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Objective: Out-of-Hospital Cardiac Arrest (OHCA) is a significant public health issue in Poland, with only an 8.4% survival rate to 
hospital discharge. Early initiation of Basic Life Support and defibrillation through a Community First Responder (CFR) system can 
markedly improve survival rates and neurological outcomes.
Methods: A decision tree and Markov model compared the cost-effectiveness of three scenarios against standard care by estimating 
costs and quality-adjusted life years (QALYs). Scenario 1 involved raising public awareness and educating on the 30:2 CPR protocol. 
Scenario 2 added equipping blue-light service vehicles with Automated External Defibrillators (AEDs) and training personnel. 
Scenario 3 implemented a full CFR system with integrated AEDs, dispatch centers, and trained citizen responders. The analysis 
included survival to hospital discharge, with sensitivity analyses assessing robustness.
Results: The incremental cost-effectiveness ratios (ICERs) were €15,221 for Scenario 1, €30,659 for Scenario 2, and €16,205 for 
Scenario 3 per QALY gained—all below the threshold of €50,197. Improvements were observed in all stages, including survival to 
hospital discharge and neurologically intact survival. Probabilistic sensitivity analyses confirmed the robustness of the results.
Conclusion: Implementing a CFR system in Poland is a cost-effective strategy that enhances survival rates after OHCA at an 
acceptable cost per QALY. The study emphasizes the importance of AED accessibility, trained CFRs, and streamlined emergency 
responses to improve survival and quality of life for OHCA patients. These findings support policy development and resource 
allocation to strengthen Poland’s emergency medical response to OHCA.
Keywords: out-of-hospital cardiac arrest, community first responder, automated external defibrillator, cost-effectiveness, defibrillation

Introduction
Out-of-hospital cardiac arrest (OHCA) is a leading cause of death in Europe and the US, with significant mortality rates.1 

Polish studies report OHCA incidence rates of 34.7–156 per 100,000 annually,2–8 consistent with the EuReCa TWO 
study across 28 European countries.9 In Europe, 275,000 cases occur annually,10 with only 8.5% surviving to hospital 
discharge and 8.4% in Poland.9 The prognosis for OHCA patients in Poland remains poor, with an overall survival rate of 
2% to 11%, varying by region.11 This highlights the need for effective interventions to improve OHCA outcomes.

Many OHCA cases are of cardiac origin,12 predominantly caused by ventricular fibrillation, requiring early defibrilla-
tion and a robust chain of survival.13 Rapid emergency medical services (EMS) response and timely intervention, 
including cardiopulmonary resuscitation (CPR) and automated external defibrillator (AED) use, are crucial for improving 
outcomes.14

AEDs, both static and mobile, are crucial for early defibrillation, greatly improving survival chances.15 Despite 
proven benefits16–18 and recommendations to place AEDs in public places, their use during OHCA remains low.19–22 As 
of October 2024, Poland had AEDs installed at 8,659 locations,23 with many sites hosting multiple devices. Public AED 
use has been increasing since 2016.24
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Time is crucial, as delayed perfusion leads to continual cell death; with each passing second, the possibility of a good 
outcome decreases.25 Community First Responder (CFR) System, designed to supplement EMS and reduce time to 
defibrillation, have gained support.26,27 CFR systems can improve survival rates and neurological outcomes, enhancing 
public health and emergency response.28 However, their implementation requires careful evaluation due to significant 
logistical and financial challenges.29

In optimal cases, such as witnessed sudden cardiac arrest (SCA) with a shockable rhythm and early defibrillation, 
return of spontaneous circulation (ROSC) is achieved in 30% to 40% of cases.4,30 AED use significantly increases 
ROSC rates, especially when applied early in CPR.31,32 Despite this, improvements in bystander CPR and AED use are 
needed.33 Only 25% of EMS-treated patients are transported to the hospital, and less than 30% of hospitalized patients 
survive to discharge.33 The presence of a trained EMS professional as a witness notably improves CPR initiation 
rates.34

This study evaluates the cost-effectiveness of a 3-scenario approach to implement a CFR system for witnessed OHCA 
incidents in Poland. By comparing the costs and benefits of an optimized CFR system to the current standard of care 
(SoC), this research offers insights to support decision-making and policy development for EMS in Poland.

