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Abstract
Aim—Survival after out-of-hospital cardiac arrest (OOHCA) varies between regions, but the
contribution of different factors to this variability is unknown. This study examined whether
survival to hospital discharge was related to receiving hospital characteristics, including bed
number, capability of performing cardiac catheterization and hospital volume of OOHCA cases.

Material and Methods—Prospective observational database of non-traumatic OOHCA
assessed by emergency medical services was created in 8 US and 2 Canadian sites from December
1, 2005 to July 1, 2007. Subjects received hospital care after OOHCA, defined as either (1)
arriving at hospital with pulses, or (2) arriving at hospital without pulses, but discharged or died ≥
1 day later.

Results—A total of 4087 OOHCA subjects were treated at 254 hospitals, and 32% survived to
hospital discharge. A majority of subjects (68%) were treated at 116 (46%) hospitals capable of
cardiac catheterization. Unadjusted survival to discharge was greater in hospitals performing
cardiac catheterization (34% versus 27%, p=0.001), and in hospitals that received ≥40 patients /
year compared to those that received <40 (37% vs 30%, p=0.01). Survival was not associated with
hospital bed number, teaching status or trauma center designation. Length of stay (LOS) for
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surviving subjects was shorter at hospitals performing cardiac catheterization (p<0.01).After
adjusting for all variables, there were no independent associations between survival or LOS and
hospital characteristics.

Conclusions—Some subsets of hospitals displayed higher survival and shorter LOS for
OOHCA subjects but there was no independent association between hospital characteristics and
outcome.

Out-of-hospital cardiac arrest (OOHCA) has an incidence of 52.1 per 100,000 population,
making it the third-leading cause of death in North America [1]. Survival after OOHCA
treated by emergency medical services (EMS) is about 7.9%, but varies greatly between
sites and regions (median 8.4%, ranging between 3.0% – 16.3%) [1]. This large variation in
survival is associated with differences in the characteristics of both patients, circumstances
of arrest, and with EMS or hospital systems of care. The relative contributions of these
factors to survival are unknown.

One possible influence on patient survival is the level of care received in the hospital after
successful resuscitation by EMS. For example, specific interventions such as hypothermia
[2,3] and multidisciplinary changes in hospital care [4,5] produced two-fold increases in
survival after OOHCA. Several papers have suggested the existence of hospital-related
differences in survival after OOHCA [6–9]. Observational studies suggest that early
percutaneous coronary intervention can improve outcomes after cardiac arrest [10,11].
However, the association between specific characteristics of hospitals and survival after
OOHCA is unknown.

Most hospitals treat few post-cardiac arrest patients [6]. Therefore, it is difficult to compare
individual hospital survival rates. However, in a large database, survival can be compared
between categories of hospitals. The Resuscitations Outcome Consortium (ROC) developed
and implemented a prospective, EMS-based registry to describe processes of care and
outcome of patients assessed by EMS for OOHCA [12]. The present study used this
database to test the hypothesis that survival to hospital discharge was associated with
characteristics of receiving hospitals, including size (bed number), capability of performing
cardiac catheterization, and total volume of OOHCA patients received.

METHODS
Data were obtained from the ROC Cardiac Arrest Epidemiological Registry or “Epistry”
which has been described in detail previously [12]. This registry is a prospective database of
all persons evaluated for OOHCA by participating EMS agencies. Over 250 EMS agencies
at sites in Canada and the US contribute data on an ongoing basis. Multiple mechanisms for
surveillance are used at local sites to assure investigators of capture of all appropriate cases.
Data are abstracted from EMS records and hospital records by data coordinators who use
common data definitions. Data are transmitted to a central coordinating center by web-entry
into an electronic database or batch upload of multiple cases grouped together. Within-form
error checks are used to decrease data entry errors.

Subjects included were OOHCA patients of any age who received hospital care. “Cardiac
arrest” was defined as receiving either (1) chest compressions by professional responder
(paramedic, first-responder or other health professional arriving as part of the organized
EMS response), or (2) rescue shock by professional responder or a bystander using an
automated external defibrillator (AED). Cardiac arrest cases that were associated with
trauma were excluded. “Received hospital care” was defined as either (1) arrived at the
hospital with pulses, or (2) arrived at the hospital without documented pulses, but was
discharged or died > 1 day later (i.e. was not pronounced dead on arrival at the hospital).
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When the subject was delivered to one hospital, and transferred to a second hospital on the
same day, the second hospital was considered to be the treating hospital. These definitions
were selected in order to exclude cases of EMS-treated OOHCA who never had restoration
of pulses, and therefore who were not exposed to in-hospital post-resuscitation care.
Subjects were entered into the database between December 1, 2005 and July 1, 2007, a time-
period that excludes any interventional ROC trials.

