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Abstract

Background: In the POST SCD study, we autopsied all World Health Organization (WHO) 

defined sudden cardiac deaths (SCDs) and found only 56% had arrhythmic cause; resuscitated 

sudden cardiac arrests (SCAs) were excluded because they did not die suddenly. We hypothesized 

that causes underlying resuscitated SCAs would be similarly heterogeneous.

Objectives: To determine the causes and outcomes of resuscitated SCAs.

Methods: We identified all out-of-hospital cardiac arrests (OHCAs) from 2/1/11 to 1/1/15, aged 

18–90 years, in San Francisco County. Resuscitated SCAs were OHCAs surviving to 

hospitalization and meeting WHO criteria for suddenness. Underlying cause was determined by 

comprehensive record review.

Results: We identified 734 OHCAs over 48 months; 239 met SCA criteria, 133 (55.6%) were 

resuscitated to hospitalization and 47 (19.7%) survived to discharge. Arrhythmic causes accounted 

for significantly more resuscitated SCAs overall (92 of 133 [69.1%]), particularly survivors (43 of 

47 [91.5%]), than WHO-defined SCDs in POST SCD (293 of 525 [55.8%], p< 0.004 for both). 
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Among resuscitated SCAs, arrhythmic cause, ventricular tachycardia/fibrillation initial rhythm, 

and White race were independent predictors of survival. None of the 1 in 5 resuscitated SCAs due 

to neurologic causes survived.

Conclusions: In this 4-year countywide study of OHCAs, only one-third were sudden, of which 

half were resuscitated to hospitalization and 1 in 5 survived to discharge. Arrhythmic cause 

predicted survival while nearly half of non-survivors had non-arrhythmic causes, suggesting that 

SCA survivors are not equivalent to SCDs. Early identification of non-arrhythmic SCAs such as 

neurologic emergencies may be targets to improve OHCA survival.

Condensed Abstract:

In the POST SCD study, we autopsied all World Health Organization defined (presumed) SCDs 

and found that only 56% had arrhythmic cause; resuscitated SCAs were not included because they 

did not die suddenly. In this study we identified all contemporaneous countywide SCAs 

resuscitated to hospitalization over 4 years and found that 1 in 5 survived to discharge. Arrhythmic 

causes were found in 92% of SCA survivors but only 57% of non-survivors, suggesting SCA 

survivors are distinct from SCDs. Early identification of non-arrhythmic SCAs such as neurologic 

emergencies (which had 100% mortality) may be targets to improve survival.

Keywords

Sudden Cardiac Death; Out of Hospital Cardiac Arrest; Resuscitation

Introduction

Despite significant advances in resuscitation science, survival to discharge after out-of-

hospital cardiac arrest (OHCA) remains poor at less than 10% (1–3). In 2004, the Centers 

for Disease Control and Prevention (CDC) established the Cardiac Arrest Registry to 

Enhance Survival (CARES) to better monitor and study OHCAs. However, despite 

recognition that OHCAs can be due to non-cardiac causes and that a refined taxonomy of 

underlying causes may be critical to addressing its high mortality, (4) CARES criteria only 

require an emergency medical services (EMS) primary impression of cardiac arrest and do 

not specify suddenness of arrest (5). Moreover, OHCA death is frequently used as a proxy 

for sudden cardiac death (SCD) (6–8) and many studies equate the outcomes of SCA and 

SCD.

Recently, we performed a prospective 3-year countywide postmortem study to ascertain the 

incidence and underlying cause of all CARES-defined OHCA deaths and World Health 

Organization (WHO)-defined SCDs in San Francisco County POstmortem Systematic 

InvesTigation of Sudden Cardiac Death [POST SCD] Study (9). We found that 40% of 

OHCA deaths were not sudden nor unexpected, i.e., did not meet WHO criteria for sudden 

cardiac arrest (SCA), and only half (55.8%) of WHO-defined SCDs (i.e., those SCAs not 

resuscitated) were autopsy-defined sudden arrhythmic deaths (SADs) potentially rescuable 

by a defibrillator; the remainder of these presumed SCDs were due to non-arrhythmic causes 

(e.g., occult overdose, pulmonary embolism, hemorrhage, tamponade) found on autopsy. 
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Thus, POST SCD demonstrated systematic deficiencies in EMS and conventional definitions 

of OHCA and SCD.

SCAs resuscitated to hospital admission were tracked but not included in POST SCD 

because they did not die suddenly. Similar to the SCAs that died in the field (i.e., presumed 

SCDs) in POST SCD, we hypothesized that the underlying causes of resuscitated SCAs may 

also be heterogeneous and distinct between SCA survivors and non-survivors, with 

implications for improving poor survival outcomes and refining resuscitation strategies. 

