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Significant sex and gender differences in both physiology and psychology are readily
acknowledged between men and women; however, data are lacking regarding differences in their
responses to injury and treatment and in their ultimate recovery and survival. These variations
remain particularly poorly defined within the field of cardiovascular resuscitation. A better
understanding of the interaction between these important factors may soon allow us to
dramatically improve outcomes in disease processes that currently carry a dismal prognosis, such
as sudden cardiac arrest. As part of the 2014 Academic Emergency Medicine consensus
conference “Gender-Specific Research in Emergency Medicine: Investigate, Understand, and
Translate How Gender Affects Patient Outcomes,” our group sought to identify key research
questions and knowledge gaps pertaining to both sex and gender in cardiac resuscitation that could
be answered in the near future to inform our understanding of these important issues. We
combined a monthly teleconference meeting of interdisciplinary stakeholders from largely
academic institutions with a focused interest in cardiovascular outcomes research, an extensive
review of the existing literature, and an open breakout session discussion on the recommendations
at the consensus conference to establish a prioritization of the knowledge gaps and relevant
research questions in this area. We identified six priority research areas: 1) out-of-hospital cardiac
arrest epidemiology and outcome, 2) customized resuscitation drugs, 3) treatment role for sex
steroids, 4) targeted temperature management and hypothermia, 5) withdrawal of care after cardiac
arrest, and 6) cardiopulmonary resuscitation training and implementation. We believe that
exploring these key topics and identifying relevant questions may directly lead to improved
understanding of sex- and gender-specific issues seen in cardiac resuscitation and ultimately
improved patient outcomes.

The physiologic and psychological differences between men and women are well described,
yet how these differences affect patients’ responses to injury and resuscitation, and even
their ultimate survival and neurologic status, remains poorly understood. While the effect of
these important variations is currently elusive, significant observations are beginning to
emerge in the field of resuscitation that may well help to harness these differences to
optimize the way we treat patients in the very near future.

Sex-related differences between men and women may be thought of as differences driven by
psychological or cultural factors and include the physiologic and biological differences
between the sexes. Both are known to have significant influence on response to injury and
therapy. By the culmination of the 2014 Academic Emergency Medicine consensus
conference, we identified six key research areas in psychology and sociology of
resuscitation, as well as sex-related differences in injury, response to therapy, and outcomes.
These areas represent major gaps in our knowledge and are provocative and clinically
important and deserve high priority with regard to gender- and sex-related differences in
resuscitation.

METHODS

Consensus was reached on the priority questions using an iterative process through the four-
part nominal group technique as described in the executive summary.l An iterative process
was followed using monthly phone call discussions, preconference surveys, and open-ended
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feedback from the Academic Emergency Medicine peer reviewers. The details of the process
followed by the cardiovascular work group have been described.?2 On May 13, 2014, a
multidisciplinary group of participants and experts (emergency medicine, cardiology,
nursing, research, federal and private funding agencies, patients, and prehospital providers)
convened and voted on the final iteration of themes and questions in the area of cardiac
resuscitation using Poll Everywhere. Descriptive statistics were calculated to tabulate the
final list of questions presented below. Feedback from this session was incorporated into this
final article.

CONSENSUS RESULTS

Six major themes related to cardiovascular resuscitation that had high levels of agreed-upon
importance are described in the following six sections. Additional questions of interest from
the conference discussion are presented in Table 1.

Recommendation 1: Cardiac Arrest Epidemiology and Outcomes

Studies indicate that patients’ sex plays a role in both the presentation and the survival
following out-of-hospital cardiac arrest (OHCA). Studies consistently show that men have a
threefold higher incidence of OHCA than women across all age groups, and women have
worse prehospital factors (older age, fewer witnessed arrests, bystander cardiopulmonary
resuscitation [CPR], or shockable rhythms).3 Data are controversial regarding survival
depending on how it is defined; after adjusting for prehospital factors, more women are
resuscitated to hospital admission,* but fewer survive to discharge. Survival for women is
better in nonventricular arrhythmias compared to ventricular arrhythmias. A few studies
evaluating the interaction of sex and age noted a survival advantage in younger women
(younger than 55 years) of presumed premenopausal age, implicating endogenous sex
steroids as potentially protective.6.7 A similar survival benefit has been seen in women
following inpatient cardiac arrests.8

