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Abstract

Introduction—Sudden cardiac death (SCD) is a large public health problem that warrants on-
going evaluation in the general population. While single-year community-based studies have been
performed there is a lack of studies that have extended evaluation to multiple years in the same
community.

Methods and Results—From the on-going Oregon Sudden Unexpected Death Study, we
analyzed prospectively identified SCD cases in Multnomah County, Ore, (population ~700,000)
from February 1, 2002 to January 31, 2005. Detailed information ascertained from multiple
sources (first responders, clinical records and medical examiner) was analyzed. A total of 1,175
SCD cases were identified (61% male) with a mean age of 65+18 yrs for men vs. 70+20 for
women (P <0.001). The overall incidence rate for the period was 58/100,000 residents/year. One-
quarter (24.6%) were <55 yrs of age. The most common initial rhythm was ventricular tachycardia
or fibrillation (39% of cases, survival 27%) followed by asystole (36%, survival 0.7%) and
pulseless electrical activity (23%, survival 6%). Among subjects that underwent resuscitation, the
rate of survival to hospital discharge was 12% and overall survival to hospital discharge
irrespective of resuscitation was 8%. Of the 68 survivors, 16 (24%) received a secondary
prevention ICD.

Conclusion—We report annualized SCD incidence from a multiple-year, multiple-source
community-based study, with higher than expected rates of women and subjects age <55 yrs. The
low implantation rate of secondary prevention ICDs is likely to be multifactorial, but there are
potential implications for re-calibration of the projected need for ICD implantation; larger and
more detailed studies are warranted.
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Introduction

Methods

Sudden cardiac death (SCD) is estimated to claim 250,000-300,000 lives annually in the
U.S. with significant implications for public health and cost of health care 1 2, Since the
vast majority of such deaths occur unexpectedly in the field (as opposed to health care
facilities) there is a well-recognized need to perform large and detailed population-based
evaluations. Due to the challenging nature of sudden cardiac arrest (SCA) with
approximately 95% mortality, recent consensus reports have highlighted the need for large
studies that employ systematic and comprehensive methodology with consistent definitions
for SCD 3 4.

The Oregon Sudden Unexpected Death Study (Oregon SUDS) is a population-based
evaluation of SCD among the residents of the Portland, Oregon metropolitan area ongoing
since February 1, 2002. We have previously reported the annual incidence of SCD in this
community for a single year (Feb 1, 2002-January 31, 2003) and our findings highlighted
the importance of prospective, multiple source evaluation for an accurate assessment of SCD
burden °. Comparisons with death-certificate methodology demonstrated that retrospective
methods of surveillance resulted in significant over-estimation (by at least 200%) as well as
inaccuracy (positive predictive value 19%) of SCD burden. However, there remains a lack
of studies that report evaluation and trends over multiple years in the community 3 4. Other
knowledge gaps in the epidemiology of SCD relate to evaluation of gender and race-
ethnicity differences in SCD burden, a more detailed evaluation of the younger (<55 years
old) population and utilization of secondary prevention ICDs in the community. We
therefore extended the epidemiology analysis from the Oregon SUDS to 3 years with a
particular focus on these knowledge gaps.

All aspects of this research were approved by the Institutional Review Boards of the Cedars-
Sinai Health System, Oregon Health and Science University, as well as all other
participating institutions. The Ore-SUDS is an on-going, prospective, community-wide
study of out-of-hospital SCD for which methods have been described in detail

previously 5 6. In brief, the study evaluates residents of the Portland, Oregon metropolitan
area with a total population of ~1,000,000. However, for the present analysis, the population
was limited to Multnomah County, Oregon the largest subset of the metro area residents
(population ~700,000).

