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Abstract

Background—Survival is less than 10% for pediatric patients following out-of-hospital cardiac 

arrest. It is not known if more time on the scene of the cardiac arrest and advanced life support 

interventions by emergency services personnel are associated with improved survival.

Aim—This study was performed to determine which times on the scene and which prehospital 

interventions were associated with improved survival.

Methods—We studied patients aged 3 days to 19 years old with out-of-hospital cardiac arrest, 

using the Resuscitation Outcomes Consortium cardiac arrest database from 11 North American 

regions, from 2005 to 2012. We evaluated survival to hospital discharge according to on-scene 

times (< 10, 10 to 35 and > 35 minutes).

Results—Data were available for 2244 patients (1017 infants, 594 children and 633 adolescents). 

Infants had the lowest rate of survival (3.7%) compared to children (9.8%) and adolescents 

(16.3%). Survival improved over the 7 year study period especially among adolescents. Survival 

was highest in the 10 to 35 minute on-scene time group (10.2%) compared to the > 35 minute 

group (6.9%) and the < 10 minute group (5.3%, p=0.01). Intravenous or intra-osseous access 

attempts and fluid administration were associated with improved survival, whereas advanced 

airway attempts were not associated with survival and resuscitation drugs were associated with 

worse survival.

Conclusions—In this observational study, a scene time of 10 to 35 minutes was associated with 

the highest survival, especially among adolescents. Access for fluid resuscitation was associated 

with increased survival but advanced airway and resuscitation drugs were not.

1. Introduction

Survival following pediatric out-of-hospital cardiac arrest is less than 10% and, for those 

who survive, many have an unfavorable neurological outcome.1–10 Older age, a shockable 

first rhythm, and a witnessed arrest are non-modifiable factors associated with improved 

survival in pediatric patients.1, 3, 6–8, 11–15 Bystander cardiopulmonary resuscitation, the 

early arrival of emergency medical service personnel on the scene and early defibrillation 

are modifiable factors associated with improved survival.15–20

The level of training of emergency medical services personnel, who respond to the 

emergency, is also a modifiable factor which has been the focus of several studies.17, 21–24 

Spending more time at the scene of the arrest to provide basic life support may improve the 

quality of cardiopulmonary resuscitation25, 26 and outcomes.27 With advanced life support 

training paramedics have learned to perform endotracheal intubation, insert intravenous 

catheters or intra-osseous needles and to deliver resuscitation fluids and medications. 

However, a paramedic’s success with endotracheal intubation in a child is variable2, 4, 28 and 

complication rates are high.29, 30 The procedure leads to interruptions in chest 

compressions31, 32 and may also delay timely transfer to a hospital.17, 33, 34 It is not known 

if length of time on scene, level of care (basic versus advanced life support) or 

administration of intravenous fluids or medications are associated with improved survival 

for pediatric patients with out-of-hospital cardiac arrest.
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We hypothesized that longer times on scene to deliver advanced life support interventions 

would be associated with improved survival. To address this hypothesis we performed a 

retrospective study using data from the Resuscitation Outcomes Consortium (ROC) 

database.35

2. Methods

This is a retrospective observational analysis of data collected prospectively according to 

pre-defined and consistently applied data definitions.35

2.1. Patient population

Data for all 9-1-1 calls for non-traumatic cardiac arrest leading to emergency medical 

services response within 8 American and 3 Canadian regions were submitted to the ROC 

Epistry-Cardiac Arrest database at the data coordinating center at the University of 

Washington. The ROC regions include an urban, suburban and rural population of 

approximately 24 million. Inclusion criteria were patients with out-of-hospital cardiac arrest 

who were 3 days to 19 years old treated by participating emergency medical services 

agencies for cardiac arrest and who had attempts at external defibrillation and/or chest 

compressions by emergency medical services personnel. Patients were excluded if the 

cardiac arrest was not treated, the cause of the cardiac arrest was perinatal or traumatic, the 

patient was enrolled in an ongoing ROC therapeutic trial, or if scene time or survival-to-

hospital-discharge data were missing. Criteria for attempting or terminating resuscitation by 

emergency medical services personnel were determined by local regulations and were not 

standardized among study sites. These data were collected as part of an observational study 

that met the requirements for minimal risk research in the United States and Canada and was 

approved by 134 Research Ethics or Institutional Review Boards. Additional memoranda of 

understanding for data sharing were acquired from 24 hospitals and 94 Emergency Medical 

Services agencies.

