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Abstract
OBJECTIVES—National leaders have suggested that patients with an out-of-hospital cardiac
arrest (OOHCA) may benefit from transport to specialized hospitals. We sought to assess the
survival of OOHCA patients by transport distance and hospital proximity.

METHODS—Prospective, cohort study of OOHCA patients in 11 Resuscitation Outcomes
Consortium (ROC) sites across North America. Transport distance and hospital proximity was
calculated using weighted centroid of census tract location by Geographic Information Systems
(GIS). Patients were stratified into quartiles based on transport distance to the receiving hospital
calculated via GIS. Descriptive statistics were used to describe characteristics by transport
distance and to compare proximity to other hospitals. Multivariate logistic regression was used to
evaluate the impact of transport distance on survival.

RESULTS—26,628 patients were identified, 7,540 (28%) were transported by EMS and included
in the final analysis. The median transport time was 6.3 minutes (IQR 5.4); the median transport
distance being 2.4 miles (3.9 km). Most patients were taken to the closest hospital (71.7%;
N=5,412). However, unadjusted survival to discharge was lower for those taken to the closest
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compared to further hospitals (12.1% vs. 16.5%) despite similar patient characteristics. Transport
distance was not associated with survival on logistic analysis (OR 1.00; 95% CI 0.99–1.01).

CONCLUSIONS—Survival to discharge was higher in OOHCA patients taken to hospitals
located further than the closest hospital while transport distance was not associated with survival.
This suggests that longer transport distance/time might not adversely affect outcome. Further
studies are needed to inform policy decisions regarding best destination post cardiac arrest

INTRODUCTION
Out of hospital cardiac arrest (OOHCA) continues to be a leading cause of death in the
United States (U.S.).1 Survival from OOHCA varies considerably across the country and
until recently had been relatively stagnant over the last several decades.2 However, the
advent of recent interventions such as induced-hypothermia and early cardiac
catheterization, along with higher quality cardiopulmonary resuscitation (CPR) in the
prehospital setting, has led to a distinct increase in survival.3–5 Despite these advances,
various regions and hospitals in the U.S. have been slow to adopt such measures in order to
improve outcomes from OOHCA.

Based on this information, as well as the success of regionalized trauma centers and their
impact on survival in injured patients,6, 7 many leaders have called for development and
implementation of cardiac arrest centers.8 Some areas of the country, such as the state of
Arizona, are actively developing such centers.9 However, before such centers are deemed
appropriate, it must be determined that it is safe to bypass closer hospitals in order to
transport a patient to a hospital further away but with additional resources to optimize the
care of such patients. To date, there has been limited data evaluating the safety and impact
of such a practice on survival of OOHCA patients.10–12

In light of the growing interest in developing and implementing regionalization of
specialized care for OOHCA, we sought to assess the impact of transport distance on
survival in OOHCA patients and to assess the characteristics of hospitals that care for
OOHCA patients. We hypothesized that an increase in transport distance would not be
associated with a decrease in survival, nor would transport to a closer hospital be associated
with improvement in survival.

METHODS
This was a secondary analysis of a prospective, observational, multi-center, population-
based cohort study in 10 of 11 North American sites participating in the Resuscitation
Outcomes Consortium (ROC). One site was excluded due to incomplete case capture across
the study’s time frame. This project was approved by 74 U.S. Institutional Review Boards
(IRB) and 34 Canadian Research Ethics Boards as well as 26 Emergency Medical Services
(EMS) IRBs and the IRB at the Ohio State University Medical Center.

We included all patients who suffered an OOHCA and were entered into the ROC Epistry—
Cardiac Arrest from December 2005 through June 2007. This is a multi-center
epidemiologic-based cardiac arrest registry, the methodology of which has been detailed
elsewhere.13 Briefly, this is a population-based registry of all EMS-attended 9-1-1 calls for
patients with OOHCA occurring in the geographical areas of all participating sites in North
America. This contains information submitted from over 200 EMS agencies and over 200
hospitals that participate in ROC covering an area of approximately 33,000 square miles
servicing a population of approximately 20,000,000 people. Prehospital and in-hospital data
are included in Epistry. Quality Assurance (QA) measures are in place that are consistent
between sites (initial EMS provider training with continued education, annual review of
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random records to ensure accurate data entry) as well as to the consortium as a whole
(annual site visits by Data Coordinating Center to review records submitted, data abstraction
process, review site QA measures) to ensure consistent and reliable data collection. Some
aspects of the individual sites QA processes (timing of training, schedule of training at
individual sites) vary and are specific to each site.