Hospital characteristics were obtained from three sources. First, the EMS Structures Survey
collected standardized data from each ROC site completed by local investigators who
described the local hospitals that receive patients from their EMS systems [13]. Second, the
American Hospital Directory is a publicly available database on US hospitals that is collated
from a variety of public and payor databases (Medicare, licensed beds) (www.ahd.com).
Third, the 2006–2007 Guide to Canadian Healthcare Facilities is a collation of data on
Canadian hospitals provided by member hospitals (Volume 14, 2006–2007, www.cha.ca).
Investigators examined the data from all three sources for each hospital that received
subjects in the Epistry database in order to collate hospital characteristics. In the event of
discrepancies, the report of local investigators who were familiar with the local hospital was
used.

Hospitals were categorized based on several characteristics. Number of beds was used to
categorize hospitals as large (>400 beds), medium (251–400 beds), and small (<250 beds).
Capacity to perform acute cardiovascular interventions was defined as the presence of a
cardiac catheterization laboratory, but the databases did not distinguish between capacity to
perform emergent and elective catheterization or PCI. Trauma center designation was
categorized as Level 1, Level 2, or non-trauma center. A teaching hospital was defined as
one that listed active residency programs based at that hospital.

Patient and arrest characteristics were tabulated with descriptive statistics and compared
between the number of hospital beds (size category) and cardiac catheterization capabilities
of hospitals. Sample sizes within cardiac catheterization designation were similar across the
different hospital size categories. Chi-Square tests examined the independent association of
hospital size category and catheterization capability with the primary outcome, survival to
hospital discharge. Hospital length of stay was considered as a secondary outcome.

To account for known potential confounders, we used multiple logistic regression to
examine the association of hospital type and survival to hospital discharge. We adjusted for
variables previously associated with outcome: site; hospital characteristics including trauma
level designation (1,2, non-trauma), teaching institution; patient characteristics including
gender, age (<1, 1–11, 12–19, 20–39, 40–60, 61–75, >75, unknown), witnessed collapse
(witnessed, unwitnessed, or unknown), initial ECG rhythm (VT/VF, PEA, asystole, AED
no-shock, or cannot determine), bystander attempts at cardiopulmonary resuscitation (CPR),
and EMS process characteristics including response time (time from call to dispatch to first
EMS vehicle arrival at scene). Variables were considered significantly associated with the
outcome if p < 0.05.

In order to describe the relationship between hospital volume of OOHCA patients and
outcome, we plotted survival versus annualized number of cardiac arrests in the database for
all hospitals. To avoid bias against hospitals with small volumes of cardiac arrest patients
(<10 post-cardiac arrest patients a year), this analysis included all hospitals, regardless of
size.

Analyses of data were performed in S-Plus, v 6.2 (TIBCO Software, Palo Alto CA) or
STATA v9.1 (StataCorp LP, College Station TX).
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RESULTS
Complete data were available from 8 sites in the US and 2 in Canada. EMS agencies
delivered subjects to a total of 254 hospitals (144 in US and 110 in Canada). The distribution
of hospital sizes was similar in the US and Canada (Table 1). A larger proportion of US
hospitals performed cardiac catheterization and maintained residency programs than
Canadian hospitals (Table 1). About 48% of hospitals reported being able to perform cardiac
catheterization. Similar proportions of hospitals were designated Level 1 or 2 Trauma
Centers in both US and Canada.

During this time interval, EMS treated 28,974 OOHCA cases and transported 10,496 cases
to a hospital. Among these, 163 subjects (1.6%) were transported to hospitals outside of the
surveillance area of the database, and no further information is available for those subjects.
Of the remaining 10,333 subjects, 2395 (22.8%) had pulses at ED arrival while an additional
1767 (16.8%) did not have a pulse upon ED arrival or lacked EMS documentation of a
pulse, but died or were discharged ≥1 days later. Survival data or other key data were
missing for 75 cases (1.8%), leaving a total of 4087 subjects who received hospital care after
OOHCA. Overall survival to hospital discharge for the 4087 patients who received hospital
care was 32%.

