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Abstract
Background: Evidence shows that the implementation of optimal post-arrest care significantly increases survival
and functional outcomes among patients who experience an out-of-hospital cardiac arrest (OHCA). However,
differences in OHCA survival have been reported between men and women, suggesting underlying differences in
post-arrest care. This systematic review will evaluate gender differences in the provision of key post-arrest interventions.
Methods: Eligible studies will be identified through systematic searches of relevant databases. Randomized controlled
trials and observational studies of adult patients will be eligible for inclusion if they report gender-specific data on the
provision of one or more guideline-based post-arrest interventions in OHCA patients who survived to hospital
admission. Two independent reviewers will perform both the title and abstract and full-text screening along with
data abstraction for the selected studies. Study quality will be assessed using a modified Cochrane Risk of Bias
tool for RCTs or the ROBINS-I tool for observational studies. The strength of evidence for each included study will
be assessed using a modified Grades of Recommendation, Assessment, Development, and Evaluation (GRADE)
system.
Discussion: To our knowledge, this systematic review will be the first to address the association between patient
gender and the provision of post-arrest care. The findings from this systematic review will provide valuable insight to
gender disparities in the provision of post-arrest care. This systematic review was designed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. This protocol observes the
Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) statement.
Systematic review registration: PROSPERO CRD42012003096
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Background
Cardiovascular disease (CVD) is the leading global cause
of mortality, accounting for 17.9 million deaths per year in
2015, a number that is expected to reach more than 23.6
million by 2030 [1]. Although traditionally perceived to
primarily affect men, recent research suggests that CVD
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has a pronounced effect on women’s health [2]. In fact,
CVD is the primary cause of death among women and
more women than men die of CVD each year [3]. Cardiac
arrest remains the leading cause of CVD mortality, accounting for more than 50% of all CVD-related deaths [4].
Each year in Canada, an estimated 40,000 cardiac arrests
will occur, 85% of which occur outside of a hospital setting
[5]. Emergency medical services (EMS) treat 52.1 out-ofhospital cardiac arrests (OHCA) per 100,000 population;
however, survival-to-discharge rates remain low [6, 7].
In the hopes of improving OHCA survival rates, the
American Heart Association (AHA) International Liaison
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Committee of Resuscitation adopted a chain of survival
concept as a guideline for the management and treatment
of OHCA [8]. The chain consists of four links: need to call
911, early initiation of cardiopulmonary resuscitation
(CPR), early defibrillation, and early delivery of advanced
life support. In 2010, a fifth link representing early postresuscitation care was added, emphasizing the importance
of early access to quality post-resuscitation interventions
including: cardiology and/or neurology consultation(s),
coronary angiography, coronary artery bypass grafting
(CABG), electrophysiological testing (ET), implantable
cardiac defibrillator (ICD), neuroprognostication no earlier than 72 h post-arrest, percutaneous coronary intervention (PCI), and targeted temperature management (TTM)
[9, 10]. Evidence has shown that implementation of optimized post-arrest care significantly contributes to increased survival and functional outcomes in OHCA
patients [11].
Gender differences have been reported in OHCA survival [12–20]. A recent systematic review and meta-analysis found that overall survival among women was higher
than men [12]; however, multiple studies have found that
female OHCA patients are less likely to survive to hospital
discharge [13, 17, 18, 20] despite being more likely to survive to hospital admission [14–17, 19]. With gender differences in the provision of care after myocardial infarction
(MI) being well-established [21–25], this discrepancy in
OHCA survival may be due to gender differences in postarrest care. The objective of this systematic review is to
systematically review the evidence on gender differences
in the provision of post-arrest care.