Methods
A cost-effectiveness analysis was performed using a decision tree and long-term Markov model. The model compared 
the costs and quality-adjusted life years (QALYs) of three scenarios with the existing SoC. The structure of the model is 
shown in Figure 1.

Setting
Poland has a population of 37,562,000 inhabitants,35 with 32,991 experiencing OHCAs annually,36 managed by 23 
emergency dispatch centers.37 Based on EuReCa TWO study showing a mean OHCA patient age of 65 years,9 this age 
was selected as the starting point for our model.

Currently, OHCA management in Poland involves two main strategies (Figure 1): the intervention strategy, which 
deploys first responders like firefighters, police officers, and citizen responders for immediate care, and the comparator 
strategy, which relies on EMS or nearby bystanders until paramedics arrive. Both aim for timely intervention, but differ 
in roles and effectiveness, forming the basis for comparing OHCA outcomes.

The Ethics/Institutional approval is not applicable.

Figure 1 Schematic view of the Decision tree and Markov model. 
Abbreviations: ED, emergency department; OHCA, out-of-hospital cardiac arrest.
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Overview of the Polish EMS
The Polish EMS system comprises three main components: 1) medical dispatch centers where paramedics and nurses 
handle calls; 2) EMS teams (ground, air, and water), mostly staffed by paramedics, sometimes with nurses or doctors; 
and 3) emergency departments.4 Upon receiving an emergency call, emergency medical dispatchers assign a priority 
code: C1 represents the highest priority, requiring an ambulance to depart within 60 seconds using emergency lights and 
sirens, while C2 represents the second-highest priority, with the ambulance needing to leave within 120 seconds.4

Survival rates, presented in Table 1, are derived from various publications.9,38,39 The model’s target population 
consists of all OHCA patients for whom EMSs attempt resuscitation, excluding cases with clear signs of death.

Scenarios
Scenario 1 initiates a broad public awareness campaign using various media to educate people about OHCA and 
essential emergency responses.

Scenario 2 equips emergency vehicles (EV), police, firefighters, and rescue services, with AEDs.
Scenario 3 focuses on implementing a CFR system to improve pre-hospital care for OHCA patients.
The base case comparator is the current SoC, characterized by uncoordinated AED access, existing emergency 

services, and limited first responder coverage in certain areas. The three implementation scenarios were selected to 
provide a stepwise and adaptable approach to improving OHCA outcomes in Poland, recognizing that full CFR system 
implementation may require significant resources and that these scenarios can be implemented in phases, with each phase 
providing incremental benefits. Details of all scenarios are in the Supplementary Material.

Estimated Effect
The projected impact of three scenarios was based on data from the Amsterdam Resuscitation Study (ARREST)40 and 
other Dutch initiatives. Detailed clinical estimates (Table 1), are derived from Dutch programs like the HartslagNu 
Foundation and the Netherlands Heart Foundation, with more information available in the Supplementary Material 
(Supplementary Table 1 and Supplementary Figure 1). Cost estimates are adjusted to Polish setting (Table 1).

Resources
Drawing on the experience from the Netherlands,40 it is estimated that 1.75% of the population would need to be 
recruited as CFRs, amounting to 659,715 Polish individuals. We assume that half of these CFRs will have a professional 
background (eg, healthcare professionals, medical doctors, firefighters, etc.) and therefore will not require additional 
training in CPR and AED usage. Of the remaining half, it is anticipated that 80% will need to undergo training. Of the 
remaining half, 80% are expected to undergo training, resulting in 263,886 CFRs being trained in Scenario 3.

Outcomes
The analysis evaluated a number of key stages of survival, including following:

1. Survival to the Emergency Department.
2. Survival to Hospital Admission.
3. Survival to Discharge.
4. Neurologically Intact Survival: This evaluates patients’ neurological status upon discharge, specifically looking at 

those who are neurologically intact, categorized as having a cerebral performance category (CPC) of 1 or 2.52

All survival rates were calculated based on the previous stage.

