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Abstract

Objectives: The Interdisciplinary Cardiac Arrest Research Review (ICARE) group was

formed in 2018 to conduct an annual search of peer-reviewed literature relevant to

cardiac arrest. Now in its third year, the goals of the review are to highlight annual

updates in the interdisciplinary world of clinical cardiac arrest research with a focus

on clinically relevant and impactful clinical and population-level studies from 2020.

Methods: A search of PubMed using keywords related to clinical research in cardiac

arrest was conducted. Titles and abstracts were screened for relevance and sorted

into 7 categories: Epidemiology & Public Health Initiatives; Prehospital Resuscitation,

Technology & Care; In-Hospital Resuscitation & Post-Arrest Care; Prognostication &

Outcomes; Pediatrics; Interdisciplinary Guidelines & Reviews; and a new section ded-

icated to the coronavirus disease 2019 (COVID-19) pandemic. Screened manuscripts

underwent standardized scoring of methodological quality and impact on the respec-

tive fields by reviewer teams lead by a subject matter expert editor. Articles scoring

higher than 99 percentiles by category were selected for full critique. Systematic

differences between editors’ and reviewers’ scores were assessed using Wilcoxon

signed-rank test.

Supervising Editor: DavidWampler, PhD, LP.
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Results: A total of 3594 articles were identified on initial search; of these, 1026 were

scored after screening for relevance and deduplication, and 51 underwent full critique.

The leading category was Prehospital Resuscitation, Technology & Care representing

35% (18/51) of fully reviewed articles. Four COVID-19 related articles were included

for formal review that was attributed to a relative lack of high-quality data concern-

ing cardiac arrest and COVID-19 specifically by the end of the 2020 calendar year. No

significant differences between editor and reviewer scoring were found among review

articles (P = 0.697). Among original research articles, section editors scored a median

1 point (interquartile range, 0–3; P< 0.01) less than reviewers.

Conclusions: Several clinically relevant studies have added to the evidence base for

the management of cardiac arrest patients including methods for prognostication of

neurologic outcome following arrest, airwaymanagement strategy, timing of coronary

intervention, and methods to improve expeditious performance of key components of

resuscitation such as chest compressions in adults and children.

KEYWORDS

cardiopulmonary resuscitation, emergency medical services, epidemiology, heart arrest,
out-of-hospital cardiac arrest, sudden cardiac death

1 INTRODUCTION

1.1 Background

Recent estimates of the global burden of out-of-hospital cardiac arrest

report an annual incidence of 14–147 per 100,000 persons with con-

siderable variability across global regions and age groups.1 Ongoing

improvements in the form of novel approaches to care for these

patients are continually being presented from social, clinical, and

pharmacologic perspectives to reduce the significant morbidity and

mortality of cardiac arrest.

1.2 Importance

Given the broad scope of cardiac arrest research across multiple dis-

ciplines, the Interdisciplinary Cardiac Arrest Research Review (ICARE)

Group was created in 2018. This review, now in its third iteration, sys-

tematically gathers and summarizes articles inmultiple disciplineswith

relevance or value to the realm of cardiac arrest research in keeping

with the PRISMA-ScR guidelines. As a scoping review rather than a

systematic review focused on a specific research question, this review

looks to serve as an annual update on clinically relevant cardiac arrest

research.

1.3 Goals of this investigation

This manuscript focuses on the major updates in epidemiologic and

clinical cardiac arrest research. The intent of the ICARE review is to be

a resource both for clinicians and academic researchers by referencing

themost clinically relevant developments from the previous year.

2 METHODS

The methods for the 2020 ICARE edition are adopted from the

Global Emergency Medicine Literature Review group’s methodology

as detailed in the procedure manual (Supporting Information 1) and

are consistent with PRISMA-ScR guidelines and the 2019 review

published previously.2,3 Additional manual screening to prevent inad-

vertent omissionswas also performed. The 2020 ICAREworking group

is comprised of 67 members, including 54 reviewers, 9 editors, and

4 senior editors. All editors have previously published cardiac arrest

research. The working group consists of physicians, scientists, medical

students, and graduate students from multiple disciplines and educa-

tional backgrounds relevant to the field of cardiac arrest. All working

group members are unpaid and selected through an application pro-

cess before literature search. As a scoping review, this review was

registered onOSFHome as protocol osf.io/4gzbw.

2.1 Literature search

Publications pertaining to cardiac arrest were searched on PubMed in

2 phases: the first included publications between January and August

2020 and was conducted in October 2020, and the second included

publications between September and December 2020 and was con-

ducted in January 2021. Queries were limited to PubMed due to the

clinical focus of PubMed and the sheer number of articles returned.
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TABLE 1 Scoring of original research articles

Qualitymeasure Question Points

Design A Select one Descriptive studies (including case studies and case series, natural observation studies

and descriptive surveys)

1 -or-

Correlation studies (case control studies, prospective observational studies,

retrospective studies)

2 -or-

Non-randomized or non-blinded experimental studies 3 -or-

Randomized, blinded experimental studies 4

Design B Study design is appropriate to answer the authors’ hypothesis 1

Design C Correct statistical tests are used to analyze the data 1

Design D Results are presented accurately andwithout bias 1

Design E Limitations are clearly described, and the conclusions are supported by data 1

Design total 8/out of max score 8

Ethics A The studywas approved by an institutional review board (IRB)/institutional animal use

and care committee, ethics committee, community group, as required by local laws

1

Ethics B Informed consent was obtained or consent was waived by the IRB (give point if not

applicable, e.g., animal study)

1

Ethics C The authors declare their conflicts of interest or declare that none exist 2

Ethics total 4/out of a max of 4

Importance A The study results are not specific to one certain patient population but are broadly

generalizable to a variety of settings

2

Importance B The topic being studied is an important one, in that it advances the field of cardiac arrest

research or care

2

Importance C The study is clearly relevant to the realm of cardiac arrest research or care 1

Importance total 5/out of a max of 5

Impact The findings or recommendations of this studymay be feasibly implemented by

practitionersa of cardiac arrest care

Impact A Practitionersa would likely change their practice if they were aware of this study 2

Impact B The authors of this study raise interesting questions that may stimulate further research 2

Impact C The findings or recommendations of this studymay be feasibly implemented by

practitionersa of cardiac arrest care

1

Impact total 5/out of a max of 5

aPractitioner: reader practicing in the category of the article (physician, epidemiologist, pharmacist etc).

