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a b s t r a c t

Objectives: To identify variation in patient, event, and scene characteristics of out-of-hospital cardiac
arrest (OOHCA) patients assessed by emergency medical services (EMS), and to investigate variation
in transport practices in relation to documented prehospital return of spontaneous circulation (ROSC)
within eight regional clinical centers participating in the Resuscitation Outcomes Consortium (ROC)
Epistry–Cardiac Arrest.
Methods: OOHCA patient, event, and scene characteristics were compared to identify variation in treat-
ment and transport practices across sites. Findings were adjusted for site and standard Utstein covariates.
Using logistic regression, these covariates were modeled to identify factors related to the initiation of
transport without documented prehospital ROSC as well as survival in these patients. Setting: Eight US
and Canadian sites participating in the ROC Epistry–Cardiac Arrest. Population: Persons ≥20 years with
OOHCA who (a) received compressions or shock by EMS providers and/or received bystander AED shock
or (b) were pulseless but received no EMS compressions or shock between December 2005 and May 2007.
Results: 23,233 OOHCA cases were assessed by EMS in the defined period. Resuscitation (treatment)
was initiated by EMS in 13,518 cases (58%, site range: 36–69%, p < 0.0001). Of treated cases, 59% were
transported (site range: 49–88%, p < 0.0001). Transport was initiated in the absence of documented ROSC
for 58% of transported cases (site range: 14–95%, p < 0.0001). Of these transported cases, 8% achieved

ROSC before hospital arrival (site range: 5–21%, p < 0.0001) and 4% survived to hospital discharge (site
range: 1–21%, p < 0.0001). In cases with transport from the scene initiated after documented ROSC, 28%
survived to hospital discharge (site range: 18–44%, p < 0.0001).
Conclusion: Initiation of resuscitation and transport of OOHCA and the reporting of ROSC prior to transport
markedly varies among ROC sites. This variation may help clarify reported differences in survival rates

a ta
among sites and provide
OOHCA.
. Introduction

Out-of-hospital cardiac arrest (OOHCA) is a major cause of
eath in North America.1–4 Witnessed events, bystander initi-

� A Spanish translated version of the summary of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2010.10.022.
∗ Corresponding author at: Oregon Health & Science University, Department of
mergency Medicine, 3181 SW Sam Jackson Park Road, Mail Code CDW-EM, Port-
and, OR 97239, United States. Tel.: +1 503 494 5096; fax: +1 503 494 1470.

E-mail address: zived@ohsu.edu (D. Zive).

300-9572/$ – see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.resuscitation.2010.10.022
rget for identifying EMS practices most likely to enhance survival from

© 2010 Elsevier Ireland Ltd. All rights reserved.

ated cardiopulmonary resuscitation (CPR), presenting rhythm of
ventricular fibrillation, arrest location and the prehospital return
of spontaneous circulation (ROSC) have all been associated with
increased survival.1,5–18 Assessments of incidence and outcome
also indicate community-level variation as a significant factor in
EMS treatment and survival from OOHCA.1,6,19 Reported survival
to hospital discharge ranges from 2% to 25% in twenty-nine com-

munities, and from 3.0% to 16.3% of EMS-treated patients in ten
ROC communities.1,6

Understanding regional survival is complicated by definitions
used in reporting outcomes.6,20,21 Variation may be related to
patient, event, system, and therapy factors, including treatment

dx.doi.org/10.1016/j.resuscitation.2010.10.022
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2010.10.022
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nitiation and duration, field termination of resuscitation (TOR)
fforts or local regulations guiding transport of non-resuscitated
atients to the Emergency Department (ED). EMS strategies for
OHCA treatment and transport differ widely. In some communi-

ies, EMS is dispatched for every OOHCA, including those with clear
igns of death. Some EMS agencies initiate transport regardless of
irculatory status and after little time on scene while others do not
nitiate transport unless there is ROSC.

