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Abstract

Background:

Out-of-hospital cardiac arrest (OHCA) remains a leading cause of mortality worldwide, with survival
and neurological outcomes highly dependent on timely intervention. Emergency medical service (EMS)
response time is a critical determinant within the chain of survival.

Objective:

This systematic review aimed to evaluate the effect of EMS response time on survival and neurological
outcomes among OHCA patients.

Methods:

A systematic review was conducted in accordance with PRISMA 2020 guidelines. Electronic databases
including PubMed, Scopus, Web of Science, Embase, and Google Scholar were searched for studies
published between 2010 and 2025. Observational studies examining EMS response time and OHCA
outcomes were included. Eleven studies met the inclusion criteria. Data were extracted and synthesized
using a narrative approach due to heterogeneity in study designs and outcome measures.

Results:

Across the included studies, shorter EMS response times were consistently associated with improved
outcomes. Each one-minute delay in response time was associated with a 4% to 7% reduction in survival
and a significant decline in neurological recovery. Optimal response time thresholds were commonly
identified between 6 and 8 minutes. Studies also highlighted the modifying effect of bystander
cardiopulmonary resuscitation (CPR), which extended the effective response window and improved
survival rates. Variability in outcomes across EMS systems emphasized the role of operational
efficiency and system-level factors.

Conclusion:

Rapid EMS response is a critical determinant of survival and neurological outcomes in OHCA. Efforts
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to reduce response times and strengthen early intervention strategies are essential to improve patient
outcomes.

Keywords:
Out-of-hospital cardiac arrest, EMS response time, survival, neurological outcomes, emergency
medical services, systematic review, resuscitation.

Introduction

Out-of-hospital cardiac arrest (OHCA) remains a major global public health challenge, with
consistently low survival rates despite advances in emergency medical care systems. It is estimated that
survival to hospital discharge in OHCA cases rarely exceeds 10% in most regions, largely due to delays
in recognition, initiation of cardiopulmonary resuscitation (CPR), and emergency medical service
(EMS) response. The effectiveness of the “chain of survival,” which includes early recognition, early
CPR, rapid defibrillation, and advanced life support, is highly dependent on time-sensitive
interventions. Among these, EMS response time has been identified as a critical determinant influencing
both survival and neurological outcomes following cardiac arrest (O’Keeffe et al., 2011; Sladjana et al.,
2011).

EMS response time, typically defined as the interval between emergency call activation and arrival of
EMS personnel at the scene, plays a pivotal role in determining patient outcomes. Rapid response allows
for earlier initiation of advanced life support interventions, including airway management,
defibrillation, and pharmacologic therapy. Delays in response time, even by a few minutes, can
significantly reduce the likelihood of return of spontaneous circulation (ROSC) and survival. This time-
dependent relationship underscores the importance of optimizing EMS systems to minimize delays and
improve overall efficiency (Kim et al., 2017; Rajan et al., 2016).

The relationship between EMS response time and survival outcomes is complex and influenced by
multiple interacting factors. While shorter response times are generally associated with improved
outcomes, other variables such as bystander CPR, availability of automated external defibrillators
(AEDs), and initial cardiac rhythm also play crucial roles. Studies have demonstrated that early
bystander intervention can partially mitigate the negative effects of delayed EMS arrival by maintaining
circulation until professional care is initiated. This highlights the importance of community-level
interventions alongside EMS system optimization (Rajan et al., 2016).

In addition to survival, neurological outcomes are a key consideration in OHCA management, as
prolonged ischemia can lead to irreversible brain injury. The duration of time between cardiac arrest
and restoration of circulation is directly related to neurological prognosis. Rapid EMS response
contributes to reducing this interval, thereby increasing the likelihood of favorable neurological
recovery. Conversely, delays in response time are associated with higher rates of poor neurological
outcomes, even among patients who achieve ROSC (Okubo et al., 2018).

