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AGENDA 
 

ICEMA 
MEDICAL ADVISORY COMMITTEE 

 
August 28, 2014 

 
1300 - 1500 

Purpose:  Information Sharing 

Meeting Facilitator:  Todd Sallenbach 

Timekeeper:  Danielle Ogaz   

Record Keeper:  Danielle Ogaz 

AGENDA ITEM PERSON(S) DISCUSSION/ACTION TIME 
I. Welcome/Introductions Todd Sallenbach  1300 - 1301 
II. Approval of Minutes All Discussion 1301 - 1303 
III. Discussion/Action Items    
 A. Standing EMS System Updates   1303 - 1320 
 1. Review of Action Items 

2. Trauma Program 
3. STEMI Program:  STEMI Data 
4. Stroke Program:  Stroke Data 
5. STEMI/Stroke Center 

Regulations 
6. Drug Shortage Update 
7. CQI Report Update 
8. SAC Update 
9. Literature Review/Update 

• Comparison of Success Rates 
Between Two Video 
Laryngoscope Systems Used 
in a Prehospital Clinical Trial  

• Airways In Out-of-Hospital 
Cardiac Arrest: Systematic 
Review And Meta-Analysis 

• Implementation of a Titrated 
Oxygen Protocol in the Out-
of-Hospital Setting 

• Manual vs. Integrated 
Automatic Load-Distributing 
Band CPR with Equal 
Survival After Out-of-
Hospital Cardiac Arrest. The 
Randomized CIRC Trial. 
 

1. Todd Sallenbach 
2. Chris Yoshida-McMath 
3. Chris Yoshida-McMath 
4. Chris Yoshida-McMath 
5. Reza Vaezazizi 
 
6. Reza Vaezazizi 
7. Todd Sallenbach 
8. Todd Sallenbach 
9. Reza Vaezazizi 

1. Discussion/Action 
2. Discussion 
3. Discussion 
4. Discussion 
5. Discussion 
 
6. Discussion 
7. Discussion 
8. Discussion 
9. Discussion 
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 B. EMS Trends   1320 - 1330 
 1. Fentanyl Addition to Basic 

Scope 
2. TXA Study Update 
3. Paramedicine Step I Research 

Update 

1. Reza Vaezazizi 
 
2. Reza Vaezazizi/ 

Michael Neeki 
3. Michael Neeki 

1. Discussion 
 
2. Discussion 
 
3. Discussion 

 

 C. Bylaws Review   1330 - 1340 
 1. Election of Chair & Co-Chair 1. Ron Holk 1. Discussion/Action  
 D. Continuous Quality Improvement   1340 - 1350 
 1. ICEMA CQI Plan Review -

MAC/SAC Task Force 
1. Ron Holk 1. Discussion/Action  

 E. Procainamide Kevin Parkes  Discussion  1350 - 1400 
 F. End Title CO2:  Standard or 

Optional Drug and Equipment List  
Todd Sallenbach Discussion/Action  1400 - 1405 

 G. Review of Condensed Protocol 
Process 

Ron Holk Discussion/Action 1405 - 1410 

 H. Specialty Care:  Remove 
Requirement for Recorded Line  

Chris Yoshida-McMath Discussion/Action 1410 - 1420 

 I. Protocol Review All Discussion/Action  1420 -1445 
 1. 7010 - BLS/LALS/ALS 

Standard Drug & Equipment 
List  

2. 7020 - EMS Aircraft Standard 
Drug & Equipment List 

3. 7040 - Medication Standard 
Orders  

4. 8020 - Critical Care Interfacility 
Transport 

5. 9130 - Procedures for EMS 
Monitoring of Multiple Patients 
(San Bernardino County Only) 

   

IV. Public Comment All Discussion 1445 - 1450 
V. Round Table/Announcements All Discussion 1450 - 1455 
VI. Future Agenda Items All Discussion 1455 - 1458 
VII. Next Meeting Date:  October 23, 2014 All Discussion 1458 - 1500 
VIII. Adjournment Todd Sallenbach Action 1500 
 



 
 
 
 
 
 
 

MINUTES 
 

MEDICAL ADVISORY COMMITTEE 
 

June 26, 2014 
 

1300 to 1500 
 

AGENDA ITEM DISCUSSION/FOLLOW UP RESPONSIBLE PERSON(S)   
I. WELCOME/INTRODUCTIONS Meeting called to order at 1302. Todd Sallenbach  
II. APPROVAL OF MINUTES The April 24, 2014, minutes were approved. 

 
Motion to approve. 
MSC: Phong Nguyen/ Joe Powell 
APPROVED 
Ayes: Debbie Bervel, Lance Brown,  
 Sam Chua, Susie Moss,  
 Michael Neeki, Leslie Parham, 

Kevin Parkes, Joy Peters,  
 Todd Sallenbach, Andrea Thorp, 

Joanna Yang 

 

III. DISCUSSION ITEMS   
 A. Standing EMS System Updates   
 1. Review of Action Items Nothing to report.   Todd Sallenbach 
 2. Trauma Program Revisions to the Pediatric Spinal 

Immobilization Policy are in process.  
 
The results from the trauma registry review of 
pediatric vertebral spinal injury with spinal 
cord injury for 2012 were presented.  

Chris Yoshida-McMath 

 3. STEMI Program: STEMI 
Data 

No updates Reza Vaezazizi 

 4. Stroke Program: Stroke Data No updates Reza Vaezazizi 
 5. STEMI/Stroke Center 

Regulations  
Draft regulations are still with the state. Final 
version yet to be released.  

Reza Vaezazizi 

 6. Drug Shortage Update 
• Normal Saline 

Shortage on Normal Saline is expected to last 
for the remainder of the year.  

Reza Vaezazizi 

 7. QI Report Update No update Reza Vaezazizi 
 8. SAC Update 

• D10 Verses D50 
Motion to transition to D10 with an adult based 
dose and a pediatric weight based dose. 
 
MSC: Kevin Parkes/Debbie Bervel 
 
Ayes: Lance Brown, Sam Chua,  
 Susie Moss, Michael Neeki,  

Todd Sallenbach 
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 Leslie Parham, Joy Peters,  
 Todd Sallenbach, Andrea Thorp, 

Joanna Yang  
 B. Committees/Task Force      
 1.  Data Duplication and 

 Accountability Task Force 
Image Trend has no current plans to alter the 
software. 
 
Motion to disband the  taskforce. 
MSC: Michael Neeki/Debbie Bervel  
 
Ayes: Lance Brown, Sam Chua,  
  Susie Moss,  Leslie Parham, Kevin 
  Parkes, Joy Peters, Todd Sallenbach, 
  Andrea Thorp, Joanna Yang  

Joe Powell  

 C. EMS Trends   
 1. ART/CAM Update Dr. Dan Davis from UC San Diego will be 

presenting the ART program on September 4, 
2014 at the ICEMA office.  

Reza Vaezazizi 

 2. TXA Study Update TXA study continues to progress with an 
increased interest in participation.  Conference 
call with EMDAC scope committee chair to 
occur on July 8, 2014.   

Reza Vaezazizi 

 3. Community Paramedicine 
 Step I Study 

The community Paramedicine Step I Study is 
focused on a paramedic’s ability to identify 
non-emergent patients with any degree of 
accuracy.  Paramedics who transport patients to 
ARMC will fill out a questioner, as will an 
attending physician, on each patient regarding 
patient’s condition.  The study is aiming for a 
sample size of 2000.  This study is separate 
from the State Community Paramedicine pilot 
program. 

Reza Vaezazizi 

 4. Fentanyl Addition to Basic 
 Scope  

Discussion occurred regarding switching from 
Morphine to Fentanyl. 
 
Motion to take necessary steps to add Fenyanyl 
to MSO and remove morphine with a transition 
period.   
 
MSC: Michael Neeki/Sam Chua 
 
Ayes:  Debbie Bervel, Lance Brown,  
  Susie Moss,  Leslie Parham,  
  Kevin Parkes, Joy Peters,  
  Todd Sallenbach, Andrea Thorp, 
  Joanna Yang 

Reza Vaezazizi 

 D. Bylaws Review        
 1. Election of Co-Chair Committee members are to submit names to 

Ron Holk for the election of Chair and Co-
chair by the August meeting.  

Ron Holk  

 2.  Appointment of Specialty 
 Care Physician  

Motion to endorse the appointment of Andrea 
Thorp to the Medical Advisory Committee.  

All 
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MSC: Phong Nguyen/Michael Neeki 
 
Ayes: Debbie Bervel, Lance Brown,  
  Sam Chua, Susie Moss,   
  Leslie Parham, Kevin Parkes,  
  Joy Peters, Todd Sallenbach,  
  Andrea Thorp, Joanna Yang 

 E. CPAP Addition to BLS Optional 
Drug and Equipment List   

Motion to include CPAP on BLS optional drug 
and equipment list.  Providers are responsible 
for providing education.  
 
MSC: Susie Moss/Joy Peters 
 
Ayes: Debbie Bervel, Lance Brown,  
  Sam Chua, Michael Neeki,  
  Phong Nguyen, Leslie Parham,  
  Kevin Parkes, Todd Sallenbach, 
  Andrea Thorp, Joanna Yang 

Reza Vaezazizi 

 F. Core Measures Core measures were discussed. EMSA to 
publish list week of July 1, 2014.  

Ron Holk  

 G. Condensed Protocol Review Samples of condensed protocols were 
presented.  
 
Motion to endorse continuing to condense 
protocols. 

Ron Holk 

IV. PUBLIC COMMENT  None All  
V. ROUND TABLE/ 

ANNOUNCEMENTS 
Susie Moss sought clarification as to who to 
speak with when she sees issues with protocols.  

All  

VI. FUTURE AGENDA ITEMS • End Title CO2 on standard drug and 
 equipment list 
• Procainamide  

Danielle Ogaz 

VII. NEXT MEETING:   August 28, 2014  
VIII. ADJOURNMENT The meeting adjourned at 1448. Todd Sallenbach 
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Attendees: 
NAME MAC POSITION EMS AGENCY STAFF POSITION 

   VACANT 
   Jeff Grange - LLUMC 

Trauma Hospital Physicians (2)     Reza Vaezazizi, MD Medical Director 

   Phong Nyugen - RDCH 
   Todd Sallenbach - HDMC 

       (Chair) 

Non-Trauma Base Physician s (2)    Tom Lynch EMS Administrator 

   Aaron Rubin - Kaiser Non-Base Hospital Physician    Denice Wicker-Stiles Assist. Administrator 
   Michael Neeki - Rialto FD Public Transport Medical Director    George Stone Program Coordinator 
   Sam Chua - AMR Private Transport Medical Director    Ron Holk EMS Nurse Specialist 
   Debbie Bervel - SB City FD Fire Department Medical Director    Chris Yoshida-McMath  EMS Nurse Specialist 
   Joy Peters - ARMC EMS Nurses     Danielle Ogaz EMS Specialist  
   Joe Powell - Rialto FD EMS Officers    
   Leslie Parham Public Transport Medical Rep 

(Paramedic/RN) 
  

   Susie Moss Private Transport Medical Rep 
(Paramedic/RN) 

  

   Lance Brown  Specialty Center Medical Director   
   Joanna Yang - LLUMC Specialty Center Coordinator    
   Troy Pennington  Private Air Transport Medical 

Director 
  

   Stephen Patterson -  
       Sheriff’s Air Rescue 

Public Air Transport Medical Director   

   Micheal Guirguis - SB  
       Comm Center 

PSAP Medical Director   

   Andrew Stevens Inyo County Representative   
   Rosemary Sachs Mono County Representative   
   Kevin Parkes  SAC Liaison   
   Andrea Thorp Pediatric Critical Care Physician    

 
GUESTS AGENCY 
Alan Bodor SB County ISD 
Patti Eickholt  SACH 
Terrance Flores AMR 
Lisa Higuchi  AMR 
Christopher Linke  AMR 
Pam Martinez Ontario FD  
Shane Panto  CHP 
Bob Tyson  Redlands FD 
 



FOCUS ON AIRWAY MANAGEMENT

COMPARISON OF SUCCESS RATES BETWEEN TWO VIDEO LARYNGOSCOPE

SYSTEMS USED IN A PREHOSPITAL CLINICAL TRIAL

Aaron M. Burnett, MD, Ralph J. Frascone, MD, Sandi S. Wewerka, MPH, EMT-B, Samantha
E. Kealey, MD, Zabrina N. Evens, MD, Kent R. Griffith, RN, EMT-P, Joshua G. Salzman,

MA, EMT-B

ABSTRACT

Objectives. The primary aims of this study were to com-
pare paramedic success rates and complications of two dif-
ferent video laryngoscopes in a prehospital clinical study.
Methods. This study was a multi-agency, prospective, non-
randomized, cross over clinical trial involving paramedics
from four different EMS agencies. Following completion of
training sessions, six Storz CMACTM video laryngoscopes
and six King VisionTM (KV) video laryngoscopes were di-
vided between agencies and placed into service for 6 months.
Paramedics were instructed to use the video laryngoscope
for all patients estimated to be ≥ 18 years old who required
advanced airway management per standard operating pro-
cedure. After 6 months, the devices were crossed over for the
final 6 months of the study period. Data collection was com-
pleted using a telephone data collection system with a mem-
ber of the research team (available 24/7). First attempt suc-
cess, overall success, and success by attempt, were compared
between treatment groups using exact logistic regression ad-
justed for call type and user experience. Results. Over a 12-
month period, 107 patients (66 CMAC, 41 KV) were treated

Received March 26, 2013 from Emergency Medical Services (AMB,
RJF, KRG), Department of Emergency Medicine (AMB, RJF, SEK,
ZNE), and Critical Care Research Center (SSW, JGS), Regions Hospi-
tal, St. Paul, Minnesota. Revision received August 8, 2013; accepted
for publication August 16, 2013.

Study results were presented as an oral abstract at the National
Emergency Medical Services Physicians Annual Meeting, January
9–12, 2013, Bonita Springs, Florida.

The authors report no conflicts of interest. The authors alone are re-
sponsible for the content and writing of the paper. Funding provided
by the Metropolitan Emergency Services Board EMS Research Grant.
Karl Storz and King Systems contributed devices in-kind for use dur-
ing the 12-month study period.

Address correspondence to Joshua G. Salzman, Regions Hos-
pital, 640 Jackson St., MS 11109F, St. Paul, MN, USA. e-mail:
Joshua.g.salzman@healthpartners.com

doi: 10.3109/10903127.2013.851309

with a study device. The CMAC had a significantly higher
likelihood of first attempt success (OR = 1.85; 95% CI 0.74,
4.62; p = 0.188), overall success (OR = 7.37; 95% CI 1.73,
11.1; p = 0.002), and success by attempt (OR = 3.38; 95%
CI 1.67, 6.8; p = 0.007) compared to KV. Providers reverted
to direct laryngoscopy in 80% (27/34) of the video laryn-
goscope failure cases, with the remaining patients having
their airways successfully managed with a supraglottic air-
way in 3 cases and bag-valve mask in 4 cases. The provider-
reported complications were similar and none were statisti-
cally different between treatment groups. Complication rates
were not statistically different between devices. Conclusion.
The CMAC had a higher likelihood of successful intubation
compared to the King Vision. Complication rates were not
statistically different between groups. Video laryngoscope
placement success rates were not higher than our historical
direct laryngoscopy success rates. Key words: airway man-
agement; paramedics; video laryngoscope; emergency med-
ical services

PREHOSPITAL EMERGENCY CARE 2014;18:231–238

INTRODUCTION

Video laryngoscopy (VL) has become popular as a pri-
mary device for airway management in the emergency
department (ED). Use of this tool in the prehospital set-
ting is also gaining traction. Emergency medical ser-
vices (EMS) providers regularly encounter difficult air-
ways due to emesis, blood or other fluid in the airway,
facial or neck trauma, or cervical spine immobilization.
VL has been proposed as an ideal approach in these
situations, due to the ability to better visualize the pa-
tient’s vocal cords and ideally promoting a more suc-
cessful endotracheal tube placement rate.

Clinical simulation studies and a limited number
of trials with live patients have been conducted with
various video laryngoscopes in the prehospital setting
with mixed results. Generally, EMS provider success
rates in standard airways during clinical simulation
trials range from 80 to 100%.1–9 The success rate for
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difficult airway scenarios in this setting (e.g., c-collar,
manikin positioning, chest compressions) varies be-
tween 50 and 100%, which is higher than the success
rates reported for direct laryngoscopy in each of these
studies.1–5,7,8 A recently published simulated difficult
airway study examining the use of 5 different airway
devices, including video laryngoscopes, showed no
difference in placement success rates between video
laryngoscope systems and direct laryngoscopy.10 Time
to airway placement for EMS providers has not been
shown to be consistently faster with VL.1,2,5–7 In fact,
in one emergency department study, video laryn-
goscopy increased the time to intubation without in-
creasing the first-attempt success rate.11 A preliminary
report of VL using the CMAC device in helicopter EMS
reported a 76% first-attempt success rate, with 98% of
all patients successfully intubated within 3 attempts.12

The recently published full report showed no differ-
ence in number of placement attempts, first-pass suc-
cess rate, or the use of rescue airways between CMAC
and direct laryngoscopy, but did show a superior
glottic view for patients treated with CMAC.13 Impor-
tantly, this study was conducted with a cohort of heli-
copter EMS providers who perform endotracheal intu-
bation with a much higher frequency than is routinely
encountered in ground EMS. This limits the generaliz-
ability of this study’s conclusions regarding VL and the
utility of this technology in EMS services with fewer
opportunities for endotracheal intubation remains
unclear.

To date, no clinical trial has compared paramedic
placement success rates between two different video
laryngoscope systems in a nonsimulation setting.
Given the promise of VL but the limited evidence sup-
porting its use in the prehospital setting, we evalu-
ated the success rates of two different video laryngo-
scopes in a multiagency, prospective, nonrandomized,
crossover clinical study. Our primary study objective
was to determine if there was a difference in the first-
pass or overall intubation success rates for the CMAC
video laryngoscope as compared to the King Vision
video laryngoscope, in adult, out-of-hospital patients
requiring advanced airway management.

METHODS

Study Design

This study was an IRB-approved, multiagency,
prospective, prehospital, nonrandomized, crossover
trial comparing paramedic success rates and compli-
cations for two video laryngoscope systems (Storz
CMAC, Macintosh #4 blade; King Vision, size 3) to
each other.

Setting

The four EMS agencies involved in the study provide
9-1-1 service to approximately 460,000 residents over

359 square miles, with a combined annual run vol-
ume of approximately 34,000. The service models var-
ied, with one urban, fire-based, full-time paid, single-
tier agency; two suburban, fire-based agencies (one
paid on-call and one full-time paid); and one suburban,
hospital-based, third service full-time paid agency. All
three fire-based services provided first response and
transportation capabilities. The third service agency
partners with its local fire department to provide BLS
first response on high-acuity calls, but ALS care and
transportation are only offered by the ambulance ser-
vice. Due to device availability, devices were placed in
the six highest-volume intubating EMS units in the ur-
ban and suburban services.

Participants, Consent, and Training

All eligible paramedics working at the stations where
the study devices were available attended an initial
training session and were asked to provide their
consent. The first part of the training session consisted
of a didactic presentation of the study purpose, study
protocol, and information about consenting for par-
ticipation. All consenting providers then completed a
standardized 1-hour didactic and hands-on training
session on the device they would be using during
the first 6-month study period. Each provider was
required to demonstrate competence by performing an
intubation with their assigned video laryngoscope on
a simulation mannequin placed on the floor under the
direct supervision of one of the service medical direc-
tors. At 5 months into the study, consented providers
were trained in the use of the crossover device that
was placed on their EMS unit at the 6-month mark.

Intervention

The Storz CMAC (Tuttlingen, Germany) (Figure 1)
consists of 3 parts: a reusable video laryngoscope
blade, a handle containing the video components and
control buttons for recording and changing the screen
lighting, and the video display. There are multiple
laryngoscope blades available, but only the size 4 Mac-
intosh blade was used during the study. This device
has a digital video display with enhanced image pro-
cessing for real-time visualization of the airway. This

FIGURE 1. Karl Storz CMAC video laryngoscope.
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FIGURE 2. King Systems King VISION.

device is unique in that it also allows the user to per-
form direct laryngoscopy, in the event the monitor dis-
play fails.

The King Vision (KV), manufactured by King Sys-
tems (Noblesville, Indiana, USA) (Figure 2), is a 2-
piece, plastic video laryngoscope. This 2-piece, plastic
device includes a reusable display and a disposable,
channeled blade used to facilitate delivery of the en-
dotracheal tube into the patient’s trachea. Size 3 chan-
neled blades were the only blades used during this
study. The reusable display is battery-operated and is
seated on the top of the laryngoscope blade prior to
use. This device does not have recording capabilities.

