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Background: Sex-based outcome comparisons in out-of-hospital cardiac arrest (OHCA) have 

produced mixed results. Sex-based outcomes may depend in part on age, as menopause produces 

a range of biological effects that may influence resuscitation. We used quantitative measures of 

the ventricular fibrillation (VF) waveform – a surrogate of the myocardium’s acute physiology – 

to assess whether outcome differences according to sex and age group may be mediated via a 

biologic mechanism.   

Methods: We conducted a retrospective cohort study of adult non-traumatic VF-OHCA patients 

in King County, Washington between 2008-2020. We used multivariable logistic regression to 

assess the relationship of outcome (survival to hospital discharge, favorable neurological 

outcome (Cerebral Performance Category (CPC) 1 or 2), according to sex and age group (<55, 

³55). We determined the proportion of the outcome difference mediated by the waveform 



measure by incorporating the VF waveform measures - probability of survival, amplitude 

spectrum area, frequency, and median peak amplitude individually - into the multivariable 

model.  

Results: Of 1526 VF-OHCA patients, average age was 62 years, and 29% were female. Overall, 

we observed that younger women were more likely to survive than younger men (survival 67% 

vs 54%, p=0.02 and favorable neurologic outcome 61% vs 51%, p=0.07), while older women 

and older men fared more similarly (survival 44% vs 40%, p=0.3 and favorable neurologic 

survival 39% vs 37%, p=0.7). After adjusting for Utstein characteristics, women <55 compared 

to men <55 was associated with greater odds of survival to hospital discharge (OR 1.93, 95% CI 

1.23-3.09, p=0.005) and favorable neurological survival (OR 1.72, 95% CI 1.10-2.71, p=0.02). 

In contrast, women ³55 compared to men ³55 was not associated with a difference in the odds of 

survival to hospital discharge (1.19, 95% CI 0.88-1.60, p=0.3) and favorable neurological 

survival (1.08, 95% CI 0.79-1.46, p=0.7). The added waveform measures mediated some the 

beneficial association between survival and female sex among those <55: 47% for probability of 

survival, 25% for amplitude spectrum area, 19% for frequency, and 17% for median peak 

amplitude. 

Conclusions: In this observational cohort study of VF-OHCA, we observed that women <55 

years were more likely to survive to hospital discharge and survive with favorable neurological 

status compared to men <55 years; a sex-based outcome difference not observed among the older 

age group. VF waveform measures as a surrogate for acute physiologic status of the heart– 

mediated some, though not all, of the outcome difference.    

 



Introduction 

Out-of-hospital cardiac arrest (OHCA) is a major cause of mortality worldwide.1,2 Each year in 

the United States, approximately 360,000 patients suffer OHCA, many of whom are treated by 

emergency medical services (EMS) in the United States.3 Ventricular fibrillation (VF) is a 

common initial dysrhythmia and associated with a better likelihood of favorable outcome, on 

average about 30% survive to hospital discharge. 4 Importantly there is a 5-fold variability in 

outcome across systems, supporting the premise that ventricular fibrillation OHCA (VF-OHCA) 

is a modifiable condition amenable to improvement.5,6  

Sex-based differences have been studied across a spectrum of clinical cardiovascular disease, 

highlighting promising strategies to address biological, socioeconomic, or clinical mechanisms 

responsible for disparity. Sex-based outcome comparisons in OHCA have produced mixed 

results. A large multi-center study of OHCA observed that women overall had a lower rate of 

survival and worse survival predictors, yet younger women had a survival advantage.7 

Importantly, sex-specific pathophysiology of VF-OHCA may depend on age, given that 

cardiovascular biology changes markedly after menopause. Consistent with this biological 

hypothesis, a prior investigation observed a survival advantage among young women compared 

to young men, while older women and men fared similarly.8 The basis for a potential interaction 

between sex and age, however, is uncertain; mechanistic understanding could advance strategies 

to improve resuscitation. 