2.2. Data collection

We studied patients with cardiac arrest occurring from December, 2005 to December, 2012 

with outcomes measured until April, 2013. Data included the following variables: aetiology 

of the arrest, basic resuscitation measures attempted (assisted ventilation, chest 

compressions, defibrillation), first monitored rhythm, witnessed arrest (by lay person or 

health care provider), bystander cardiopulmonary resuscitation (CPR), interventions 

(attempts at advanced airway placement, intravenous and intra-osseous access, fluid 

administration and resuscitation drug delivery, including adrenaline, atropine and 

bicarbonate), level of training of emergency medical services personnel (basic life support 

with defibrillation or advanced life support), and time intervals (time to emergency medical 

services arrival, scene time, and transport time). Data on successful completion of the 

attempted interventions was not available. Scene time was defined as the time between when 

the first emergency medical services crew arrived at the scene to the time of departure from 

the scene with the patient or to the time of patient death if declared dead at the scene.
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The primary outcome was survival to hospital discharge. The secondary outcome was pre-

hospital return of spontaneous circulation (ROSC).

2.3. Statistical analysis

Descriptive analyses were performed for baseline and cardiac arrest characteristics, 

interventions, and outcomes according to scene time and age categories. Categories of scene 

time (< 10, 10 to 35 and > 35 minutes) were chosen based on histograms of scene times in 

our population and clinical rationale. In a previous study, scene times < 10 minutes were 

defined as a “scoop and run” approach.1 The age categories (infants < 1 year, children aged 

1 to 11 years and adolescents aged 12 to 19 years) were chosen based on clinical rationale 

and to match a previous ROC epidemiologic study.1 Characteristics of emergency medical 

services arrival time, scene time and departure and transport times were also analyzed by 

scene time and age categories. Emergency medical services arrival time categories (< 5, 5 to 

7, > 7 minutes) were chosen based on published evidence of best outcome for arrival at the 

scene in < 5 minutes16, 36 and the widely accepted goal of arrival at the scene in < 8 

minutes.37 To minimize selection bias, we included all patients if they had attempts at 

resuscitation, even if they were declared dead on the scene. The rationale for this decision 

was that at the start of resuscitation, for pediatric patients, an emergency medical services 

team will not have decided whether or not to continue resuscitation efforts or declare death. 

Protocols for declaration of death in the field differed between study sites.

All variables in our regression models were chosen a priori and based on scientific rationale. 

We designed the first regression model to study factors that may be associated with scene 

time as a continuous outcome. In this linear regression model, we included age category, 

gender, aetiology of arrest, bystander witnessed arrest, study site, initial rhythm, emergency 

medical services arrival time, intravenous or intra-osseous attempts, and advanced airway 

attempts as we reasoned that these variables would be associated with scene time.

To study scene-related factors associated with survival we developed a second model using 

logistic regression with categorical scene time as the predictor of interest and survival to 

hospital discharge as the outcome. This model was adjusted for age, gender, aetiology of 

arrest, witnessed status, initial rhythm, emergency medical services arrival time, advanced 

life support arrival at > 7 minutes, defibrillation attempted, intravenous or intra-osseous 

attempts, fluid administration, advanced airway attempts, resuscitation medications, and 

ROC study site. This analysis was completed first for all patients and then was stratified by 

age category. For both models, coefficients were estimated using maximum likelihood 

methods and 95% confidence intervals were calculated using Huber-White robust estimates 

of the standard error. For coefficients for binary variables we used the Wald test with Huber-

White standard error estimates and for categorical variables with greater than two values we 

used likelihood ratio tests.

We developed adjusted curves to visualize the relationships between survival and scene 

time, for all patients and for the three age groups, using quadratic equations. We also 

measured survival to hospital discharge and ROSC across the 7 years of the study for the 

three age groups and estimated the linear association between the year and the outcome. 

Statistical analyses were performed using R, version 2.15.1, and SAS, version 9.3.
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3. Results

3.1. Patient characteristics

During the 7 year study period, there were 3115 paediatric cardiac arrest victims of which 

2244 were eligible for the study (Fig. 1). Patient and cardiac arrest characteristics are listed 

according to scene time categories in Table 1 and according to age categories in Appendix 

Table 1. Data was missing on less than 5% of cases for each variable individually. No 

obvious cause was listed most commonly (74.8%) as the aetiology of the cardiac arrest and 

only 82 (3.7%) patients had respiratory cause chosen as the aetiology of the cardiac arrest. 

