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ABSTRACT: Cardiac arrest is common and deadly, affecting up to 700 000 people in the United States annually. Advanced cardiac 
life support measures are commonly used to improve outcomes. This “2023 American Heart Association Focused Update 
on Adult Advanced Cardiovascular Life Support” summarizes the most recent published evidence for and recommendations 
on the use of medications, temperature management, percutaneous coronary angiography, extracorporeal cardiopulmonary 
resuscitation, and seizure management in this population. We discuss the lack of data in recent cardiac arrest literature 
that limits our ability to evaluate diversity, equity, and inclusion in this population. Last, we consider how the cardiac arrest 
population may make up an important pool of organ donors for those awaiting organ transplantation.
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TOP 10 TAKE-HOME MESSAGES FOR 
THE 2023 FOCUSED UPDATE ON ADULT 
ADVANCED CARDIOVASCULAR LIFE 
SUPPORT

	1.	 It is important for researchers to develop and imple-
ment methods to improve representation of partici-
pants from diverse backgrounds and to improve the 
accuracy of reporting study subject demographics.

	2.	 Routine administration of calcium for treatment of 
cardiac arrest is not recommended.

	3.	 Use of extracorporeal cardiopulmonary resuscita-
tion for patients with cardiac arrest refractory to 
standard advanced cardiovascular life support is 
reasonable in select patients when provided within 
an appropriately trained and equipped system of 
care.

	4.	 Emergency coronary angiography is not recommended 
over a delayed or selective strategy in patients with 
return of spontaneous circulation after cardiac arrest 
unless they exhibit ST-segment–elevation myocardial 
infarction, shock, electrical instability, signs of signifi-
cant myocardial damage, or ongoing ischemia.

	5.	 We recommend that all adults who do not follow 
commands after return of spontaneous circulation, 
regardless of arrest location or presenting rhythm, 
receive treatment that includes a deliberate strat-
egy for temperature control.

	6.	 We recommend selecting and maintaining a con-
stant temperature between 32° C and 37.5° C dur-
ing postarrest temperature control.

	7.	 There is insufficient evidence to recommend a 
specific therapeutic temperature for different sub-
groups of patients with cardiac arrest.

 

Supplemental Material is available at www.ahajournals.org/journal/doi/suppl/10.1161/CIR.0000000000001194.
© 2023 American Heart Association, Inc.
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	8.	 Patients with spontaneous hypothermia after 
return of spontaneous circulation who do not fol-
low commands should not be routinely actively or 
passively rewarmed faster than 0.5° C per hour.

	9.	 A therapeutic trial of a nonsedating antiseizure 
medication may be reasonable in adult survivors 
of cardiac arrest with electroencephalography pat-
terns on the ictal-interictal continuum.

10.	 Organ donation is an important outcome that 
should be considered in the development and eval-
uation of systems of care.

INTRODUCTION
Scope of the Guidelines
This 2023 focused update to the American Heart Associ-
ation (AHA) advanced cardiovascular life support (ACLS) 
guidelines for cardiopulmonary resuscitation (CPR) and 
emergency cardiovascular care is based on the expert 
writing group review of the relevant International Liaison 
Committee on Resuscitation (ILCOR) Consensus on Sci-
ence With Treatment Recommendations (CoSTR) docu-
ments and the studies included in the systematic reviews, 
as well as new evidence updates conducted by the writing 
group. The writing group discussion and evidence reviews 
were conducted within the context of the clinical environ-
ments in which out-of-hospital and in-hospital resuscita-
tions occur, with special consideration for the health care 
professionals who use these ACLS guidelines. 

Organization of the Writing Group
The Advanced Life Support (ALS) Focused Update Writ-
ing Group included a diverse group of experts with back-
grounds in emergency medicine, pulmonary/critical care, 
neurocritical care, interventional cardiology, and emergen-
cy medical services. Group members were appointed by 
the AHA Emergency Cardiovascular Care Science Sub-
committee and approved by the AHA Manuscript Over-
sight Committee. Writing group members were selected 
to represent diverse backgrounds in clinical medicine and 
research expertise and to form a group that was institu-
tionally diverse and inclusive of women, underrepresent-
ed racial and ethnic groups, and early-career participants.

The AHA has rigorous conflict of interest policies and 
procedures to minimize the risk of bias or improper influence 
during the development of guidelines. Before appointment, 
writing group members disclosed all relevant commercial 
relationships and other potential (including intellectual) con-
flicts. These procedures are described more fully in “Part 2: 
Evidence Evaluation and Guidelines Development” of the 
“2020 American Heart Association Guidelines for Cardio-
pulmonary Resuscitation and Emergency Cardiovascular 
Care.”1 Appendix 1 of this document lists the writing group 
members’ relevant relationships with industry.

Abbreviations
ACLS advanced cardiovascular life support 

AHA American Heart Association

ALS advanced life support

COR Class of Recommendation

CoSTR Consensus on Science With Treatment Recommendations

CPR cardiopulmonary resuscitation

DCD donation after circulatory death

ECPR extracorporeal cardiopulmonary resuscitation

EEG electroencephalography

ILCOR International Liaison Committee on Resuscitation

LOE Level of Evidence

OHCA out-of-hospital cardiac arrest 

RCT randomized controlled trial

ROSC return of spontaneous circulation

METHODOLOGY AND 
EVIDENCE REVIEW
The writing group members evaluated the current list of 
patient, intervention, comparison, and outcome questions 
included in current ALS guidelines. Patient, intervention, 
comparison, and outcome questions with novel evidence 
were revisited by the writing group through systematic re-
view as described. For each targeted patient, intervention, 
comparison, and outcome question, writing group mem-
bers created a search strategy, used a previously created 
ILCOR search strategy when available, or reviewed the 
evidence from the ILCOR CoSTRs. Search strategies were 
internally peer reviewed and executed in Medline and Ex-
cerpta Medica Database (Embase), using the Ovid search 
interface, and the Cochrane Central Register of Controlled 
Trials (CENTRAL). The search` strategies and details about 
article selection are provided in the Supplemental Appendix.  
Final searches were executed in July 2022. Search results 
were not limited by language or year. Two writing group 
members performed dual screening of the titles and ab-
stracts of all articles identified from each search and identi-
fied articles for full-text review. Screening conflicts were 
resolved between the 2 writing group members and writing 
group leadership before full-text review. Two writing group 
members reviewed the full text of all selected articles and 
applied the information contained to develop treatment 
recommendations appropriate for each clinical question. 
Each draft recommendation was created by a group of 2 
or 3 writing group members and then reviewed and refined 
by all writing group members during regular virtual meet-
ings. The final manuscript was reviewed and approved by 
all writing group members.

Class of Recommendation and Level of Evidence
As with all AHA guidelines, each recommendation in this 
focused update is assigned a Class of Recommendation 
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(COR) according to the strength and consistency of the 
evidence, alternative treatment options, and impact on 
patients and society (Table  1). The Level of Evidence 
(LOE) is based on the quality, quantity, relevance, and 
consistency of the available evidence. For each recom-
mendation, the writing group discussed and approved 
specific recommendation wording and the COR and 
LOE assignments. In determining the COR, the writing 
group considered the LOE and other factors, includ-
ing systems issues, economic factors, and ethical fac-
tors such as equity, acceptability, and feasibility. These 
evidence-review methods, including specific criteria 
used to determine COR and LOE, are described more 
fully in “Part 2: Evidence Evaluation and Guidelines De-

velopment” of the 2020 guidelines.1 The writing group 
members had final authority over and formally approved 
these recommendations. 

Guideline Structure
The guidelines in this focused update are organized into 
knowledge chunks, grouped into discrete modules of 
information on specific topics or management issues.2 
Each modular knowledge chunk includes a table of 
recommendations that uses standard AHA nomencla-
ture of COR and LOE. A brief introduction is provided 
to put the recommendations into context with important 
background information and overarching management 

Table 1.  Applying the American College of Cardiology/American Heart Association Class of Recommendation and Level of 
Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient Care* (Updated May 2019)
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or treatment concepts. Recommendation-specific text 
clarifies the rationale and key study data supporting the 
recommendations. When appropriate, additional tables 
are included.

This 2023 document updates the recommendations 
for the use of vasopressors and calcium intra-arrest, 
extracorporeal cardiopulmonary resuscitation (ECPR), 
coronary angiography and percutaneous coronary inter-
vention, temperature control, seizure management, and 
organ donation after cardiac arrest. In addition, this doc-
ument introduces the concept of diversity, equity, and 
inclusion into the formal guideline document. 