To filter by article publication dates, both literature searches were

performed using the “[PDAT]” PubMed/MEDLINE field description

tag. Therefore, articles with either an “Electronic Date of Publication”

and/or “Print Date of Publication” in 2020 were included. Articles that

were included in prior iterations were manually excluded by technical

and section editors. Inclusion and exclusion criteria were consistent

with previous ICARE reviews.2,4 Only articles that were available in

English were included. Publications that were commentaries, editori-

als, case reports, study design protocols, data releases, and letters to

the editor were excluded. The full PubMed/MEDLINE search query is

presented in Supporting Information2.Wecontinued to use the search

string used for the 2019 edition.2

2.2 Article screening

The titles andabstractsof articles identifiedwere screenedby the tech-

nical and section editors independently based on detailed inclusion

and exclusion criteria (Supporting Information 1). The kappa statis-

tic for agreement on article inclusion at this stage was calculated to

determine consistency in the screening process. Full texts of selected

articles for scoring were classified as either Original Research or

Reviewaccording to the studydesign. Thearticleswere classified into7

thematic categories: Epidemiology&Public Health; Prehospital Resus-

citation, Technology & Care Processes; In-Hospital Resuscitation &

Post-Arrest Care Processes; Prognostication & Outcomes; Pediatrics;

Interdisciplinary Guidelines & Reviews; and the Coronavirus disease

2019 (COVID-19) pandemic. Results pertaining to basic science and

pharmacology studies are available as a supplement on request.

2.3 Article scoring

The scoring scale originally adapted from the annualGlobal Emergency

Medicine Literature Review and used in both prior ICARE reviews was

again used according to the study type—original research or review.2–4
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TABLE 2 Scoring of review articles

Qualitymeasure Question Points

Clarity A The review has a clearly stated hypothesis or purpose 2

Clarity B The authors provide sufficient background to put the results of the review into context 1

Clarity C The review can be understood by someonewith general medical or public health training 1

Clarity D The authors use clear language and appropriate graphs, tables, and figures throughout the article 1

Clarity total 5/out of max score 5

Design A This is a formal meta-analysis or a systematic review that only includes studies with a control group 3

Design B There is a clear, reproducible method for the selection of studies included in this review 2

Design C Articles for this reviewwere selected by at least 2 authors blinded to each other’s selection 1

Design D The data was aggregated and/or analyzed appropriately 1

Design total 7/out of max score 7

Importance A The review is not specific to one certain patient population but is broadly generalizable to a variety

of settings

2

Importance B The topic being reviewed is an important one, in that it advances the field of cardiac arrest research

or care

2

Importance C This is clearly relevant to the realm of cardiac arrest research or care 1

Importance total 5/out of max score 5

Impact A The findings or recommendations of this review appear to have applicability toward improving

cardiac arrest research or care

2

Impact B Practitionersa would likely change their practice if they were aware of this review 2

Impact C The authors of this review raise interesting questions that may stimulate further research 1

Impact total 5/out of max score 5

aPractitioner: reader practicing in the category of the article (physician, epidemiologist, pharmacist etc).

Each article was scored independently by reviewers, and scores were

verified by each section editor. Scoring scales for original research

and review articles are presented in Tables 1 and 2. In addition to the

reviewers’ scoring, eacharticle’s “Impact” and “Importance”was graded

independently by the section editor. Total scores ranged between 0

and 22 points and were calculated using the reviewer’s “Clarity” and

“Design” scores and the section editor’s “Importance” and “Impact”

scores. To ensure scoring reliability among the working group, ran-

dom articles were selected and the reviewer and editor scores of each

were compared for quality control. Systematic differences between

editor and reviewer scores for each of the quality control articles were

assessed usingWilcoxon signed-rank test.

2.4 Formal article review

Articles scoring in the 99th percentile by category and type were eval-

uated for a formal review with accompanying summary. To reduce the

likelihood of imperfect but high-impact articles unintentionally being

excluded from formal summarization, articles that scored one point

below the99thpercentile scorewerediscussed in a committee consist-

ing of 3 editorial members. Reviewers then summarized these articles

with attention to the objective, key findings, and strengths/limitations

of each study. Section editors then reviewed summaries for content,

accuracy, and style according to each category.

3 RESULTS

The screening, scoring, and full article review process is presented in

Figure 1. A total of 3594 articles were identified on initial search; of

these, 1026 were scored after screening for relevance and deduplica-

tion, and 51 scored in the 99th percentile for their respective sections

and underwent full critique and summarization. A further 45 articles

that scored 1 point below the 99th percentile threshold for their given

sections were also reviewed for inclusion and full review by the Edi-

torial board. Full summaries of the top scoring cardiac arrest articles

of 2020 identified by our review are available as Supporting Informa-

tion 3. Inter-rater reliability between the screening editors revealed

a Cohen’s κ score of 0.83 (95% confidence interval [CI], 0.78–0.87).

Article scoring statistics for each article category are summarized in

Table 3. Table 4 summarizes the articles reviewed. The scores for all

Original Research and Review articles are presented in Supporting

Information 4 and 5, respectively. The leading category was Prehos-

pital Resuscitation, Technology & Care representing 35% (18/51) of

fully reviewed articles. No significant differences between editor and

reviewer scoringwere found among review articles (P=0.697). Among

original research articles, section editors scored a median 1 point

(interquartile range [IQR], 0–3; P < 0.01) less than reviewers. The

median and IQR of scores by reviewer and editors for each category

are presented in Supporting Information 6. The threshold for 99th per-

centile for each section was a total score over 17 for Epidemiology
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F IGURE 1 Flowchart of screening and scoring process

TABLE 3 2020 summary statistics of reviewer scoring by category and article type

Article category

Original research Review

Count (%) Median (IQR) Count (%) Median (IQR)

Epidemiology and Public Health 171 (17.8) 15 (13–17) 21 (10.6) 12 (9–16)

Prehospital Resuscitation, Technology, and Care Processes 177 (18.4) 16 (15–18) 25 (12.6) 16 (14–19)

In-Hospital Resuscitation and Post-Arrest Care Processes 186 (19.3) 16 (15–18) 45 (22.7) 16 (13–19)

Prognostication andOutcomes 205 (21.3) 16 (14–18) 18 (9.1) 17 (16–19)

Pediatrics 77 (8.0) 16 (15–17) 14 (7.1) 16 (13–21)

Coronavirus Disease 2019 29 (3.0) 16 (14–16) 10 (5.1) 15.5 (14–16)

Interdisciplinary Guidelines and Reviews — — 48 (24.2) 14 (13–18)

Totals 845 (100.0) 16 (14–18) 181 (100.0) 16 (13–19)
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TABLE 4 Brief summaries of articles by category

First author, journal Title Type Summary

Prehospital Resuscitation, Technology and Care Processes

Bartos J, Circulation Improved Survival with Extracorporeal

Cardiopulmonary Resuscitation Despite

ProgressiveMetabolic Derangement

Associatedwith Prolonged Resuscitation

OR Transport of out-of-hospital cardiac arrest patients with

shockable rhythms and ongoing CPR to a cardiac

catheterization laboratory for ECPR improved neurologically

favorable survival at all CPR durations<60min

Chou E, Resuscitation Association of Ultrasound-Related Interruption

during Cardiopulmonary Resuscitation with

Adult Cardiac Arrest Outcomes: A

Video-Reviewed Retrospective Study

OR This retrospective cohort study finds that brief

echocardiography (ECHO)-related interruption,≤2

ECHO-related interruptions, and ECHO-related no-flow time

between 77–122 s during cardiopulmonary resuscitation

(CPR) are associated with improved outcomes in cardiac

arrest

Cournoyer A,

Resuscitation

Can a Shockable Initial Rhythm Identify

Out-of-Hospital Cardiac Arrest Patients with a

Short No-flow Time?