The objective of this study was to identify site-level variation
n the proportion of OOHCA patients assessed by EMS for whom
fforts are initiated, the proportion of patients transported to EDs,
nd variation in transport practices in relation to ROSC. We also
xamined predictors of transport in relation to ROSC and survival
n the subgroup of patients whose transport was initiated in the
bsence of ROSC. Differences in treatment and transport practices
ould account for some of the variation in reported OOHCA survival
cross ROC sites.1

. Methods

.1. Setting and population

The Resuscitation Outcomes Consortium (ROC) is a network of
Regional Clinical Centers consisting of 11 major North American

ites investigating OOHCA including US and Canadian communi-
ies with geographic dispersion and diversity, serving an estimated
3.7 million population. ROC includes more than 260 EMS agencies

ncluding urban and rural, private and municipal agencies.22

The ROC Epistry–Cardiac Arrest is a prospective, multicenter,
bservational registry that collects uniform data on all EMS-
ssessed OOHCA across sites allowing a unique opportunity to
ompare regional variation in treatment and transport practices.
he ROC Epistry–Cardiac Arrest was approved by 74 US institu-
ional review boards (IRBs) and 34 Canadian research ethics boards
s well as 26 EMS IRBs.22,23

Data for all eligible 911-initiated calls attended by participat-
ng EMS agencies within defined regions were submitted to the
OC Epistry–Cardiac Arrest database at the centralized ROC Data
oordinating Center (University of Washington, Seattle). Eligible
ubjects for this analysis included 23,233 adult (≥20 years of age)
on-traumatic OOHCA patients whose cardiac arrests were eval-
ated by EMS agencies between December 1, 2005 and May 31,
007 in eight ROC sites. Patients experiencing OOHCA as a conse-
uence of blunt, penetrating, or burn trauma were excluded, while
rowning and mechanical suffocation etiologies were included.23

hree of 11 ROC sites were excluded due to inability to consistently
ocument the presence or absence of prehospital ROSC.

The eight sites included in this analysis represent 151 EMS agen-
ies and 200 hospitals, and reflect an EMS service population of
early 16 million.22 They include fire-based as well as private and
hird party—governmental EMS agencies in systems utilizing varied
esponse schema.

All patients were evaluated by a participating ROC EMS agency
nd: (a) received chest compressions or shock by EMS providers
nd/or received bystander AED shock (treated group) or (b) were
ulseless but received no EMS chest compressions or bystander
ED shock (untreated group). The untreated group included
atients with known DNR orders, those for whom treatment was
onsidered futile (as defined by protocol or law at each site), and

hose who were obviously dead. Subgroups of the study popula-
ion included patients transported for ongoing care, and, within this
roup, those whose transport was initiated without first achieving
ocumented ROSC. Criteria for attempting or terminating resusci-
ation were not standardized among study sites.
82 (2011) 277–284

The ROC Epistry–Cardiac Arrest data elements included age
and gender of patients, OOHCA location (public or private),
witnessed-status, bystander CPR, initial recorded cardiac rhythm,
first documented return of spontaneous circulation (ROSC) and
response and scene time intervals. The initial cardiac arrest rhythm
was obtained from the patient care records or electronic ECG and
was defined as the first rhythm obtained within 5 min of pad or elec-
trode placement and before drug administration. ROSC was defined
as the first documented return of a palpable pulse, blood pressure,
or a perfusing cardiac rhythm. Initiation of transport without docu-
mented ROSC was determined by comparing time of first ROSC and
time of transport from the scene. Only cases with known vital status
at hospital discharge were included in this analysis and only cases
with data for each variable were included in logistic regression
models.