A larger proportion of subjects delivered to the hospital with pulses or hospitalized >1 day
were treated at large (37%) versus medium (29%) and small (29%) hospitals (Table 2).
Overall, 68% of subjects were treated at hospitals with cardiac catheterization capabilities.
Hospitalized subjects were more often male and had an initial ECG rhythm of ventricular
fibrillation or ventricular tachycardia (VF/VT) (Table 3). Median length of stay was longer
in patients who survived to discharge (Table 4). For surviving patients, length of stay was
longer at hospitals without cardiac catheterization capabilities (p<0.01). This association
was confounded by the fact that more Canadian hospitals, which have different incentive for
length of stay, lacked cardiac catheterization capability. In a multivariable regression
adjusting for country, initial VF/VT rhythm, age and witnessed collapse, the length of stay
was not significantly associated with cardiac catheterization capability (0.18, 95%CI
−1.47,1.82), medium size (0.41, 95%CI −1.12,1.95) or large size (0.32, 95%CI −1.28,
1.92).

Survival to hospital discharge had a significant univariable relationship with the availability
of cardiac catheterization (OR = 1.43 95% CI 1.26–1.61, p<0.001). Survival to hospital
discharge was greater in hospitals with cardiac catheterization capability than those without
(34% versus 29%) (FIGURE 1). This association was more prominent in small (<250 bed)
hospitals (36% vs. 27%), than in medium (34% vs. 30%) or large hospitals (33% vs. 25%).
Number of hospital beds did not have a significant relationship with survival (p=0.67).

Subject characteristics associated with survival in the multivariable logistic model included
an initial rhythm of VF/VT, younger age, and witnessed collapse (p<0.001). After adjusting
for all covariates, the odds of death in a hospital with cardiac catheterization capabilities
versus a hospital without cardiac catheterization was 0.79 (95% CI 0.62–1.001). The odds of
death relative to a small hospital was 0.92 (95% CI 0.74–1.15) for medium-sized hospitals
and 1.05 (95% CI 0.83–1.34) for large hospitals. Survival rates did vary by volume of
cardiac arrest cases treated (Table 5) with a high of 37.3% in hospitals with an annualized
enrollment of ≥40 ROC patients a year and a low of 28.3% in hospitals with an annualized
enrollment of 30–39 ROC patients a year. Survival was associated with case volume (Chi-
Square =9.8, p=0.04), but this relationship was attenuated when odds of death were adjusted
for all covariates (Table 5).
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DISCUSSION
After resuscitation by EMS or in the ED after OOHCA, the unadjusted probability of
survival to discharge is associated with care at a hospital capable of cardiac catheterization
or treating ≥40 OOHCA patients annually. Mean length of stay is also shorter for patients
hospitalized at hospitals capable of cardiac catheterization. The characteristics of patients
delivered to different categories of hospitals do not differ, but after adjusting for response
and patient characteristics, there was no independent association between survival and
hospital characteristics. Therefore, it remains unclear whether EMS selection results in
preferential transport of patients more or less likely to survive to specific hospitals. These
data suggest some predilection for the most viable post-cardiac arrest patients to be treated
at hospitals capable of cardiac catheterization.

The principal limitation of this study is that we are unable to describe whether therapeutic
hypothermia, cardiac catheterization or other procedures were actually applied to individual
patients. Cardiac catheterization availability may be surrogate for a more comprehensive
cardiac and critical care program. Future studies should examine the influence of specific in-
hospital procedures and therapies. Additional analyses with neurological and functional
outcomes were not attempted because the current database lacks complete information on
these measures at the time of discharge. One advantage of this prospective database is that
future data collection can be expanded to record the actual cardiac procedures and treatment
for individual subjects as well as more detailed outcomes. Those data will better answer
what specific types of hospital care are associated with survival and improved outcome.

This study is also limited by the multiple out-of-hospital factors that affect patient outcome.
When adjusted for all available clinical predictors, there was no significant independent
effect of cardiac catheterization availability on survival. This result is similar to a recent
analysis of survival after in-hospital cardiac arrest [14]. In that analysis, care at a tertiary
care facility resulted in higher unadjusted survival rate, but this effect was diminished when
adjusted for differences between the hospital populations. In another series, differences in
survival after OOHCA between two hospital systems were attributable in large part to out-
of-hospital factors [15]. Those prior studies and the present data underline the importance of
optimizing multiple aspects of care, and not relying on a single aspect of the entire system of
treatment, both in-hospital and out-of-hospital, in order to improve survival after cardiac
arrest.

Availability of cardiac catheterization was expected to be beneficial because of the high
incidence of coronary artery occlusion in out-of-hospital cardiac arrest [16,17]. Primary
percutaneous coronary intervention (PCI) by experienced cardiologists is associated with
superior survival and fewer complications for patients with ST-elevation myocardial
infarction (STEMI) [18], and also may benefit non-STEMI patients [19–21]. This study did
not directly compare early intervention to conservative management, but do indicate that
post-cardiac arrest patients are currently directed towards hospitals with availability of
coronary intervention.