Document Review and Approval
These guidelines were submitted for blinded peer review 
to 5 subject matter experts nominated by the AHA. Be-
fore appointment, all peer reviewers were required to dis-
close relationships with industry and any other conflicts 
of interest, and all disclosures were reviewed by the AHA 
staff. Peer reviewer feedback was provided for guidelines 
in draft format and again in final format. All guidelines 
were reviewed and approved for publication by the AHA 
Science Advisory and Coordinating Committee and the 
AHA Executive Committee. Comprehensive disclosure 
information for peer reviewers is listed in Appendix 2.

These recommendations supersede the last full set of 
AHA recommendations for ALS made in 2020.3 These 
are the first formal updates since the publication of the 
2020 guidelines. All other recommendations and algo-
rithms published in “Part 3: Adult Basic and Advanced 
Cardiovascular Life Support” in the 2020 guidelines 
remain the official recommendations of the AHA Emer-
gency Cardiovascular Care Science Subcommittee and 
writing groups.3 This 2023 focused update to the 2020 
guidelines is based on the evidence identified in system-
atic reviews performed by ILCOR and this writing group 
addressing novel data that have been published since 
the formal release of the 2020 AHA ALS guidelines for 
cardiopulmonary resuscitation.3 
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VASOPRESSOR MEDICATIONS DURING 
CARDIAC ARREST 

Vasopressor Management in Cardiac Arrest

COR LOE Recommendations 

1 B-R
1.	� We recommend that epinephrine be 

administered for patients in cardiac arrest.

2a B-R
2. 	� It is reasonable to administer epinephrine 1 

mg every 3 to 5 minutes for cardiac arrest. 

2a C-LD

3.	� With respect to timing, for cardiac arrest 
with a nonshockable rhythm, it is reasonable 
to administer epinephrine as soon as 
feasible. 

2b  B-R 

4.	� Vasopressin alone or vasopressin+ 
methylprednisolone in combination with 
epinephrine may be considered in cardiac 
arrest but offers no advantage as a 
substitute for epinephrine. 

2b C-LD

5.	� With respect to timing, for cardiac arrest 
with a shockable rhythm, it may be 
reasonable to administer epinephrine after 
initial defibrillation attempts have failed. 

3: No 
Benefit

B-R
6.	� High-dose epinephrine is not recommended 

for routine use in cardiac arrest.

Synopsis
Epinephrine has been hypothesized to have benefi-
cial effects during cardiac arrest primarily because of 
its α-adrenergic effects, leading to increased coro-
nary and cerebral perfusion pressure during CPR. 
Conversely, the β-adrenergic effects may increase 
myocardial oxygen demand, reduce subendocardial 
perfusion, and be proarrhythmic. Two randomized, placebo- 
controlled trials enrolling >8500 patients evaluated the 
efficacy of epinephrine for out-of-hospital cardiac arrest 
(OHCA).1,2 Systematic reviews and meta-analyses of 
these and other studies3–5 concluded that epinephrine 
significantly increased return of spontaneous circulation 
(ROSC) and survival to hospital discharge. Epinephrine 
did not increase survival with favorable or unfavorable  
neurological outcome at 3 months, although both of 
these outcomes occurred slightly more frequently in the 
epinephrine group.2 Observational data suggest better 
outcomes when epinephrine is given sooner, and the low 
survival with favorable neurological outcome in the avail-
able trials may be due in part to the median time of 21 
minutes from arrest to receipt of epinephrine. This time 
delay is a consistent issue in OHCA trials. Time to drug 
in in-hospital cardiac arrest is generally much shorter; 
therefore, the effect of epinephrine on outcomes in the 
in-hospital cardiac arrest population may be different. No 
trials to date have found any benefit of either higher-
dose epinephrine or other vasopressors over standard-
dose epinephrine during CPR.4,5
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 Recommendation-Specific Supportive Text
	1.	 Administration of epinephrine is a 2020 recom-

mendation based on systematic reviews and meta-
analyses3–5 that included results of 2 randomized 
trials of epinephrine for OHCA, one of which 
included >8000 patients,1,2 showing that epineph-
rine increased ROSC and short-term survival. At 3 
months—the time point felt to be most meaningful 
for neurological recovery—there was a nonsignifi-
cant increase in survivors with both favorable and 
unfavorable neurological outcome in the epineph-
rine group.2 Any drug that increases the rate of 
ROSC and short-term survival but is given after 
several minutes of downtime will likely increase 
long-term survival with both favorable and unfa-
vorable neurological outcomes. Determining the 
likelihood of favorable or unfavorable neurological 
outcome at the time of arrest is currently not fea-
sible. Therefore, continuing to use a drug that has 
been shown to increase survival while focusing our 
broader efforts on shortening time to drug for all 
patients so that more survivors will have a favor-
able neurological outcome seems to be the most 
beneficial approach. Relevant literature published 
subsequent to the 2020 guidelines was evaluated 
for this focused update. 

	2.	 The existing trials have used a protocol of 
epinephrine 1 mg every 3 to 5 minutes. 
Operationally, administering epinephrine every 
second cycle of CPR after the initial dose may 
also be reasonable. 

	3.	 Of 16 observational studies on timing in the recent 
systematic review, all found an association between 
earlier epinephrine and ROSC for patients with 
nonshockable rhythms, although improvements in 
survival were not universally seen.3

	4.	 Systematic reviews3–5 found no difference in out-
comes in trials testing vasopressin alone or vaso-
pressin combined with epinephrine compared with 
epinephrine alone for cardiac arrest, although these 
studies were underpowered. A recent placebo- 
controlled, randomized clinical trial including 501 
patients with in-hospital cardiac arrest demon-
strated that administering 20 IU vasopressin plus 
40 mg methylprednisolone after the first dose of 
epinephrine was associated with an increase in 
ROSC, with a risk difference of 9.6% (95% CI, 
1.1%–18%; P=0.03). No differences in survival 
or favorable neurological outcomes were found 
at 30 days; however, the study was not suffi-
ciently powered for these secondary end points. 
These findings were supported by subsequent 
meta-analyses.5,6 

	5.	 For shockable rhythms, trial protocols have 
directed that epinephrine be given after the third 

shock.1,2 The literature supports prioritizing defibril-
lation and CPR initially and giving epinephrine if 
initial attempts with CPR and defibrillation are not 
successful.3

	6.	 Multiple randomized controlled trials (RCTs) have 
been done comparing high-dose with standard-
dose epinephrine, and although some have shown 
higher rates of ROSC with high-dose epinephrine, 
none have shown improvement in survival to dis-
charge or any longer-term outcomes.7–14
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NONVASOPRESSOR MEDICATIONS 
DURING CARDIAC ARREST

Nonvasopressor Medications

COR LOE Recommendations 

2b B-R

1.	� Amiodarone or lidocaine may be considered 
for ventricular fibrillation/pulseless 
ventricular tachycardia that is unresponsive 
to defibrillation. 

2b C-LD
2.	� For patients with OHCA, use of steroids 

during CPR is of uncertain benefit.

3: No 
Benefit

B-R
3.	� Routine administration of calcium 

for treatment of cardiac arrest is not 
recommended.

3: No 
Benefit

B-R
4.	� Routine use of sodium bicarbonate is not 

recommended for patients in cardiac arrest.

3: No 
Benefit

B-R
5.	� Routine use of magnesium for cardiac arrest 

is not recommended.

Synopsis
Pharmacological treatment of cardiac arrest is typically 
deployed when CPR with or without attempted defibrilla-
tion fails to achieve ROSC. This may include vasopressor 
agents such as epinephrine (discussed in Vasopressor 
Medications During Cardiac Arrest) and drugs with-
out direct hemodynamic effects such as antiarrhythmic 
medications, magnesium, sodium bicarbonate, calcium, 
or steroids. Although theoretically attractive and of some 
proven benefit in animal studies, no nonvasopressor 
pharmacological treatment has definitively been proven 
to improve overall survival after cardiac arrest, although 
some may have benefit in selected populations or special 
circumstances. 