2.2. Analysis

Counts and percentages of patients treated and transported in
relation to ROSC, and survival to hospital discharge are reported
for each site and overall. Chi-square tests of heterogeneity across
the sites are reported. Tests of heterogeneity (adjusted for age,
gender, initial rhythm, location, EMS witnessed, bystander CPR,
highest level of prehospital care) using logistic regression are also
reported. The variables selected are standard Utstein covariates.
Patient demographic and call characteristics are summarized using
descriptive statistics. Tests for differences in means were conducted
using two-sample t-tests allowing for unequal variances. Tests for
differences in proportions were conducted using likelihood ratio
chi-square tests.

Multivariate logistic regression models, adjusting for site, were
fit to investigate the association of arrest characteristics with trans-
port initiation without documented ROSC or field termination of
resuscitation (i.e. no transport) of patients treated by EMS as well
as survival in the subset of treated patients who were transported
without first achieving ROSC. Factors considered for inclusion in the
models were pre-determined by the investigators. Only first order
terms were included in the logistic regression models. Second order
and higher terms and interactions were not considered.

No adjustments were made to p-values for multiple compar-
isons. The data analysis for this paper was generated using SAS
software, copyright, SAS Institute, Inc. SAS and all other SAS Insti-
tute, Inc. product or service names are registered trademarks or
trademarks of SAS Institute, Inc., Cary, NC, USA.

3. Results

Aggregate findings are summarized in Fig. 1. Resuscitation by
EMS was attempted for 13,518 patients (58%), with 7945 of these
patients (59%) transported. A total of 1124 transported patients sur-
vived to hospital discharge (8.3% of patients for whom resuscitation
was attempted). We investigated subgroups of those transported
after documented field ROSC (42% of all treated patients) and those
for whom transport was initiated without documented prehospi-
tal ROSC (58% of all treated patients) and found that survival to
hospital discharge was significantly different with 28% of patients
transported after ROSC surviving to hospital discharge, compared
to 4% of patients surviving in the subgroup for whom transport was
initiated without documented ROSC.

While the majority of patients encountered across all sites were

treated by EMS, site values range from 36% to 69%. Significant site-
level variation (Table 1) was also identified in the proportion of
treated patients who were transported (site range: 49–88%), and
survival to hospital discharge for both EMS-assessed (site range:
0.7–8.3%) and EMS-treated (site range: 1.9–16.0%) patients.
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Fig. 1. Overall and site-level OOHCA t

Across all sites, the majority (58%, site range: 14–95%) of trans-
orted patients had transport initiated without documented ROSC
Table 1). Of those transported without documented ROSC, 4% sur-
ived to hospital discharge across all sites (site range of 1–21%),
s compared to 28% of those transported after ROSC (site range:
8–44%).

Initial cardiac arrest rhythms for the two transport subgroups
transported after ROSC and transported without ROSC) and sur-
ivors from each site each are described in Table 2. Patients with
nitial rhythms of ventricular fibrillation (VF), pulseless ventric-
lar tachycardia (pVT), or AED-shock were the largest group of
hose transported after ROSC (40.1% overall, site range: 30.1–46.4%)
hile this group made up 27.4% of those transported without
ocumented ROSC (site range: 19.9–51.1%). Of those transported

fter ROSC, almost half (45.5%) of all patients with initial rhythms
f VF/pVT/AED shock survived (site range: 25.0–62.2%). However,
mong all patients transported in the absence of ROSC, only 9.1%
f those with these rhythms survived to hospital discharge (site
ange: 3.6–33.3%).
ent, transport, and survival summary.

Using multivariate logistic regression, we examined the charac-
teristics of who were either transported without documented ROSC
or not transported to determine predictors of transport initiation
in the absence of ROSC (Fig. 2, Model 1). Those transported with-
out documented ROSC were also studied to determine predictors
of survival (Fig. 2, Model 2). Included in the models were patient
(gender, age), scene (location), and event (bystander CPR, EMS-
witnessed arrest, highest level of prehospital care, initial rhythm)
characteristics.