Therefore, we sought to determine underlying causes of arrest, survival outcomes, and 

predictors of survival for SCAs resuscitated to hospitalization in San Francisco County, 

California during the POST SCD study period via comprehensive review of hospitalization 

records following resuscitation.

Methods

Setting

The study population included all residents and inhabitants of San Francisco County, 

California (population: 805,235). Patients were identified through the 3 EMS agencies in 

San Francisco, California (with the San Francisco Fire Department responding to >85% of 

all 911 activations). All San Francisco EMS agencies contribute to CARES, and all cases 

submitted to CARES were reviewed. The study was approved by the University of 

California, San Francisco Institutional Review Board (IRB) and had additional IRB approval 

at all 10 San Francisco County adult hospitals and 3 EMS agencies to obtain medical 

records.

Inclusion Criteria and Case Definitions

All OHCAs aged 18–90 years in San Francisco County between February 1st, 2011 and 

January 1st, 2015 were included. OHCA was defined by EMS primary impression “cardiac 

arrest” as per CARES convention (4). OHCAs meeting WHO criteria for suddenness, i.e., 

cardiac arrest within 1 hour of symptom onset (witnessed), or within 24 hours of having 

been observed alive and symptom free (unwitnessed) were considered SCAs (10). SCAs that 

survived to hospital admission were defined as resuscitated SCAs but did not include those 

dying in the emergency department; the latter were considered SCDs and included in POST 

SCD. Resuscitated SCAs were further classified by subsequent inpatient death (SCA non-

survivor) or survival to hospital discharge (SCA survivor).

The following OHCAs were excluded as they were not considered unexpected: (1) subjects 

with severe noncardiac chronic and terminal illness in which imminent death was not 

unexpected, including terminal cancer; (2) end-stage renal disease on dialysis; (3) hospice 

residents; (4) subjects with an identifiable noncardiac etiology of arrest at presentation, 

including evidence of drug abuse/overdose at the scene (e.g., intravenous needles, empty pill 

bottles), clear life-threatening trauma, homicide, or suicide; and (5) subjects who had 

hospital admission within the prior 30 days for noncardiac illness or surgical procedure.
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Identification of SCAs and Underlying Causes of Arrest

OHCAs were evaluated for WHO criteria for SCA by review of EMS and hospitalization 

records. San Francisco Fire Department (SFFD) CARES cases and EMS records were 

obtained between February 1st, 2011 to January 1st, 2013. All CARES cases and EMS 

records were obtained from the two other private EMS agencies between February 1st, 2011 

to January 1st, 2015. San Francisco County transitioned to a dual response system whereby 

both private EMS agencies and SFFD responded to all emergency calls in the latter years of 

the study. EMS response time was defined as the time from initial call to scene arrival. We 

also obtained comprehensive medical records of CARES identified cases from all San 

Francisco County adult hospitals (96% of cases had records available for review). 

Underlying cause of SCA was determined by comprehensive review of hospitalization 

records following resuscitation by two physicians (Z.H.T and S.R.). This review considered 

inpatient workup that included electrocardiograms, imaging data (echocardiograms, 

computed tomography scans, magnetic resonance scans), catheterization data, laboratory 

testing, microbiology data, and autopsy when performed. Arrhythmic cause was an arrest for 

which no identifiable non-arrhythmic cause was found (e.g., acute cerebrovascular accident, 

pulmonary embolism, hemorrhage, overdose) thus potentially rescuable with an ICD, but 

may have had underlying or associated cardiac disease such as acute or chronic coronary 

artery disease (CAD). Arrhythmic cause did not require ventricular tachycardia/fibrillation 

(VT/VF) as initial rhythm given the possibility that it may have degenerated to asystole by 

time of EMS arrival or have a precipitating rhythm of heart block. Notably, arrhythmic 

causes are distinct from non-arrhythmic, cardiac causes of SCA (e.g., tamponade, acute 

heart failure with pulmonary edema) which would not be rescuable with a defibrillator. 

Neurologic cause was defined as stroke, intracranial hemorrhage, or seizure.

Statistical Analysis

The characteristics of the study sample were summarized using means and proportions. For 

between-group comparisons, we used χ2, Fisher’s exact, analysis of variance, and two tailed 

t-tests as appropriate. Characteristics of the 133 resuscitated SCAs, including demographics, 

comorbidities, health related behaviors, medication use, resuscitation variables, were 

compared between survivors and non-survivors using unadjusted logistic models (Table 1). 

