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Advances in adult cardiopulmonary resuscitation:

a narrative review
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Abstract

Cardiac arrest occurs rapidly, requires high timeliness in treatment, and has a poor prognosis. Cardiopulmonary resuscitation
(CPR) is a key intervention to save the lives of patients with cardiac arrest. In recent years, CPR has made significant progress
with the update of evidence-based research and technological development. The evolution of specific recommendations in
international guidelines reflects the changes in the certainty of and understanding about emerging evidence. To unravel the logical
progression of cognitive development in the CPR field, this review systematically clarifies the evidence base and evolutionary history
of recommendations for core components of adult CPR, including the chain of survival, interruptions in compressions, high-quality
CPR, early defibrillation, dispatcher-assisted CPR, extracorporeal CPR, and temperature control. Moreover, it identifies knowledge
gaps and proposes potential development directions to provide systemic insights and strategic thinking in CPR for providers,
researchers, and healthcare administrators.
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Introduction

Cardiac arrest is the sudden cessation of cardiac mechanical
activity confirmed by the absence of signs of circulation.!"! As
a major global critical event, cardiac arrest poses a severe pub-
lic health challenge because of its high burden and mortality.?!
The annual incidence of out-of-hospital cardiac arrest (OHCA)
worldwide is approximately 50-100 per 100,000 population,
whereas 750,000 cases of OHCA are assessed by the emergency
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medical service (EMS) in China every year.>* More critically,
the survival of patients with shockable rhythms decreases by
7%-10% for every 1-minute delay in defibrillation,”! which
highlights the extreme timeliness required for rescue. Meanwhile,
cardiac arrest management is not a single-link intervention but a
whole-chain process covering the community response, prehos-
pital services, emergency department (ED), intensive care unit
(ICU), and rehabilitation stages. The disruption or delay of any
link will directly lead to resuscitation failure, imposing extremely
high requirements on the continuity of rescue.!®

Cardiopulmonary resuscitation (CPR) is an essential method
for maintaining the patient’s perfusion and oxygen supply and
restoring spontaneous circulation. The core components of mod-
ern CPR techniques, including chest compression, ventilation,
and defibrillation, were initially developed during the 1950s
and 1960s.” Subsequently, evidence-based research gradually
emerged, resulting in continuous evolution in both knowledge
and techniques. The concept of the “chain of survival” has further
improved the systematicness and continuity of CPR. Since its first
introduction in 1991, it has become the core framework for global
resuscitation efforts, with all links closely interconnected.!'”!

The International Liaison Committee on Resuscitation
(ILCOR) was established in 1992 and is the authoritative aca-
demic organization in the global resuscitation field.!"!! By system-
atically reviewing global evidence-based research, it regularly
releases Consensus on Science and Treatment Recommendations
(CoSTR) every 5 years, guiding the development direction of
global CPR knowledge and practice. The first edition of CoSTR
in 2000 was a standardized update based on the integration
of the core contents of previous national guidelines from the
American Heart Association and FEuropean Resuscitation
Council, laying the foundation for the homogenization of global
resuscitation practice.'? Since then, with the increasing number
of high-quality clinical studies, the development and application
of new technologies, and the integration of humanistic medical
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concepts, many important advancements have emerged in the
field of adult CPR. ILCOR gradually optimized its guideline
update model, adjusting from the initial 5-year periodic update
to continuous evidence assessment and annual updates after
2016, ensuring that guideline recommendations are always in
line with the latest evidence.!'*! Despite this, high-certainty evi-
dence within the domain of CPR remains limited, and numerous
knowledge gaps still require filling.

The evolution process of CoSTR and international guidelines
reflects the cognitive changes in this field based on the accumula-
tion of evidence and reflection. Behind each recommendation lies
a multitude of data, evaluations, discussions, and balance. Only
by understanding the historical context of its origin, growth, and
transformation can one better affirm and criticize it, and thus
better move toward the future. The CPR progress encompasses
a wide range of aspects, and we cannot cover all of them in 1
article. The purpose of this review is to clarify the advancing his-
tory and challenges of some key components of CPR, enabling
providers and researchers to understand the logical progression
of this field and draw analogies to gain a comprehensive under-
standing of the overall situation.

Given the foundational role and central position, this review
focuses on elaborating the development history and challenges of
the chain of survival, minimizing interruptions of compressions,
high-quality CPR, early defibrillation, and dispatcher-assisted
CPR (DA-CPR) in basic life support (BLS). Meanwhile, because
there are relatively clear evolutionary processes of recommenda-
tions for extracorporeal CPR (ECPR) in advanced life support
(ALS) and temperature control in postresuscitation care based
on randomized controlled trials (RCTs), detailed explanations
have been provided. Finally, based on the current status of CPR
research, various challenges and prospects are summarized to
facilitate further progress.

www.eccmjournal.org

Methods

A narrative review was conducted drawing on literature from
PubMed/MEDLINE, Embase, Scopus, and the Cochrane Library,
covering publications from database inception to December
2025. Search terms encompassed key concepts such as “cardiac
arrest,” “CPR,” “ILCOR,” “chain of survival,” “interruptions
in compressions,” “high-quality CPR,” “early defibrillation,”
“dispatcher-assisted CPR,” “extracorporeal CPR,” and “tem-
perature control.” The review focused on adult cardiac arrest and
included peer-reviewed English-language studies such as RCTs,
observational studies, manikin studies, animal experiments, sys-
tematic and scoping reviews, clinical guidelines, and expert consen-
sus statements. Non-adult studies, irrelevant reports, duplicates,
and unpublished gray literature were excluded. The selection of
literature was based on the review team’s comprehensive judgment
of the relevance to the topic and academic quality, and consensus
was reached through repeated discussions. Data extraction was
centered around key concepts and practical frameworks, with a
focus on distilling theoretical and empirical findings.

Results
Chain of survival

The chain of survival is a series of key actions that must be car-
ried out rapidly and continuously to maximize the survival of
patients with cardiac arrest.!'*! As evidence and understanding
have continued to evolve, the content of the core links has gone
through an evolution from 4 links to 5 and then to 6 (Fig. 1).

Four-link chain. This concept was first systematically proposed
in 1991, and the original chain included 4 links: early access,
early CPR, early defibrillation, and early advanced care.!'¥ Early
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Figure 1. Evolution of recommendations in international guidelines for selected key components of adult CPR (2000-2025). AED, automated external
defibrillator; CA, cardiac arrest; CCF, chest compression fraction; CPR, cardiopulmonary resuscitation; DA-CPR, dispatcher-assisted CPR; ECPR,
extracorporeal CPR; IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest; PAD, public access defibrillation; RCT, randomized con-
trolled trial; TC, temperature control; TH, therapeutic hypothermia; TTM, targeted temperature management; VF, ventricular fibrillation.
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access was evidenced by the effectiveness of universal emer-
gency numbers in reducing response delays and public educa-
tion programs that improved emergency recognition and EMS
activation.!' 1l Early CPR’s value was confirmed by data that
bystander-initiated CPR prolonged ventricular fibrillation (VF)
duration and improved survival.'”> '8 Early defibrillation pro-
grams raised VF survival from 3% to 19% in rural communi-
ties."”! Paramedic-led interventions (intubation, medications)
enhanced survival when combined with early defibrillation, from
18% to 38%.12%21 The chain of survival was introduced into the
first edition of ILCOR’s CoSTR in 2000 and remains the corner-
stone of international resuscitation guidelines to this day.!"?!