Recommendations for the treatment of cardiac arrest 
attributable to hyperkalemia, including the use of cal-
cium and sodium bicarbonate, are presented in the 2020 
guidelines.1

Recommendation-Specific Supportive Text
	1.	 Administration of amiodarone or lidocaine to 

patients with OHCA was last formally reviewed 
in 20182 and demonstrated improved survival 
to hospital admission but did not improve overall 
survival to hospital discharge or survival with good 
neurological outcome.2,3 However, amiodarone and 
lidocaine each significantly improved survival to 
hospital discharge in a prespecified subgroup of 
patients with bystander-witnessed arrest, poten-
tially arguing for a time-dependent benefit and a 
group for whom these drugs may be more useful. 
Other antiarrhythmic agents were not specifically 
addressed in the most recent evidence review 
and merit further evaluation. These include brety-
lium tosylate, which was recently reintroduced in 
the United States for treatment of immediately 

life-threatening ventricular arrhythmias but without 
any new information on its effectiveness or safety.4 
Sotalol requires administration as a slow infusion, 
rendering it impractical to use in cardiac arrest.5 
Similar limitations also apply to procainamide, 
although it has been given by rapid infusion as a 
second-line agent in cardiac arrest with uncer-
tain benefit.6 The efficacy of antiarrhythmic drugs 
when given in combination for cardiac arrest has 
not been systematically addressed and remains a 
knowledge gap. 

	2.	 Nonrandomized studies of intra-arrest corticoste-
roid administration, in addition to standard resusci-
tation, show mixed outcomes.7,8 It remains unclear 
whether steroids alone are beneficial during car-
diac arrest because the only studies suggesting 
benefit evaluated steroids with other bundles of 
interventions, and observational data have shown 
conflicting results. Additional insights concerning 
steroid use when given as a bundle with vasopres-
sors are addressed in Vasopressor Medications 
During Cardiac Arrest.

	3.	 A 2013 systematic review found little evidence to 
support the routine use of calcium in undifferen-
tiated cardiac arrest, although the evidence was 
weak because of the lack of clinical trials and the 
tendency to use calcium as a last-resort medica-
tion in refractory cardiac arrest.9 Since the prior 
guideline statement, 1 randomized, double-blinded, 
placebo-controlled trial evaluated administration of 
intravenous or intraosseous calcium and its effect 
on sustained ROSC, demonstrating no difference 
between the calcium treatment (19%) and saline 
control (27%; risk ratio, 0.72 [95% CI, 0.49–1.03]; 
risk difference, −7.6% [95% CI, −16% to 0.8%]; 
P=0.09).10 Of note, these data suggest that the 
routine administration of calcium, outside of spe-
cial circumstances, may trend toward the potential 
for harm. Administration of calcium in special cir-
cumstances such as known hyperkalemia and cal-
cium blocker overdose is addressed in the 2020 
guidelines.1

	4.	 Clinical trials and observational studies since the 
“2010 American Heart Association Guidelines for 
Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care” have yielded no new evi-
dence that routine administration of sodium 
bicarbonate improves outcomes from undiffer-
entiated cardiac arrest, and evidence suggests 
that it may worsen survival and neurological 
recovery.11–13 The use of sodium bicarbonate 
in special circumstances such as hyperkalemia 
and drug overdose is addressed in the 2020 
guidelines.1

	5.	 The role of magnesium as an antiarrhythmic agent 
was last addressed by the 2018 AHA focused 
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update on ACLS use of antiarrhythmic drugs,2 
and no recent literature has revealed additional 
information since that publication. RCTs have not 
found magnesium to improve return of circulation, 
survival, or neurological outcome, regardless of 
the presenting cardiac arrest rhythm,14–17 nor is it 
useful for monomorphic ventricular tachycardia.18 
Anecdotal reports and small case series attest to 
the efficacy of magnesium in the treatment of tor-
sades de pointes.1 
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EXTRACORPOREAL CPR
ECPR

COR LOE Recommendation 

2a B-R

1.	� Use of ECPR for patients with cardiac 
arrest refractory to standard ACLS is 
reasonable in select patients when 
provided within an appropriately trained and 
equipped system of care.

Synopsis
ECPR refers to the initiation of cardiopulmonary bypass 
during the resuscitation of a patient in cardiac arrest. 
This involves the cannulation of a large vein and artery 
and initiation of venoarterial extracorporeal membrane 
oxygenation. The goal of ECPR is to support end-organ 
perfusion while potentially reversible conditions are ad-
dressed. ECPR is a complex intervention that requires 
a highly trained team, specialized equipment, and mul-
tidisciplinary support within a health care system. An 
effective program achieves excellence along the other 
links in the Chain of Survival, develops strategic part-
nerships, secures resources, and perfects the clinical 
skill necessary to proficiently deliver and maintain this 
therapy in an equitable fashion. In the last review in 
2020, the AHA guidelines addressed the use of ECPR 
for cardiac arrest and noted insufficient evidence to 
recommend the routine use of ECPR in cardiac arrest. 
However, consideration of ECPR was suggested in se-
lect cases of cardiac arrest with potentially reversible 
pathogenesis that would benefit from temporary car-
diorespiratory support.1 Multiple observational studies 
were available supporting the use of ECPR,2–8 but no 
randomized clinical trials were available at the time of 
guideline publication in 2020. Two randomized clinical 
trials have since been published that provide additional 
evidence concerning the use of ECPR for patients with 
refractory cardiac arrest.9,10 
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Recommendation-Specific Supportive Text
1.	 Two RCTs have been published comparing patients 

with refractory cardiac arrest treated with ongoing 
standard ACLS versus ECPR. The ARREST trial9 
(Advanced Reperfusion Strategies for Refractory 
Cardiac Arrest) demonstrated significantly 
improved survival to discharge and 6-month survival 
for patients receiving ECPR for refractory cardiac 
arrest with shockable presenting rhythms. Although 
the trial randomized only 30 patients, the Data and 
Safety Monitoring Board unanimously decided to 
terminate the trial, citing ethical concerns in the face 
of strong evidence for efficacy. The Hyperinvasive 
Trial10 did not meet the primary end point of 180-
day neurologically favorable survival, although it did 
demonstrate significant benefit in 30-day survival 
with favorable neurological recovery. It is impor-
tant to note that the Hyperinvasive Trial included 
patients with all presenting rhythms and required 
only 5 minutes of ACLS before enrollment. The 
ARREST trial randomized after a mean 47 min-
utes of ACLS compared with 24 minutes of ACLS 
in the Hyperinvasive Trial. The Hyperinvasive Trial 
demonstrated a 22% 180-day neurologically favor-
able survival in the standard ACLS group compared 
with 7% observed in the standard ACLS group in 
the ARREST trial. Further data related to optimal 
patient selection criteria, including age, present-
ing rhythm, and timing of transition from standard 
ACLS to ECPR, are needed.
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PERCUTANEOUS CORONARY 
INTERVENTION AFTER CARDIAC ARREST

Percutaneous Coronary Intervention After Cardiac Arrest

COR LOE Recommendation 

1 B-NR

1.	� Coronary angiography should be performed 
emergently for all cardiac arrest patients 
with suspected cardiac cause of arrest and 
ST-segment elevation on electrocardiogram.

2a B-NR

2.	� Emergent coronary angiography is 
reasonable for selected adult patients without 
ST-elevation on electrocardiogram but with 
elevated risk of significant coronary artery 
disease where revascularization may provide 
benefit, such as those with shock, electrical 
instability, signs of significant ongoing 
myocardial damage, or ongoing ischemia.

2a C-LD

3.	� Independent of a patient’s neurologic status, 
coronary angiography is reasonable in all 
post–cardiac arrest patients for whom 
coronary angiography is otherwise indicated.

3: No 
Benefit

B-R

4.	� Emergent coronary angiography is not 
recommended over a delayed or selective 
strategy in patients with ROSC after 
cardiac arrest in the absence of ST-segment 
elevation, shock, electrical instability, signs 
of significant myocardial damage, and 
ongoing ischemia.

Synopsis
The contribution of coronary artery disease and acute 
coronary syndromes to the epidemiology of OHCA and 
the role/timing of revascularization have been areas 
of rigorous investigation. Previous registry and obser-
vational data demonstrated a high incidence of acute 
coronary lesions in patients resuscitated after cardiac 
arrest.1–4 This incidence was even higher among those 
with shockable presenting rhythms and those with  
ST-segment elevation on their postarrest electrocardio-
gram.2,5 Patients with shockable presenting rhythms re-
fractory to ACLS demonstrated high rates of significant  
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coronary artery disease.6 Timely revascularization for 
postarrest patients appeared to be associated with a 
mortality benefit that persisted after attempts to control 
for confounders.2,7–11 Thus, the prior recommendations, 
leveraging these best available data, recommended 
emergency coronary angiography for patients with ST-
segment elevation and suggested emergency angi-
ography in select patients (eg, hemodynamically and  
electrically unstable) without ST-segment elevation.12 
Notably, no recommendation was made for stable pa-
tients without ST-segment elevation. 