We used iterative chained equations to multiply impute missing data for multivariate 

analysis, combining results across the twenty completed datasets using standard methods to 

account for imputation error (11) (Supplemental Table 1). The final adjusted logistic model 

for survival was selected using backwards deletion, beginning with the subset of covariates 

with P≤ 0.1 in Table 1.

Results

We identified 734 incident, countywide OHCAs over 48 months (Figure 1). Of these, 239 

(32.4%) were sudden, i.e., met WHO SCA criteria, approximately half of which were 

resuscitated to hospitalization (133 of 239, 55.6%). Of the 133 SCAs resuscitated to 

hospitalization (resuscitated SCAs), 86 (64.7%) died during hospitalization (SCA non-

survivors) and 47 (35.3%) survived to hospital discharge (SCA survivors). In sum, 19.7% 

(47 of 239) of all incident SCAs countywide survived to hospital discharge.
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Characteristics of SCA Survivors and Non-survivors

Mean age of the 133 resuscitated SCAs was 67.4 years (SD, 16.3), 66.2% were male, and 

the racial/ethnic composition reflected the diverse population of San Francisco County 

(Table 1). The mean age of SCA survivors was more than a decade younger (10.3 years) 

than SCA non-survivors (95% CI 4.5 to 16 years, P<0.001). SCA non-survivors had 

significantly higher prevalence of prior stroke (20.9% vs 2.1%, P= 0.003), and were more 

often prescribed calcium channel blockers (14% vs 2.1%, P=0.03) and selective serotonin 

reuptake inhibitors (9.3% vs 0%, P= 0.05). Mean EMS response time was similar in SCA 

survivors and non-survivors (5 minutes vs. 5.9 minutes, P=0.23), and comparable to that for 

witnessed SCAs resulting in out-of-hospital death included in POST SCD (5.9 minutes). 

EMS response time was also similar between Whites and Non-Whites (Supplemental Table 

2). We observed that more SCA survivors were witnessed than SCA non-survivors (33 of 47 

[70.2%] vs 46 of 86 [53.5%], P=0.05). VT/VF was the most common presenting rhythm, 

found in 55 (41.3%) of resuscitated SCAs, and more common in SCA survivors than non-

survivors (78.7% vs 20.9%, P<0.001) despite similar mean EMS response time for VT/VF 

vs. non-VT/VF rhythms (6 minutes vs. 5.1 minutes, P=0.25). Rates of VT/VF were similar 

between Whites and Non-Whites (Supplemental Table 2).

Underlying Causes of Arrest

The most common causes of arrest for all resuscitated SCAs were acute coronary artery 

disease (acute coronary syndrome with or without ST elevation, 39.8%), neurologic (18%), 

and chronic coronary artery disease (known CAD and no other clear cause, 16.5% [Table 

2]). Arrhythmic causes of arrest were found in 69.1% (92 of 133) of resuscitated SCAs, 

significantly higher than the 55.8% of SCAs resulting in sudden death (i.e., WHO-defined 

SCD) found by autopsy as reported in POST SCD (P=0.004, Central Illustration). 

Arrhythmic cause was significantly more common in survivors than non-survivors (92% vs. 

57%, P< 0.001; Figure 2).

Neurologic causes of arrest were universally fatal despite initial resuscitation (28% of SCA 

non-survivors vs. 0% of SCA survivors, P<0.001). Over half of resuscitated SCAs with a 

prior stroke (10 of 19, 53%) were subsequently found to have a precipitating neurologic 

cause. The majority (20 of 24, 83.3%) of neurologic SCAs were hemorrhagic strokes, all of 

which were prescribed anticoagulation or antiplatelet medications at the time of arrest.

Predictors of SCA Survival to Hospital Discharge

In multivariate analysis, White race (adjusted odds ratio [aOR] 4.04, 95% CI 1.21 to 13.56, 

P=0.02), presenting rhythm of VT/VF (aOR 19.26, 95% CI 5.25 to 70.59, P<0.01), and 

arrhythmic cause (aOR 5.29, 95% CI 1.38 to 20.34, P=0.02) were statistically significant 

predictors of survival to hospital discharge after resuscitated SCA (Table 3). Conversely, 

history of prior stroke was associated with reduced odds of survival (aOR 0.02, 95% CI 0 to 

0.45, P=0.01). While no medications were associated with increased odds of survival, 

calcium channel blockers were independently associated with reduced odds of survival (aOR 

0.06, 95% CI 0 to 0.8, P=0.04). Of note, of 12 SCA non-survivors prescribed calcium 

channel blockers, 7 had underlying arrhythmic cause, 4 neurologic cause, and 1 non-

arrhythmic cause. Because neurologic cause of arrest had 100% mortality, this was not 
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included in the multivariate model. Multiply imputed variables used in logistic models were 

similar to observed case variables (Supplemental Table 1).

