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Abstract
Background—Sudden cardiac death (SCD) remains a major public health problem; however, its
true burden remains unknown with widely variable estimates of its incidence. We aimed to
examine the contemporary epidemiology and autopsy characteristics of SCD in an ethnically
diverse community.

Methods—3 physicians reviewed all deaths age ≥ 20 years reported to the San Francisco
Medical Examiner (ME) in 2007 for presentations fitting WHO SCD criteria -- within 1 hour of
symptom onset (witnessed) or within 24 hours of being observed alive and symptom-free
(unwitnessed). After comprehensive review of ME investigation, WHO SCDs were classified as
sudden arrhythmic death (SAD) or non-arrhythmic death. Coronary artery disease (CAD) and
cardiac mass were evaluated in all SADs undergoing autopsy and compared to demographically
similar accidental trauma control deaths.

Results—We identified 252 WHO SCDs; 145 were SADs. Men had a 2.2-fold higher SAD rate
(p<0.0005). Blacks had a 3.15-fold higher SAD rate compared to Caucasians (p = 0.003).
Significant CAD was present in 38.9% of SADs and associated with higher SAD risk compared to
control deaths (OR 2.58, 95% CI 1.12–5.97, p=0.026). Mean cardiac mass was linearly associated
with risk for SAD in cases without significant CAD (OR 2.06 per 100g, 95% CI 1.43–2.98,
p<0.0005).
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Conclusions—In a diverse, urban population, SAD incidence varied substantially by gender and
race. Significant CAD accounted for far fewer SADs than previous studies, but remained
associated with a 2.6-fold higher risk as compared to control deaths. These findings may reflect
the evolving contemporary epidemiology of SCD.
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Introduction
Sudden cardiac death (SCD) is a feared threat to public health and one of the leading causes
of mortality in the United States. Current estimates of its incidence range from 184,000 to
450,000 per year, accounting for up to 15% of total mortality in the United States.1–3 The
majority of SCDs occur out-of-hospital in patients for whom SCD is the initial and lethal
manifestation of coronary artery disease (CAD).4–6 Despite numerous advances in
prevention and treatment of heart disease in the last 30 years, rates of SCD remain high.7
Recent epidemiologic studies of SCD have examined homogeneous and largely Caucasian
populations employing variable definitions of SCD ranging from 1 to 24 hours of symptom
onset. No contemporary data exist on SCD in ethnically diverse communities.

The objective of our study was to examine the contemporary characteristics and underlying
etiologies of SCD in a diverse, urban community (San Francisco County) after usual
comprehensive Medical Examiner evaluation. We take advantage of the County Medical
Examiner’s Office as a robust surveillance method for every incident out-of-hospital SCD as
defined by World Health Organization (WHO) criteria. We then sought to evaluate CAD
and cardiac mass as risk factors for SCD as compared to a demographically similar group of
control deaths, accidental trauma deaths, already undergoing autopsy. We hypothesized that:
(1) the standard WHO criteria for SCD are highly inaccurate for actual sudden arrhythmic
death (SAD), (2) rates of SAD in San Francisco differ substantially by race and gender, and
(3) CAD has decreased in prevalence as the primary cause for SAD in our diverse
population in the modern era.

Methods
Setting

San Francisco, California has a population of 757,604 (2007 est., 676,305 ≥ 20 years old
and encompasses 46.69 square miles. The population is 52.2% male, 44.7% Caucasian,
6.7% Black, 14.0% Hispanic, 31.5% Asian, and 3.1% other (including American Indian,
Alaska Native, Hawaiian, or Pacific Islander). Eighty-one percent of people have at least a
high school degree, and 45% hold a college degree or higher, but over 10% of the
population live below the poverty level.10 San Francisco is served by a single county
Medical Examiner (ME), and all out-of-hospital deaths occurring within San Francisco are
required by California law to be reported to the ME. In addition, all deaths without a
physician willing or able to determine cause of death (which encompasses nearly all
emergency department deaths) are reported and accepted as cases by the ME. For all cases,
the ME undertakes standard procedure for collecting pertinent information (including past
medical history, paramedic reports, emergency department records, hospital records, and
scene investigation) prior to the determination for performing a full autopsy or a more
limited external examination.

