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Summary

Background—Out of hospital cardiac arrest (OHCA) is common and lethal. It has been suggested
that OHCA witnessed by EMS providers is a predictor of survival because advanced help is
immediately available. We examined EMS witnessed OHCA from the Resuscitation Outcomes
Consortium (ROC) to determine the effect of EMS witnessed vs. bystander witnessed and
unwitnessed OHCA.

Methods—Data were analyzed from a prospective, population-based cohort study in 10 U.S. and
Canadian ROC sites. Individuals with non-traumatic OHCA treated 04/01/06 — 03/31/07 by EMS
providers with defibrillation or chest compressions were included. Cases were grouped into EMS-
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witnessed, bystander witnessed, and unwitnessed and further stratified for bystander CPR. Multiple
logistic regressions evaluated the odds ratio (OR) for survival to discharge relative to the EMS-
witnessed group after adjusting for age, sex, public/private location of collapse, ROC site, and initial
ECG rhythm. Of 9,991 OHCA, 1022 (10.2%) of EMS-witnessed, 3,369 (33.7%) bystander witnessed,
and 5,600 (56.1%) unwitnessed.

Results—The most common initial rhythm in the EMS-witnessed group was PEA which was higher
than in the bystander- and unwitnessed groups (p<0.001). The adjusted OR (95% CI) of survival
compared to the EMS-witnessed group was 0.41, (0.36, 0.46) in bystander witnessed with bystander
CPR, 0.37, (0.33, 0.43) in bystander witnessed without bystander CPR, 0.17 (0.14, 0.20) in
unwitnessed with bystander CPR and 0.21 (0.18, 0.24) in unwitnessed cases without bystander CPR.

Conclusions—Immediate application of prehospital care for OHCA may improve survival. Efforts
should be made to educate patients to access 9-1-1 for prodromal symptoms.
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Prehospital; CPR; Bystander; Return of spontaneous circulation; ROSC

Introduction

Out-of-hospital cardiac arrest (OHCA) is common and lethal.1 Various prehospital factors are
associated with short- and long-term survival after collapse.? Short response time, bystander-
witnessed collapse, and early access to defibrillation have been associated with improved
survival while use of epinephrine during resuscitation is associated with death.2~7

Cardiac arrest in the presence of prehospital providers is fundamentally different from true
sudden death since the prodromal symptoms reached a sufficient threshold and lasted long
enough for recognition, access of the EMS system, and ambulance response. It has been
reported that cardiac arrest witnessed by emergency medical services (EMS) providers is a
predictor of survival.8 This may be due to the elimination of the delay in EMS response
following loss of pulses and the immediate application of life saving measures.

Previous studies of EMS-witnessed OHCA have been limited by single site data collection that
requires long study intervals. These extended data collection periods potentially allow secular
trends in prehospital care to influence the conclusions. To address this gap in the literature,
this prospective, multicenter, cohort study assessed return of spontaneous circulation (ROSC)
and survival to hospital discharge among patients with EMS-witnessed cardiac arrest compared
to bystander-witnessed, and unwitnessed OHCA stratified by bystander CPR.

Materials and Methods

Study Design and Participants

The Resuscitation Outcome Consortium (ROC) consists of 11 geographically distinct regional
centers across North America created to study promising out-of-hospital therapies for cardiac
arrest and major trauma.® The regional ROC centers are Alabama, Dallas, lowa, Milwaukee,
Pittsburgh, Portland, San Diego and Seattle/King County in the United States and British
Columbia, Ottawa, and Toronto in Canada. There are 264 EMS agencies within the consortium.
Since December 2005, the ROC Cardiac Epistry (an epidemiological database), has
prospectively obtained data on persons suffering OHCA and subsequently treated by a ROC-
participating EMS agency. Predefined data related to out-of-hospital treatments and outcomes
are collected with explicit operational definitions, including cardiac rhythms, response times,
descriptions of all professional responders at each event, details of the timing of CPR and
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defibrillation, response to interventions, return of spontaneous circulation (ROSC), and
survival to hospital discharge.