A review of the ILCOR CoSTR and an independent 
search indicated that new RCT data conflict with the 
previously described observational data. Since the 2020 
guidelines, 4 RCTs in this population have been pub-
lished: COACT (Coronary Angiography After Cardiac 
Arrest Without ST-Segment Elevation), which was lim-
ited to patients with shockable rhythm13; TOMAHAWK 
(Angiography after Out-of-Hospital Cardiac Arrest 
Without ST-Segment Elevation) and EMERGE (Emer-
gency vs Delayed Coronary Angiogram in Survivors of  
Out-of-Hospital Cardiac Arrest), which included all pre-
senting rhythms14,15; and PEARL (Randomized Pilot 
Clinical Trial of Early Coronary Angiography Versus No 
Early Coronary Angiography After Cardiac Arrest With-
out ST-Segment Elevation), which also included all pre-
senting rhythms but was terminated early because of 
the pace of enrollment.16 Despite variations in interven-
tion and outcome definitions, protocols, and locations, 
these trials consistently found no difference between 
the intervention (emergency or early coronary angiogra-
phy) and control arms. However, important patient popu-
lations were excluded from these clinical trials. Patients 
with ST-segment elevation, cardiogenic shock, signs of 
significant myocardial damage, electrical instability, and 
ongoing ischemia were excluded or permitted to cross 
over to the emergency arm. Thus, these studies dem-
onstrate that there is no benefit of emergency coronary 
angiography over delayed coronary angiography for 
stable patients resuscitated from cardiac arrest without 
ST-segment elevation. Although it still might be reason-
able, we do not urge emergency coronary angiography 
for patients who present and remain hemodynamically 
stable without signs of ischemia. 

Randomized data are lacking for patients with ST-
segment elevation or cohorts permitted to cross over 
in RCTs because of the presence of cardiogenic shock, 
signs of significant myocardial damage, electrical insta-
bility, or ongoing ischemia. Given the paucity of cardiac 
arrest–specific data and the clear benefits of emergency 
revascularization in patients without cardiac arrest with 
ST-segment–elevation myocardial infarction, patients 
with high-risk acute coronary syndrome, and patients 
with cardiogenic shock, we recommend considering 
emergency coronary angiography and revascularization 
in these patient populations. 

Recommendation-Specific Supportive Text

	1.	 Multiple observational studies have demonstrated 
improved neurologically favorable survival when 
early coronary angiography is performed followed 
by percutaneous coronary intervention in patients 
with cardiac arrest who have an ST-segment–
elevation myocardial infarction.5,17–20 This led to 
a Class 1 recommendation in the 2020 guide-
lines that has not been contradicted by any other 
recent studies. This recommendation is consistent 
with global recommendations for all patients with 
ST-segment–elevation myocardial infarction.

	2.	 Multiple observational studies have shown an 
association between emergency coronary angi-
ography and percutaneous coronary intervention 
and improved neurological outcomes in patients 
without ST-segment elevation.5,8,17,18,21 A meta-
analysis also supported the use of early coro-
nary angiography in patients without ST-segment 
elevation.22 Although no randomized trials have 
addressed the use of emergency coronary angi-
ography in patients with shock, hemodynamic or 
electrical instability, significant myocardial dam-
age, or signs of ongoing cardiac ischemia, use 
of emergency coronary angiography in these 
situations is to identify patients in whom revas-
cularization could improve outcomes by prevent-
ing rearrest or supporting cardiac recovery. In the 
absence of cardiac arrest, there is overwhelming 
benefit for early revascularization in patients with 
acute coronary syndrome with cardiovascular 
instability23–25; thus, the writing group felt it was 
reasonable to extrapolate to unstable postarrest 
patients.

	3.	 Evidence suggests that comatose patients with 
ROSC benefit from invasive angiography, when 
indicated, as do patients who are awake.4,17,21 
Therefore, the use of invasive coronary angiog-
raphy is reasonable, regardless of neurological 
status.

	4.	 Multiple RCTs similarly demonstrated no benefit 
of emergency coronary angiography over delayed 
coronary angiography for patients with ROSC but 
without ST-segment elevation, shock, electrical 
instability, signs of significant ongoing myocar-
dial damage, or ongoing ischemia.13–16 If patients 
develop instability or signs of ongoing ischemia 
early in their treatment course, emergency coro-
nary angiography can be reconsidered. Of note, 
the power of RCTs to detect small improvements 
in cardiac outcome may be affected by significant 
numbers of patients who died of a neurological 
cause with devastating neurological injury after 
cardiac arrest, in whom cardiac recovery has lim-
ited impact.
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TEMPERATURE CONTROL
Indications for Temperature Control

COR LOE Recommendation 

1 B-R

1.	� We recommend all adults who do not follow 
commands after ROSC, irrespective of 
arrest location or presenting rhythm, receive 
treatment that includes a deliberate strategy 
for temperature control.

Synopsis
Temperature management has been a focus of post
arrest care for several decades. In recent years, clinical 
trials have rigorously tested the effect of target temper-
ature on mortality and functional outcomes for patients 
with cardiac arrest. The 2020 ALS Guideline Com-
mittee reviewed data, including the HYPERION trial  
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(Therapeutic Hypothermia After Cardiac Arrest in Non-
shockable Rhythm).1 Two notable trials were published 
since completion of the 2020 ALS guidelines. The TTM2 
trial (Targeted Temperature Management 2) randomized 
1900 patients to 33° C or to normothermia with early 
treatment of fever (37.8° C) for 28 hours after random-
ization.2 There was no difference in the primary outcome 
of Cerebral Performance Category 1 or 2 at 6 months. 
The CAPITAL CHILL trial (Effect of Moderate vs Mild 
Therapeutic Hypothermia on Mortality and Neurologic 
Outcomes in Comatose Survivors of Out-of-Hospital 
Cardiac Arrest) randomized 389 patients to moderate 
(31° C) versus mild (34° C) therapeutic hypothermia for 
24 hours.3 The primary outcome of mortality or poor 
neurological outcome (Disability Rating Scale score >5) 
at 6 months did not differ across arms in the primary or 
prespecified subgroup analyses. In both studies, most 
enrolled patients had primary cardiac causes of arrest. 

In 2021, The ILCOR CoSTR task force updated their 
2015 systematic review to include key trials published up 
to October of 2022, including TTM2.4 This review found 
no outcome differences after temperature management 
to 32° C to 34° C compared with normothermia among 
the populations studied. 

Recommendation-Specific Supportive Text 
	1.	 Recently completed trials have strengthened our 

understanding that a range of target temperatures 
for postarrest temperature control is safe. With the 
addition of TTM2, the recommended range of tar-
get temperature has expanded since the publica-
tion of the 2020 guidelines.5 A 2021 systematic 
review4 supported the ILCOR CoSTR6 incorporat-
ing the latest available trial data and recommended 
preventing fever, acknowledging the uncertainty of 
whether subpopulations benefit from hypothermia 
to 32° C to 34° C. This revised statement reflects 
this approach but acknowledges the lack of benefit 
of selecting a higher versus a lower temperature 
target within the population studied. There was 
insufficient evidence to change the lower range 
of target temperature, which remains at 32° C. 
This revised statement also consolidates the dis-
tinctions among in-hospital cardiac arrest, OHCA, 
shockable rhythms, and nonshockable rhythms 
compared with the AHA 2020 ALS guidelines. 

		   Several important considerations need to be 
emphasized when our current knowledge from 
clinical trials is applied to the general population 
receiving postresuscitation care. It is important to 
recognize that most enrolled patients in the afore-
mentioned trials had shockable rhythms with pri-
mary cardiac causes of arrest, despite eligibility 
criteria comprising both shockable and nonshock-
able rhythms. These do not reflect the general 

population of postarrest patients who survive to 
hospital admission in the United States, where 
most initial arrest rhythms are nonshockable and 
arrests due to respiratory failure, drug overdose, 
sepsis, and other noncardiac causes are prevalent. 

Performance of Temperature Control

Performance of Temperature Control

COR LOE Recommendations 

1 B-R
1.	� We recommend selecting and maintaining 

a constant temperature between 32° C and 
37.5° C during postarrest temperature control. 

1 B-NR 
2.	� We recommend hospitals develop protocols 

for postarrest temperature control. 

2a B-NR
3.	� It is reasonable that temperature control be 

maintained for at least 24 h after achieving 
target temperature.

2b B-NR 
4.	� There is insufficient evidence to recommend a 

specific therapeutic temperature for different 
subgroups of cardiac arrest patients.

2b C-LD
5.	� It may be reasonable to actively prevent 

fever in patients unresponsive to verbal 
commands after initial temperature control. 