Just over a third (37.4%) of all patients received bystander cardiopulmonary resuscitation. 

Asystole was the most common initial monitored rhythm (65.9%). The majority of patients 

had bag-valve-mask ventilation [2105 of 2244 (93.8%)] and an advanced airway was 

attempted in 1526 (68.0%) of patients. Intravenous or intra-osseous access was attempted in 

1786 (79.6%) of patients, fluid was administered in 1461 (65.1%), and adrenaline 

(epinephrine) was given to 1530 (68.2%) patients.

3.2. Scene time

There was a significant inter-site variability in scene time but mean scene time was stable 

across the seven years of the study (Appendix Fig. 1). The majority of patients [1542 of 

2244 (68.7%)] had a scene time between 10 and 35 minutes (Table 1). For scene time < 10 

minutes, there were fewer witnessed events, shockable rhythms, attempts to establish an 

advanced airway, intravenous or intra-osseous access attempts and fewer drugs given 

compared to the longer scene time categories (Table 1). The variables that were 

independently associated with scene time in the first regression model were age, 

interventions, and site (Appendix Table 2).

3.3. Age

Children and adolescents had more witnessed events (34.8% and 37.8%, respectively) than 

infants (13.8%, Appendix Table 1). Emergency medical services personnel arrived and 

commenced cardiopulmonary resuscitation more quickly for infants compared to 

adolescents. Adolescents more frequently had ventricular fibrillation or ventricular 

tachycardia as the initial rhythm (19.1%) compared to both children and infants (< 5%).

3.4. Survival to hospital discharge

Survival to hospital discharge was highest (10.2%) in the 10 to 35 minute scene time group 

compared to 6.9% in the > 35 minute group and 5.3% in the < 10 minute group (Table 2). 

When survival was analyzed by scene time divided into five minute intervals the highest 

survival was 11.6% at 15 to 20 minutes (Fig. 2) but the association between scene time and 

survival differed between the different age groups (Appendix Fig. 2).

Infants had the lowest rate of survival to hospital discharge (3.7%) compared to children 

(9.8%) and adolescents (16.3%) (Table 2). Adolescent survival increased from 12.1% to 

19.5% (range 9.3 to 24.1%) over the study period (Fig. 3). This trend was not observed in 

children and only slightly in infants.
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The inclusion of the three categories of scene time in the adjusted multi-variable regression 

model of scene-related factors associated with survival significantly improved the model at 

p=0.01 (Table 3). Other variables which were significantly associated with survival in the 

multi-variable regression model included site, older age category, aetiology of arrest as 

drowning, witnessed arrest, the initial monitored rhythm of ventricular fibrillation or 

ventricular tachycardia, intravenous or intra-osseous attempts and fluid administration 

(Table 3). There was a negative association with resuscitation medication delivery and 

survival (Table 3). Defibrillation, and advanced airway attempts were not associated with 

survival (Table 3). A subgroup analysis was performed for survival in the adolescent group 

and attempts at an advanced airway and defibrillation again were not associated with 

survival.

Neither the arrival time for emergency medical services nor the arrival of advanced life 

support providers first on the scene was associated with survival (Table 3). Almost all 

patients [2178 of 2244 (97.1%)] in our study were cared for by personnel with advanced life 

support training. We were therefore unable to compare the effects of advanced versus basic 

life support training of emergency medical services personnel on survival.

3.5. Secondary outcome

Infants had the lowest rates of prehospital ROSC (7.2%) compared to children (17.2%), and 

adolescents (34.9%) (Table 2). Pre-hospital ROSC increased for all three age groups, over 

the study period (Appendix Fig. 3).

4. Discussion

Using data from the largest cohort of children with non-traumatic out-of-hospital cardiac 

arrest in the United States and Canada, our study demonstrated that scene time was 

significantly associated with survival to hospital discharge. The highest survival occurred 

with a scene time of 10 to 35 minutes (10.2 %) followed by scene times of greater than 35 

minutes (6.9 %) and less than 10 minutes (5.3 %).We also showed that only certain 

interventions were associated with survival. Attempts at placement of intravenous and/or 

intra-osseous catheters or needles and administration of intravascular fluids were associated 

with improved survival whereas attempts at placement of an advanced airway was not and 

resuscitation drug delivery was negatively associated with survival. Times on scene of 

greater than 10 minutes were associated with more interventions suggesting that a scoop and 

run approach of less than 10 minutes on scene does not allow enough time to apply 

interventions that may benefit the patient.