For this project, we identified all adult patients (≥18 years of age) who suffered an OOHCA;
however, the primary analysis was restricted to those patients transported to a hospital.
Patients were considered to have an OOHCA based on Utstein criteria.14 Patients were
excluded if they were not treated by EMS or if resuscitation was not initiated (due to family
request, a do not attempt resuscitative directive signed and dated by a physician), if they
were treated by EMS but not transported, if the etiology of the arrest was non-cardiac, or if
there were missing data in key variables or outcomes.

Variables collected and included in the analysis were: gender, age, presenting rhythm
(ventricular fibrillation/pulseless ventricular tachycardia [VF/VT] vs. other), witnessed vs.
unwitnessed arrest, bystander CPR (yes, no), bystander automated external defibrillator use
(yes, no), advanced life support vs. basic life support first responder, response time (in
minutes, defined as time from 9-1-1 call to first responder arrival time), census tract of
event, and ROC site (10 total). Age and response time were continuous variables, all others
were categorical. Hospital-level variables that were collected and analyzed included:
presence/absence of a cardiac catheterization lab, presence/absence of an electrophysiology
lab, mean number of beds and the teaching status of the institution (yes/no). Whether or not
a patient received specific interventions is not available via Epistry. The outcome of interest
was survival to hospital discharge, defined as leaving the hospital alive. Epistry does not
have data pertaining to the neurologic status of patients at discharge.

Two methods of transport distance, point and driving, were calculated using Geographic
Information Systems (GIS) (ArcGis version 9.1 ESRI, Redland CA). Since the exact address
and/or latitude/longitude coordinates of each arrest are not routinely captured in Epistry, the
location of the arrest was estimated via the population-weighted centroid of the census tract.
15 Although this is somewhat less accurate than the actual distance, prior work has shown
that it has very good correlation with the exact distance from a point location.16 Point
distance, or straight line (Euclidean) distance, from this weighted centroid to each hospital
was calculated via the distance formula. This, in essence, calculates the shortest distance
between two points. Driving distance was calculated via network distance along the road
network to the nearest hospital as well as to the transported hospital. Network distance was
calculated with ESRI’s Network Analysis extension in ArcInfo 9.1, which computed the
shortest distance along the road network to the hospitals.15 Hospitals or centroids of census
tract that did not fall on a network location were moved to the closest geographical point.
Distance was rounded to the nearest mile.17 In order to identify how well point distance and
driving distance correlated, Pearson’s correlation coefficients were calculated.

We also created a categorical, hospital variable to evaluate the impact of “bypassing” the
closest hospital to go to a specialized hospital that is further away in order to ascertain the
safety of it. This did not assume that an ambulance actually drove past one hospital to go to
another, although this could happen if the closest hospital was encountered on the way to the
furthest hospital. Furthermore, this variable would also serve as a potential surrogate for
hospital characteristics, as the assumption is that a further hospital would have more
resources. The hospital variable was a categorical variable for whether or not a patient was
transported to the closest hospital. The closest hospital was defined as the closest hospital in
miles to the event itself as defined above. If the patient was located at an equal distance
between two hospitals, we assumed the patient was taken to the closest hospital.
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Descriptive statistics were used to describe the study population and were reported as means
with 95% confidence intervals or medians with inter-quartile ranges (IQR), where
appropriate. Similar descriptive statistics were utilized to characterize the hospitals. In order
to ascertain any differences in patient characteristics based on transport distance to the
hospital, patients were stratified into quartiles of transport distance. Continuous and
categorical variables were compared via X2 Analysis, Wilcoxon rank sum test, and
Student’s t test, where appropriate. Pearson’s correlation coefficients were calculated to
determine if there was any correlation between presenting rhythm and type of hospital
(closer vs. further). Multivariable logistic regression analysis was used to evaluate the
association between transport distance and survival as well as bypassing the closest hospital
and survival, adjusting for the previously mentioned confounders. A p-value <0.05 was
considered statistically significant for all tests. Hosmer-Lemeshow goodness of fit was used
to assess the overall model fit.

In order to test the safety of such a practice in those patients whom might be most
salvageable, we performed a sensitivity analysis including only patients who had return of
spontaneous circulation (ROSC) on arrival in the ED in the models mentioned above.
Additionally, to account for any potential clustering of patients based on the ROC site, we
performed a random-effects model to account for any potential clustering.18 Furthermore, in
order to add further validity to the concept of regionalization similar to that instilled by
trauma centers in the U.S., we performed a subset analysis of those patients taken only to a
Level I trauma center.

SPlus (v. 6.2, Seattle, WA) was used for database management and analyses.