2b C-EO 

6.	� Patients with spontaneous hypothermia after 
ROSC unresponsive to verbal commands 
should not routinely be actively or passively 
rewarmed faster than 0.5° C per hour.

2b  B-R
7.	� The benefit of strategies other than rapid 

infusion of cold intravenous fluids for 
prehospital cooling is unclear.

3: No 
Benefit

B-R
8.	� We do not recommend the routine use of 

rapid infusion of cold intravenous fluids for 
prehospital cooling of patients after ROSC.

Recommendation-Specific Supportive Text
	1.	 In agreement with the ILCOR CoSTR statement, ter-

minology is shifting away from targeted temperature 
management in favor of temperature control, which 
encompasses hypothermic temperature control, nor-
mothermic temperature control, and temperature 
control with fever prevention.6 The upper limit of tem-
perature control was raised to 37.5° C to reflect find-
ings of no difference between patients treated with 
a target temperature of 33° C and those treated with 
a target temperature of 37.5° C in the TTM2 trial.2 

	2.	 Recent trials have set strict criteria for temperature 
control and required continuous temperature monitor-
ing and systematic application of protocolized inter-
ventions to maintain goal temperature. Half of patients 
in the normothermia arm of TTM2 required a device 
for active temperature management, and almost a 
third required neuromuscular blockade.2 Even those 
who did not require a cooling device were cared for 
in a system that was able to offer this treatment if 
needed. Therefore, all hospitals providing postresus-
citation care need to have a system that supports rou-
tine use of temperature control for these patients.
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	3.	 The duration of temperature control has been 
understudied compared with the ranges of target 
temperature. The ongoing ICECAP study (Influence 
of Cooling Duration on Efficacy in Cardiac Arrest 
Patients) aims to identify the optimal duration 
of hypothermic temperature control at 33° C for 
patients with both shockable and nonshockable 
rhythms (NCT04217551). This will supplement the 
prior study reviewed as part of the 2020 guidelines, 
which showed no difference in temperature man-
agement between 24 and 48 hours in 335 patients.7

	4.	 It is unknown whether trial results in a primary 
cardiac cause cohort generalize to other sub-
populations of cardiac arrest survivors. Similarly, it 
is unknown whether other patient characteristics 
measured early after resuscitation such as sever-
ity of initial neurological injury or organ failure 
alter optimal target temperature. The most recent 
systematic review did not find evidence favoring 
temperature control with hypothermia in multiple 
single-variable subgroups.4 However, robust risk-
adjusted patient-level pooled data analysis is not 
available, the potential for heterogeneity of treat-
ment effect within RCTs was not fully addressed, 
and single trials have conflicting data.1

	5.	 As stated in the 2020 guidelines, fever after ROSC 
is associated with poor outcome in patients not 
treated with temperature control, but it has not been 
shown that prevention of fever is associated with 
improved outcomes. Given the lack of additional 
data in this area, treatment or prevention of fever 
beyond the initial temperature-control phase contin-
ues to be recommended as a reasonable approach. 

	6.	 Rewarming in the post–cardiac arrest period may 
occur during the initial phase of temperature con-
trol to a higher target temperature in patients who 
are spontaneously hypothermic. Rewarming also 
occurs when patients are transitioning to the con-
trolled normothermia phase. Patients presenting 
with spontaneous hypothermia after ROSC may 
have more severe injury and be more susceptible 
to secondary injury with active rewarming. It is 
unclear whether passive uncontrolled rewarming 
(potentially at rates above 0.25° C–0.5° C per hour) 
is better or worse than slow, controlled rewarming. 
In the TTM and TTM2 trials, patients with tempera-
tures between 30° C and 33° C assigned to hypo-
thermic arms were actively rewarmed to 33° C, and 
those with temperatures of 30° C to 36° C who were 
assigned to higher temperature arms were allowed 
to passively rewarm to that goal; the rate of rewarm-
ing was not specified.2,8 The HYPERION trial used 
active controlled rewarming to 37° C at 0.25° C to 
0.5° C per hour for patients who were spontane-
ously below target at randomization.1 Passive ver-
sus controlled rewarming after temperature control 

has been studied, and controlled warming may be 
beneficial.9,10 A pilot study failed to demonstrate 
differences in interleukin-6 levels and neurologi-
cal outcome with rewarming rates after controlled 
hypothermia between 0.25° C and 0.5° C per hour.11 
We conservatively recommend rewarming to the 
prespecified target temperature at 0.25° C to 0.5° C 
per hour, regardless of the phase of temperature 
control. In the setting of severe trauma and active 
bleeding, faster rewarming may be appropriate. 
Patients with profound bradycardia or other electri-
cal cardiac instability arriving with severe hypother-
mia may warrant faster rewarming until instability 
improves. 

	7.	 According to animal studies, time to achieve tar-
get temperature may have an important impact on 
outcome. It has been difficult to extrapolate these 
data to humans. A recent randomized trial mea-
sured the impact of prehospital transnasal evapo-
rative intra-arrest cooling versus postadmission 
targeted temperature management on survival in 
671 patients. The effectiveness of obtaining a core 
temperature <34° C was higher in the intervention 
group; however, the primary outcome of Cerebral 
Performance Category 1 to 2 at 90 days was not 
different between the 2 groups (16.6% in the 
treatment group and 13.5% in the control group).12

	8.	 Prehospital cooling with rapid infusion of cold fluids 
has been evaluated as a method to improve time to 
target temperature in patients with shockable rhythm, 
and there was no clear benefit to this approach. This 
may be due to fewer personnel, reduced monitor-
ing capabilities, and potentially unsecured airways.13 
This recommendation has remained unchanged 
since the 2015 guidelines statement.
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SEIZURE AND OTHER EPILEPTIFORM 
ACTIVITY

Diagnosis and Management of Seizure and Other Epileptiform 
Activity

COR LOE Recommendations 

1 C-LD
1.	� We recommend treatment of clinically 

apparent seizures in adult survivors of 
cardiac arrest.

1 C-LD

2.	� We recommend promptly performing and 
interpreting electroencephalography (EEG) 
for the diagnosis of seizures in patients who 
do not follow commands after ROSC.

2a C-LD
3.	� Monitoring EEG repeatedly or continuously 

is reasonable for patients who do not follow 
commands after ROSC.

2a B-R
4.	� Treatment of nonconvulsive seizures 

(diagnosed by EEG only) is reasonable in 
adult survivors of cardiac arrest.

2b C-EO

5.	� A therapeutic trial of a nonsedating 
antiseizure medication may be reasonable 
in adult survivors of cardiac arrest with EEG 
patterns on the ictal-interictal continuum.

2b C-LD

6.	� The same antiseizure medications used 
for treatment of seizures caused by other 
etiologies may be considered for seizures 
detected after cardiac arrest.

3: No 
Benefit

B-R
7.	� Seizure prophylaxis in adult survivors of 

cardiac arrest is not recommended.

Synopsis
Seizures occur in 10% to 35% of patients with cardi-
ac arrest who do not follow commands after ROSC.1–6 
Postanoxic hyperexcitability can manifest as a wide 
range of electroclinical findings, from seizures with overt 
clinical signs such as convulsions to EEG patterns with 
or without impairment of consciousness that may or 
may not reach strict thresholds to meet criteria for sta-
tus epilepticus (Table 2).7 Neuronal hyperexcitability may 
exacerbate mismatches between neuronal bioenergetic 
supply and demand, thereby contributing to secondary 
brain injury.8 Indications for and intensity of antiseizure 
medications vary in clinical practice and across studies 
according to the specific manifestation of postanoxic 
hyperexcitability. Although the occurrence of postan-
oxic status epilepticus has been associated with a poor 
outcome in observational studies,2,9,10 reports of survival 
with functional independence in some subgroups have 
accumulated over the past decade.3,6,11,12 For example, 
cardiac arrest survivors who have continuous cortical 
background activity and those who develop epileptiform 
abnormalities >24 hours after ROSC are more likely to 
recover.13 Marked heterogeneity in the definitions of sta-
tus epilepticus used across studies challenges interpre-
tation of available data. 