Five-link chain. In 2010, the chain of survival was expanded to
5 links, with the addition of postcardiac arrest care/postresusci-
tation care.?>2* This extension was based on the clinical obser-
vation that patients still faced a high mortality rate within 24
hours after return of spontaneous circulation (ROSC), mainly
because of hemodynamic instability, multiple organ failure, and
brain injury, collectively known as the postcardiac arrest syn-
drome.!>?"I Since 2002, high-quality studies have confirmed
that targeted interventions after ROSC can significantly increase
the rate of neurologically intact survival.?®3! Two landmark
RCTs showed that implementing 24-hour mild hypothermia
treatment at 32-34 °C for comatose OHCA patients with VF
after ROSC could increase the favorable neurological survival
significantly (Table 1).1?% 2! Multicenter observational studies
demonstrated that a bundled treatment approach combining
hemodynamic optimization, neuroprotection, coronary inter-
vention, and metabolic management could improve the survival
to hospital discharge of ROSC patients, and the volume of cases
treated in the hospital was positively correlated with survival
outcomes. 303143 441

Six-link chain. In 2020, as the sixth link, recovery was added to
the chain of survival, indicating that the focus on survival has
extended from ROSC and discharge survival to high-quality long-
term survival.”! Data showed that among cardiac arrest survi-
vors, 25%-50% had long-term neurocognitive impairment, and
13%-61% suffered from psychological trauma.®*” Multicenter
cohort studies and RCTs have shown that comprehensive reha-
bilitation (physical, cognitive, and psychological) could improve
quality of life scores, increase the return-to-work rate, and
reduce long-term mortality.*® #! In addition, the single chain
was expanded into 4 independent chains: adult OHCA, adult
in-hospital cardiac arrest (IHCA), pediatric OHCA, and pediat-
ric IHCA. The core basis is that there are significant differences
in the causes, physiological characteristics, rescue resources, and
prognosis requirements of cardiac arrest among different popu-
lations and in different scenarios. The out-of-hospital chain high-
lighted the popularization of bystander CPR and public access
defibrillation (PAD), the in-hospital chain emphasized team col-
laboration and rapid response systems, and the pediatric chain
prioritized prevention and respiratory support.l°-52!

In 20235, these 4 chains were integrated into a unified 6-link
chain again, applicable to adult and pediatric populations and
both in-hospital and out-of-hospital settings.”* The unified
framework aims to simplify training processes, reduce implemen-
tation inconsistencies caused by multiple chains, and enhance the
coordination of resuscitation care across different scenarios.

Knowledge gaps. The exploration of the content and form of the
chain of survivalis still ongoing, and discussions are also underway
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on whether to add a seventh link, prevention, at the beginning of
the chain.! In the global application of the chain of survival,
the heterogeneity of its constituent elements is gradually increas-
ing." In response to the particularity of different patient groups
and rescue scenarios, customized elements have emerged, with
the core being to supplement exclusive interventions in the basic
links, even applied to other emergency scenarios, such as stroke,
acute myocardial infarction (AMI), sepsis, and so forth.['% Except
for a few publications mentioning that the chain of survival had
a positive effect on patient outcomes (such as improving survival
and the rate of bystander CPR), no related reports on its impact
on the educational or implementation level have been found.* 53!
Further exploration is needed of its value in education, imple-
mentation, and clinical outcomes. ILCOR suggested retaining the
basic version of the 6 links (recognition and prevention, early call
for help, high-quality CPR, early defibrillation and ALS, post-
cardiac arrest care, and recovery and rehabilitation) and making
localized adjustments in combination with the concept of adapt-
able resources and environment to avoid confusion caused by
too many versions."’!

Minimizing interruptions in chest compressions

The decisive role of timeliness and continuity of compressions in
the prognosis of patients with cardiac arrest has been gradually
recognized, with the goal of maximizing myocardial and cere-
bral perfusion during resuscitation. The guidelines consistently
convey a principle that minimizing interruptions in compressions
is the core of the high-quality CPR and entire CPR process, and
adjustments to key operations such as ventilation and defibrilla-
tion must be based on this premise.

Pauses for ventilation. The 2000 CoSTR continued to adopt the
traditional airway-breathing—circulation (A-B-C) sequence.’*% 57!
And the compression—ventilation ratio was updated from 5:1
(previously used for 2-rescuer CPR) to 15:2 (applicable to both
1-rescuer and 2-rescuer CPR). A manikin experiment indicated
that a 15:2 compression-to-ventilation ratio for a 2-rescuer CPR
could provide more chest compressions per unit time than the 5:1
ratio (approximately 64 vs. 50 times/min), whereas the quality of
compressions (such as depth and recoil) remained unaffected.®!

The 2005 CoSTR first established minimizing interrup-
tions of chest compressions as a core principle.’”) To reduce
ventilation-related interruptions and increase the number of com-
pressions per minute, the guidelines updated the compression—
ventilation ratio from 15:2 to 30:2 for 1-rescuer CPR. According
to the literature evidence at that time, the 30:2 ratio was the sci-
entifically validated optimal compromise in BLS. Animal exper-
iments showed that in nonasphyxial cardiac arrest (such as VF
or AMI models), 30:2 was superior to 15:2 or compression-only
CPR in balancing blood flow generation and oxygen supply./®% ¢!
Theoretical modeling studies further demonstrated that 30:2
achieved a dynamic optimal balance in maintaining compression
continuity, ventilation effectiveness, and operational feasibility,
maximizing effective perfusion to the heart and brain per unit
time.!?l Multiple observational studies also demonstrated that,
under previous 15:2 ratio, there was consistently substandard
quality of real CPR, including insufficient compression rate, fre-
quent interruptions, and incomplete chest recoil.[63-6!

The 2010 CoSTR proposed the C-A-B sequence to replace
the traditional A-B-C, establishing the absolute priority of
chest compressions, marking a milestone breakthrough.!*®!
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This recommendation was based on a manikin study evidence,
which showed that prioritizing compression could significantly
shorten the initial compression delay time.”? Although there
were no direct human or animal studies that confirm its abil-
ity to improve survival outcomes, it emphasized that the timely
initiation of high-quality compression is a key component for
successful resuscitation. This strategy has been incorporated into
the standard BLS process and is applicable to OHCA and THCA
in adults until now. Meanwhile, the definition of chest compres-
sion fraction (CCF) was mentioned in this CoSTR, which was the
proportion of total resuscitation time during which compressions
are delivered. An observational study involving 506 patients
with OHCA found that the survival to discharge improved with
an increase in CCE, and the best prognosis was achieved when
CCF was >0.60.1! Based on this, the guidelines emphasized in
the treatment recommendation to perform compressions at a
rate of >100/min and minimize interruptions as much as possi-
ble to increase the number of effective compressions per minute.
CCPF’s core optimization strategy is to shorten all noncompres-
sion interruptions (such as ventilation, rhythm checks, defibrilla-
tion charging, etc). This recommendation has become one of the
core indicators for measuring the quality of CPR in subsequent
international guidelines. For compression-only CPR, it was rec-
ommended for untrained rescuers and a reasonable choice for
trained rescuers who are unable or unwilling to perform artifi-
cial respiration. The basis for this was that multiple high-quality
observational studies had shown that compared with no rescue
at all, bystanders performing compression-only CPR could sig-
nificantly improve the survival of adult patients with OHCA.1-
7' Three RCTs confirmed that compression-only CPR under
the instructions of dispatchers was at least as effective as CPR
with ventilation in terms of survival to discharge.*>7> 73! It was
emphasized that compression-only CPR simplified the operation
and enhanced the willingness of bystanders to participate, which
was a key strategy for improving the coverage of the “first link”
in the chain of survival.

In 2015, the recommendations were based on systematic
reviews and the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE). However, the overall
quality of the evidence was generally low." First, regarding the
sequence of compression and ventilation, although there was no
high-quality human research to support it, multiple manikin stud-
ies consistently showed that prioritizing compression (C-A-B) over
ventilation (A-B-C) could significantly shorten the initial com-
pression initiation time (averaging about 20-26 seconds less).l”
75771 Therefore, it was weakly recommended in adult OHCA that
chest compressions should be initiated before opening the airway
and providing artificial respiration. Second, regarding the com-
pression—ventilation ratio, 4 before-and-after studies showed that
the 30:2 group had slightly better outcomes in terms of survival
to discharge and ROSC.8-811 Although the evidence was of very
low quality, it still weakly recommended the use of a 30:2 ratio,
emphasizing its practical consistency and operational advantages
as part of a comprehensive intervention package. Third, regard-
ing CCE it was recommended that CCF should be at least 60%
(weak recommendation, low-quality evidence). Based on 3 obser-
vational studies, shorter ventilation/rhythm analysis pause and
higher CCF were significantly associated with survival benefits.!*®
82,831 Finally, regarding compression-only CPR, multiple observa-
tional studies and DA-CPR trials showed that compression-only
CPR had no statistical difference in survival and a favorable neu-
rological prognosis compared with conventional CPR.F% 7L 84
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Therefore, it was strongly recommended that all cardiac arrest
patients should receive chest compressions (very-low-quality
evidence), and weakly recommended that trained and willing res-
cuers should provide compression with artificial respiration (very-
low-quality evidence), especially in scenarios with EMS response
delay or asphyxial arrest.