OR Presence of an initial shockable rhythm in out-of-hospital

cardiac arrest does not correlate with a short no-flow time

Coute R, Am J Emerg

Med

The Association Between Scene Time Interval and

Neurologic Outcome Following Adult

BystanderWitnessedOut-of-Hospital Cardiac

Arrest

OR Longer scene time intervals by EmergencyMedical Services is

positively correlatedwith poorer neurological outcomes in

bystander-witnessed out-of-hospital cardiac arrest patients

Felder S, Can J Emerg

Med

Decreasing Time to First Shock: Routine

Application of Defibrillation Pads in Prehospital

STEMI

OR This retrospective study finds that routine application of

defibrillation pads to patients with prehospital ST-elevation

myocardial infarction (STEMI) reduces time to initial

defibrillation in out-of-hospital cardiac arrest (OHCA)

Grunau B, JAMA Association of Intra-arrest Transport vs

ContinuedOn-Scene Resuscitation with

Survival to Hospital Discharge Among Patients

with Out-of-Hospital Cardiac Arrest

OR Continued on-scene resuscitationwas associated with higher

probability of survival to hospital discharge andmore

favorable neurologic outcomes than patients transported

intra-arrest

Kedan I, Cardiovasc

Ultrasound

Prognostic value of point-of-care ultrasound

during cardiac arrest: a systematic review

RE Cardiac motion detected by ultrasound during cardiac arrest

resuscitation is correlatedwith return of spontaneous

circulation

Lee SGW, Am J Emerg

Med

Time to First Defibrillation and Survival

Outcomes of Out-of-Hospital Cardiac Arrest

with Refractory Ventricular Fibrillation

OR Shorter times to first defibrillation attempt led to significantly

improved neurological outcomes in OHCA patients with

refractory ventricular fibrillation

Sarkisian L,

Resuscitation

Global Positioning SystemAlerted Volunteer First

Responders Arrive Before EmergencyMedical

Services inMore Than Four Out of Five

Emergency Calls

OR Use of a GPS smartphone application to reach out to volunteer

first responders during out-of-hospital cardiac arrest could

have benefit on time of arrival of a first responder with an

automated external defibrillator

Sinden S, Resuscitation The Association of Scene-Access Delay and

Survival with Favourable Neurological Status in

Patients with Out-of-Hospital Cardiac Arrest

OR The curb-to-care time—time from EMS arrival to patient

attendance—showed improvedOHCA outcomeswhen

reduced, suggesting there should be further effort to improve

quick EMS access toOHCA patients on-scene

Stangenes R,

Resuscitation

Delays in Recognition of the Need for

Telephone-Assisted CPRDue to Caller

Descriptions of Chief Complaint

OR Caller description of chief complaints affects the time taken to

recognize the need for telephone-assisted CPR

Szarpak L, Am J Emerg

Med

Survival, Neurological and Safety Outcomes after

Out-of-Hospital Cardiac Arrests Treated by

Using Prehospital Therapeutic Hypothermia: A

Systematic Review andMeta-Analysis

RE Prehospital therapeutic hypothermia did not demonstrate any

improvement in survival or neurologic outcome

Tan BKK, Resuscitation Clinical Evaluation of Intravenous Alone Versus

Intravenous or Intraosseous Access for

Treatment of Out-of-Hospital Cardiac Arrest

OR Attempting intraosseous access after intravenous access failure

led to an improved rate of vascular success and earlier

epinephrine administration, but was not associated with

improved survival outcomes in EMS-treatedOHCA patients

Wagner P, BMJOpen InOut-of-Hospital Cardiac Arrest, Is the

Positioning of Victims by Bystanders Adequate

for CPR? A Cohort Study

OR Approximately one-third of bystanders position victims of

cardiac arrest in a suitable position for CPR; victims placed in

the “supine position” with effective chest compressions were

found to have better neurologic outcomes

(Continues)
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TABLE 4 (Continued)

First author, journal Title Type Summary

Wang CH, Ann Emerg

Med

Comparing Effectiveness of Initial Airway

Interventions for Out-of-Hospital Cardiac

Arrest: A Systematic Review andNetwork

Meta-analysis of Clinical Controlled Trials

RE Supraglottic airway devices proved to be themost effective at

attaining ROSC; supraglottic airway devices, intubation, and

bag-valvemasks were equally effective with survival to

hospital discharge and neurologic outcome at discharge

Zalewski R, J Thoracic

Dis

TheUse of Prefilled Adrenaline Syringes Improves

Cardiopulmonary Resuscitation

Quality—High-Fidelity Simulator-Based Study

OR Simplification of cardiopulmonary resuscitation by prefilling

syringes withmedications instead of using glass ampoules

may significantly improve the quality of CPR by a 2-person

team

Zhang Y, Resuscitation Intravenous Versus Intraosseous Adrenaline

Administration in Out-of-Hospital Cardiac

Arrest: A Retrospective Cohort Study

OR With regard to ROSC, survival and favorable neurologic

outcome, IV administration of epinephrine appears to be

superior to IO administration duringOHCA resuscitations

In-Hospital Resuscitation and Post-Arrest Care Processes

Ameloot K, J AmColl

Cardiol

OptimumBlood Pressure in Patients with Shock

after AcuteMyocardial Infarction and Cardiac

Arrest

OR In patients experiencing acutemyocardial infarction (AMI) and

cardiac arrest with shock, targeting amean arterial pressure

(MAP) goal between 80/85 and 100mmHgwith vasopressors

and inotropes during the initial 36 h in the ICU resulted in

lower hs-cTnT values, indicating smaller myocardial injury

Liao X, Critical Care Effects of Endovascular and Surface Cooling on

Resuscitation in Patients with Cardiac Arrest

and a Comparison of Effectiveness, Stability,

and Safety: A Systematic Review and

Meta-Analysis.

