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Abstract
Context—The health and policy implications of regional variation in incidence and outcome of
out-of-hospital cardiac arrest remain to be determined. The Resuscitation Outcomes Consortium
conducts clinical research to improve outcomes after out-of-hospital cardiac arrest in 11 North
American sites.

Objectives—To evaluate whether cardiac arrest incidence and outcome differ across geographic
regions.

Design, Setting and Patients—Prospective multi-center observational study of all out-of-
hospital cardiac arrests from May 1, 2006 to April 30, 2007 followed to hospital discharge. Cases
were assessed by organized emergency medical services (EMS) personnel, did not have traumatic
injury, and received attempts at external defibrillation, or chest compressions; or resuscitation was
not attempted. Included data were available as of June 28, 2008. Excluded was one site with
incomplete case capture. Census data were used to determine rates adjusted for age and gender.

Outcome Measures—Incidence rate, mortality rate, case fatality rate and survival to discharge
for patients assessed by EMS, treated by EMS or with an initial rhythm of ventricular fibrillation.

Results—The total catchment population was 21.4 million. There were 20,520 arrests in 10 sites.
Patients were aged 0-108 years. 61% were men. 11,898 (58.0% of total) had resuscitation
attempted. 2,729 (22.9% of treated) had initial rhythm of ventricular fibrillation, ventricular
tachycardia or were shockable by an automated external defibrillator. 954 (4.6%) were discharged
alive. EMS-treated cardiac arrest per 100,000 population across sites was median 52.1
(interquartile range (IQR) 48.0, 70.1); survival ranged from 3.0% to 16.2%, median 8.5% (IQR
5.2%, 10.2%). Ventricular fibrillation incidence was median 12.6 (IQR 10.6, 15.2); survival
ranged from 7.7% to 39.4%, median 21.8% (IQR 14.8%, 25.1%). All p-values for differences
across sites were < 0.001.

Conclusions—We observed significant and important regional differences in out-of-hospital
cardiac arrest incidence and outcome, which require additional investigation to improve public
health.

It remains to be determined how often out-of-hospital cardiac arrest (OHCA) occurs. Recent
sources state about 166,000 to 310,000 Americans per year have an OHCA.(1) However
resuscitation is not attempted in many of these. The reported incidence of OHCA varies
from 17 to 128.6 per 100,000 person years.(2) Reported survival to discharge after the onset
of OHCA varies from 0% to 21%.(3,4)

Accurate estimation of the burden of OHCA is essential to evaluate progress towards
improving public health by reducing cardiovascular disease. Clinical trials often exclude
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patients at higher risk of poor outcomes, so estimation of the burden of illness based only on
those enrolled in trials is subject to bias. Knowledge of regional variation in outcomes after
cardiac arrest could guide identification of effective interventions that are used in some
communities but have not been implemented in others. Potential interventions include
culturally-appropriate public health initiatives, community support, and equitable access to
high-quality prehospital emergency care.

The Resuscitation Outcomes Consortium (ROC) is a clinical research network conducting
clinical research in the areas of cardiopulmonary arrest and severe traumatic injury. This
network consists of 11 sites and one central coordinating center. The Resuscitation
Outcomes Consortium (ROC) was established to evaluate the treatment of people with life-
threatening injury or out-of-hospital cardiac arrest and conduct clinical trials of promising
scientific and clinical advances so as to improve resuscitation outcomes. A registry (ROC
Epistry-Cardiac Arrest) was created by this consortium including all cardiac arrests assessed
or treated by emergency medical services (EMS) personnel in the participating geographic
regions. We hypothesized that there would be significant regional variation in the incidence
and outcome of OHCA.

METHODS
Design and Setting

The ROC Epistry-Cardiac Arrest is a prospective multicenter observational registry of
OHCA in EMS agencies and receiving institutions in eight US sites and three Canadian
sites.(5) These sites are participants in the ROC clinical research network. One site that self-
reported incomplete case capture (San Diego, CA) was excluded from all analyses.

Population
The population of interest was all OHCA cases that occurred within the catchment area of a
participating EMS agency, including infants, children and adults. The census tract of the
location of the case was identified and recorded in order to assess the catchment population
served by the agency using census data. Subgroups of the cohort included all EMS-assessed
OHCA, EMS-treated OHCA, and cardiac arrests with an initial rhythm of ventricular
fibrillation.

