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Introduction

Unexpected cardiac arrest in industri-
alized nations is associated primarily with
coronary atherosclerosis and oftenwith de-
pressed ventricular function."12 However,
socioeconomic status,3 4'5 ethnicity,6 and
certain genetic factors7 are also associated
with unexpected cardiac arrest. Factors
that are predictive of survival from unex-
pected cardiac arrest include the time from
collapse to arrival of emergency medical
services personnel, whether the collapse
was witnessed, whether a bystander initi-
ated cardiopulmonary resuscitation, loca-
tion of the episode, and age and activity of
the patient just prior to collapse.8-2 In an
analysis of resuscitation in Seattle, M.
Cowie (personal communication, 1990) ob-
served that initial resuscitation rates were
significantly lower for Blacks than for
Whites. This difference, if real, might be
explained by race (e.g., a genetic factor),
cultural influences, or socioeconomic
factors. To attempt to elucidate this rela-
tionship, census tract data were used to
provide indirect information about socio-
economic status; however, that analysis
was inconclusive, possibly because a cen-
sus tract represents grouped data and does
not necessarily reflect the socioeconomic
characteristics of a specific individual.

While conducting a study of cases in
which prearrival cardiopulmonary resus-
citation instructionwas provided by emer-
gency dispatchers, we collected clinical
histories and detailed information sur-
rounding the occurrence of cardiac arrest
for most out-of-hospital cardiac arrests at-
tended by the Seattle Fire Department's
emergency medical service personnel be-
tween May 1986 and August 1988. Exclu-
sions were primarily for episodes not due
to underlying heart disease (e.g., trauma

or drug overdoses) or for situations in
which the caller would not be able to pro-
vide cardiopulmonary resuscitation (e.g.,
relayed calls or instances in which the vic-
tim was inaccessible). Race and home ad-
dress were obtained from the prehospital
treatment records (i.e., paramedic field re-
ports). Patients were followed until they
were discharged from the hospital and
their status at discharge was recorded. To
examine the possible role of socioeco-
nomic status in survival after unexpected
cardiac arrest, we used residential prop-
erty tax assessment data, which are a mat-
ter of public record and may be freely ac-
cessed through the use of tax assessment
numbers, addresses, or names. Thus we
evaluated the relationship between sur-
vival, race, and a measure of socioeco-
nomic status, adjusting for other factors
known to be associated with survival after
out-of-hospital cardiac arrest.

Methods

Data sources included the fire depart-
ment's medical incident reports, tran-
scripts of the emergency telephone calls,
and interviews with the individuals who
made those calls. Patient outcome was de-
termined by a long-standing follow-up pro-
gram'3 and the favorable outcome was cat-
egorized as "discharged from the hospital
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without obvious neurological deficit." Fi-
nally, the home addresses ofthe patients as
listed on the incident reports were used to
obtain property tax assessment data from
the King County assessor's office. We ex-
cluded from consideration patientswho re-
sided outside King County.

Variables obtained from the incident
reports and transcripts included time from
the call to arrival of the first fire depart-
ment unit, time from the call to arrival of
advanced cardiac life support, gender,
age, and race. Activity level of the patient
at the time of collapse was obtained from
one or more of the three data sources and
a three-point scale was constructed: no
activity (sleeping, lying down, sitting,
watching television); low activity (stand-
ing, walking, socializing, eating, drinking,
driving); and moderate or greater activity
(chores, exercise, climbing stairs, danc-
ing, coitus). A chronic comorbidity mea-
sure was constructed for each patient rep-
resenting the proportion of positive
histories of myocardial infarction, heart
surgery, hypertension, chest pain, heart
failure, angina, chronic pulmonary dis-
ease, diabetes, gastrointestinal problems,
cancer, or other medical problems. Addi-
tional variables included whether cardio-
pulmonary resuscitation was attempted
by a bystander, the location ofthe collapse
(coded as in the home, outdoors but at
home, or away from home), and whether
or not the incident was witnessed. The tax
assessment data include land value, im-
provement value, type of structure (sin-
gle-family, multiple-family, condomin-
ium, apartment, commercial), and