In 2017, ILCOR conducted a systematic review on the com-
pression—ventilation ratio, including 20 studies on adult patients,
among which 17 were cohort studies, 2 were RCTs, and 1 was
a cluster-crossover RCT.I* The analysis revealed that there were
clear differences in the effectiveness of different compression—
ventilation ratios in adult CPR, and the effect highly depended
on the type of rescuer. For CPR performed by bystanders (includ-
ing dispatcher-assisted), the analysis did not find any consistent
statistical significant differences in the main outcome between
compression—ventilation ratios (such as 30:2 vs. 15:2) or whether
ventilation was given (ie, compression-only CPR vs. 30:2).
However, a large cohort study involving over 350,000 patients
showed that compared with 30:2, compression-only CPR per-
formed by bystanders significantly reduced ROSC, survival, and
good neurological prognosis.’*®! For CPR performed by EMS per-
sonnel, 30:2 significantly improved good neurological prognosis
and survival compared with 15:2; whereas 50:2 was also shown
to significantly improve survival and ROSC compared with 15:2.
In addition, continuous chest compression combined with asyn-
chronous ventilation (such as 10 times/min) was slightly lower in
ROSC compared with 30:2, but the difference disappeared after
adjusting for confounding factors. In conclusion, in adult CPR,
30:2 is currently the most evidence-supported standard protocol
with the best comprehensive benefits, especially suitable for pro-
fessional rescuers. For bystanders, although compression-only is
easier to initiate, 30:2 should still be prioritized when conditions
permit.

The 2020 and 2025 CoSTR continued the core recommen-
dations of the 2015 version, with updates focusing on scenario-
specific optimizations.

Pauses for defibrillation. In 2000, it was recommended to per-
form 3 consecutive defibrillations before 1 minute of CPR for
patients with VF/pulseless ventricular tachycardia (pVT), 8l
based on several considerations. Data showed that the survival
of patients with VF was negatively correlated with defibrillation
delay (decreasing by 7%-10% for each minute of delay), con-
secutive defibrillations could seize the shockable window with a
cumulative success rate, and repeated shocks lowered transtho-
racic impedance and enhanced the effectiveness of the shock.!> !

In 2005, the CoSTR replaced the traditional 3 consecutive
shocks with a single shock followed by immediate CPR."°! Given
the high first-shock success rate of biphasic waveform defibril-
lation (85%-98%), multiple shocks were unnecessary.’" 2 A
porcine model study showed that the rate of ROSC with a sin-
gle shock was significantly higher than that with 3 shocks, while
reducing defibrillation-related interruptions.” Furthermore,
for unwitnessed cardiac arrest with an EMS response delay >4
minutes, the guidelines suggested performing short-duration
CPR before defibrillation. A before-and-after study and an RCT
showed that when the EMS response delay was >4-5 minutes,
performing 1.5-3 minutes of CPR before defibrillation was asso-
ciated with an increased survival for patients with VE4%51 A ran-
domized controlled study in a porcine model demonstrated that
CPR before defibrillation could improve myocardial readiness
for defibrillation by enhancing coronary perfusion pressure and
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stabilizing myocardial electrical activity (increasing the median
frequency of VF), thereby increasing the success rate of defibril-
lation and the rate of ROSC.P¢!

In 2015, it was clearly stated for the first time that the total
interruption time should be as short as possible, with a manual
defibrillation preshock pause of <10 seconds (strong recommen-
dation, low-quality evidence).[ This recommendation was based
on 1 RCT and 3 large-sample observational studies, all of which
consistently showed that shorter interruption times or higher
compression fractions (260%) significantly improve ROSC and
survival 658283, 331 Regarding whether to immediately defibrillate
or perform CPR for patients with VF/ pVT, a systematic review
of 5 RCTs concluded that for patients without monitoring, 1.5-3
minutes of preshock CPR did not offer any benefit over preparing
the defibrillator while compressing, analyzing as soon as possible,
and defibrillating.l"” 5 3498991 Egpecially for the subgroup with
EMS response time > 5 minutes, although 1 study suggested that
180 seconds of CPR might be beneficial, the other 3 RCTs failed
to confirm this, and 1 exploratory analysis even indicated that
prolonged CPR (180 seconds) might reduce survival. Therefore,
it was recommended that in unmonitored arrests, brief CPR
should be performed until the defibrillator was ready for analysis
and defibrillation (weak recommendation, low-quality evidence).
In addition, the consensus opposed immediately checking the
rhythm after a shock (weak recommendation, very low-quality
evidence). Three observational studies showed that this perfor-
mance significantly reduced survival.'12 [t was pointed out
that there was no clinical outcome evidence to support the tech-
nique of rhythm analysis during compressions, so the routine
application of filtering algorithms was not recommended (weak
recommendation, very low-quality evidence).

In 2020, CoSTR refined and clarified previous recommen-
dations based on new evidence, but the evidence remained of
low- or very-low-certainty.l'®! Regarding immediate defibrilla-
tion after compression rather than immediate rhythm analysis,
a meta-analysis of 3 RCTs (1 new) and 3 observational studies
indicated that immediate rhythm analysis significantly reduced
the rate of ROSC and survival, mainly because of a decrease in
CCE.[33100-102,104,105] The first systematic assessment of real-time
rhythm analysis technology during CPR was conducted based
on 14 methodological studies from 2007 to 2019. There was no
patient outcome data. A weak recommendation against routine
application of this technology was added (very-low-certainty evi-
dence), emphasizing that its clinical benefits had not been con-
firmed and needed to be verified through high-quality RCTs.

Knowledge gaps. Although the management of chest compres-
sion interruptions has been strongly emphasized, it is difficult
to precisely quantify and optimize in practice, especially during
transportation, airway management, and equipment operation.
The physiological impact of interruptions and the optimal inter-
vention threshold remain unclear. Regarding the sequence of
chest compressions and ventilation (CAB vs. ABC), although the
2025 ILCOR still maintains a weak recommendation (very-low-
certainty evidence) for CAB, all supporting evidence comes from
manikin studies and lacks clinical outcome data from real car-
diac arrest patients. Moreover, for special causes like drowning,
there is no direct evidence to guide whether ventilation should
be prioritized (ABC). The recommendation for the compression-
to-ventilation ratio (30:2) is also based on indirect, low-quality
observational studies, and the benefits may stem from the overall
update of the guidelines rather than the ratio itself. Currently, there
is no high-quality study to separately evaluate the independent
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effects of different ratios (such as 50:2 or higher). The problem of
chest compression interruptions caused by defibrillation is prom-
inent. Existing evidence has not clarified the optimal sequence of
compressions before defibrillation or immediate compressions
after rapid defibrillation, and there is a lack of differentiated
strategies for different rhythms. The timing of rhythm assessment
(every 2 minutes) continues to adhere to the 2015 recommenda-
tion. However, there is low-certainty evidence to support this, and
the key issue of whether the analysis interval should be dynami-
cally adjusted based on the initial rhythm remains unaddressed.

High-quality cardiopulmonary resuscitation

High-quality CPR refers to the process of resuscitation in which
multiple key parameters are optimized to ensure the maximum
effect of chest compressions. Its core components consist of 5
parts: adequate compression rate, adequate compression depth,
full chest wall recoiling, avoidance of excessive ventilation, and
minimizing interruptions of chest compressions as mentioned
above.