Survival among adolescents increased, although there was no significant change in scene 

time, over the 7 years of the study. Adolescents had the highest rate of survival, followed by 

children, and then infants. Infants also had the shortest scene time and fewest interventions. 

Infants also had the lowest rate of witnessed events (13.8%) and the cause of the arrest listed 

as unknown was the highest (82.4%). Therefore, there may be a large number of infants who 

had sudden infant death syndrome but were not declared dead at the scene. This may have 

contributed to the higher rate of scoop and run responses for infants (64.0%).
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Longer times on the scene (> 35 minutes) were associated with the highest rates of ROSC 

but lower rates of survival compared to 10 to 35 minutes on the scene. Emergency medical 

services personnel must be aware of this paradox, weighing the potential benefits of 

spending more time on the scene to achieve ROSC with decreasing survival due to longer 

ischemic times, when deciding when to depart the scene.

Our results that attempts at placement of an advanced airway by paramedics in pediatric out-

of-hospital cardiac arrest is not associated with improved survival are supported by a 

previous study.29 Securing an advanced airway results in interruptions in CPR and may lead 

to harmful hyperventilation. Furthermore, there are significant anatomical differences in 

infants and children making intubation in younger patients more prone to error and 

complications. In a previous study conducted in an urban setting, paramedics had infrequent 

opportunities to intubate a child; once every 3 years.38 More research is needed to determine 

optimal airway management in infants and children with out-of-hospital cardiac arrest.

Interestingly, we found that attempting to place intravenous or intra-osseous access by 

emergency medical services personnel was associated with improved survival whereas drug 

delivery was associated with worse survival. There are several factors that may help to 

explain this paradox. The establishment of an intravenous or intra-osseous needle allows for 

timely post-resuscitation therapies that are likely to benefit the patient. These include 

administration of fluid boluses or continuous infusion of inotropes and vasoactive 

medications. Data on inotrope and vasoactive drug infusions were inconsistently recorded in 

the ROC database. The administration of resuscitation drugs is known to be associated with 

more prolonged cardiac arrest and therefore worse outcomes in pediatric patients with in-

hospital cardiac arrest.39 Multiple doses of resuscitation drugs, given in the emergency 

department, were also associated with a high mortality and poor neurological outcome 

among survivors in previous studies of children and adolescents with out-of-hospital cardiac 

arrest.3, 40

Survival to hospital discharge in our study (8.9%) is slightly higher than reported from ROC 

in 2009 (7.8%) suggesting an improvement in survival over the past 5 years.1 In a 

systematic review of 41 pediatric articles spanning 30 years to 2004, the survival to hospital 

discharge from pediatric out-of-hospital cardiac arrest was 6.7%.7 We also showed a trend 

of increased survival among adolescents over the study period. Our study is unique in that 

the emergency medical services providers were participating in a large consortium with 

several adult cardiac arrest trials underway. Training and feedback may have strengthened 

the resuscitation efforts of participating emergency medical services leading to improved 

survival over time especially among the adolescents who are more adult-like in anatomy and 

physiology compared to infants and children.

Our study has several strengths. Our sample size was large whereas most other studies in 

pediatric out-of-hospital cardiac arrest have small numbers of patients. Our study was based 

on a uniform definition of cardiac arrest, well defined and validated data variables as well as 

regular data entry quality assessments and quality improvement. Thus, the validity, accuracy 

and conclusions of our study may have greater strength compared to many other studies in 

pediatric out-of-hospital cardiac arrest.
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There are inherent limitations to observational database research. Despite the data being 

collected prospectively, causality could not be proven. Specific details about the 

interventions, such as number of attempts and rates of success, were not consistently 

available. Furthermore, aetiology of arrest and neurologic outcomes were unknown for 

many subjects limiting the potential analyses of these variables. We studied a heterogeneous 

population and, even though we controlled for important variables in our regression models, 

we could not account for unmeasured confounders. Limitations specific to this study 

included unmeasured site differences in practices by emergency medical services and 

hospital post-resuscitation care. We were therefore unable to measure how these 

confounding variables were associated with survival.