Adjusting for site, Model 1 indicates that EMS-witnessed
OOHCA, an arrest in a public location, and a “shockable” initial
cardiac arrest rhythm (VF/pVT/AED-shock) were most positively
associated with transport initiation without documented ROSC
versus no transport. The odds of being transported without first

achieving documented ROSC was much lower if ALS was high-
est care on scene versus BLS most likely due to the lack of
authority of almost all BLS to pronounce deaths in the field. Site-
level characteristics of the patients included in this model are in
Table 3.
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ig. 2. Adjusted odds of transport among patients who were treated by EMS and w
djusted odds of survival among patients who were transported without document

Model 2 identifies positive associations with survival to hospi-
al discharge after initiation of transport without ROSC for initial
hythms of VF/pVT/AED-shock and EMS-witnessed OOHCA. Site-
evel characteristics of this group are summarized in Table 4,
ncluding time spent on scene with these patients. The median
cene time interval was 21.5 min for patients transported in the
bsence of documented ROSC (site range: 15.0–33.8 min).

. Discussion

The use of standardized data collection (a single web-based data
ntry platform used by all sites) and definitions within the ROC
pistry–Cardiac Arrest allows consistent definition of data content
nd denominators for survival calculations across sites as opposed
o chart review or other disparate data collection approaches.
he need for consistent denominators in survival calculations has
een previously noted, with Eisenberg et al., calling for “national
nd international agreement about definitions of denominators for
alid cross community comparisons.”20 Due to the standardization
mployed in this dataset, we were able to identify and describe
ariation in the initiation of resuscitation for OOHCA, decision to
ransport in the absence of ROSC, and survival across the eight ROC

ites.

Site-level variation was identified in OOHCA practices of resusci-
ation initiation, transport, and transport in relation to documented
OSC. Understanding regional variation in the care and outcome
f OOHCA can help identify both optimal resuscitation strategies
her not transported or were transported without documented ROSC (Model 1) and
SC (Model 2).

and system-specific characteristics to improve survival while cost-
effectively utilizing limited resources. Evaluating system practices
and survival can also help in determining best practices for when
to both withhold resuscitation and terminate resuscitation efforts
prior to transport.

4.1. Variation in initiation of resuscitation

It is important to quantify those who are dead and not treated by
EMS to better understand the true impact of cardiac arrest on com-
munities and EMS systems. There is a paucity of data outside ROC
examining initiation of EMS treatment in OOHCA. In 2008, Nichol
et al. reported that resuscitation efforts were initiated for 58% of
EMS-assessed patients in ten ROC communities, while resuscitation
was not attempted for the remaining 42%.1 In this analysis, we also
noted initiation of resuscitation in 58% of EMS-assessed patients,
varying from a high of 69% in Vancouver, Canada to a low of 36%
in Alabama. This variation could not be explained by differences in
the standard Utstein covariates such as location, witnessed status,
initial rhythm, and highest level of care (ALS versus BLS). Other fac-
tors such as local protocols and regulations regarding the criteria
for starting resuscitation likely play a role and merit further study.
4.2. Variation in transport and survival

A National Association of EMS Physicians position statement
recommends that termination of resuscitation (TOR) be consid-
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Table 1
Site variation in treatment, transport, and survival of OOHCA to hospital discharge in relation to documented prehospital ROSC.

Site A: adult non-traumatic
OOHCA assessed by
EMS

B: treated by EMS C: transported for
ongoing care

D. survival to
hospital discharge
(all cases)

E: survival to
hospital discharge
(treated cases only)

F: transport
initiated after
documented ROSC

G: transport
initiated after
documented ROSC
and survived

H: transport
initiated without
documented ROSC

I: transport
initiated without
documented ROSC
and survived

N N (% of A) N (% of B) N (% of A) N (% of B) N (% of B) N (% of F) N (% of B) N (% of H)