Inclusion and Exclusion Criteria
Included were cases of cardiac arrest that occurred outside the hospital, were evaluated by
EMS personnel and: a) received attempts at external defibrillation (by lay responders or
emergency personnel), or chest compressions by organized EMS personnel; or b) were
pulseless but did not receive attempts to defibrillate or CPR by EMS personnel. This latter
group included patients with a do not attempt resuscitation directive signed and dated by a
physician, extensive history of terminal illness or intractable disease, or request from the
patient's family. Excluded were cases that had traumatic injury.

Key Covariates
Arrests were classified as “obvious” cause when the circumstances and evidence clearly
supported such an etiology (i.e., arrest in a patient with a known toxic ingestion). Etiology
was classified as “no obvious cause” for arrests where the cause was uncertain or where
there was evidence of a primary cardiac etiology.

Some patients were initially treated with a manual defibrillator capable of recording the
patient's initial rhythm. Others were initially treated with an automated external defibrillator
with a built-in computer algorithm capable of classifying the patient's initial rhythm as
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resembling ventricular fibrillation (i.e. shockable) or not (i.e. not shockable). Therefore
initial rhythm was categorized as ventricular fibrillation, ventricular tachycardia pulseless
electrical activity, asystole, shockable or not shockable. For the purpose of this analysis,
ventricular fibrillation, ventricular tachycardia or shockable rhythms were grouped together.

Data Management and Quality Assurance
Each site used multiple strategies to identify consecutive OHCA cases. Examples of case
identification strategies included telephone notification of each incident of defibrillator use
or CPR by EMS providers, regular hand sorting through paper EMS charts, or electronic
queries of EMS records by a variety of data fields; i.e., dispatch call type, vital signs,
diagnosis, or a combination of these fields.

Data were abstracted from EMS and hospital records using standardized definitions for
patient characteristics, EMS process and outcome at hospital discharge. Data were
abstracted locally, coded without personal health information, and transmitted to the data
coordinating center by web entry of individual cases or batch upload of multiple cases
grouped together. Site-specific quality assurance included initial and continuing education of
EMS providers in data collection. The data coordinating center assured the quality of the
data by a) using range and logic checks in both the web-based data entry forms and the batch
upload process, b) systematic review of data to uncover inconsistencies, c) review of
randomly selected records to confirm accuracy of data entry, and d) annual site visits.

Outcome Measures
The annual incidence was calculated per 100,000 population for the 12 month period of May
1, 2006 to April 30, 2007. The incidence rate in persons of any age was adjusted for age and
sex to those of the 2000 census for the United States and 2001 census for Canada. The
mortality rate was calculated as the number of known deaths per population using similar
methods. The case fatality rate was calculated as the number of known deaths divided by the
total number of cases including those with missing final status. The survival rate was
calculated as the number of known survivors divided by the total number of cases, including
those with missing final vital status. Note that case fatality rate and survival rate would only
sum to 100% if final vital status were known for all patients.

Survival to discharge was defined as discharge alive from hospital after the index OHCA.
Patients who were transferred to another acute care facility (e.g. to undergo implantable
cardioverter defibrillator placement) were considered to be still hospitalized. Patients
transferred to a non-acute ward or facility were considered discharged.

Statistical Analysis
We were aware before study implementation that the use of the prehospital emergency care
record to abstract data for inclusion in the study databases could be associated with
incomplete data due to the need for rapid treatment in the field and consequent lack of time
for EMS providers to complete the record. A common approach to accounting for such
unobserved data is to use multivariate analysis to describe observed outcomes as a function
of covariates based on cases with complete data. Then outcomes are estimated for cases with
incomplete data. However, this method underestimates uncertainty.(6) Instead missing cases
were accounted for by using multiple imputation methods.(7-9) Estimated expected cases
for agency by month were determined by averaging observed cases in an agency by month
based on Mar 2006 – Feb 2007 data. We assumed an agency was missing cases if the
observed rate was “much” less than expected average (p value < 0.005), especially at the
start of the enrollment period and at the end of the reporting year. A Poisson regression
model was used within each site to estimate the expected incidence m for each month with
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underreported episodes for each agency. For each of 10 imputed datasets, a random draw
from a Poisson distribution with mean m was used to impute the number of missing cases.
For each such missing case, covariate values were then obtained through hot deck
imputation using valid cases from months with good data at the corresponding agency.(9)