Ventricular fibrillation waveform measures assess the frequency, amplitude, and organizational 

characteristics of the electrocardiogram (ECG). These measures are associated with the heart’s 

physiologic status, provide a dynamic assessment of the myocardial substrate during OHCA, and 



predict clinical outcome.9,10 Thus, VF waveform morphology may represent a key biological 

reference point that can help explain survival mechanisms and outcome differences. 

In this study, we aim to investigate VF-OHCA survival differences between women and men 

according to age and to determine whether such outcomes differences may be explained through 

biological mechanisms represented by VF waveform measures.   

 

Methods 

Study Design, Population, and Setting. This investigation is an observational cohort study of 

adult patients (age 18 years or older) treated for by emergency medical services (EMS) in King 

County, WA (excluding Seattle) for VF-OHCA between 2008 and 2020. Inclusion required a 

defibrillator recording with ECG and transthoracic impedance signal before the first shock used 

to identify a 3-second ECG segment without CPR. Patients were excluded if they received an 

initial shock by public access or police defibrillator prior to EMS arrival, had a do-not-resuscitate 

directive, or were incarcerated. Patients were also excluded if there was ECG artifact (i.e. from 

pacemaker or implantable cardioverter defibrillator (ICD)).   

Greater King County (excluding the City of Seattle) has a population of 1.5 million persons who 

reside in urban, suburban, and rural settings. The EMS is a two-tiered system, initiated by 9-1-1 

call. Resuscitation follows the American Heart Association Guidelines.11 First-tier EMTs provide 

cardiopulmonary resuscitation (CPR) and use automated external defibrillators (AEDs). Second-

tier paramedics are trained in advanced cardiac life support and use manual defibrillators. 



Patients are transported to one of 14 hospitals equipped with coronary intervention and ICU 

capability.  

The study was approved by the University of Washington Institutional Review Board. Because 

the investigation was observational and considered minimal risk, the requirement for consent 

was waived. This study was conducted in accordance with STROBE guidelines.12 

Data Collection and Definitions. The Division of Emergency Medical Services (EMS) of Public 

Health - Seattle and King County maintains an ongoing comprehensive clinical registry of 

OHCA as part of a program of quality assurance.13 Active surveillance identifies each case. The 

review process uses information from emergency dispatch, EMS, defibrillator, hospital, and 

death records. The defibrillator recording includes the real-time ECG, impedance, and audio. 

Using a uniform data abstraction form supported by a data dictionary, trained coordinators 

review and code demographic, arrest circumstance, care and outcome information according to 

the Utstein template.14 Etiology is determined based on review of EMS, hospital, and death 

records. Because the variables of interest were sex and age in particular, as related to pre- and 

post-menopause, we modeled four primary exposure groups: men <55 years, women <55 years, 

men ³55 years, women ³55 years.   

VF Waveform Measures. MATLAB (Mathworks, Natick, MA) software was used to review the 

ECG and transthoracic impedance signals from the defibrillator recording to extract a CPR-free, 

3-second ECG segment immediately prior to the initial shock. Defibrillator models included 

Forerunner 3, Heartstart MRx (Philips Healthcare, Bothell, WA), Lifepak 12, and Lifepak 15 

(Stryker Physio-Control, Redmond, WA). ECG sampling rates ranged from 125 to 250 Hz across 

devices; signals at an original sampling rate < 250 Hz were resampled to 250 Hz. We calculated 



4 VF waveform measures: median peak frequency (FREQ), median peak amplitude (PEAK), 

amplitude spectrum area (AMSA), and probability of hospital survival (PSUR) (Figure 1).10,15  

Figure 1. VF waveform analysis 

 

From (A) the defibrillator recording, we select (B) a 3-second ECG segment selected from pre-shock period with no 
ongoing CPR for analysis. The waveform from this segment is analyzed for (C) median peak amplitude (PEAK, mV),  
(D) peak frequency (FREQ, Hz), (E) amplitude spectral area (AMSA, mV-Hz), and (F) algorithm generating the 
probability of survival, based on magnitude, frequency and time. 