Variability in EMS response times and OHCA outcomes has been observed across different regions and
healthcare systems. Differences in infrastructure, resource allocation, dispatch protocols, and
geographic factors contribute to disparities in response efficiency. Large registry-based studies have
demonstrated significant variation in survival rates between EMS agencies, suggesting that system-
level characteristics, including response time performance, play a substantial role in determining patient
outcomes (Garcia et al., 2022; Okubo et al., 2018).

Recent large-scale studies and international registries have further emphasized the importance of EMS
response time as a modifiable factor in improving OHCA outcomes. For instance, European and
international registry data have shown that shorter response times are consistently associated with
higher survival rates and better neurological outcomes across diverse populations. These findings
reinforce the need for standardized benchmarks and performance targets within EMS systems to ensure
timely response (Grésner et al., 2025).

Operational factors within EMS systems, such as dispatch prioritization, crew availability, and urban
versus rural settings, also influence response times and outcomes. High-priority dispatch systems and
optimized ambulance deployment strategies have been associated with improved response efficiency
and higher survival rates. Conversely, delays due to system overload or logistical challenges can
negatively impact patient outcomes. Understanding these operational dynamics is essential for
developing targeted interventions aimed at reducing response times (Goniewicz et al., 2024).
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Despite the growing body of evidence, some inconsistencies remain regarding the extent to which EMS
response time independently influences OHCA outcomes. Variations in study design, population
characteristics, and healthcare systems contribute to heterogeneity in findings. Additionally, the
interplay between response time and other critical factors, such as bystander CPR and post-resuscitation
care, complicates the interpretation of results. Therefore, a comprehensive synthesis of available
evidence is necessary to clarify the true impact of EMS response time on survival and neurological
outcomes in OHCA.

Methodology

Study Design

This study employed a systematic review methodology following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines to ensure methodological
transparency, rigor, and reproducibility. The primary objective was to synthesize and critically evaluate
existing empirical evidence on the effect of emergency medical service (EMS) response time on
survival and neurological outcomes in patients experiencing out-of-hospital cardiac arrest (OHCA). The
review focused on identifying time-dependent relationships between EMS response intervals and key
clinical outcomes, including return of spontaneous circulation (ROSC), survival to hospital discharge,
and favorable neurological recovery.

The review included peer-reviewed studies that examined EMS response time as a primary exposure
variable and its association with OHCA outcomes. Both retrospective and prospective observational
studies, as well as registry-based analyses, were included to capture a wide range of real-world EMS
system performances across different geographic and healthcare settings. This approach enabled a
comprehensive understanding of how variations in EMS response time influence patient outcomes
across diverse populations and emergency care systems.

Eligibility Criteria
Studies were selected based on predefined inclusion and exclusion criteria to ensure consistency and
relevance to the research objective.

Inclusion Criteria:

» Population: Adult patients (>18 years) experiencing out-of-hospital cardiac arrest of presumed
medical (non-traumatic) origin.

» Exposure: EMS response time, including basic life support (BLS), advanced life support (ALS), or
total EMS response intervals (e.g., call-to-scene or call-to-hospital time).

» Comparators: Different response time intervals (e.g., <6 minutes vs >6 minutes, <8 minutes vs >8
minutes) or continuous time-based comparisons.

* Qutcomes: Survival outcomes (ROSC, survival to emergency department, survival to hospital
discharge) and/or neurological outcomes (e.g., Cerebral Performance Category scores or equivalent).

* Study Designs: Observational studies, including retrospective cohorts, prospective cohorts, and
registry-based studies with quantitative data.

» Language: English-language publications only.

* Publication Period: Studies published between 2010 and 2025 to reflect contemporary EMS practices
and systems.

Exclusion Criteria:

* Studies involving in-hospital cardiac arrest or traumatic cardiac arrest cases.

» Non-empirical publications such as reviews, editorials, commentaries, and case reports.
* Studies lacking clear measurement or reporting of EMS response time.

* Conference abstracts, duplicate publications, or studies without accessible full texts.

A total of 11 studies met all inclusion criteria and were included in the final analysis.