Chest compression rate, depth, and recoil. The interna-
tional guidelines first established the core elements framework
of high-quality CPR in 2005, although the term was not explic-
itly defined. It proposed key requirements, such as a compres-
sion frequency of >100/min, a depth of >4-5cm, complete chest
recoil, and minimizing interruptions.’”’ A compression rate of
100/min was recommended in 20000°¢ based on theoretical, ani-
mal, and patient data, which showed that a rate >80/min could
achieve optimal forward blood flow."4l Some animal stud-
ies showed that compared with standard CPR, high-rate com-
pressions (120-150/min) could improve hemodynamics without
increasing injuries,!'% 1% 1551 glthough some studies did not find
such an effect.'*®) One human study presented that high-rate
compressions (120/min) improved hemodynamics better than
the conventional strategy.!''! But in mechanical CPR in humans,
high-rate compressions (140/min) did not improve hemodynam-
ics compared with 60/min.!"'”I The guidelines before 2000 recom-
mended a compression depth of 4-5 cm.%® But in animal studies,
compared with standard depth compressions, deeper compres-
sions were associated with higher rates of ROSC and improved
neurological prognosis at 24 hours.!''8-12% As to the wall recoil,
1 animal study provided the association between incomplete
chest recoil and significantly increased intrathoracic pressure,
decreased venous return, and decreased coronary and cerebral
perfusion during CPR.[21

In 2010, ILCOR introduced the term “high-quality CPR” as
compressions at a rate of 2100/min, a depth of >5cm, full chest
recoil, minimizing interruptions in compressions, and avoiding
excessive ventilation.[ An observational study of 97 IHCA
patients showed that a higher rate of chest compressions was
significantly associated with the initial ROSC. The average rate
for patients achieving ROSC was 90 + 17/min, whereas for those
not achieving ROSC, it was 79 = 18/min (P = 0.0033).[%! Multiple
observational studies suggested that a compression depth of 5cm
or more was associated with improved defibrillation success and
ROSC rate. 1221231

In 2015, ILCOR added the upper limits for compression rate
and depth. It recommended a chest compression rate of 100—
120/min (strong recommendation, very-low-quality evidence)
and a chest compression depth of approximately Scm (strong
recommendation, low-quality evidence), whereas avoiding
greater than 6 cm (weak recommendation, low-quality evidence)
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during manual CPR. Rescuers performing manual CPR should
avoid leaning on the chest between compressions to allow full
chest wall recoil (weak recommendation, very-low-quality evi-
dence). The basis for adding an upper limit to the compres-
sion rate mainly came from several observational studies. After
adjusting the CCF and depth, the group with 100-119/min had
the highest survival to discharge, when compared with high rate
(>140/min), medium high rate (120-139/min), medium low rate
(80-99/min), and low rate (<80/min).[?! Moreover, the higher
the rate, the shallower the compression depth.!'?) The ROSC
peaked at a compression rate of approximately 125/min and
then declined."?”) Physiologically, when the frequency reached
140/min, systolic blood pressure dropped to the baseline level
of 74%, and there was no significant difference in end-tidal
carbon dioxide (ETCO,).""” The addition of an upper limit of
compression depth was mainly based on safety considerations.
An observational study showed that when the depth was greater
than 6 cm, the incidence of chest wall injuries (rib fractures, ster-
num fractures) was significantly higher than that of the <6cm
group (63% vs. 31%).1281 In addition, a multicenter cohort indi-
cated that an increased depth of chest compressions was closely
associated with better survival. However, the maximum survival
occurred within the range of 40.3-55.3mm (with a peak at
45.6 mm), suggesting that the recommended depth of more than
5 cm might be too high.!'?”!

In 2020, ILCOR conducted a scoping review on research
related to compression rate, depth, and chest recoil.l*% A total of
22 articles were summarized, but no sufficient new evidence was
found to support the revision of current guideline recommen-
dations. Only 1 RCT directly studied the components of chest
compressions. The RCT on 292 nontraumatic OHCA patients
who arrived at the ED found that between the 100/min and the
120/min group, there was no difference in the ROSC and survival
to hospital discharge/30-day survival."3! This review pointed out
significant gaps in the research evidence related to the compres-
sion components, including a lack of high-quality evidence, a
scarcity of studies on IHCA, and the failure to consider the pos-
sible interactions among the components of chest compressions.

Avoiding excessive ventilation. In the adult BLS guidelines,
ventilation recommendations have been optimized around the
balance between effectiveness (oxygenation/ventilation) and
safety (avoiding complications).

In 2000, the tidal volume and inspiratory time were adjusted
based on whether oxygen supplementation was provided."
When no oxygen was supplemented, a sufficient tidal vol-
ume of 10mL/kg (700-1000mL) delivered over 2 seconds was
required to maintain oxygenation. With oxygen supplementa-
tion, a smaller tidal volume of 6-7mL/kg (400-600mL) given
over 1-2 seconds was recommended to reduce complications. All
ventilation should be marked as effective when there is obvious
chest movement, and the inspiratory speed should be controlled
to avoid overventilation. An RCT showed that when relying
solely on air (with an oxygen concentration of 21%), a small
tidal volume (6-7 mL/kg) could not ensure arterial blood oxygen
saturation.!!3?]

In 2010, based on multiple human and mechanical studies, the
guidelines recommended that, regardless of whether oxygen sup-
ply was available, the tidal volume for mouth-to-mouth ventila-
tion or bag-mask ventilation should be approximately 600 mL,
with the inspiration time for each ventilation controlled within
1 second to achieve chest rise.[® Human studies showed that
when using room air, a tidal volume of 600 mL was sufficient to
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maintain oxygenation and normal blood carbon dioxide levels in
asphyxiated patients.['33134 Mechanical model studies found that
there was no clinically significant difference in tidal volume when
the inspiration time was 1 or 2 seconds.!'3%137)

Knowledge gaps. Regarding the recommendations on rate and
depth of compression, most existing studies are observational
or simulation-based, lacking high-quality RCTs to confirm their
direct causal impact on survival and neurological outcomes.
Insufficient chest wall recoil (ie, leaning) is consistently advised
to be avoided, but there is no reliable clinical data quantifying its
degree of harm, nor are there individualized recoil standards for
patients of different body types, ages, or underlying conditions.
The specific operational thresholds for avoiding excessive venti-
lation are not clearly defined in the BLS section, and the relevant
evidence mainly comes from ALS contexts. Furthermore, the
interaction between parameters has not yet been clarified, and
there is a lack of dynamic adjustment strategies applicable to dif-
ferent scenarios. Also, the real-time correlation models between
physiologically feedback indicators (such as ETCO, and coro-
nary perfusion pressure) and the quality of compression should
be widely promoted. Therefore, current practice highly relies on
standardized training and technical feedback devices, but its real-
world effectiveness is still limited by weak evidence and individ-
ual heterogeneity.

Early defibrillation with automated external
defibrillators

For cardiac arrest caused by shockable rhythm (VF or pVT), the
most effective treatment is defibrillation. CPR alone is unlikely
to successfully convert VF to an organized rhythm. The time
window for shock is extremely narrow, and only a few minutes'
delay may lead to conversion to asystole, significantly reducing
the success rate of resuscitation. Clinical data showed that every
minute of delayed defibrillation results in a 7%-10% decrease
in survival.l’! Therefore, the timeliness of defibrillation and the
accessibility of defibrillators are of utmost importance.

In 2000, international guidelines set specific requirements for
early defibrillation and clearly defined the core value of PAD."®”!
Real-world data showed that the PAD program in King County
and rural Iowa increased the survival of patients with VF signifi-
cantly.!"” 1381 RCTs and observational studies demonstrated that
the success rate of terminating VF with biphasic waveforms was
86%-97%, with less myocardial damage.['3*-'*1l' A prospective
controlled simulation study demonstrated that untrained sixth-
grade students could safely and accurately perform AED oper-
ations with only basic term prompts. The average time for the
first shock was 90 seconds, which was only 23 seconds slower
than that of regularly trained EMTs/paramedics.!'*! These stud-
ies collectively supported the core recommendations of the guide-
lines and laid a scientific foundation for the promotion of early
defibrillation.