Study Protocol

Six CMAC devices were placed in the urban service,
and 6 KV devices were placed in the suburban agen-
cies following a coin flip that determined device order.
Paramedics were instructed to use the assigned video
laryngoscope for all patients known or estimated to
be ≥18 years old who required advanced airway man-
agement per uniform patient treatment guidelines es-
tablished by medical direction. Exclusion criteria in-
cluded 1) treating EMS provider was not trained in use
of VL and 2) patient had supraglottic airway placed
prior to paramedic arrival. CMAC device users were
instructed to perform indirect laryngoscopy by using
the video monitor and to record their placements for
quality assurance use at the conclusion of the study.
Following airway management with the study de-
vice, paramedics contacted the study hotline staffed
24/7/365 by the study team to complete data col-
lection. The research team members were responsi-
ble for disposable KV blade and CMAC SIM card re-
supply through the duration of the trial. To ensure
complete data capture for all advanced airway man-
agement cases, the research team attempted to perform
quality assurance data checks weekly using a standard
report within each agency’s electronic medical record.
If it appeared the study devices were not used on a pa-
tient who met all inclusion criteria, contact with the in-

dividual paramedics was attempted for additional in-
formation and remediation.

To facilitate continued interest in the study and
adherence to the study protocol, all participating
paramedics received a monthly e-mail outlining a spe-
cific educational topic related to the trial. They were
entered into a $50 gift card drawing if they electron-
ically responded to the study staff’s “message of the
month.” The research team reviewed study data each
month in a blinded fashion (device A vs. device B) for
safety and efficacy endpoints. An a priori stop criteria
of overall success rate of 50% or less for either device
was established during the first monthly meeting.

Variable Definitions

Placement attempt was defined as tip of the video
laryngoscope blade passing the patient’s lips. First-
attempt success rate was defined as the number of suc-
cessful placements occurring on the first placement at-
tempt. Overall success rate was calculated as the total
number of successful placements divided by the total
number of patients treated. The success by attempt rate
was defined as successful placement of the ET tube di-
vided by the total number of attempts.

Sample Size

Our study was constrained by a 12-month data col-
lection period due to device availability. Target en-
rollment of 168 cases was determined by evaluating
historical volumes of advanced airway management
events over 12 months. With this enrollment volume,
this study was powered at 80% to show a 22% (63 vs.
85%) difference in overall insertion success rate be-
tween systems.

Data Analysis

Patient (age, gender, BMI, race, ethnicity, primary im-
pression, call type, and difficult airway) and provider
(age, gender, years of experience, >1 VL placement
during study period, agency, and phase) demograph-
ics were compared for equality between groups. First-
attempt success, overall success, and success by at-
tempt were compared between treatment groups using
unadjusted chi-squared analysis. Exact logistic regres-
sion adjusted for call type (medical vs. trauma) and
user experience was then performed, using the King
Vision device as the reference device. Adjustments to
our analysis to account for the monthly blinded safety
and efficacy review were not performed, as no statisti-
cal testing was performed during those reviews. Com-
plications were compared using unadjusted chi-square
tests. The Cormack-Lehane (CL) score for each attempt
was also analyzed for impact on success rates using a
generalized linear mixed-effects model.
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TABLE 1. Patient and provider demographics

Total (n = 107) CMAC (n = 66) KV (n = 41) p-value

Patient demographics
Age (yrs) 58.4 (54.7, 62.2) 56.7 (52.0, 61.4) 61.3 (55.1, 67.5) 0.226
Gender (% male) 70.1 (60.8, 78) 71.2 (59.4, 80.7) 68.3 (53, 80.4) 0.829
Race (% Caucasian) 79.4 (70.8, 86.0) 77.3 (65.8, 85.7) 82.9 (67.7, 91.5) 0.624
Ethnicity (% Non-Hispanic) 93.5 (87.1, 96.8) 93.9 (85.4, 97.6) 92.7 (80.6, 97.5) 1
BMI (kg/m2) 28.4 (26.9, 30.0) 28.1(26.0, 30.2) 29 (26.7, 31.4) 0.554
Primary impression (% cardiac arrest) 73.8 (64.8, 81.2) 74.2 (62.6, 83.3) 73.2 (58.1, 84.3) 1
RSI (%) 10.3 (5.8, 17.5) 15.2 (8.4, 25.7) 2.4 (0.5, 12.6) 0.035
Call type (% medical) 88.8 (81.4, 93.5) 83.3 (72.6, 90.4) 97.6 (87.4, 99.6) 0.027
Difficult airway (% yes) 76.6 (67.8, 83.7) 78.8 (67.5, 86.9) 73.2 (58.1, 84.3) 0.639

Provider demographics
Age (yrs) 38.5 (36.8, 40.2) 38.8 (36.6, 41.1) 37.9 (35.3, 40.6) 0.713
Gender (% male) 83.5 (75.2, 89.4) 82.5 (71.4, 90) 85 (70.9, 92.9) 0.793
Experience (yrs) 11.2 (9.9, 12.5) 11 (9.3, 12.8) 11.5 (9.6, 13.5) 0.615
Experienced user (>1 attempt during study period) 63.2 (53.7, 71.8) 56.1 (44.1, 67.4) 73.2 (58.1, 84.3) 0.1
% Devices placed in first 6 months 53.3 (43.9, 62.5) 48.5 (36.8, 60.3) 61 (45.7, 74.4) 0.236

Values are means (95% CI) or percentages (95% CI). CMAC = Storz CMAC, KV = King Vision.

RESULTS

Out of 187 total paramedics eligible to participate in
the study, 186 (99%) elected to participate. Between Oc-
tober 2011 and October 2012, a total of 162 patients met
the inclusion and exclusion criteria for VL use, with
107 patients treated with a study device (66 CMAC, 41
KV) by 63 of 186 (34%) trained providers (Figure 3).
No differences in provider characteristics were noted
between groups. The only patient characteristics sta-
tistically different between groups were the percentage
of patients with medical mechanisms of injury and the
use of RSI (Table 1).

In the unadjusted chi-squared analysis, the CMAC
had a higher first-attempt (p = 0.02), overall (p = 0.003)
and success by total attempts (p < 0.001) success rate
compared to the KV (Figure 4). After adjusting for
call type and user experience, the CMAC still had a
significantly higher likelihood of first-attempt success
(OR = 1.85; 95% CI 0.74, 4.62; p = 0.188), overall suc-
cess (OR = 7.37; 95% CI 1.73, 11.1; p = 0.002), and suc-
cess by attempt (OR = 3.38; 95% CI 1.67, 6.8; p = 0.007)
compared to KV. Figure 5a shows that the cumulative
success rate over time for the CMAC device was rela-
tively consistent through the duration of the study. In
contrast, the success rate for the KV continued to de-
cline throughout the study. Figure 5b shows the suc-
cess rates for each device in both phase 1 and phase 2
of the study.

With the CMAC, providers reported that they only
used indirect laryngoscopy techniques via the video
display in 98% of placement attempts, with the re-
maining case using both the display and direct laryn-
goscopy to facilitate tracheal intubation. Providers re-
verted to direct laryngoscopy in 80% (27/34) of the
video laryngoscope failure cases with the remaining
7 patients having their airways successfully managed
with a supraglottic airway in 3 cases and bag–valve
mask in 4 cases. Of the 27 patients in whom direct in-

tubation techniques were used, 89% (24/27) had an en-
dotracheal tube successfully placed.

A total of 49 complications were reported by
providers (24 CMAC; 25 KV). The most frequent com-
plication reported for the CMAC was vomit during
(21%; 5/24) or after insertion (17%; 4/24). For the KV
group, screen failure was the most often reported com-
plication (20%; 5/25).

The Cormack-Lehane score was also predictive of
first-attempt success, overall success, and success by
placement rate. A provider’s odds of successfully

FIGURE 3. CONSORT-style enrollment diagram.
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Success Rate CMAC King Vision p-value 

1st A�empt Raw 36/66 13/41 0.02 
Percent (95% CI) 54.5% (42.6, 66.0%) 31.7% (19.6, 47.0%) 

Overall  Raw 52/66 21/41 0.003 
Percent (95% CI) 78.9% (67.5, 86.9%) 51.2% (36.5, 65.8%) 

Success by 
Total A�empts 

Raw 52/87 21/65 <0.001 
Percent (95% CI) 59.8% (49.3, 69.5%) 32.3% (22.2, 44.4%) 

54.5% 

78.9% 

59.8% 

31.7% 

51.2% 

32.3% 

0.0%

10.0%

20.0%

30.0%

40.0%
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60.0%
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80.0%

90.0%

100.0%

1st A�empt Overall Success by Total A�empt

CMAC

King Vision

FIGURE 4. First attempt, overall, and success by attempt rates for the CMAC and KV.

placing an endotracheal tube with a video laryngo-
scope decreased 62%, 70%, and 64% with each 1-point
increase in the 4-point scale, respectively.

Enrollment in the KV arm of the trial was halted at
month 10 due to an overall success rate hovering near
50% for 3 consecutive months (Figure 5b). Due to the
proximity of that rate to the predetermined a priori
stopping criteria, the study team determined it was
futile to continue enrollment in that treatment arm.
Providers placed an additional 7 airways using the
CMAC following the end of enrollment into the KV
arm.

DISCUSSION

Results of this prehospital trial of video laryngoscopes
in a real-world setting showed lower overall success
rates than those previously published in laboratory tri-
als. Success rates with the CMAC device were lower
than those reported for high-frequency intubators in
air medical transport systems; however, the difference
in intubation success rates between helicopter EMS
and ground EMS have been previously reported.14 Our
provider success rate with the King Vision device was
lower than anticipated. The KV overall success rate de-
clined steadily throughout the trial until a point was
reached where we felt compelled to stop enrollment.

Our data showed a higher incidence of screen fail-
ure with the KV compared to the CMAC. This was
due primarily to a disruption in the connection be-
tween the disposable blade and the reusable display
module. While the CMAC is a reusable device con-
structed of metal and weighing several pounds, the
KV is lightweight, made of plastic, and has a dispos-
able blade. These design features result in very differ-
ent tactile response between the devices. The grip and
hand position on the KV is different from a traditional
laryngoscope, with the providers needing to hold the
handle with their thumb, index finger, and middle fin-
ger only. The more traditional full hand grip places the
provider’s hand close to or on top of the area where
the blade connects to the screen, and as upward pres-
sure is applied during placement, the provider’s hand
has a tendency to pull the display module apart from
the disposable blade. The observation that 12% (5/41)
of all KV placements resulted in the screen detaching
from the blade was shared with the device manufac-
turer, who reported an engineering fix was in develop-
ment for future KV models. Unlike the KV, the CMAC
handle allowed providers to grip the handle with all
fingers similar to a traditional direct laryngoscope.

In addition to the different technique for holding
the device, the actual endotracheal tube placement
technique for the KV is significantly different from
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(a)
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Overall Success CMAC Overall Success KV

Month 1 Month 2 Month 3 Month 4 Month 5 Month 6
Overall Success CMAC Phase 1 67% 71% 78% 81% 79% 78%
Overall Success CMAC Phase 2 80% 91% 93% 87% 79% 79%
Overall Success KV Phase 1 100% 75% 75% 78% 60% 60%
Overall Success KV Phase 2 25% 44% 33% 43% 38%
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FIGURE 5. (a) Cumulative success rates for CMAC and KV over the study period. (b) Cumulative overall success rates by study phase for CMAC
and KV.

techniques employed during direct laryngoscopy. The
channeled blade guides the endotracheal tube during
placement, where it exits to the right of the camera lo-
cated at the end of the blade. The view displayed on
the monitor often times is optimal, but as the ET tube
exits the channel, it requires rotation of the tube as the
provider guides it toward the vocal cords. Providers
needed to ensure they employed this new placement
technique during a high-stress situation in an austere

environment, which may also have contributed to the
lower than anticipated success rates.

The CMAC was associated with both a statistically
significant and clinically significant improvement in
each measure of successful tracheal intubation com-
pared to the KV. The higher likelihood of first-attempt
success (OR 2.58) and success by attempt (OR 3.11)
is particularly important, as the number of adverse
events associated with tracheal intubation has been
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linked to the number of intubation attempts.15 How-
ever, video laryngoscopy did not guarantee that our
providers were able to intubate the trachea in all cases.
The most common successful backup method in failed
video laryngoscopy cases was direct laryngoscopy
with a standard laryngoscope. The fact that 27 of the 34
failed cases had direct laryngoscopy attempted and an
89% direct laryngoscopy success rate emphasizes the
need for paramedics to maintain proficiency in the skill
of direct laryngoscopy. There were 7 airways in which
the trachea could not be successfully intubated with ei-
ther video or direct laryngoscopy. Our providers were
able to oxygenate and ventilate each of these patients
by utilizing backup techniques, including supraglot-
tic airways (King LTS-D) in 4 instances and oropha-
ryngeal/nasopharyngeal airways with BVM ventila-
tion in 3 cases. These 7 patients suggest that even with
video laryngoscopes and paramedics skilled in direct
laryngoscopy, medical directors must insist on profi-
ciency in supraglottic airway placement and BLS tech-
niques. While video laryngoscopes may add to our
paramedic’s airway armamentarium, this new skill
does not eliminate the need for mastery of alternate
methods of airway management.

Enrollment into the KV arm of the trial was halted
at month 10 due to a cumulative overall success rate
of near 50% for 3 consecutive months. While this rate
did not actually cross the a priori determined stop-
ping point of 50%, we felt that it was not in the
best interests of our patients to continue this research
arm. Contributing to this decision was the steady and
consistent degradation in cumulative overall success
from January until August (Figure 5a). As noted above,
all patients who were not successfully intubated with
a video laryngoscope did have their airways success-
fully managed though a variety of other techniques.
There were no patients who could not be intubated and
could not be ventilated.

The crossover methodology used in this study may
have impacted our study results. The cumulative suc-
cess rates for the CMAC device were similar from
month 1 to month 6 within phase 1 and phase 2. In con-
trast, cumulative success rates were consistently lower
in phase 2 compared to phase 1 (Figure 5b). The agency
using the KV in phase 2 started the study with the
CMAC device. A provider device bias could therefore
have been introduced into the study by the crossover
design. Specifically, having to deploy the unique tech-
nique required by the KV 6 months into the research
trial may have been more challenging for providers
who were assigned the KV in phase 2 as compared to
those who began the trial with the KV in phase 1.

An additional important factor when considering
our results is the number of patients treated with di-
rect laryngoscopy without an attempt at video laryn-
goscopy. As noted in Figure 3, this number was 34%
(55/162) of the sample of patients meeting eligibility

criteria. Despite study staff attempts to conduct weekly
quality assurance reporting and timely follow-up with
individual providers, noncompliance with the study
protocol remained a concern during the study. We did
not prospectively track reasons for noncompliance fol-
lowing contact with each paramedic. Of the 55 patients
not treated with VL, 23 (41%) were seen in phase 1 and
32 (58%) in phase 2. When examined by the agency,
there were no significant differences in noncompliance
when total airway management volume during the
study period was taken into account.

The overall intubation success rates with the CMAC
were not higher than the historical direct laryngoscopy
success rate in our services. However, we believe video
laryngoscopes do provide important secondary ben-
efits. One benefit of the CMAC device was the abil-
ity to record intubations for later review by the ser-
vice medical director. In this way the medical director
was “on-scene” with the intubating paramedic even
when not physically present. We were able to identify
specific technique failures in unsuccessful intubations,
which would allow for individualized remediation of
the intubating paramedic. We were also able to observe
when chest compressions were stopped during intuba-
tion. Review of the intubation video allowed us to de-
termine the duration of apnea during the intubation
attempt. Moreover, videos documenting challenging
intubations that are not encountered frequently may
be reviewed with providers who were not actually in-
volved in the intubation. Finally, video evidence of
an endotracheal tube passing through the vocal cords
is another method of documenting appropriate place-
ment in the trachea. These secondary benefits must
be weighed against each individual agency’s current
direct laryngoscopy performance and philosophy, as
well as the financial investment required of services
when adding capital equipment to vehicles.

LIMITATIONS

There were several limitations to our study, including
study noncompliance, a potential provider device
bias due to the crossover design, inability to follow a
randomization scheme, inability to blind devices, the
relatively short data collection period, and provider
self-report of data collection variables. In addition,
only one size of KV and one size CMAC blade were
included in the study. This was done to minimize
the number of variables introduced into the study
analysis.

CONCLUSION

The CMAC had a higher likelihood of successful in-
tubation compared to the King Vision. Complication
rates were not statistically different between groups.
Video laryngoscope placement success rates were not
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higher than our historical direct laryngoscopy success
rates. A study comparing prehospital use of video
laryngoscopes to direct laryngoscopy would provide
additional valuable information regarding the utility
of video laryngoscopy in EMS.
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AIRWAYS IN OUT-OF-HOSPITAL CARDIAC ARREST: SYSTEMATIC REVIEW

AND META-ANALYSIS
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David C. Cone, MD, Suhail A. R. Doi, PhD

ABSTRACT

Objective. To determine the differences in survival for out-
of-hospital advanced airway intervention (AAI) compared
with basic airway intervention (BAI) in cardiac arrest. Back-
ground. AAI is commonly utilized in cardiac arrest in the
out-of-hospital setting as a means to secure the airway. Ob-
servational studies and clinical trials of AAI suggest that AAI
is associated with worse outcomes in terms of survival. No
controlled trials exist that compares AAI to BAI. Methods.
We conducted a bias-adjusted meta-analysis on 17 observa-
tional studies. The outcomes were survival, short-term (re-
turn of spontaneous circulation and to hospital admission),
and longer-term (to discharge, to one month survival). We
undertook sensitivity analyses by analyzing patients sepa-
rately: those who were 16 years and older, nontrauma only,
and attempted versus successful AAI. Results. This meta-
analysis included 388,878 patients. The short-term survival
for AAI compared to BAI were overall OR 0.84(95% CI 0.62 to
1.13), for endotracheal intubation (ETI) OR 0.79 (95% CI 0.54
to 1.16), and for supraglottic airways (SGA) OR 0.59 (95% CI
0.39 to 0.89). Long-term survival for AAI were overall OR
0.49 (95% CI 0.37 to 0.65), for ETI OR 0.48 (95% CI 0.36 to
0.64), and for SGA OR 0.35 (95% CI 0.28 to 0.44). Sensitivity
analyses shows that limiting analyses to adults, non-trauma
victims, and instances where AAI was both attempted and
successful did not alter results meaningfully. A third of all
studies did not adjust for any other confounding factors that
could impact on survival. Conclusions. This meta-analysis
shows decreased survival for AAIs used out-of-hospital in
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cardiac arrest, but are likely biased due to confounding, es-
pecially confounding by indication. A properly conducted
prospective study or a controlled trial is urgently needed
and are possible to do. Key words: cardiac arrest; cardio-
pulmonary resuscitation; emergency medical services; endo-
tracheal intubation; laryngeal mask airway; meta-analysis
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INTRODUCTION

Advanced airway interventions (AAIs) such as endo-
tracheal intubation (ETI), laryngeal mask airway, and
others are commonly used by emergency medical ser-
vices (EMS) personnel in managing patients with out-
of-hospital cardiac arrest (OHCA). There is no high-
quality evidence to support the use of AAIs. The use
of AAIs in cardiac arrest has come under increased
scrutiny recently,1,2 with the debate centered on the
utility of AAI to increase survival. This systematic re-
view will bring together the combined research into
the effect of AAI and basic airway interventions (BAI)
on survival outcomes. Specifically, this review aims to
ascertain if patients who have suffered out-of-hospital
cardiac arrest have better long- or short-term survival
with AAI use, compared to BAI. Systematic reviews in-
vestigating ETI for out-of-hospital brain injury exist,
but none has comprehensively compared AAI to BAI
for OHCA. The results of this systematic review aim
to add to existing knowledge of airway management
practices in OHCA.

METHODS

This systematic review and meta-analysis was con-
ducted according to the PRISMA guidelines.3

Data Sources, Search Strategy and Study
Selection

We searched Medline, Embase, and the Cochrane
Central Register of Controlled Trials from the earli-
est existence of the database up to February 1, 2013
(Appendix 1, available online). We contacted known
authors in this field (DC) and back-searched reference
lists for suitable articles. We found no additional arti-
cles by contacting authors. Studies were assessed for
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suitability for inclusion by three reviewers (PF, PS, and
RT), by reviewing the complete abstracts of all search
results, after which full text articles were read of stud-
ies that fit our inclusion and exclusion criteria.

Eligibility Criteria

All out-of-hospital observational and experimental
studies of cardiac arrest resuscitation by out-of-
hospital personnel (health-care workers treating car-
diac arrest and able to use AAI and/or BAI) were
eligible. Studies qualified for inclusion if one group
of patients has AAI successfully inserted, and an-
other group has BAI-only airway management, with
or without basic interventions such as nasopharyn-
geal and/or oropharyngeal airways. We excluded re-
sults that reported survival outcomes greater than 1
month post-event as we felt that follow-up beyond
this time point would not accurately reflect the ef-
fect of resuscitation. Only studies of adult patients, de-
fined as persons 18 years or older, with nontraumatic
OHCA were initially considered. It became apparent,
however, that excluding studies with subjects less than
18 years and OHCA of traumatic origin would exclude
too many studies, thus decreasing the meta-analysis
sample as well as lessening the external validity of
the findings. A study was eligible regardless of lan-
guage, and the timeframe of publication was without
limits. Publication types suitable for inclusion were
journals, books, dissertations, technical reports, un-
published manuscripts, and conference presentations,
both published and unpublished. All studies that com-
pare BAI (such as head-tilt–chin-lift and variants, with
bag-valve-mask only or mouth-to-mouth ventilations,
with or without nasopharyngeal and/or oropharyn-
geal airways) with AAI interventions (includes ETI,
all variants of the laryngeal mask airway, all types
of supraglottic airways (SGA), double-lumen airways,
and trans-tracheal or trans-cricothyroid membrane
airways) were suitable. We combined all SGAs for
analysis, since studies did not report enough of
the different types of SGA to analyze them sepa-
rately. SGAs included laryngeal mask airways, in-
tubating laryngeal mask airways, double-lumen air-
ways, and esophageal obturator airways. Finally, we
excluded studies that consisted of a mixed group of
respiratory arrest, cardiac arrest, and compromised
airways, and those for which only abstracts were
available.