Search Strategy

A comprehensive literature search was conducted across multiple electronic databases, including
PubMed, Scopus, Web of Science, Embase, and Google Scholar, from database inception through
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December 2025. The search strategy utilized Boolean operators and a combination of Medical Subject
Headings (MeSH) and free-text terms to maximize sensitivity and specificity.

The primary search terms included:

* (“out-of-hospital cardiac arrest” OR “OHCA”)

* AND (“emergency medical services” OR “EMS”)

* AND (“response time” OR “response interval” OR “ambulance response time”)

* AND (“survival” OR “ROSC” OR “mortality” OR “neurological outcome” OR “neurologic
recovery”’)

Additional manual searches were conducted by reviewing the reference lists of relevant systematic
reviews and included articles to ensure comprehensive coverage. All retrieved records were imported
into reference management software (e.g., Zotero or EndNote), and duplicates were removed prior to
screening.

Study Selection Process

The study selection process was conducted independently by two reviewers to minimize selection bias.
Initially, titles and abstracts of all retrieved articles were screened for relevance based on the inclusion
criteria. Studies deemed potentially eligible were then subjected to full-text review.

Discrepancies between reviewers during both screening stages were resolved through discussion and
consensus. In cases where agreement could not be reached, a third reviewer was consulted to make the
final decision. The overall study selection process, including identification, screening, eligibility, and
inclusion, was documented using a PRISMA flow diagram (Figure 1).

Figure 1 PRISMA Flow Diagram
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(n=83)

h 4

Records after duplicates
removed (n = B7)
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(n=67) ‘ (n=49)
' Full-text articles assessed | o Full-text articles
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Data Extraction

A standardized data extraction form was developed and pilot-tested prior to full data collection to ensure
consistency and completeness. The following data elements were extracted from each included study:
* Author(s), year of publication, and country of study.

* Study design and data source (e.g., hospital-based, EMS registry, or national database).

* Sample size and population characteristics (age, sex, inclusion criteria).

* Definition and measurement of EMS response time.
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* Outcome measures, including ROSC, survival to hospital discharge, and neurological outcomes.

* Statistical methods used (e.g., logistic regression, adjusted odds ratios).

* Key quantitative findings (odds ratios, percentages, confidence intervals, p-values).

* Adjustments for confounding variables and subgroup analyses.

Data extraction was performed independently by two reviewers, with cross-checking to ensure
accuracy. Any discrepancies were resolved through consensus.

Quality Assessment

The methodological quality of the included studies was assessed using the Newcastle-Ottawa Scale
(NOS) for observational studies. Each study was evaluated across three domains: selection of study
participants, comparability of study groups, and assessment of outcomes.

Studies were assigned scores based on predefined criteria and categorized as:

* Low risk of bias (high quality)

* Moderate risk of bias

* High risk of bias (low quality)

Most included studies were rated as moderate quality, primarily due to limitations such as potential
confounding factors, variability in EMS system characteristics, and reliance on observational data.
However, large registry-based studies demonstrated stronger methodological rigor due to
comprehensive data collection and adjustment for multiple confounders.

Data Synthesis

Due to heterogeneity in study designs, EMS response time definitions, outcome measures, and statistical
reporting, a narrative synthesis approach was adopted. Findings were systematically organized into
thematic categories, including:

1. The relationship between EMS response time and survival outcomes.

2. The association between response time and neurological recovery.

3. Identification of optimal response time thresholds.

4. The influence of modifying factors such as bystander CPR and EMS system characteristics.
Quantitative data, including percentages, odds ratios, and confidence intervals, were extracted and
reported descriptively. Although consistent trends were observed across studies, a formal meta-analysis
was not performed due to variability in outcome definitions and measurement methods.

Ethical Considerations

As this study is a systematic review based on previously published data, ethical approval and informed
consent were not required. All included studies were published in peer-reviewed journals and were
assumed to have obtained appropriate ethical clearance from their respective institutions. The review
was conducted in accordance with ethical standards for research integrity, transparency, and accurate
reporting as outlined in the PRISMA 2020 guidelines.