The baseline characteristics of EMS systems and the EMS performance on cases were
summarized by using categorical and parametric or non-parametric descriptors as
appropriate. These were reported by site. Imputation was performed by using Excel
(Microsoft Corporation, Redmond, WA). Statistical analyses were performed by using S-
PLUS 6.2 (Insightful Corporation, Seattle, WA). Differences in rates between sites were
assessed with χ2 tests.

Dr. Nichol had full access to all the data in the study and takes full responsibility for the
integrity of the data and the accuracy of the data analyses. The funding organization had no
role in the collection, management, analysis and interpretation of the data or the preparation
of the manuscript. A representative of the National Institutes of Health reviewed and
approved the manuscript.

Human Subjects
The study was approved under waiver of documented written consent under minimal risk
criteria by 74 U.S. institutional review boards and 34 Canadian research ethics boards as
well as 26 EMS institutional review boards. In addition, approval in the form of a
memorandum of understanding was obtained from 24 hospitals and from 94 EMS systems.

RESULTS
Ten sites were included (Table 1). Some of these sites include the entire named region (e.g.
Dallas) whereas others include several municipalities with the region (e.g. Alabama). These
had a median catchment population of 1,709,049 (interquartile range (IQR) 958,960,
2,581,569). Median population density was 698 (IQR 405, 1,596) individuals per square
mile. 211 of 225 EMS agencies participating in the Consortium transported patients included
in this analysis to 227 of 268 receiving hospitals in the sites’ catchment area. These included
a mix of fire-based and non-fire-based governmental and private agencies that provided
basic or advanced life support and did or did not provide patient transport.

The total catchment population was 21.4 million (Figure 1). There were 20,520 cases of
OHCA assessed by EMS. Of these, 19,920 (97.1% of total) were observed and 600 (2.9%)
were imputed. These imputed cases were distributed among 12 agencies (5.7% of total) at 7
sites. Resuscitation was attempted in 11,898 (58.0% of total) of cases. 954 (4.6% of total)
were known discharged alive.

The patient and EMS characteristics of all cases are shown in Table 2. EMS-assessed OHCA
patients had a median age of 67 years (IQR 53, 80) (Table 2). 12,631 (61.6%) were men.
2,271 (11.1%) of these occurred in public locations. 2,730 (13.3%) had a first recorded
rhythm of ventricular fibrillation, and 943 (4.6%) had missing or undetermined as first
recorded rhythm. Among EMS-treated OHCA, 1,848 (15.5%) occurred in public locations.
4,410 (37.0%) were witnessed by bystanders, 1,074 (9.0%) by EMS personnel, 5,407
(45.4%) were unwitnessed and 1,007 (8.5%) had unknown witnessed status. 2,729 (22.9%)
had a first-recorded rhythm of ventricular fibrillation; and 3,739 (31.4%) received bystander
CPR. Time from call to arrival of first advanced life support was median 7:24 (IQR
5:13,10:43) minutes. Arrests with a first-recorded rhythm of ventricular fibrillation,
ventricular tachycardia or reported shockable by AED were similar to EMS-treated arrests

Nichol et al. Page 5

JAMA. Author manuscript; available in PMC 2011 October 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



except that 29.2% occurred in public locations (p-value <0.001 compared to 15.5% of EMS-
treated arrests).

EMS-assessed OHCA incidence and outcome are described in Table 3. The Milwaukee site
(801 treated cardiac arrests and 135 arrests with resuscitation not attempted) was excluded
from this analysis because of self-reported incomplete data on patients in whom
resuscitation was not attempted. There were 19,584 EMS-assessed OHCA during 20.5
million person-years of observation, resulting in an unadjusted incidence of EMS-assessed
OHCA of 95.7 per 100,000 person years. The adjusted incidence per 100,000 census
population ranged from 71.8 to 159.0 (median 96.8, IQR 77.5, 106.7). The adjusted
mortality rate per 100,000 census population ranged from 68.9 to 153.2 (median 93.5, IQR
71.4, 103.3). The known case fatality rate ranged from 91.5% to 96.9% (median 96.0%, IQR
92.2%, 96.3%). The known survival to discharge ranged from 1.1% to 8.4% (median 3.5%,
IQR 3.1%, 6.4%). The proportion of patients with vital status missing ranged from 0.1% to
2.0% (median 1.0%, IQR 0.4%, 1.4%). All p-values for differences across sites were <
0.001.