Data Abstraction

Two authors (RT and PF) independently reviewed each
included study to identify the following characteris-
tics: study and year, crude numbers of AAI versus
BAI, description of the interventions, primary and sec-
ondary outcomes, study methodology, sample descrip-

tion and analysis details, and baseline primary and sec-
ondary outcomes. Instructions for the extraction were
piloted for clarity on a single study. Disagreements in
extracted data were resolved by arbitration and con-
sensus by all authors.

Quality Assessment

We assessed the extent of bias of included studies with
a checklist adapted from Downs and Black4 (Appendix
2, available online). Modifications of the checklist in-
cluded a rating of the extent to which a particular
study adjusted for potential confounders, using the
Utstein template variables.5 The checklist consisted of
11 items, addressing bias, analytical errors, and con-
founding, allocating scores for each item, which were
then combined into a summary score with a maxi-
mum possible of 15. Two authors (PF and PS) indepen-
dently assessed quality with this checklist, and inter-
rater agreement was assessed.

Statistical Analysis

The main outcome was survival after all AAI com-
bined compared to BAI. In addition, survival after
ETI and supraglottic airways versus BAI was also as-
sessed. All outcomes were stratified as short-term sur-
vival (defined as return of spontaneous circulation
(ROSC) only or survival to hospital admission) ver-
sus longer-term survival (defined as survival to ei-
ther hospital discharge or to 1 month). Five studies
reported short-term outcomes using AAIs different
from the “main” AAI’s of each study),6–10 and four
studies6,8–10 similarly reported longer-term outcomes
using such additional AAIs (LMA and double-lumen
airways and esophageal obturator airways). These
were meta-analyzed separately by exchanging the out-
comes from these secondary airways into previous
analysis. If a study reported results from a propen-
sity score matched sample, then such results were ex-
tracted for meta-analysis, rather than the results from
the total sample.

BAI was the reference category in all analysis. A
value of 1 indicated equivalence, while a value greater
than 1 indicated higher odds of survival for the AAI
groups. Heterogeneity was determined to be present
when the value of τ 2 was greater than zero and/or
the Q-statistic was significant at a p < 0.1.11 Although
the standard approach for handling heterogeneity be-
tween studies is to use the random effects model,12 the
present study uses bias adjustment via the quality ef-
fects model described by Doi et al.13,14 This approach
has advantages, given that methodology in a ran-
dom effects model could be flawed to the extent that,
even in standard meta-analyses, the random effects
model estimate probably has no real interpretation.15,16

The random effects results are, however, noted for
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comparative purposes in Appendix 3 (available
online). MetaXL version 1.3 (Epigear) was used for
analysis. Robustness of our meta-analysis was ex-
plored using sensitivity analyses created through al-
tering selection criteria of the studies. We explored
sources of heterogeneity by consideration of discor-
dant effect sizes of included studies in the meta-
analysis and examining reasons thereof. Some studies
reported outcomes to additional AAIs and compared
this to the same BAI category. For example, Hasegawa
et al.9 reported ETI versus BAI and LMA/DLA versus
BAI. Since results of the meta-analysis can vary de-
pending which of these AAI is analyzed, a separate
analysis was completed for each of these additional
comparisons to avoid a unit-of-analysis problem,17 by
replacing the first comparison with the second, and
thereby creating secondary endpoints. Publication bias
was examined visually by funnel plots. Too few studies
that report results of SGA were available to be meta-
analyzed, and for this reason sensitivity analysis was
limited to all AAI and for ETI vs. BAI.

RESULTS

Characteristics of the Studies

The literature search returned 799 articles, and
we screened 90 by their titles and abstracts. Of
these, 17 articles were included in the meta-analysis
(Figure 1). Three studies used prospective cohort
designs,9,18,19 two were historically controlled
trials,20,21 and the rest were retrospective cohorts.
Two studies published as abstracts only at the time
the search was complete are not included.22,23 Ta-
ble 1 shows the characteristics of included studies.
Studies span 24 years, with samples ranging from
124 cardiac arrest victims18 up to 649,359.9 Fifteen
studies reported the outcomes of endotracheal intu-
bation versus bag–valve–mask or no/unsuccessful
intubation.6–10,18,19,21,24–31 Sixty percent of studies had
nontraumatic only samples,6,10,18,19,21,26,29,31,32 and
40% included only cardiac arrest victims older than
16 years.10,18,21,26,29,32 Five studies reported outcomes
on more than one AAI. One study reported 1-year

Records identified through 
database searching 

(n = 799)

Additional records identified 
through other sources 

(n = 3)

Records after duplicates removed 
(n = 664)

Records screened 
(n = 90)

Records excluded 
(n = 574)

Full-text articles 
assessed for eligibility 

(n = 38)

Studies included in 
qualitative synthesis 

(n = 17)

Studies included in 
quantitative synthesis 

(meta-analysis) 
(n = 17)

Full-text articles 
excluded, with reasons 
(n = 21)
Advanced and basic 
airway interventions not 
compared – 10
Reviews, letters, 
comments editorials - 7
Simulations, or not on 
humans – 2
Cardiac /respiratory 
arrest mix – 1

– 1Estimates not reported 

FIGURE 1. Study selection flow diagram.
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survival,7 but we omitted this outcome from the anal-
ysis since other prognostic factors could affect survival
over a year. The total sample of cardiac arrest victims
across all studies included in this meta-analysis is
388,878, which is much less than the total sample of
all studies as we only used the propensity matched
samples from Shin et al.6 and Hasegawa et al.,21 given
that these matched samples are likely to be less biased.

Study Quality

We found a high interrater agreement of 0.90 (95% CI
0.74–0.96) through the intraclass correlation coefficient
(ICC 2,1).31 The mean quality score was 0.59 (95% CI
0.50–0.67). Five studies with the highest ratings were
completed between 2010 and 20136,7,9,20,32 and were
all from eastern Asia. Common to all higher-quality
studies was that they all scored high on question six of
the checklist, reflecting that they adjusted/matched or
balanced to a higher degree than the rest of the studies
included in this meta-analysis. The bottom six studies
in terms of quality were mostly completed before the
year 2000.18,19,24,27,28,33

Quantitative Synthesis

Survival with Any AAI

There was no significant difference in the overall odds
of short-term survival between AAI and BAI (OR 0.84,
95% CI 0.62–1.13) (Figure 2a). A nonsignificant de-
crease in odds of ROSC became apparent when an
AAI was used (OR 0.78, 95% CI 0.60–1.02). Studies
reporting survival to hospital admission were associ-
ated with a nonsignificant increase in odds of hospi-
tal admission when an AAI was used (OR 1.40, 95%
CI 0.83–2.37). The analysis of secondary endpoints for
short-term survival did, however, result in a significant
reduction in survival odds for AAIs (OR 0.69, 95% CI
0.51–0.93).

There was significant heterogeneity in the com-
parison of AAIs to BAIs, with three studies8,9,29

that showed decreased short-term survival for AAI.
These three studies reported only prehospital ROSC,
compared to the other studies with increased survival
that reported any ROSC or, in the case of Takei et al.,7

sustained ROSC. Within the survival to hospital ad-
mission subgroup, the estimates of Pointer et al.28 and
Jennings et al.26 are much larger than those of other
studies; the estimate of Pointer et al. is possibly due to
random error.28 The estimate of Jennings et al. is more
precise and is different from those of other studies as
its sample only includes witnessed cardiac arrest.

There was evidence that the use of AAI was associ-
ated with reduced odds of longer-term survival (OR
0.49, 95% CI 0.37–0.65) (Figure 2b). The analysis of sec-
ondary endpoints from these studies showed a similar

outcome for AAI (OR 0.37, 95% CI 0.32–0.43). Hetero-
geneity was present in this analysis of survival to hos-
pital discharge. Hillis et al.18 had a much larger odds
ratio compared to other studies, possibly due to ran-
dom error.18 Shin et al.6 and Nagao et al.32 were the
only other studies showing an increase in the survival
to discharge point estimate. Nevertheless, all three had
nonsignificant point estimates, with confidence inter-
vals intersecting with the smaller effects sizes.

Survival with ETI

Figure 3 shows short-term and longer-term survival
for ETI versus BAI. ETI use was associated with a non-
significant decrease in the overall odds of short-term
survival (OR 0.79, 95% CI 0.54–1.16). For longer-term
outcomes, ETI use was associated with a significant de-
crease in odds of survival (OR 0.48, 95% CI 0.36–0.64).
The study of Takei et al.7 is the only ETI study that
reports increased ROSC survival odds, and it differs
from the other three studies in that no adrenaline was
administered to its cardiac arrest survivors.

Survival with SGAs

Figure 4 shows of short-term and longer-term survival
for SGAs versus BAI. SGA use was associated with de-
creased odds of short-term and longer-term outcomes
(OR 0.56, 95% CI 0.40–0.78 [Figure 4a] and OR 0.35,
95% CI 0.28–0.44 [Figure 4b], respectively). Again, het-
erogeneity was evident with short-term survival and
Hasegawa et al.9 and Yanagawa et al.8 had estimates
that were less than those of the other studies for ROSC,
but they were the only two studies in which adrenaline
was not administered in this ROSC analysis.

Sensitivity Analysis and Publication Bias

We altered the inclusion and exclusion criteria to test
for the robustness of the results of long- and short-term
survival for AAI and ETI versus BAI in terms of age,
nontrauma, and inclusion of attempted placement in
addition to successful AAI and ETI (Table 2). Too few
studies that report results of SGAs were available to
be meta-analyzed with the application of altered se-
lection criteria and, for this reason, sensitivity analy-
sis was limited to all AAI and for ETI vs. BAI. Results
for longer-term survival were robust to these altered
selection criteria. Short-term survival for nontrauma-
only subjects for AAI versus BAI tended to lose the
trend that was initially present, with increased sur-
vival. Short-term survival, however, was robust to sen-
sitivity analyses for ages 16 and over and for the com-
bination attempted and successful AAI. The sensitivity
analysis for the same altered selection criteria for ETI
versus BAI (Table 2b) demonstrate that estimates were
robust to changes in these selection criteria, except for

Pr
eh

os
p 

E
m

er
g 

C
ar

e 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
10

0.
32

.9
.1

9 
on

 0
7/

01
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



250 PREHOSPITAL EMERGENCY CARE APRIL/JUNE 2014 VOLUME 18 / NUMBER 2

A

OR
6543210

Study or Subgroup 

Hanif 2010 

Rainer 1997 

Yanagawa 2010 

Hasegawa 2013 

Studnek 2010 

ROSC subgroup 

ROSC 

Q=43.00, p=0.00, I2=88%

Hospital admission 

Q=61.49, p=0.00, I2=92%

Overall 
Q=141.04, p=0.00, I2=92%

Noda 2007 

Shin 2012 

Hospital admission subgroup 

Takei 2010 

Chien 2012 
Nagao 2012 

Jennings 2006 
Pointer 1998 

    OR (95% CI)          % Weight

   0.47  (  0.31,  0.73)      2.76

   0.58  (  0.28,  1.19)      1.76

   0.63  (  0.29,  1.37)      1.58

   0.66  (  0.61,  0.72)     63.32

   0.73  (  0.56,  0.95)      6.19

   0.78  (  0.60,  1.02)     84.48

   0.84  (  0.62,  1.13)    100.00

   0.89  (  0.14,  5.80)      1.21

   1.32  (  0.81,  2.16)      4.33

   1.40  (  0.83,  2.37)     15.52

   1.50  (  1.08,  2.08)      5.70

   1.61  (  0.99,  2.63)      4.55
   1.96  (  1.02,  3.79)      3.13

   3.46  (  2.49,  4.80)      4.13
   3.47  (  0.80, 15.03)      1.34

B

OR
6543210

Study or Subgroup 

Yanagawa 2010 

Hanif 2010 
Studnek 2010 

Garza 2009 

One month, good neurological subgroup 

Hasegawa 2013 

Hospital discharge 

Q=26.12, p=0.00, I2=77%

One month, good neurological 

Q=2.80, p=0.09, I2=64%

One month  

Overall 
Q=37.07, p=0.00, I2=76%

Hospital discharge subgroup 

Noda 2007 

Takei 2010 

Nagao 2012 
Shin 2012 

Hillis 1995 

    OR (95% CI)          % Weight

   0.11  (  0.02,  0.53)      2.10

   0.22  (  0.11,  0.43)      6.21
   0.32  (  0.22,  0.48)     11.55

   0.41  (  0.24,  0.70)      8.85

   0.41  (  0.28,  0.60)     53.49

   0.45  (  0.37,  0.55)     51.40

   0.49  (  0.37,  0.65)    100.00

   0.52  (  0.35,  0.77)     40.75

   0.57  (  0.06,  5.51)      1.79

   1.03  (  0.59,  1.82)      5.76

   1.26  (  0.41,  3.95)      3.08
   1.44  (  0.66,  3.15)      6.72

   3.48  (  0.83, 16.63)      2.54

FIGURE 2. AAI compared to BAI for (A) short-term survival and (B) longer term.

nontrauma-only, but the magnitude of change is not as
much as with AAI versus BAI. Subgroup analysis has
not resulted with any new findings when compared to
the primary and secondary outcomes. Also, including
attempted intubation in addition to successful intuba-
tions, or limiting the analysis to persons 16 years and

older, did not alter the odds of survival to discharge or
to hospital admission for ETI versus BAI.

Figure 5 shows funnel plots for included studies.
Both plots suffer from a paucity of effect estimates from
smaller studies, making it difficult to assess the vi-
sual scattering expected at the bottom of the plot. In
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TABLE 2a. Sensitivity analysis of advanced airway interventions versus basic airway interventions for altered selection criteria

Outcome and Altered inclusion/ Estimate for altered Heterogeneity and number of
estimate, I2 exclusion criteria criteria (OR, 95% CI) studies in the analysis I2, % (N)

Longer term survival OR = 0.49
(0.37 to 0.65), 76%

Ages 16 and over 0.45 (0.34 to 0.60) 71 (6)
Nontraumatic OHCA only 0.52 (0.35 to 0.77) 77 (7)
Any attempt at AAI 0.51 (0.38 to 0.68) 74 (11)

Shorter term survival OR = 0.84
(0.62 to 1.13), 92%

Ages 16 and over 0.78 (0.51 to 1.18) 96 (5)
Nontraumatic OHCA only 1.15 (0.74 to 1.78) 92 (7)
Any attempt at AAI 0.80 (0.59 to 1.08) 93 (13)

A 

OR
76543210

Study or Subgroup 

Hanif 2010 
Noda 2007 

Rainer 1997 

Yanagawa 2010 
Hasegawa 2013 

ROSC subgroup 

Studnek 2010 
ROSC 

Q=22.86, p=0.00, I2=87%

Hopital admission 

Q=61.89, p=0.00, I2=92%

Overall 
Q=124.32, p=0.00, I2=93%

Shin 2012 

Hopital admission subgroup 

Takei 2010 

Jennings 2006 
Pointer 1998 

    OR (95% CI)          % Weight

   0.47  (  0.31,  0.73)      3.23
   0.57  (  0.06,  5.51)      1.53

   0.58  (  0.28,  1.19)      2.16

   0.63  (  0.29,  1.37)      1.96
   0.66  (  0.61,  0.72)     66.17

   0.72  (  0.55,  0.94)     81.51

   0.73  (  0.56,  0.95)      6.89

   0.79  (  0.54,  1.16)    100.00

   1.32  (  0.81,  2.16)      5.15

   1.37  (  0.78,  2.40)     18.49

   1.50  (  1.08,  2.08)      6.48

   3.46  (  2.49,  4.80)      4.70
   3.47  (  0.80, 15.03)      1.71

B

OR
6543210

Study or Subgroup 

Yanagawa 2010 

Hanif 2010 
Studnek 2010 

Garza 2009 

One month, good neurological subgroup 

Hasegawa 2013 

To discharge 

Q=22.58, p=0.00, I2=78%

One month 

One month, good neurological 

Q=2.80, p=0.09, I2=64%

Overall 
Q=34.07, p=0.00, I2=77%

To discharge subgroup 

Noda 2007 

Takei 2010 

Shin 2012 

Hillis 1995 

    OR (95% CI)          % Weight

   0.11  (  0.02,  0.53)      2.23

   0.22  (  0.11,  0.43)      6.49
   0.32  (  0.22,  0.48)     11.91

   0.41  (  0.24,  0.70)      9.19

   0.41  (  0.28,  0.60)     54.76

   0.45  (  0.37,  0.55)     52.52

   0.48  (  0.36,  0.64)    100.00

   0.49  (  0.32,  0.74)     39.25

   0.57  (  0.06,  5.51)      1.92

   1.03  (  0.59,  1.82)      5.99

   1.44  (  0.66,  3.15)      7.05

   3.48  (  0.83, 16.63)      2.70

FIGURE 3. ETI compared to BAI for (A) short-term survival and (B) longer term.
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TABLE 2b. Sensitivity analysis of endotracheal intubation versus basic airway interventions for altered selection criteria

Outcome and Altered inclusion/ Estimate for altered Heterogeneity and number of
estimate, I2 exclusion criteria criteria (OR, 95% CI) studies in the analysis I2, % (N)

Longer term survival OR = 0.48
(0.36 to 0.64), 77%

Ages 16 and over 0.50 (0.36 to 0.69) 83 (6)
Nontraumatic OHCA only 0.49 (0.32 to 0.74) 78 (6)
Any attempt at AAI 0.48 (0.35 to 0.67) 84 (11)

Shorter term survival OR = 0.79
(0.54 to 1.16), 93%

Ages 16 and over 0.77 (0.55 to 1.08) 96 (5)
Nontraumatic OHCA only 0.86 (0.53 to 1.38) 97 (5)
Any attempt at AAI 0.75 (0.52 to 1.10) 93 (11)

A

OR
210

Study or Subgroup 

Hanif 2010 
Noda 2007 

Yanagawa 2010 

Hasegawa 2013 

Hospital admission subgroup 

ROSC 

Q=42.49, p=0.00, I2=93%

Hospital admission 

Q=11.19, p=0.00, I2=82%

Overall 
Q=53.72, p=0.00, I2=89%

ROSC subgroup 

Shin 2012 

Takei 2010 

Chien 2012 

    OR (95% CI)          % Weight

   0.13  (  0.05,  0.35)      2.05
   0.32  (  0.08,  1.25)      1.59

   0.41  (  0.20,  0.82)      1.80

   0.54  (  0.52,  0.56)     82.61

   0.55  (  0.32,  0.95)      8.00

   0.56  (  0.40,  0.78)    100.00

   0.59  (  0.39,  0.89)     92.00

   0.72  (  0.50,  1.02)      4.36

   0.94  (  0.75,  1.17)      3.44

   1.61  (  0.99,  2.63)      4.15

B

OR
10

Study or Subgroup 

Hanif 2010 

Yanagawa 2010 

Noda 2007 

One month, good neurological subgroup 

Hospital discharge 

Q=5.03, p=0.17, I2=40%

None month  

One month, good neurological 

Q=4.82, p=0.03, I2=79%

Overall 
Q=13.57, p=0.03, I2=56%

Hasegawa 2013 

Hospital discharge subgroup 

Shin 2012 

Takei 2010 

Hillis 1995 

    OR (95% CI)          % Weight

   0.03  (  0.00,  0.54)      2.28

   0.11  (  0.04,  0.33)      2.15

   0.32  (  0.08,  1.25)      1.90

   0.34  (  0.23,  0.48)     84.13

   0.35  (  0.28,  0.44)    100.00

   0.36  (  0.33,  0.39)     81.99

   0.39  (  0.22,  0.71)     12.04

   0.45  (  0.25,  0.82)      5.51

   0.56  (  0.35,  0.91)      3.82

   1.14  (  0.22,  5.85)      2.36

FIGURE 4. Outcomes with supraglottic airways compared to BAI for (A) short-term survival and (B) long-term survival.
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FIGURE 5. Short-term (above) and longer-term (below) survival data
funnel plots for all AAI vs. BAI.

addition, many data points lie outside the region in
which one would expect 95% of the studies to lie be-
cause of large heterogeneity present. This lack of inter-
pretation of the visual appearance of the funnel plot
has been a longstanding issue with the use of such
plots in meta-analysis.30

DISCUSSION

We show decreased short- and longer-term survival
for out-of-hospital cardiac arrest patients with EMS
airway management of AAI compared to BAI. Addi-
tionally, within the AAI group, reduced odds for sur-
vival by SGA compared to ETI are evident. From all
studies that reported a baseline longer-term survival,
we computed a 9% (95% CI 5–12) baseline survival
estimate.6–10,18,24,29,32,33 With this baseline survival and
with an odds ratio for longer-term survival of all AAI
of 0.49 (interpreted as a risk ratio), it can be estimated
(assuming a causal relationship) that34 for every 23
(95% CI 18–34) cardiac arrest victims treated with AAI
as opposed to BAI, one fewer subject would survive to
hospital discharge.