Invasive coronary interventions may be underutilized for post-cardiac arrest patients [22].
Some authors have proposed triage and transfer of high-risk cardiac patients without cardiac
arrest to cardiac centers, which are capable of primary PCI [23], and some regions also
transfer patients after cardiac arrest [24]. The benefit of transfer and longer transport may
only affect outcomes for selected “high-risk” STEMI patients [25], and emergent PCI may
only benefit a subset of post-cardiac arrest patients [26]. Regardless, more data are required
to establish whether treatment of post-cardiac arrest patients in a fashion similar to high-risk
STEMI patients is beneficial.
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This study adds to the discussion about whether patients with restoration of pulses after
OOHCA should be transported to the nearest hospital or to specialized centers [27]. In many
critical illnesses, specialized care improves outcomes [28]. For example, implementation of
trauma systems is associated with improved survival after life-threatening injury [29,30],
particularly at individual trauma centers with higher volumes of cases [31]. Likewise, care
of stroke patients at specialized stroke units is associated with better survival and better
functional recovery, independent of reperfusion [32,33]. Better survival in these studies was
related to improved systems of care rather than single interventions. This paper helps
identify the important covariates that should be measured in order to test whether similar
systems of care also may benefit OOHCA.

The present data suggest that patients with greater chance of survival are being treated at
larger cardiac hospitals, but cannot separate the contribution of hospital and patient
characteristics. Other retrospective analyses found relationships between survival after
OOHCA and different aspects of hospital care, including case volume and coronary
interventions, [6,7,34–36]. The present analysis provided a more complete description than a
previous study [6] that excluded hospitals with less than 12 patients a year, and found no
independent effect of case volume. One limitation of the present analysis is the fact that
some hospitals would treat post-cardiac arrest patients delivered to the hospital from sources
other than ROC EMS agencies. For most facilities, the ROC database does include the
majority of EMS services serving the surrounding geographical region. Thus, the volume of
cardiac arrest patients used in this analysis is probably a good surrogate for total volume of
post-cardiac arrest patients.

In summary, patients with restoration of pulses after out-of-hospital cardiac arrest who were
treated at hospitals capable of invasive cardiac procedures and hospitals that treat a large
volume of cardiac arrest patients had increased rates of survival. However, there was no
independent effects of hospital characteristics after adjusting for multiple other factors
associated with survival after cardiac arrest. These associations underline the need to study
implementation of regional systems of care for post-cardiac arrest patients in a prospective
fashion with attention to multiple important covariates. Future research should determine if
these observations are robust and identify whether specific hospital procedures are
associated with survival.
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FIGURE 1.
Survival to discharge was greater in CATH than in no CATH hospitals regardless of bed
number. Odds of death (triangles=No CATH; squares=CATH) were adjusted for witnessed
collapse, VF/VT, and age.
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TABLE 1

Study hospital characteristics between US and Canadian ROC sites.

All Hospitals (n=254) Canadian Hospitals
(n=110)

US Hospitals (n=144)

Number of Beds

≤100 42 (16.5%) 21 (19.1%) 21 (14.6%)

101–200 60 (23.6%) 19 (17.3%) 41 (28.5%)

201–300 49 (19.3%) 16 (14.5%) 33 (22.9%)

301–400 32 (12.6%) 16 (14.5%) 16 (11.1%)

> 400 46 (18.1 %) 24 (21.8%) 22 (15.3%)

Missing Bed Number 25 (9.8%) 14 (12.7%) 11 (7.6%)

Catheterization Laboratory 140 (55.1%) 27 (24.5%) 113 (78.5%)*

Electrophysiology Laboratory 38 (15.0%) 17 (16%) 21 (15%)

Trauma Level 1 36 (14%) 17 (16%) 19 (13%)

Trauma Level 2 19 (8%) 10 (9%) 9 (6%)

Residency Program 111 (44%) 33 (30%) 78 (54%)*

*
p<0.05 between US and Canadian hospitals
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TABLE 5

Outcomes by hospital volume of OOHCA cases. Hospitals with no treated cases (n=51) are excluded.

Yearly ROC Cases Number of Hospitals Survival to Discharge (%) Adjusted Odds of Death (95% CI)

1–9 103 28.7% Reference

10–19 55 30.8% 0.85 (0.65, 1.12)

20–29 23 32.6% 0.89 (0.65, 1.21)

30–39 11 28.3% 1.04 (0.75, 1.45)

≥40 11 37.3% 0.91 (0.67, 1.25)

*
Adjusted for witnessed collapse, VF/VT, age and cardiac catheterization capability.
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