Included in the analysis were subjects aged 18 years and older with non-traumatic cardiac arrest
and treated by a ROC EMS provider with defibrillation or external chest compressions between
04/01/2006 and 03/31/2007. Ten sites provided 12 months of data. One did not contribute to
the Cardiac Epistry data during this interval due to delays in establishing the data collection
infrastructure at that site. Cases were grouped into EMS-witnessed, bystander witnessed, and
unwitnessed. Bystander witnessed and unwitnessed cases were further stratified for bystander
CPR creating five non-overlapping groups (EMS-witnessed (EMSW), bystander witnessed
cases with bystander CPR (BW-CPR), bystander witnessed cases without bystander CPR (BW)
unwitnessed cases with bystander CPR (UW-CPR), and unwitnessed cases without bystander
CPR (UW). Definitions of witnessed events were consistent with the National EMS
Information System (NEMSIS) dataset (www.nemsis.org). EMSW was defined as cardiac
arrest or collapse witnessed by a prehospital responder that was part of the organized EMS
response. This does not include law enforcement officers. BW was defined as cardiac arrest
or collapse witnessed by a layperson, a healthcare provider, or prehospital/fire responder who
were off duty and not part of the organized EMS response.

Ethical Approval

The responsible Institutional Research Board (IRB) or Research Ethics Board (REB) for each
research site and the data coordinating center provided ethical approval for data collection and
analysis.

Outcome Measurements

The primary outcomes were return of spontaneous circulation and survival to hospital discharge
after adjusting for age, sex, public/private location of collapse, ROC site, and initial ECG
rhythm.

Statistical Analysis

Results

Multiple logistic regression provided estimates for the odds ratios of bystander witnessed and
unwitnessed cases with and without bystander CPR versus EMSW in treated patients, always
adjusted for potential site effects. Sequentially more sophisticated models were fit including
age, sex, private/public location of arrest and initial ECG rhythm. Missing values for a covariate
caused the subject to be dropped from the model. A rhythm category of ‘cannot determine’
was included for first documented ECG rhythm, but cases with no documented first ECG
rhythm assessment were dropped. In this size and type of registry, some errors in time reporting
are unavoidable. Therefore, medians and ranges were used to describe key time intervals.

Nine thousand nine hundred ninety one cases (9991) cases of treated OHCA were available
for analysis of which 1022 (10.2%) were EMS-witnessed, 3,369 (33.7%) bystander witnessed,
and 5,600 (56.1%) unwitnessed. Table 1 describes the demographics and episode
characteristics. Age was evenly distributed across groups with a mean age in the sixth decade.
The EMS-witnessed group had larger female representation (42%) than the other groups (33%
— 40%). Bystander witnessed arrests more often occurred in a public location. EMS response
time, as measured by the 9-1-1 call arriving at dispatch to vehicle arrival time on-scene, were
comparable, with median times around 5.5 minutes. Significantly fewer EMS-witnessed arrests
used epinephrine (69% versus 80-83%).
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The first documented ECG rhythm was not uniformly distributed (Table 2). The highest rate
of pulseless ventricular tachycardia/ventricular fibrillation (VT/VF) was seen in bystander
witnessed with bystander CPR group (45%) and ranged down to 14% in the unwitnessed
without bystander CPR group. Asystole accounted for more than half of the unwitnessed cases
with, and without, bystander CPR while pulseless electrical activity (PEA) was predominant
in the EMS-witnessed group (43%).

Return of spontaneous circulation (ROSC) defined as ROSC observed by the EMS crew at any
point during the resuscitation occurred most often in the EMS-witnessed and bystander
witnessed groups (Table 3). Survival to hospital discharge was highest in EMS-witnessed
(18%) and bystander witnessed with bystander CPR groups (15%) and lowest in the
unwitnessed with bystander CPR group (3%).

When compared to EMSW, the adjusted odds of survival to hospital discharge were lower in
all other groups (bystander witnessed with bystander CPR: 0.41, 95% CI 0.36, 0.46), (bystander
witnessed without bystander CPR: 0.37,95% CI 0.33, 0.43), (unwitnessed with bystander CPR:
0.17, 95% CI 0.14, 0.20), and (unwitnessed without bystander CPR: 0.21, 95% CI 0.18, 0.24)
groups when adjusting for age, sex, location of arrest, and first reported ECG rhythm (Table

4).

Discussion

Victims of cardiac arrest witnessed by prehospital providers are more likely to achieve ROSC
and survive to hospital discharge than unwitnessed cases of OHCA and bystander witnessed
cases without bystander CPR in spite of a higher proportion of PEA as the first rhythm of arrest.