Results

Summary and Interpretation of Included Studies on the Effect of EMS Response Time on
Survival and Neurological Outcomes in OHCA (Table 1):

1. Study Designs and Populations

The included studies represent a broad range of methodological designs, including retrospective cohort
studies, prospective observational analyses, and large population-based registry studies, reflecting
diverse approaches to evaluating the impact of emergency medical service (EMS) response time on
outcomes in out-of-hospital cardiac arrest (OHCA). Sample sizes varied considerably across studies,
ranging from relatively small cohorts such as Alumran et al. (2020), which included 108 patients, to
large nationwide datasets such as Lee et al. (2025), which analyzed 76,505 OHCA cases. Several
studies, including Biirger et al. (2018), Holmén et al. (2020), and Huang et al. (2021), utilized national
or regional registries, thereby enhancing the generalizability of findings. The majority of studies
focused on adult patients with presumed cardiac etiology, and both sexes were generally represented.
However, differences in inclusion criteria, geographic settings, and EMS system structures across
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countries—including Thailand, Germany, Saudi Arabia, Korea, Sweden, Taiwan, Japan, and Poland—
may contribute to variability in reported outcomes.

2. Definitions and Measurement of EMS Response Time

Across the included studies, EMS response time was most commonly defined as the interval between
emergency call initiation and the arrival of the first EMS unit at the scene. Despite this general
consistency, some variations were observed. For example, Chen et al. (2022) focused specifically on
advanced life support (ALS) response time, while Lee et al. (2025) evaluated total EMS call-to-hospital
arrival time. Additionally, several studies categorized response time into predefined intervals or
thresholds, most commonly <6 minutes, <7.5 minutes, or <8 minutes. Huang et al. (2021) identified an
optimal cutoff value of 6.2 minutes using receiver operating characteristic analysis. Although
definitions and categorizations differed slightly, the majority of studies consistently emphasized a
critical early response window, generally within the first 6 to 8 minutes, as a key determinant of
improved patient outcomes.

3. Survival Outcomes (ROSC, Survival to ED, and Hospital Discharge)

Survival outcomes were consistently shown to be inversely associated with EMS response time across
the majority of included studies. Damdin et al. (2025), in a large retrospective cohort of 5,433 patients,
reported that 29.17% of patients achieved return of spontaneous circulation (ROSC) at the scene, 6.9%
survived to emergency department (ED) admission, and only 1% survived to hospital discharge.
Importantly, each one-minute increase in response time resulted in a 6% reduction in ROSC, a 4%
reduction in survival to ED admission, and a 6% reduction in survival to hospital discharge.
Furthermore, response times of less than 8 minutes significantly improved outcomes, increasing ROSC
by 2.31 times, ED survival by 1.76 times, and survival to discharge by 2.09 times.

Similarly, Biirger et al. (2018) demonstrated a marked decline in survival as response time increased.
In patients who did not receive bystander CPR, survival decreased from 12.9% at very short response
times to 6.4% at approximately 10 minutes. Additionally, EMS systems with faster response
performance achieved higher rates of survival with good neurological outcomes compared to slower
systems. Holmén et al. (2020) further confirmed these findings, showing that 30-day survival decreased
from 19.5% in patients with response times of 0—6 minutes to 9.4% in those with response times of 10
minutes or more. Their analysis suggested that reducing response times to 6 minutes or less could
substantially increase survival at a population level.

Chen et al. (2022) reported that each one-minute delay in ALS response time reduced survival to
hospital discharge by 7%, while delays exceeding 11 minutes reduced survival odds by approximately
40%. Similarly, Goniewicz et al. (2024) found that patients who achieved ROSC had significantly
shorter mean response times (7.92 minutes) compared to those who did not (8.29 minutes). Lee et al.
(2025) extended these findings by demonstrating that shorter EMS call-to-hospital arrival times were
associated with significantly lower in-hospital mortality, with mortality rates of 78.7% in the shortest
time quartile compared to 87.7% in longer time intervals.

In contrast, Alumran et al. (2020) did not find a statistically significant association between response
time and survival outcomes; however, the odds of mortality were approximately doubled when response
time exceeded 8 minutes. This inconsistency may be explained by the relatively small sample size and
potential confounding variables.