RESULTS
A total of 26,628 patients were identified, of which 7,540 (28%) were transported to a
hospital with complete data (Figure 1). Of these, 5,412 (72%) were transported to the closest
hospital. The majority of patients were male, arrested in a private setting, and had a non-VF/
VT presenting rhythm (Table 1). Receiving hospitals located further from the events were
more likely to have a cardiac catheterization lab, an electrophysiology lab, higher patient
volumes, and were a teaching institution. (Table 2)

The overall mean difference in transport distance in patients taken to the further hospital
compared to the closest hospital was 1.70 miles (2.74 kilometers). The correlation between
point distance and driving distance was very high, ρ=0.90. When comparing overall
survival, those taken to a further hospital had better survival compared to a closer hospital
(16.5% vs. 12.1%, p<0.001). Those patients with VF/VT transported to a further hospital
had better survival than those taken to a closer hospital (32.8% vs. 25.6%, p<0.001). In a
small subset of patients with a mean transport difference greater than 5 miles (N=151), those
transported to a further hospital had a trend for improved survival (17.5% vs. 12.1%,
p=0.06). The overall survival by presenting rhythm for each ROC site is displayed in Table
3. The vast majority of survivors had VF/VT as their presenting rhythm. There was poor
correlation between presenting rhythm and which hospital a patient was transported to
(ρ=0.03)

On multivariate analysis, after adjusting for several confounders (Table 4), transport
distance, both point and driving distance, were not associated with survival (Odds Ratio
[OR] 1.00; 95% Confidence Interval [CI] 0.99–1.01). Additionally, when assessing the
impact of “bypassing” the closest hospital (Table 5), those patients transported to the closest
hospital were found to have decreased survival compared to those taken to a further hospital
(OR 0.82; 95% CI 0.69–0.97).
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On sensitivity analysis, evaluating only those patients with ROSC on ED arrival, transport
distance, both point and driving distance, were not associated with survival (OR 1.00; 95%
CI 0.98–1.02). No difference in survival was seen in those transported to the closest hospital
compared to those taken to a further hospital (OR 0.86; 95% CI 0.66–1.12). Unadjusted
survival was similar in those without ROSC, regardless of hospital destination (2.4% vs.
1.6%, p=0.14). After allowing site to be a random effect, transport distance, both point and
driving distance, were not associated with survival (OR 1.00; 95% CI 1.00–1.01). Decreased
survival in those transported to the closest hospital compared to those taken to the further
hospital was also observed (OR 0.98; 95% CI 0.96–0.99).

In the subset analysis evaluating patients only taken to Level I trauma centers, those taken to
a further hospital also had better unadjusted survival compared to those taken to a closer
hospital (18.7% vs. 13.9%, p=0.01).

DISCUSSION
In this project, we have observed that transport distance in patients with an OOHCA is not
associated with survival, and that transport to a closer hospital may indeed be associated
with lower odds of survival. This is consistent with prior literature that has investigated
whether an increase in transport time is associated with a decrease in the odds of survival.
10–12 This data, coupled with the prior literature, suggests that transport to further hospitals,
such as cardiac arrest receiving centers, should not negatively impact the survivability from
OOHCA.

In two different patient populations, Spaite et al demonstrated that transport interval, as
measured by time, was not associated with an increase in mortality.11, 12 Additionally,
Davis et al found a similar relationship in San Diego.10 We used transport distance rather
than transport time because distance offers a fixed data point that could be used by EMS
directors, physicians, and health policy leaders, to model appropriate transport protocols to
potential cardiac arrest centers. Such an assumption has been justified as a valid measure in
developing policy with regards to access to medical centers and hospitals.19 Furthermore,
transport time can vary based on time of the day, day of the week, traffic volume, and
weather conditions, whereas transport distance will remain constant. Moreover, prior work
has shown a strong correlation between straight line distance via GIS and travel time, further
justifying it use.19, 20 Finally, prior work has shown that transport time is not associated
with mortality in OOHCA patients.10–12 We feel that our findings add to and complement
existent literature supporting the potential benefit of regionalization of cardiac arrest care.

Our project has a few distinct differences compared to the previously mentioned work. We
were able to demonstrate these findings in a large, heterogeneous population, across
multiple different geographic areas in two different countries, potentially increasing the
generalizability of these findings. Furthermore, rather than evaluate transport time, a
variable that is highly dependent on several factors, we chose to evaluate transport distance,
a fixed and more independent variable. By using a fixed variable such as distance, it is
possible to develop transport protocols to the most capable facilities (i.e. hypothermia
capabilities, 24 hour cardiac catheterization capabilities) that are located within a certain
distance from the site of the arrest rather than estimate what the potential transport time
might be. These findings, coupled with prior literature, suggest that neither transport time,
nor transport distance are associated with mortality, thus adding to the safety and potential
benefit of receiving cardiac arrest centers.