Case ldentification and Ascertainment

Out-of-hospital cardiac arrest cases are identified through multiple sources: Emergency
Medical Response Services (EMS), the Medical Examiner’s office, and all local hospitals.
EMS for Multnomah County consists of a two-tier advanced cardiac life support system
with fire department as well as ambulance company first responders. All available medical
records (including EMS and Medical Examiner records) were obtained for each subject and
used for detailed analysis of clinical data. Mode of death was evaluated and a diagnosis of
SCD assigned by a majority consensus review following an independent in-house
adjudication by 3 physicians, who closely evaluated the circumstances of SCD in
combination with all available clinical data (including autopsy examination if available).
Cases with non-cardiac cause of SCD, terminal illness, or drug overdose were excluded.
SCD was defined as an ‘unexpected death without obvious extra-cardiac cause, occurring
with a rapid witnessed collapse, or if unwitnessed, occurring within 1 hour after the onset of
symptoms’ 3. We also included cases of probable SCD (“an unexpected death without
obvious extra-cardiac cause that occurred within the previous 24 hours’) and SCA (‘SCD
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cases in which specific resuscitation records are available or the individual has survived the
cardiac arrest event’) 3,

All Multnomah County residents were included for calculation of incidence rates and basic
demographic data. For detailed analysis, subjects <18 years of age were excluded since these
data have been reported previously /.

The presenting arrhythmia was defined as the first documented rhythm at the time of SCA
manifestation, obtained from the EMS record. Ventricular tachycardia (VT) and ventricular
fibrillation (VF) were defined as pulseless conditions with typical electrocardiographic
patterns. Pulseless electrical activity (PEA) was defined as a pulseless condition in the
presence of organized electrocardiographic activity. Asystole was defined by absence of
both pulse and electrical activity on cardiac monitoring. Response time was calculated as the
time from dispatch of EMS to their arrival on the scene in contact with the patient and was
treated as a continuous variable. Return of spontaneous circulation (ROSC) was defined as
return of a palpable pulse in conjunction with a systolic blood pressure of >60 mm Hg 8- °.
Survival rate was defined as the number of SCA cases discharged alive from hospital
divided by the total number of SCA cases. The incidence is reported annually for the each
year and calculated as the total number of SCA cases divided by the total number of
residents per 100,000. Data on the total number of inhabitants of Multnomah county were
obtained from the US Census Bureau 10,

Coronary artery disease (CAD) was defined as 50% lumen stenosis on coronary angiogram
prior to SCD event or identified at autopsy, or a history of myocardial infarction or coronary
vascularization. A history of clinical conditions such as hypertension, hyperlipidemia, and
diabetes mellitus were obtained from the detailed clinical records. In survivors, data on left
ventricular (LV) function, assessed by echocardiography or LV angiography following, but
unrelated to the cardiac arrest, was obtained from the medical records and presented as LV
ejection fraction (LVEF). Body mass index (BMI) was calculated as mass (kg) divided by
the height squared (m?2).

Statistical Analysis

Results

Continuous variables were expressed as mean values + standard deviation (SD). Significant
differences between groups were determined by using two-sided independent-sample
Wilcoxon rank sum test for continuous variables and Fisher’s exact test for discrete
variables. For all analyses, a value of £<0.05 was considered statistically significant. All
statistical analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC).

Description of SCD cases and Incidence Rates

Between February 1, 2002 and January 31, 2005, a total of 1,175 cardiac arrest cases were
identified in Multnomah County that met the criteria for SCD. Cases were identified by the
EMS in the vast majority (73%) and by the medical examiner’s office in 26%. The
remainder (1%) were identified by local hospital emergency departments. SCD cases were
comprised of 714 men (61%) and 461 women (39%). The mean age was 65 + 18 years for
men and 7020 for women (P<0.001). One quarter (24.6%) were <55 years and 43% were
<65 years (Figure 1). The vast majority of the study population were Caucasian (83%),
followed by African Americans (9%), and other ethnicities (6%).
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The overall mean incidence rate for the period was 58 per 100,000 inhabitants per year (men
70 per 100,000 and women 45 per 100,000). The incidence rate for each specific year during
the follow-up period is presented in Figure 2.

Circumstances of Cardiac Arrest

The majority of SCDs (72%) took place in the home (Figure 3). Forty-seven percent of
arrests were witnessed and 53% were unwitnessed. There were no significant differences in
age or gender between witnessed vs. unwitnessed cases. Resuscitation was attempted more
often in the witnessed cases (91% vs. 35%, P<0.0001). The overall mean response time was
5.9 £ 2.9 minutes and there was no difference in response times between SCD at home or
outside the home (P=0.18).