Two previous studies have associated EMS-witnessed cardiac arrest with improved survival.
A before and after report from the Ontario Prehospital Advanced Life Support (OPALS) group
indicated there was higher survival in an EMS-witnessed cohort when compared to non-EMS-
witnessed cardiac arrest.8 More recently, a Swedish report also indicated higher survival in
EMS-witnessed cases when compared to bystander witnessed and unwitnessed cases.10
Although informative, the Canadian and Swedish studies were conducted over six- and 14-
year intervals, respectively. Long study intervals potentially introduce bias from secular trends
in training, treatment protocols, and equipment. The present investigation adds to the current
body of knowledge with a large, prospectively collected data set from a single year in a
multinational research consortium.

Although in this cohort we could not identify the reason EMS-witnessed cardiac arrest patients
accessed 9-1-1, a previous study identified chest pain and dyspnea as the most common
symptoms leading to EMS-witnessed OHCA .8 As at least 40% of cardiac arrest victims treated
by EMS providers suffer myocardial ischemia prior to collapse, it is likely that a significant
proportion of these patients suffer signs and symptoms leading up to the event.11 Prevention
of cardiac arrest is likely to provide better outcomes than treatment after cardiac arrest.
Therefore, it is reasonable to assume that early access of emergency care should reduce
mortality from cardiac arrest if the treatments rendered prevent impending cardiac arrest.
However, even though it has not been empirically tested, these data combined with previous
reports suggests that if a patient suffers cardiac arrest during the attendance of a paramedic,
the immediate application of medical care may improve outcome over bystander witnessed
and unwitnessed cases. This concept further advances public education initiatives to call 9-1-1
early for cardinal symptoms like chest pain.

The present data suggest that bystander CPR after witnessed arrest is associated with an
increased probability of VF/VT being the first recorded rhythm. This effect of bystander CPR
may indirectly contribute to survival, but this is less evident when the model adjusts for both
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rhythm and bystander CPR and the known effects of age, sex, and location of arrest potentially
indicating that prehospital treatments (e.g. airway management, drug administration) may have
different effects on short- and long-term survival2. When considering the multi-factorial nature
of resuscitation, the true effect of bystander CPR is difficult to reconcile. Studies reporting this
association have typically reported modest odds ratios for bystander CPR predicting survival.
12=14 However, previous studies attempting to model the effectiveness of cardiac arrest
interventions have not identified bystander CPR as an independent predictor of survival
although in some cases, the interaction of bystander CPR and another predictor (e.g. time to
first CPR) does predict survival.2: 15 Some of this variability in results may be due to the
population studied. If CPR converts some patients from asystole to VF they still may not be
survivable. If the population studied is limited to only those with an initial rhythm of VF, some
are in the earliest minutes of cardiac arrest and bystander CPR is less important for successful
defibrillation. Our data seem to confirm that CPR in bystander witnessed arrests is associated
with increased survival.

The principal limitation to this study is the selection of ROC sites that reflects the NIH peer-
review selection process. Most sites that were selected to participate in ROC had an established
research track record. The investigators selected the EMS agencies affiliated with these sites
based on known, or perceived, ability to implement and rigorously perform an interventional
study. This selection bias may imply different organizational structure and patient care
protocols that affect the generalizability of analyses performed on ROC data. Furthermore,
EMS training and protocols may vary from agency to agency and therefore it is impossible to
determine what made a difference.

This is a retrospective analysis and we cannot conclude the immediate EMS intervention
improves outcome or if this is an association seen in a selected subpopulation of OHCA.
However, data were prospectively collected using narrowly defined data elements standardized
across ROC. Our prehospital data are primarily based on abstracting the patient care record
created by the prehospital provider and subject to potential variability in the interpretation of
some of the data points.16

Nevertheless this is the largest study with clearly defined and prospectively collected data from
a single year in a multinational research consortium that analyzes the survival of EMS-
witnessed OHCA patients. Survival was higher after EMS-witnessed OHCA when compared
to bystander witnessed or unwitnessed cases. Odds of survival to discharge in witnessed OHCA
with bystander CPR was not equivalent to immediate care by EMS providers when adjusting
for age, sex, location of arrest, and initial ECG rhythm in spite of a greater incidence of PEA
as the initial rhythm of EMS-witnessed cases.