Discussion

In this 4-year study of all incident OHCAs in San Francisco County, we found that only one-

third were sudden; half of these SCAs were resuscitated to hospitalization and 1 in 5 

survived to hospital discharge. Underlying arrhythmic cause accounted for 92% of 

resuscitated SCAs surviving to discharge, significantly higher than the 56% for SCAs dying 

in the field (i.e., WHO-defined SCDs) as reported in the contemporaneous POST SCD Study 

(9). Among SCAs surviving to hospitalization, we identified a presenting rhythm of VT/VF, 

underlying arrhythmic cause, and White race as independent predictors of survival to 

discharge. Notably, the nearly 1 in 5 SCAs with underlying neurologic catastrophe had a 

universally fatal outcome with 100% in-hospital mortality despite initial resuscitation. These 

data suggest that resuscitated SCA, especially the survivor, is a condition distinct from SCD 

and should not be equated, particularly since EMS response times were similar. Recognition 

of underlying causes of SCAs is essential to advancing the field and study of resuscitation 

and may ultimately help guide refinement of resuscitation algorithms and enable treatments 

more precisely directed towards the underlying cause of arrest.

Studies of OHCAs typically do not distinguish acuity of arrest, i.e., whether an arrest was 

sudden –not surprising given that first responders are focused on resuscitative efforts. These 

studies estimate that approximately 80% of OHCAs are due to underlying cardiac causes 

(12–15). However, OHCA classification criteria such as CARES have significant 

heterogeneity and presume primary cardiac etiology by requiring only an EMS primary 

impression of cardiac arrest (5,16,17). Moreover, many SCD studies equate SCA with SCD. 

However as we reported in POST SCD, presumed SCDs as defined by WHO criteria had 

only 56% positive predictive value for actual arrhythmic deaths, the only type of sudden 

death potentially rescuable with a defibrillator, nearly identical to the 57% for SCA non-

survivors we found. We found a similar lack of specificity for resuscitated SCAs presumed 

cardiac by CARES convention since less than 7 in 10 had actual arrhythmic causes after 

comprehensive review of hospital workup. Our refined population of resuscitated SCAs with 

confirmed arrhythmic causes had a higher rate of survival to discharge (20%) than in a 2010 

meta-analysis of international OHCAs (7.6%) (1) and in a more recent report after 

incorporation of updated 2010 resuscitation guidelines (16%) (18), likely due in part to a 

substantial proportion of non-sudden and non-cardiac cases misclassified as OHCAs in those 

studies. Thus resuscitated SCAs are a distinct phenotype from SCAs that result in death out-

of-hospital (i.e., presumed SCDs) or death in-hospital after resuscitation (i.e., SCA non-

survivors). Indeed the common practice of mixing these phenotypes may contribute to 

negative findings in recent large genetic association studies of SCA/SCD (19).

We found that underlying arrhythmic cause was an independent predictor of survival to 

hospital discharge after admission for resuscitated SCA. This is not surprising as current 

resuscitation algorithms and automated external defibrillators are designed to treat these 

etiologies, thus enriching survivors for treatable arrhythmic causes. Arrhythmic cases are 

likely more survivable than non-arrhythmic cases as they often are more readily reversed. 
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Our finding of improved outcomes among Whites is consistent with prior studies 

demonstrating lower rates of cardiac arrest survival in minority populations which have 

longer EMS response times, lower rates of bystander CPR, and less frequently present with 

VT/VF (20–22). However, EMS response times and prevalence of VT/VF were similar for 

all races, therefore other unmeasured factors, such as socioeconomic status, may account for 

the racial differences in SCA survival we observed. Future research may be directed at these 

disparities to improve minority survival after SCA.

The presenting rhythm in 80% of survivors was VT/VF, consistent with prior studies which 

have consistently demonstrated that VT/VF is an independent predictor of survival (1,5,23–

25). In our study, presenting rhythm of VT/VF was not a function of EMS response time as 

this was similar for non-VT/VF rhythms. Notably, only 1 of 13 (8%) of PEA arrests survived 

to hospital discharge. This reinforces the prognostic importance of presenting rhythm. While 

some events that are not cardiac may be addressed by defibrillation and advanced cardiac 

life support, and indeed our population of SCAs had all been initially successfully 

resuscitated, we discovered an array of non-arrhythmic causes after initial successful 

resuscitation that are not addressed by current resuscitation protocols, which likely 

contributed to the 80% mortality in this countywide population of resuscitated SCAs. This is 

consistent with our observations in POST SCD that despite successful defibrillator shocks 

for VF or continuous rhythm monitoring that documented complete heart block, some out-

of-hospital SCD victims still died suddenly of non-cardiac causes (26,27). Thus, extending 

the examination of SCAs beyond the lens of rhythms treatable or not treatable by 

defibrillators to identify and address their diverse underlying causes may help effect the next 

leap in resuscitation science.