RE This meta-analysis compared endovascular cooling with surface

cooling for the induction of therapeutic hypothermia in adult

patients with cardiac arrest

Liu B, J IntMed Res Steroid Use after Cardiac Arrest Is Associated

with Favourable Outcomes: A Systematic

Review andMeta-Analysis

RE This systematic review found treatment with steroids after all

causes of cardiac arrest significantly increased both rate of

ROSC and survival to discharge

Orso D, Respir Care Mechanical VentilationManagement During

Mechanical Chest Compressions

RE This review discusses multiple invasive ventilation strategies

that have been employed in themechanical ventilation of

cardiac arrest patients

Verma B,

JACC-Cardiovasc

Interv

Coronary Angiography in Patients with

Out-of-Hospital Cardiac Arrest without

ST-Segment Elevation: A Systematic Review

AndMeta-Analysis

RE This meta-analysis showed that in patients who have

experienced out-of-hospital cardiac arrest without

ST-segment elevation, there is no 30-day neurological or

mortality benefit with early coronary angiographywhen

compared to non-early

Prognostication andOutcomes

AdmiraalMM,

Neurology

EEGReactivity Testing for Prediction of Good

Outcome in Patients after Cardiac Arrest

OR EEG background reactivity, when assessed twice a day using a

rigorous protocol, holds additional prognostic value in

distinguishing patients with higher chances of achieving

independence by 6months post-arrest

Barbella G, Neurology Prediction of Regaining Consciousness Despite an

Early Epileptiform EEG after Cardiac Arrest

OR In a retrospective cohort comprised of comatose anoxic brain

injury patients with epileptiform activity on EEG, a cutoff of 2

in the NEC2RAS score—a combined 6-point score of

electroencephalographic features—was 100% sensitive in

predicting consciousness recovery with an AUC of 0.96

Barbella G,

Resuscitation

Prognostic Role of EEG Identical Bursts in

Patients after Cardiac Arrest: Multimodal

Correlation

OR Burst suppression with identical bursts on EEG remained 100%

specific in predicting poor outcome in hypoxic-ischemic brain

injured patients; however, it did not add to the predictive

performancewhen incorporated in amultimodal model

Beuchat I, Neurology MRI-EEGCorrelation for Outcome Prediction in

PostanoxicMyoclonus

OR Post-anoxic myoclonus is prevalent following cardiac arrest and

is traditionally, yet not universally, associatedwith a poor

prognosis

Düring J, Critical Care Copeptin as aMarker of Outcome after Cardiac

Arrest: a Sub-Study of the TTMTrial

OR Copeptin, a surrogate biomarker of vasoregulatory status, holds

promise identifying patients with severe post-cardiac arrest

syndrome at risk for cardiovascular deterioration and early

death

(Continues)
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TABLE 4 (Continued)

First author, journal Title Type Summary

Ebner F, Resuscitation SerumGFAP andUCH-L1 for the Prediction of

Neurological Outcome in Comatose Cardiac

Arrest Patients

OR Serial serumGFAP andUCH-L1 combinedmeasurements are

more sensitive than neuron specific enolase in predicting poor

outcome following out of hospital cardiac arrest

Guy A, Resuscitation The Relationship BetweenNo-Flow Interval and

Survival with Favourable Neurological

Outcome inOut-of-Hospital Cardiac Arrest:

Implications for Outcomes and ECPR Eligibility

OR In witnessed cardiac arrests without bystander CPR, the

duration of no-flow time carries important prognostic ability

discriminating patients in whom a functional state is

achievable

Moseby-KnappeM,

Intensive CareMed

Performance of a Guideline-Recommended

Algorithm for Prognostication of Poor

Neurological Outcome after Cardiac Arrest

OR The 2015 European Resuscitation Council and European Society

of Intensive CareMedicine algorithm for post-cardiac arrest

prognostication, maintained 100% specificity for a poor

outcome prediction when applied to the TTM1 cohort, albeit

with low sensitivity at 38.7%

Reynolds JC,

Resuscitation

Prognosticationwith Point-of-Care

EchocardiographyDuring Cardiac Arrest: A

Systematic Review

RE Insufficient evidence exists supporting the use of point-of-care

echocardiography as a prognostic tool, unveiling the need for

high-quality research with standardized timepoints and

definitions for outcomes, as well as control for sources of

biases on this topic

Sandroni C, Intensive

CareMed

Prediction of Poor Neurological Outcome in

Comatose Survivors of Cardiac Arrest: A

Systematic Review

RE False-positive rates of 0% for poor outcomewere retained by

bilaterally absent ocular reflexes after day 4 post-arrest, high

titers of neuron specific enolase after 24 h post-arrest,

diffusion restriction on brainMRI from 2–5 days post-arrest,

diffuse cerebral edema on head CTH after 2 h post-arrest,

unequivocal seizures or bilaterally absent cortical potentials

on somatosensory evoked potentials at any point post-arrest

ScarpinoM,

Resuscitation

Does a Combination of≥2 Abnormal Tests vs. the

ERC-ESICM Stepwise Algorithm Improve

Prediction of Poor Neurological Outcome after

Cardiac Arrest? A Post-Hoc Analysis of the

ProNeCAMulticentre Study

OR A prognostication strategy combining≥2 among bilateral

absence of pupillary light reflex, cortical peaks on

somatosensory evoked potentials, malignant features on EEG,

diffuse cerebral edema on CT and statusmyoclonus

Wang CH,

Resuscitation

Neuroprognostic Accuracy of Blood Biomarkers

for Post-Cardiac Arrest Patients: A Systematic

Review andMeta-Analysis

RE In this systematic review andmeta-analysis of 42 studies with a

total of 4806 patients, neuron-specific enolase (NSE) and

S-100B demonstrated comparably high specificities for

predicting poor neurologic outcome after cardiac arrest

Pediatrics

Chang CY, Int J Environ

Res Pu

Analysis of Chest-Compression Depth and Full

Recoil in Two Infant Chest-Compression

Techniques Performed by a Single Rescuer:

Systematic Review andMeta-Analysis

RE Results of this review andmeta-analysis of randomized

controlled trials demonstrate that the 2-thumb technique

surpasses the 2-finger technique in the outcome of chest

compression depthwhereas the 2-finger technique is superior

to the 2-thumb technique in achieving complete chest recoil

Chang C, Int J Environ

Res Pu

Two-Thumb or Two-Finger Technique in Infant

Cardiopulmonary Resuscitation by a Single

Rescuer? AMeta-Analysis with GOSHAnalysis.

RE This meta-analysis compares the 2 techniques available for

infant chest compressions: 2-thumb vs. 2-finger

LeeW, PLoSONE Differences in the Performance of Resuscitation

According to the Resuscitation Guideline

Terminology During Infant Cardiopulmonary

Resuscitation: “Approximately 4 cm” Versus “At

Least One-Third of the Anterior-Posterior

Diameter of the Chest”

OR Current guidelines for infants recommend a chest compression

depth (CCD) of “approximately 4 cm” or “at least one-third the

anterior-posterior diameter of the chest” simultaneously

Siebert J, JMed

Internet Res

The Impact of a Tablet App on Adherence to

American Heart Association Guidelines During

Simulated Pediatric Cardiopulmonary

Resuscitation: Randomized Controlled Trial

OR In simulated cases of pediatric pulseless ventricular tachycardia,

this blinded randomized controlled trial showed that using a

PALS guiding application increased adherence to AHA

guidelines in comparison to the traditional PALS pocket card

(Continues)
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TABLE 4 (Continued)

