population-level benefit
per unit of investment.

Future research should evaluate the comparative cost-effectiveness of investments
in surveillance systems, rapid-response programmers and advanced rescue technologies
across different healthcare environments [11,39].

13. Conclusion

The Chain of Survival has profoundly shaped modern resuscitation practice by es-
tablishing a structured approach to improving outcomes after cardiac arrest. However,
growing recognition that many in-hospital cardiac arrests are preceded by detectable
physiological deterioration has highlighted the limitations of relying solely on res-
cue-oriented strategies. This Perspective argues that the Chain of Prevention and the
Chain of Survival are best viewed as complementary components of a unified continuum
of care, linking prevention, early recognition, escalation and resuscitation within a single
patient-safety framework.

Rather than representing competing paradigms, the Chain of Prevention and the
Chain of Survival should be viewed as complementary components of a unified contin-
uum of care. While the Chain of Prevention seeks to reduce the incidence of preventable
cardiac arrest through surveillance and early intervention, the Chain of Survival remains
essential for optimizing outcomes when cardiac arrest occurs. Together, they provide a
comprehensive framework for improving patient safety, reducing Failure-to-Rescue
events and strengthening healthcare system performance.

We propose that hospital safety should be conceptualized as an integrated contin-
uum extending from anticipation to rescue and recovery. Future evaluations of
healthcare quality should move beyond measuring survival after critical events and in-
creasingly assess how effectively organizations prevent avoidable deterioration from
progressing to cardiac arrest. In this context, the ultimate achievement of modern resus-
citation science may not be rescuing more patients after collapse but preventing collapse
from occurring in the first place. The ICRP offers a practical framework through which
healthcare organizations can align prevention, escalation and rescue strategies within a
single patient-safety architecture.
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