Methods
This systematic review was designed following the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) statement [26], and this protocol follows the Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P) and checklist
(Additional file 1) [27, 28]. This protocol is registered with
PROSPERO as CRD42012003096.
Eligibility criteria
Participants

Studies must include adult (≥ 18 years of age) patients
who were admitted to hospital after experiencing an
OHCA and return of spontaneous circulation (ROSC).
Studies including patients with a known do not resuscitate (DNR) status restricting delivery of life-saving interventions will be excluded.
Interventions

Based on the 2010 and 2015 AHA guidelines for postcardiac arrest care [9, 10] and 2008 AHA consensus
statement on post-cardiac arrest syndrome [29], the
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focus of this review will be on the provision of the following key evidence-based interventions: cardiology and/
or neurology consultation(s), coronary angiography, coronary artery bypass grafting (CABG), electrophysiological testing (ET), implantable cardiac defibrillator
(ICD), neuroprognostication no earlier than 72 h after
arrest, percutaneous coronary intervention (PCI), and
targeted temperature management (TTM) [9, 10].
Outcomes

Studies will be included if they report gender-specific
rates of guideline-based post-arrest interventions listed
above. If a study does not report gender-specific data, it
will be excluded unless the authors of the study can provide either gender-stratified analyses or raw, anonymized
data.
Study designs

Randomized controlled trials (RCTs) and observational
study designs, including prospective and retrospective
cohort, case-control, case series and cross-sectional
studies, and published, peer-reviewed registry data, will
be eligible for inclusion. Abstracts, commentaries, editorials, letters to the editor, case reports, and animal studies will be excluded.
Setting

Restrictions on the type of setting will not be imposed.
Language

Only English language publications will be included in
this systematic review.
Information sources

We will identify eligible studies through a search of the
following databases: Ovid MEDLINE, Ovid EMBASE,
EBSCOhost CINAHL, Cochrane Library: Cochrane
Database of Systematic Reviews, Cochrane Central
Register of Controlled Trials, Database of Abstracts of
Reviews of Effect, and ICTRP Database. As these interventions began to be used in the 1990s, we will limit our
search to publications from 1989 onward. We will also
use the PROSPERO registry to identify all relevant active
or completed systematic reviews. The electronic searches
will be supplemented through a review of the reference
lists of the eligible studies and previous systematic
review.
Search strategy

An information specialist (JB) designed and conducted
the search strategy based on Cochrane review methodology by [30]. The search strategy was peer-reviewed by
an independent information specialist (CZ) using the
Peer Review of Electronic Search Strategies (PRESS)
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checklist [31]. The search includes Medical Subject
Headings (MeSH) and natural language terms to capture
the concepts of heart arrest, eligible interventions, and
gender. A detailed search strategy for the MEDLINE
(Ovid) database is provided in Additional file 2, and the
final search strategy will be translated into appropriate
syntax for each database.
Data management

An EndNote library will be used to collect the results of
the searches from each database; duplicate studies will
be removed. Each reviewer will utilize a copy of the EndNote library to code the status of each eligible article
after each stage of screening. The abstracted data from
included studies will be organized and stored in a
Microsoft Excel spreadsheet.
Study selection and screening process

We will use a stepwise review process, based on the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [26]. Using a study eligibility
form, two reviewers will independently screen the titles
and abstracts of the studies identified by the search
strategy and select studies for full-text review. During
each stage of review, both reviewers will record the reason for exclusion. Neither reviewer will be blinded to
the study authors, institutions, or journal titles.
During full-text screening, any disagreements will be
resolved with the senior author (VER). We will report
inter-rater agreement with a weighted kappa statistic.
Data collection

Both reviewers will independently extract the data from
the selected studies using a standard data collection
form based on the Data Extraction Template for
Cochrane Reviews [32]. The extracted information will
be compared; any discrepancies will be resolved through
discussion between the reviewers and, if necessary, the
senior author. When required, we will contact the authors of eligible studies to obtain further information.
Data items

For each included study, reviewers will extract data on
the patient population (specifically, gender), study characteristics, and outcomes of interventions. Study characteristics will include the study design, study location,
sample size, study period, and post-arrest intervention(s)
studied, as well as the year of publication. We will capture data on the provision of any of the following evidence-based interventions: ICD, CABG, PCI, coronary
angiography, TTM, ET, cardiology and/or neurology
consultation(s), and/or neuroprognostication ≥ 72 hours.
Both unadjusted and adjusted results will be abstracted
as available.
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Risk of bias and quality assessment of individual studies

Two reviewers will independently assess bias in each
study; any disagreements will be resolved through discussion with the senior author. For RCTs, we will use
the Cochrane Risk of Bias tool [33]. While the Cochrane
tool assesses the blinding of patients or participants, for
the purpose of this review, this concept is not relevant
as the interventions of interest are procedural in nature.
For observational studies, we will use the Risk of Bias In
Non-randomised Studies of Intervention (ROBINS-I)
tool [34].
Synthesis of results