4. Neurological Outcomes

Neurological outcomes were strongly associated with EMS response time, with shorter response
intervals consistently linked to better neurological recovery. Lee et al. (2019) identified a response time
threshold of 7.5 minutes, below which patients demonstrated significantly higher odds of survival to
discharge and favorable neurological outcomes. Specifically, patients in the shorter response time group
had a 54% higher likelihood of survival and were twice as likely to achieve favorable neurological
recovery. Additionally, each one-minute reduction in response time was associated with an 8% increase
in survival and a 14% increase in favorable neurological outcomes.

Huang et al. (2021) similarly identified an optimal response time threshold of 6.2 minutes for predicting
survival to hospital discharge, with each one-minute reduction associated with a 21.7% increase in
survival probability. Moon et al. (2020) further demonstrated that the relationship between response
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time and neurological outcomes is influenced by bystander CPR. In patients without bystander CPR,
significant improvements in outcomes were observed within a response time range of 3 to 6 minutes,
whereas in patients receiving bystander CPR, this beneficial window extended to 3 to 9 minutes.
Conversely, Kaichi et al. (2025) reported a decline in favorable neurological outcomes following EMS
protocol changes during the COVID-19 pandemic, with a decrease of 3.4%, likely attributable to delays
in key interventions such as airway management and intravenous access.

5. Effect Modification and Contextual Factors

Several studies highlighted the role of modifying factors that influence the relationship between EMS
response time and OHCA outcomes. Bystander CPR emerged as one of the most significant modifiers,
consistently shown to extend the effective response time window and improve both survival and
neurological outcomes. Additional factors identified included initial cardiac rhythm, witness status, and
patient demographics, all of which were shown to independently affect outcomes.

Operational factors within EMS systems also played a critical role. Goniewicz et al. (2024)
demonstrated that high-priority dispatch cases were associated with improved ROSC rates, emphasizing
the importance of efficient triage systems. In contrast, system-level disruptions, such as those observed
during the COVID-19 pandemic in the study by Kaichi et al. (2025), were associated with delayed
interventions and poorer outcomes. These findings underscore the importance of both rapid response
and system efficiency in optimizing patient outcomes.

6. Summary of Effect Estimates

Overall, the evidence across the included studies demonstrates a strong and consistent time-dependent
relationship between EMS response time and outcomes in OHCA. Most studies indicate that each one-
minute delay in response time is associated with a reduction in survival ranging from approximately
4% to 7%, as well as a significant decline in neurological recovery. The optimal response time threshold
for improving outcomes is consistently identified within the range of 6 to 8 minutes, although some
studies suggest even shorter thresholds may provide additional benefit.

Despite some heterogeneity in study design, definitions, and population characteristics, the overarching
findings strongly support the critical importance of minimizing EMS response time. Rapid EMS
response, particularly within the first few minutes following cardiac arrest, remains a key determinant
of survival and favorable neurological outcomes in OHCA patients.