5. Conclusions

In this large observational study of pediatric out-of-hospital cardiac arrest there was a 

significant association between scene time and survival. The highest survival (10.2%) 

occurred with a time on scene of 10 to 35 minutes. Attempts at placement of intravenous or 

intra-osseous needles or catheters and fluid administration were associated with improved 

survival. Attempts at placement of an advanced airway were not associated with survival 

and administration of resuscitation drugs was associated with worse survival. Survival 

improved over the 7 year study period especially among adolescents.
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Fig. 1. Enrollment
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Fig. 2. Survival to hospital discharge according to scene times
Data are the percent survival to hospital discharge by scene time in 5 minute intervals for all 

patients. The curved, solid line represents a quadratic fit to the observed survival rates 

treating the scene time as continuous. The quadratic fit makes an assumption about the shape 

of the relationship between scene time and survival and should be interpreted with caution. 

The dotted lines represent the lower and upper boundaries of a 95% confidence interval.
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Fig. 3. Survival to hospital discharge according to age categories over the study period
Data shown are the percent survival to hospital discharge from 2006 - 2012 for infant, child, 

and adolescent age categories. Points represent the observed survival to hospital discharge 

rate for the specific age group and the lines are the estimated linear associations between 

year and survival for each age category. 2005 was removed from this plot as our data 

collection only included 1 month in that year (December).
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Table 1

Demographics, event characteristics, interventions and time intervals according to scene time categories.

Characteristic n (%) < 10 minutes
(n=486)

10 to 35 minutes
(n=1542)

> 35 minutes
(n=216)

Total (n=2244)

Age

  Infant 311 (64.0) 629 (40.7) 77 (35.6) 1017 (45.3)

  Child 126 (25.9) 427 (27.7) 41 (19.0) 594 (26.5)

  Adolescent 49 (10.1) 486 (31.5) 98 (45.4) 633 (28.2)

Gender

  Male 301 (61.9) 927 (60.2) 137 (63.4) 1365 (60.9)

Aetiology of arrest*

  No obvious cause 394 (81.1) 1145 (74.3) 140 (64.8) 1679 (74.8)

  Respiratory 12 (2.5) 55 (3.6) 15 (6.9) 82 (3.7)

  Submersion 21 (4.3) 91 (5.9) 15 (6.9) 127 (5.7)

  Other 58 (11.8) 249 (16.1) 45 (20.8) 352 (15.7)

  Unknown 1 (0.2) 2 (0.1) 1 (0.5) 4 (0.2)

Witnessed 95 (19.5) 427 (27.7) 64 (29.6) 586 (26.1)

  Layperson/Bystander 84 (17.3) 359 (23.3) 53 (24.5) 496 (22.1)

  EMS 11 (2.3) 68 (4.4) 11 (5.1) 90 (4.0)

Bystander CPR 188 (38.7) 569 (36.9) 83 (38.4) 840 (37.4)

Initial rhythm

  VF/VT 17 (3.5) 133 (8.6) 18 (8.3) 168 (7.5)

  PEA 37 (7.6) 198 (12.8) 39 (18.5) 275 (12.3)

  Asystole 314 (64.6) 1038 (67.3) 129 (59.7) 1476 (65.9)

  Undetermined 52 (10.7) 136 (8.8) 20 (9.3) 208 (9.3)

EMS defibrillation 22 (4.5) 205 (13.3) 45 (20.8) 272 (12.1)

Interventions†

  IV/IO attempted 235 (48.4) 1349 (87.5) 202 (93.5) 1786 (79.6)

  Fluids administered 184 (37.9) 1093 (70.9) 184 (85.2) 1461 (65.1)

  Adrenaline 153 (31.5) 1187 (77.0) 190 (88.0) 1530 (68.2)

  Atropine 32 (6.6) 489 (31.7) 108 (50.0) 629 (28.0)

  Bicarbonate 6 (1.2) 182 (11.8) 82 (38.0) 270 (12.0)

  Any drug 155 (31.9) 1199 (77.8) 192 (88.9) 1546 (68.9)

  Two or more drugs 32 (6.6) 578 (37.9) 135 (62.5) 745 (33.2)

  Bag valve mask ventilation 428 (88.1) 1476 (95.7) 201 (93.1) 2105 (93.8)

  Supraglottic airway 7 (1.4) 86 (5.6) 16 (7.4) 109 (4.9)

  Oral/Nasal ETT 151 (31.1) 1119 (72.6) 179 (82.9) 1449 (64.6)

Minutes, median (IQR)

  Scene time 6.4 (4.4, 8.2) 20.6 (15.4, 26.0) 42.0 (38.2, 48.7) 18.6 (11.0, 26.9)