Neurologic catastrophes, chiefly intracranial hemorrhage, accounted for almost 1 in 5 SCAs 

and were 100% fatal despite resuscitation to hospitalization. This observation extends our 

prior findings of unrecognized sudden neurologic death among presumed SCDs (27) to 

resuscitated SCAs and confirms that underlying neurologic catastrophes may be inherently 

less survivable. Neurologic cause of arrest was not included in the multivariate analysis 

because it was fully predictive of mortality, yet we found that history of prior stroke, present 

in over half of neurologic SCAs, was an independent negative predictor of survival. Notably, 

therapeutic hypothermia was used significantly more commonly in SCA survivors but was 

not independently associated with survival, likely due to selection criteria for therapeutic 

hypothermia.

The majority (20 of 24, 83.3%) of neurologic SCAs were hemorrhagic strokes, all of which 

were prescribed anticoagulation or antiplatelet medications at the time of arrest. Therefore 

SCAs due to neurologic cause may represent a high-impact target to improve survival as any 

improvement in outcomes would represent an improvement over the 100% mortality we 

found. Strategies may include early EMS screening for history of prior stroke to identify 

cases for early triage to a specialized stroke center (over half of resuscitated SCAs with a 

prior stroke in this study were found to have a repeat neurologic catastrophe) or rapid 

assessment on scene for anticoagulant or antiplatelet prescription to allow for expedited, 

targeted therapy such as reversal of anticoagulation or neurosurgical intervention. Notably, 

antiplatelet and anticoagulant trials (28,29) may have missed intracranial hemorrhages 
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presenting as OHCAs or SCD, therefore the risk associated with these medications may be 

underestimated.

We found that prescription for calcium channel blockers was a negative predictor of survival 

to discharge after resuscitated SCA. Previous studies show that the dihydropyridine calcium 

channel blocker nifedipine is associated with increased risk of OHCA (30), therefore our 

findings may extend the risk to lower survival after resuscitated OHCA. This may be due to 

increased sympathetic tone following rapid reduction in blood pressure with dihydropyridine 

calcium channel blockers or coronary steal from collateral arteries, however, this finding 

may not extend to other calcium channel blockers. We also found that a prescription for 

SSRIs was found exclusively in SCA non-survivors; half of SCAs in our study who were on 

SSRIs had intracranial hemorrhages. While this finding may be due to chance, it is also 

consistent with prior reports of the association of SSRIs with platelet dysfunction and 

increased risk of hemorrhagic stroke, especially in those taking anticoagulant or antiplatelet 

medications (31,32).

Limitations

A major strength of our study is the high capture rate of countywide SCAs over the 4-year 

study period, but some limitations are worth noting. First, SFFD records were unavailable 

for the later period of the study; however, in the latter years of the study San Francisco 

County transitioned to a dual response system, therefore we have captured the vast majority 

of cases during the study period. Second, some OHCA victims were not identifiable (e.g., 

homeless status), though these cases accounted for only 7.6% of the original sample. Third, 

only one autopsy record was available for the SCA non-survivors, consistent with low 

prevailing autopsy rates for in-hospital deaths. However, SCA victims resuscitated to 

hospitalization in this study generally had hospital workup more than sufficient to adjudicate 

underlying cause. Thus, while very few cases underwent autopsy, postmortem investigation 

would be of less yield than for out-of-hospital SCDs who (outside of the POST SCD Study) 

typically receive no investigation after the event and thus cardiac cause is presumed. Fourth, 

although our study was performed in a single metro area, the diverse nature of San Francisco 

County is an advantage, allowing us to report these outcomes in minority populations 

underrepresented in SCA and SCD databases. Generalizability is a concern of any study, yet 

clinically useful risk score and prediction models are often generalized beyond their source 

populations (e.g., Framingham, Oregon Sudden Unexplained Death Study) (33,34). 