Table (1): General Characteristics of Included Studies

Study | Countr Design Samp | Populati | Respons Key Main Effect
y le on e Time | Outcom | Results | Estima
Size Definiti es te
on
Damdin | Thailan | Retrospecti | 5,433 OHCA Call to ROSC, ROSC —6%
et al. d ve cohort patients EMS ED 29.17%, | surviva
(2025) arrival | survival, | discharg | 1per
discharg e 1% minute
e delay
Biirger | Germa | Registry 10,85 | OHCA | Alarmto | Discharg | Survival | Faster
et al. ny analysis 3 arrival | e,neuro | | 12.9% | EMS
(2018) outcome | — 6.4% OR
0.72
Alumran | Saudi | Retrospecti | 108 OHCA <vs>8 | Survival No Odds of
et al. Arabia ve min significa | death
(2020) nt effect | x2 (>8
min)
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Lee et Korea | Prospectiv | 2,309 Adult EMS Neuro Better OR
al. e OHCA | response | outcome | outcome 2.01
(2019) time s<7.5 neuro
min recover
y
Holmén | Swede Registry | 20,42 | OHCA Time 30-day 19.5% | Strong
et al. n 0 categori | survival | vs 9.4% | inverse
(2020) es relation
Chenet | Taiwan | Registry | 4,278 Adult ALS Survival, —7% aOR
al. OHCA | response | neuro survival 0.93
(2022) per min
delay
Huang et | Taiwan | Retrospecti | 6,742 Adult EMS Discharg | Optimal aOR
al. ve OHCA | response e 6.2min | 1.217
(2021) survival per min
shorter
Kaichi et | Japan Cohort 10,12 | OHCA EMS Neuro —3.4% | Negativ
al. 6 intervals | outcome after e trend
(2025) delays
Moonet | Asia | Retrospecti | 13,24 | Witnesse RTI Neuro Benefit | OR up
al. (multi- ve 5 d OHCA outcome | extende | to 2.02
(2020) | country d with
) CPR
Goniewi | Poland | Retrospecti | 4,361 OHCA EMS ROSC 7.92 vs =
cz et al. ve response 8.29 min | 0.043
(2024)
Lee et Korea | Nationwid | 76,50 OHCA Call-to- | Mortalit | Mortalit OR
al. e cohort 5 hospital | y, neuro | y 78.7% 0.30
(2025) time Vs
87.7%
Discussion

The findings of this systematic review demonstrate a consistent and robust association between EMS
response time and survival outcomes in patients with out-of-hospital cardiac arrest (OHCA). Across the
included studies, shorter response times were strongly linked to improved rates of return of spontaneous
circulation (ROSC), survival to hospital discharge, and favorable neurological recovery. These findings
align with earlier evidence emphasizing the critical importance of time-sensitive interventions in cardiac
arrest management (O’Keeffe et al., 2011; Sladjana et al., 2011).

A key observation from this review is the time-dependent decline in survival outcomes. Several studies
reported that even a one-minute delay in EMS response significantly reduces survival probabilities. For
instance, Damdin et al. (2025) and Chen et al. (2022) demonstrated measurable reductions in survival
with each incremental delay, highlighting the narrow therapeutic window available for effective
intervention. These findings are consistent with the concept of the “chain of survival,” where early
intervention is crucial for maintaining perfusion and preventing irreversible organ damage (Iwami et
al., 2009).

The identification of optimal EMS response time thresholds was another important finding. Multiple
studies suggested that response times within 6 to 8 minutes are associated with significantly improved
outcomes. Huang et al. (2021) identified an optimal threshold of approximately 6.2 minutes, while Lee
et al. (2019) reported improved neurological outcomes below 7.5 minutes. Similarly, Holmén et al.
(2020) demonstrated a marked decline in survival beyond 10 minutes, reinforcing the importance of
rapid EMS deployment.

The relationship between EMS response time and neurological outcomes was also strongly supported.
Studies such as Lee et al. (2019) and Moon et al. (2020) showed that shorter response times were
associated with higher rates of favorable neurological recovery. This is biologically plausible, as
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prolonged cerebral ischemia leads to irreversible brain injury. The findings underscore that survival
alone is not sufficient; the quality of survival, particularly neurological function, is equally important.
Bystander cardiopulmonary resuscitation (CPR) emerged as a critical modifying factor influencing the
relationship between response time and outcomes. Rajan et al. (2016) and Moon et al. (2020)
demonstrated that early bystander CPR can extend the effective response time window and improve
survival rates. This suggests that community-level interventions, such as public CPR training and
dispatcher-assisted CPR, are essential components of improving OHCA outcomes (Lerner et al., 2012).
Despite the overall consistency in findings, some variability was observed across studies. For example,
Alumran et al. (2020) reported no statistically significant association between response time and
survival, although longer response times were associated with increased mortality risk. This discrepancy
may be attributed to smaller sample size, differences in healthcare infrastructure, or unmeasured
confounding variables.

System-level variations in EMS performance also played a significant role in influencing outcomes.
Studies by Okubo et al. (2018) and Garcia et al. (2022) highlighted substantial differences in survival
rates across EMS agencies, suggesting that response time is only one component of a broader system
of care. Factors such as training, resource allocation, and post-resuscitation care also contribute to
outcome variability.