Abbreviations: ECG = Electrocardiogram; PEAK = Median Peak Amplitude; FREQ = Peak Frequency; AMSA = 
Amplitude Spectral Area; PSUR = probability of Survival. 



Outcome. The primary outcome was survival to hospital discharge. The secondary outcomes 

were survival with favorable neurological survival as determined by the Cerebral Performance 

Category (CPC 1 or 2) and sustained return of spontaneous circulation (ROSC). 

Statistical Analysis. We used descriptive statistics to summarize characteristics according to sex 

and age group.  Continuous variables were compared using F-tests, whereas categorical variables 

were compared with the chi-square test.  

To evaluate the association among the age-sex groups and outcome, we used multivariable 

logistic regression, modeling survival to hospital discharge according to age-sex group using 

men <55 as the referent. We repeated analyses using the outcomes of favorable neurological 

survival (survival with CPC 1 or 2) and sustained ROSC. Models adjusted for cardiac etiology, 

witness status (unwitnessed, witnessed by bystander, witnessed by EMS), public location, 

bystander CPR, and the time to first EMS response (time interval from dispatch to scene arrival). 

Models evaluating the potential mechanism represented by the waveform included individual 

waveform measures to determine if its addition (adjustment) to the multivariable model 

attenuates the association of sex according to age group. In sensitivity analyses, we used ages 50 

and 60 years as the age threshold to determine the age groups.  We then performed a causal 

mediation analysis, adding each VF waveform measure as a potential mediator (Figure 2). We 

used the R package mediation to calculate the mediated and non-mediated effects of each VF 

waveform measure.16–18 Standard statistical software (R version 4.0.3, R Foundation for 

Statistical Computing, Vienna, Austria) was used for all statistical analysis.19 

 



Figure 2. Model with VF waveform measure as mediator. 

 
Abbreviations: VF = Ventricular Fibrillation. OHCA = Out-of-Hospital Cardiac Arrest 

 

Results 

Of the 2193 total VF-OHCA patients receiving a shock from EMS, 667 did not have adequate 

defibrillator recording, leaving a total of 1526 VF-OHCA patients for analysis (Figure 2). 

Overall average age was 62 years, and 29% were female (Table 1).  Women comprised 26% 

among those < 55 years and 21% among those ³55.  Among those <55 years, women were 

younger, less likely to have an arrest due to a cardiac etiology, and less likely to experience 

arrest in a public location (Table 1).  Among those ³55 years, women were older and have the 

arrest witnessed by EMS. When comparing the VF measures, women on average had more 

favorable measures compared to men among the younger and older age groups (Table 1). 

With regard to outcomes, we observed that younger women fared better than younger men 

(survival 67% vs 54%, p=0.02 and favorable neurologic outcome 61% vs 51%, p=0.07), while  

  



Figure 3. Patient Flow Diagram 

 

Abbreviations: VF = Ventricular Fibrillation; OHCA = Out-of-Hospital Cardiac Arrest; EMS = Emergency 
Medical Services; ICD = Implantable Cardioverter Defibrillator 

 

older women and older men fared more similarly (survival 44% vs 40%, p=0.3 and favorable 

neurologic survival 39% vs 37%, p=0.7). 

After adjusting for Utstein characteristics, women <55 compared to men <55 was associated 

with greater odds of survival to hospital discharge (OR 1.93, 95% CI 1.23-3.09, p=0.005) and 

favorable neurological survival (OR 1.72, 95% CI 1.10-2.71, p=0.018) (Table 2). In contrast, 

there was no difference in odds of survival to discharge (OR 1.19, 95% CI 0.87-1.62, p=0.3) or 



favorable neurological survival (OR 1.07, 95% CI 0.78-1.46, p=0.7) for women > 55 compared 

to men >55.  Similar results were observed when ROSC was used as the outcome.  