Table 2.  American Clinical Neurophysiology Society  
Criteria for Electrographic Seizures, Status Epilepticus, and 
Ictal-Interictal Continuum1

Hyperexcitable  
phenomenon Diagnostic criteria 

Electrographic seizure 1.	� Epileptiform discharges averaging >2.5 Hz for 
≥10 s*

or
2.	� Any pattern with definite evolution† lasting 

≥10 s*

Electrographic status 
epilepticus

1.	� Any pattern qualifying for electrographic seizure 
for ≥10 continuous min‡ or for a total duration 
of ≥20% of any 60-min‡ period of monitoring

Ictal-interictal continu-
um (ie, possible elec-
trographic status epi-
lepticus. If an unequiv-
ocal electrographic 
and clinical response 
seen after therapeutic 
trial=electroclinical 
status epilepticus)

1.	� Any periodic discharges or spike/sharp-wave 
pattern averaging >1.0 and ≤2.5 Hz over 10 s 

or
2.	� Any periodic discharges or spike/sharp-wave 

pattern averaging ≥0.5 Hz and ≤1.0 Hz over 
10 s with either a plus modifier§ or fluctuation∥

or
3.	� Any lateralized rhythmic delta activity 

averaging >1 Hz over 10 s with either a plus 
modifier§ or fluctuation∥

*The minimum duration of 10 seconds does not apply if a consistent clinical 
correlate is in lockstep to the electrographic pattern (ie, electroclinical seizure).

†Evolution: at least 2 unequivocal, sequential changes in frequency, morphol-
ogy, or location.

‡The minimum duration for bilateral tonic-clonic motor activity is 5 continuous 
minutes (ie, electroclinical convulsive status epilepticus).

§Plus modifier: additional feature that renders the pattern more ictal in appear-
ance (+F [superimposed fast activity], +R [superimposed rhythmic activity], +S 
[superimposed sharp waves or spikes, or sharply contoured]).
∥Fluctuation: ≥3 changes, all within 1 minute in frequency, morphology, or loca-

tion but not qualifying as evolution.
Data from Hirsch et al.7
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Recommendation-Specific Supportive Text

	1.	 A 2020 ILCOR systematic review14 and our 
updated search identified no controlled studies 
comparing treatment of clinically apparent sei-
zures with no treatment in adult cardiac arrest 
patients. Despite the lack of high-level evidence, 
untreated clinically apparent seizure activity is 
thought to be potentially harmful to the brain; 
therefore, treatment of seizures is recommended 
in other settings15 and is prudent after cardiac 
arrest. Myoclonus is a particularly common clini-
cal manifestation of hypoxic-ischemic brain injury, 
identified in ≈20% of cardiac arrest survivors.5,16 
Myoclonus may occur in lockstep with epilepti-
form abnormalities such as burst suppression with 
identical bursts, develop without an EEG correlate 
(ie, subcortical myoclonus), or develop in patients 
with continuous cortical background activity.17 
These are important distinctions because some 
patients (eg, those with subcortical myoclonus) 
may not warrant aggressive treatment with anti-
seizure medications if the myoclonus is not inter-
fering with mechanical ventilation.

	2.	 EEG in post–cardiac arrest patients who are 
unable to follow commands can inform neuro-
logical prognostication, detect nonconvulsive 
seizures and status epilepticus, and distinguish 
among different types of myoclonus.11,17 The role 
of EEG in neuroprognostication is not included 
in this focused update. There is no direct evi-
dence that EEG used to detect nonconvulsive 
seizures improves outcomes. This recommen-
dation is informed by the high prevalence of 
nonconvulsive seizures and other epileptiform 
activity in postarrest patients.5 Whether treat-
ment of nonconvulsive seizures affects outcome 
in this setting remains uncertain. An ILCOR sys-
tematic review done for 2020 did not specifi-
cally address the timing and method of obtaining 
EEGs in post–cardiac arrest patients who remain 
unresponsive. 

	3.	 There are several approaches to EEG monitoring 
that vary in duration (ie, from short 20- to 40-minute  
recordings to continuous monitoring for several 
days) and electrode arrangement (ie, from full 
21 electrodes to simplified 6- to 10-electrode  
montages). Myoclonus, seizures, and epilepti-
form abnormalities may occur immediately after 
ROSC or emerge several days after initial resus-
citation.13,18 Continuous EEG, although costly and 
labor intensive, may increase sensitivity to detect 
epileptiform activity, including seizures and sta-
tus epilepticus, after cardiac arrest compared 
with brief intermittent recordings19,20 because of 
the episodic and unpredictable nature of these 

events. However, use of continuous EEG was not 
associated with survival or functional outcomes in 
observational cardiac arrest cohorts20,21 or in the 
CERTA trial (Continuous EEG Randomized Trial in 
Adults), a multicenter pragmatic study in critically 
ill patients with impaired consciousness, of whom 
nearly one-third had been resuscitated from car-
diac arrest.22 

	4.	 The clinical impact of aggressive suppression 
of EEG patterns meeting American Clinical 
Neurophysiology Society criteria for noncon-
vulsive seizures and status epilepticus (Table 2) 
may be different from other rhythmic or peri-
odic patterns. The TELSTAR trial (Treatment 
of Electroencephalographic Status Epilepticus 
After Cardiopulmonary Resuscitation) is the first 
randomized clinical trial of protocolized tiered 
treatment targeting suppression of EEG rhythmic 
or periodic patterns in adults who had a Glasgow 
Coma Scale score ≤8 after ROSC versus stan-
dard of care in which antiseizure regimen was 
left to the discretion of the treatment team.23 This 
trial was published after the 2020 guidelines and 
is therefore new to this statement. The trial ran-
domized 172 subjects whose baseline character-
istics were comparable between allocation arms. 
Rates of poor neurological outcome (Cerebral 
Performance Category 3–5) between treatment 
arms did not differ at 3 months (90% in interven-
tion versus 92% in control; difference, 2 percent-
age points [95% CI, −7 to 11]; P=0.68). Although 
the trial was not powered for subgroup analyses, 
patients with unequivocal electrographic seizures 
(ie, frequencies reaching at least 2.5 Hz) or evolv-
ing patterns and those with nongeneralized peri-
odic discharges (even at 0.5–2.5 Hz) were noted 
to fare better with protocolized, tiered antiseizure 
treatment.

	5.	 Anoxic pathogenesis of seizures and status epi-
lepticus is frequently an exclusion criterion in 
randomized clinical trials24,25; consequently, thera-
peutic algorithms are largely extrapolated from 
other settings, including guidelines for generalized 
convulsive status epilepticus. The 2020 CoSTR 
recommended that seizures be treated when diag-
nosed in post–cardiac arrest patients.14 No specific 
agents were recommended.

	6.	 The American Clinical Neurophysiology Society 
defines the ictal-interictal continuum as rhyth-
mic or periodic patterns that are considered to 
be possible seizure or status epilepticus even 
without fulfilling strict electrographic criteria (ie, 
>2.5 Hz or any pattern with definite evolution 
and lasting ≥10 seconds for seizures or ≥10 min-
utes for status epilepticus).7 Patients with pat-
terns on the ictal-interictal continuum who exhibit 
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positive electrographic and clinical response to a 
therapeutic trial with a loading dose of a paren-
teral nonsedating antiseizure medication (ie, not 
benzodiazepine) are considered to have electro-
clinical status epilepticus; thus, therapeutic tri-
als of antiseizure medication may be considered 
regardless of cardiac arrest being the cause of 
the seizures.7 

	7.	 Primary seizure prophylaxis did not improve 
outcomes after cardiac arrest in 2 prospective 
RCTs26,27 and 1 nonrandomized prospective clini-
cal trial with historical control subjects.28 Primary 
prophylaxis was also not effective in prevent-
ing subsequent seizures in the post–cardiac 
arrest period.26–28 Of note, these studies examine 
medications not commonly deployed as first-line 
agents in seizure treatment in current clinical 
care. 

REFERENCES
	 1.	 Rittenberger JC, Popescu A, Brenner RP, Guyette FX, Callaway CW. 