This work was supported by grants from the National Center for Research Resources
(NCRR), a component of the National Institutes of Health (NIH) and NIH Roadmap for
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Medical Research (KL2 RR024130) and the National Heart, Lung, and Blood Institute (R01
HL102090–01A1), both to ZHT. The authors are solely responsible for the design and
conduct of this study, all study analyses, the drafting and editing of the paper, and its final
contents.

Identification of WHO SCDs
All deaths reported to the ME and accepted as cases between January 1, 2007 and December
31, 2007 were reviewed by a panel of 3 physicians to identify all out-of-hospital SCDs for
individuals ≥ 20 years. We also reviewed the death certificates of all deaths not reported to
the ME to ascertain any out-of-hospital SCDs missed by the ME. The University of
California, San Francisco Committee on Human Research approved this study protocol.
Asian, black, Caucasian, or Hispanic ethnicity was determined by standard ME protocol --
using family report and/or pre-mortem self-report (when available). For all deaths reported
to the ME, a narrative of circumstances and details at the time of death presentation were
available. SCD was defined using WHO criteria: sudden, unexpected natural death in a
person without any previous condition that would seem fatal and who died within 1 hour of
symptom onset (event witnessed) or within 24 hours of having been observed alive and
symptom-free (event unwitnessed).11 SCD cases were identified based solely on their
characteristics at presentation to the ME as an out-of-hospital SCD. Deaths were excluded if
they had a known history of non-cardiac chronic terminal illness (e.g., terminal cancer, end-
stage renal disease) on the basis that such deaths were not unexpected. We also excluded
deaths with an identifiable non-cardiac etiology (e.g., obvious recent drug use) on scene. We
did not exclude patients based on other medical history including presence or absence of
diabetes mellitus, hypertension, or other chronic non-terminal illnesses. For these WHO
defined SCDs, we then performed a comprehensive review taking into account
circumstances of death, available prior medical records, ME investigation (e.g. family and
witness interviews), toxicology, and available autopsy data. Using these comprehensive
data, WHO SCDs were adjudicated by the panel as either SAD or non-arrhythmic sudden
deaths (e.g., congestive heart failure deaths, drug overdose, pulmonary embolism, occult
cancer, etc.). Thus, SAD was defined as any SCD which met WHO criteria and no obvious
non-arrhythmic cardiac cause of death was found (e.g., tamponade, myocardial rupture,
acute valve failure, etc.).

Autopsy Evaluation and Comparison to Control Accidental Trauma Deaths
Autopsies were performed at the discretion of the ME upon receiving the case and typically
performed when external examination alone does not reveal cause of death. Routine
toxicology screening of urine, blood, liver tissue, and heart tissue for drugs was performed
per standard ME practice. To estimate the prevalence of CAD and cardiac mass in the
general population at risk for SCD, we identified a control group of demographically similar
non-SCDs, accidental trauma deaths, the large majority of which underwent autopsy. All
such accidental traumatic deaths of individuals age ≥ 20 years occurring in San Francisco in
2007 and receiving autopsy were included. We excluded homicides and suicides due to
important differences in demographic characteristics and prevalent disease(s). Accidental
trauma deaths are likely to occur randomly and by definition such deaths are not due to any
underlying medical condition(s).

Hearts were excised and weighed. The major epicardial arteries and their main branches
were cut transversely at 2-mm intervals and decalcified before sectioning if necessary. All
segments were grossly examined for presence of luminal thrombus. Segments that had
>50% cross-sectional luminal stenosis by visual inspection were submitted for light
microscopy, histological examination, and morphometric measurements. Significant CAD
was defined as ≥75% cross-sectional area reduction in at least one coronary artery; mild
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CAD was defined as < 75% area reduction in all coronary arteries. Active coronary lesion
was defined as presence of disrupted coronary plaque, including erosion or rupture, luminal
thrombus, or both.12

Statistical Methods
We used Poisson models to compare SAD incidence rates by gender and race/ethnicity;
robust rather than model-based standard errors were used to account for over-dispersion of
the outcome. In the case-control sample, we used a logistic model to assess the independent
association of CAD with SAD, and linear models to evaluate the joint influence of case/
control status and CAD on cardiac mass, both overall and allowing for interaction with case/
control status. In the linear model, we accounted for non-linear age effects using a restricted
cubic spline.