The presenting rhythm was available for 759 subjects, comprising 65% of overall cases and
95% of those for whom resuscitation was attempted. VT/VF was observed in 297 subjects
(39% of all cases with data available), PEA in 172 (23%), and asystole in 273 (36%). In 13
cases bradycardia was reported and in 4 cases the rhythm was denoted ‘Other’ (e.g., paced
rhythm). The survival rate to hospital discharge for victims found with VT/VF was 27%, for
PEA 6%, and for asystole 0.7%. There was no difference in response time between VT/VF
and PEA/asystole groups (5.8+2.5 vs. 6.0+£3.1 min, P=0.95). Subjects with PEA or asystole
were older than those with VT/VF (67+20 vs. 6516 years; P=0.0073) and more likely to be
female (42% vs. 31%, P=0.01).

Resuscitation Outcomes and Clinical Characteristics

The overall adult SCA survival rate to hospital discharge irrespective of resuscitation was
8% (95 of 1165 cases with available outcome data). Resuscitation was attempted in 58% of
all cases (n=559). In this group, ROSC was observed in 30% and 12% were discharged
alive. The survival rate was 14.5% and 0.8% for witnessed and unwitnessed cases,
respectively. Survival rates also differed when comparing events occurring at home and
outside the home (4.5% vs. 13.4%). Moreover, bystander CPR was more commonly
performed outside the home than at home (21.9% vs. 9.4%). The overall survival rate after
bystander CPR was 20.6% (26 of 126 individuals survived to hospital discharge). When
comparing survivors and non-survivors, the former group was younger (64.5+14.8 vs.
68.7+15.5 years, P=0.041), but there was no significant difference between the two groups
regarding gender distribution (P=0.30). Response time was similar for both groups (P=0.59).
However, survivors were more likely to have undergone bystander CPR (38% vs. 11%,
P<0.0001). The circumstances and outcomes from SCA are summarized in Figure 3.

Detailed Characteristics of Survivors

Of the 68 survivors, 16 (24%) had an ICD implanted. This small subgroup consisted of 37
men and 31 women (P=0.18).

On comparing the 16 recipients of a secondary prevention ICD with the 52 non-recipients,
the ICD group was younger (56+18 vs. 67+13 yrs, P=0.010), with a trend toward higher
proportion of men (Table). Among the non-recipients, there was a trend towards a greater
proportion of individuals discharged to a skilled nursing facility and a non-significant higher
rate of significant co-morbidities (Table). Revascularization (PCI or CABG), indicating an
ischemic etiology of the cardiac arrest, was performed in 31% of the patients that later
received a secondary prevention ICD and in 35% of non-recipients, respectively (P=1.0).
There was no evidence (from available ECGs, echocardiograms, autopsy findings, or
medical records) of underlying primary arrhythmia syndromes (idiopathic ventricular
fibrillation, long- or short-QT syndrome, cathecolaminergic polymorphic ventricular
tachycardia, hypertrophic obstructive cardiomyopathy, arrhythmogenic right ventricular
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cardiomyopathy, or Brugada syndrome). For 15 of the recipients and 39 of the non-
recipients, assessments of LV function following, but unrelated to the cardiac arrest were
available for analysis. It was found that non-recipients were more likely to have severe LV
dysfunction defined as LVEF<35% (7/12=77% of non-recipients [mean LVEF 27+5%)] vs.
30/39=47% of recipients [mean LVEF 27+6%], P=0.050).

Analysis of clinical history and risk factors

Detailed clinical analysis was performed in 960 adult subjects (82% of adult cases) for
whom data was obtainable from medical records, medical examiner and EMS records. Of
the 960 cases (585 male [61%] and 385 female [39%]), 411 (43%) had known CAD.
Moreover, 567 (59%) had hypertension, 289 (30%) diabetes, and 297 (31%) hyperlipidemia.
Data on these comorbidities were missing in 7 subjects. As for other common cardiovascular
risk factors, the mean BMI was 28.9+7.7 for men and 29.5+10.9 for women (P=0.44). The
proportion of smokers was 30% among males and 20% among females.