First author, journal Title Type Summary

Topjian A, Circulation Part 4: Pediatric Basic and Advanced Life

Support-2020 American Heart Association

Guidelines for Cardiopulmonary Resuscitation

and Emergency Cardiovascular Care

RE This review examines the American Heart Association’s newest

cardiopulmonary resuscitation (CPR guidelines); the

guidelines expand on the Chain of Survival and the sequence

of resuscitationwhile reaffirming evidence-based CPR

components

Epidemiology and Public Health

Baldi E, Simul Healthc AMulticenter International Randomized

ControlledManikin Study onDifferent

Protocols of Cardiopulmonary Resuscitation

for Laypeople: TheMANI-CPR Trial

OR 30c2s (30 compressions and 2s pause) and 50c5s (50

compression and 5s pause) cardiopulmonary resuscitation

(CPR) protocols utilized by laypeople in out-of-hospital

cardiac arrest (OHCA) events offer better quality CPR

compared to continuous compressions

Feng D, Intern Emerg

Med

Gender Differences and Survival after an

Out-of-Hospital Cardiac Arrest: A Systematic

Review andMeta-Analysis

RE In ameta-analysis, women aremore likely to have significant

survival benefit after cardiac arrest compared tomen even

thoughwomen are less likely to have shockable initial rhythm,

witnessed arrest, and have CPR performed

Kalra R, Am J Cardiol Cardiac Function and Sudden Cardiac Death in

Heart Failure with Preserved Ejection Fraction

(from the TOPCAT Trial)

OR Left ventricular global longitudinal strainmay be an independent

predictor of sudden cardiac death and aborted cardiac arrest

Liu J, Heart Rhythm Improvement in Sudden Cardiac Death Risk

Prediction by the Enhanced American College

of Cardiology/AmericanHeart Association

Strategy in Chinese Patients with Hypertrophic

Cardiomyopathy

OR When compared to the 2011 ACC/AHA and 2014 ESC

guidelines, the 2019 enhanced ACC/AHA strategy had the

best predictive utility of cardiac arrest risk in a Chinese cohort

Scquizzato T,

Resuscitation

Enhancing Citizens Response toOut-of-Hospital

Cardiac Arrest: A Systematic Review of

Mobile-Phone Systems to Alert Citizens As

First Responders

RE This systematic review andmeta-analysis explored research

that utilizedmobile technology to alert citizens to act as first

responders for patients experiencing out-of-hospital cardiac

arrest (OHCA)

Interdisciplinary Guidelines and Review

Olasveengen TM,

Circulation

Adult Basic Life Support: 2020 International

Consensus on Cardiopulmonary Resuscitation

and Emergency Cardiovascular Care Science

with Treatment Recommendations

RE The 2020 Basic Life Support (BLS) guidelines provide a

comprehensive update to BLS treatment recommendations

HolmbergMJ,

Resuscitation

Oxygenation and Ventilation Targets after

Cardiac Arrest: A Systematic Review and

Meta-Analysis

RE The optimal oxygenation and ventilation targets in survivors of

cardiac arrest remain unclear, though evidence continues to

support targeting normoxemia and normocapnia in

post-arrest patients

Coronavirus Disease 2019

Gruneau B,

Resuscitation Plus

Bystanders Are LessWilling to Resuscitate

Out-of-Hospital Cardiac Arrest Victims During

the COVID-19 Pandemic

OR Members of the general public are less likely to check for

pulses/breathing, and less likely to perform resuscitative

measures on out-of-hospital cardiac arrest victims during the

COVID-19 pandemic, as compared to before the pandemic

onset; however, willingness to intervene increases when

personal protective equipment is made available

Latsios G, Hellenic J

Cardiol

Cardiopulmonary Resuscitation in Patients with

Suspected or Confirmed COVID-19. A

Consensus of theWorking Group on

Cardiopulmonary Resuscitation of the Hellenic

Society of Cardiology

RE The COVID-19 pandemic presented unprecedented challenges

in performing cardiopulmonary resuscitation (CPR) safely

both in and out of clinical settings; this review incorporates

the needed adjustments to basic and advanced life support to

ensure provider safety and patient survivorship

Zheng JL, Resuscitation Incidence andOutcome of Out-of-Hospital

Cardiac Arrests in the COVID-19 Era: A

Systematic Review andMeta-Analysis

RE Evaluation of how the COVID-19 pandemic affected the

incidence and outcomes of Out of Hospital Cardiac Arrests

(OHCA); it was found that OHCA rates were increased during

the COVID-19 pandemic and this may be due to a lack of

optimization in pre- and in-hospital resuscitationmethods

Abbreviations: OR, Original Research; RE, Review.



10 of 16 MURPHY ET AL.

& Public Health, over 18 for Prehospital Resuscitation, Technology &

Care Processes, over 16 for In-Hospital Resuscitation & Post-Arrest

Care Processes, over 17 for Prognostication & Outcomes, over 16 for

Pediatrics, over 14 for InterdisciplinaryGuidelines&Reviews, andover

16 for COVID-19-related articles.

The following sections highlight the critical findings of the top-

scoring articles. More in-depth discussions and summaries of the data

from each study are available in Supporting Information 3.

3.1 Epidemiology and public health initiatives

Provision of high-quality bystander cardiopulmonary resuscitation

(CPR) is a crucial link in the chain of survival for patients with out-of-

hospital cardiac arrest. There is ongoing work to encourage improved

access to effective bystander CPR, with several articles focusing on

this topic specifically.5–7 Additional work to identify the best recom-

mendations for chest compressions found that pausing for 2 seconds

after 50 compressions generated the most reliable proportion of

adequate compressions among lay volunteers.6 This is an increase

in the number of chest compressions from current American Heart

Association (AHA) Basic Life Support (BLS) guidelines for healthcare

providers.8

In predicting cardiac arrest among specific populations, impaired

left ventricular ejection fraction and left ventricular global longi-

tudinal strain were both associated with an increased risk of sud-

den cardiac death.9,10 Specifically, global longitudinal strain was

most predictive and had an increased hazard ratio of 58% with

each increasing unit of strain.9 In a validation of existing pre-

dictive models developed with Western patients, a study of Chi-

nese patients with hypertrophic cardiomyopathy found the 2019

combined American College of Cardiology/American Heart Associ-

ation model to have a positive predictive value of 66% for car-

diac arrest during the observational period compared to other

guidelines.10

3.2 Prehospital resuscitation, technology and
care processes

A common theme of the prehospital literature from 2020 was the

focus on timeliness in cardiac arrest management. Times to specific

endpoints were the primary outcomes of interest in 9 articles.11–20

Endpoints included time elapsed until recognition of cardiac arrest,

contact with first responders, defibrillation, establishment of vascular

access, epinephrine administration, resumption of chest compres-

sions after pulse check, and definitive care in a hospital.11–20 Overall,

although a reduced time to each intervention during resuscitation was

not uniformly shown to improve survival or neurologic outcome, no

harms from more rapid intervention for each of the parameters listed

above were noted. Moreover, delays in arrival or in initiation of a given

therapy continued to demonstrate increased odds of poor outcomes

as measured by cerebral performance category (CPC).15 Mean scene

time was 19 minutes for survivors with CPC 1 or 2 and 23 minutes

for those with CPC 3 or 4 (P < 0.001). Two regression models showed

that for every 1-minute increase in scene time, the adjusted odds for a

poor outcome (death or CPC of 3 or 4) increased by 3.5% (P < 0.001)

with an inflection point at 20 minutes.15 Variability in resources and

response strategies worldwide limits direct comparison between sep-

arate emergency response systems; the ideal strategy for responding

to out-of-hospital cardiac arrest should be tailored to each region’s

unique capabilities.