The sex-specific variation in survival may possibly be attributed to the protective role of
estrogen as an antiapoptotic, anti-inflammatory, and mitochondria-stabilizing agent that is
thought to “switch off” the death cascade. In addition, higher estrogen levels in
premenopausal women potentially lower their coronary artery disease risk. Women also have
increased chest wall compliance, which may lead to improved circulation during CPR, and
differences in pharmacobiology may make it easier to resuscitate them. Airaksinen et al.?
proposed that women are protected by a more intense vagal activation after sudden coronary
occlusion compared to men, leading to a protective antiarrhythmic effect. Finally, improved
survival in women could be due to a differential mechanism of acute coronary syndrome
compared to men. Women are more likely to have structurally normal hearts when
presenting with acute ischemia. There are higher proportions of microvessel disease, plaque
rupture, vasospasm, and slow coronary flow causing acute infarction in women, while men
most often experience an anatomical obstruction of the coronary arteries. It is possible that
these lesions most often seen in females offer some degree of protection against the
development of arrhythmias following acute coronary events. This could also potentially
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explain the lower frequency of rhythms amenable to defibrillation or cardioversion seen in
women than men.

Priority Question

1. Can OHCA survival be improved by resuscitating men and women differently
due to their physiologic differences in coronary artery disease?

Recommendation 2: Resuscitation Drugs

Pharmacogenomics is the field of analyzing how genetic makeup (including sex and race)
affects an individual’s response to medications. This area emphasizes the importance of
reviewing and studying sex-based differences in drug efficacy and toxicity profiles. Four
major factors seem to contribute to sex-based differences in responses to drugs, including
bioavailability, distribution, metabolism, and elimination. These differences may be the
result of fat content and other variations in body composition, gastric emptying time,
cytochrome P450 activity, and numerous other factors. Importantly, it has been found that if
a man and a woman receive the same amount per kilogram of the same drug, a significantly
different effect may be achieved (as well as duration of effect). For example, healthy young
females receiving a single bolus of 75 or 100 mg of intravenous lidocaine have a 62% larger
volume of distribution and 50% longer elimination half-life than their male counterparts.10
Additionally, the effect of the drug may be different based on the route of administration.
Finally, data are lacking regarding the male versus female physiologic responses to cardiac
drugs during the low-flow state typical of cardiac arrest, as well as the response to these
drugs during reperfusion.

Priority Questions

1. Could sex-specific resuscitation drugs, in which drugs and drug combinations are
optimized for each sex’s unique makeup, improve resuscitation outcomes?

2. Could dosing requirements of resuscitation drugs differ between the sexes?

Recommendation 3: Sex Steroids as Acute Resuscitation Drugs

Several studies have noted that women of childbearing age have both improved survival to
hospital discharge and ultimate better neurologic outcomes following cardiac arrest,
compared with older female counterparts and men, implicating endogenous sex steroids as
having an effect on our ability to successfully resuscitate patients following cardiac arrest.
78,11 Despite this interesting and potentially clinically significant observation, there are few
bench studies and no identified clinical trials evaluating the use of sex steroids as acute
resuscitation drugs in those experiencing cardiac arrest.

Of the three major sex steroids (including estrogen, progesterone, and testosterone), possibly
the most studied and best understood as a resuscitation drug is estrogen. For over 30 years,
estrogen resuscitation has been evaluated in numerous injury models, including but not
limited to stroke,12 hemorrhagic shock,!3 sepsis,14 and burns.1> Pilot clinical trials of the
feasibility and safety of an acute dose of estrogen in patients with hemorrhagic shock and
severe traumatic brain injury have been recently completed, with results currently pending.
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Through these studies, estrogen’s effects on multiple protective mechanisms have been
identified that could potentially lead to protection in patients experiencing cardiac arrest.
These protective pathways may include decreased inflammation, lessened oxidant injury,
and diminished apoptosis. Studies of estrogens in the field of cardiac arrest found estradiol
to confer cardioprotection, improve coronary flow, and decrease arrhythmias following
ischemic—reperfusion injury in isolated rat hearts® and to confer brain and kidney protection
following in vivo cardiac arrest.17-19

Another sex steroid found to offer protection is progesterone. Progesterone has been studied
in the laboratory for many years and has been found to have significant anti-inflammatory
properties that decrease cerebral edema and prevent neuronal loss following injury. Clinical
studies of the administration of progesterone as an acute resuscitation drug for traumatic
brain injury20 are ongoing.

The least studied of the three major sex steroids as a resuscitation drug, testosterone, has
mixed findings in preclinical studies. Multiple studies have noted that testosterone may be
harmful for the recently injured brain.21-23 However, in the heart, testosterone treatment in a
cardiac arrest model did improved coronary flow and decrease arrhythmias.16

While more data are needed regarding the clinical effects of exogenous sex steroids
following cardiac arrest, scientists studying other injury mechanisms are enthusiastically
exploring this nascent field of resuscitative endocrinology. Due to the many similarities
between other injuries involving ischemia and reperfusion and cardiac arrest, it will be
important in the future to expedite studies, both bench and pilot clinical trials, to further
evaluate the effects of these exogenous sex steroids on both short-term and long-term
survival.