Discussion

In this multiple year, multiple source community-based evaluation of SCD incidence and
temporal trends, the annualized incidence of 58 per 100,000 inhabitants is consistent with
most existing community-based studies1-12. However, there are several new findings that
merit discussion and further focused evaluation. We found that women comprised 40% of
all cases, 25% of all cases were age <55 years and, most importantly, the rate of secondary
prevention ICD implantation in the community was significantly lower than anticipated
(24%).

The findings that 40% of all SCD cases were women, is significantly different from the 3:1
ratio between men and women that has been reported in several earlier studies 16-18, While
the factors for this altered trend need to be evaluated in greater detail it could reflect
changing gender trends in prevalence of coronary artery disease 1°. However, women still
present at older ages than men (mean age 70 vs. 65 years in the present study).

It is well established that the incidence of SCD increases with age and that the majority of
cardiac arrest victims are elderly. Becker et al reporting findings from the Chicago CPR
project and observed that the annualized incidence of SCA was eight times higher in 75-
year-old men compared to 50-year-old men 20, However, in the present study, a surprisingly
high proportion (25%) ° were <55 years of age at the time of arrest. Since the societal
impact of SCD in terms of productive life-years lost is likely to be the highest in this age-
group, this finding needs close examination. Even though the incidence of SCD is low in the
general population, the absolute numbers will be significant 1. Taken together with the
persisting low survival rates from SCA, this underscores the need for improving risk
stratification techniques in the general population. In our study, the overall survival rate was
8%, consistent with previous reports from Europe 2122, and the U.S. 23: 24, Also consistent
with previous studies, there was a markedly increased survival rate of subjects who received
bystander CPR, which highlights the need for further educational activities in the
community 2527,

The low implantation rate of secondary prevention ICDs among survivors (24% of survivors
to hospital discharge) has significant potential implications for the projected need of ICD
implantation and merits close evaluation. While a subgroup of survivors were likely to have
reversible conditions that led to SCA, this rate is significantly lower than anticipated. An
administrative database of cardiac arrest survivors (1996-2001) showed a ~46% rate of
secondary prevention ICD use in the most contemporary portion of the cohort 28 29, While
there could be multiple factors involved, possibilities include higher than anticipated rates of
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persisting neurological deficits or reversible high-risk cardiac conditions (such as ST-
elevation myocardial infarction) among survivors. In the present study, 31% of the ICD
recipients underwent revascularization, while this rate was 35% among those not receiving
ICD (P=1.0). However, non-recipients were less likely to have a relatively preserved LV
function (LV>35%) when compared to recipients (P=0.050). Further, 29% of the patients
that did not receive an ICD were discharged to a skilled nursing facility as opposed to 6% of
the recipients. Although this difference was not significant (P=0.09), the finding merits
further investigation since it might indicate that persisting neurological deficits and/or
significant co-morbidities may, in part, explain the low implantation rate of secondary
prevention ICDs. Since the number of subjects in the survivor group is relatively small, it
would be important to confirm these findings in a larger study in other communities and
ethnicities. Several ICD registries have reported underutilization of primary preventive
ICDs, particularly in women and minorities 28-32 put these have not been well-evaluated for
secondary prevention ICDs. In the present study, women were equally likely to be eligible
for the ICD (46% women), but there was a trend toward higher likelihood of implantation in
men and those who received an ICD were younger (P=0.010). It would also be of interest to
survey potential differences in clinical practice patterns of health care providers, as well as
socioeconomic and health insurance status between the two groups, but this information was
not available for the present analysis.