Another study emphasizing the importance of high-quality chest

compressions found that when echocardiogram-related interruptions

in chest compressions were limited to less than 3 events, rates of

return of spontaneous circulation (ROSC) (odds ratio [OR], 5.55;

95% CI, 2.44–12.61; P < 0.001) and survival to hospital discharge

improved (OR, 7.31; 95% CI, 1.59–33.59; P = 0.01).18 Patients with

non-echocardiogram-related interruptions totaling less than 43 sec-

onds also had significantly increased rates of ROSC and survival, in

keeping with current AHA recommendations to limit interruptions

in chest compressions.18,21 A separate meta-analysis found that car-

diac motion detected on ultrasound was positively associated with

ROSC, especially in patients with shockable initial rhythms, although

no specific or objective threshold was identified.22

Other studies sought to describe the significance of a shockable

initial rhythm, patient positioning, choice of airway device, and pre-

hospital temperature reduction techniques on survival and neurologic

outcomes.20,23–25 Patient positioning by lay rescuers was found to be

non-ideal (ie, not supine on a firm surface) most of the time, and the

presence of an initial shockable rhythmwas found to be a poor predic-

tor of no-flow time, the time elapsed between onset of cardiac arrest

and CPR initiation, with 36% sensitivity and 66% specificity.23,24

Two systematic reviews with meta-analyses comparing initial air-

way strategy and prehospital targeted temperature management with

patient survival and neurologic outcomes found no difference in mor-

tality or outcome among airway and temperature interventions.12,25,26

These findings further support the recommendations of the Interna-

tional Liaison Committee on Resuscitation from 2019 and findings of

the PRINCESS trial.12,27–29 Interpreting these data in a clinical con-

text, the ICARE group believes that supraglottic airway devices may

be a viable alternative in areas with infrequent airway experience or

relatively lower first-pass intubation success rates and that targeted

temperature management with chilled intravenous fluids may lead to

harm from pulmonary edema or fluid overload.

A statistically significant 16% absolute increase in discharge with

favorable neurologic outcome (CPC 1 or 2) was found in 39% (n =

52) of patients in a historically controlled, descriptive retrospective

study with refractory ventricular fibrillation receiving extracorporeal

therapy.30 These findings, although limited by indication bias, suggest

the potential benefits of extracorporeal support for patients in pro-

longed resuscitation. The open-label, randomized ARREST trial by the

same group did show a survival benefit with extracorporeal support in

refractory ventricular fibrillation.31
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3.3 In-hospital resuscitation and post-arrest care

A systematic review and meta-analysis comparing endovascular and

surface cooling for survival and favorable neurologic outcome defined

by CPC 1 or 2 found endovascular cooling methods achieve goal

temperature sooner and more reliably without significant effects on

survival or neurologic outcome compared to surface cooling.26

A narrative review of mechanical ventilation for patients receiving

mechanical CPR advocated formaintaining high FiO2, but heterogene-

ity in the compared models (a mix of pre-clinical animal models and

clinical studies) invites further study of other ventilation parameters.32

Data regarding objective targets for goal-directed pharmacologic

therapy remains mixed.33 Pooled data from 2 separate randomized

controlled trials found higher blood pressure goals through vaso-

pressor use corresponded with lower troponin levels suggesting the

presence of smaller infarcts, without an increased risk of repeat arrest

or atrial fibrillation.34 Survival and rates of favorable neurologic out-

come as determined by CPC were similar between cohorts, which

suggest the benefits of titration to markers of end-organ perfusion

rather than specific blood pressure goals. Another systematic review

and meta-analysis studied steroid administration after cardiac arrest

with pooled data from 5 randomized controlled trials and 2 cohort

studies and found steroid use correlated with a statistically significant

increased survival to hospital discharge (relative risk [RR], 1.67; 95%

CI, 1.16–2.40; P< 0.005).35

Optimal timing for cardiac catheterization after cardiac arrest

remains controversial in patients without ST-segment elevation.36,37

A meta-analysis found no improvement in outcomes despite shorter

intervals to catheterization after arrest, which comports with the rel-

atively low percentage of intervenable lesions for non-ST-segment

elevation arrests identified in the COACT trial.36 Together, these

studies suggest that catheterization for non-ST-segment elevation car-

diac arrests is less time-sensitive than for patients with ST-segment

elevations.

3.4 Prognostication and outcomes

Several methods for predicting patient outcomes during and after

cardiac arrest have been proposed, guiding ongoing resuscitative

efforts.

The time from onset of arrest to the initiation of CPR in witnessed

arrests was investigated, retrospectively; the probability of achieving

a favorable outcome, defined as modified Rankin scale (mRS) scores

of 0–3, decreased by 13% (adjusted RR, 0.87; 95% CI, 0.85–0.90) for

eachminute of delay.38 Further, no favorable outcomes were observed

in patients with no-flow times longer than 10minutes.38

Magnetic resonance imaging (MRI), ultrasound, and electroen-

cephalography (EEG) have also been proposed as methods to deter-

mine the likelihood of a patient regaining neurologic function following

cardiac arrest. A retrospective cohort study found that despite epilep-

tiform activity, patients with background continuity ≥50%, absence

of epileptiform abnormalities, preserved reactivity on initial and/or

repeat EEG, normal background amplitude, and stimulus-induced

rhythmic, periodic, or ictal discharges on subsequent EEG had favor-

able outcome (CPC 1–3 within 3 months of arrest), whereas burst

suppression with identical bursts on EEG were 100% specific in

predictingpooroutcome.39,40 PreservedEEGreactivity specifically fol-

lowing cardiac arrest predicted functional independence at 6 months

after arrest.41 The combination of MRI and EEG for determining out-

come for patients with post-anoxic myoclonus found that absence of

injury onMRI and preserved EEGbackground continuity had a positive

predictive value of 91% for ability to follow commands and negative

predictive value of 99% for coma recovery.42 A brain death determi-

nation strategy that combined at least 2 findings among bilaterally

absent pupillary light reflex, bilaterally absent cortical potentials on

somatosensory evoked potentials, malignant features on EEG, diffuse

cerebral edema on computed tomography (CT), and status myoclonus

achieved higher specificity than the 2015 European Resuscitation

Council-European Society of Intensive Care Medicine (ERC-ESICM)