Results
Rates of WHO SCD and SAD

During the study period, 6246 deaths occurred in San Francisco; 4258 deaths were reported
to the San Francisco medical examiner, 1988 were not reported. Death certificates of all
1988 deaths not reported were examined for place and any cardiac cause(s) of death in an
attempt to identify out-of-hospital SCDs missed by ME surveillance. 90 of these 1988
deaths had primary cardiovascular cause of death; of these, 89 occurred in the inpatient,
hospice, or nursing home setting. Thus only 1 possible out-of-hospital SCD identified by
standard death certificate criteria was potentially missed by ME surveillance.

The ME accepted 1420 of 4258 deaths as cases; deaths not accepted as cases were deaths in
hospital inpatients (exclusive of emergency department deaths), hospice, and subjects who
were in recent (within 21 days) physician attendance. From these 1420 deaths, we identified
252 cases of WHO-defined SCD (incidence of 37.3 per 100,000; mean age 62.2 years,
70.2% male), accounting for 4.4% of overall mortality (see Figure 1 and Table 1). Of these
252 WHO SCDs, 156 deaths were determined to be due to cardiac etiology. Autopsies were
performed in 108 of 252 (43%) WHO SCDs; 40% of autopsied and 71% of non-autopsied
WHO SCDs were determined to be due to arrhythmic etiology (see Figure 2). Eleven deaths
were due to non-arrhythmic cardiac causes -- 9 due to congestive heart failure (massive
pulmonary edema), and 1 each due to tamponade and acute aortic insufficiency. Thus SAD
accounted for 145 of the 252 WHO-defined SCDs, representing an incidence of 21.4 per
100,000 persons and a positive predictive value for WHO criteria for arrhythmic etiology of
57.5%. No cases of hypertrophic cardiomyopathy, arrhythmogenic right ventricular
dysplasia, or anomalous coronary arteries were found. The most common non-cardiac
causes in WHO SCDs were drug or alcohol overdose found by positive toxicology (47),
followed by pulmonary causes (14) and occult metastatic cancer (6).

Rates of SAD by Ethnicity
Among WHO SCDs determined to be of arrhythmic etiology (SADs), incidence was 2.2-
fold higher among men (29.4 per 100,000 vs. women 13.1 per 100,000 p<0.0005) (see
Figure 3). Rates of SAD were highest among black men (70.9 per 100,000) and lowest
among Hispanic females (7.9 per 100,000). Blacks (7.4% of SF population) suffered a 3.15-
fold (95% CI: 1.49–6.67, p = 0.003) higher rate of SAD compared to Caucasians (43.8% of
S.F. population); the comparable rates for Asians and Hispanics were 0.94 (95% CI: 0.37–
2.42, p = 0.90) and 0.67 (95% CI: 0.27–1.69, p = 0.40) that of the reference Caucasian rate,
respectively.
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Coronary Artery Disease in SADs and Trauma Control Deaths
We identified 145 SADs and 228 accidental trauma controls (Table 1). Of these, 36 SADs
(mean 53.9 years, 80.5% male) and 191 controls (mean 49.2 years, 72.7% male) underwent
autopsy evaluation for CAD and cardiac mass. Due to decomposition or other technical
factors such as significant cardiac trauma (37 controls), CAD was not evaluated in all
autopsied cases. Significant CAD was found in 14 SADs (38.9%) and 38 controls (19.9%), p
= 0.018 (see Figure 4). Only 1 of 36 (2.7%) SADs and none of 191 controls had an active
coronary lesion, p=0.16. In a logistic model adjusting for age, sex, race, and BMI, the OR
for the association of significant CAD with SAD was 2.58 (95% CI 1.12–5.97, p=0.026).

Cardiac Mass in SADs and Trauma Control Deaths
Mean cardiac mass was higher in SADs compared to controls by 75.1g (95% CI 37.4–112.9,
p<0.0005), after adjustment for age, sex, race/ethnicity, and BMI; however, this difference
varied by presence of significant CAD on autopsy (interaction p=0.026). Specifically,
cardiac mass was significantly higher in SADs than controls among persons without
significant CAD (difference 99.2g, 95% CI 54.1–144.3, p<0.0005), but was similar among
those with significant CAD (difference 19.4g, 95% CI 37.7–76.6, p=0.50) (see Figure 5).
After adjustment for age and BMI, cardiac mass was linearly associated with risk for SAD:
OR 2.06 per 100 g among persons without significant CAD, 95% CI 1.43–2.98, p<0.0005;
OR 1.25 per 100 g among those with significant CAD, 95% CI 0.81–1.92, p=0.32; p=0.08
for interaction with significant CAD. Results were similar in analyses using cardiac mass
index (cardiac mass divided by BMI), rather than regression adjustment for BMI.