This study has several possible limitations. Since our analysis was performed in a single US
community with a majority Caucasian, European descent population, the results might not
be readily generalizable to other communities and ethnicities. Secondly, the inherent nature
of community-based SCD evaluations results in a certain proportion of missing information
especially for past clinical history, since 40-50% could have SCD as the first manifestation
of disease with low rates of visits to health care providers. As a consequence, the clinical
information regarding cardiac and non-cardiac morbidities is available in less than 50% of
the population. However, the careful adjudication process including multiple source data is
likely to exclude a majority of the non-cardiac causes. Furthermore, a proportion of
survivors may not have complete neurological recovery, making it difficult to contact and
consent them for review of additional information. The alternative of a prospective cohort
study of the general population is also not feasible based on the large size of the cohort
needed to provide adequate numbers for analysis. Also, we did not have access to data
regarding the neurological status at discharge or other measurements of quality-of-life that
will need to be evaluated in future studies. Finally, since the survivors constituted a
relatively small group, the findings related to survivors should be interpreted with caution.

Conclusion

Using multiple-year, multiple-source surveillance, we report an SCD incidence of 58 per
100,000 with higher than expected proportion of females and subjects with age<55 years.
There was an unexpectedly low ICD implantation rate after survival with potential
implications for re-calibration of the projected need for ICD implantation. While our
findings suggest that neuropsychiatric or co-morbid conditions may in part account for these
findings, further detailed investigation in larger studies is warranted.
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The chart shows proportions of cases per gender and age group (Feb 1, 2002-Jan 31, 2005).
A significant proportion of out-of-hospital sudden cardiac deaths occurs in subjects below

retirement age.
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Figure 2. Incidence rates of sudden cardiac death
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Incidence rates per 100,000 inhabitants in Multnomah County, OR for the 3 study years Feb

1, 2002-Jan 31, 2005.
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Out-of-hospital SCA cases

(n=1,175)

Mean response time

5.9 min
Resuscitation attempted?
Yes: 58% No: 42%

Initial Rhythm Outcomes’

VE/VT 39% ROSC 30%

Asystole 36% STHD 12%

PEA 23% ICD Implantation 24%?
Other 2%

Figure 3. Circumstances and outcomes of cardiac arrests

The flow chart summarizes the circumstances and outcomes of the cardiac arrests in
Multnomah county, OR (Feb 1, 2002-Jan 31, 2005).

SCA=sudden cardiac arrest, VF=ventricular fibrillation, VT=ventricular tachycardia,
PEA=pulseless electrical activity, ROSC=return of spontaneous circulation, STHD=survival
to hospital discharge, ICD=implantable defibrillator-cardioverter.

1 data on outcomes were analysed in a subset of 559 cases with detailed clinical
characterization available and resuscitation attempted

2analyzed in the subset of survivors to hospital discharge
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Details of the Survivor Sub-group: Secondary prevention ICD recipients vs. non-recipients

Table

Survivor Sub-group (n=68)

Variable ICD implanted | NoICD implanted | P-value
(n=16) (n=52)
Age (mean £ SD yrs) 56 + 18 67 £ 13 0.010
Male gender (%) 75 48 0.085
Race 14/0/1/0/1 40/3/3/1/3 s
White/Black/Asian/Other/Unknown
PCI 5 (31%) 15 (29%) 1.0
CABG 0 (0%) 3 (6%) f
LVEF post arrest (%) 43+18 47+14 0.46
LVEF <35% 7112 (47%) 30/39 (77%) 0.050
Primary Arrhythmia Syndrome¢ 0 0 t
Discharged to SNF 1 (6%) 15 (29%) 0.09
Refusal 0 1 f
Significant co-morbidity* 3 (19%) 13 (25%) 0.88

T-test (two-tailed) and Fisher’s Exact test

*
End-stage renal disease, Chronic Obstructive Pulmonary Disease, neuropsychiatric conditions

fnot analyzed due to small numbers

Page 13

’tidiopathic ventricular fibrillation, long or short QT syndrome, cathecolaminergic polymorphic ventricular tachycardia, hypertrophic obstructive
cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, or Brugada syndrome

ICD= implantable cardioverter-defibrillator, PCI= percutaneous coronary intervention, CABG= coronary artery bypass graft surgery, LVEF=left
ventricular ejection fraction, SNF=skilled nursing facility

LVEF data was available in 15 of the 16 ICD-recipients and in 39 of the 52 non-recipients
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