In 2005, ILCOR’s recommendations were refined in aspects
such as the detailed classification of PAD scenarios, quality con-
trol of AEDs, in-hospital application, and operational norms."*"!
Regarding the PAD programs, it was clearly stipulated that
AEDs should be deployed in “high incidence of witnessed car-
diac arrest” scenarios such as airports and casinos, along with
a complete response plan involving equipment maintenance,
personnel training, and coordination with EMS. A cluster RCT
confirmed that trained laypersons can use AEDs safely and effec-
tively on the public scene, increasing the number of survivors to
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hospital discharge.l**! Observational studies in scenarios such as
casinos and passenger planes showed that survival from timely
defibrillation exceeded 40%.!'*> 141 The quality assurance system
for AEDs should be updated with clear control requirements,
including regular verification of heart rhythm analysis accu-
racy, battery/electrode status, operator performance, and system
response time.!"*! Through simulation exercises, the process was
optimized.["*! The in-hospital application of AEDs was recom-
mended for deployment in noncritical areas (outpatient depart-
ments, diagnostic departments), allowing authorized nurses and
other first responders to use them, according to the positive results
of clinical and simulation studies.'*”-*8 In operational norms for
defibrillation, the waveform was preferentially recommended to
be a biphasic waveform (energy < 200 ]), as its effect in termi-
nating VF had been proved to be equivalent to or better than
that of a monophasic incremental energy waveform in several
RCTs.P1:92:149,1501 Although there was no definite optimal biphasic
waveform, the energy should be selected according to the type of
equipment. The initial energy of the biphasic truncated exponen-
tial waveform in the biphasic defibrillator should be 150-200 J,
the linear biphasic waveform 120 J, and the initial energy of the
single-phase defibrillator 360 ]. Subsequent biphasic defibrilla-
tion can maintain the initial energy or increase it, both of which
were safe and effective. On the edge-patient interface, based on
RCTS’ results,'55: 1321 the self-adhesive electrode patch had a com-
parable effect to traditional paddles and was recommended as an
alternative. The anterior—posterior position and apical-posterior
position of the electrode were effective alternative positions for
the anterior position. Patients with large breasts should avoid
placing electrodes on the breasts.

In 2017, 2 systematic reviews focusing on the application
value of AEDs in OHCA were published, providing more evi-
dence from 2 dimensions on bystander use behavior and PAD
programs.!'> 154 In 1 review including 44 observational studies,
3 randomized trials, and 13 cost-effectiveness analysis studies,
the meta-analysis indicated that bystander use of AEDs was asso-
ciated with increased survival to hospital discharge and good
neurological prognosis. In environments with a high incidence
of cardiac arrest, AEDs were cost-effective.l'*l Another review,
including 41 PAD-related studies, showed that the median sur-
vival to hospital discharge after PAD treatment for OHCA was
40% .54 Although the quality of the evidence was low-to-very
low, the 2020 guidelines continued the strong recommenda-
tion for the implementation of PAD programs for patients with
OHCA made in 2015.

In 2025, new technologies were evaluated with caution.!'’]
The drone delivery of AEDs was first mentioned, and a scoping
review was completed,!'**! but the existing evidence was insuffi-
cient to support routine recommendation, and no new treatment
suggestions were made. Regarding the accessibility of AEDs,
it was not recommended to store public AEDs in locked cabi-
nets (good practice statement). Locked cabinets would prolong
the time to obtain AEDs, and the theft/vandalism rate of AEDs
was extremely low (<2%), with no significant difference from
unlocked cabinets.!'*”! Ultra-portable/pocket AEDs were not sug-
gested because of insufficient clinical effectiveness evidence. No
human studies have confirmed that rhythm analysis during com-
pressions can improve survival, so it is only recommended for
evaluation in research rather than in clinic practice.

Knowledge gaps. Public access to and use of AEDs are still lim-
ited by issues such as device availability, environmental barri-
ers, lack of operational confidence, and insufficient dispatcher
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instruction efficiency. The effectiveness of ultra-portable AEDs,
the impact of drone delivery on survival outcomes in real-world
scenarios, and the direct effect of different electrode sizes/posi-
tions (especially within the first 3 shocks) on patient neurological
prognosis are all lacking in conclusive human research support.
There is a lack of optimized defibrillation strategies for differ-
ent populations (such as obese individuals, drowning adults,
and pregnant women). Evidence-based clinical guidance on the
compatibility of AED deployment strategies (eg, heat map-based
layout) with local community cultural contexts is currently
insufficient. Furthermore, the optimal approach to integrating
technical feedback, such as real-time impedance monitoring, for
effectively elevating the first-shock defibrillation success rate,
remains elusive. This thus underscores the urgent imperative for
multicenter, prospective, patient-centered pragmatic research to
address these critical knowledge gaps.

Dispatcher-assisted cardiopulmonary resuscitation

Dispatchers are the crucial bridge between bystanders, victims,
and EMS personnel. They need to quickly identify cardiac arrest
and provide CPR guidance over the phone, which is key to
achieving continuous chest compressions and early defibrillation
as soon as possible.

In 2000, the international guidelines systematically and clearly
defined the role of DA-CPR.¢ The guidelines recommended that
dispatchers should receive specialized training to master stan-
dardized medical dispatch protocols, prehospital instruction
skills, and the ability to grade the severity of conditions. To sim-
plify the operation and eliminate the action barriers for bystand-
ers, it was recommended that in the DA-CPR instructions, chest
compression-only CPR should be used for untrained bystanders.
An RCT of DA-CPR demonstrated that the survival to discharge
in the chest compression-only group was not different from that
in the group combining mouth-to-mouth ventilation. Only per-
forming chest compressions might be the preferred method for
bystanders without CPR experience.”?!

The 2010 guidelines strengthened the recommendations
regarding dispatcher recognition of cardiac arrest.[®®) When
identifying OHCA, dispatchers need to proactively ask the
caller whether the victim is conscious and whether their
breathing is normal. If both answers are negative, it can be
reasonably determined as cardiac arrest. They should also pay
attention to descriptive information spontaneously mentioned
by the caller, such as patient's complexion and vital status. A
before-and-after controlled trial showed that after implement-
ing the “consciousness + breathing” assessment protocol, the
dispatcher’s identification rate significantly increased from
15% to 50%.1"81 Moreover, descriptive studies have confirmed
the sensitivity and specificity of this assessment protocol.['*”]
Agonal gasps were the main obstacle for dispatchers in identi-
fication, and before-and-after controlled trials had proved that
specialized education or breathing count training could signifi-
cantly improve the ability to identify abnormal breathing.!¢"

In the 2017 annual summary, ILCOR focused on discuss-
ing the effectiveness of DA-CPR compression-only instruc-
tion.'¥) Three RCTs and the meta-analysis of these studies
showed that compared with the conventional DA-CPR (with
a compression-to-ventilation ratio of 15:2), the DA-CPR with
only chest compressions showed no significant difference in sur-
vival to discharge.l3> 7273161l Therefore, although the quality of
the evidence was still at a relatively low level, the ILCOR still
strongly recommended that dispatchers should provide chest
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compression-only CPR instructions to callers for adults with
suspected OHCA.

In 2019, ILCOR conducted a systematic review aiming to
explore the impact of DA-CPR on the outcomes of patients with
OHCA.!"¢2l Regarding the impact of whether EMS had DA-CPR
on patient outcomes, 16 observational studies were identified.
The analyses showed that compared with EMSs that did not
provide DA-CPR, EMSs that offered DA-CPR improved patient
outcomes in terms of ROSC, survival to discharge, and good
neurological prognosis. In terms of examining the impact of
patients receiving DA-CPR on outcomes, 20 observational stud-
ies were identified. The results demonstrated that compared with
OHCA patients who did not receive bystander CPR, those who
received DA-CPR had better ROSC, survival to discharge, and
neurological prognosis. When comparing patients who received
DA-CPR with those who received bystander-initiated CPR with-
out any assistance, the results were not consistent. In addition,
DA-CPR also increased the rate of bystander CPR implemen-
tation, shortened the CPR activation time, and increased the
proportion of initial shockable rhythms. Therefore, although
the certainty of all evidence was low or very low, ILCOR still
strongly recommended that the EMS dispatch centers should
establish relevant systems and dispatchers should provide CPR
instructions to callers for adult patients experiencing cardiac
arrest when necessary.!'*3!