prognostication algorithm when predicting death or dependence at 6

months post-cardiac arrest. Although ERC-ESICM algorithm demon-

stratedhigher sensitivity (63[56–71]%vs49[41–57]%;P<0.0001), the

strategy of any combination of 2 or more abnormal tests had lower

false-positive rates (0[0–8]% vs 7[1–18]%; P < 0.0001).43 Although

post-arrest brain imaging and EEG were predictive of neurologic out-

come using CPC, intra-arrest echocardiographic findings were not

predictive.44

Neuron-specific enolase (NSE), glial fibrillary acidic proteins (GFAP),

ubiquitin C-terminal hydrolase (UCH-L1), and S-100Bwere among the

biomarkers most tested for their prognostic significance after cardiac

arrest.45–48 A systematic review andmeta-analysis of NSE and S-100B

as prognostic markers following cardiac arrest found that each had

high specificity withNSE pooled specificity of 0.99 (95%CI, 0.98–1.00)

and S-100B pooled specificity of 0.97 (95%CI, 0.92–1.00).46 The 2015

ERC-ESICM guidelines included NSE as part of a multi-modal assess-

ment of mental status but noted that NSE levels did not affect the

specificity of the assessment.49 GFAP and UCH-L1 were evaluated as

a pair in the initial 72 hours among patients enrolled in the interna-

tional target temperature management (TTM) trial, and this combined

measurement was more specific for poor neurologic function defined

by CPC at 6months following cardiac arrest than NSE alone.45

A systematic review of the heterogenous field of neuroprognostica-

tion research found no false-positives for prediction of poor outcome

(defined as severe neurologic disability, persistent vegetative state, or

death, corresponding to a CPC of 3–5 or mRS score of 5–6) if patients

had bilaterally absent ocular reflexes after 4 days post-arrest, high

titers of NSE after 24 hours post-arrest, diffusion restriction on brain

MRI from 2–5 days post-arrest, diffuse cerebral edema on head CT

after 2 hours post-arrest, unequivocal seizures, or bilaterally absent

cortical potentials on somatosensory evoked potentials at any point

post-arrest.48
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3.5 Pediatrics

Updating previous recommendations, the AHA reiterated the impor-

tance of high-quality CPR and the equivalence of bag-mask ventilation

to advanced airway interventions in out-of-hospital cardiac arrest.50

Other additions included administering epinephrine within 5 min-

utes of arrest, targeting higher respiratory rates (20–30 per minute)

for infants and children, and promoting cuffed endotracheal tubes.50

Cricoid pressure during bag-mask ventilation and use of naloxone

for patients suspected of ingestion were discouraged.50 In a simula-

tion study, an electronic application was found to enhance adherence

to guidelines better than traditional pocket cards.51 Another simula-

tion trial found that the chest compression depth target of “at least

one-third the anterior-posterior diameter of the chest” resulted in

appropriately deep chest compressions and recoil compared to the

target of “approximately 4 cm” as worded in current guidelines.52 A

systematic review and meta-analysis demonstrated that the 2-thumb

technique surpassed the 2-finger techniquewith respect to chest com-

pression depth, whereas the 2-finger technique was superior to the

2-thumb technique in achieving complete chest recoil.53

3.6 Interdisciplinary guidelines and reviews

The 2020 International Consensus on Cardiopulmonary Resuscitation

and Emergency Cardiovascular Care with Treatment Recommenda-

tions (CoSTR) for BLS provide the most comprehensive update to BLS

guidelines since 2015. Although the goal of guideline review commit-

tees was to produce new systematic review recommendations, the

evidence for each of the recommendations was often noted by the

guideline committee to be based largely on low-certainty data.

Dispatcher assisted-compression only CPR was strongly recom-

mended for out-of-hospital cardiac arrest and is in keeping with

specific research dedicated to the topic.54–56 Compression only-CPR

was recommended over conventional CPR for lay rescuers, whereas

conventional CPR was recommended for emergency medical ser-

vices (EMS) personnel and in-hospital cardiac arrest. Placement of

patients on a firm surface and starting with chest compressions was

recommended.54 In the hospital, moving a patient from a hospital bed

to the floor to improve chest compression quality was discouraged.54

Immediate resumption of CPR after rhythm checks was recommended

and in keepingwith current advanced cardiac life support guidelines.54

Audiovisual feedback devices during CPR were recommended as part

of quality improvement programs, but not in isolation.54 Back slaps

followed by abdominal thrusts were recommended for foreign-body

airway obstructions in adults and children older than 1 year.54 Chest

thrusts were recommended for use in unconscious patients with air-

way obstruction.54 Manual extraction of visible items and blind finger

sweepswere recommended in airway obstruction.Magill forcepswere

recommended for skilled healthcare providers.54 Stronger recommen-

dations were made for lone bystanders with a mobile device to call

EMS for help before starting CPR and to start CPR without concern of

causing harm but the quality of evidence for these positions remained

low.54 Cough CPR and pre-cordial thumpwere strongly recommended

against.54 The impact of COVID-19 on these recommendations was

not assessed. As with pediatric guidelines, screening for cognitive and

emotional injury post dischargewas recommended as part of theChain

of Survival.57 This recommendation reflects a larger research empha-

sis on recovery and survivorship after cardiac arrest across all patient

populations.

Another systematic review andmeta-analysis sought to identify the

optimal targets for oxygenation and ventilation after cardiac arrest

with the evidence supporting targeted normoxemia and normocap-

nia in post-arrest patients.58 Post-arrest hyperoxia was associated

withworse outcomes andmoderate hypercapnia had similar outcomes

when comparedwith normocapnia.58

3.7 COVID-19 and cardiac arrest

COVID-19 significantly impacted many aspects of life and a significant

proportion of the scientific output in 2020. Although research regard-

ing the intersection betweenCOVID-19 and cardiac arrest was carried

out by several groups around the world, relatively little COVID-19

researchwasdirected at cardiac arrest specifically.Manyof the articles

pertaining to COVID-19 in the context of cardiac arrest were recom-

mendations based on local practices, although some studies provided

guidance for future research.