EMS-treated OHCA is described in Table 4. The unadjusted incidence of EMS-treated
OHCA was 55.6 per 100,000 person years. The adjusted incidence per 100,000 census
population ranged from 40.3 to 86.7 (median 52.1, IQR 48.0, 70.1). The adjusted mortality
rate per 100,000 census population ranged from 36.9 to 78.0 (median 47.0, IQR 42.8, 60.1).
The known case fatality rate ranged from 83.6% to 94.1% (median 90.8%, IQR 87.7%,
92.9%).The known survival to discharge ranged from 3.0% to 16.2% (median 8.5%, IQR
5.2%, 10.2%). The proportion of patients with vital status missing ranged from 0.1% to
5.3% (median 1.3%, IQR 0.7%, 2.3%). All p-values for differences across sites were <
0.001.

Ventricular fibrillation is described in Table 5. The unadjusted incidence of ventricular
fibrillation was 12.8 per 100,000 person years. The adjusted incidence per 100,000 census
population ranged from 9.3 to 19.0 (median 12.6, IQR 10.6, 15.2). The adjusted mortality
rate per 100,000 census population ranged from 7.2 to 13.7 (median 10.1, IQR 8.9, 11.2).
The known case fatality rate ranged from 60.2% to 89.2% (median 76.1%, IQR 72.3%,
83.4%). The known survival to discharge ranged from 7.7% to 39.4% (median 21.8%, IQR
14.8%, 25.1%). The proportion of patients with vital status missing ranged from 0% to 7.7%
(median 2.2%, IQR 1.2%, 3.1%). All p-values for differences across sites were < 0.001.

DISCUSSION
In a large prospective multi-center observational study of out-of-hospital cardiac in regions
dispersed throughout North America, 8.0% of treated arrests and 21.0% of ventricular
fibrillation arrests survived to discharge. A minority of treated arrests received bystander
CPR. Incidence, mortality, case fatality rate and survival to discharge of EMS-assessed,
EMS-treated and ventricular fibrillation arrests differed significantly across geographic
regions. Part of the regional differences in incidence could be attributable to differences in
the completeness of case ascertainment and potential for undetected cases. However each
site had or implemented approaches to ascertain arrests from all EMS agencies within their
geographic area. This prospective approach in conjunction with statistical methods to
account for missing cases provide the most robust resource to date for determining the
public health magnitude of cardiac arrest. Thus the observed differences in incidence reflect
differences in the underlying risk of OHCA as well as the local approach to organized
emergency response and post-resuscitation care in hospital.
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Others have reported regional variation in the incidence of out-of-hospital cardiac arrest.
(10,11) Such gradients are associated with socioeconomic and racial disparities in health. As
a consequence of these gradients, cardiovascular disease is the leading cause of income-
related differences in premature mortality in the United States,(12) and Canada.(13)

It is plausible that use of secondary prevention in patients with established cardiovascular
disease is more common in some regions compared to others.(14) This would reduce the
occurrence of out-of-hospital cardiac arrest if secondary prevention attenuated arrhythmic
risk. Randomized trials of statin therapy,(15,16) and secondary analyses of statin use in a
trial of implantable defibrillators demonstrate that use of such medication reduces the risk of
subsequent arrest.(17) Other studies demonstrate that beta-antagonists reduce the risk of
death due to arrest in patients with heart failure.(18) But the magnitude of regional variation
in medication use is much less than the magnitude of variation in cardiac arrest observed in
the present study. Therefore differences in prevention do not fully explain our findings.