Other Data Inputs
Other data inputs, such as transition probabilities for the Markov component of the model, QALY data, and costs 
associated with both the decision tree and Markov model, are summarized in Table 2.
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Table 1 Clinical and Cost Inputs

Baseline Scenario 1 Scenario 2 Scenario 3
Awareness  
(30:2 protocol)

AEDs in Emergency  
vehicles (EV)

CFR system

Clinical inputs

Survival to ED 0.74336 0.75636 0.77636 0.79136

Survival to hospital admission 0.54236 0.56736 0.56236 0.59036

Survival to discharge 0.21236 0.25036 0.25336 0.29936

CPC 1 
(At hospital discharge)

0.341 
Calculated from38**

0.3605 
Calculated from40 and41**

0.3610 
Calculated from40 and41**

0.3825 
Calculated from40 and41**

CPC 2 
(At hospital discharge)

0.341 
Calculated from38**

0.3605 
Calculated from40 and41**

0.3610 
Calculated from40 and41**

0.3825 
Calculated from40 and41**

Cost and related inputs

Awareness / recruitment €550,000¶ €550,000¶

Identifying existing AED and availability €250,000¶

Training citizen/professional FR €25§ €25§

License software (per license per CFR) €1.50§

Integration software dispatch centre (per centre) €5,000§

Cost of new AED (including AED, bag, first 
responder kit and installation)

€2,500�

EMS training dispatch personnel (per centre) €10,000ǂ

Support service (per citizen) €0.10§

Number of police vehicles 21,83242

Number of firefighter vehicles 17,00043

Number of city guard vehicles 1,00044

Water rescuers (lifeguards) vehicles 59045

Mountain rescue vehicles 17046

Number of AEDs required (Calculation) ((21,832+ 17,000+ 1,000+  
590+ 170) x 50%) 
20,296

Number of policemen 96,70047

Number of firefighters 28,00048,49

Number of city guards (“municipal police”) 10,48250

Water rescuers (lifeguards) 14,00051

Mountain rescuers 1,75046

Total number of Blue-light Services staff (Calculation) 150,932

Notes: ** For detailed calculation methods, see Supplementary Table 1 and Supplementary Figure 1 in the Supplementary Material. ¶Cost estimate is based on data from the 
Dutch Heart Foundation’s experience with implementing citizen responder networks in the Netherlands. §Cost estimates are from the HartslagNu Foundation’s experience 
with such networks. ǂCost estimate derived from data provided by STAN B.V. �The mean AED cost is for modelling purposes only; actual costs may vary due to factors like 
the number of patients served, committed volume, and region-specific conditions and regulations, which can affect the overall AED cost. Survival rates are calculated 
conditional on survival at the previous stage. All costs are based on implementation experiences in the Netherlands by the HartslagNu Foundation (www.hartslagnu.nl) and 
the Netherlands Heart Foundation (https://www.hartstichting.nl/). 
Abbreviations: AED, automated external defibrillator; CFR, community first responder; CPC, cerebral performance category; ED, emergency department; EMS, 
emergency medical service; FR, first responder; NA, not applicable.
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Model Structure
A decision tree model was selected to capture event-driven processes over short timeframes, mapping patient pathways 
from cardiac arrest to hospital discharge or death. A two-state Markov model will also be used to assess long-term 
outcomes, including life years, quality of life, and treatment costs for OHCA survivors. This combined approach offers 
a comprehensive evaluation of the CFR system’s impact.

The official Polish cost-effectiveness willingness-to-pay (WTP) threshold is set at €50,197.55 The Markov model, 
with a 15-year horizon and annual cycles, incorporates Polish life tables56 and clinical survival data. Costs and benefits 
will be discounted at 5% and 3.5%, respectively, per Polish guidelines.57 A similar model and analysis were performed in 
a different setting in Belgium.58

Sensitivity Analyses
A univariate one-way deterministic sensitivity analysis (OWSA) and probabilistic sensitivity analysis (PSA) were 
performed to assess the robustness and uncertainty of the model. In OWSA, individual parameters were varied by 
±10% while keeping others constant to identify their impact on results. PSA used Monte Carlo simulation to sample 
1,000 values from predefined distributions, introducing real-world variability and providing a broader view of parameter 
uncertainty. Together, these analyses offer insights into the reliability of the model’s findings.