While AAI-treated subjects have worse outcomes, it
may not be that AAI is harmful, but rather that per-
sons receiving AAI might have a poorer prognosis to
begin with and are therefore more likely to receive
AAI. 9,10,20,24,25,29 This is what is termed confounding
by indication. An example of such a confounder is
when persons with rapid ROSC are less likely to re-

ceive an advanced airway intervention.24.Some studies
adjusted for confounders associated with poor prog-
nosis after cardiac arrest, but there may be unrecorded
patient circumstances that lead to AAI treatment se-
lection. It is therefore probable that the results of this
systematic review represent a biased estimate of sur-
vival after AAI in cardiac arrest due to insufficient ad-
justment for confounding. Unfortunately, there is no
known way to find out what the extent of these resid-
ual confounders may be.35 Only the Shin et al.6 and
Hasegawa et al.9 studies used propensity scores for
matched analyses created from potential confounders.
However, they provide no details of how good a pre-
dictor of treatment (AAI vs. BAI) these propensity
scores really were.

The disparity in survival estimates between studies
could also be a consequence of the different types of
AAIs utilized. Disagreements might be explained by
recently published studies showing differences in sur-
vival between SGAs and ETI,9,36 with LMA having
worse survival. Our findings show poorer short- and
long-term survival for patients managed with SGA
compared to those managed with ETI. The reason for
this difference in survival between ETI and SGA has
not been elucidated in this analysis. In the sensitivity
analysis an increase in the odds of short-term survival
for AAI for nontrauma can be explained by the ab-
sence in that analysis of the large study by Hasegawa
et al.,9 since its sample was a mix of trauma and non-
trauma. Large heterogeneity was present in most anal-
yses. Our expectation is that the studies selected for
this systematic review would be from various geo-
graphical regions and over varying times, with con-
siderable differences in the management of cardiac ar-
rest, as well as substantially varying baseline survival
rates. It is known that variations in baseline risk and
differences in covariates can be a cause of considerable
heterogeneity, and in such situations the homogeneity
assumption among included studies is very unlikely.37

A third of studies18,19,24,27,28,33 in this meta-analysis
did not adjust/match or balance for any confounders,
which could make the effects of airway interventions
seem worse or better than they would be in reality.
None of the included studies adjusted for potentially
powerful prognostic factors such as interruptions in
chest compressions, delays to defibrillation, hyperven-
tilation, or CPR quality, and may therefore be at risk
of producing biased estimates. Wang et al.38 demon-
strated that paramedic intubation is associated with
interruptions to chest compressions for a median of
109 seconds.38 Delays to defibrillation could increase
mortality,39 since rapid prehospital defibrillation is
associated with increased survival.40 There is also
evidence that minimal interruptions to CPR and de-
layed ETI leads to improved survival21,41–44 and that
inadvertent hyperventilation could lead to increased
mortality.45,46 If it is true that confounders such as poor
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CPR, hyperventilation, and CPR interruptions are the
cause of poorer outcomes, then it might be that AAI
devices and their correct use by EMS are not causes of
harm.1 This systematic review does not reveal the ex-
tent to which EMS are using AAIs correctly, but has
been shown that there is wide variability in EMS intu-
bation success rates and their safe use, possibly due to
considerable variations in training and experience.47 It
might be that this variability is associated with poorer
outcomes in cardiac arrest. It could be possible to re-
duce the variability in success rates and harms by EMS,
and it might be possible to get success/harm rates on
par with emergency physicians and anesthesiologists,
with improved training and experience.48

While the robust results arising from this analysis
provide the clearest evidence to date, there is a clear
need for a large randomized trial that compares AAI
to BAI. However, the challenges in executing such a
study are considerable.2,49,50 It has been suggested that
over 10 000 cardiac arrest victims51 would be needed to
show a 1% difference in survival, making such a trial
logistically difficult and perhaps prohibitive. However,
it is known that survival from cardiac arrest varies ac-
cording to location,51,52 and since baseline survival dif-
ferences and different survival risks are components
of a sample size calculation, one might expect sample
sizes for a clinical trial to vary from one region to an-
other. Multicenter studies using clustered clinical trial
designs, as seen in the successful ROC collaborations
in the United States and Canada, may solve at least
some of the logistical problems associated with such
an undertaking. A pilot trial would be useful to as-
sess the likely survival difference in a particular area,
which could then be used for a sample size calcula-
tion. A prospective meta-analysis of multiple smaller
centers conducting trials could provide sufficient
power.

The results from this systematic review show that
there is no high-quality evidence that compares AAI
to BAI in cardiac arrest. Evidence from the mainly co-
hort studies that are combined in a systematic review
such as this is considered “low”-quality rating using
the GRADE approach.53 However, at this time such
systematic review of observational studies is the best
evidence on the optimal airway management of per-
sons in out-of-hospital cardiac arrest, in the absence
of controlled trials. The utility of observational data
in guiding clinical practice for out-of-hospital ETI has
been raised and it is concluded that such data could
and should guide our practice,50 especially in the ab-
sence of better evidence.35 If the evidence is uncertain
because of a shortage of randomized trials, but it is
clear that there is a strong possibility of serious harm,
then lower-quality evidence could be judged suffi-
cient to withdraw an intervention.35 The results of this
systematic review concur with Gausche et al.,54 Egly
et al.,55 and Mitchell et al.,56 three studies that did not

meet our inclusion criteria but investigated AAI ver-
sus BAI in cardiac arrest and showed either decreased
or no difference in survival for patients managed
with AAI.

Limitations

This is a systematic review of observational studies,
and meta-analysis of observational studies is likely
to produce a biased estimate that results from resid-
ual confounders that the included studies did not
adjust/match or balance for sufficiently. No study
accounted for important confounders such as interrup-
tions to chest compressions, delays to defibrillation,
and hyperventilation. A strength of this meta-analysis
is that we have attempted to address these deficien-
cies when pooling across studies by making use of
a meta-analysis model that allows for adjustment
of the weighted estimator toward studies of better
quality, thus adjusting at analysis level for the effects
of study biases. This is in contrast to the usual random
effects model where weights are simply redistributed
from larger to smaller studies irrespective of their
quality.15,16

CONCLUSIONS

This meta-analysis suggests decreases in survival for
out-of-hospital cardiac arrest victims treated by EMS
with advanced airway interventions. Results from this
meta-analysis agree with studies that compared AAI
to BAI not included here. Survival is less for those pa-
tients managed with SGAs compared to those man-
aged with ETI. Future observational studies must have
a comprehensive list of items that predict treatment se-
lection so that a propensity score can be applied prop-
erly. Until then, this review provides evidence that
there are no solid grounds for the effectiveness of AAI.
However, caution with this interpretation is warranted
given the very real possibility of confounding by indi-
cation in this group of studies.
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Abstract:
Oxygen is one of the most frequently-used therapeutic agents in medicine and the most
commonly administered drug by prehospital personnel. There is increasing evidence of
harm with too much supplemental oxygen in certain conditions, including stroke, chronic
obstructive pulmonary disease (COPD), neonatal resuscitations, and in postresuscitation
care. Recent guidelines published by the British Thoracic Society (BTS) advocate titrated
oxygen therapy, but these guidelines have not been widely adapted in the out-of-hospital
setting where high-flow oxygen is the standard. This report is a description of the
implementation of a titrated oxygen protocol in a large urban-suburban Emergency
Medical Services (EMS) system and a discussion of the practical application of this
out-of-hospital protocol.

Bosson N, Gausche-Hill M, Koenig W. Implementation of a titrated oxygen protocol
in the out-of-hospital setting. Prehosp Disaster Med. 2014;28(4):1-6.

Background
Oxygen is one of the most frequently-used therapeutic agents in medicine. It is the most
commonly-administered drug by prehospital personnel. Unlike other drugs, often it is
used reflexively and not titrated to a measured level of need. In many ways, oxygen has
ceased to be viewed as a drug. Oxygen is essential for normal cellular function, and
medical practice has appropriately focused on avoiding hypoxia. Historically, however,
there has been less appreciation for the dangers of hyperoxia. This has resulted in
prehospital protocols that emphasize the use of oxygen uniformly, and at high levels.
More recently, there is increasing evidence to suggest that too much oxygen can be of
equal detriment in certain clinical scenarios. That is, oxygen, like other drugs, has a
therapeutic window and indications that should guide its use.

Oxygen is a highly reactive molecule. As it is metabolized in the body, free radicals and
other reactive oxygen species are produced. These byproducts of oxygen metabolism are
neutralized by antioxidants, but, if overabundant, they can lead to oxidative stress, which
is detrimental to cell function, results in DNA damage, and promotes cell death. Cells
that have been recently deprived of oxygen are particularly vulnerable to toxicity from a
rapid return of oxygen, resulting in reactive oxygen species. This concept is known as
reperfusion injury. In addition to cell damage by free radicals, too much oxygen has been
shown to worsen ventilation-perfusion mismatch, promote absorption atelectasis, and
cause vasoconstriction increasing systemic vascular resistance, thus reducing blood flow
to tissues in need. It is known to worsen hypercapnic respiratory failure and delay
recognition of clinical deterioration.

In 2008, the British Thoracic Society ((BTS) London, England UK) published
guidelines on the emergency use of oxygen in adults based on the current evidence.1

These guidelines emphasize the use of oxygen to treat hypoxemia, not breathlessness, with
a focus on titrated oxygen therapy. The titration goal depends on the patient’s underlying
respiratory physiology: for most patients, this goal is 94% to 98%; for patients with
chronic obstructive pulmonary disease (COPD) and other conditions that result in
hypercapnia, the goal saturation is reduced to a range of 88% to 92%; for particular patient
subsets in whom higher than normal oxygen saturations are required (including critical
patients with actual or impending respiratory failure), 100% oxygen saturation remains
the goal.

The concept of titrated oxygen therapy has not been adapted widely in the out-of-
hospital setting. Five years after the publication of these guidelines, high-flow oxygen
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without titration is still common practice in most Emergency
Medical Services (EMS) systems. In addition to risking harm in
some patients, unnecessary use of oxygen results in an increased
cost to the system.2 There is substantial evidence to drive a
change in practice, but implementation can be challenging. This
report is a description of the implementation of a titrated oxygen
protocol in a large urban-suburban EMS system serving a
population over 10 million, and is also a discussion of the
practical application of this out-of-hospital protocol through
clinical vignettes.

Report
The Los Angeles (LA) County (Los Angeles, California USA)
EMS system involves 32 municipal fire departments, one law
enforcement agency, and 25 private ambulance companies. These
agencies employ over 3,700 paramedics and an estimated 7,000
emergency medical technicians (EMTs), serving 88 cities that
span 4,084 square miles with a population of over 10 million
persons. The LA County EMS Agency provides oversight of
providers operating within the county, establishes protocols and
procedures, and designates specialty care centers. In 2011, there
were approximately 542,742 EMS responses and 242,635 patient
transports in the county; this includes approximately 2,700
patients treated for ST-segment elevation myocardial infarction
(STEMI), 5,400 patients with suspected stroke, and over 65,000
trauma patients.3 The vast majority of these patients received
oxygen treatment in the field, as directed by LA County EMS
protocols. Yet, few were noted to have been hypoxic prior to
initiation of oxygen therapy. For example, 82% of patients with
suspected stroke received high-flow oxygen, but only five percent
had any documented hypoxia. Even among the 40,000 patients
with complaint of shortness of breath, 70% were treated with
oxygen, but only 30% had documented hypoxia. In such a large
system, protocol change has the potential to affect hundreds of
thousands of patients each year, avoiding unnecessary treatment,
reducing cost, and possibly reducing morbidity and mortality that
is associated with hyperoxia. The BTS guidelines offer a template
adaptable to the out-of-hospital setting.

During initial assessment of a patient, paramedics determine
the patients’ acuity and the need for critical intervention. This
assessment includes evaluation of the respiratory status. Critical
patients, those with actual or impending respiratory or cardio-
pulmonary arrest, require initiation of 100% oxygen. For patients
determined to be stable for further evaluation, it is feasible for
paramedics to assess their blood oxygen levels by pulse oximetry
and initiate oxygen therapy based on the individual patient’s
need. Paramedics have the capacity for ongoing monitoring
during transport and can adjust their interventions according to
the patient’s clinical status.

The LA County EMS Agency established titrated oxygen
protocols that emphasize patient assessment to guide therapy.4

Paramedics initiate immediate high-flow oxygen for critical
patients and titrate oxygen therapy for all other patients. This
protocol is simple to implement and to teach because it aligns
with typical paramedic practice, and it is applicable to all patient
encounters. Table 1 defines oxygen recommendations for
particular clinical conditions emphasized in current guidelines.

Regardless of the patient’s chief complaint, an initial
assessment is made. If the patient has respiratory failure, or is
at risk for respiratory failure, high-flow oxygen is initiated. In
other cases, further assessment is required and oxygen therapy is

begun based on the patient’s level of need. Paramedics use pulse
oximetry to guide therapy, taking into special consideration
patients with chronic lung disease who are at risk for hypercapnic
respiratory failure. Patients who are not at known risk for
hypercapnia receive oxygen when needed, to the recommended
goal of 94% to 98%, while patients with COPD are titrated to a
lower oxygen saturation of 88% to 92%.

There are certain situations where the out-of-hospital setting
limits application of oxygen titration. Paramedics in LA County
currently do not have the capacity to administer albuterol with
compressed air; their continuous positive airway pressure (CPAP)
machines require high-flow oxygen to function, and they cannot
administer blended oxygen during neonatal resuscitation and post
cardiac arrest care. These limitations force adaption of the current
guidelines to the reality of out-of-hospital care delivery. In LA
County, neonatal resuscitation begins with room air for up to
90 seconds, and high-flow oxygen is added based on assessment
of heart rate and response to ventilation. Traumatic brain injury
(TBI) posed a particular dilemma during protocol development,
because there is retrospective data that patients with the best
neurologic outcomes had blood oxygen levels above normal, with
partial pressures of 110 to 480 mm Hg.5 Oxygen pressures above
this were as harmful as hypoxia. Certainly, hypoxia is to be
avoided in these patients. But titration to blood oxygen levels
above 100 mm Hg requires blood gas analysis not available in
most EMS systems. Therefore, the protocols continue to
emphasize high-flow oxygen in patients with suspected TBI,
given that hypoxia is highly detrimental and mild hyperoxia may
be of benefit. Furthermore, use of oxygen in this population is
unlikely to deviate from the core message of reserving high-flow
oxygen for critical patients with actual or impending respiratory
failure, because patients with significant TBI typically present
altered and at risk for airway compromise. Finally, suspected
carbon monoxide poisoning also requires special attention. Given
the displacement of oxygen by the carbon monoxide on the
hemoglobin molecules and the limits of pulse oximetry in
assessing these patients, high-flow oxygen is recommended.1

Implementation of titrated oxygen therapy is more difficult for
Basic EMTs as they may not have pulse oximetry to guide
treatment. In Los Angeles County, Basic Life Support (BLS)
providers are not required to carry pulse oximeters. Guidelines
were developed to assist providers in implementing titrated
oxygen therapy based on the patient’s clinical status, until pulse
oximetry monitoring is available. This includes beginning high-
flow oxygen in critical patients, providing supplemental oxygen
by nasal cannula for stable patients who have signs or symptoms
of dyspnea, increasing the oxygen flow as needed, and with-
holding oxygen therapy in stable patients without signs and
symptoms of dyspnea.

The following clinical vignettes help to illustrate how titrated
oxygen therapy protocol is implemented in paramedic practice.

Discussion of Clinical Application
Patient Scenario 1

Paramedics arrive to the home of a 50-year-old male with
history of COPD complaining of shortness of breath and
increased cough for one week. The patient had seen his primary
care physician two days earlier and received nebulizer treat-
ments and a course of steroids. Despite compliance with the
treatment, the patient reports his symptoms are getting worse.

2 Out-of-Hospital Titrated Oxygen Protocol
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Paramedics find the patient alert and oriented. He is tachypneic
with accessory muscle use and talking in short sentences.
Auscultation reveals diffuse wheezing with a respiratory rate of
28 breaths per minute and an oxygen saturation of 85% on
room air.

Patients with COPD adapt to lower levels of oxygen within the
body. While in healthy people, administration of oxygen leads to
increase minute ventilation, in patients with COPD, hyperoxia
has detrimental effects on the respiratory status. Multiple
mechanisms are believed to contribute, including depression of
ventilation due to abnormal chemoreceptors, worsening ventila-
tion-perfusion mismatch from recruitment of poorly ventilated
areas of the lungs, promotion of absorption atelectasis, and
reduction of the buffering capacity for carbon dioxide. The result
is hypercapnic respiratory failure. Studies evaluating inpatient
management of patients with COPD have demonstrated
increases in mortality, hospital length of stay, intensive care unit
(ICU) admission, and ventilator requirements with the use of
high-flow oxygen.6,7 Similarly, studies in the out-of-hospital
setting have shown that if the practice of beginning high-flow
oxygen in the ambulance is continued in the emergency
department, it is associated with increased length of stay, need
for ventilator assistance, and risk of ICU admission.6,8 A
randomized controlled trial by Austin and colleagues of treatment
of COPD in the out-of-hospital setting found an absolute
mortality reduction of five percent for patients treated with
titrated oxygen compared to those treated with high-flow oxygen
(four percent and nine percent, respectively).9 The relative risk for
death in the titrated oxygen group was 0.42 (95% CI, 0.2-0.9),

compared to the high-flow oxygen group. In addition to titrated
oxygen therapy, continuous positive airway pressure (CPAP) is
feasible in the out-of-hospital setting. Its use can decrease need
for intubation and lower mortality.10 The BTS guidelines support
reduced oxygen saturation goals of 88% to 92% in patients at risk
for hypercapnia, with consideration of CPAP if the condition
persists despite treatment.

Paramedics note that this patient is hypoxic and recognize that
his history of COPD places him at risk for hypercapnic
respiratory failure. They begin albuterol treatment via nebu-
lizer and administer supplemental oxygen via nasal cannula to
a goal saturation of 88% to 92%. On reassessment, the patient
demonstrates some improvement, but still has increased work of
breathing and borderline oxygen saturation of 87% to 88%
despite the nasal cannula at four liters per minute. The
paramedics respond by initiating CPAP, using blended oxygen
when available, and note a significant improvement in the
patient’s respiratory status en route.

Patient Scenario 2

Paramedics are called to an office building and arrive to
find a 65-year-old male in moderate distress complaining
of substernal chest pain that began 10 minutes prior. The
patient is alert. He appears uncomfortable and diaphoretic.
His vital signs are: blood pressure 152/90 mm Hg, heart rate
90 beats per minute, respiratory rate 22 breaths per minute,
and oxygen saturation 96% on room air. An electrocardiogram
(ECG) is performed and STEMI is noted in the inferior
leads.

Patient Group Protocol for Oxygen Supplementation

Neonates Resuscitate for 90 seconds with room air

Monitor heart rate, respiratory rate, and oxygen saturation

Target oxygen saturation 90% within 5-10 min

Infants/Children in Cardiac Arrest Initiate resuscitation with 100% oxygen

Post-resuscitation titrate to oxygen saturations 94%-98%

Adults in Cardiac Arrest Initiate resuscitation with 100% oxygen

Post-resuscitation titrate to oxygen saturations 94%-98%

Critical Patients Initiate resuscitation with 100% oxygen

Post-resuscitation titrate to oxygen saturations 94%-98%

COPD Oxygen supplementation as needed to achieve oxygen saturation 88%-92%

Stroke Oxygen supplementation as needed to achieve oxygen saturation 94%-98%

Myocardial Infarction Oxygen supplementation as needed to achieve oxygen saturation 94%-98%

TBI Initiate resuscitation with 100% oxygen

Carbon Monoxide Poisoning Initiate resuscitation with 100% oxygen

Bosson & 2014 Prehospital and Disaster Medicine

Table 1. Recommendations for Use of Titrated Oxygen Supplementation in Select Patient Groups in the Out-of-Hospital
Setting
Abbreviations: COPD, chronic obstructive pulmonary disease; TBI, traumatic brain injury.
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It was long believed that oxygen administration in the setting of
acute myocardial infarction would result in increased oxygenation
of the nutrient-deprived tissues, and thus, reduce myocardial
damage. This was demonstrated initially in a swine model,11 but
its translation to humans remained unclear. Clinical practice
developed from the logical belief that more inhaled oxygen,
resulting in more oxygen in the blood, would lead to more
oxygenation of ischemic tissues. While clinically plausible and
anecdotally supported, the widespread use of oxygen in the
setting of myocardial ischemia was not evidence-based. In a
Cochrane review of three trials evaluating the effect of oxygen on
mortality and pain in the setting of acute myocardial infarction,
no trials demonstrated a benefit to supplemental oxygen.12 Other
reviews also have failed to find a benefit of oxygen treatment
and suggest there may be harm.13,14 There are multiple proposed
mechanisms of harm, including raising systemic vascular
resistance, blood pressure, heart rate, and cardiac oxygen
consumption, as well as reducing blood flow to the ischemic
myocardium through vasoconstriction.13,15,16 McNulty and
colleagues demonstrated increased coronary resistance and
decreased coronary blood flow during catheterization of 18
patients with coronary artery disease when 100% oxygen by face
mask was administered.17 Adhering to the principle of first doing
no harm, routine use of supplemental oxygen in patients with
myocardial infarction is not supported by the literature. The BTS
guidelines advise a titrated approach to oxygen therapy with a
goal of 94% to 98%.