Conclusions

The immediate application of advanced prehospital care by EMS personnel after the onset of
OHCA may improve survival. Educating patients about the importance of seeking medical
care and accessing 9-1-1 for prodromal symptoms is likely to improve survival for OHCA.

Acknowledgments

The Resuscitation Outcome Consortium (ROC) was supported by a series of cooperative agreements to 10 regional
clinical centers and one data Coordinating Center (5U01 HL077863, HL077881, HL077871, HL077872, HLO77866,
HL077908, HL077867, #1HL077885, HLO77877, HLO77873) from the National Heart, Lung and Blood Institute in
partnership with the National Institute of Neurological Disorders and Stroke, U.S. Army Medical Research & Material
Command, The Canadian Institutes of Health Research (CIHR) - Institute of Circulatory and Respiratory Health,
Defence Research and Development Canada, the Heart and Stroke Foundation of Canada, and the American Heart
Association.

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



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hostler et al.

References
1.

Page 6

Nichol G, Thomas E, Callaway CW, et al. Regional variation in out-of-hospital cardiac arrest incidence
and outcome. JAMA 2008;300:1423-31. [PubMed: 18812533]

. Wang HE, Min A, Hostler D, Chang CC, Callaway CW. Differential effects of out-of-hospital

interventions on short- and long-term survival after cardiopulmonary arrest. Resuscitation
2005;67:69-74. [PubMed: 16146669]

. Roth R, Stewart RD, Rogers K, Cannon GM. Out-of-hospital cardiac arrest: factors associated with

survival. Ann Emerg Med 1984;13:237-43. [PubMed: 6703429]

4. Cummins RO, Eisenberg MS, Hallstrom AP, Litwin PE. Survival of out-of-hospital cardiac arrest with

10

11.

12.

13.

early initiation of cardiopulmonary resuscitation. Am J Emerg Med 1985;3:114-9. [PubMed:
3970766]

. Spaite DW, Hanlon T, Criss EA, et al. Prehospital cardiac arrest: the impact of witnessed collapse and

bystander CPR in a metropolitan EMS system with short response times. Ann Emerg Med
1990;19:1264-9. [PubMed: 2240722]

. Stiell 1G, Wells GA, DeMaio VJ, et al. Modifiable factors associated with improved cardiac arrest

survival in a multicenter basic life support/defibrillation system: OPALS Study Phase I results. Ontario
Prehospital Advanced Life Support. Ann Emerg Med 1999;33:44-50. [PubMed: 9867885]

. Stiell 1G, Wells GA, Field BJ, et al. Improved out-of-hospital cardiac arrest survival through the

inexpensive optimization of an existing defibrillation program. OPALS study phase 11. JAMA
1999;281:1175-81. [PubMed: 10199426]

. DeMaio VJ, Stiell IG, Wells GA, Spaite DW. Cardiac arrest witnessed by emergency medical services

personnel: descriptive epidemiology, prodromal symptoms, and predictors of survival. Ann Emerg
Med 2000;35:138-46. [PubMed: 10650231]

. Davis DP, Garberson LA, Andrusiek DL, et al. A descriptive analysis of Emergency Medical Service

Systems participating in the Resuscitation Outcomes Consortium (ROC) network. Prehosp Emerg
Care 2007;11:369-82. [PubMed: 17907019]

. Hollenberg J, Herlitz J, Lindqvist J, et al. Improved survival after out-of-hospital cardiac arrest is
associated with an increase in proportion of emergency crew--witnessed cases and bystander
cardiopulmonary resuscitation. Circulation 2008;118:389-96. [PubMed: 18606920]

Lai CS, Hostler D, D’Cruz BJ, Callaway CW. Prevalence of troponin-T elevation during out-of-
hospital cardiac arrest. Am J Cardiol 2004;93:754—-6. [PubMed: 15019885]

Nordberg P, Hollenberg J, Herlitz J, Rosengvist M, Svensson L. Aspects on the increase in bystander
CPR in Sweden and its association with outcome. Resuscitation 2009;80:329-33. [PubMed:
19150163]

Spaite DW, Bobrow BJ, Vadeboncoeur TF, et al. The impact of prehospital transport interval on
survival in out-of-hospital cardiac arrest: implications for regionalization of post-resuscitation care.
Resuscitation 2008;79:61-6. [PubMed: 18617315]

14. Swor RA, Boji B, Cynar M, et al. Bystander vs EMS first-responder CPR: initial rhythm and outcome

15.