Frequency and timing of nonconvulsive status epilepticus in comatose 
post-cardiac arrest subjects treated with hypothermia. Neurocrit Care. 
2012;16:114–122. doi: 10.1007/s12028-011-9565-0

	 2.	 Legriel S, Hilly-Ginoux J, Resche-Rigon M, Merceron S, Pinoteau 
J, Henry-Lagarrigue M, Bruneel F, Nguyen A, Guezennec P, 
Troche G, et al. Prognostic value of electrographic postanoxic sta-
tus epilepticus in comatose cardiac-arrest survivors in the thera-
peutic hypothermia era. Resuscitation. 2013;84:343–350. doi: 
10.1016/j.resuscitation.2012.11.001

	 3.	 Dragancea I, Backman S, Westhall E, Rundgren M, Friberg H, Cronberg 
T. Outcome following postanoxic status epilepticus in patients with tar-
geted temperature management after cardiac arrest. Epilepsy Behav. 
2015;49:173–177. doi: 10.1016/j.yebeh.2015.04.043

	 4.	 Ruijter BJ, van Putten MJ, Hofmeijer J. Generalized epileptiform dis-
charges in postanoxic encephalopathy: quantitative characteriza-
tion in relation to outcome. Epilepsia. 2015;56:1845–1854. doi: 
10.1111/epi.13202

	 5.	 Lybeck A, Friberg H, Aneman A, Hassager C, Horn J, Kjaergaard 
J, Kuiper M, Nielsen N, Ullen S, Wise MP, et al. Prognostic sig-
nificance of clinical seizures after cardiac arrest and target tem-
perature management. Resuscitation. 2017;114:146–151. doi: 
10.1016/j.resuscitation.2017.01.017

	 6.	 Beretta S, Coppo A, Bianchi E, Zanchi C, Carone D, Stabile A, 
Padovano G, Sulmina E, Grassi A, Bogliun G, et al. Neurologic 
outcome of postanoxic refractory status epilepticus after ag-
gressive treatment. Neurology. 2018;91:e2153–e2162. doi: 
10.1212/WNL.0000000000006615

	 7.	 Hirsch LJ, Fong MWK, Leitinger M, LaRoche SM, Beniczky S, Abend 
NS, Lee JW, Wusthoff CJ, Hahn CD, Westover MB, et al. American 
Clinical Neurophysiology Society's standardized critical care EEG ter-
minology: 2021 version. J Clin Neurophysiol. 2021;38:1–29. doi: 
10.1097/WNP.0000000000000806

	 8.	 Lybeck A, Friberg H, Nielsen N, Rundgren M, Ullen S, Zetterberg H, Blennow 
K, Cronberg T, Westhall E. Postanoxic electrographic status epilepticus and 
serum biomarkers of brain injury. Resuscitation. 2021;158:253–257. doi: 
10.1016/j.resuscitation.2020.10.027

	 9.	 Rossetti AO, Logroscino G, Liaudet L, Ruffieux C, Ribordy V, Schaller 
MD, Despland PA, Oddo M. Status epilepticus: an independent out-
come predictor after cerebral anoxia. Neurology. 2007;69:255–260. doi: 
10.1212/01.wnl.0000265819.36639.e0

	10.	 Lamartine Monteiro M, Taccone FS, Depondt C, Lamanna I, Gaspard 
N, Ligot N, Mavroudakis N, Naeije G, Vincent JL, Legros B. The prog-
nostic value of 48-h continuous EEG during therapeutic hypother-
mia after cardiac arrest. Neurocrit Care. 2016;24:153–162. doi: 
10.1007/s12028-015-0215-9

	11.	 Elmer J, Rittenberger JC, Faro J, Molyneaux BJ, Popescu A, Callaway CW, 
Baldwin M; Pittsburgh Post-Cardiac Arrest Service. Clinically distinct elec-
troencephalographic phenotypes of early myoclonus after cardiac arrest. 
Ann Neurol. 2016;80:175–184. doi: 10.1002/ana.24697

	12.	 Beretta S, Coppo A, Bianchi E, Zanchi C, Carone D, Stabile A, Padovano 
G, Sulmina E, Grassi A, Bogliun G, et al. Neurological outcome of postan-
oxic refractory status epilepticus after aggressive treatment. Epilepsy Behav. 
2019;101:106374. doi: 10.1016/j.yebeh.2019.06.018

	13.	 Westhall E, Rosen I, Rundgren M, Bro-Jeppesen J, Kjaergaard J, 
Hassager C, Lindehammar H, Horn J, Ullen S, Nielsen N, et al. Time to 
epileptiform activity and EEG background recovery are independent pre-
dictors after cardiac arrest. Clin Neurophysiol. 2018;129:1660–1668. doi: 
10.1016/j.clinph.2018.05.016

	14.	 Soar J, Berg KM, Andersen LW, Bottiger BW, Cacciola S, Callaway CW, 
Couper K, Cronberg T, D'Arrigo S, Deakin CD, et al. Adult advanced 
life support: 2020 International Consensus on Cardiopulmonary Re-
suscitation and Emergency Cardiovascular Care Science With Treat-
ment Recommendations. Resuscitation. 2020;156:A80–A119. doi: 
10.1016/j.resuscitation.2020.09.012

	15.	 Glauser T, Shinnar S, Gloss D, Alldredge B, Arya R, Bainbridge J, Bare M, 
Bleck T, Dodson WE, Garrity L, et al. Evidence-based guideline: treatment of 
convulsive status epilepticus in children and adults: report of the Guideline 
Committee of the American Epilepsy Society. Epilepsy Curr. 2016;16:48–
61. doi: 10.5698/1535-7597-16.1.48

	16.	 Crane J, Pearce N, Flatt A, Burgess C, Jackson R, Kwong T, Ball M, 
Beasley R. Prescribed fenoterol and death from asthma in New Zea-
land, 1981-83: case-control study. Lancet. 1989;1:917–922. doi: 
10.1016/s0140-6736(89)92505-1

	 17.	 Reynolds AS, Rohaut B, Holmes MG, Robinson D, Roth W, Velazquez A, 
Couch CK, Presciutti A, Brodie D, Moitra VK, et al. Early myoclonus fol-
lowing anoxic brain injury. Neurol Clin Pract. 2018;8:249–256. doi: 
10.1212/CPJ.0000000000000466

	18.	 Barbella G, Lee JW, Alvarez V, Novy J, Oddo M, Beers L, Rossetti 
AO. Prediction of regaining consciousness despite an early epilepti-
form EEG after cardiac arrest. Neurology. 2020;94:e1675–e1683. doi: 
10.1212/WNL.0000000000009283

	19.	 Elmer J, Coppler PJ, Solanki P, Westover MB, Struck AF, Baldwin ME, Kurz 
MC, Callaway CW. Sensitivity of continuous electroencephalography to de-
tect ictal activity after cardiac arrest. JAMA Netw Open. 2020;3:e203751. 
doi: 10.1001/jamanetworkopen.2020.3751

	20.	 Crepeau AZ, Fugate JE, Mandrekar J, White RD, Wijdicks EF, Rabinstein 
AA, Britton JW. Value analysis of continuous EEG in patients during thera-
peutic hypothermia after cardiac arrest. Resuscitation. 2014;85:785–789. 
doi: 10.1016/j.resuscitation.2014.01.019

	21.	 Fatuzzo D, Beuchat I, Alvarez V, Novy J, Oddo M, Rossetti AO. Does continu-
ous EEG influence prognosis in patients after cardiac arrest? Resuscitation. 
2018;132:29–32. doi: 10.1016/j.resuscitation.2018.08.023

	22.	 Rossetti AO, Schindler K, Sutter R, Ruegg S, Zubler F, Novy J, Oddo M, 
Warpelin-Decrausaz L, Alvarez V. Continuous vs routine electroencephalo-
gram in critically ill adults with altered consciousness and no recent seizure: 
a multicenter randomized clinical trial. JAMA Neurol. 2020;77:1225–1232. 
doi: 10.1001/jamaneurol.2020.2264

	23.	 Ruijter BJ, Keijzer HM, Tjepkema-Cloostermans MC, Blans MJ, Beishuizen A, 
Tromp SC, Scholten E, Horn J, van Rootselaar AF, Admiraal MM, et al. Treat-
ing rhythmic and periodic EEG patterns in comatose survivors of cardiac ar-
rest. N Engl J Med. 2022;386:724–734. doi: 10.1056/NEJMoa2115998

	24.	 Rosenthal ES, Claassen J, Wainwright MS, Husain AM, Vaitkevicius H, 
Raines S, Hoffmann E, Colquhoun H, Doherty JJ, Kanes SJ. Brexanolone 
as adjunctive therapy in super-refractory status epilepticus. Ann Neurol. 
2017;82:342–352. doi: 10.1002/ana.25008

	25.	 Kapur J, Elm J, Chamberlain JM, Barsan W, Cloyd J, Lowenstein D, Shinnar 
S, Conwit R, Meinzer C, Cock H, et al. Randomized trial of three anticonvul-
sant medications for status epilepticus. N Engl J Med. 2019;381:2103–
2113. doi: 10.1056/NEJMoa1905795

	26.	 Brain Resuscitation Clinical Trial I Study Group. Randomized clinical study 
of thiopental loading in comatose survivors of cardiac arrest. N Engl J Med. 
1986;314:397–403. doi: 10.1056/NEJM198602133140701

	 27.	 Longstreth WT Jr, Fahrenbruch CE, Olsufka M, Walsh TR, Copass MK, 
Cobb LA. Randomized clinical trial of magnesium, diazepam, or both af-
ter out-of-hospital cardiac arrest. Neurology. 2002;59:506–514. doi: 
10.1212/wnl.59.4.506

	28.	 Monsalve F, Rucabado L, Ruano M, Cunat J, Lacueva V, Vinuales A. The 
neurologic effects of thiopental therapy after cardiac arrest. Intensive Care 
Med. 1987;13:244–248. doi: 10.1007/BF00265112

D
ow

nloaded from
 http://ahajournals.org by on June 28, 2024



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2024;149:e254–e273. DOI: 10.1161/CIR.0000000000001194� January 30, 2024

Perman et al Adult Advanced Cardiovascular Life Support 

e269

ORGAN DONATION AFTER CARDIAC 
ARREST

Organ Donation After Cardiac Arrest

COR LOE Recommendations 

1 B-NR
1.	� Organ donation should be considered in 

all patients resuscitated from cardiac arrest 
who meet neurological criteria for death.