Results
The awareness campaign and implementation of the CFR system resulted in incremental cost-effectiveness ratio (ICER) 
of €15,221, €30,659 and €16,205 per QALY gained for scenarios 1, 2 and 3, respectively, over a 15-year time horizon, 
with half-cycle corrections (Table 3). All three values are significantly below the Polish WTP threshold of €50,197.55 The 
analyses demonstrated improvements across all stages, including survival to hospital discharge and neurologically intact 
survival, CPC 1 and CPC2.

Comparable results were obtained for all scenarios, even without half-cycle corrections (Supplementary Table 2), 
indicating the outcomes are robust. The half-cycle correction, typically used in Markov models to account for mid-cycle 

Table 2 Other Clinical and Costs Inputs

Description Value Reference

Probability survival CPC1 0.92 [53]

Probability survival CPC2 0.92 [53]

Probability survival CPC3 0.79 [53]

CPC1 utility value 0.93 [53]

CPC2 utility value 0.75 [53]

CPC3 utility value 0.40 [53]

Costs for death ED €679 [53]

Costs for death during hospital admission €3,413 [36]

Costs for hospital care surviving to discharge €8,508 [36]

Costs for CPC1 post-OHCA annual €9,982 [54]

Costs for CPC2 post-OHCA annual €9,982 [54]

Costs for CPC3 post-OHCA annual €36,335 [54]

Abbreviations: CPC, cerebral performance category; ED, emergency department; 
QALY, quality-adjusted life year.
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events, had minimal impact on the effectiveness and cost-effectiveness, confirming the reliability of the findings across 
different modelling methods.

Results of OWSA for three scenarios are presented in Figure 2.
Figure 3 illustrates the cost-effectiveness planes generated from the PSAs, revealing a strong positive correlation 

between costs and effects.
Additionally, the cost-effectiveness acceptability curves in Supplementary Figure 2 demonstrate that all three 

scenarios have a 100% probability of being cost-effective in Poland, at the current WTP threshold of €50,197.55

Discussion
The present study is of critical importance in the light of the growing emphasis on optimizing healthcare spending and 
the necessity to focus on interventions that deliver the most substantial health benefits for the general population. 
Notably, this analysis is the first of its kind conducted in Poland, marking a significant contribution to the field. The 
findings from this cost-effectiveness model demonstrate that survival outcomes can be notably improved through 
a comprehensive awareness campaign (Scenario 1), equipping EVs with AEDs (Scenario 2) and the implementation of 
a CFR system (Scenario 3). The ICERs are €15,221, €30,659 and €16,205 per QALY gained for scenarios 1, 2 and 3, 
respectively, over a 15-year time horizon with half-cycle corrections applied. The 15-year time horizon was selected 
based on the average age of OHCA patients (approximately 65 years) and the limitations of the WHO life tables for 
Poland, which cap mortality at age 85.56 Supporting this decision, a recent systematic literature review and meta-analysis 
by Amacher et al (2022) also used a 15-year maximum follow-up and reported 15-year survival rates of 57.5% after 
OHCA.59 Recognizing that OHCA patients often have reduced survival compared to the general population, this horizon 

Table 3 Summary of results for All Three Scenarios, With Half- 
Cycle Correction (15-year Time Horizon)

Scenario 1 – Awareness campaign

Current Proposed Difference

Total costs €260,807,992 €311,222,407 €50,414,415

Total QALYs 10,768.78 14,081.02 3,312.24

Scenario 1: ICER: €15.221

Scenario 2 – AEDs in Emergency vehicles

Current Proposed Difference

Total costs € 260,807,992 € 375,588,644 € 114,780,652

Total QALYs 10,768.78 14,512.57 3,743.80

Scenario 2: ICER: €30.659

Scenario 3 – Implementation CFR system

Current Proposed Difference

Total costs €260,807,992 €396,579,758 €135,771,766

Total QALYs 10,768.78 19,146.96 8,378.17

Scenario 3: ICER: €16.205

Abbreviations: CFR, Community First Responder; ICER, Incremental Cost- 
Effectiveness Ratio; QALY, Quality-adjusted life year.
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realistically captures their expected survival period. While acknowledging that a 15-year horizon might slightly under-
estimate the intervention’s long-term impact, this conservative approach was intentionally adopted to provide a cautious 
and realistic evaluation.