Priority Question

1. Is there a role for sex steroid treatment as an acute resuscitation drug in patients
of both sexes in cardiac arrest?

Recommendation 4: Targeted Temperature Management

Targeted temperature management (TTM) has been found neuroprotective in comatose
patients who achieve return of spontaneous circulation (ROSC) after cardiac arrest.2* These
landmark trials represent a cohort of comatose survivors of cardiac arrest where women are
less represented than men. In the HACA trial, 23% of patients in the hypothermia cohort
were women,2® while in the trial of Bray et al.28 the hypothermia cohort was 42% female.24
These two randomized controlled trials enrolled only patients with initial rhythms of
ventricular fibrillation, which is less common in women compared to men (9% vs. 22%,
respectively). In the TTM trial published in 2013 that included cardiac arrest patients with
all initial rhythms, women were still significantly underrepresented in both arms of the trial,
with only 17% of the cohort cooled to 33°C being female, versus 21% of the cohort cooled
to 36°C.5

Similar to TTM clinical trials, there also appears to exist a sex disparity in the use of TTM
clinically. There is a paucity of literature that specifically addresses the question of
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discrepancies in the application of TTM between men and women. One single-center study
reported that only 21% of its TTM population was female.2” In another study of in-hospital
cardiac arrests, published from Get-with-the-Guidelines-Resuscitation, investigators found
that only 2.0% of the entire cohort received TTM.28 With respect to sex, 43.8% of the cohort
who received standard therapy were female versus 41.0% of the TTM cohort (p = 0.08). No
further subgroup analysis was completed to understand the demographics or arrest
characteristics of the women who were cooled versus those who were not and if there were
changes in trends over time between 2003 and 2009. The authors theorized that patients with
initial shockable rhythms would experience higher rates of TTM, while women experience
this initial rhythm less frequently than men.

There is paucity of literature regarding the sex differences in response to therapeutic
hypothermia. For example, it is unclear whether the time to target temperature varies
between men and women. Similarly, there are no studies that have addressed the sex
variability in time to awakening after rewarming, differences in drug metabolism during
treatment with TTM, or the duration of therapy necessary for neuroprotection. For instance,
a study that found shivering during TTM to be associated with a good neurologic outcome
reported that 38% of the cohort who did not shiver were women versus 17% of the cohort
who did shiver.29

Finally, data are lacking regarding potential discrepancies in adverse events between the
sexes. Commonly encountered adverse events including arrhythmias, electrolyte shifts,
rearrest, infection, skin breakdown, and coagulopathy have not been reported by sex. Many
studies have examined adverse events during TTM, and in studies addressing postrewarming
pyrexia, women are equally represented in the pyrexia and nonpyrexia groups (32% vs.
27%).30 In contrast, a second study found that women only accounted for 30% of the
pyrexia cohort versus 44% of the cohort who did not record temperatures after rewarming (p
=0.11).3!

Priority Question

1. Are the adverse events associated with TTM different between men and women?

Recommendation 5: Withdrawal of Care After Cardiac Arrest

Prior studies have examined the demographic trends in the withdrawal of care in acute
illness and have established that women often have a higher incidence of withdrawal of life-
sustaining therapy (WLST). To date, no published study has answered the question of
whether sex disparities exist in withdrawal of care in women who survive cardiac arrest or in
prehospital field termination. Additionally, how the two variables of sex and age may
interact when establishing a “do not attempt resuscitation” (DNAR) order or WLST is also
currently unknown. This concept is further complicated by the fact that the decision to
withdraw life-sustaining therapy is being made by a surrogate decision-maker and not by the
patient herself. It is not currently known if the sex of the surrogate decision-maker has an
effect on WLST.

Currently, literature is lacking regarding when postarrest women have DNAR orders
established versus men. In the field of intracerebral hemorrhage (ICH), Nakagawa et al.32

Acad Emerg Med. Author manuscript; available in PMC 2019 March 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wigginton et al.

Page 7

found that women had a greater chance of having a DNAR order placed within 24 hours of
the event versus men (odds ratio = 3.18). Interestingly, there was no difference in rate of
withdrawal of care in women and men with ICH. Similar to cardiac arrest, the decision
regarding extent of aggressive care in ICH is often determined by a surrogate decision-
maker. Nakagawa et al. further recognized in their discussion that surrogate decision-makers
and providers have significant roles in decisions to withdraw therapy and suggest that
women have more aggressive implementation of DNAR in the ICH population because
women express their desires to family more openly than men do.

In patients hospitalized with acute myocardial infarction, studies have found that advancing
age, female sex, and history of diabetes mellitus or stroke increase the use of DNAR orders.
33 This same study indicates that patients who have a DNAR order placed receive different

cardiac therapies than the cohort that do not have DNAR orders.