The paramedics place the patient on the monitor, administer
aspirin and nitroglycerin with relief of the pain, and insert
an intravenous fluid drip. Noting the patient’s normal
oxygen saturation $94%, they do not administer supplemental
oxygen. After alerting the cardiac receiving center of the
STEMI, they continue to monitor the patient for deterioration
en route to the hospital.

Patient Scenario 3

Paramedics arrive at the home of a 72-year-old female. Family
called 9-1-1 after she slumped in her chair and began slurring
her speech. Paramedics find that she is having difficulty
speaking and has moderate weakness of her right arm and
right leg. Her vital signs and blood glucose are within normal
limits.

Stroke results in areas of compromised blood flow in the brain.
Oxygen, both normobaric and hyperbaric, has long been
advocated as an important treatment in stroke. The rational is
that increasing oxygen tensions in the ischemic penumbra (the
area around the core region of infarction that is subject to
reversible ischemia) can reduce the size of the final infarct
territory. Hyperbaric oxygen for stroke has been demonstrated to
be beneficial in animal studies, but not in humans.18 Some
studies have found harm with oxygen therapy, postulated to be
due to vasoconstriction or generation of free radicals leading to
reperfusion injury.18 Ronning et al evaluated the effect of
supplemental oxygen on 1-year survival and neurologic impair-
ment after stroke. Using a quasi-randomized design, they
compared patients with stroke treated with supplemental oxygen
for 24 hours to a control group without oxygen therapy.
The authors found that oxygen treatment did not benefit
stroke victims and increased mortality among the patients with

mild to moderate strokes, concluding that supplemental oxygen
should not be routinely administered to these patients.19 This is
supported by the BTS guidelines that advocate titrated oxygen
therapy in stroke patients with a goal of 94% to 95% oxygen
saturation.

Paramedics place the patient on the monitor with pulse
oximetry. They note a normal oxygen saturation of 95% on
room air and do not administer further supplemental oxygen.
After alerting the hospital of their impending arrival, they
continue to monitor the patient en route to the designated
stroke center

Patient Scenario 4

Paramedics arrive on scene to find a 60-year-old female with
history of congestive heart failure in severe respiratory distress.
The patient is hypertensive, tachypneic, tachycardic, and using
accessory muscles. Auscultation reveals crackles bilaterally.
The monitor shows arterial fibrillation at a rate of 120.
Recognizing the patient’s critical status, paramedics immediately
administer 100% oxygen via nonrebreather and sublingual
nitroglycerin as they prepare for continuous positive pressure
ventilation. However, the patient rapidly deteriorates to a
pulseless electrical activity arrest. After 10 minutes of resuscita-
tion, return of spontaneous circulation (ROSC) is achieved.

For critical patients (actual or impending arrest), 100% oxygen is
supported in the guidelines. The role of oxygen during
resuscitation remains uncertain. However, once ROSC is
achieved, there is evidence that too much oxygen is harmful.
Reperfusion injury is believed to occur because of an increase in
oxidative stress with a buildup of reactive oxygen species.
Neuronal tissue may be at increased risk during the vulnerable
period after global hypoxia, causing normal endogenous anti-
oxidants to be overwhelmed. Animal models have supported this,
demonstrating improved neurologic outcome with rapid titration
of oxygen after ROSC compared to 100% oxygen.20-22 Studies in
humans also have demonstrated harm with hyperoxia. A large
retrospective study of patients treated in the ICU after ROSC
found that both hyperoxemia and hypoxemia were associated
with increased mortality compared with normal oxygen levels in
the blood.23 Hyperoxemia also was associated with worse
neurologic outcome at discharge and was an independent
predictor of mortality. On multivariate analysis of the same
cohort, excluding patients with hypoxia and obvious need for
oxygen treatment, the authors found that each 100 mmHg
increase in the highest arterial oxygen pressure measured after
ROSC resulted in increased odds of in-hospital mortality
(OR51.24; 95% CI, 1.18-1.31).24 Current guidelines, including
BTS and the American Heart Association ((AHA) Dallas,
Texas USA) and European Resuscitation Council (Edegem,
Belgium), recommend titrated oxygen supplementation in
patients resuscitated after cardiac arrest.25

The paramedics secure the patient’s airway and assist venti-
lations, while continually monitoring the patient en route to
the cardiac receiving facility. They are unable to titrate the
oxygen level in the field and continue to administer 100%
oxygen via bag-mask-ventilation. They know that the oxygen
administration will be rapidly titrated, guided by pulse
oximetry and blood gas analysis, once the patient arrives in the
emergency department.

4 Out-of-Hospital Titrated Oxygen Protocol
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Patient Scenario 5

Paramedics respond to a construction site where a worker has
fallen 20 feet onto cement. They find him altered with a
Glasgow Coma Scale (GCS) of 11. His vital signs are: blood
pressure of 90/60 mmHg, heart rate 118 beats per minute,
respiratory rate 22 breaths per minute, and oxygen saturation
98% on room air. He has a hematoma to the right parietal
region, multiple long-bone fractures, and an unstable pelvis.

As with other conditions resulting in tissue hypoxia, there is
concern that hyperoxia in hemorrhagic shock may increase
reactive oxygen species resulting in oxidative stress and worsening
tissue damage.26 There is currently no evidence, for the general
trauma patient, that supplemental oxygen is of benefit in patients
that are not hypoxic. Stockinger et al reviewed over 5,000 trauma
patients and found that oxygen administration was associated
with increased mortality, after adjustment for injury severity
score, mechanism of injury, and age.27 However, TBI is more
complicated. There is some evidence that patients with TBI may
have improved neurologic recovery when partial pressures of
oxygen in the blood are maintained at levels slightly above
normal.5 Most of the evidence supporting hyperoxia in TBI has
not looked at patient-centered outcomes, and it remains unclear
what affect oxygen supplementation has on neurologic outcome
after TBI.26 The BTS guidelines recommend supplemental
oxygen use in all patients at risk for hypoxia, including those with
major trauma and shock.

Paramedics assess the patient and are concerned for hemorrhagic
shock given the altered mental status, hypotension, and
unstable pelvis. Traumatic brain injury is also of concern.
Despite the patient’s normal oxygen saturation on room air,
they administer 100% oxygen via nonrebreather. They perform
c-spine immobilization and transport the patient rapidly to the
nearest trauma center, establishing intravenous access en route.

Patient Scenario 6

Paramedics respond to the home of a 29-year-old gravida 4,
para 3 female in active labor. On arrival, the paramedics note
that the infant’s head is crowning. The mother states that she
has had prenatal care and that she is 32 weeks pregnant. They
recognize that delivery is imminent and set up equipment
for the delivery of a premature infant. The baby girl is born
and is not spontaneously breathing. After quickly drying and
stimulating the infant, paramedics note the heart rate remains
below 100 beats per minute and the infant is gasping.

The newborn requiring resuscitation has invariably suffered an
anoxic event. Some oxygen is needed to reverse hypoxic-induced
apnea, but the amount necessary may only be 15% to 18%
inspired oxygen.28,29 Oxidative stress forces the creation of free
radicals, which have deleterious effects in neonates as they do in
adults. The impact of such effects may be more serious in the
newborn that is used to an in utero environment with lower
oxygen tension.30 There are now numerous studies in newborns
and in newborn animal models showing increased survival and
improved neurological outcome when resuscitation is initiated
with room air versus 100% oxygen.31-39 Blood oxygen levels of
newborns may take over 10 minutes to achieve an oxygen
saturation of .90%.40-42 In an international controlled trial of
newborns resuscitated with room air or oxygen (RESAIR 2 study),

there were no differences in oxygen saturations within 10 minutes
whether the infants were resuscitated with 100% oxygen or
not.43 The initiation of 100% oxygen also delays the start of
spontaneous respirations as well. Furthermore, visual assessment
of cyanosis correlates poorly with actual oxygen saturation
measurements.44 Therefore, recent guidelines by the AHA and
the Australian and New Zealand Resuscitation Councils suggest
that pulse oximetry is recommended to monitor progress of
resuscitation in newborns, and that regardless of gestational age,
the ‘‘goal of oxygen administration should be to aim for those of
healthy term babies’’ (Table 2).45-48 For term infants, resuscitation
should be initiated with room air, and oxygen supplementation
should be added only if the oxygen saturations do not meet the
timed targets. It is suggested to initiate room air resuscitation, or
resuscitation with blended oxygen, if timed targets are not quickly
achieved for preterm infants ,32 weeks of gestation.46 Both
hypoxia and hyperoxia should be avoided.

It is challenging to extrapolate the neonatal data to infants and
children resuscitated post cardiac arrest. Animal studies do
suggest that ventilation with 100% oxygen during and post arrest
contribute to free-radical mediated reperfusion injury to the
brain. In its 2010 guidelines, the AHA recommends that infants
and children be resuscitated with 100% oxygen, but that post
arrest, the oxygen should be titrated to maintain an oxygen
saturation $94%.

The resuscitation of the newborn is both a low frequency and
high impact event for the out-of-hospital provider. Development
of simple protocols that embrace the evidence, allow for
limitations in logistics, such as availability of blended oxygen,
and allow for ease of use in a stressful situation is key. This is why
the protocol developed stresses use of room air resuscitation for
90 seconds and then, if the patient’s heart rate has not risen to
appropriate levels (.100 beats per minute), resuscitation with
100% oxygen be initiated. The paramedic can monitor for oxygen
saturations and later titrate to .90% saturation, as is appropriate.

Paramedics begin bag-mask ventilation with room air and
place a pulse oximetry probe on the infant’s right hand
(preductal) to monitor oxygen saturation. Within five minutes,
the infant’s oxygen saturation reaches 90% and the infant
begins spontaneous respirations. The heart rate increases to
140 beats per minute and the paramedics cease assisted
ventilation and monitor respirations, oxygen saturation, and
heart rate en route to the pediatric receiving facility.

Time from birth (mins) Oxygen saturation (%)

1 60-70

2 65-85

3 70-90

4 75-90

5 80-90

10 85-90

Bosson & 2014 Prehospital and Disaster Medicine

Table 2. Recommended Targets for Oxygen Saturation of
Newborns from Time of Birth[40,42,48]
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Limitations
This report is not intended as a comprehensive review of the
literature on oxygen therapy. This is one protocol adapted from
the current guidelines. There may be other equally valid
approaches to titrated oxygen therapy in the out-of-hospital
setting. Although intended to be simple to implement and to

adapt, this protocol developed for LA County EMS may not be
generalizable to all EMS systems.

Conclusion
Based on current evidence, titration of oxygen supplementation in the
out-of-hospital setting can improve outcomes for selected patients.
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a  b  s  t  r  a  c  t

Objective:  To compare  integrated  automated  load  distributing  band  CPR (iA-CPR)  with  high-quality  man-
ual CPR  (M-CPR)  to determine  equivalence,  superiority,  or inferiority  in survival  to  hospital  discharge.
Methods:  Between  March  5, 2009 and January  11,  2011  a randomized,  unblinded,  controlled  group
sequential  trial of  adult  out-of-hospital  cardiac  arrests  of  presumed  cardiac  origin  was conducted  at
three  US  and  two  European  sites.  After EMS  providers  initiated  manual  compressions  patients  were  ran-
domized  to receive  either  iA-CPR  or M-CPR.  Patient  follow-up  was until  all patients  were  discharged  alive
or died.  The  primary  outcome,  survival  to hospital  discharge,  was  analyzed  adjusting  for  covariates,  (age,
witnessed  arrest,  initial  cardiac  rhythm,  enrollment  site)  and  interim  analyses.  CPR  quality  and  protocol
adherence  were  monitored  (CPR  fraction)  electronically  throughout  the trial.
Results:  Of  4753  randomized  patients,  522  (11.0%)  met  post  enrollment  exclusion  criteria.  Therefore,  2099
(49.6%)  received  iA-CPR  and  2132  (50.4%)  M-CPR.  Sustained  ROSC  (emergency  department  admittance),
24  h survival  and  hospital  discharge  (unknown  for 12  cases)  for iA-CPR  compared  to  M-CPR  were  600
(28.6%)  vs.  689  (32.3%),  456  (21.8%)  vs. 532  (25.0%),  196  (9.4%)  vs. 233  (11.0%)  patients,  respectively.  The

adjusted  odds  ratio  of  survival  to  hospital  discharge  for iA-CPR  compared  to M-CPR,  was 1.06  (95%  CI
0.83–1.37),  meeting  the  criteria  for equivalence.  The  20 min  CPR  fraction  was  80.4%  for  iA-CPR  and  80.2%
for  M-CPR.
Conclusion:  Compared  to high-quality  M-CPR,  iA-CPR  resulted  in  statistically  equivalent  survival  to hos-
pital discharge.

� A Spanish translated version of the summary of this article appears as Appendix in 
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. Introduction

High-quality chest compressions (i.e., correct depth, rate, full
elease and high chest compression fraction) are emphasized by
he International Liaison Committee on Resuscitation (ILCOR).1

echanical chest compression devices were developed to assist
escuers in giving consistent high-quality compressions.2–4 A
echanical chest compression device that uses a load distribut-

ng band (LDB) has been shown in animal and human studies to
mprove hemodynamic parameters over manual CPR (M-CPR).5–8

tudies comparing LDB devices with M-CPR in the setting of
ut-of-hospital cardiac arrests (OHCA) have produced conflicting
esults.9–12 Retrospective studies found improved outcomes,10–12

ut one randomized controlled trial showed worse cerebral perfor-
ance at hospital discharge in the LDB arm, and consequently the

rial was terminated early.9

It is important to determine the role of mechanical CPR in pre-
ospital resuscitation, as it could be a powerful adjunct in treating
HCA. It is unlikely that a CPR device will ever fully replace the need

or manual compressions. However, if device compressions can be
hown to be as safe and effective as manual compressions, then it
ould be used to assist providers when performing CPR. Therefore,
here was a need for another randomized clinical trial comparing

anual and integrated mechanical CPR, where a patient receives
anual compressions while the mechanical device is deployed.
The randomized Circulation Improving Resuscitation Care

CIRC) Trial objective was to compare automated LDB-CPR inte-
rated with manual CPR (iA-CPR) to high quality manual CPR
M-CPR), to determine equivalence, superiority, or inferiority in
urvival to hospital discharge after OHCA.

. Methods

The CIRC methods and design including the statistical analy-
is plan have been previously published.13 CIRC was a randomized,
ontrolled group sequential trial of adult OHCA of presumed cardiac
rigin conducted under exception from informed consent for emer-
ency research and approved by the Institutional Review Boards
three US sites: Fox Valley Region, WI;  Hillsborough County, FL;
ouston, TX) or Ethics committee (two European sites: Vienna,
ustria; Nijmegen, The Netherlands).13 Sites represented a vari-
ty of emergency medical service (EMS) system types in order to
nhance external validity. The agencies served between 135,100
nd 2,144,500 citizens with response areas between 68 and 888
quare miles.

After 4 h of initial training emphasizing the importance of pro-
iding high quality CPR, providers were allowed to enroll patients
nto the trial.13–15 CPR was performed according to the 2005
uidelines.14,15 Respiration, rhythm, and pulse were evaluated
very 3 min.

An independent data safety monitoring board (DSMB) mon-
tored the trial, determined whether the pre-defined stopping
riteria were met, and reviewed all adverse events. Adverse events
ere reported based on clinical examination and in some cases

utopsies.

.1. Study design

CIRC consisted of three phases: (1) the in-field phase:  where
ll OHCA patients were treated with the LDB device, allowing
roviders to gain experience with the LDB device; (2) the run-in

hase: where providers randomized eligible patients and study data
ere collected to assess protocol compliance and to address the
awthorne effect of participating in a trial; and (3) the statistical

nclusion phase: where eligible patients were randomized and all
 85 (2014) 741–748

data was  collected and used in the statistical analysis. Sites tran-
sitioned from one phase to another when they met pre-specified
protocol compliance criteria, which included maintaining mini-
mum  treatment intervals (e.g., defibrillator electrodes attached
within 3 min  from power on). This review was not done by study
arm and did not consider patient outcome.13 For more details see
web appendix.

2.2. Randomization and masking

EMS  providers carried the device to every likely OHCA. Sealed
randomization cards were opened after an indication for CPR was
found and resuscitation with manual compressions was initiated
(web appendix Fig. 1, CPR algorithm). Patients were allocated to
the two  arms in a 1:1 ratio using randomized permuted blocks of
24 stratified by study site. Patients and their care providers could
not be blinded to study arm assignment.

2.3. Inclusion and exclusion

Study inclusion criteria were age ≥18 years and OHCA of pre-
sumed cardiac origin. Patients were excluded if, presumed to be
pregnant, had a Do Not Resuscitate (DNR) order, were presumed too
big for the CPR device (estimated weight greater than 300 pounds
or chest circumference greater than 51 in.), were a prisoner or ward
of the state, had received mechanical chest compressions prior to
randomization, or if the randomizing EMS  unit arrived more than
16 min  after emergency call.16 In some cases, inclusion and exclu-
sion criteria were determined after patient enrollment by the site
investigator as EMS  providers were advised not to delay treatment
to determine study eligibility. Exclusion for patient size was  not
permitted after enrollment. See web appendix for description and
analysis of post enrollment exclusions.

2.4. Equipment

Each EMS  vehicle was  equipped with the LDB  device (AutoPulse;
ZOLL Medical Corporation, Chelmsford, MA), a defibrillator that
could be a LIFEPAK® 12 or 15 (Physio-Control, Redmond, WA)  or E
Series® (ZOLL Medical, Chelmsford, MA), or an Automated External
defibrillator (AED) that could be a LIFEPAK® 500 (Physio-Control,
Redmond, WA)  or AED Pro® (ZOLL Medical, Chelmsford, MA). All
devices used internal memory to automatically save treatment
information.

2.5. Data collection

Data were collected from EMS  and hospital patient care doc-
umentation. Electronic defibrillator records [accelerometer or
transthoracic impedance (TTI)] were independently analyzed and
interpreted by reviewers who  were blinded to patient outcome,
but not study arm (identifiable TTI waveforms created by the study
device). For ambiguous data two reviewers analyzed the data and
reached a consensus. Data were managed by a Data Coordinating
Center (DCC) at the Medical College of Wisconsin (Milwaukee, WI).
Throughout the trial only the statistician [AW] and DCC staff had
access to the study database.

2.6. Outcome measures

The primary outcome measure was survival to hospital dis-
charge. Secondary outcome measures were: sustained ROSC,

defined as being admitted to the hospital with perfusing blood pres-
sure, survival to 24 h, and modified Rankin Scale (mRS) score (range
0–5, good outcome ≤ 3) prior to discharge.17 It was the research
coordinator and site investigator who  made the evaluation. Study
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9,068 Adult Out-of Hospital Cardiac Arrest s

4,753 Randomized

4,315 Excluded at the e of EMS response
3,467 No CPR 

245 Not of presumed cardiac origin
328 Missed enrollment
275 Met study exclusion criteria

2,394 M-CPR 2,359 iA-CPR

2,132 M-CPR – Included in final analysis 2,099 iA-CPR – Included in final analysis

7 No survival to hospital discharge data
262 Post-enrollment exclusions from analysis

Post-enrollment exclusion reasons:
107 DOA , not in cardiac arrest ,or non-cardiac

ology
1 Younger than 18 years
2 Tr  Arrest

56 Arrest due to exsang
smoke inhala n, drug overdose, electroc on,
hanging, drowning

1 Pregnant
25 Do not empt to resuscitate orders
12 Ward of the Stat e

3 Other mechanical device used
50 EMS respon nger than 16 minutes

4 Randomized AutoPulse deployed
1 Too large for the AutoPulse

5 No survival to hospital discharge data
260 Post-enrollment exclusions from analysis

Post-enrollment exclusion reasons:
108 DOA , not in cardiac arrest ,or non-cardiac y

1 Younger than 18 year s
6 Tr  Arrest

45 Arrest due to exsang strangul on, smoke
drug overdose, electr hanging,

drowning
0 Pregnant

45 Do not to resuscitate orders
9 Ward of the State
0 Other mechanical device used

44 EMS response longer than 16 minute s
1 Randomized AutoPulse deployed
1 Too large for the AutoPulse
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ig. 1. Distribution of potential study patients. *DOA – Dead on Arrival (Note: this o
he  patient was not viable).

ersonnel only collected the mRS  data on survivors who  had con-
ented to continued participation in the trial based on IRB and our
nterpretation of the Exception from Informed Consent (EFIC) reg-
lation issued by the Food and Drug Administration (FDA). Study
ersonnel who collected the outcome data were not always blinded
o study arm.