A descriptive, narrative synthesis will be used to
summarize the data from different studies. If applicable, a
meta-analysis will be conducted, dependent on the number of included studies and their data homogeneity. The
synthesized evidence will be framed according to the
strength and quality of evidence.
Strength of the evidence assessment

As recommended by the Cochrane Collaboration [35],
two reviewers will assess the strength of evidence of the
included studies using the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE) approach [36]. The reviewers will independently rate the
quality of each study; disagreements will be resolved
through discussion with the senior author. We will also
use funnel plots to assess potential publication bias [37].

Discussion
The goal of this review is to determine if there are differences in the provision of post-arrest care between men
and women. Based on existing published literature, we will
analyze data extracted from studies on OHCA patients
who survived to hospital admission. Study inclusion criteria include a number of key evidence-based interventions and gender stratification.
To our knowledge, this systematic review is the first to
address the association between patient gender and the
provision of post-arrest care. We anticipate that the results of this review may point to gaps in the published
literature that specifically examines gender differences in
care in this patient population.
Additional files
Additional file 1: PRISMA checklist and flow diagram. (PDF 218 kb)
Additional file 2: Preliminary search strategy for Medline OVID.
(DOCX 145 kb)
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disease; EMS: Emergency medical services; ET: Electrophysiological testing;
GRADE: Grades of Recommendation, Assessment, Development, and
Evaluation; HF: Heart failure; ICD: Implantable cardioverter-defibrillator;
PCI: Percutaneous coronary intervention; PRISMA: Preferred Reporting Items
for Systematic Reviews and Meta-Analyses; PRISMA-P: Preferred Reporting
Items for Systematic Reviews and Meta-Analysis Protocols; RCT: Randomized
controlled trial; ROSC: Return of spontaneous circulation; SCIEXPANDED: Science Citation Index Expanded; TTM: Targeted temperature
management
Acknowledgements
The authors would like to acknowledge Carolyn Ziegler for her peer review
of the search strategy and Dr. Laurie Morrison for her support.
Authors’ contributions
VER is the guarantor, while MS prepared the manuscript. All authors
contributed to the development of the eligibility and data extraction criteria
and risk of bias assessment. MS, JB, VER, PD, and VSD developed the search
strategies. JB performed the literature searches. MS, JB, VER, and VSD
contributed to the final editorial process and read and approved the final
manuscript. Unfortunately, PV passed away prior to this manuscript being
ready for submission; however, we acknowledge her large contributions to
this project. All authors read and approved the final manuscript.

Page 4 of 5

5.

6.

7.

8.
9.

10.

11.

Authors’ information
Not applicable.
Funding
This systematic review is funded by the Canadian Institutes of Health
Research (CIHR) and the Heart and Stroke Foundation of Canada.

12.

Availability of data and materials
Not applicable.

13.

Ethics approval and consent to participate
Not applicable.

14.

Consent for publication
Not applicable.
15.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Toronto Health Economics and Technology Assessment (THETA)
Collaborative, Toronto General Hospital Research Institute, University Health
Network, Toronto, ON, Canada. 2Department of Family Medicine, Queen’s
University, Kingston, ON, Canada. 3Faculty of Medicine, University of Ottawa,
Ottawa, ON, Canada. 4Institute of Health Policy, Management and Evaluation
(IHPME), University of Toronto, Toronto, ON, Canada. 5Ted Rogers Centre for
Heart Research, Peter Munk Cardiac Centre, Toronto General Hospital,
University Health Network, Toronto, ON, Canada.

16.

17.
18.

19.

20.
Received: 26 November 2018 Accepted: 26 July 2019

References
1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, de
Ferranti S, Despres JP, Fullerton HJ, Howard VJ, et al. Heart disease and
stroke statistics--2015 update: a report from the American Heart Association.
Circulation. 2015;131:e29–322.
2. Mosca L, Linfante AH, Benjamin EJ, Berra K, Hayes SN, Walsh BW, Fabunmi
RP, Kwan J, Mills T, Simpson SL. National study of physician awareness and
adherence to cardiovascular disease prevention guidelines. Circulation.
2005;111:499–510.
3. Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone G,
Ferguson TB, Ford E, Furie K, Gillespie C, et al. Executive summary: heart
disease and stroke statistics--2010 update: a report from the American Heart
Association. Circulation. 2010;121:948–54.
4. Estes NA 3rd. Predicting and preventing sudden cardiac death. Circulation.
2011;124:651–6.