Knowledge gaps. The DA-CPR guideline has been widely pro-
moted globally, but the actual implementation quality varies
greatly, especially with insufficient application and studies in
low-resource settings.!"*Y Furthermore, there is significant hetero-
geneity, including the training level of the dispatchers, the clarity
of the instruction language, the application of technical tools,
and the targeted optimization for different groups. The current
evidence is still of low to very-low-certainty, mainly relying on
observational studies and nonrandom designs, and most studies
have not adequately corrected for confounding factors (such as
time trends, the qualifications of bystanders, differences in the
response of the emergency system). The impact of previous CPR
training background on the effectiveness of DA-CPR implemen-
tation is still unclear. Interventions targeting social and cultural
barriers and their actual impact on the initiation and persistence
of DA-CPR, and the lack of systematic evaluation, still need to
be addressed through multicenter, prospective, patient-centered
effectiveness studies to promote the transition of DA-CPR from
universal accessibility to precise and efficient.

Extracorporeal cardiopulmonary resuscitation

ECPR is an ALS technique, referring to the process of urgently
establishing veno-arterial extracorporeal membrane oxygenation
(ECMO) to provide circulatory support for patients with car-
diac arrest who have failed conventional CPR. Its clinical value
highly depends on patient screening, rapid implementation, and
multidisciplinary collaboration. It should be carried out in medi-
cal centers with the necessary conditions, and more high-quality
studies are needed to optimize the indications and procedures.
In 2005, ECPR was first mentioned in the international
guidelines, based on small case series, without providing formal
treatment recommendations.['®’! In 2010, because of the meth-
odological flaws of observational studies and high selectivity of
patients, it was unable to provide a clear opinion in support or
against its routine use./'* In 2015, ILCOR used the GRADE sys-
tem to grade the evidence for ECPR. The non-RCT data showed
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that in both selected IHCA and OHCA patients, the ECPR group
had better short- and long-term survival and neurological progno-
sis.l'*”l Based on this, ILCOR suggested that ECPR is a reasonable
rescue therapy for selected patients with cardiac arrest when initial
conventional CPR is failing in settings where this can be imple-
mented (weak recommendation, very-low-quality evidence). In
2018, ILCOR commissioned the first systematic review on ECPR
specifically, including 25 observational studies.!'*®l No RCTs were
found, and the heterogeneity among studies was extremely high,
making it impossible to conduct an effective meta-analysis.

Starting from 2020, RCT data began to be available for ECPR
(Table 1). From 2020 to 2023, there were a total of 4 RCTs com-
paring the ECPR strategy with local standard treatments.?3¢-!
All these trials included adult patients with OHCA. The ARREST
study was a phase 2, single-center, open-label, adaptive RCT
on 30 adults (18-75 years) with OHCA and refractory VF (no
ROSC after 3 shocks, transfer time < 30 min), randomizing 15
to ECMO-facilitated resuscitation and 15 to standard advanced
cardiac life support (ACLS).1*®! The trial found survival to hos-
pital discharge was 43% in the ECMO group versus 7% in the
ACLS group. Six-month cumulative survival was significantly
better with ECMO, with no unanticipated serious adverse events.
It was terminated early because of an interim analysis showing
ECMO superiority. As the first RCT of ECMO versus standard
ACLS, it confirmed ECMO-facilitated resuscitation’s benefit for
refractory VF OHCA, supporting its role in improving survival.
The EROC study evaluated selecting refractory OHCA patients
for expedited transport and rapid ED-initiated ECPR based on
call-to-ED arrival time (<30 minutes) in a 2-tiered EMS with an
ECPR-capable hospital.?”" Adults with refractory shockable or
witnessed OHCA were randomized 4:1 to expedited transport or
standard care if eligible. No patients in either group achieved good
neurologic survival. The trial failed to meet predefined feasibility
outcomes, highlighting the need for improved call-to-ED arrival
time prediction, optimized patient selection, and reduced ED-to-
ECPR initiation intervals in future research. The Prague study
was a single-center RCT enrolling 256 adults with refractory wit-
nessed cardiac-origin OHCA.*® The intervention group received
intra-arrest transport to a cardiac center for ECPR, mechanical
compression, and immediate invasive assessment/treatment. The
invasive bundle (transport + ECPR + invasive treatment) did not
significantly improve 180-day neurologically favorable survival
versus standard resuscitation, though the trial may have been
underpowered. The INCEPTION study was a multicenter RCT
that targeted refractory OHCA patients with an initial shock-
able rhythm and failing to achieve ROSC within 15 minutes of
CPR initiation.?” Of 160 randomized patients, 26 were excluded
for not meeting inclusion criteria at hospital admission, leaving
70 in the ECPR group and 64 in the conventional CPR group.
The 30-day survival with a favorable neurologic outcome was
20% in the ECPR group versus 16% in the conventional group,
showing no significant difference. The number of serious adverse
events per patient was similar between groups.

Based on the available RCTs, ILCOR updated the systematic
review in 2023 and raised the evidence level for the recommen-
dation of using ECPR in selected OHCA patients to a low level,
whereas for IHCA, because of the lack of relevant RCT research
evidence, the level remained very low.['%*-171]

Knowledge gaps. Currently, ECPR has only received a weak
recommendation, and its clinical application should be carried
out with extreme caution. The main reasons for this are multi-
faceted. Although it may have potential benefits for extremely
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high mortality refractory cardiac arrest, the overall evidence
is of low-certainty and the supporting evidence is limited. The
existing RCTs have highly selective enrollment, significant pop-
ulation heterogeneity, and obvious differences in procedures,
making the results difficult to generalize to ordinary patients
with cardiac arrest. The ECPR technique is complex, with high
requirements for resources and professional training, so not all
institutions can carry it out. And it may involve adverse reac-
tions such as bleeding. The application of ECPR requires a thor-
ough consideration of feasibility and risks. Furthermore, there
is a lack of large-sample, high-quality RCTs, and the optimal
applicable population, initiation timing, and implementation
scenarios (out-of-hospital or in-hospital) have not been clearly
defined. Unified safe technical norms and the optimal postarrest
care strategy after cardiac arrest have not yet been established.
The cost-effectiveness analysis under different scenarios are also
insufficient, further limiting the precise and standardized appli-
cation of ECPR.

Temperature control

Hypothermia therapy is an intervention measure that actively
lowers the core body temperature to a range for patients who
remain in a coma after ROSC. As a key part of postresuscitation
care, it aims to reduce neuron ischemia-reperfusion injury after
cardiac arrest. Hypothermia is currently the only neuroprotec-
tive measure for cardiac arrest recommended by international
guidelines. However, the evidence for it is mostly of low certainty,
and the definition is also constantly evolving, from therapeutic
hypothermia to targeted temperature management (TTM) and to
temperature control (Table 1). The therapeutic concept of tem-
perature management has shifted from actively inducing hypo-
thermia to actively preventing fever.

In 2000, the international guidelines mentioned the role of
hypothermia. Although some animal and observational studies
had shown that mild hypothermia (such as 34 °C) can allevi-
ate brain injury after ischemia, there was still insufficient high-
quality clinical evidence on active induction of hypothermia after
cardiac arrest, making it impossible to clearly determine its uni-
versal benefits.[”?!