In most models, the addition of an individual waveform measure modestly attenuated the 

favorable outcome association for younger women compared to younger men (Table 2). The 

addition of PSUR, however, attenuated the odds ratio from 1.93 (95% CI 1.23-3.09, p=0.005) to 

1.54 (95% CI 0.94-2.56, p=0.091) for survival, 1.72 (95% CI 1.10-2.71, p=0.018) to 1.32 (95% 

CI 0.81-2.17, p=0.272) for favorable neurological survival, and 1.96 (95% CI 1.17-3.39, 

p=0.013) to 1.64 (95% CI 0.96-2.91, p=0.080) for ROSC.  

In causal mediation analysis, the VF waveform measures mediated some of the association 

between age-sex group and outcomes. Among women and men <55, we observed that each 

waveform measure mediated the association between age and sex group and survival by 43% for 

PSUR, 27% for AMSA, 21% for FREQ, and 15% for PEAK. With the favorable neurologic 

survival, the proportion mediated was higher: 55% for PSUR, 31% for AMSA, 26% for FREQ, 

and 26% for PEAK. 

In sensitivity analyses that used age groups stratified by age 50 or age 60 (instead of age 55), the 

results were similar.   

 

  



Discussion 

Summary of pertinent results 

In this observational cohort study of VF-OHCA, we observed that women <55 years were more 

likely to achieve ROSC, survive, and survive with favorable neurological status, compared to 

men <55 years after adjustment for Utstein demographic, circumstance, and care outcome 

predictors. In contrast, we did not observe outcome differences between older women and older 

men in unadjusted or adjusted comparisons. When adjusted for the VF waveform measures, the 

survival advantage among younger women was attenuated. However, this surrogate biological 

marker of cardiac physiology did not appear to be the major mechanism for outcome differences, 

suggesting that other factors may contribute to resuscitation outcome differences between 

younger women and men.  

Age, sex, VF-OHCA outcomes background 

The incidence of heart disease is different between men and women with the onset about a 

decade later on average in women. The mechanisms for this age-based difference are complex 

but thought to be related to the cardiovascular protective effects of estrogens. With regard to 

OHCA incidence, hormone profiles are dynamically associated with risk among women with 

long QT. When considering resuscitation, female hormone profiles may affect defibrillation 

threshold, antiarrhythmic medication effects, contractility, coagulation, electrical excitability.  

However, little is known about sex-specific resuscitation outcomes as they relate to pre- and 

post-menopause status. In a study of in-hospital cardiac arrest involving shockable and 

nonshockable rhythms, women were more likely to be resuscitated and survive, an association 



driven by the survival advantage among younger women.20 In a study restricted to VF-OHCA, 

women were more likely to be resuscitated, but no more likely to survive.21 A small sample size 

prevented an evaluation of age-specific differences.  

In the current study, we observe a survival advantage for younger women compared to younger 

men, but no sex-specific outcome difference among older ages. The finding is not explained by 

differences in Utstein predictors which include arrest circumstances (witness, location) and basic 

prehospital care health services (bystander CPR, EMS response interval). Nor was the difference 

explained by downstream hospital-based interventions to include targeted temperature 

management and coronary angiography. The result is potentially consistent with distinct 

physiologic profiles that may respond differentially to resuscitation care corresponding to pre- 

and post-menopause status.  

VF waveforms 

We sought to use measures of the VF waveform to understand if the outcome differences 

between younger women and men might be due to the heart’s acute biologic circumstance. 