1 B-NR

2.	� Organ donation should be considered in 
all patients resuscitated from cardiac arrest 
before planned withdrawal of life-sustaining 
therapies. 

 1 C-EO 
3.	� Decisions about organ donation 

should follow local legal and regulatory 
requirements. 

 1 C-EO 
4.	� Organ donation is an important outcome that 

should be considered in the development 
and evaluation of systems of care.

Synopsis
Organ transplantation wait times in the United States are 
lengthening as increases in patients in need of trans-
plant outpace available organs.1 Thousands die annually 
waiting for organ transplantation.1 Patients with cardiac 
arrest make up an important growing pool of potential 
organ donors2–4 because cardiac arrest is common and a 
substantial proportion of those who cannot recover from 
cardiac arrest are still able to become organ donors.2,5–9 
However, organ donation is rarely reported as an out-
come in cardiac arrest clinical trials or as a metric in large 
registry data. 

Deceased organ donation may occur after death is 
determined by neurological criteria (donation after brain 
death) or circulatory criteria (donation after circulatory 
death [DCD]). After sudden cardiac arrest, DCD can be 
pursued in patients with ROSC after planned withdrawal 
of life-sustaining therapies and the transition to comfort-
oriented care, called controlled DCD, or in patients who 
fail to achieve ROSC after unsuccessful resuscitation, 
called uncontrolled DCD. Uncontrolled DCD has unique 
logistic, ethical, and legal requirements—factors that hin-
der its widespread application in many settings. 

Recommendation-Specific Supportive Text
A 2015 ILCOR CoSTR scientific statement, updated in 
2023, is the basis for these recommendations.10,11

	1, 2.	�Numerous observational studies demonstrate 
that allograft function and recipient outcomes are 
similar when transplanted organs are recovered 
from patients with cardiac arrest compared with 
other deceased donors12–18; this holds true for 
donation after brain death and controlled DCD.

	3.	 Laws and regulations governing the determination 
of death and organ donation vary between coun-
tries.19,20 Clinicians must follow local requirements.

	4.	 A 2023 ILCOR CoSTR scientific statement 
focused on the importance of increasing organ 
availability after cardiac arrest.11 It recognizes 
organ donation as an important outcome of cardiac 
arrest. Organ donation after cardiac arrest directly 
benefits recipient patients.
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DIVERSITY, EQUITY, AND INCLUSION
Diversity, Equity, and Inclusion

COR LOE Recommendations 

2a C-EO

1.	� It is reasonable for researchers studying 
cardiac arrest to develop and implement 
methods to promote recruitment and 
representation of participants from diverse 
backgrounds.

2a C-EO
2.	� It is beneficial for researchers studying 

cardiac arrest to collect and report 
complete demographic data.

Synopsis 
Patients with cardiac arrest deserve equitable care 
through each step of the Chain of Survival, regardless 
of their demographic characteristics and social determi-
nants of health. The Chain of Survival framework recog-
nizes the dependence of each link to the ultimate survival 
and quality of life for patients with cardiac arrest. Current 
research suggests that there are inequities in this chain. 

Cardiac arrest prevalence, characteristics, and treat-
ments differ by sex and between racial groups.1–4 
Residents of predominantly Black and Hispanic neighbor-
hoods are less likely to receive bystander CPR and less 
likely to survive to hospital discharge.5–8 Female patients 
are less likely to receive bystander CPR and automated 
external defibrillator use9,10 and to receive guideline-
recommended prehospital interventions.3,11 After cardiac 
arrest, female patients and people of color are less likely 
to receive cardiac catheterization and targeted tempera-
ture management, less likely to survive, and less likely 
to have good neurological recovery.2,4,12,13 Last, female 
patients are more likely to receive a “do not resuscitate” 
order within 24 hours of admission4,12,14 and withdrawal 
of life-sustaining treatments despite comparable rates of 
neurodiagnostic testing.15 Further quantification of these 
disparities and elucidation of their underlying causes are 
critical to developing interventions that will eliminate them.

An important part of research translation is understand-
ing who is participating in research and how the composi-
tion of the study population affects the generalizability of 

the study. Historically, people of color and women have 
been underrepresented in clinical trials. Although this may 
stem from trial site location or study design and not from 
systematic exclusion, it still impairs result generalizability 
and is modifiable with intentional design and implementa-
tion. To characterize the frequency at which sex, gender, 
race, and ethnicity are currently reported and analyzed 
in post–resuscitation care research, we conducted a 
structured review of the major randomized clinical trials 
published from 2016 through 2022, studying 2 impor-
tant cornerstones of post–cardiac arrest care: targeted 
temperature management and coronary angiography tim-
ing. We found 14 randomized clinical trials meeting our 
criteria and assessed their inclusion, analysis, and report-
ing of sex, gender, race, and ethnicity.16–29 Sex or gender 
was reported in every trial. In the 2 trials in which gender 
was reported instead of sex, the terms were used inter-
changeably, and biological sex was inaccurately reported 
as gender. Nine studies included sex in their analysis, 
either as a subgroup analysis or as an independent vari-
able in multivariable analyses. Race was reported in 2 of 
the trials, and ethnicity was reported in none. None of the 
studies performed subgroup or multivariable analyses by 
race or ethnicity to characterize potential disparities. 

Although we focused on race, ethnicity, sex, and gender 
diversity in this statement, equity and inclusion encompass 
a growing number of issues for the scientific community to 
consider. Globally, it is also important to acknowledge the 
interaction between these factors and social determinants 
of health. Social determinants of health include conditions 
in the environments in which people are born, live, learn, 
work, and play that affect a wide range of health risks and 
outcomes. These factors contribute to health disparities 
and inequities. The extent to which social determinants of 
health drive disparities in racial and ethnic groups should 
be carefully considered in the analysis and interpretation 
of research done in this area to avoid misclassification.30–32

Recommendation-Specific Supportive Text
	1.	 The US Food and Drug Administration’s “Enhancing 

the Diversity of Clinical Trial Populations—Eligibility 
Criteria, Enrollment Practices, and Trial Designs 
Guidance for Industry” recommends that clinical 
trials for new therapies recruit a sample repre-
sentative of the population in which the therapy 
will be used.33 To improve inclusion of currently 
underrepresented populations, diversity, equity, 
and inclusion need to be considered early in 
trial development. Community engagement in all 
stages of cardiac arrest research is a reasonable 
approach to improving representation.34 Because 
centers can enroll only patients cared for in their 
institutions, intentional selection of sites in diverse 
neighborhoods to ensure recruitment of a repre-
sentative sample is a reasonable approach. Ideally, 
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researchers should perform continuous evaluation 
of enrollment demographics throughout the study. 
The scientific community should prioritize the dif-
ficult work that goes into ensuring a representa-
tive population as part of performing high-quality 
and generalizable research. The responsibility for 
this task falls not only on investigators but also on 
funding agencies and publishers of the data. 

	2.	 To quantify cardiac arrest disparities, ensure enroll-
ment of diverse populations, and develop targeted 
interventions, researchers need to capture suf-
ficient data to accurately describe patient demo-
graphics, including but not limited to gender, sex, 
race, and ethnicity. As described in the Synopsis 
of this section, the most recent major trials dictat-
ing the landscape of cardiac arrest care contained 
sparse information on gender, race, and ethnicity. 
Researchers should make a concerted effort to 
capture these data elements. One important con-
sideration related to the reporting of race, ethnic-
ity, sex, and gender in cardiac arrest research is 
the assignment of these classifications. When fea-
sible, patients (or surrogates) should self-identify 
their race, ethnicity, and gender. Self-identification 
not only improves the accuracy of assignment 
but also ensures a patient-centered approach to 
research.35 
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