Discussion
This investigation sought to determine the characteristics of SCD in an ethnically diverse,
urban community which may presage forthcoming rapid national demographic shifts in the
United States in which no majority ethnicity is projected by 2042.13 Using a robust
surveillance method for all consecutive SCDs fitting standard, widely accepted WHO
criteria, we found a rate of WHO SCD that is comparable to recent estimates. Only 1 (0.4%)
possible out-of-hospital SCD was not reported to the ME. After excluding non-cardiac and
nonarrhythmic causes by ME investigation, true SAD accounted for only 57.5% of WHO
SCDs. SAD varied substantially by gender and race with higher incidence in men and
blacks. Among SADs undergoing autopsy, significant CAD accounted for 38.9% of cases,
less than half of historical estimates, but was still associated with a 2.6-fold higher risk of
SAD as compared to accidental trauma control deaths. Cardiac mass was also significantly
higher in SADs as compared to controls, but linearly associated with risk for SAD among
only those without CAD.

The somewhat lower rate of SAD may be due to several factors and reflect recent trends: (1)
the effects of contemporary treatment of heart disease, including recent widely adopted
primary prevention implantable cardioverter defibrillators (ICDs) in patients with heart
failure (2) earlier recognition of sudden cardiac arrest (SCA) resulting in bystander and early
resuscitation, (3) the diversity of the San Francisco population which has a significant
proportion of Asian and Hispanic residents, both with lower rates of SCD as compared to
Caucasians, (4) the exclusion of SCA survivors, who have been included in some studies,
and (5) a concerted effort to exclude non-cardiac sudden deaths by reviewing all records to
exclude cases with a known terminal illness or with obvious signs of a non-cardiac cause of
death. These factors together may explain the observed lower incidence of true SAD as
compared to older estimates of SCD/SCA in more homogeneous populations.
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Our findings corroborate previous studies that have also demonstrated the poor specificity of
the WHO definition of SCD for SAD, the most relevant phenotype from a public health
standpoint and the only one prevented by ICDs. This study highlights the need for
refinement of criteria for identification of SCD as true arrhythmic etiology (SAD) accounted
for just over half of SCDs as defined by standard, widely accepted criteria. Despite attempts
to exclude suspected and obvious non-cardiac deaths prior to autopsy, a non-cardiac cause
of sudden death was found in nearly two-thirds of all autopsied WHO SCDs.

By midcentury, Caucasians are estimated to no longer represent the majority ethnic group in
the United States, with rapid increases in Hispanic and Asian populations.13 As the
population diversifies, investigation in diverse communities is essential to further define
racial differences in disease. We demonstrate that Asians and Hispanics (combined 46% of
SF population) have significantly lower rates of SCD and SAD while blacks have a greater
than 3-fold higher rate as compared to Caucasians. Indeed, this may partially explain an
overall WHO SCD rate (37.3/100,000) more comparable to rates recently observed in
homogeneous Asian populations (Okinawa, Japan: 37/100,00017) than predominantly
Caucasian populations (Oregon, USA: 53/100,000,9 Ireland: 51.2/100,00016). A higher rate
of SCD in blacks has been previously noted but has been reported inconsistently. While our
study confirms these prior observations, further investigation is needed to determine the
reason(s) for this disparity.

It has been reported that acute coronary-related events account for the majority of sudden
cardiac deaths in the adult population and prior research suggests that approximately 80% of
adults with SCD have severe CAD.21–26 However, in this community-based study, only one
of 36 autopsied SADs had an active coronary lesion as the cause of SAD while significant
CAD was found in fewer than 40% of SADs. Nevertheless, significant CAD still imparted a
2.6-fold higher risk of SCD as compared to accidental trauma deaths. These results are in
notable contrast to the 80% prevalence of significant CAD found in a recent autopsy series
of 71 sudden unexpected deaths in adults aged 25–64 years in Minnesota between 2001–
2004.8 However, the case definition used in that study, a symptom duration up to 24 hours,
may bias towards ischemic (i.e., pump failure or acute MI) rather than arrhythmic causes of
death, whereas the WHO definition (symptom onset < 1 hour) may be more specific for
SAD, whether ischemic or non-ischemic. In addition, as with prior reports on the prevalence
of CAD in SCD,21–26 cases were uniformly Caucasian (96%) and male (86%); thus
considerable differences in case demographics and definition may together account for the
disparity in CAD prevalence found in sudden deaths in Minnesota vs. San Francisco.
Another possibility is that we have underestimated the contribution of CAD due to the
exclusion in our analysis of WHO SCDs deemed cardiac/arrhythmic without autopsy.
Indeed, 40% of autopsied WHO SCD cases were determined to be arrhythmic in etiology
compared to 71% of non-autopsied WHO SCD cases. This suggests that cases in which
CAD was thought to be a more likely cause of SCD were less likely to undergo full autopsy.
On the other hand, the fact that 60% of autopsied SCDs found non-cardiac cause suggests
that many of the SCDs deemed arrhythmic without autopsy may actually have been non-
cardiac had autopsy been performed.