Alabama 1024 373 (36) 328 (88) 7 (0.7) 7 (1.9) 17 (5) 3 (18) 311 (95) 4 (1)
Iowa 1419 764 (54) 656 (86) 76 (5.4) 76 (10.0) 120 (18) 53 (44) 536 (82) 23 (4)
Ottawa-OPALS Group,

Ontario, Canada
4397 2796 (64) 1732 (62) 148 (3.4) 148 (5.3) 520 (30) 110 (21) 1212 (70) 38 (3)

Pittsburgh,
Pennsylvania

1634 770 (47) 543 (71) 61 (3.7) 61 (7.9) 146 (27) 47 (32) 397 (73) 14 (4)

Portland, Oregon 1999 1198 (60) 691 (58) 138 (6.9) 138 (11.5) 407 (59) 120 (29) 284 (41) 18 (6)
Seattle/King County,

Washington
3304 1716 (52) 840 (49) 275 (8.3) 275 (16.0) 722 (86) 250 (35) 118 (14) 25 (21)

Toronto, Ontario,
Canada

6154 3631 (59) 1960 (54) 202 (3.3) 202 (5.6) 647 (33) 154 (24) 1313 (67) 48 (4)

Vancouver, British
Columbia, Canada

3302 2270 (69) 1195 (53) 217 (6.6) 217 (9.6) 780 (65) 189 (24) 415 (35) 28 (7)

Overall (All Sites) 23,233 13,518 (58) 7945 (59) 1124 (4.8) 1124 (8.3) 3359 (42) 926 (28) 4586 (58) 198 (4)
Adjusted p valuea <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

a Adjusted for covariates: age, gender, initial rhythm, location, EMS witnessed, bystander CPR, ALS care.

Table 2
Initial cardiac arrest rhythms of both transport groups and survivors, by site.

Group Rhythm Alabama Iowa Ottawa-OPALS Group,
Ontario, Canada

Pittsburgh,
Pennsylvania

Portland,
Oregon

Seattle/King County,
Washington

Toronto, Ontario,
Canada

Vancouver, British
Columbia, Canada

All sites

Transport initiated
after ROSC N = 3359
(survivor n = 926)

VF/VT/AED shock: N (%) 8 (47.0) 50 (41.7) 207 (39.8) 45 (30.1) 168 (41.3) 283 (39.2) 225 (34.8) 362 (46.4) 1348 (40.1)
Survived to discharge: n (%) 2 (25.0) 29 (58.0) 69 (33.3) 28 (62.2) 84 (50.0) 153 (54.1) 97 (43.1) 152 (42.0) 614 (45.5)

PEA: N (%) 6 (35.3) 17 (14.2) 115 (22.1) 41 (28.0) 117 (28.8) 246 (34.0) 137 (21.2) 150 (19.2) 829 (24.7)
Survived to discharge: n (%) – 3 (17.6) 15 (13.0) 7 (17.1) 23 (19.7) 63 (25.6) 19 (13.9) 13 (8.7) 143 (17.2)

Asystole: N (%) 1 (5.9) 32 (26.7) 99 (19.0) 31 (21.2) 108 (26.5) 139 (19.3) 186 (28.8) 166 (21.3) 762 (22.7)
Survived to discharge: n (%) – 7 (21.9) 5 (5.1) 0 (0) 7 (6.5) 10 (7.2) 13 (7.0) 5 (3.0) 47 (6.2)

AED no shock: N (%) 1 (5.9) 6 (5.0) 50 (9.6) 4 (2.7) 2 (0.5) 15 (2.1) 71 (11.0) 74 (9.5) 223 (6.6)
Survived to discharge: n (%) 1 (100) 2 (33.3) 4 (8.0) 2 (50.0) 1 (50.0) 5 (13.3) 11 (15.5) 5 (6.8) 31 (13.9)