Quantitative waveform measures correspond to myocardial cellular adenosine triphosphate 

(ATP) levels and in turn predict clinical outcomes.10,15 Moreover, the waveform measures have 

been used to help explain and validate the biologic mechanism of early CPR.18  

In the current study, we observed that women and in particular younger women had more robust 

waveform measures immediately prior to the initial shock and that these measures are strong 

predictors of outcome. Yet adjustment for the waveform measures only partially attenuated the 

outcome differences between younger women and men. In particular, the proportion mediated by 



PSUR between younger women and men was 43%, with other measures producing smaller 

degree of attenuation. The PSUR measure incorporates magnitude, time, and frequency of the 

waveform, capturing a 3-dimensional perspective of cardiac activity over time and may be a 

higher fidelity reflection of the heart’s dynamic physiology. These results also suggest that other 

mechanisms likely contribute to outcome differences. We are not able to evaluate the potential 

role of chronic comorbidities, socioeconomic factors, or more detailed aspects of resuscitation or 

post-resuscitation care not captured by the Utstein elements. A better understanding of if and 

how these factors contribute to the outcome disparity may enable strategies to improve care.  

Limitations 

This study has limitations. As an observational study, relationships between exposures and 

outcomes are associations, and not necessarily causal. Unobserved confounding may contribute 

to associations, though we adjusted for known Utstein characteristics. Younger vs older age 

groups were centered around the average age of menopause as we were unable to measure blood 

hormone levels to confirm menopausal status. Thus, the age threshold for younger vs older 

patients was chosen as 55 years; we also performed sensitivity analyses according to age to 

account for variable onset of menopause effects, producing similar results. We evaluated several 

waveform measures to understand how this physiologic surrogate might explain differences in 

outcome. However, there may be other waveform measures that could better gauge physiologic 

status and might produce different results. The investigation is a single-site study of a high-

performing EMS system which might affect generalizability; this characteristic, however, also 

means that variability in prehospital care is less likely to contribute as an unobserved confounder 

since outcome is strongly related to EMS system. Some eligible cases were not included given 



missing or technical issues with the defibrillator recording, which may contribute some bias. 

These limitations should be considered in the context of this investigation’s strengths. The study 

leverages a large, well-characterized cohort that incorporates VF waveform measures and Utstein 

predictors to evaluate outcome differences according to age and sex. 

Conclusions 

In this observational cohort study of VF-OHCA, we observed that women <55 years were more 

likely to achieve ROSC, survive, and survive with favorable neurological status compared to 

men <55 years; a sex-based outcome difference not observed among the older age group.  A 

surrogate gauge of the heart’s dynamic physiology – the VF waveform and specifically PSUR – 

mediated some of the outcome difference, though a complete explanation requires additional 

investigation to include other health domains.    
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Table 1. Patient characteristics according age and sex group. 

 

Abbreviations: EMS = Emergency Medical Services; CPR = cardiopulmonary resuscitation; VF = Ventricular 
Fibrillation; ECG = Electrocardiogram; PEAK = Median Peak Amplitude; FREQ = Peak Frequency; PSUR = 
Probability of Survival; AMSA = Amplitude Spectral Area; ROSC = return of spontaneous circulation.



Table 2. Odds ratios for variable association with outcomes, adjusted and unadjusted, OR (95% CI). 

  
Utstein adjusted model includes adjustment by Public Location, Time to First Responder Arrival, Cardiac Etiology, bystander 
CPR, Witnessed Status, and Age-Sex Group. Referent group for witnessed status is Unwitnessed group, and referent group for 
Age-Sex Group is Male <55. Each Mediation Model includes the Utstein adjusted model and the waveform measure. 

Abbreviations: CPR = cardiopulmonary resuscitation; VF = Ventricular Fibrillation; PEAK = Median Peak Amplitude; FREQ = 
Peak Frequency; PSUR = Probability of Survival; AMSA = Amplitude Spectral Area; ROSC = return of spontaneous circulation.



Table 3.  Causal mediation analysis. 

 
Effect sizes are expressed as absolute differences in outcomes.  

Abbreviations: CPC1-2 = Cerebral Performance Category 1-2 ROSC = return of spontaneous circulation; VF = 
Ventricular Fibrillation; PEAK = Median Peak Amplitude; FREQ = Peak Frequency; PSUR = Probability of Survival; 
AMSA = Amplitude Spectral Area; ROSC = return of spontaneous circulation. 