.7. Statistical analysis

Statistical analyses of the primary outcome were con-
ucted according to the pre-specified analysis plan.13 A modi-
ed intention-to-treat analysis was conducted, which excluded
atients who were retrospectively found to meet exclusion
riteria.13 Primary outcome was analyzed using the Group Sequen-
ial Double Triangular (GSDT) Test using the software package PEST

 (University of Reading, Reading, United Kingdom).18 CIRC was
esigned to have a two-sided significance level of 5% and a power of
7.5% to detect a log odds ratio (OR) of 0.37 (i.e., an OR of 1.44). The
nticipated survival to hospital discharge in the M-CPR arm was 9%.
n the absence of superiority or inferiority, equivalence would be
eclared if the 95% CI of the log-OR lay fully between −0.37 and 0.37
i.e., OR between 0.69 and 1.44). The maximum sample size was set
t 7390 patients, but the trial could be stopped earlier if pre-defined
topping rules were met. Based on data from the run-in phase vari-
bles associated with survival to hospital discharge were selected
s covariates: patient age categorized as 18–59, 60–74, and 75 years
nd over, witnessed arrest, initial cardiac rhythm, and enrollment
ite.

The first interim analysis was conducted after 748 patients were

nrolled. Additional analyses were conducted every two  months
ntil a stopping boundary was crossed. Interim and final anal-
ses were based on score statistics for the log-OR adjusting for
he pre-identified covariates and multiple interim analyses. The
ed when a first responder enrolled the patient and a later arriving unit determined

final analysis was an ‘overrunning’ analysis, to provide a p-value,
median unbiased estimate, and 95% confidence interval for the log-
OR, adjusting for the interim analyses and the four covariates (web
appendix Fig. 2).19,20 One sided p-values for testing non-inferiority
of each intervention arm were calculated. For statistical analyses
details, see methods paper13 and web  appendix.

3. Results

During the run-in phase data was  collected for 621 patients.
The first site began enrollment into the statistical inclusion phase
on March 5, 2009. The equivalence stopping boundary was crossed
at the 8th interim analysis and the last patient was enrolled on
January 11, 2011. During the statistical inclusion phase, 9068 car-
diac arrests occurred in the study communities, but 3987 did not
meet the study inclusion criteria and 328 patients were missed for
enrollment (Fig. 1). Post enrollment, 522 patients were excluded
from the study for meeting protocol defined exclusion criteria, but
not based on device failure. Table 1 describes the patients included
in the trial. The treatment groups are similar with respect to most
factors, although there is a higher occurrence of initial VF/VT in the
M-CPR group compared to the iA-CPR group (24 vs. 21%; OR 1.18,
95% CI 1.02–1.36, p = 0.02).

3.1. Outcome

Of the 4231 patients enrolled in the trial, survival to hospi-
tal discharge was  not available for 12. Table 2 compares survival
rates by demographics and covariates and demonstrates that there

are no important differences between treatment groups. Overall,
M-CPR demonstrated a numeric increase in survival to hospital dis-
charged compared to iA-CPR (233/2132, 11.0% vs. 196/2099, 9.4%).
Modified intention-to-treat analyses are presented in Table 3. After
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Table 1
Comparison of the study population by treatment arm.

M-CPR (n = 2132) iA-CPR (n = 2099)

Age (mean (standard deviation)) 65.6 SD 16.0 65.7 SD 16.4
18–59  years 734 (34%) 706 (34%)
60–74 years 689 (32%) 671 (32%)
75+  years 709 (33%) 722 (34%)

Male gender 1315 (61%) 1295 (61%)
Location of the OHCA

Public 283 (13%) 293 (14%)
Non-public 1849 (87%) 1806 (86%)

Witnessed
Bystander witnessed 785 (37%) 785 (37%)
EMS  witnessed 233 (11%) 218 (10%)
Not  witnessed 1021 (48%) 994 (47%)
Unknown if witnessed 93 (4%) 102 (5%)

Bystander CPR
Bystander CPR 1035 (49%) 1024 (47%)
No  bystander CPR 1014 (48%) 991 (49%)
Unknown if bystander CPR 83 (4%) 84 (4%)

Initial  rhythm
VF/VT 519 (24%) 451 (21%)
Asystole/PEA 1516 (71%) 1572 (75%)
Unknown 97 (5%) 76 (4%)

EMS  shocks
Patients that received at least 1 shock 860 (40%) 798 (38%)
Number of shocks per shocked patient (median,
25th–75th percentile)

3 (1–5) 2 (1–4)

Initial rhythm VF/VT average time from defibrillator
on to first shocka (min) (median, 25th–75th
percentile)

3.5 SD 4.0 (3, 1–4) (n = 510) 4.6 SD 4.8 (4, 2–5) (n = 438)

Initial  rhythm VF/VT average time from EMS  arrival
to first shocka (min) (median, 25th–75th percentile)

6.7 SD 6.2 (6, 3–8) 7.5 SD 6.0 (6, 4–9)

Average time from defibrillator on to first recorded
compression (s) (median, 25th–75th percentile)

60 SD 137 (33, 6–60) 65 SD 124 (37, 9–67)

Average response interval (min) 6.6 SD 3.0 6.7 SD 2.9
0–5  866 (41%) 811 (39%)
6–10  1017 (48%) 1080 (51%)
11–15  212 (10%) 174 (8%)
>15  18 (1%) 16 (1%)
Unknown 19 (1%) 18 (1%)

First  method of prehospital vascular access
Venous 1547 (73%) 1478 (70%)
Intraosseous 523 (25%) 564 (27%)
None 62 (3%) 57 (3%)

Prehospital drug administration
Amiodarone 486 (23%) 398 (19%)
Lidocaine 116 (5%) 102 (5%)
Atropine 1670 (78%) 1706 (81%)
Bicarbonate 338 (16%) 292 (14%)
Epinephrine 1946 (91%) 1958 (93%)
Vasopressin 1162 (55%) 1190 (57%)

Hypothermia treatment
Prehospital hypothermia treatmentb 311 (15%) 279 (13%)
ED  hypothermia treatmentc 234/689 (34%) 205/600 (34%)
Hospital hypothermia treatmentc 255/689 (37%) 206/600 (34%)

Percutaneous transluminal coronary angioplasty
(PTCA)/percutaneous coronary intervention (PCI)

120/689 (17%) 87/600 (15%)

Average time from arrival to termination/transport
(min)a

36.1 SD 14.1 37.3 SD 14.3

CPR  fractiond

at 5 min  79.0% SD 12.3% 74.7% SD 12.7%
at  10 min  79.7% SD 10.1% 78.5% SD 9.4%
at  20 min  80.2% SD 9.1% 80.4% SD 8.3%

Average compressions in a minute (first 10 min)d

(median, 25th–75th percentile)
89.2 SD 17.4f (89.9, 79.3–100.3) 66.3 SD 10.7e (65.9, 61.3–70.2)

Average ventilations in a minute (first 10 min)d

(median, 25th–75th percentile)
8.8 SD 4.7 (8, 6.2–10.8) 6.8 SD 3.4 (6.3, 4.9–9.8)

Terminated in the field 530 (25%) 509 (24%)

SD represents standard deviation.
a For time analyses we  excluded any time difference that was  negative or greater than 60 min.
b Denominator is all patients included in the statistical inclusion phase.
c Denominator is the number of patients with ROSC.
d Prehospital electronic defibrillator data (ECG and TTI and accelerometer) available for 96% of all patients.
e The LDB CPR device was programmed to provide compressions at a rate of 80 per minute.
f EMS providers were trained to provide compressions at a rate of 100 per minute.



L. Wik  et al. / Resuscitation 85 (2014) 741–748 745

Table  2
Evaluation of potential covariates for survival to hospital discharge by treatment arms.

M-CPR iA-CPR Total
n  Survived to hospital discharge

n (%, 95% CI)
n Survived to hospital discharge

n (%, 95% CI)
n Survived to hospital discharge

n (%, 95% CI)

Analysis population 2125 233 (11.0, 9.7–12.4) 2094 196 (9.4, 8.2–10.7) 4219 429 (10.2, 9.3–11.1)
Agea

18–59 years 734 92 (12.5, 10.3–15.1) 703 88 (12.5, 10.3–15.2) 1437 180 (12.5, 10.9–14.3)
60–74  years 686 91 (13.3, 10.9–16.0) 670 65 (9.7, 7.7–12.2) 1356 156 (11.5, 9.9–13.3)
75+  years 705 50 (7.1, 5.4–9.2) 721 43 (6.0, 4.5–7.9) 1426 93 (6.5, 5.4–7.9)

Gender
Male  1309 152 (11.6, 10.0–13.5) 1293 123 (9.5, 8.0–11.2) 2602 275 (10.6, 9.4–11.8)
Female  816 81 (9.9, 8.1–12.2) 801 73 (9.1, 7.3–11.3) 1617 154 (9.5, 8.2–11.1)

Initial  rhythma

VF/VT 515 126 (24.5, 20.9–28.4) 449 118 (26.3, 22.4–30.5) 964 244 (25.3, 22.7–28.2)
A/PEA  1513 89 (5.9, 4.8–7.2) 1571 69 (4.4, 3.5–5.5) 3084 158 (5.1, 4.4–6.0)
Unknown 97 18 (18.6, 12.0–27.5) 74 9 (12.2, 6.5–21.8) 171 27 (15.8, 11.1–22.0)

Witnesseda

Bystander witnessed 781 134 (17.2, 14.7–20.0) 783 122 (15.6, 13.2–18.3) 1564 256 (16.4, 14.6–18.3)
EMS  witnessed 232 42 (18.1, 13.7–23.6) 216 32 (14.8, 10.7–20.2) 448 74 (16.5, 13.4–20.2)
Not  witnessed 1019 50 (4.9, 3.7–6.4) 993 36 (3.6, 2.6–5.0) 2012 86 (4.3, 3.5–5.3)
Unknown if witnessed 93 7 (7.5, 3.6–15.0) 102 6 (5.9, 2.7–12.5) 195 13 (6.7, 3.9–11.1)

Bystander CPR
Bystander CPR 1031 112 (10.9, 9.1–12.9) 1022 99 (9.7, 8.0–11.7) 2053 211 (10.3, 9.0–11.7)
No  Bystander CPR 1011 113 (11.2, 9.4–13.3) 988 93 (9.4, 7.7–11.4) 1999 206 (10.3, 9.0–11.7)
Unknown if bystander CPR 83 8 (9.6, 4.9–18.1) 84 4 (4.8, 1.8–12.0) 167 12 (7.2, 4.1–12.2)

Response interval
0–5 min 863 105 (12.2,10.1–14.5) 807 83 (10.3, 8.4–12.6) 1670 188 (11.3, 9.8–12.9)
6–10  min  1015 102 (10.0, 8.3–12.1) 1077 89 (8.3, 6.8–10.1) 2092 191 (9.1, 8.0–10.4)
11–15  min  210 21 (10.0, 6.6–14.9) 173 15 (8.7, 5.3–13.9) 383 36 (9.4, 6.9–12.8)
>15  min  18 2 (11.1, 2.8–35.2) 16 2 (12.5, 3.1–38.6) 34 4 (11.8, 4.5–27.5)
Unknown 19 3 (15.8, 5.2–39.2) 21 7 (33.3, 16.8–55.3) 40 10 (25.0, 14.0–40.5)

Sitea,b

Site Ac (7.4) (11.9) (9.4)
Site  Bd (12.8) (11.6) (12.2)
Site  Cc (17.5) (17.7) (17.6)
Site  Dd (8.7) (5.1) (6.9)
Site  Ed (11.0) (9.4) (10.2)

a Included as covariates in the statistical model.
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b Sample size not provided to prevent identification of site.
c Range is provided as: total sample size < 500.
d Range is provided as: total sample size > 500.

djusting for covariates and multiple interim looks, the OR of sur-
ival to hospital discharge for iA-CPR compared to M-CPR was  1.06
95% CI 0.83–1.37). This 95% CI was fully within the pre-defined
quivalence region. A sensitivity analysis of all randomized patients
ncluding all post enrollment exclusions and counting patients who

ere lost to follow-up as dead, showed no change in the adjusted
R (1.06 95% CI: 0.83–1.36; n = 4753). See also web  appendix. Only
ovariate adjusted analyses of ROSC and 24 h survival have been

ndertaken, because of the lack of appropriate methodology for
djusting secondary endpoints for interim analyses. These show
imilar results to those from the covariate-only adjusted analysis
f survival to hospital discharge.

able 3
omparison of outcome by treatment arm.

Outcomes M-CPR (n = 2132) iA-CPR (n = 2099) 

Survival to Hospital
Discharge

233 (11.0%) (7 cases
unknown)

196 (9.4%) (5 cases
unknown)

Survival to 24 h 532 (25.0%) v 456 (21.8%) (10 cases
unknown)

Sustained ROSC 689 (32.3%) 600 (28.6%) 

Discharge mRS (n = 233) (n = 196)
Score of 0–3 112 (48.1%) 87 (44.4%) 

Score of 4–5 61 (26.2%) 50 (25.5%)
Unknown score 60 (25.8%) 59 (30.1%)

a Adjusted for covariates and interim analyses.
b Secondary outcomes can only be adjusted for the covariates, not the interim analyses
3.2. Neurological outcome

mRS scores were available for 310 of 429 patients who sur-
vived to hospital discharge (iA-CPR arm 70%, M-CPR arm 74%). The
primary reason for not obtaining mRS  was  because the survivors
were discharged before consent could be obtained. The difference
in the proportion of patients discharged with a mRS  score of 3 or
less between iA-CPR and M-CPR was not statistically significant

(adjusted OR 0.80, 95% CI 0.47–1.37) (Table 3). Among the survivors
in the iA-CPR arm compared to the M-CPR arm, 42% (82/196) vs. 41%
(96/233) were discharged home, 10% (20/196) vs. 10% (24/233) to
a rehabilitation center, 9% (17/196) vs. 19% (45/233) to a nursing

Covariate adjusted
odds ratio (95% CI)

Covariate and interim analyses
adjusted odds ratio (95% CI)b

0.89 (0.72–1.10) 1.06 (0.83–1.37)a

0.86 (0.74–0.998)b

0.84 (0.73–0.96)b

0.80 (0.47–1.37)b

.
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Table 4
Injuries sustained by patients during the trial.

Injurya M-CPR Arm
n = 2132

iA-CPR Arm
n = 2099

Number of patients with a reported
injury

225 (11%) 242 (12%)

Injuries reported
Flail chestb 1 0
Hemothorax 1 1
Large vessel injuryb 0 0
Liver injury 0 1
Mediastinal injuries 1 1
Myocardial lacerationb 1 0
Pneumothorax 20 33
Pulmonary edema 176 159
Rib  Fractures 31 69
Spine fracture 2 4
Spleen injury 0 0
Sternum fracture 4 1
Subcutaneous emphysema 6 21
Tympanic membrane rupture 0 0

a Listed injuries are not mutually exclusive (one patient can have multiple
injuries) and neither diagnostic exams nor autopsy were required as part of the
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may suffer from bias. A recently published autopsy study from one
rotocol. Injuries were identified using clinical record review.
b Required to be submitted to the medical monitor for review.

ome or assisted living, 6% (12/196) vs. 3% (6/233) transferred to
nother acute care facility, and 33% (65/196) vs. 27% (62/233) were
ischarged to an unknown location, respectively.

.3. Injuries

The distribution of patients with injuries based on clinical record
eview was not significantly different between groups [iA-CPR
42 (12%), M-CPR 225 (11%), OR 1.10, 95% CI 0.91–1.34, p = 0.31]
Table 4). However, some injuries were more prevalent in one group
han the other. For example, there were more rib fractures, sub-
utaneous emphysema reported in the iA-CPR group compared to
he M-CPR group (Table 4). During the inclusion phase, the medical

onitor received 12 reports (0.5%) of unexpected serious events
1 M-CPR, 11 iA-CPR). All reported injuries were consistent with
reviously reported studies of CPR.21,22 The DSMB reviewed all
edical adverse event reports and determined that no new risks
ere identified and no safety concerns with the trial.

. Discussion

The CIRC study demonstrated that iA-CPR is equivalent to
igh-quality M-CPR for survival to hospital discharge from OHCA
f presumed cardiac origin. Neurologic outcome did not differ
etween strategies. There were slight differences between the
nadjusted and adjusted OR for survival to hospital discharge.
djustment for the interim analyses changed the OR from a small
egative effect to a small positive effect. The reason for this is that
he study was stopped when the iA-CPR arm had just reached a
ow point relative to M-CPR. Not performing the adjustment is like
llowing the leading sport team to select when to stop a game: they
ill select a point in time when they are winning. An adjustment is
eeded to reflect the true effect. Further, although the OR point esti-
ate changes from slightly negative to slightly positive, the actual

ifference between the adjusted and unadjusted ORs is small, and
he 95% confidence intervals from both overlap considerably, con-
ain unity and lie within the equivalence range. Because of the likely
orrelation between ROSC, survival to 24 h and survival to hospital

ischarge, it might be expected that an appropriate adjustment to
he former two outcomes for the interim analyses might lead to
imilar conclusions to that for the latter.
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Our findings differ from a previous trial that was terminated
early when worse neurologic outcome (M-CPR 7.5% vs. LDB-CPR
3.1%), was found in the device arm.9 CIRC found no statistical dif-
ference in neurologic outcome. However, comparison of these trials
is difficult since there were differences in both their study designs
and their CPR fractions (manual arm 60% and 59% in the device arm9

compared to 79% and 75% in CIRC for the first 5 min, respectively).
The CIRC study focused on ensuring high-quality chest compres-
sions through a 4-h training program and continuous monitoring
and reporting of compliance with both M-CPR and device deploy-
ment/operational goals. More and more services emphasize the
importance of ongoing performance monitoring for out-of-hospital
CPR quality and we recommend that EMS  agencies should moni-
tor their performance, whether they use a device or not. The CIRC
findings are similar to those of the LUCAS in Cardiac Arrest (LINC)
trial, which reported a neutral result when comparing manual and
LUCAS device CPR.23 The LUCAS device does not use LDB  technol-
ogy which may  limit the comparability between the two trials. In
addition, there were several differences in study design including
the inclusion and exclusion criteria. However, both studies have
established a platform for clinicians to decide about the possible
benefit/harm of a mechanical chest compression device for CPR in
clinical practice.

While many previous studies have been unable to monitor CPR
quality, CIRC analyzed CPR fraction for 96% of the enrolled cases. The
high rate of provider feedback likely contributed to the high CPR
quality observed in CIRC. Our CPR fraction is higher than has been
reported in previous trials and may  impact generalizability.9,22,24

Previous cardiac arrest trials report CPR fractions below 80% with
some reporting fractions as low as 48%.2,9,22–27 A notable exception
is the LINC trial, which reported mechanical CPR fraction of 84%
in the mechanical and 78% in the manual group based on 10% of
their sample.23 It is difficult to determine what the results of the
CIRC trial would have been if the CPR fraction had been lower and
perhaps closer to what would be seen under real-world conditions.
Further, generalizing CIRC findings to other types of mechanical
CPR devices may  not be possible because compressions created by a
LDB device employ a mechanism for creating blood flow that differs
from sternal compression devices.7

Neurologic outcomes were missing for 28% of the cases in the
CIRC trial (iA-CPR 30%, M-CPR 26%), which is similar (14–25%) to
what has been reported in previous trials.28 In CIRC it was  primar-
ily due to patients being discharged (alive) prior to consenting to
continued participation in the trial. It is important to note that not
obtaining consent was  likely not related to the patient’s neurologic
condition, but the ability of the research coordinator to arrive at
the hospital and locate the patient before they were discharged
alive. Therefore, it was unlikely to have introduced any bias into
our results since missing consent occurred nearly equally in both
groups.