Cannot determine/missing: N (%) 1 (5.9) 15 (12.5) 49 (9.4) 25 (17.1) 12 (2.9) 39 (5.4) 28 (4.3) 28 (3.6) 197 (5.9)
Survived to discharge: n (%) – 12 (80.0) 17 (34.7) 10 (40.0) 5 (41.7) 19 (48.7) 14 (50.0) 14 (50.0) 91 (46.2)

Transport initiated
without ROSC N = 4586
(survivor n = 198)

VF/VT/AED shock: N (%) 84 (27.1) 138 (25.8) 324 (26.7) 79 (19.9) 145 (51.1) 45 (38.1) 332 (25.3) 109 (26.3) 1256 (27.4)
Survived to discharge: n (%) 3 (3.6) 17 (12.3) 19 (5.9) 6 (7.6) 12 (8.3) 15 (33.3) 27 (8.1) 15 (13.8) 114 (9.1)

PEA: N (%) 97 (31.2) 128 (23.9) 259 (21.4) 91 (22.9) 70 (24.7) 43 (36.4) 228 (17.4) 105 (25.3) 1021 (22.3)
Survived to discharge: n (%) – 2 (1.6) 5 (1.9) 3 (3.3) 3 (4.3) 4 (9.3) 3 (1.3) 3 (2.9) 23 (2.3)

Asystole: N (%) 90 (28.9) 212 (39.6) 408 (33.7) 173 (43.6) 60 (21.1) 19 (16.1) 303 (23.1) 132 (31.8) 1397 (30.5)
Survived to discharge: n (%) 1 (1.1) 2 (0.9) 4 (1.0) 2 (1.1) 2 (3.3) 1 (5.3) 3 (1.0) 1 (0.8) 16 (1.1)

AED no shock: N (%) 15 (4.8) 18 (3.4) 113 (9.3) 6 (1.5) – 4 (3.4) 400 (30.5) 47 (11.3) 603 (13.2)
Survived to discharge: n (%) – – – 1 (16.7) – 1 (25.0) 8 (2.0) 2 (4.3) 12 (2.0)

Cannot determine/missing: N (%) 25 (8.0) 40 (7.5) 108 (8.9) 48 (12.1) 9 (3.2) 7 (5.9) 50 (3.8) 22 (5.3) 309 (6.7)
Survived to discharge: n (%) – 2 (5.0) 10 (9.3) 2 (4.2) 1 (11.1) 4 (57.1) 7 (14.0) 7 (31.8) 33 (10.7)
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Table 3
Patient, scene, and event characteristics of OOHCA cases with transport initiated without documented ROSC or not transported, by site.

Site Age Sex Location Bystander CPR Response time EMS-witnessed Highest level of care Initial cardiac arrest rhythm

Median age
in years

% female % in public
location

% with bystander
CPR

Median (min) % EMS-witnessed % ALS % VF/VT or
AED shock

% Asystole % PEA % AED no shock,
no strip

% cannot determine
or missing

Alabama 68 44.7 13.6 42.7 6.0 20.6 100 22.6 36.7 31.2 3.5 6.0
Iowa 66 35.8 19.3 34.4 4.0 15.4 99.2 25.9 44.0 22.8 3.3 3.9
Ottawa-OPALS

Group, Ontario,
Canada

70 33.9 12.7 26.6 5.5 9.1 90.0 22.4 43.0 19.6 12.7 1.7

Pittsburgh,
Pennsylvania

66 38.0 13.5 40.0 5.2 8.6 99.8 17.9 54.8 22.3 3.1 2.0

Portland, Oregon 64 35.7 16.6 60.7 4.7 4.0 100 29.4 51.4 17.9 0.0 1.3
Seattle/King

County,
Washington

64 36.0 13.6 48.9 5.0 9.0 98.5 17.2 54.2 23.9 2.9 1.9

Toronto, Ontario,
Canada

71 36.6 14.8 26.4 6.0 8.5 82.1 18.2 43.4 15.9 22.0 0.6

Vancouver, British
Columbia,
Canada

68 30.3 15.0 36.4 6.5 8.4 79.7 19.0 43.7 18.4 17.7 1.1

All sites 69 35.1 14.5 34.0 5.6 9.1 88.6 20.4 45.6 19.1 13.4 1.5

p value <0.0001 0.0002 0.014 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Table 4
Patient, scene, and event characteristics of OOHCA cases with transport initiated without documented ROSC, by site.