Therapeutic hypothermia. In 2002, the results of 2 milestone
RCTs were published, comparing the effects of mild hypother-
mia and no temperature management on VF survivors of OHCA
who remained in coma.?®?’! One of the multicenter RCTs ran-
domly assigned 77 unconscious survivors of OHCA with initial
VF rhythm to moderate hypothermia (core temperature 33 °C
within 2 hours post-ROSC, maintained for 12 hours) or nor-
mothermia.?”! The survival to hospital discharge with good
neurologic function of the hypothermia group was significantly
better than that of the control group (49% vs. 26%). Meanwhile,
hypothermia was associated with lower cardiac index, higher
systemic vascular resistance, and hyperglycemia, but there was
no significant difference in adverse events. The other RCT ran-
domized unconscious VF cardiac arrest survivors to therapeutic
mild hypothermia (target bladder temperature 32-34 °C for 24
hours) or standard normothermia. The hypothermia group had
55% (75/136) 6-month favorable neurologic outcome versus
39% (54/137) in the normothermia group (risk ratio: 1.40, 95%
confidence interval: 1.08-1.81), with no significant complication
differences.?®!

Based on the promising results of these 2 RCTs, ILCOR specif-
ically issued an advisory statement on therapeutic hypothermia
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after cardiac arrest in 2003.'1 And for the first time, it was
recommended that unconscious adult patients with ROSC after
OHCA should be cooled to 32-34 °C for 12-24 hours when the
initial rhythm was VFE. Because the data were derived from a highly
selected group of patients, namely those with VF as the initial
rhythm among OHCA patients, the recommendation was limited
to this specific group of patients. Whether it can be extended to
patients with IHCA or other rhythms should be carefully consid-
ered when deciding on the treatment. A clinical feasibility study
documented that helmet device-induced hypothermia improved
metabolic end points (lactate and O, extraction) of comatose
pulseless electrical activity/asystole OHCA adult patients after
ROSC."4" A before-and-after study showed neurological ben-
efit after therapeutic hypothermia in comatose non-VF OHCA
survivors.['”*1 In 2005 CoSTR, a new recommendation related to
non-VF survivors was added: Cooling to 32-34 °C for 12-24
hours may be considered for unconscious adult patients with
ROSC after OHCA from any other rhythm or cardiac arrest in
hospital.l'®]

Targeted temperature management. In 2013, a large sam-
ple RCT, called TTM, was published, presenting the results of
comparing the effects of 2 target temperatures (33 and 36 °C)
on long-term survival and neurological prognosis of cardiac
arrest survivors.*” In the TTM study, unconscious adults with
presumed cardiac OHCA and any initial rhythm except unwit-
nessed asystole were randomly assigned to TTM at 33 or 36
°C. At 180 days, of 939 analyzed patients, 50% in the 33 °C
group and 48% in the 36 °C group died (P = 0.51). No signifi-
cant differences were seen in composite outcomes (poor neuro-
logic function or death) (54% vs. 52%; P = 0.78), with similar
adjusted results. This trial illustrated that TTM at 33 °C offered
no benefit over 36 °C for unconscious presumed cardiac OHCA
survivors.

Accordingly, ILCOR updated the advisory statement and
replaced the term of therapeutic hypothermia with TTM in
2015.0761 More importantly, the recommended target tempera-
ture for hypothermia treatment had undergone a significant
change, from 32-34 °C to 32-36 °C (strong recommendation,
moderate-quality evidence). Based on the available research data
that can be accessed, implementation of TTM was given a strong,
weak, and weak recommendation, respectively, for survivors of
OHCA with shockable rhythms, OHCA with nonshockable
rhythms, and IHCA with any rhythms.

In 2019, the HYPERION trial reported the effect of differ-
ent temperatures (33 vs. 37 °C) on comatose after resuscitation
from either an IHCA or OHCA with an initial nonshockable
rhythm . This was an open-label, pragmatic, multicenter RCT
comparing moderate therapeutic hypothermia (33 °C for 24
hours) with targeted normothermia (37 °C) in 581 ICU-admitted
coma patients resuscitated from cardiac arrest with nonshock-
able rhythm. For 90-day survival with a favorable neurologic
outcome, 10.2% (29/284) in the hypothermia group versus 5.7 %
(17/297) in the normothermia group achieved the outcome (P =
0.04). The 90-day mortality (81.3% vs. 83.2%) and prespecified
adverse events showed no significant between-group differences.
This study filled the gap in the RCT evidence regarding hypo-
thermia treatment for unconscious survivors with nonshockable
rhythms in OHCA and IHCA. Although the recommendation
strength of the subsequent guidelines was not changed, it further
confirmed that this group of patients needed to apply TTM and
the temperature should be controlled within the range of 32-36
OC.H77]
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Temperature control. In 2021, the TTM2 trial was published to
address the core controversy of TTM, whether 33 °C is superior
to actively maintaining normal body temperature after the ROSC
following OHCA.*?l The TTM2 study was an open-label, inter-
national, investigator-initiated superiority trial. A total of 1850
comatose adults with OHCA of a presumed cardiac or unknown
cause, irrespective of the initial rhythm, were randomly assigned
to targeted hypothermia (33 °C + controlled rewarming) or tar-
geted normothermia (fever 237.8 °C treated early). For 6-month
all-cause mortality and neurological prognosis, the 2 groups
showed no significant difference. Subgroup outcomes were con-
sistent. Hemodynamically compromising arrhythmia was more
common in the hypothermia group. With new evidence available
from multiple RCTs, including the TTM2 trial, ILCOR updated
the systematic review and meta-analysis on TTM in adult car-
diac arrest in 2021, covering all aspects of temperature manage-
ment (initiation timing, target temperature, duration, induction
and maintenance methods, and rewarming).!'”%! The systematic
review identified 32 trials, with a moderate risk of bias for most
outcomes. For the comparison of target temperatures of 32-34
°C versus normal temperature (usually requiring active cooling),
there were no improvements in survival or good neurological
outcome at 90-180 days after cardiac arrest. No differences in
outcomes were found among different hypothermia target tem-
peratures. Prehospital cooling versus nonprehospital cooling
showed no improvement in survival to discharge or good neuro-
logical outcome at discharge.

Therefore, in the 2022 ILCOR annual summary, the term
changed again, from TTM to temperature control.'””) Moreover,
there was a significant change in the recommendation regarding
the target temperature. It was no longer recommended to control
the temperature within the range of 32-36 °C. Instead, it was
suggested to actively prevent fever by targeting a temperature
of <37.5 °C (weak recommendation, low-certainty evidence).
In addition, for multiple specific operational aspects regarding
temperature control, corresponding recommendations were also
provided, although the certainty of the evidence was low or
absent, such as the methods of prehospital cooling inducing, the
duration of hypothermia (272 hours), and so forth.

In 2023, 6 new trials were identified through an updated
search, and a meta-analysis was conducted again.!"*"! Low-
certainty evidence indicated that temperature control at 32-34
°C did not improve survival or good neurological outcomes at
90-180 days after cardiac arrest. Subgroup analyses by the loca-
tion of cardiac arrest (in-hospital vs. out-of-hospital) yielded
similar results. Comparisons of target temperatures of 31-34
°C, cooling durations of 12-24 versus 36 hours, rewarming rates
of 0.25-0.5 °C/h, and temperature control combined with fever
prevention did not reveal any differences in outcomes. Therefore,
the 2024 annual summary still maintained the relevant recom-
mendations from 2022, only changing the suggested duration of
cooling to 36-72 hours (good practice statement).['”%

Knowledge gaps. At present, there are still multiple critical
knowledge gaps in the research on temperature control after car-
diac arrest, covering comparative data, special scenarios, strategy
details, and equipment application. In terms of basic compari-
son, there are very few direct studies comparing “no temperature
control” with “fever prevention,” making it difficult to determine
clinical superiority. There is insufficient evidence for special sce-
narios (such as after ECPR and IHCA), with IHCA relying only
on a small trial, limiting the credibility of the conclusion. There
is a lack of research on the therapeutic window of hypothermia
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and feasible rapid cooling methods, and the relation between the
degree of brain injury and target temperature/duration is unclear.
Patient subgroups that can benefit from hypothermia have not
been identified, and it is undetermined whether temperature con-
trol devices with feedback are more effective. The applicability of
existing trial results to nondevice temperature control or differ-
ent devices is also unclear.