21.

22.

23.

24.

Vaillancourt C, Stiell IG, Canadian Cardiovascular Outcomes Research T.
Cardiac arrest care and emergency medical services in Canada. Can J
Cardiol. 2004;20:1081–90.
Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide
TP, Rea T, Lowe R, Brown T, Dreyer J, et al. Regional variation in outof-hospital cardiac arrest incidence and outcome. JAMA. 2008;300:
1423–31.
Wong MK, Morrison LJ, Qiu F, Austin PC, Cheskes S, Dorian P, Scales DC, Tu
JV, Verbeek PR, Wijeysundera HC, Ko DT. Trends in short- and long-term
survival among out-of-hospital cardiac arrest patients alive at hospital arrival.
Circulation. 2014;130:1883–90.
Nolan J, Soar J, Eikeland H. The chain of survival. Resuscitation. 2006;71:270–1.
Callaway CW, Donnino MW, Fink EL, Geocadin RG, Golan E, Kern KB, Leary
M, Meurer WJ, Peberdy MA, Thompson TM, Zimmerman JL. Part 8: postcardiac arrest care: 2015 American Heart Association Guidelines Update for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation. 2015;132:S465–82.
Peberdy MA, Callaway CW, Neumar RW, Geocadin RG, Zimmerman JL,
Donnino M, Gabrielli A, Silvers SM, Zaritsky AL, Merchant R, et al. Part 9:
post-cardiac arrest care: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation. 2010;122:S768–86.
Martinell L, Larsson M, Bang A, Karlsson T, Lindqvist J, Thoren AB, Herlitz J.
Survival in out-of-hospital cardiac arrest before and after use of advanced
postresuscitation care: a survey focusing on incidence, patient
characteristics, survival, and estimated cerebral function after
postresuscitation care. Am J Emerg Med. 2010;28:543–51.
Bougouin W, Mustafic H, Marijon E, Murad MH, Dumas F, Barbouttis A, Jabre
P, Beganton F, Empana JP, Celermajer DS, et al. Gender and survival after
sudden cardiac arrest: a systematic review and meta-analysis. Resuscitation.
2015;94:55–60.
Morrison LJ, Schmicker RH, Weisfeldt ML, Bigham BL, Berg RA, Topjian AA,
Abramson BL, Atkins DL, Egan D, Sopko G, et al. Effect of gender on
outcome of out of hospital cardiac arrest in the Resuscitation Outcomes
Consortium. Resuscitation. 2016;100:76–81.
Perers E, Abrahamsson P, Bang A, Engdahl J, Lindqvist J, Karlson BW,
Waagstein L, Herlitz J. There is a difference in characteristics and outcome
between women and men who suffer out of hospital cardiac arrest.
Resuscitation. 1999;40:133–40.
Kim C, Fahrenbruch CE, Cobb LA, Eisenberg MS. Out-of-hospital cardiac
arrest in men and women. Circulation. 2001;104:2699–703.
Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA, Holmberg S. Is
female sex associated with increased survival after out-of-hospital cardiac
arrest? Resuscitation. 2004;60:197–203.
Pell JP, Sirel J, Marsden AK, Cobbe SM. Sex differences in outcome following
community-based cardiopulmonary arrest. Eur Heart J. 2000;21:239–44.
Cline SL, von Der Lohe E, Newman MM, Groh WJ. Factors associated with
poor survival in women experiencing cardiac arrest in a rural setting. Heart
Rhythm. 2005;2:492–6.
Bray JE, Stub D, Bernard S, Smith K. Exploring gender differences and the
“oestrogen effect” in an Australian out-of-hospital cardiac arrest population.
Resuscitation. 2013;84:957–63.
Safdar B, Stolz U, Stiell IG, Cone DC, Bobrow BJ, deBoehr M, Dreyer J,
Maloney J, Spaite DW. Differential survival for men and women from out-ofhospital cardiac arrest varies by age: results from the OPALS study. Acad
Emerg Med. 2014;21:1503–11.
Bierman AS, Jaakimainen RL, Abramson BL, Kapral MK, Azad N, Hall R,
Lindsay P, Honein G, Degani N. Cardiovascular disease. In: Bierman AS,
editor. Project for an Ontario women's health evidence-based report.
Volume Volume 1: Ontario Women's Health Equity Report. Improving
Health and Promoting Equity in Ontario. Toronto: St. Michael's Hospital
and the Institute for Clinical Evaluative Sciences; 2009.
Hollenbeak CS, Weisman CS, Rossi M, Ettinger SM. Gender disparities in
percutaneous coronary interventions for acute myocardial infarction in
Pennsylvania. Med Care. 2006;44:24–30.
Maynard C, Litwin PE, Martin JS, Weaver WD. Gender differences in the
treatment and outcome of acute myocardial infarction. Results from the
Myocardial Infarction Triage and Intervention Registry. Arch Intern Med.
1992;152:972–6.
Srichaiveth B, Ruengsakulrach P, Visudharom K, Sanguanwong S, Tangsubutr
W, Insamian P. Impact of gender on treatment and clinical outcomes in