Operational factors within EMS systems were further explored in studies such as Goniewicz et al.
(2024), which demonstrated that shorter response times and higher-priority dispatch classifications were
associated with improved ROSC rates. These findings emphasize the importance of efficient dispatch
systems, appropriate triage, and optimized ambulance deployment strategies.

The role of advanced life support (ALS) response time was specifically examined by Chen et al. (2022),
who found that delays in ALS arrival significantly reduced survival and neurological outcomes. This
highlights the importance of not only rapid initial response but also timely delivery of advanced
interventions such as defibrillation and airway management.

The impact of broader EMS time intervals, including call-to-hospital arrival time, was examined by Lee
et al. (2025), who demonstrated that shorter total prehospital time was associated with lower mortality
and better neurological outcomes. Similarly, Kim et al. (2017) found that shorter EMS-related time
intervals were associated with improved survival in urban settings, reinforcing the importance of
minimizing delays throughout the entire prehospital care pathway.

External factors, such as healthcare system disruptions, were also shown to influence outcomes. Kaichi
et al. (2025) reported a decline in neurological outcomes during the COVID-19 pandemic, likely due to
delays in EMS interventions and protocol changes. These findings highlight the vulnerability of EMS
systems to external pressures and the need for resilient emergency care frameworks.

The findings of this review are consistent with large-scale registry data, such as the European EuReCa-
THREE study, which demonstrated that shorter EMS response times are associated with improved
survival across diverse populations (Grasner et al., 2025). These large datasets provide strong external
validity and reinforce the generalizability of the findings.

Importantly, this review highlights that EMS response time should not be considered in isolation. The
interaction between response time, bystander intervention, and EMS system efficiency suggests that a
multifaceted approach is required to improve outcomes. Continuous improvements in the chain of
survival, including public education and system-level optimization, have been shown to significantly
increase survival rates (Iwami et al., 2009).

Overall, the evidence supports the conclusion that reducing EMS response time is a critical and
modifiable factor in improving survival and neurological outcomes in OHCA. However, achieving
meaningful improvements requires coordinated efforts at both the community and healthcare system
levels, including enhanced public awareness, improved dispatch systems, and optimized EMS
infrastructure

Conclusion

The findings of this systematic review demonstrate a strong and consistent association between EMS
response time and outcomes in patients experiencing out-of-hospital cardiac arrest. Across diverse study
designs and populations, shorter response times were significantly associated with improved survival
rates, higher likelihood of return of spontaneous circulation, and better neurological outcomes. The
evidence indicates that even minimal delays in EMS arrival can substantially reduce survival
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probabilities, with most studies identifying a critical response window of approximately 6 to 8 minutes.
These findings reinforce the time-sensitive nature of cardiac arrest management and the importance of
rapid EMS activation and response.

In addition to response time, the review highlights the importance of complementary factors such as
bystander cardiopulmonary resuscitation, efficient EMS system organization, and timely advanced life
support interventions. The interaction between these factors suggests that improving OHCA outcomes
requires a comprehensive approach that extends beyond reducing response times alone. Strengthening
public awareness, optimizing dispatch systems, and enhancing EMS infrastructure are essential
strategies to improve survival and neurological recovery in OHCA patients.

Limitations

This systematic review has several limitations. First, the included studies were predominantly
observational in design, which limits the ability to establish causality due to potential confounding
factors. Second, there was considerable heterogeneity in the definition and measurement of EMS
response time, as well as in outcome reporting, which precluded the use of meta-analysis and limited
comparability across studies. Third, variations in EMS systems, healthcare infrastructure, and
population characteristics across different countries may affect the generalizability of the findings.
Additionally, some studies relied on registry data, which may be subject to missing or incomplete
information. The inclusion of only English-language publications may also introduce language bias.
Finally, differences in the reporting of neurological outcomes and lack of standardized measurement
tools across studies may affect the consistency of conclusions related to neurological recovery.
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