number of units. In this analysis we chose
the constructed variable "value per unit"
(land value + improvement value/number
of units) as the measure of socioeconomic
status. Because individual socioeconomic
data were not available, the validity of the
measure was analyzed by comparing the
average value per unit for each census
tract with 1980 census tract data. The tax
valuation data showed significant (at the
a = .001 level) correlations with propor-
tion of property owners (r = .42), median
rental costs (r = .51), and median in-
comes for households (r = .61) and fam-
ilies (r = .70).14 The tax valuation data
proved to be a reasonable measure of so-
cioeconomic status, inasmuch as these
data are correlated with a number ofvari-
ables previously used as measures of so-
cioeconomic status.

Univariate comparisons are based
on the score (Z) test. After normalization
of response times by log transformations,
the relationship between survival (dis-
charge without obvious neurologic defi-
cit), race, and socioeconomic status (as
estimated by value per unit at the home
address) were investigated by use of lo-
gistic regression, adjusting for other pre-
viously determined predictors.15 Since
the cardiac arrest survival rate for con-
ditions other than ventricular fibrillation
is extremely low (4% to 5% for electro-
mechanical dissociation and 1% to 2%
for asystole), this analysis was re-

stricted to patients whose first recorded
rhythm by the paramedics was ventricu-
lar fibrillation.

Results

During this period there were 356 pa-

tients who were experiencing ventricular
fibrillation when first monitored by the
paramedics and who met the other study
criteria. (See Table 1 for descriptive sta-

tistics.) The average age was 66 years,

79% of the patients were male, and 86%
were White. In 85% of the episodes the
collapse was witnessed and in 53% a by-
stander had attempted cardiopulmonary
resuscitation. The first responding unit ar-

rived an average of 4.9 minutes after the
call for help was received by the fire de-
partment, and a defibrillator-equipped
unit (usually the first arriving unit) was on
the scene an average of 5.3 minutes after
the call for help. Most episodes (64%) oc-

curred at home and half (51%) were not
associated with any physical activity. On
average 4 to 5 of the 11 histories were

positive.
Property tax assessment data were

not obtained for 87 patients because of
incorrect or missing addresses and for 12
others who did not reside in King County.
There were no apparent differences in de-
mographics and other covariates between
patients with and without valid addresses.
In addition, four patientswho lived in con-
dominiums were excluded because we

had previously observed in census tract
data that the association between median
family income and median value per con-

dominium unit did not hold.14 Thus, value-
per-unit comparisons are based on 253 pa-

tients who experienced out-of-hospital
cardiac arrest due to ventricular fibrilla-
tion. The meanvalue perunitwas $81 600.

As anticipated, variables previously
reported to be predictive of survival were
found to be significantly different between
survivors and nonsurvivors (Table 2). In
the multivariate setting, gender was not
significantly associated with survival
(P = .87). Because activity was strongly
correlated with location, the activity vari-
able was eliminated from the analysis, re-

sulting in 183 cases (54 survivors) with
known data for all remaining variables.

After adjustments were made for the
remaining variables known to be predic-
tive, socioeconomic status was signifi-
cantly correlated with outcome (P = .02),
but race was not. Relative risks and con-

fidence intervals for variables that were

significant in the final analysis are shown
in Table 3. For example, witnessed epi-
sodes of cardiac arrest resulted in survival
five times as often as unwitnessed epi-
sodes. A decrease of 10 years of age was
associated with a 50% increase in the
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probabilityofsurvival, and a decrement of
two comorbidities increased the probabil-
ity of survival by approximately 40%. The
chance of survival was significantly
greater when cardiac arrest occurred out-
side or away from home than when the
episode took place in the home (1.6 and
2.4 times, respectively). A 60-second re-
duction in response time increased the
likelihood of survival by 20%. Finally, an
increase of $50 000 in the valuation per
unit of the home address increased the
patient's chance of survival by 60%.