These findings are not surprising given the current literature in the care of OOHCA patients.
It is no longer considered true that only prehospital interventions (shorter response time,
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early defibrillation, bystander CPR) improve survival for OOHCA.21–23 Recent studies
have shown that various hospital characteristics as well as standardized in-hospital care of
OOHCA patients is associated with improved outcomes.4, 24–27 Although not specifically
evaluated in this project, those hospitals that were located further from the site of arrest were
more likely to have more capabilities, to have higher volumes of patients, and to be a
teaching institution, all of which have been shown to be associated with improved outcomes
in other patient populations.28–33 Additionally, prior work via ROC has shown that hospitals
with a congregation of specialized services are associated with improved outcomes in
OOHCA patients.34 This information, coupled with evidence suggesting that standardized,
bundled treatment strategies improves survival,35 are the foundational arguments for post-
OOHCA resuscitation centers.

Clearly, there are additional barriers that will need to be overcome at the state, regional, and
local levels before the establishment of cardiac arrest centers can be safely and efficiently
developed and implemented. It would be ideal to model other effects on a policy change to
centralize resuscitation care, such as the reduction in other capabilities within smaller
hospitals and potential increased overcrowding in the larger centers. One limitation
addressed in this project is the generalizability of these findings with other systems. ROC
was developed and implemented in order to make their findings generalizable to all parts of
the U.S. and Canada. The findings of this project were obtained from more than 200
hospitals and more than 200 EMS agencies, constituting urban, suburban, and rural settings,
suggesting that it is not limited to one type of system or one type of geographical region. By
assessing the potential impact of transport distance over such a wide array of settings
through several vast populations further suggests that the practice of bypassing a closer
hospital to transport to a further, more capable hospital may indeed be safe and perhaps
necessary.

LIMITATIONS
This project is not without its limitations. We did not evaluate for the impact of hospital
characteristics or interventions at the hospital or patient level. The objective was to assess
the impact of transport distance to determine the safety of transporting to hospitals with
perhaps more advanced capabilities. However, we did attempt to incorporate these
characteristics using our surrogate marker of hospital bypass. As the hospitals located
further from the event tended to have more capabilities and qualities that may be associated
with improved survival, this appeared to be an appropriate surrogate for more specialized
centers. However, future projects should evaluate if hospitals with more experience with and
higher volumes of characteristics such as hypothermia and cardiac catheterization improve
survival.

It is possible that hospitals located closer to the site of the arrest may serve as a marker for
selection bias. Patients in whom ROSC was not achieved and who would not survive
regardless of where they are transported may have selectively been transported to the closest
hospital. While this may be true, we attempted to account for this in our sensitivity analysis
evaluating only those patients with ROSC at ED arrival and found similar findings,
suggesting that such bias is minimal. Although not reaching statistical significance in our
study, it is possible that the lack of statistical significance can be accounted for by the
decrease in sample size (N=1,681) which is partly attributable to the fact that the ROSC at
ED arrival variable was not captured in the first version of Epistry.

Finally, we were unable to adjust for unmeasured confounders, such as bypassing hospitals
that may be full or the triaging of patients by medics or the EMS dispatcher.
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CONCLUSIONS
In this project, transport distance is not associated with survival to discharge in OOHCA
patients. This supports the concept that transporting a patient to a further hospital with more
advanced capabilities may be beneficial and safe. Future research should evaluate the impact
of hospital-based interventions and policy changes that promote resuscitation centers on
survival in OOHCA patients in order to evaluate the potential effectiveness of cardiac arrest
receiving centers.
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Figure 1.
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Table 1

Patient and System Characteristics for Transported Patients with an Out of Hospital Cardiac Arrest by
Transport Distance

1st Quartile
0.06 m/0.09km

(N=1887)

2nd Quartile
1.37 m/2.20 km

(N=1883)

3rd Quartile
2.42 m/3.89 km

(N=1883)

4th Quartile
3.84 m/6.18 km

(N=1885)

% (n) Male 66% (1245) 64% (1213) 65% (1214) 65% (1218)

Median Age in years (IQR) 66 (25) 68 (24) 68 (25) 66 (25)

% (n) Public location of arrest 26% (482) 20% (370) 20% (371) 19% (354)

% (n) VF/VT 33% (631) 31% (592) 32% (607) 35% (654)