Slater et al. Systematic Reviews

25.

26.

27.

28.

29.

30.
31.

32.
33.

34.

35.
36.

37.

(2019) 8:203

acute ST elevation myocardial infarction patients in Thailand. J Med Assoc
Thai. 2007;90(Suppl 1):65–73.
Sedlak TL, Pu A, Aymong E, Gao M, Khan N, Quan H, Humphries KH. Sex
differences in coronary catheterization and revascularization following acute
myocardial infarction: time trends from 1994 to 2003 in British Columbia.
Can J Cardiol. 2010;26:360–4.
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, Clarke
M, Devereaux PJ, Kleijnen J, Moher D. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ. 2009;339:b2700.
Moher D, Liberati A, Tetzlaff J, Altman DG. Group P: Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. J
Clin Epidemiol. 2009;62:1006–12.
Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P,
Stewart LA. Group P-P: Preferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ.
2015;349:g7647.
Neumar RW, Nolan JP, Adrie C, Aibiki M, Berg RA, Bottiger BW, Callaway C,
Clark RS, Geocadin RG, Jauch EC, et al. Post-cardiac arrest syndrome:
epidemiology, pathophysiology, treatment, and prognostication. A
consensus statement from the International Liaison Committee on
Resuscitation (American Heart Association, Australian and New Zealand
Council on Resuscitation, European Resuscitation Council, Heart and Stroke
Foundation of Canada, InterAmerican Heart Foundation, Resuscitation
Council of Asia, and the Resuscitation Council of Southern Africa); the
American Heart Association Emergency Cardiovascular Care Committee; the
Council on Cardiovascular Surgery and Anesthesia; the Council on
Cardiopulmonary, Perioperative, and Critical Care; the Council on Clinical
Cardiology; and the Stroke Council. Circulation. 2008;118:2452–83.
Cochrane handbook for systematic reviews of interventions. John Wiley &
Sons; 2008.
Sampson M, McGowan J, Cogo E, Grimshaw J, Moher D, Lefebvre C. An
evidence-based practice guideline for the peer review of electronic search
strategies. J Clin Epidemiol. 2009;62:944–52.
Data collection form for intervention reviews [https://training.cochrane.org/
interactivelearning/module-4-selecting-studies-and-collecting-data].
Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, Savovic J,
Schulz KF, Weeks L, Sterne JA, et al. The Cochrane Collaboration’s tool for
assessing risk of bias in randomised trials. BMJ. 2011;343:d5928.
Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M,
Henry D, Altman DG, Ansari MT, Boutron I, et al. ROBINS-I: a tool for
assessing risk of bias in non-randomised studies of interventions. BMJ. 2016;
355:i4919.
Cochrane handbook for systematic reviews of interventions, version 5.1.0. John
Wiley & Sons; 2011.
Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Norris S, Falck-Ytter Y,
Glasziou P, DeBeer H, et al. GRADE guidelines: 1. Introduction-GRADE
evidence profiles and summary of findings tables. J Clin Epidemiol. 2011;64:
383–94.
Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315:629–34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 5 of 5