  9-1-1 to EMS arrival 5.2 (4.1, 6.8) 5.1 (4.0, 6.5) 5.3 (4.0, 7.0) 5.1 (4.0, 6.7)

  9-1-1 to ALS arrival 6.0 (4.5, 8.0) 6.7 (4.9, 9.5) 8.4 (5.9, 12.7) 6.7 (4.9, 9.3)

  EMS to CPR‡ 1.1 (0.6, 2.3) 1.6 1.0, 3.0) 1.9 (1.0, 3.5) 1.5 (0.9, 2.9)
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Characteristic n (%) < 10 minutes
(n=486)

10 to 35 minutes
(n=1542)

> 35 minutes
(n=216)

Total (n=2244)

  Transport time§ 7.0 (4.4, 10.1) 7.0 (4.6, 10.0) 9.3 (5.0, 16.0) 7.1 (4.6, 10.5)

EMS denotes emergency medical services; CPR, cardiopulmonary resuscitation; VF/VT, ventricular fibrillation or ventricular tachycardia; PEA, 
pulseless electrical activity; ETT, endotracheal tube; IV, intravenous; IO, intra-osseous; ALS, advanced life support; IQR, interquartile range

*
Aetiology of arrest is defined as clinical impression of emergency medical services personnel

†
The intervention was attempted, not necessarily successful

‡
Emergency medical services personnel arrival to initiation of CPR

§
Scene departure to emergency department arrival at first hospital. Transport time not available for patients declared dead at the scene.
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Table 2

Outcomes according to scene time and age categories.

Characteristic n (%) < 10 minutes
(n=486)

10 to 35 minutes
(n=1542)

> 35 minutes
(n=216)

Total (n=2244)

Any prehospital ROSC 21 (4.3) 299 (19.4) 76 (35.2) 396 (17.6)

Survival* 26 (5.3) 158 (10.2) 15 (6.9) 199 (8.9)

Characteristic n (%) Infant (n=1017) 3 days to < 1 
year

Child (n=594) 1 to 11 years Adolescent (n=644) 12 to 19 
years

Total (n=2244)

Any prehospital ROSC 73 (7.2) 102 (17.2) 221 (34.9) 396 (17.6)

Survival* 38 (3.7) 58 (9.8) 103 (16.3) 199 (8.9)

ROSC indicates return of spontaneous circulation
ED denotes emergency department

*
Survival to hospital discharge
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Table 3

Multivariable regression model for survival to hospital discharge.

Characteristic Odds Ratio (95th CI)

Scene Time (reference: 10 to 35 minutes)*

  < 10 minutes 0.69 (0.36, 1.31)

  > 35 minutes 0.37 (0.17, 0.77)

Age (reference: infant)*

  Child 2.12 (1.18, 3.77)

  Adolescent 2.40 (1.33–4.30)

Gender (reference: female)

  Male 0.83 (0.56, 1.22)

Aetiology of arrest (reference: no obvious cause)*

  Respiratory 1.07 (0.44, 2.63)

  Submersion 3.48 (1.71, 7.10)

  Other 1.26 (0.71, 2.26)

EMS or bystander witnessed 3.87 (2.55, 5.89)*

Initial rhythm (reference: VF/VT)*

  PEA 0.39 (0.20, 0.78)

  Asystole 0.10 (0.05, 0.20)

  Undetermined 0.64 (0.26, 1.60)

EMS arrival time (reference: < 5 minutes)

   5 to 7 minutes 0.68 (0.43, 1.06)

  > 7 minutes 0.55 (0.27, 1.14)

ALS arrival time > 7 minutes 0.69 (0.43, 1.13)

Interventions (reference: none)

  Defibrillation† 1.66 (0.88, 3.10)

  IV/IO attempt 2.40 (1.20, 4.81)*

  Fluid administration 1.73 (1.07, 2.80)*

  Advanced airway attempts 0.69 (0.43, 1.10)

  Resuscitation drug‡ 0.24 (0.15, 0.39)*

ROC Study Site§ N/A*

EMS denotes emergency medical services; VF/VT, ventricular fibrillation or ventricular tachycardia; PEA, pulseless electrical activity; ALS, 
advanced life support; ROC, Resuscitation Outcomes Consortium; CI, confidence interval

*
p < 0.05

†
By emergency medical services personnel or public access defibrillation

‡
Any resuscitation drug including adrenaline, atropine or bicarbonate

§
Odds Ratio not relevant, one random site chosen as reference
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