16.

in witnessed nonmonitored out-of-hospital cardiac arrest. Acad Emerg Med 1995;2:494-8. [PubMed:
7497048]

Valenzuela TD, Roe DJ, Cretin S, Spaite DW, Larsen MP. Estimating effectiveness of cardiac arrest
interventions: a logistic regression survival model. Circulation 1997;96:3308-13. [PubMed:
9396421]

Rittenberger JC, Martin JR, Kelly LJ, Roth RN, Hostler D, Callaway CW. Inter-rater reliability for
witnessed collapse and presence of bystander CPR. Resuscitation 2006;70:410-5. [PubMed:
16806637]

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



Page 7

Hostler et al.

"3U30S-UO 391Y3A ISI14 JO [RALLIE 0} BWI} Yoredsip paioday

€

‘A)1oey 81B9U3RaY JO ‘UOHNISUI [IUBPISA) ‘9OUBPISal 9pN[oul 10U s30Q

4

‘paniodal Jo Jusdiad aJe Ss18Y10 ||e -|e10} JO Juadiad si BuissIA

1

'sueIpall 10} 153} POOIA pue sabejuadiad 1oy arenbs 1Yo ‘sueaw 1o} WAONY 8Je sanjen-d "(9%) N Se pajuasaid sajqerieA Jayio ‘(abuel) uelpaw se pajuasald awi [eAle 03 T-T-6 (QS) ueaw se pajuasald aby

(9%¢°L) 6772 (9%6°9) 20T (9%60°2) 55T (%z'2) 2€1 (%t'8) 98 (%€'2) 621 7BUISSIW J0 umouXUN 8sn auLdauld3
100°0> (%08) 2052 (%0€8) 6ETT (%18) 8991 (%28) 8evT (%069) 6v9 (%08) 96€L pasn auLydsuids
(9%5°€) 6TT (%1°€) a¥ (9%T1°€) 89 (%v°€) ¥9 (%zv) ev (%t'e) 6e€ gTOUISSILI 3L [BALLIE 0} T-T-6
100°0> (982'0) 2'S (1182'0) &'G (982'0) ¥'S (r182'1°0) §°G (v182'0) L'S (1182'0) 'S (uru ur abues) UeIpaL g[eAlLe 0} 1-1-6
(%60°0) T (%1°0) 1T (%10 2 (%102 (%10 T (%1°0) Z'7DUISSILL IO UMOUXUN UO1ED07
100°0> (9%TT) S9¢ (%¢T) 06T (%L1) v1€ (%662) SvS (%eT) veT (%9T) 809T zuoneD0r AMand
(%1'0) & (%1°0) 1T (%600) T (%£0) 9 (%60°0) 0 (%10 €1 7DUISSIL Jo umOLYUN Xag
700°0> (%08¢) 9221 (%07) 065 (%¢¢) 0eL (%0¢€€) 029 (%zy) 9zv (%L€) 29 alewad
(e01'81) (eoT'8T) (90t'81) (sot'sT) (ooT'6T) (9ot'81) (sbuey) 3By
100°0> (eL1) T99 (€'8T) 2'%9 (8'9T) 89 (91) 8'S9 (791) 9°29 (6'9T) £'99 (s1eak) aby
v6EE LT 9022 8681 zz01 1666 [0

anpeA-d  YdD JepueIsAg ON  HdD Jepueishg  HdD J19puelsAq ON  HdD 49puelsAg  PassaUNAA SINT  1Sa4dy Jelipae) pareald] ||V

passauIMUN

passaulM Jspuelsig

NIH-PA Author Manuscript

T 3lqel

NIH-PA Author Manuscript

sonsLIsIoRIRy ) aposid3 pue solydesboweq

NIH-PA Author Manuscript

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



Page 8

Hostler et al.