No previously published studies that utilized an LDB  device
identified any safety concerns related to the device.9,11 There was a
low rate of serious and unexpected adverse events reported (12 of
4231), but they did not occur equally in both arms. The incidence of
CPR related injuries identified during the trial were similar between
the two  groups. However, in the iA-CPR group there were more
rib fractures and subcutaneous emphysema. Interpretation of this
difference is hampered by the fact that in CIRC the iA-CPR group
received both manual and mechanical chest compressions, making
it difficult to determine the source of the injury. Further, the data
on injuries was  only captured if it was documented in the medical
record; therefore, this data was not systematically collected and
of the CIRC sites illustrated that injury rates are similar between M-
CPR and LDB CPR, but they result in different injury patterns.29 The
LINC study reported similar rates of serious adverse events (LUCAS
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.54% vs. Manual 0.23%) compared to our reported events (iA-CPR

.52% vs. M-CPR 0.05%).23

Demonstrating that iA-CPR is clinically similar to high quality
-CPR is important because there are situations where the use

f iA-CPR may  improve efficiency or provider safety. It is unlikely
hat device CPR will ever fully replace the need for manual com-
ressions. However, if device compressions can be shown to be
s safe and effective as manual compressions, then it could be
sed to assist providers when performing CPR. Although not eval-
ated during the CIRC trial, the LDB device may  improve efficiency
y eliminating the effects of provider fatigue and allowing com-
ressions to be provided in spaces and situations where a human
ould not provide effective compressions. But this must be evalu-
ted operationally against the potential challenges of deploying the
evice in such situations. Previous studies have described the use
f the LDB device during percutaneous coronary intervention30 and
elicopter transport.31 We  may  speculate that use of iA-CPR dur-

ng transport may  facilitate effective compressions and improve
rovider safety.32 Further, there is potentially a benefit of iA-CPR
rom a human resource efficiency perspective, as a crew member
ho would otherwise be dedicated to perform compressions would

e available for other tasks.
The statistical design of the CIRC trial is unfamiliar to many in

his field. It is therefore tempting to focus on the raw percent-
ges for survival and neurologic outcomes (unadjusted data). This
ight be interpreted to imply that since there was  a non-significant

ositive effect of high quality M-CPR compared to iA-CPR, regular
se of a mechanical device during resuscitation is not indicated.
owever, substituting the raw numbers for the adjusted values is
roblematic. The confidence interval even for the unadjusted sur-
ival to discharge and neurologic status includes unity, indicating
hat there was no statistically significant difference between the
nterventions. Further, any attempt to read meaning into the raw
utcome data should be accompanied by a look at confounding or
xplanatory data. For example, there was a noticeable difference
n the rate of VF/VT between the study arms, which has a direct
nfluence on survival and therefore required adjusting for it.33–35

e  believe this difference was likely due to chance.
The CIRC trial had several limitations. First, due to the nature of

he device it was impossible to blind the patients, their providers, or
he outcome assessors. Secondly, it was impossible to standardize
ospital based post resuscitation care and we were not able to con-
rol hospital treatment. Patients were frequently discharged alive
efore consent to continue participating could be obtained, limiting
he amount of mRS  data we were allowed to collect. Thirdly, post
nrollment exclusions were done. Fourthly, we collected survival
o hospital discharge data but did not obtain longer-term outcomes.
inally, we were unable to review compression depth as an indica-
or of compression quality.

In conclusion, compared to high-quality M-CPR, iA-CPR resulted
n statistically equivalent survival to hospital discharge after out of
ospital cardiac arrest of presumed cardiac origin.

uthors’ contribution

LW oversaw development of the protocol and was responsible
or the overall conduct of the trial. All authors contributed to proto-
ol development. FS, RM,  MB,  PG, ML,  DT, MW,  DP, and CS oversaw
ata collection at each of the trial sites. JO oversaw the analysis of
ll electronic ECG files. AW,  an academic statistician at Lancaster
niversity, was responsible for the group sequential design and

or conducting the primary and secondary statistical analyses. LW

rafted the manuscript and all co-authors reviewed and edited the
nal manuscript before submission. EBL had full access to all of the
ata in the study and takes responsibility for the integrity of the
ata and the accuracy of the data analysis.
 85 (2014) 741–748 747

Conflict of interest statement

UH is an employee of ZOLL which manufactures and sells the LDB
device (AutoPulse). All other authors’ institutions received funding
from ZOLL for their participation in the trial. The authors have no
other relevant financial conflicts of interest to report.

Funding

This trial was funded by ZOLL Medical (the manufacturer of the
study device), and all authors’ institutions received funding from
ZOLL for their participation in the trial. ZOLL developed the CIRC
trial protocol in consultation with the principal investigator, study
investigators, staff at the data coordinating center, and the statis-
tician (AW). Norwegian Center for Prehospital Emergency Care
(NAKOS), Oslo University Hospital funded the PI during and after
the study.

Acknowledgements

The authors would like to acknowledge the EMS  providers who
contributed to this study as well as other individuals who made
this study possible. We  would specifically like to thank the follow-
ing people for their contributions to the project: CIRC management
and operation: Trial manager Jeff Jensen, Trial coordinators Marcia
Hefner, Colin Thomas; Central Data management: Brian Baker,
Wave Engineering; Ronald Pirrallo MD,  MHSA and Guy  Gleisberg,
BS, NR-EMT Medical College of Wisconsin. Fox Valley Site Opera-
tions: Steve Krantz, Timothy J. Rodgers, Brian Scheer, and Ginny
Wallace, Gold Cross Ambulance Service. Houston Site Operations:
Derrick Clay, Jason Gander, Thomas Madigan, Bonnie Richter, and
Elizabeth Turrentine, HCCR Inc. Hillsborough County Site Opera-
tions: Paul Costello, Hillsborough County Fire Rescue. Nijmegen
Site Operations: Hans Luijten MD and Mieke Lückers-Meeuwisse,
Radboud University Medical Center; Marco Pfeijffer and Wim
Huijzendveld, RAV Gelderland-Zuid. Vienna Site Operations:
Alexander Nürnberger, Medical University of Vienna; Michael Girsa
and Wiener Rettung, Wiener Rettung. Medical Monitor: Ronald
Pirrallo, MD,  MHSA, Medical College of Wisconsin. Electronic ECG
file review: Rune Gehrken, RN, Oslo University Hospital.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.resuscitation.
2014.03.005.

References

1. Sayre MR,  Koster RW,  Botha M,  et al. Adult basic life support chapter col-
laborators: Part 5. Adult basic life support: 2010 International Consensus on
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science
With Treatment Recommendations. Circulation 2010;122:S298–324.

2. Lewis RJ, Niemann JT. Manual vs. device-assisted CPR: reconciling apparently
contradictory results. J Am Med  Assoc 2006;295:2661–4.

3. Perkins GD, Brace S, Gates S. Mechanical chest-compression devices: current
and future roles. Curr Opin Crit Care 2010;16:203–10.

4. Wik  L. Automatic and manual mechanical external chest compression devices
for cardiopulmonary resuscitation. Resuscitation 2000;47:7–25.

5. Ikeno F, Kaneda H, Hongo Y, et al. Augmentation of tissue perfusion by a novel
compression device increases neurologically intact survival in a porcine model
of prolonged cardiac arrest. Resuscitation 2006;68:109–18.

6. Duchateau FX, Gueye P, Curac S, et al. Effect of the AutoPulse automated band
chest compression device on hemodynamics in out-of-hospital cardiac arrest
resuscitation. Intensive Care Med  2010;36:1256–60.

7. Timerman S, Cardoso LF, Ramires JA, Halperin H. Improved hemodynamic per-

formance with a novel chest compression device during treatment of in-hospital
cardiac arrest. Resuscitation 2004;61:273–80.

8. Halperin HR, Paradis N, Ornato JP, et al. Cardiopulmonary resuscitation with a
novel chest compression device in a porcine model of cardiac arrest: improved
hemodynamics and mechanisms. J Am Coll Cardiol 2004;44:2214–20.

http://dx.doi.org/10.1016/j.resuscitation.2014.03.005
http://dx.doi.org/10.1016/j.resuscitation.2014.03.005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0005
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0010
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0015
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0020
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0025
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0030
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0035
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0040


7 itation

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

48 L. Wik  et al. / Resusc

9. Hallstrom A, Rea TD, Sayre MR,  et al. Manual chest compression vs. use of
an automated chest compression device during resuscitation following out-of-
hospital cardiac arrest: a randomized trial. J Am Med  Assoc 2006;295:2620–8.

0. Casner M,  Andersen D, Isaacs SM.  The impact of a new CPR assist device on rate
of  return of spontaneous circulation in out-of-hospital cardiac arrest. Prehosp
Emerg Care 2005;9:61–7.

1. Ong ME,  Ornato JP, Edwards DP, et al. Use of an automated, load-distributing
band chest compression device for out-of-hospital cardiac arrest resuscitation.
J  Am Med Assoc 2006;295:2629–37.

2. Krep H, Mamier M, Breil M,  Heister U, Fischer M, Hoeft A. Out-of-hospital
cardiopulmonary resuscitation with the AutoPulse system: a prospective obser-
vational study with a new load-distributing band chest compression device.
Resuscitation 2007;73:86–95.

3. Lerner EB, Persse D, Souders CM,  et al. Design of the Circulation Improving Resus-
citation Care (CIRC) Trial: a new state of the art design for out-of-hospital cardiac
arrest research. Resuscitation 2011;82:294–9.

4. American Heart Association Guidelines for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care. Circulation 2005;112:1–203.

5. Nolan JP, Deakin CD, Soar J, Bottiger BW,  Smith G. European resuscitation coun-
cil  guidelines for resuscitation 2005: Section 4. Adult advanced life support.
Resuscitation 2005;67:S39–86.

6. Steen S, Sjoberg T, Olsson P, Young M.  Treatment of out-of-hospital cardiac arrest
with LUCAS, a new device for automatic mechanical compression and active
decompression resuscitation. Resuscitation 2005;67:25–30.

7. Rittenberger JC, Raina K, Holm MB,  Kim YJ, Callaway CW.  Association between
Cerebral Performance Category, Modified Rankin Scale, and discharge disposi-
tion  after cardiac arrest. Resuscitation 2011;82:1036–40.

8. Whitehead J. The design and analysis of sequential clinical trials. revised 2nd ed.
Chichester, England: John Wiley; 1997.

9. Fairbanks K, Madsen R. P-values for tests using a repeated significance test
design. Biometrika 1982;69:69–74.

0. Whitehead J. Overrunning and underrunning in sequential clinical trials. Control
Clin Trials 1992;13:106–21.
1. Hoke RS, Chamberlain D. Skeletal chest injuries secondary to cardiopulmonary
resuscitation. Resuscitation 2004;63:327–38.

2. Olasveengen TM,  Sunde K, Brunborg C, Thowsen J, Steen PA, Wik  L. Intravenous
drug administration during out-of-hospital cardiac arrest: a randomized trial. J
Am  Med  Assoc 2009;302:2222–9.

3

 85 (2014) 741–748

3. Rubertsson S, Lindgren E, Smekal D, et al. Mechanical chest compressions and
simultaneous defibrillation vs. conventional cardiopulmonary resuscitation in
out-of-hospital cardiac arrest. The LINC randomized trial. J Am Med  Assoc
2013;17:E1–9.

4. Wik  L, Kramer-Johansen J, Myklebust H, et al. Quality of cardiopul-
monary resuscitation during out-of-hospital cardiac arrest. J Am Med  Assoc
2005;293:299–304.

5. Stecher FS, Olsen JA, Stickney RE, Wik  L. Transthoracic impedance used to evalu-
ate  performance of cardiopulmonary resuscitation during out of hospital cardiac
arrest. Resuscitation 2008;79:432–7.

6. Stiell IG, Nichol G, Leroux BG, et al. Early versus later rhythm analysis in patients
with out-of-hospital cardiac arrest. N Engl J Med  2011;365:787–97.

7. Bobrow BJ, Vadeboncoeur TF, Stolz U, et al. The influence of scenario-based train-
ing  and real-time audiovisual feedback on out-of-hospital cardiopulmonary
resuscitation quality and survival from out-of-hospital cardiac arrest. Ann Emerg
Med  2013;62:47–56.

8. Nichol G, Powel J, van Ottingham L, et al. Consent in resuscitation trials: Benefit
or  harm for patients and society? Resuscitation 2006;70:360–8.

9. Pinto DC, Haden-Pinneri K, Love JC. Manual and automated cardiopulmonary
resuscitation (CPR): a comparison of associated injury patterns. J Forensic Sci
2013;58:904–9.

0. van Wely M, Gehlmann H, Cramer E, et al. AutoPulse facilitated resuscitation in
out-of-hospital cardiac arrest as a bridge to coronary intervention. Resuscitation
2011;82:S3 [abstract].

1. Omori K, Sato S, Sumi Y, et al. The analysis of efficacy for AutoPulseTM system in
flying helicopter. Resuscitation 2013;84:1045–50.

2. Stone CK, Thoman SH. Can correct closed-chest compressions be performed
during prehospital transport? Prehosp Disaster Med  2012;10:121–3.

3. Cobb LA, Fahrenbruch CE, Olsufka M,  Copass MK.  Changing incidence of out
of-hospital ventricular fibrillation, 1980–2000. J Am Med  Assoc 2002;288:
3008–13.

4. Agarwal DA, Hess EP, Atkinson EJ, White RD. Ventricular fibrillation in
Rochester, Minnesota: experience over 18 years. Resuscitation 2009;80:

1253–8.

5. Ringh M,  Herlitz J, Hollenberg J, Rosenqvist M,  Svensson L. Out of hospital car-
diac arrest outside home in Sweden, change in characteristics, outcome and
availability for public access defibrillation. Scand J Trauma Resusc Emerg Med
2009;17:18.

http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0045
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0050
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0055
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0060
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0065
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0070
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0075
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0080
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0085
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0090
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0095
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0100
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0105
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0110
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0115
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0120
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0125
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0130
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0135
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0140
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0145
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0150
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0155
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0160
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0165
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0170
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175
http://refhub.elsevier.com/S0300-9572(14)00128-2/sbref0175


 

 

 

REFERENCE: 7010 
EFFECTIVE: 10/01/14 
REVIEW: 09/30/16 
Page 1 of 66 

BLS/LALS/ALS STANDARD DRUG & EQUIPMENT LIST 

 
Each ambulance and first responder unit shall be equipped with the following functional equipment and 
supplies.  This list represents mandatory items with minimum quantities excluding narcotics, which must 
be kept within the range indicated.  All expiration dates must be current.  All packaging of drugs or equipment 
must be intact.  No open products or torn packaging may be used.  
 
All ALS (transport and non-transport) and BLS transport vehicles shall be inspected annually. 

 
MEDICATIONS/SOLUTIONS 

 

Exchanged Medications/Solutions BLS 
 
LALS  

ALS Non-
Transport 

ALS  
Transport 

Adenosine (Adenocard)  6mg   1 1 
Adenosine (Adenocard)  12mg   2 2 
Albuterol Aerosolized Solution (Proventil) -  
unit dose 2.5mg   

 
4 doses 4 doses 4 doses 

Albuterol MDI with spacer  

Specialty 
programs 
only 
1 

Specialty 
programs 
only 
1 

Specialty 
programs 
only 
1 

Aspirin, chewable - 81mg tablet  2 1 bottle 1 bottle 
Atropine  1 mg preload    2 2 
Calcium Chloride 1gm preload    1 1 
Dextrose 10% in 250ml NS   2 2 2 
Dextrose 25%  2.5gm preload    2 2 
Dextrose 50%  25gm preload   2 2 2 
Diphenhydramine (Benadryl) 50mg    1 1 
Dopamine 400mg   1 1 
Epinephrine 1:1000  1mg    2 2 2 
Epinephrine 1:10,000  1 mg preload   3 3 
Glucagon  1mg   1 1 1 
Glucose paste 1 tube 1 tube 1 tube  1 tube 
Ipratropium Bromide Inhalation Solution (Atrovent) 
unit dose 0.5mg  

 
4 4 

Irrigating Saline and/or Sterile Water  (1000cc) 2 1 1 2 
Lidocaine  100mg    3 3 
Lidocaine 1gm or 1 bag pre-mixed  1gm/250cc D5W    1 1 
Lidocaine 2% (Viscous) bottle    1 1 
Magnesium Sulfate  10 gm    1 1 
Naloxone (Narcan)  2 mg preload (needle less)  2 2 2 
Nitroglycerine - Spray  0.4 mg metered dose and/or   1 2 
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BLS/LALS/ALS Standard Drug and Equipment List 

Exchanged Medications/Solutions BLS 
 
LALS  

ALS Non-
Transport 

ALS  
Transport 

tablets (tablets to be discarded 90 days after opening) 2 
Normal Saline for Injection (10 cc)  2 2 2 
Normal Saline 100 cc   1 2 
Normal Saline 250 cc   1 1 
Normal Saline 500 ml and/or 1000 ml  2000 ml 3000 ml 6000 ml 
Ondansetron (Zofran) 4 mg Oral Disintegrating Tablets 
(ODT)  

 
4 4 

Ondansetron (Zofran) 4 mg IM/ IV    4 4 
Phenylephrine HCL - 0.5 mg per metered dose   1 bottle 1 bottle 
Procainamide  1 gm    1 2 
Sodium Bicarbonate  50 mEq preload    2 2 
Verapamil  5 mg    3 3 

 
 

CONTROLLED SUBSTANCE MEDICATIONS 
 

Non-Exchange Controlled Substance Medications 
MUST BE DOUBLE LOCKED BLS 

 
LALS  

ALS Non-
Transport 

ALS  
Transport 

Fentanyl    200-400 mcg 200-400 mcg
Midazolam   20-40mg 20-40mg 
Morphine Sulfate -vials of 10 mg    20-60mg 30-60mg 

 
 

AIRWAY/SUCTION EQUIPMENT 
 

Exchanged Airway/Suction Equipment BLS 
 
LALS  

ALS Non-
Transport 

ALS  
Transport 

BAAM Device   1 2  
CPAP circuits - all manufacture’s available sizes    1 each 2 each 
End Title CO2 device - Pediatric and Adult (may be 
integrated into bag)  

 
1 each 1 each 

Endotracheal Tubes cuffed - 6.0 and/or 6.5, 7.0 and/or 
7.5 and 8.0 and/or 8.5 with stylet  

 
2 each 2 each 

Endotracheal Tubes, uncuffed - 2.5, 3.0, 3.5 with stylet   2 each 2 each 
Endotracheal Tubes, uncuffed - 4.0 or 4.5, 5.0 or 5.5 
with stylet  

 
2 each 2 each 

ET Tube holders - pediatric and adult  1 each 1 each 2 each 
King LTS-D Adult: Size 3 (yellow) 
 Size 4 (red) 
 Size 5 (purple) 

SPECIALTY 
PROGRAMS 
ONLY 

2 each 

 
 
1 each 1 each 2 each 

King Ped: 12-25 kg: Size 2 (green)  
 25-35 kg: Size 2.5 (orange) 

SPECIALTY 
PROGRAMS 
ONLY 

2 each 

 
 
1 each 1 each 2 each 

Mask - Adult & Pediatric non-rebreather oxygen mask 2 each 2 each 2 each 2 each 
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Exchanged Airway/Suction Equipment BLS 
 
LALS  

ALS Non-
Transport 

ALS  
Transport 

Mask - Infant Simple Mask 1 1 1 1 
Nasal cannulas - pediatric and adult 2 each 2 each 2 each 2 each 
Naso/Orogastric feeding tubes - 5fr or 6fr, and 8fr   1 each 1 each 
Naso/Orogastric tubes - 10fr or 12fr, 14fr, 16fr or 18fr   1 each 1 each 
Nasopharyngeal Airways - (infant, child, and adult)   1 each 1 each 1 each 1 each 
Needle Cricothyrotomy Device - Pediatric and adult 
or 
Needles for procedure 10, 12, 14 and/or 16 gauge 

 
 

 1 each 
 
2 each 

1 each 
 
2 each 

One way flutter valve with adapter or equivalent   1 1 
Oropharyngeal Airways - (infant, child, and adult)  1 each 1 each 1 each 1 each 
Small volume nebulizer with universal cuff adaptor  2 2 2 
Suction Canister  1  1 1 
Suction catheters - 6fr, 8fr or 10fr, 12fr or 14fr 1 each  1 each 1 each 
Ventilation Bags -  

Infant 250 ml 
Pediatric 500 ml (or equivalent) 
Adult  

1 
1 
1 

 
1 
1 
1 

1 
1 
1 

1 
1 
1 

Water soluble lubricating jelly  1 1 1 
Yankauers tonsil tip 1  1 1 

 
 

Non-Exchange Airway/Suction Equipment BLS 
 
LALS  

ALS Non-
Transport 

ALS  
Transport 

Ambulance oxygen source -10 L /min for 20 minutes 1   1 
Flashlight/penlight 1 1 1 1 
Laryngeal blades - #0, #1, #2, #3, #4 curved and/or 
straight  

 
1 each 1 each 

Laryngoscope handle with batteries - or 2 disposable 
handles  

 
1 1 

Magill Forceps - Pediatric and Adult   1 each 1 each 
Manual powered suction device   1   
Portable oxygen with regulator - 10 L /min for 20 
minutes 1 

 
1 1 1 

Portable suction device (battery operated) 1  1 1 

Pulse Oximetry device 

(SEE 
OPTIONAL 
EQUIPMENT 
SECTION, 
PG. 5) 

 
 
1 1 1 

Stethoscope 1 1 1 1 
Wall mount suction device  1   1 
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IV/NEEDLES/SYRINGES/MONITORING EQUIPMENT 
 

Exchanged 
IV/Needles/Syringes/Monitor Equipment BLS 

 
LALS  

ALS Non-
Transport 

ALS  
Transport 

Conductive medium or Pacer/Defibrillation pads   2 each 2 each 
Disposable Tourniquets   2 2 2 
ECG electrodes    20  20 
EZ-IO Needles and Driver 15 mm, 25 mm, and  
45 mm  

 2 each 
1 each 

2 each 
1 each 

Glucose monitoring device with compatible strips and 
OSHA approved single use lancets  