Discussion
One of the principalvariables studied

in this paperwas obtained in a novel man-
ner'4: we used patients' addresses to ob-
tain a measure of socioeconomic status
through the use of tax assessment rolls,
which are considered public information.
Although that approach is not the focus of
this paper, a few comments are appropri-
ate. The method required substantial ef-
fort to implement in the current King
County assessment office environment.
Public access is provided through on-line
terminals and the data must be entered
and the results recorded by hand. For
large numbers of cases this could be ac-
complished by a simple computer pro-
gram that would enter the addresses from
a computer file and allow the search to run
in a batch process. Although in principle
this approach is entirely feasi1ble, it would
require cooperation from the tax assess-
ment office. Depending on the source of
the addresses, misspellings of street
names can be common. Thorough famil-
iarity with the city street map can resolve
many but certainly not all of these proW
lems. Certain types of outliers may exist
that can distort the usefulness of the data
if not properly accounted for. For exam-
ple, avery expensive propertymay be be-
ing used almost as a slum dwelling while
the owner awaits demolition permits. De-
spite these difficulties, the technique pro-
vided us with individualized socioeco-
nomic information that was highly
correlated with census tract data but was
more informative in that it provided rela-
tionships that were not observable with
census tract data.

Whether the opportunity to use this
methodology will arise naturally in many
situations is unclear. However, since we
undertook this effort, at least one group of
investigators has expressed an interest in
the method. Those investigators are using
a computerized mailing list to target
households with residents aged 50 or

older. These households are being sent a
variety of materials whose purpose is to
educate people to reduce the time from
onset of chest pain to access of the emer-
gency system. Because it is likely that the
success ofthe materialsmaybe dependent
on the recipients' socioeconomic status, a
simple and inexpensive measure of socio-
economic status would be useful for the
investigators' analysis efforts.

Socioeconomic status, occupational
stress, and social support have been re-
ported to be associated with the incidence
of coronary heart disease andwith survival
after recovery from an index event such as
myocardial infarction16 However, to our
knowledge an association of these factors
with survival after an acute potenfially fatal
event has not been reported. Factors asso-
ciated with survival (through hospital dis-
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charge) from cardiac arrest include
younger age, less antecedent morbidity,
greater activity prior to the collapse, wit-
nessing of the event, and bystander-initi-
ated cardiopulmonary resuscitation.8-12
The latter two factors have an obvious ex-
planation: they are likely to result in earlier
treatment. On the other hand, the first three
factors might be considered to be indica-
tors of a relatively good state of health and
hence associated with a better outcome.
Because measures associated with eco-
nomic status might also be correlated with
age, morbidity, activity prior to collapse,
witnessing, and bystander-initiated cardio-
pulmonary resuscitation, it is not surprising
that socioeconomic statuswas univariately
correlated with suivival after cardiac ar-
rest. However, given that a collapse has
occurred, there is no obvious explanation
ofwhy socioeconomic status should be as-
sociatedwith survival after adjustments are
made for known risk factors. It is possible
that higher socioeconomic status might be
associated with a number of factors that
promote a healthier state, including less
smoking and alcohol consumption and
more access to health care. However, one
might have expected these factors to have
been accounted for, either by the fact that
an event has occurred or through the co-
variate adjustmentwe performed. Many of
the variables involved in our analysis have
substantial measurement error. However,

there is no obvious reason why such mea-
surement errors should incorporate a bias
component that would induce a spurious
relationship with survival. Thus, a more
accurate assessment of these variables'
values would probably lead to similar but
more significant associations. Although
this study was based on a specific a priori
hypothesis, that an observed association of
race with survival might be a consequence
of an association of socioeconomic status
with survival, it is possible that our findings
are due to chance, and we would encour-
age an investigatorwho has a suitable data
set to conduct the appropriate confirma-
tory investigations. If our findings are con-
finned, researchers evaluating the effect of
interventions on survival in this setting
should adjust for socioeconomic status to
increase the power of their experiment. O
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