Studies have shown that while women experience what would be thought “more lethal”
cardiac arrests, with more frequent nonshockable presenting rhythms, lower incidence of
bystander CPR, and advanced age, they have the same rates of ROSC as men. Despite a
similar rate of admission to hospital, fewer women survive to hospital discharge. This
phenomenon is poorly understood. One hypothesis is that women may have a higher
incidence of withdrawal of care postarrest.

Priority Question

. None.

Recommendation 6: CPR Training and Implementation

Resuscitation performance is a key factor in our efforts to improve both neurological
outcomes and survival in patients requiring cardiovascular resuscitation. This broad term is
made up of multiple different parts that maybe affected by the sex of the provider and/or
patient, including, but not limited to, effectiveness of training, willingness to perform CPR,
leadership during resuscitation, quality of CPR, and the effect of failed resuscitative efforts
on the provider.

Research has demonstrated that testing can enhance knowledge retention related to a
particular topic better than additional studying or training. This concept is known as test-
enhanced learning.34 Researchers attribute this phenomenon at least in part to the release of
cortisol in response to acute stress. Cortisol is understood to stabilize a memory after the
initial acquisition of knowledge.3%36 A recent study examined this concept of test-enhanced
learning as it relates to CPR training and found a significant difference in learning outcomes
in the intervention group who were subjected to more testing compared with those in the
control group.3* Following this testing, they also found a significant increase in cortisol in
men, with the correlation between learning outcomes medium to large for men, but not for
women.34

Another important sex-related difference is in the activation of the chain of survival. In a
survey of King County, Washington, residents, males reported greater confidence in
performing CPR and greater willingness to start CPR. Females surveyed were less likely to
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have undertaken CPR training.3” Axelsson et al.38 reported that in Swedish citizens recently
trained in CPR, males were more confident than females in starting CPR and that females
were less likely than males to perform CPR on an unkempt person. A Japanese survey on
attitudes toward basic life support demonstrated that female respondents were more willing
to perform telephone-prompted chest compressions than males, but were less willing to
make an emergency call or use an automated external defibrillator.11

Good chest compressions save lives, and it has been shown important during CPR to achieve
a chest compression depth greater than 38 mm to improve outcomes in ventricular
fibrillation cardiac arrest.39 Several studies have found that females are less likely than
males to consistently achieve adequate chest compression depth during CPR.4041 In
addition to male sex, a higher body mass index is also associated with more consistently
achieving adequate chest compression depth.4041 Tomlinson et al.,42 in their study of force—
depth relationship during chest compression, concluded that adequate chest compression
depth can be achieved by most providers.

Limited literature currently exists on the effect of sex on the leadership of a code team. One
study demonstrated that female medical students exhibited less leadership behavior and less
hands-on time than male students.#344 Female students did not differ from their male
counterparts in terms of level of knowledge or communications, but made significantly
fewer leadership statements.#344 It is important to note that sex differences in leadership and
hands-on time in other arenas may differ greatly than these findings. For example, different
occupations and venues may select for more naturally dominant females, such as firefighters
and paramedics.

Finally, CPR resuscitations that do not go well are known to have physiologic effects on an
individual, such as elevated heart rate, blood pressure, and salivary cortisol level. However,
there is paucity of literature related to the psychological effects of a failed resuscitation in
the literature on either sex.

Priority Question

1. Could CPR teaching and techniques be modified for men and women to
maximize chest compression effectiveness?

CONCLUSIONS

We believe that gender- and sex-related differences in resuscitation are important and that
research designed to both better understand and better treat these differences may
significantly improve outcomes in the near future. We have made six specific research
recommendations, each focusing on a piece of this nascent yet important field, and posed
questions that identify major gaps in knowledge pertaining to each subject area. It is
significant to note that while these research questions and topic areas have been identified as
potential priorities, they in no way exhaust the investigative opportunities to contribute to a
better understanding of the effect of sex and gender in resuscitation. It is our hope that this
effort will inspire many future fertile discussions involving these topics.
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Rank Order of Consensus-driven Research Questions
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Rank  consensus-based Questions” Mean Likert Score

1 Why do young men die more frequently than comparably aged women despite men having more favorable 4.54
predictors of survival?

2 Are there sex disparities in withdrawal of care after cardiac arrest? 4.48

3 Do women have earlier advancement of code status (DNAR order) than men following cardiac arrest? 4.33

4 Do women respond to TTM similarly to their male counterparts? 4.31

5 Do women have improved neurological outcomes after TIM and is there an additive effect between TTM and 4.00

endogenous sex steroids?

TTM = targeted temperature management.

*
Voted in degree of importance from highest (5) to lowest (1).
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