Starting with Scenario 1 can significantly improve survival outcomes even before fully implementing CFR systems 
(Scenario 3). This initial phase, involving fewer stakeholders, provides important benefits and sets the stage for broader 
implementation. Discrepancies between our findings and other studies3,34), especially in bystander responses, may result 

Figure 3 Cost-effectiveness planes – Scenarios 1, 2 and 3 with half-cycle corrections. 
Abbreviation: QALY, Quality-adjusted life year.

Figure 2 One-way sensitivity analyses – Scenarios 1, 2 and 3 with half-cycle corrections. 
Abbreviations: AED, Automated External Defibrillators; CPC, cerebral performance category; ED, emergency department; ICER, Incremental Cost-Effectiveness Ratio.
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from differences in demographics, CPR training,34 public awareness,34 regional protocols, cultural factors, or trust in 
healthcare systems. Although our study provides valuable economic insights, it highlights the importance of expanding 
health education to improve bystander CPR and public awareness to improve outcomes in emergency situations.34

Cost-effectiveness studies on AEDs fall into two categories: those focused on public AED deployment53,60–65 and 
those evaluating AEDs within a CFR system.3,66–70

Studies on AED placement focus on cost-effectiveness in high-traffic areas, aligning with our findings on health 
benefits and QALYs.34,53,60–65 However, they often overlook the potential of CFR systems to improve survival and cost- 
efficiency, highlighting the need for detailed analysis and strategic planning to optimize health outcomes in Polish 
emergency response.

The second category of studies integrating AEDs into CFR systems consistently show significant increases in pre- 
EMS CPR and defibrillation rates (from 4.2% to 10.3%).66–70 For example, Siddiqui et al in Singapore reported that 
CFRs improved community OHCA responses, with alerts received increasing from 62% to 96% and 50% of responders 
arriving on scene.66 Similarly, Starck et al69 in Denmark and Baumgarten et al68 in rural Germany confirmed that CFRs 
enhance early intervention during OHCAs.

Our study differs from previous studies by evaluating the economic implications of CFR systems, addressing a gap in 
previous research that focused mainly on survival outcomes. We provide a framework assessing both cost and survival 
benefits, offering policymakers a valuable tool. Our results align with studies highlighting the cost-effectiveness of AED 
deployment when combined with CFR networks and public awareness efforts. Both study categories agree on the clinical 
benefits of AEDs, whether through strategic placement or as part of comprehensive emergency response systems. 
Bednarz et al34 supported a community-based approach, emphasizing public training and strategic AED deployment to 
maximize OHCA survival, echoing our findings.