Challenges and future perspectives

Despite the continuous promotion of CPR research and prac-
tice worldwide and the constant update of recommendations in
international guidelines, the overall research still has obvious
shortcomings in multiple aspects, such as evidence quality, data
coverage, and population generalization. A comprehensive anal-
ysis of the challenges faced is needed to seek breakthroughs.

Evidence certainty and individualization. Current research on
adult CPR is confronted with core issues such as the scarcity of
high-quality RCTs, a low proportion of strong recommendations,
and a lack of high-certainty evidence (Table 1). Even the estab-
lishment of some core indicators is based on animal experiments,
simulation studies, or clinical procedures. For instance, in the
2020 American Heart Association guidelines, only 1% of the rec-
ommendations were based on the highest quality evidence (level
of evidence [LOE] A), 50% relied on limited data (LOE C-LD),
and 12% were entirely based on expert opinion (LOE C-EO).
Particularly in areas such as ALS and airway management, there
is a significant lack of LOE A evidence. Meanwhile, there was a
strong discrepancy between the strength of the recommendation
and the underlying evidence.!'®!! This situation cannot be com-
pared with the abundance of level A evidence in international
guidelines in the cardiovascular field.['?! Moreover, research on
IHCA is severely insufficient among the RCTs on adult cardiac
arrest. Only 4.3% were from IHCA among studies published
between 1995 and 2014.1'%1 Although THCA patients account
for a significant proportion of in-hospital deaths,'*¥ and their
pathophysiology and treatment environment are notably differ-
ent from those of OHCA, current guideline recommendations for
IHCA are mostly extrapolated from OHCA data. In addition,
data for specific populations (such as the elderly, obesity, preg-
nant women, residents in low-resource areas, etc) are extremely
limited, which restricts the universality of the guidelines./’!

In the future, a more comprehensive national and international
clinical research cooperation network should be established to
facilitate the generation of high-quality evidence, especially in
IHCA. For specific populations, we need to conduct in-depth
exploration into the links between frailty, comorbidity burden,
and functional prognosis in older adults, and boost differentiated
research for populations in low-resource settings.'$¢! Technically,
the field requires translating the concept of “physiology-guided
individualized resuscitation” into clinical validation. A standard-
ized data registry platform needs to be established to unify the
implementation standards of advanced intervention measures
(eg, ECPR), resuscitation quality parameters, and outcome defi-
nitions, to reduce confounding bias."” Furthermore, targeted
strategies must tackle barriers in the research ecosystem by opti-
mizing scientific research resource allocation, strengthening sup-
port systems for early-career researchers, and improving access
to cardiac arrest registry data.

Localization demands. The ILCOR guidelines are mainly
developed based on high-resource settings and are insufficiently
applicable to low-resource settings.!'*’! In regions such as Fiji,
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although clinicians generally believed that clinical practice guide-
lines can improve medical quality, there was a lack of formal
monitoring mechanisms and local adaptation.!'*¥! A survey in
Ethiopia revealed that only 25.1% of healthcare workers had
good knowledge of CPR despite training, highlighting the con-
tradiction between training effectiveness and resource limita-
tions.!'®! The challenges of localization are reflected in multiple
aspects, such as the lack of evidence-based data tailored to local
epidemiological characteristics, insufficient training resources,
language and cultural barriers, and the absence of a continuous
education system.

The localization of guidelines can be enhanced through vari-
ous measures. Multinational experts have proposed an adjusted
framework of “chain of survival” adapted to low-resource
settings and emphasized the development of local registration
systems to generate evidence-based data.'®"! Nonprofessionals,
such as teachers and peer mentors, can effectively conduct
CPR training, which is cost-effective and easy to integrate into
school curricula.’ The “hospital-community-family” linkage
model can increase the coverage and retention rate of public
training.[?1]

Cardiac arrest registry. A continuous high-quality registry of
cardiac arrest is of core value to CPR research. Registries have
provided key data support for epidemiological surveillance, qual-
ity improvement, and evidence-based guideline development.
National registries in China, Sweden, and the United States,
through standardized collection of patient characteristics, pro-
cess of care, and outcomes, enable medical institutions to conduct
benchmark comparisons, identify care disparities, and optimize
intervention strategies.'”>"1* Such registry data have supported
updates to international guidelines, enhanced cross-regional data
comparability, and facilitated the analysis of critical prognostic
factors.>"17! Furthermore, registry data furnishes real-world
evidence for evaluating the efficacy of specialized techniques (eg,
ECPR), uncovering their potential clinical value in managing
refractory cardiac arrest.!"”®!

However, notable challenges persist in adult CPR registries.
Varying national registration standards breed data fragmenta-
tion, even as the Utstein template advances standardization.!'*”!
Sample representativeness is compromised by insufficient cases
for specific subgroups, and resource and ethical constraints
impede high-quality data collection in low-resource settings.!"!
Data privacy regulations add complexity to cross-border collab-
oration, although data quality relies on sustained quality control
to avoid biases and unify variable definitions.!*?!

Moving forward, adult CPR registries will advance through
strengthened global and national collaboration, with dynamic
Utstein template updates and cross-border data interoperabil-
ity.l" Multisource data integration will link registries to electronic
medical records and insurance databases, expanding analysis
of long-term outcomes like 6-month neurological function.?°!
Registry big data will empower precise resuscitation, enabling
prognostic model development and real-time feedback to opti-
mize CPR quality. Resource equity should be prioritized, and
innovative low-resource practices, such as simplified tool appli-
cation, should be adopted to foster inclusive development. In the
end, iterative data optimization will drive consistent advances in
cardiac arrest care quality.

Utilizing the leverage of technology. Technological advance-
ment and artificial intelligence (AI) tools are empowering the
entire CPR process. Multimodal data integration enables Al
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to identify cardiac arrest high-risk patients early via predictive
algorithms built on electronic health records and real-time ECG
monitoring.?*?! Al-enhanced feedback systems have the potential
to optimize compression parameters dynamically, reduce manual
operation variability, and synergize with AEDs to boost defibril-
lation accuracy and cut interruption time.?°? Smart CPR APPs
and emerging technologies like drone AED delivery, wearable
monitors, and mixed reality training enhance skill training acces-
sibility, shorten prehospital response times, and strengthen team
collaboration. Al-driven robotic CPR systems showed promising
hemodynamic improvements in animal trials, and large language
models explored technological evolution paths for resuscitation,
backing the guideline’s core of physiology-oriented individual-
ized care.[203:204

It’s worth noting that technological translation confronts
notable hurdles. Most Al applications remain in the proof-
of-concept stage, and rigorous RCTs are urgently required to
verify their clinical and cost-effectiveness relative to traditional
methods.?! System-level barriers encompass data privacy
protection, cross-platform interoperability, algorithm fairness,
and ethical governance.?®! Furthermore, clinical integration
demands clear boundaries for human-machine collaboration,
enhanced professional trust in Al tools, and targeted opera-
tional training.20¢!

Looking ahead, the guideline’s goal to unify high-quality,
standardized and individualized resuscitation will propel AI’s
integration with the Internet of Things, wearable sensing, and
augmented reality, building an intelligent closed-loop system
that covers warning, response, resuscitation, and prognosis.
This vision calls for interdisciplinary clinical, engineering, and
ethical collaboration, the establishment of algorithm verification
and regulatory frameworks, and a focus on technological inclu-
siveness to bridge resource gaps. With iterative technological
upgrades and evidence-based accumulation, Al will evolve from
a mere auxiliary tool into a core driver of resuscitation practices,
elevating global cardiac arrest survival and neurological progno-
ses by optimizing every link in the chain of survival.

Conclusion

This review synthesizes the development of evidence and guide-
line recommendations for key components of adult CPR, clearly
illustrating the cognitive evolution logic in the CPR field. It also
underscores a notable lack of comprehensive, high-certainty evi-
dence covering aspects of CPR. We thus stress the importance
of national and international collaborative research to produce
high-quality evidence, advance the localization of guideline rec-
ommendations, maintain standard registries, and prudently uti-
lize AI technologies. All these efforts aim to elevate the quality
of prevention, recognition, and resuscitation for cardiac arrest,
addressing the research gaps and translating guidelines into prac-
tical clinical value.
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