Also it is plausible that patients with symptoms of acute myocardial infarction have less
delay in seeking care in some geographic regions compared to others.(19) This would
reduce the occurrence of infarct-related ventricular fibrillation or shift it to the in hospital
setting. If such differences in delay in care exist, it seems unlikely that they are due to
differences in patient delay in reacting to symptoms of infarction since interventions to
modify this delay have had limited success.(20) Instead such differences could reflect
regional differences in care and outcome for patients with acute cardiovascular events.
(14,21) Such differences could be reduced by implementation of systems of care for such
patients.(22) But we observed large regional variation in survival of all EMS-treated arrests
as well as in the minority of arrests that were due to ventricular fibrillation and potentially
associated with acute infarction. Therefore regional variation in care for acute
cardiovascular events does not fully explain our findings.

Others have reported survival from 0%(23) to 21%(4) after treatment of out-of-hospital
cardiac arrest. EMS agencies in large cities have special challenges in achieving good
outcomes after cardiac arrest.(24,25) Our analysis suggests that such differences do not
reflect inter-study differences in inclusion criteria or outcome definition, as each site in the
present study implemented uniform definitions of cardiac arrest and survival.

Instead, it seems likely that these differences reflect in part regional differences in the
availability of emergency cardiac care.(26) These differences include: bystander CPR, lay
responder defibrillation programs,(27) EMS factors such as experience of providers,(28) and
types of interventions provided by EMS providers(29,30) or treatments available at
receiving hospitals.(31,32) Some of these factors have been associated with differences in
survival or quality of life after resuscitation,(3,33-35) although no analysis has had adequate
power to detect the independent effect of all of these factors.

Morbidity and mortality from most cardiovascular diseases has declined over the last 30
years.(36) The majority of this reduction has been attributed to risk factor modification.(37)
Unfortunately, there has been little improvement in the incidence of OHCA survival over
this same period of time.(38,39) Experts have proposed that OHCA be designated a
reportable event to facilitate monitoring and improvement of cardiovascular health.(40) The
present study demonstrates that large regional differences in OHCA epidemiology exist, and
are a prelude to further analysis to understand the causes of these variations as well as
implementation of targeted interventions to reduce them. The discordance between case
fatality rate and survival to discharge re-emphasize the importance of complete
ascertainment of vital status as national, public reports of OHCA incidence and outcome
become available.
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Cardiovascular disease is the leading cause of death in the United States.(1) The Institute of
Medicine has identified the need to improve funding for EMS operations.(41) Extrapolation
of the mortality rate observed in the study regions to the total population of the United States
suggests that there are 294,851 (quasi confidence intervals 236,063, 325,007) EMS-assessed
OHCA cases annually in the United States.a Extrapolation of this study to the total
population of Canada suggests that there are 32,160 (quasi confidence intervals 25,748,
35,450) EMS-assessed OHCA cases annually in Canada.b Collectively these estimates of
burden imply that allocation of increased resources to EMS operations is necessary to
achieve an important impact on cardiovascular health in either country.

If survival after OHCA treated by EMS could be increased from the study average of 7.9%
to the maximum of 16.2% throughout North American, then the premature deaths of 15,500
individuals would be prevented each year.c Ongoing funding for fundamental, translational
and clinical research related to emergency cardiovascular care is necessary to ensure that we
are able to achieve such improvements in public health.

This study has several strengths compared to previous studies. Clinical trials often exclude
patients at higher risk of poor outcomes so estimation of the burden of illness based only on
those enrolled in trials is subject to bias. Existing OHCA registries do not contain the
necessary information to determine which interventions are effective in the out-of-hospital
setting. Several large regional registries have evaluated the effectiveness of out-of-hospital
interventions upon outcomes after OHCA.(42,43) However these underestimated the
incidence of OHCA because they excluded individuals who are assessed but not treated by
EMS personnel.

This study has some limitations. First, ROC sites were selected by a competitive process
emphasizing regional sites with well organized EMS systems and associated investigators,
so results observed in participating ROC sites may not be representative of the community at
large. However the catchment population of participating communities includes
approximately 10% of the North American population and has diverse geographic and
socioeconomic characteristics. To the best of our knowledge, this population is larger than
that of any other ongoing out-of-hospital cardiac arrest registry. Second, it is plausible that
incidence, structure, process and outcome data reported by each site are subject to
ascertainment bias since not all responses are audited. However all sites agreed to the data
elements before study initiation, trained data collection personnel, and altered existing paper
or electronic data capture to increase the likelihood of data capture. As well, our use of
timely episode reporting by sites facilitates quick feedback from the coordinating center to
sites and to responders to reduce incomplete data. Another limitation is that the expected
number of OHCA cases was not observed for some agencies during specific time intervals
within the sampling period. Multiple imputation was used to account for such missing data.
This approach allows us to better estimate variability of the data, and ensure appropriately
proportionate weight for each agency. This method assumes that the cases we randomly
impute, which in our case were from the same agency in a different time period, have the
same patient, EMS process and outcome characteristics as the missing data. Registry data
have not shown any significant time trends that would bias this imputation process.(44)
Furthermore only a small proportion of the total cases were imputed in this study, so it
seems unlikely that this imputation would reduce its validity.