The cost-effectiveness model has limitations due to its reliance on Dutch data, which may not fully generalize to regions 
with different infrastructures and demographics. Poland’s EMS system is transitioning to predominantly paramedic-based 
teams, with only 18% now including doctors; only helicopter EMS teams require physicians. Some countries, like France 
and the Netherlands, have implemented SMS systems to notify volunteers about cardiac arrests and nearby AEDs.71,72 The 
model does not account for post-intervention care, though early intervention remains crucial, and assumes a median age of 
65, which may not represent all age groups. It also overlooks staggered costs among stakeholders, assuming simultaneous 
expenses. The random distribution of AEDs may limit their impact; geographic information system-based analysis, as 
suggested by Buter et al (2024), could prioritize high-risk areas.65 With an estimated 10,000 AEDs in Poland, inconsistent 
mapping methods exist due to the lack of legal regulation. Gradual AED rollout may delay effectiveness, emphasizing the 
need for coordinated integration with the CFR system. Estimating costs for in-hospital mortality and post-discharge care is 
challenging due to recent payment system changes; thus, the model assumes previous unit costs. While the assumption that 
50% of EVs could be equipped with AEDs is realistic due to two-thirds of police officers serving in prevention departments 
(like patrol and traffic units), expecting this to happen within a year is overly optimistic. The process will likely take 3 to 5 
years, necessitating a careful assessment of equipment needs before the AED program is implemented. It is impractical to 
train all emergency staff simultaneously, as the associated costs and efforts would need to be distributed over several years. 
While socioeconomic factors affecting bystander CPR were not the focus of this study, previous research shows disparities 
disadvantaging resource-limited communities.34 Socioeconomic factors play a crucial role in shaping both bystander CPR 
rates and EMS response times, particularly in the context of urban-rural differences. In Poland, as in many other countries, 
these disparities can lead to significant variations in emergency response effectiveness, with rural areas often experiencing 
longer EMS response times and lower rates of bystander CPR intervention. Research has consistently shown that 
individuals in lower-income or rural communities are less likely to receive bystander CPR due to lower CPR training 
rates,73–79 limited awareness,73–79 and reduced availability of AEDs.80,81 Additionally, EMS response times tend to be 
longer in rural areas due to greater geographic distances82 and fewer available resources,80,81 which can negatively impact 
survival outcomes for OHCA patients.80–82 EMS arrival times for OHCA are 8 minutes in cities up to 10,000 inhabitants 
and 15 minutes in smaller towns and villages.83 Poland’s 250,000 volunteer firefighters, mainly in rural areas, together with 
the country’s one million healthcare and emergency personnel, could help address response time disparities in the CFR 
program and improve survival outcomes for OHCA events. The latest Polish data show that EMS recognized 36,314 OHCA 
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events, 80% (29,046) of which occurred at home.84 While our model does not explicitly stratify outcomes based on 
socioeconomic factors, we recognize that these disparities can influence both the effectiveness and accessibility of OHCA 
interventions. Addressing socioeconomic disparities in OHCA outcomes requires targeted strategies such as expanding 
CPR training, improving AED accessibility in rural areas, optimizing EMS resource allocation, and leveraging mobile 
technology, while future research should explore tailored interventions to enhance equity in emergency response. A further 
limitation comes from the absence of age-stratified Polish OHCA survival data, which necessitated the use of aggregated 
extrapolated estimates using Dutch data from Blom et al 2014.40

Recognizing these limitations highlights the importance of a comprehensive evaluation of the entire treatment 
pathway for cost-effectiveness. As emphasized in the recently published systematic literature review by Werner et al 
2024, there is a critical need for high-quality, nationally representative studies to effectively assess both survival 
outcomes and associated costs.85

In light of the evidence presented, we suggest that Polish health authorities consider the adoption of a national 
strategy for OHCA management that incorporates the key elements of the CFR system. This strategy should include 
provisions for sustainable funding mechanisms to support CFR training, AED procurement and maintenance, and the 
necessary technological infrastructure for efficient dispatch and coordination of CFRs. By considering and implementing 
these recommendations, Poland can significantly enhance its capacity to respond to OHCA events, ultimately saving lives 
and reducing the long-term burden of OHCA on individuals, families, and the healthcare system.

In summary, the success of public-access defibrillation programs depends on strategically placing AEDs, equipping 
EVs, raising public awareness, and implementing a CFR system. The first responder system for OHCA can be easily 
expanded to address other life-threatening emergencies in medicine without incurring additional costs. Without these 
focused efforts, AEDs might be poorly located, reducing their cost-effectiveness. This study provides a compelling call to 
action for policymakers to prioritize and invest in evidence-based interventions for OHCA.

Conclusions
The enhancement of the CFR system in Poland represents a cost-effective approach to improving survival rates following 
OHCA, delivering favorable outcomes at a reasonable cost per QALY. This study underscores the importance of 
accessible AEDs, the role of CFRs, and a streamlined emergency response system in increasing survival rates and 
enhancing the quality of life for OHCA patients. The findings offer valuable insights for informing policy development 
and resource allocation aimed at strengthening Polish emergency medical response infrastructure for OHCA, ensuring the 
efficacy and economic viability of life-saving interventions. Additionally, this approach may serve as a useful model for 
other regions seeking to optimize their emergency response systems.
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