Previous autopsy series of selected SCDs have reported inconsistent findings with regard to
cardiac mass. In our population, we found a higher mean cardiac mass in SADs as compared
to controls but this difference varied by the presence of significant CAD. We demonstrate a
specific linear relationship between cardiac mass and increased SAD risk among those
without significant CAD, but not in those with significant CAD. Cardiac mass may therefore
be a useful adjunct in risk stratification for SAD in those without CAD.
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Strengths and Limitations
The major strength of this study is the use of a robust surveillance method for nearly all
SCDs in a diverse, urban community, incorporating comprehensive analysis including
autopsy to provide data not available in prior studies based on death certificate measures of
SCD. The study is limited by its retrospective design and an autopsy rate of 43% for WHO
SCDs, although this is notably more than triple the respective 11.6% and 14% autopsy rates
of SCDs in the recent studies of community SCDs in Oregon9 and sudden deaths in
VALIANT,28 and similar to the 62% autopsy rate in the Minnesota study.8 As a
retrospective study, our data are also limited by the standard practice of the medical
examiner in the reviewed year. Of the 4258 deaths reported to the ME in 2007, 1420 were
accepted as ME cases. In San Francisco, all out-of-hospital deaths, including deaths
occurring in the emergency department, require report to the ME. Cases not accepted were
typically inpatient hospital deaths, hospice deaths, and deaths for whom a primary physician
was willing to sign a death certificate, usually because death was expected (e.g. metastatic
cancer) or the patient was seen within 21 days of death. Thus, we may have missed a
number of SCDs for which a physician signed a death certificate with assumed cardiac
cause. However, we have likely captured the large majority of SCDs in 2007 as evidenced
by a SCD incidence which is comparable to other recent reports.

Conclusions
In summary, our results demonstrate the low specificity of WHO criteria for true arrhythmic
sudden death, substantial ethnic and gender differences in burden of disease, a far lower
contribution of CAD to SAD than previous reports in homogeneous populations, and the
potential role for cardiac mass in risk stratification of SAD for those without CAD. These
findings illustrate the evolving, contemporary epidemiology of SAD in a diverse population.
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SCD Sudden cardiac death

SAD Sudden arrhythmic death

SCA Sudden cardiac arrest

CAD Coronary artery disease

PE Pulmonary embolism

ESLD End-stage liver disease

ESRD End-stage renal disease

CHF Congestive heart failure.

ME Medical examiner

WHO World Health Organization
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Figure 1.
Determination of Sudden Arrhythmic Deaths
SF ME = San Francisco Medical Examiner; WHO = World Health Organization; SCD =
Sudden cardiac death; SAD = Sudden arrhythmic death; PE = Pulmonary embolism; ESLD
= End-stage liver disease; ESRD = End-stage renal disease, CHF = Congestive heart failure.
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Figure 2.
Stratification of WHO SCDs by Autopsy Status
SAD = Sudden arrhythmic death; SD = Sudden death; CHF = Congestive heart failure; PE =
Pulmonary embolism; AI = Aortic insufficiency
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Figure 3.
Rates of SAD and WHO SCD by Gender and Ethnicity
RR is for SAD. RR = relative risk; SAD = Sudden arrhythmic death; SCD = Sudden cardiac
death
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Figure 4.
Coronary Artery Disease in Autopsied SADs and Controls
OR = Odds ratio; SAD = Sudden arrhythmic death; CAD = Coronary artery disease; Control
= Accidental trauma death
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Figure 5.
Mean Cardiac Mass in Autopsied SADs and Controls
Diff = Mean difference in cardiac mass; SAD = Sudden arrhythmic death; CAD = Coronary
artery disease; Control = Accidental trauma death
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