a96.8 per 100,000 × 304,598,626 U.S. population (www.census.gov accessed on July, 14, 2008).
b96.8 per 100,000 × 33,223,840 Canadian population (http://www.statcan.ca/menu-en.htm accessed on July 14, 2008).
c52.1 per 100,000 × (304,598,626 + 33,223,840) × (16.2% - 7.9%).
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We were unable to assess the effect of hospital-based post-resuscitation care on outcomes
after out-of-hospital cardiac arrest due to our lack of patient-specific data about processes of
care delivered in hospital. In-hospital therapeutic hypothermia improves outcomes after out-
of-hospital cardiac arrest.(31) A small trial suggested that hemofiltration to reduce
inflammation after out-of-cardiac arrest offers additional benefit.(45) Observational studies
suggest that early percutaneous coronary intervention improves outcomes as well.(46,47)
Therefore, future assessments of regional variation in outcome after out-of-hospital cardiac
arrest should assess the relative impact of out-of-hospital and hospital-based care.

Also we were unable to describe neurologic outcome at discharge. Assessment of Cerebral
Performance Category (CPC) at discharge is a recommended part of resuscitation outcome
studies.(48) However CPC has limited discrimination between mild and moderate brain
injury. A small study with incomplete follow-up of survivors demonstrated only moderate
correlation with other measures of health-related quality of life.(49) Although a larger study
demonstrated a better correlation between CPC and a generic measures of health-related
quality of life, CPC should not be considered a substitute for reliable and valid measures of
the latter.(50) Nonetheless previous studies demonstrate that resuscitation interventions that
are associated with better survival are also associated with better quality of life.(34,35)

These findings have implications for prehospital emergency care. The four-fold variation in
survival after EMS-treated cardiac arrest and seven-fold variation in survival after
ventricular fibrillation demonstrate that cardiac arrest is a treatable condition. But only
31.4% of treated arrests (84.8% of bystander witnessed) received bystander CPR. Therefore
ongoing efforts are necessary to encourage lay people to be ready, willing and able to
provide CPR when necessary. Further improvements in outcome could be achieved by
reducing the time to ALS arrival by improving early detection of cardiac arrest, dispatch
protocols, deployment of existing vehicles, the number of vehicles available to respond, the
quality of CPR, and real-time or post-event quality assurance.

CONCLUSIONS
OHCA is common and lethal. There are significant and important regional variations in the
incidence and outcome of cardiac arrest. OHCA should be designated a reportable event to
facilitate monitoring and improvement in cardiovascular health. Additional investigation is
necessary to understand the causes of this variation in an effort to better understand
implications for allocation of resources to prehospital emergency care clinical practice, and
translational cardiac arrest research to reduce the magnitude of this variation and improve
cardiovascular health.
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Figure 1.
Patient Flow Based on Utstein Template for Out-of-Hospital Cardiac Arrest
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Table 1

Characteristics of Included Sites

Site Service Area Population Population density (residents/ sq
mile)

Number of EMS agencies Number of Hospitals

Alabama 644,701 485 13 14

Dallas, TX 1,989,357 3,173 11 22

Iowa 1,015,347 388 19 19

Milwaukee, WI 940,164 3,885 16 16

Ottawa, ON 4,030,696 314 39 37

Pittsburgh, PA 935,967 396 6 38

Portland, OR 1,751,119 431 15 16

Seattle, WA 1,666,978 1,573 35 18

Toronto, ON 5,627,021 911 32 55

Vancouver, BC 2,779,373 1,604 39 33

Total 21,398,723 640 225 268
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