‘(Buissiw 1daoxa sari06a1ed [|8) WYIAYL 3]qe|IeAR 1S11) JO 30UIaLIP 104 anfeA-d
*

1593 a4enbs 1y9 YyuM paindwod sanfen-d

*suo1ssa1dwoa 18y [ea1URYIBW 10 [enuew palioday

€

‘paniodal Jo Jusdiad aJe SIBY10 ||B -|e10) JO JusdJad sI BuissIA

4

‘Papuswiiodal ¥o0ys a3y sspnjoul u_>\._.>._”

"(9%) N se pajuasaid ereq

(%0°0) T (%60°0) 0 (%60°0) 0 (%60°0) 0 (%L°0) L (%1°0) 8 g'ztdO SW3 buissiy
000> (%666) z.8€ (9600T) 99vT (%666) 0612 (9%086) £98T (%696) €16 (%666) 7986 gddO SN
(%2) 78 (%€) 67 (%2) 57 (%9) 26 (%) 7 (%€) 61¢ WA Buissiy
(%2) v9 (%2) vz (%T) ¢ (%€) Lv (%09) 19 (%2) 822 aulwLB)a( Jouued
(%2T) 96€ (%01) OvT (%0T1) 902 (%2) zeT (%8) L (%0T) 6v6 o0US ON @3V
(9699) Lv8T (9609) z58 (%60¢€) €59 (9692) vLv (9081) €21 (%T1v) 666 a]0IsAsy
(96971) 9vS (%21) 22T (992) 095 (9061) €€ (%¢Y) ver (%712) 0502 v3ad
,1000> (%v7) 267 (9%697) 622 (%¢8) 012 (%) 508 (9%52) Stz (%52) 9z TAININ
v6EE TLvT 9022 8687 2201 1666 [0

anjen-d  HdD J9pueIsAq ON  HdD 49purlsAg  HdD J8puRISAq ON  HdD JapurlsAg  PassaulM SINT 1SaJUy delpJeD paleald] ||V

passaulmun passaulIp JapueIsAg
ddD SINT pue WAy SINT Bunussaid
Z?3lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

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



Page 9

Hostler et al.

1531 a4enbs 1yd Aq paindwiod sanfeA-d

"paniodal J0 Jusaad ale SIBYI0 |[e -[L10} 4O Juadlad SI mc_mw__\,_m

“uoleINAAID snoaueluods Jo Eamm_H

‘(%) N se pajussaid eleq

(%1) L1 (9%60) 2 (%T) 62 (%1) €2 (%T1) ST (%1) 16 Z[eMAINS Buissin
100°0> (%€) TTT (%v) 25 (%01) 202 (%ST) €82 (%8T) ¥8T (%08) 2€8 afueyosi@ [endsoH 03 [eAIAINS
000> (%L1) 679 (9%L5) sz€ (9%29) 861 (9699) 682 (2%65) L&V (2%85) 8662 PSION 1OSOY

v6EE LT 9022 8681 ze0t 1666 [e10)

anfea-d  YdD J8purIsAq ON  HdD J8purlsAg  HdD 18puelsAq ON  HdD JspuelsAg  passaulIM SINT  1saady deipae) pajesdl ||V

passaulMun passaulIM Jspuelsig

SaL02INQO [RAIAING PUR UOIEINIID SNoauUrIU0dS JO uinay

€3lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

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



Page 10

Hostler et al.

(12 %S6) HO se pajussaid ereq

(v2'0'8T°0) TZ'0 (02°0'vT°0) LT0
(LT0°€T0) ST'0 (#1°0°0T°0) 2T°0
(8T°0'7T°0) 9T°0 (9T°0'2T0) ¥T°0

(ev0'ce0) &0 (9%7°0°9€°0) TFO
(05°0°07°0) 57’0 (89°0'%5°0) T9°0
(es0'er0) 87’0 (¥8°0'89°0) G20

00T WUIAY ST 313 PUB UO1RI0T d1|aNd/slenLld ‘XS ‘8B ‘alls
00T U0IYR207 91|gNd/BTRAIId pue XS ‘8BY ‘alS
00T Ajuo sus

-0y paisnipy

HdD Japuelshg  HdD JapueisAq oN

HdD Jepuershkg  passaulA SN

15844V JeIpaeD pareal ] IV

passaulMun

passaulIM Japuelshg

NIH-PA Author Manuscript

v alqel

NIH-PA Author Manuscript

dnoJf passaulim SIAIT 01 aAIR[a) [RAIAINS JO O11el SPPO palsnipy

NIH-PA Author Manuscript

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