Moreover, we are reassured that some of the factors identified in our study (e.g., higher 

survival with VT/VF) replicate those identified in previous studies, suggesting that the San 

Francisco SCA population is similar to other SCA cohorts thus our other novel findings may 

be generalizable to SCA as a whole. Fifth, we were limited by the variable degree of hospital 

evaluation after admission for resuscitated SCA to determine the underlying cause. However, 

the large majority of cases had an easily identifiable and often unequivocal cause of arrest 

(e.g., acute plaque rupture, massive subarachnoid hemorrhage, etc.), therefore our 

resuscitated SCAs refined for underlying causes represents a significant improvement over 

prior studies based entirely on EMS initial impression. Moreover, because we found that 

SCA non-survivors and SCAs dying in the field, i.e., presumed SCDs in POST SCD, had a 

nearly identical proportion of arrhythmic cause (57% vs. 56%), SCAs causing death likely 
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represent a phenotypically distinct population than the small minority that ultimately survive 

to discharge and clinical follow-up.

Conclusions

In this 4-year countywide study of incident OHCAs, only one-third were sudden, of which 

half were resuscitated to hospitalization and 1 in 5 survived to discharge. Underlying cause 

had a significant impact on survival - with arrhythmic cause found in 92% of SCAs that 

survived to hospital discharge but only 57% of non-survivors. These results suggest that 

conventional definitions of cardiac arrest poorly specify actual arrhythmic cause; specifying 

suddenness and separating the outcomes of resuscitated SCAs and SCDs may help refine 

future analyses of OCHAs. Early identification of non-arrhythmic SCAs such as neurologic 

emergencies may be a target to improve OHCA survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PERSPECTIVES

Competency in Medical Knowledge:

Several non-cardiac conditions can predispose to high mortality among both initial 

survivors of out-of-hospital cardiac arrest, including stroke, sepsis, and pulmonary 

embolism.

Translational Outlook:

Analysis of systematically collected data on clinical phenotypes, mechanisms and 

therapies could improve outcomes for victims of cardiac arrest.
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Figure 1. Identification of Resuscitated Sudden Cardiac Arrests.
SCAs aged 18–90 resuscitated to hospitalization in San Francisco County, CA were 

identified from 2/1/2011 to 1/1/2015. OHCAs dying in the field/ED were excluded but 

analyzed in the POST SCD Study. Non-sudden OHCAs were excluded. Of the 734 OHCAs 

analyzed, 133 met SCA criteria and were resuscitated to hospitalization (resuscitated SCAs), 

of which 86 died during hospitalization and 47 survived to hospital discharge. *Cases 

included in the POST SCD Study, but do not reflect the entirety of POST SCD cases 

because additional unwitnessed cases meeting WHO definition were included in the POST 

SCD protocol. † Unidentifiable cases (e.g., “John Doe”). ‡ Non-Sudden (n=107): end stage 

disease (n=53), skilled nursing facility (n=23), hospice (n=10), do not resuscitate (DNR) 

status (n=10), recent serious diagnosis (n=11). Not unexpected (n=108): symptoms > 1hr 

(n= 63), or suicide/trauma/overdose (n=45). OOH = Out of hospital, OHCA = Out of 

hospital cardiac arrest, POST SCD = POstmortem Systematic InvesTigation of Sudden 

Cardiac Death (POST SCD) Study, SCA = Sudden cardiac arrest.
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Figure 2. Adjudicated Causes of Resuscitated SCAs.
Etiologies of resuscitated SCAs as determined by review of EMS runsheets and 

hospitalization records after admission for resuscitated SCA. Causes of arrest were classified 

as arrhythmic (red), cardiac-nonarrhythmic (blue), and non-cardiac (green). CAD=Coronary 

Artery Disease.

Central Illustration. Underlying Causes of SCA By Resuscitation and Survival Status. 
All OHCAs between 2/1/2011 and 1/1/2015 in San Francisco County, CA were identified 

through EMS agencies. OHCAs dying in the field/ED (POST SCD cases) or non-sudden 

were excluded, to arrive at SCAs resuscitated to hospitalization. Causes of resuscitated SCA 

were determined after review of comprehensive hospital records: arrhythmic (red), cardiac/

non-arrhythmic (blue), or non-cardiac causes (green). Arrhythmic causes accounted for 

69.1% (92 of 133) of resuscitated SCAs, significantly higher than the 55.8% of SCAs 

resulting in WHO-defined (presumed) SCDs by autopsy as reported in POST SCD 

(P=0.004). Arrhythmic cause was significantly more common in survivors than non-

survivors (92% vs. 57%, P< 0.001). * N=525 total presumed SCDs as previously reported,9 

including 334 OHCAs identified in this study with initial signs of life but dying on scene/ED 

and an additional 191 EMS-attended cases in POST SCD without signs of life but with 

primary impression OHCA. † P-value survivors vs. non-survivors.
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Table 1.