% (n) Bystander Witness 46% (868) 42% (789) 44% (834) 43% (817)

% (n) Bystander CPR 31% (584) 27% (509) 27% (505) 30% (557)

% (n) ALS 44% (836) 52% (987) 48% (907) 50% (946)

Median Response Time in minutes
(IQR)

5.00 min (2.35) 5.08 min (2.52) 5.38 min (2.97) 5.87 min (3.76)

m=mile
km=kilometer
IQR: interquartile range
VF/VT: Ventricular fibrillation/Ventricular tachycardia
CPR: cardiopulmonary resuscitation
ALS: advanced life support was first on scene
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Table 2

Hospital Characteristics

Closest Hospital
(n=5412)

Further Hospital
(n=2128)

Catheterization Lab 3140 (58%) 1700 (80%)

Electrophysiology Lab 634 (12%) 490 (23%)

Beds 342 (247) 431 (352)

Teaching Institute 2489 (46%) 1505 (71%)

%=percentage
SD=standard deviation
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Table 3

Patient Survival by Presenting Rhythm

ROC Site Non-VF/VT
n (%)

VF/VT
n (%)

A 2 (1.1%) 5 (6.3%)

B 9 (3.8%) 28 (30.8%)

C 13 (5.3%) 28 (24.1%)

D 16 (2.2%) 21 (9.2%)

E 24 (10%) 57 (49.1%)

F 25 (3.5%) 73 (18.1%)

G 25 (4.9%) 152 (35.8%)

H 34 (14.6%) 120 (51.3%)

I 35 (10.1%) 94 (30.4%)

J 48 (5.2%) 100 (22.6%)

ROC: Resuscitation Outcomes Consortium
VF/VT: Ventricular Fibrillation/Ventricular Tachycardia
n=raw number of survivors
%=mortality percentage by ROC site
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Table 4

Multivariable Logistic Regression Model Assessing the Effect of Transport Distance on Survival to Hospital
Discharge, Adjusting for Potential Confounders

Odds Ratio 95% Confidence Interval

Distance (per km) 1.00 (0.99, 1.01)

Male 0.90 (0.76, 1.07)

Age (per year) 1.05 (1.02, 1.08)

Non-VF/VT Initial Rhythm 0.19 (0.16, 0.22)

EMS Witnessed 2.14 (1.76, 2.62)

Bystander Resuscitation 2.22 (1.02, 4.85)

Bystander AED 3.49 (2.25, 5.42)

Response time 0.67 (0.56, 0.80)

Site 2 1.60 (0.69, 3.70)

Site 3 5.06 (2.18, 11.8)

Site 4 11.9 (5.30, 26.9)

Site 5 3.51 (1.59, 7.78)

Site 6 4.35 (1.84, 10.3)

Site 7 5.84 (2.62, 13.1)

Site 8 16.1 (7.23, 35.7)

Site 9 5.32 (2.42, 11.7)

Site10 8.52 (3.88, 18.7)

ALS first responder 1.16 (0.94, 1.42)

VF/VT: Ventricular Fibrillation /Ventricular Tachycardia
AED: Automated External Defibrillator
ALS: Advanced Life Support was first on scene

Resuscitation. Author manuscript; available in PMC 2011 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cudnik et al. Page 15

Table 5

Multivariable Logistic Regression Model Assessing the Effect of Bypass of Closest Hospital on Survival to
Hospital Discharge, Adjusting for Potential Confounders

Odds Ratio 95% Confidence Interval

Transport to Closest Hospital 0.82 (0.69, 0.97)

Male 0.90 (0.69, 1.07)

Age (per year) 1.05 (1.02, 1.08)

Non-VF/VT Initial Rhythm 0.19 (0.16, 0.22)

Witnessed 2.14 (1.76, 2.61)

Bystander Resuscitation 2.29 (1.05, 4.98)

Bystander AED 3.53 (2.27, 5.47)

Response time 0.67 (0.57, 0.79)

Site 2 1.58 (0.68, 3.66)

Site 3 4.86 (2.09, 11.3)

Site 4 11.5 (5.08, 25.9)

Site 5 3.51 (1.58, 7.76)

Site 6 4.16 (1.76, 9.85)

Site 7 5.76 (2.58, 12.9)

Site 8 15.1 (6.77, 33.5)

Site 9 5.30 (2.41, 11.6)

Site 10 8.54 (3.89, 18.8)

ALS first responder 1.16 (0.94, 1.43)

VF/VT: Ventricular Fibrillation/Ventricular Tachycardia
AED: Automated External Defibrillator
ALS: Advanced Life Support was first on scene
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