% female Median age
(years)

Median response
time (min)

Median scene
time (min)

% in public
location

% with bystander
CPR

% EMS-witnessed % ALS on
scene

% with ROSC after
transport initiated

Alabama 43.4 65 6.0 15.0 13.5 24.8 13.8 99.7 4.8
Iowa 36.6 65 4.0 19.8 19.2 30.2 14.7 99.3 14.0
Ottawa-OPALS Group, Ontario, Canada 31.6 67 5.4 23.2 19.1 26.7 13.3 82.4 5.9
Pittsburgh, Pennsylvania 34.0 66 6.0 24.0 20.9 38.0 8.6 99.8 9.1
Portland, Oregon 25.7 60 4.7 25.1 27.8 43.3 8.8 100.0 13.4
Seattle/King County, Washington 28.8 59 4.9 33.8 31.4 37.3 33.1 97.5 21.2
Toronto, Ontario, Canada 31.7 67 6.1 20.0 25.1 24.5 14.8 62.8 6.2
Vancouver, British Columbia, Canada 27.2 65 6.8 19.2 24.8 34.0 18.6 37.8 10.8

All sites 32.4 66 5.7 21.5 22.0 29.3 14.2 78.9 8.4

p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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red for adult non-traumatic OOHCA patients who have received
PR, airway management, intravenous access and at least 20 min
f resuscitative efforts who remain in asystole or pulseless elec-
rical activity without ROSC.24 There is evidence that paramedics
nd families are accepting of field TOR.25–27 Previously published
LS and BLS TOR rules have recently been validated with 98.7%
nd 99.4% specificity, respectively.7,9,24,28–36 Emergent transports
lso generate a demonstrated risk to public and EMS safety with
otential ambulance crashes.37 Despite the availability of validated
OR rules, and known potential risk from crashes, we observed that
ites reported initiation of transport from the scene for the major-
ty of EMS-treated OOHCA patients, and in most instances transport

as initiated without first achieving documented ROSC. These find-
ngs are similar to a recent study in which more than half (56%) of
OHCA patients meeting TOR criteria were transported.38 How-
ver, transporting a larger proportion of patients does not appear
o yield increased survival. In fact, the site reporting the highest
roportion of survivors among both EMS-treated patients and the
ubgroup of patients transported in the absence of documented
OSC (Seattle/King County, WA) also reports the lowest proportion
f transported patients (49%) and the lowest proportion of patients
ransported in the absence of ROSC (14%). Conversely, the Alabama
ite reports the highest proportion of both overall transport (88%)
nd transport in the absence of ROSC (95%), with the lowest pro-
ortion of survivors in both groups (1.9% and 1.0%, respectively).

Identification of patients likely to survive may help guide trans-
ort decisions, especially in the absence of ROSC. The models
resented (Fig. 2) indicate that patients with initial rhythms of
F/pVT/AED-shock are more likely to be both transported in the
bsence of ROSC (OR: 3.56) as well as to survive to discharge (OR:
.54). As expected, patients with these shockable initial rhythms
ade up a larger proportion of survivors in both groups (Table 2).
owever, a larger proportion of patients who were initially asys-

olic were transported in the absence of ROSC (30.1% overall) than
hose with a shockable initial rhythm (27.4% overall). The site
nitiating transport without ROSC for the smallest proportion of ini-
ially asystolic patients (Seattle/King County, WA, 16.1%) reports
he largest proportion of patients whose transport was initiated
ithout ROSC to survive to discharge.