In one of the largest systematic reviews published in 2020, the

incidence, prevalence, and mortality rates for all-cause out-of-hospital

cardiac arrest from 35,379 arrests during the pandemic found a

120% increase in out-of-hospital arrests and increased mortality rates

since the COVID-19 pandemic began.59 Time from onset of arrest

to ambulance arrival was noted to be longer, and supraglottic airway

devices were used more often than endotracheal intubations. Auto-

mated external defibrillator use and rates of ROSC were both higher

prior to the pandemic. Similarly, bystanders were less likely to par-

ticipate in the assessment or resuscitation of a theoretical patient

during the pandemic. The presence of personal protective equipment

increased theoretical willingness to intervene, but willingness to inter-

vene remained less than pre-pandemic levels.60 A unique simulation

trial from Poland demonstrated increasing fatigue among rescuers

performing chest compressions while wearing full protective equip-

ment and recommended changing compressors every minute rather

than every 2 minutes if mechanical CPR devices were not being

used.61

For resuscitating known COVID-19 patients, the Hellenic Society

of Cardiology recommended full PPE for staff, defibrillation as early

as feasible, limitations of the personnel involved, and an emphasis

on high-quality chest compressions over ventilation when responders

have already been in close contact with the victim, such as in nursing

homes.62 Authors in the state of Georgia reported disproportionately

high mortality rates for COVID-19-positive patients experiencing car-

diac arrest, leading some authors to suggest that CPR in these patients

is futile.63 A group in Colombia provided an ethical framework for

addressing the dual risks of increased rates of cardiac arrest with
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increased risk of viral transmission though aerosol generation during

resuscitation.64

4 DISCUSSION

Cardiac arrest remains a leading cause of morbidity and mortality

worldwide. Although, advances in research aim to improve our under-

standingof cardiac arrestmedicine, there is anever-growingnumberof

publications in the field of cardiac arrest medicine that makes staying

apprised of current literature difficult, time-consuming, and resource

intensive.

General trends in clinical cardiac arrest research in the year 2020

included continued efforts to determine the ideal sequence and tim-

ing of resuscitation. The findings of improved chest compressions with

an altered timing from that recommended by more recent guidelines

warrants further study as improved quality of bystander CPR has been

associated with improved outcomes of resuscitative efforts.

The idealmanner for prediction of functional outcomes continues to

be an area of focus, and in the opinion of the authors, should be tailored

to a given community’s resources as certain biomarkersmayormaynot

be available to all centers.

Although noted as a therapy to be considered in the most recent

guidelines, extracorporeal support in cardiac arrest has undergone

more direct study, with certain locales publishing impressive results,

though certain geographic factors may limit the wider adoption of this

strategy.31,65

In medical management of resuscitation, there is strong evidence to

suggest the inclusion of steroids in cardiac arrest management, which

would be a notable change from current guidelines.

Work studying the influence of the global pandemic on cardiac

arrest care is expected to be relevant for as long as COVID continues

to impact medical facilities worldwide. The impact of potential future

outbreaks on community emergency management may become more

relevant than ever as different variants of the virus circulate.

In the first 2 iterations of ICARE reviewing cardiac arrest litera-

ture published in 2018 and 2019, our group reviewed 1214 and 1364

papers, respectively.2,4 In this third iteration of the ICARE review,

we reviewed 1026 cardiac arrest manuscripts. Although this number

is less than prior years’, this number does not include the 135 stud-

ies dedicated to basic science and pharmacological research reported

separately.

Moreover, we noted a decrease in the number and a temporal lag of

publishedmanuscripts during this year’s iteration, likely due to various

factors associated with the COVID-19 pandemic. As indicated by the

findings of Gao et al,66 the COVID-19 pandemic impacted the scien-

tific researchmission inmanyways, especially disrupting research that

did not specifically address the virus. The findings of this group suggest

that researchers likelyworked on existing projects, wrotemanuscripts,

revisited older topics, or wrote grants as opposed to pursuing new

projects during the pandemic.66 Without insight into each center’s pro-

gramming, this cannot be knownwith certainty, although the decline in

research productivity was noted to be homogenous across the entire

scientific community.66

Despite the apparent decrease in published articles this iteration,

the sheer volume of literature concerning cardiac arrest medicine is

undeniable. There remains a need for a holistic and robust review that

is not a narrow systematic review. This remains the objective of ICARE

in seeking to provide a broad, multidisciplinary review for the clinician

to be aware of the latest andmost impactful updates.

We implemented several key methodological changes in this itera-

tion of ICARE based on perceived deficiencies in previous iterations

of ICARE. First, we noted that our screening and scoring protocol did

not fully account for several impactful and clinically relevant articles

during previous iterations of ICARE. In evaluating the source of these

omissions, we realized that although the scoring of the articles was

accurate and appropriate (eg, studieswere not fully blindedor random-

ized, thereby losing points), nevertheless, the articles were landmark

studies in resuscitation research. Because our objective is to provide

clinicians with a broad update of impactful articles concerning cardiac

arrest research, our protocolwasmodified and requiredall articles that

scored within 1 point of the top 99th percentile of articles in a given

section to be reviewed oncemore by the Section Editors and the Edito-

rial Board.Of 22 articles thatwere nearly excluded from formal review,

the Editorial Board elected to include 9 of these articles to perform a

full critique.

Second, we recognized that the Importance and Impact sections are

subjective, as opposed to the objective nature of the Design and Ethics

categories. Therefore, the Importance and Impact sections require

subject-matter experts to provide a critical appraisal and score; there-

fore,wedelegated the Importance and Impact scoring of each article to

the section editors, who are subject-matter experts.

5 LIMITATIONS

The2020 InterdisciplinaryCardiacArrestResearchReview is notwith-

out limitations. First, the conclusions presented are descriptive of the

current evidence for various aspects of cardiac arrest research but are

insufficient to be considered comprehensive. The aim of this litera-

ture review is to highlight advances in the disparate fields of cardiac

arrest medicine on an annual basis. An intrinsic shortcoming of this

approach is that it does not provide extensive context, such as his-

torical comparison as seen in a systematic review, or fully account for

differences in systems of care. To address this concern,we provide arti-

cle summaries and commentaries for additional context in Supporting

Information 3. There is potential for bias in the inherently subjective

“Impact” and “Importance” categories, although articles are screened

and reviewed by multiple study team members to mitigate this risk.

Additionally, while the methodology used to screen, select, and score

articles is designed to capture the most relevant research, it is possi-

ble that other high-quality publications may be inadvertently omitted.

Last, to remain objective in this literature search, this review did not

include letters to the editor, commentaries, and other editorials that
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can provide additional context when interpreting the impact of large

studies.

6 CONCLUSION

In its third year, the Interdisciplinary Cardiac Arrest Research Review

scored more than 1000 articles related to cardiac arrest, and after a

rigorous scoring process, the group fully summarized 51 articles in 7

different categories. Although COVID-19 dominated scientific liter-

ature and discussion throughout 2020, relatively little was directed

at cardiac arrest specifically and many of the articles pertaining to

COVID-19 in the context of cardiac arrest were recommendations

based on local practices with high-quality data only recently being

released. The impact of COVID-19 on the epidemiology and treatment

of cardiac arrest continues to be a subject of much interest. The top-

scoring articles from 2020 were focused on the prognostication of

outcomes and trials of novel interventions to influence outcomes fol-

lowing cardiac arrest. The total number of articles relevant to cardiac

arrest continues to demonstrate the need for an accessible guide that

summarizes findings of clinically relevant research articles and serves

as a reference for clinicians and scientists. ICARE’s goal is to further

the development of the field of cardiac arrest medicine by highlighting

clinically relevant and impactful articles each year.
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