Case Characteristics by Survival to Hospital Discharge

Resuscitated SCA

Case Characteristics Total (n=133) SCA Non-survivor (n=86) SCA Survivor (n=47)

P-Value (Non-
survivor vs 
Survivor)

Age (years), mean (SD) 67.4 (16.3) 70.5 (16.1) 60.3 (15.9) <0.01

Male, no. (%) 87 (65.4) 53 (61.6) 34 (72.3) 0.21

Race / Ethnicity no. (%)

 Asian 42 (31.6) 30 (34.9) 12 (25.5) 0.27

 Black 17 (12.8) 12 (14) 5 (10.6) 0.58

 Hispanic 12 (9) 8 (9.3) 4 (8.5) 0.88

 White 43 (32.3) 21 (24.4) 22 (46.8) 0.01

 Other 16 (12) 12 (14) 4 (8.5) 0.42

EMS Response Time (minutes), mean (SD) 5.5 (3.6) 5.9 (3.4) 5 (3.7) 0.23

Cooling, no. (%) 48 (36.1) 25 (29.1) 23 (49) 0.02

Witnessed, no. (%) 81 (60.9) 47 (54.7) 34 (71.7) 0.05

Initial Rhythm, no. (%)

 Agonal/idioventricular 3 (2.3) 4 (4.6) 1 (2.1) 0.66

 Asystole 22 (16.5) 24 (27.9) 3 (6.4) <0.01

 NSR 11 (8.3) 9 (10.5) 2 (4.3) 0.33

 PEA 13 (12.8) 12 (13.9) 1 (2.1) 0.03

 VT/VF 55 (41.4) 18 (20.9) 37 (78.7) <0.01

 Other 4 (3) 4 (4.7) 0

History of, no. (%)

 Hypertension 74 (55.6) 53 (61.6) 21 (44.6) 0.06

 Diabetes Mellitus 35 (26.3) 23 (26.7) 12 (25.5) 0.88

 Dyslipidemia 44 (33.1) 29 (33.7) 15 (31.9) 0.83

 Myocardial Infarction 14 (10.5) 7 (8.1) 7 (14.9) 0.23

 Congestive Heart Failure 24 (18) 19 (22.1) 5 (10.6) 0.10

 Atrial Fibrillation/Flutter 21 (15.8) 16 (18.6) 5 (10.6) 0.23

 Aortic Stenosis 7 (5.3) 6 (7) 1 (2.1) 0.42

 HIV 4 (3) 2 (2.3) 2 (4.3) 0.61

 Chronic Kidney Disease 11 (8.3) 9 (10.5) 2 (4.3) 0.33

 Seizure 1 (0.8) 1 (1.2) 0

 Psychiatric Illness 14 (10.5) 10 (11.6) 4 (8.5) 0.77

 COPD 6 (4.5) 4 (4.7) 2 (4.3) 0.92

 Non-metastatic Cancer 12 (9) 9 (10.5) 3 (6.4) 0.54

 Prior Stroke 19 (14.3) 18 (20.9) 1 (2.1) <0.01

 Migraines 3 (2.3) 1 (1.2) 2 (4.3) 0.25

Alcohol Use, no. (%) 26 (19.5) 15 (17.4) 11 (23.4) 0.41

Tobacco Use, no. (%) 27 (20.3) 19 (22.1) 8 (17) 0.49

Illicit Drug Use, no. (%) 3 (2.3) 1 (1.2) 2 (4.3) 0.25
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Resuscitated SCA

Case Characteristics Total (n=133) SCA Non-survivor (n=86) SCA Survivor (n=47)

P-Value (Non-
survivor vs 
Survivor)

Medications, no. (%)

 Anticoagulation 21 (15.8) 16 (18.6) 5 (10.6) 0.23

 Anti-platelet 26 (19.5) 15 (17.4) 11 (23.4) 0.41

 ACE/ARB 32 (24.1) 19 (22.1) 13 (27.7) 0.47

 Diuretic 18 (13.5) 11 (12.8) 7 (14.9) 0.73

 Beta Blocker 32 (24.1) 21 (24.4) 11 (23.4) 0.90

 Statin 33 (24.8) 20 (23.3) 13 (27.7) 0.57

 CCB 13 (9.8) 12 (14) 1 (2.1) 0.03

  Amlodipine 9 (6.8) 9 (10.5) 0

  Nifedipine 1 (0.8) 1 (1.2) 0

  Diltiazem 2(1.5) 1 (1.2) 1 (2.1)