While two recent reports found that transport time was not
elated to OOHCA survival, little data has been reported regard-
ng scene time (defined as the interval between first EMS unit
rrival and either termination of resuscitation or transport initia-
ion) and survival.39,40 Across sites, the median scene time interval
as 21.5 min for patients transported in the absence of ROSC, but

he site reporting the longest median scene time (33.8 min) (Seat-
le/King County, WA) reported the highest survival, while the site
hat reported the least scene time (Alabama, median 15.0 min)
eported the lowest proportion of survival in this subgroup. This
ariation suggests that longer scene times prior to transport may
e an effective strategy for OOHCA.

Our findings, along with others, suggest inconsistency in the
nitiation and duration of treatment, the determination of which
atients to transport, and, potentially, in the application of pro-
ocols regarding TOR among ROC sites. It is important to note
hat site-specific protocols were not available for this analy-
is. This inconsistency across EMS systems can affect survival
alculations.41 If all EMS-assessed patients are used as a denom-
nator for reporting survival, systems that initiate treatment for
he majority of patients will have lower reported survival than
hose initiating fewer OOHCA resuscitations. Many ROC sites report

ransporting the majority of patients for whom resuscitation is ini-
iated whereas others appear more selective. Sites transporting
ewer patients, especially fewer patients for whom transport is ini-
iated without documented ROSC, as well as sites spending more
ime on scene prior to determining transport appear to yield higher
82 (2011) 277–284 283

proportions of survival to hospital discharge in both EMS-treated
and transported OOHCA patients.

5. Further directions

Better knowledge of protocols guiding EMS initiation, timing,
and termination of resuscitation, along with transport practices,
both overall and in relation to documented ROSC, is critical for
understanding OOHCA survival. Systematic research is needed to
compare these protocols and practices with a better understand-
ing of ROSC documentation in the prehospital setting to identify
patients who are most likely to achieve ROSC either on scene or en
route to continued care, and ultimately survive. It is also important
to further study the relationship between treatment time on scene,
prehospital ROSC, the decision to transport, and overall OOHCA sur-
vival. Understanding the barriers to consistent implementation of
treatment protocols and termination of resuscitation rules is a crit-
ical area for further research. Finally, we need to explore the impact
of ALS and BLS composition of systems on resuscitation protocols
and practices.

6. Limitations

ROC Epistry–Cardiac Arrest records the first out-of-hospital
ROSC of any duration, and is unable to distinguish sustained from
intermittent ROSC. Timing of ROSC and transport were determined
using reported time of first documented ROSC and recorded time
of transport from the scene. To be included in this analysis, all
cases were required to have the time of transport recorded. Those
cases with no time of first ROSC were considered to have no doc-
umented ROSC. Only the initial cardiac arrest rhythm is known,
not subsequent rhythms before transport initiation or TOR. Sur-
vival is defined only as discharge from hospital, with no measure
of neurologic function. Only cases with known hospital outcome
were included in this analysis, thus excluding 120 cases overall.
Patients for whom EMS was summoned before a cardiac arrest
occurred (EMS-witnessed) included in this analysis may not have
gone into cardiac arrest until after transport was initiated, which
could falsely increase the proportion of patients transported with-
out documented ROSC. There are also potential interactions among
all covariates analyzed that could impact the adjusted odds of trans-
port and survival in patients without documented ROSC. Finally,
EMS OOHCA protocols across ROC agencies are not standardized,
nor were they available for review.

7. Conclusions

There is marked site variation in the initiation of resuscitation
of OOHCA by EMS, which could affect the overall reported survival
rates in communities. Similarly, the proportion and type of patients
transported without ROSC varies widely. Finally, the site-level vari-
ation in survival following transport initiation without documented
ROSC is also significant. There is a critical need for further inves-
tigation of this variation for the interpretation of reported OOHCA
resuscitation and transport practices as both EMS and communi-
ties work towards improving survival from out-of-hospital cardiac
arrest.
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