 Metformin 10 (7.5) 5 (5.8) 5 (10.6) 0.32

 PPI 13 (9.8) 8 (9.3) 5 (10.6) 0.77

 SSRI 8 (6) 8 (9.3) 0 0.05

 Insulin 4 (3) 4 (4.7) 0 0.30

 Anti-epileptic 2 (1.5) 2 (2.3) 0 0.54

 Bronchodilator 4 (3) 3 (3.5) 1 (2.1) 0.66

 Methadone/opiate 5 (3.8) 4 (4.7) 1 (2.1) 0.46

 ARV 4 (3) 1 (1.2) 3 (6.4) 0.13

A Bolded P-values are less than or equal to 0.05. ACE= Angiotensin Converting Enzyme Inhibitor, ARB= Angiotensin Receptor Blocker, ARV= 
Antiretroviral, CCB=Calcium Channel Blocker, COPD= Chronic Obstructive Pulmonary Disease, HIV= Human Immunodeficiency Virus, NSR= 
Normal Sinus Rhythm, PEA= Pulseless Electrical Activity, PPI= Proton Pump Inhibitor, SSRI=Selective Serotonin Reuptake Inhibitor, VT/VF= 
Ventricular Tachycardia/Ventricular Fibrillation.
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Table 2.

Adjudicated Etiologies of Resuscitated SCAs by Survival to Discharge Resuscitated SCA.

Resuscitated SCAs

Case of Arrest Total (n=133) Non-survivors (n=86) Survivors (n=47) P-Value (survivor vs Non-Survivors)

Arrhythmic, no. (%) 92 (69.1) 49 (57) 43 (91.5) <0.01

 Acute CAD 53 (39.8) 31 (34.9) 22 (46.8) 0.11

 Chronic CAD 22 (16.5) 13 (16.3) 9 (19.1) 0.68

 Cardiomyopathy 5 (3.8) 2 (2.3) 3 (6.4) 0.35

 Hypertrophy 0 0 0

 Primary Electrical Disease 7 (5.3) 2 (2.3) 5 (10.6) 0.10

 Other Cardiac, arrhythmic 5 (3.8) 1 (1.2) 4 (8.5) 0.05

Non-arrhythmic/Cardiac 5 (3.8) 2 (2.3) 3 (6.4) 0.61

Non-Cardiac 36 (27.1) 35(40.7) 1 (2) <0.01

 Acute Renal Failure 0 0 0 0.55

 Aortic Dissection 3 (2.3) 3 (3.5) 0

 Aspiration/Asphyxia 2 (1.5) 2 (2.3) 0 0.54

 Chemical Overdose 0 0 0

 GI Hemorrhage/Other GI 0 0 0

 Hypo/Hyperglycemia/DKA 0 0 0

 Infection 3 (2.3) 3 (3.5) 0 0.55

 Neurological 24 (18) 24 (27.9) 0 <0.01

 Pulmonary Embolism 3 (2.3) 2 (2.3) 1 (2) 1

 Other Non-Cardiac 1 (0.8) 1 (1.2) 0 1

Adjudicated etiologies of resuscitated SCAs surviving to hospital admission after review of comprehensive hospitalization records (69.2%=cardiac 
arrhythmic, 27.1%=Noncardiac, 3%= Cardiac Non-arrhythmic. Non-Survivor. Adjudicated etiologies of resuscitated SCAs who died during initial 
inpatient hospitalization (55.8%= Cardiac-arrhythmic, 41.9%=Non-cardiac, 2.3%=Cardiac Non-arrhythmic). Survivor.Adjudicated etiologies of 
resuscitated SCAs who survived to hospital admission (91.5%= Cardiac-arrhythmic, 4.3%=Cardiac Non-arrhythmic, 2%=Non-cardiac). Bolded P-
values are less than or equal to 0.05. CAD=Coronary Artery Disease, DKA=Diabetic Ketoacidosis, GI=gastrointestinal, SCA=Sudden Cardiac 
Arrest.
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Table 3.

Independent Predictors of Survival to Discharge after Admission for Resuscitated SCA

Predictor Adjusted Odds Ratio (95% CI) P-Value

Race/Ethnicity

 White 3.6 (1.2–10.5) 0.02

Presenting Rhythm

 VT/VF 13.4 (4.4–40.8) <0.01

History Of

 Stroke 0.06 (0.01–0.59) 0.02

Medications

 CCB 0.08 (0.01–1.01) 0.05

Arrhythmic Etiology 4.6 (1.3–16.4) 0.02

CCB= Calcium Channel Blocker, CHF= Congestive Heart Failure, VT/VF= Ventricular Tachycardia/Ventricular Fibrillation.
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