 
1 1 1 

3-way stopcock with extension tubing   2 2 
IV Catheters - sizes 14, 16, 18, 20, 22, 24  2 each 2 each 2 each 
Macrodrip Administration Set  (10 drops /cc) 
Microdrip Administration Set  (60 drops /cc)  

3 
1 

3 
1 

3 
2 

Mucosal Atomizer Device (MAD) for nasal 
administration of medication   

 
2 2 4 

Pressure Infusion Bag (disposable)  1 1 1 
Razors   1 2 2 
Safety Needles - 20 or 21gauge and 23 or 25 gauge  2 each 2 each 2 each 
Saline Lock  Large Bore Tubing Needless  2 2 2 
Sterile IV dressing   2 2 2 
Syringes w/wo safety needles - 1 cc, 3 cc, 10 cc catheter 
tip  

 
2 each   

Syringes w/wo safety needles - 1 cc, 3 cc, 10 cc, 20 cc, 
60 cc catheter tip  

 
2 each 2 each 

 
 

Non-Exchange 
IV/Needles/Syringes/Monitor Equipment BLS 

 
LALS  

ALS Non-
Transport 

ALS  
Transport 

12-lead ECG Monitor and Defibrillator with TCP and 
printout  

 
1 1 

Blood pressure cuff - large adult or thigh cuff, adult, 
child and infant 1 

 
1 1 1 

Capnography monitor and supplies, may be integrated 
in the cardiac monitor  

 
1 1 

Needle disposal system (OSHA approved)  1 1 1 
Thermometer - Mercury Free with covers  1 1 1 1 

 
 

OPTIONAL EQUIPMENT/MEDICATIONS 
 

Non-Exchange Optional Equipment/Medications BLS 
 
LALS  

ALS Non-
Transport 

ALS  
Transport 

AED/defib pads 2 2   
Ammonia Inhalants   2 2 
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Non-Exchange Optional Equipment/Medications BLS 
 
LALS  

ALS Non-
Transport 

ALS  
Transport 

Automatic CPR device (FDA approved) 1 1 1 1 
Automatic ventilator (ICEMA approved)   1 1 
Backboard padding 1 1 1 1 
Buretrol   1 1 
     
Chemistry profile tubes   3 3 
CyanoKit (Specialty Program Only)   1 1 
EMS Tourniquet  1  1 1 

Endotracheal Tubes, cuffed - 2.5, 3.0, 3.5 with stylet  

 Specialty 
programs 
only  

Specialty 
programs 
only 

Endotracheal Tubes, cuffed - 4.0 or 4.5, 5.0 or 5.5 
with stylet  

 Specialty 
programs 
only 

Specialty 
programs 
only 

Gum Elastic intubation stylet    2 2 
Hemostatic Dressings * 1 1 1 1 

IO Needles - Manual, Adult and Pediatric, Optional  

Pediatric sizes 
only or EZ-IO 
needles and 
drivers  1 each 1 each 

IV infusion pump   1 1 
IV warming device   1 1 1 
Manual IV Flow Rate Control Device   1 1 
Manual powered suction device 1 1 1 1 
Multi-lumen peripheral catheter   2 2 
Needle Thoracostomy Kit (prepackaged)   2 2 
Pitocin   20 units 20 units 
Pulse Oximetry device 1    
Translaryngeal Jet Ventilation Device   1 1 
Vacutainer   1 1 

 
* Hemostatic Dressings 
 Quick Clot®, Z-Medica®  

Quick Clot®, Combat Gauze® LE  
Quick Clot®, EMS Rolled Gauze, 4x4 Dressing, TraumaPad®  

 Celox®  
Celox® Gauze, Z-Fold Hemostatic Gauze  
Celox® Rapid, Hemostatic Z-Fold Gauze  

 
Note: 
 The above products are “packaged” in various forms (i.e., Z-fold, rolled gauze, trauma pads, 

4”x4”pads) and are authorized provided they are comprised of the approved product.  
 Hemostatic Celox Granules, or granules delivered in an applicator, are not authorized.  
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DRESSING MATERIALS/OTHER EQUIPMENT/SUPPLIES 
 

Exchanged 
Dressing Materials/Other Equipment/Supplies BLS 

 
LALS  

ALS Non-
Transport 

ALS  
Transport 

Adhesive tape - 1 inch 2 2 2 2 
Air occlusive dressing  1 1 1 1 
Ankle & wrist restraints, soft ties acceptable 1  0 1 
Antiseptic swabs/wipes  10 10 10 
Bedpan or fracture pan 
Urinal 

1 
1 

 
 

1 
1 

Cervical Collars - Rigid Pediatric & Adult all sizes 
or 
Cervical Collars - Adjustable Adult & Pediatric 

2 each 
 
2 each 

2 each 
 
2 each 

2 each 
 
2 each 

2 each 
 
2 each 

Cold Packs  2 2 2 2 
Emesis basin or disposable bags & covered waste 
container 1 

 
1 1 1 

Head immobilization device 2 2 2 2 
OB Kit  1 1 1 1 
Pneumatic or rigid splints capable of splinting all 
extremities 4 

 
2 2 4 

Provodine/Iodine swabs/wipes or antiseptic equivalent  4 10 10 
Roller bandages - 4 inch 6 3 3 6 
Sterile bandage compress or equivalent 6 2 2 6 
Sterile gauze pads - 4x4 inch 4 4 4 4 
Sterile Sheet for Burns 2 2 2 2 
Universal Dressing 10x30 inches 2 2 2 2 

 
Non-Exchange 
Dressing Materials/Other Equipment/Supplies BLS 

 
LALS  

ALS Non-
Transport 

ALS  
Transport 

800 MHz Radio  1 1 1 
Ambulance gurney 1   1 
Bandage Shears 1 1 1 1 
Blood Borne Pathogen Protective Equipment - 
(nonporous gloves, goggles face masks & gowns 
meeting OSHA Standards) 2 

 
 
1 2 2 

Drinkable water in secured plastic container or 
equivalent 1 gallon 

 
 1 gallon 

Long board with restraint straps 1 1 1 1 
Pediatric immobilization board 1 1 1 1 
Pillow, pillow case, sheets & blanket  1 set   1 set 
Short extrication device 1 1 1 1 
Straps to secure patient to gurney 1 set   1 set 
Traction splint 1 1 1 1 
Triage Tags - CAL Chiefs or ICEMA approved 20 20 20 20 
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EMS AIRCRAFT STANDARD DRUG & EQUIPMENT LIST 

 
Each Aircraft shall be equipped with the following functional equipment and supplies.  This list 
represents mandatory items with minimum quantities, to exclude narcotics, which must be kept within 
the range indicated.  All expiration dates must be current.  All packaging of drugs or equipment must be 
intact.  No open products or torn packaging may be used. 
 
MEDICATIONS/SOLUTIONS AMOUNT 
Adenosine (Adenocard) 6 mg 130 mg 
Adenosine (Adenocard ) 12 mgAdrenaline (Epinephrine) 1:1,000 22 mg 
Adrenaline (Epinephrine) 1:10,000 3 mg 
Albuterol Aerosolized Solution (Proventil) - unit dose 2.5 mg  4 doses 
Aspirin, chewable - 81 mg tablet 1 bottle 
Atropine 1 mg preload 2 3 mg 
Calcium Chloride 1 gm preload  11 gm 
Dextrose 10% in 250ml NS  2 
Dextrose 25% 2.5 gm preload  2 5 gm 
Dextrose 50% 25 gm preload  2 50 gm 
Diphenhydramine (Benadryl) 50 mg 1 50 mg 
Dopamine 400 mg 1 
Glucagon 1 mg 1 1 mg 
Glucopaste 1 tube 
Intropin (Dopamine) 200 mg 
Ipratropium Bromide Inhalation Solution (Atrovent) unit dose 0.5 mg 4 
Lidocaine 100 mg  3300 mg 
Lidocaine 1 gm or 1 bag pre-mixed 1 gm/250 cc D5W 1 gm 
Lidocaine 2% (Viscous) bottle 1 2  
Magnesium Sulfate 10 gms  110 gms 
Naloxone (Narcan) 2 mg preload (needleless) 2 4  mg 
Nitroglycerin - Spray 0.4 mg metered dose and/or tablets (tablets to be discarded 90 
days after opening.) 1 
Normal Saline for Injection  (10 cc) 2 
Normal Saline 250 ml 1 
Normal Saline  500 ml and/or 1000 ml 4000 ml 
Ondansetron (Zofran) 4 mg Oral Disintegrating Tablets (ODT) 4 
Ondansetron (Zofran) 4 mg IM/ IV  4 
Phenylephrine HCL - 0.5 mg per metered dose 1 bottle 
Procainamide 1 gm 1 1 gm 
Sodium Bicarbonate 50 mEq preload  2 100 mEq 
Verapamil 5 mg (Isoptin) 3 15 mg 
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CONTROLLED SUBSTANCE MEDICATIONS-MUST BE DOUBLE LOCKED AMOUNT 
Fentanyl  200-400 mcg 
Midazolam  20-40 mg 
Morphine Sulfate - vials 10 mg 20-60 mg 

 
AIRWAY/SUCTION EQUIPMENT AMOUNT 
Aircraft Oxygen source -10 L /min for 20 minutes 1 
BAAM Device 1 
C-PAP circuits - all manufacture’s available sizes 1 each 
End-title CO2 device - pediatric and adult (may be integrated into bag) 1 each 
Endotracheal tubes, uncuffed - 2.5, 3.0, 3.5 with stylet  2 each 
Endotracheal Tubes, uncuffed - 4.0 or 4.5, 5.0 or 5.5 with stylet  2 each 
Endotracheal Tubes cuffed - 6.0 and/or 6.5, 7.0 and/or 7.5 and 8.0 and/or 8.5 with 
stylet 2 each 
ET Tube holders - pediatric and adult 1 each 
Flashlight/penlight 1 
King LTS-D Adult: Size 3 (yellow) 
                                  Size 4 (red) 
                                  Size 5 (purple) 1 each 
King   Ped:   12-25 kg: Size 2 (green)  
                      25-35 kg: Size 2.5 (orange) 1 each 
Laryngoscope handle with batteries - or 2 disposable handles 1 
Laryngeal blades - #0, #1, #2, #3, #4 curved and/or straight 1 each 
Magill Forceps - Pediatric and Adult 1 each 
Nasal Cannulas - infant, pediatric and adult 2 each 
Naso/Orogastric tubes - 10fr or 12fr, 14fr, 16fr or 18fr 1 each 
Naso/Orogastric feeding tubes - 5fr or 6fr, and 8fr 1 each 
Nasopharyngeal Airways - infant, child, and adult 1 each 
Needle Cricothyrotomy Device (Approved) - Pediatric and adult     or 
Needles for procedure 10, 12, 14 and/or16 gauge 

1 each 
2 each 

Non Re-Breather O2 Mask - Pediatric and Adult, Infant Simple Mask 2 each 
One way flutter valve with adapter or equivalent 1 
Oropharyngeal Airways - infant, child, and adult 1 each 
Portable Oxygen with regulator - 10 L /min for 20 minutes 1 
Portable suction device (battery operated) and/or Wall mount suction device 1 each 
Pulse Oximetry device 1 
Small volume nebulizer with universal cuff adaptor 2 
Stethoscope 1 
Suction catheters - 6fr, 8fr or 10fr, 12fr or 14fr 1 each 
Ventilation Bags - Infant 250 ml, Pediatric 500 ml and Adult 1 L 1 each 
Water soluble lubricating jelly 1 
Yankauers tonsil tip 1 
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IV/NEEDLES/SYRINGES/MONITORING EQUIPMENT AMOUNT 
12-Lead ECG Monitor and Defibrillator with TCP and printout 1 
800 MHz Radio 1 
Blood pressure cuff - large adult or thigh cuff, adult, child and infant 1 set 
Capnography monitor and supplies, may be integrated in the cardiac monitor 1 
Conductive medium  or Adult and Pediatric Pacer/Defibrillation pads 2 each 
ECG - Pediatric and Adult 20 patches 
EZ IO Needles and Driver 15 mm, 25 mm, and 
45 mm 

2 each 
1 each 

3-way stopcock with extension tubing 2 
IO Needles - Manual, Adult and Pediatric, Optional  1 each 
IV Catheters - sizes 14, 16, 18, 20, 22, 24 2 each 
Glucose monitoring device 1 
Macrodrip Administration Set  (10 drops/ml) 
Microdrip Administration Set  (60 drops/ml) 

3 
1 

Mucosal Atomizer Device (MAD) for nasal administration of medication  4 
Needle disposal system (OSHA approved) 1 
Pressure infusion bag 1 
Safety Needles - 20 or 21 gauge and 23 or 25 gauge 2 each 
Saline Lock 2 
Syringes w/wo safety needles - 1 ml, 3 ml, 10 ml, 20 ml, 60 ml catheter tip 2 each 
Thermometer - Mercury free with covers 1 

 
OPTIONAL EQUIPMENT/MEDICATIONS Amount 
Ammonia Inhalants 2 
Automatic ventilator (Approved) 1 
Backboard padding 1 
BLS AED/defib pads 1 
Chemistry profile tubes 3 

CyanoKit (Specialty Program Only) 
Specialty 
programs only

D5W in bag 1 

Endotracheal tubes, cuffed - 2.5, 3.0, 3.5 with stylet 
Specialty 
programs only

Endotracheal Tubes, cuffed - 4.0 or 4.5, 5.0 or 5.5 with stylet 
Specialty 
programs only

Hemostatic Dressing * 1 
IV infusion pump 1 
IV warming device 1 
Manual powered suction device 1 
Medical Tourniquet  1 
Needle Thoracostomy Kit (prepackaged) 2 
Pitocin 2 
Translaryngeal Jet Ventilation Device 1  
Vacutainer 1 
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* Hemostatic Dressings 
 Quick Clot®, Z-Medica®  

Quick Clot®, Combat Gauze® LE  
Quick Clot®, EMS Rolled Gauze, 4x4 Dressing, TraumaPad®  

 Celox®  
Celox® Gauze, Z-Fold Hemostatic Gauze  
Celox® Rapid, Hemostatic Z-Fold Gauze  

 
Note:  
 The above products are “packaged” in various forms (i.e., Z-fold, rolled gauze, trauma pads, and 

4”x4” pads) and are authorized provided they are comprised of the approved product. 
 Hemostatic Celox Granules, or granules delivered in an applicator, are not authorized.  

 
 
DRESSING MATERIALS/OTHER EQUIPMENT SUPPLIES AMOUNT 
Adhesive tape - 1 inch 2 
Air occlusive dressing 1 
Aircraft stretcher or litter system with approved FAA straps that allows for Axial 
Spinal Immobilization 1 
Ankle & wrist restraints, soft ties acceptable 1 
Antiseptic swabs/wipes  
Bandage Shears 1 
Blanket or sheet  2 
Blood Borne Pathogen Protective Equipment - (nonporous gloves, goggles face masks 
& gowns meeting OSHA Standards) 2 
Cervical Collars - Rigid Pediatric & Adult all sizes 
or 
Cervical Collars - Adjustable Adult & Pediatric 

2 each 
 
2 each 

Emesis basin or disposable bags & covered waste container 1 
Head immobilization device 2 
OB Kit  1 
Pediatric immobilization board 1 
Pneumatic or rigid splints capable of splinting all extremities 4 
Provodine/Iodine swabs/wipes or antiseptic equivalent   
Roller bandages - 4 inch 3 
Short extrication device 1 
Sterile bandage compress or equivalent 6 
Sterile gauze pads - 4x4 inch 4 
Sterile Sheet for Burns 2 
Traction splint 1 
Universal Dressing 10x30 inches 2 
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MEDICATION - STANDARD ORDERS 

Adenosine (Adenocard) - Adult (ALS) 
 
Stable narrow-complex SVT or Wide complex tachycardia: 

Adenosine, 6 mg rapid IVP followed immediately by 20 cc NS bolus, and  
Adenosine, 12 mg rapid IVP followed immediately by 20 cc NS bolus if patient 
does not convert.  May repeat one (1) time. 
 
Reference #s 7010, 7020, 11050 
 

Albuterol Aerosolized Solution (Proventil) - Adult (LALS, ALS) 
 
Albuterol nebulized, 2.5 mg, may repeat two (2) times. 
 
Reference #s 6090, 7010, 7020, 11010, 11100, 14030 
 

Albuterol Metered-Dose Inhaler (MDI) (Proventil) - Specialty Programs Only Adult 
(LALS, ALS) 

 
Albuterol MDI, four (4) puffs every ten (10) minutes for continued shortness of 
breath and wheezing. 
 
Reference #s 6090, 6110, Sheriff’s Search and Rescue 

 
Albuterol - Pediatric (LALS, ALS) 

 
Albuterol nebulized, 2.5 mg, may repeat two (2) times. 
 
Reference #s 7010, 7020, 14010, 14030, and 14070 

 
Aspirin, chewable (LALS, ALS) 
 

Aspirin, 325 mg PO chewed (one (1) adult non-enteric coated aspirin) or four (4) 
chewable 81 mg aspirin. 
 
Reference #s 2020, 6090, 6110, 7010, 7020, 11060 
 

Atropine (ALS) 
 

Atropine, 0.5 mg IVP.  May repeat every five (5) minutes up to a maximum of 3 mg 
or 0.04 mg/kg. 
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Medication - Standard Orders 

Organophosphate poisoning: 
Atropine, 2 mg IVP, repeat at 2 mg increments if patient remains symptomatic.  
 
Reference #s 6090, 6110, 7010, 7020, 11040, 12020, 13010 
 

Calcium Chloride (ALS) 
 
Calcium Channel Blocker Poisonings:  

Calcium Chloride, 1 gm (10 cc of a 10% solution), base hospital order only. 
 
Reference #s 2020, 7010, 7020, 13010 

 
Dextrose - Adult (LALS)  
 

Dextrose 50% 25 gm IV of 50% 
Dextrose 10%/250 cc NS IV Bolus  

 
Reference #s 2020, 6090, 6110, 7010, 7020, 8010, 11050, 11070, 11080, 13020, 
13030 

 
Dextrose - Adult (ALS) 

 
Dextrose 50% 25 gm IV/IO of 50% 
Dextrose 10%/250 cc NS IV Bolus 
 
Reference #s 2020, 6090, 6110, 7010, 7020, 8010, 11050, 11070, 11080, 13020, 
13030  
 

Dextrose - Pediatric (LALS, ALS) 
 
For neonates (0 - 4 weeks), if blood glucose < 35 mg/dL: 
Dextrose 25% (0.25 gm/ml) Diluted 1:1, give 0.5 gm/kg (4 ml/kg) IV/IO 
 
For patient < 10 kg and > 4 weeks, if blood glucose < 60 mg/dL: 
Dextrose 25% (0.25 gm/ml), give 0.5 gm/kg (2 ml/kg) IV/IO 
 
For patient > 10 kg and < 25kg, if glucose less than 60 mg/dL: 
Dextrose 50% (0.5 gm/mL) Diluted 1:1, give 0.5 gm/kg (2 ml/kg) IV/IO 
 
For patient > 25 kg, if glucose less than 80 mg/dL: 
Dextrose 50% (0.5 gm/mL) Diluted 1:1, give 0.5 gm/kg (2 ml/kg) IV/IO 
Dextrose 10%/250 cc (25 g) 0.5 g/kg IV/IO 
 
Reference #s 2020, 7010, 7020, 13020, 13030, 14040, 14050, 14060 
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Diphenhydramine - Adult (ALS) 
 
Diphenhydramine, 25 mg IV/IO 
Diphenhydramine, 50 mg IM  
 
Reference #s 6090, 6110, 7010, 7020, 11010, 13010 
 

Diphenhydramine - Pediatric (ALS) 
 
Diphenhydramine, 1 mg/kg slow IV/IO, not to exceed adult dose of 25 mg, or 
Diphenhydramine, 2 mg/kg IM not to exceed adult dose of 50 mg IM 
 
Reference #s 7010, 7020, 14030 
 

Dopamine - Adult (ALS) 
 
Dopamine, infusion of 400 mg in 250 ml of NS, titrated between 5 - 20 mcg/kg/min 
to sustain a systolic blood pressure greater than 90 mmHG for signs of inadequate 
tissue perfusion/shock.  
 
Reference #s 7010, 7020, 8010, 8040, 10140, 11070, 11090, 14080 

 
Dopamine - Pediatric (ALS) 
 
Post resuscitation continued signs of inadequate tissue perfusion: 

9 to 14 years Dopamine, 400 mg in 250 ml of NS to infuse at 5 - 20 
mcg/kg/min IV titrated to maintain signs of adequate tissue 
perfusion. 

 
Reference #s 7010, 7020, 14040 
 

Epinephrine (1:1000) - Adult (LALS, ALS) 
 
Acute Asthma, Bronchospasm, Allergic reaction, Anaphylaxis: 

Epinephrine, 0.3 mg IM 
 

Epinephrine (1:10,000) - Adult (ALS) 
 
For Persistent severe anaphylactic shock: 

Epinephrine (1:10,000), 0.1 mg slow IVP.  May repeat as needed to total dosage of 
0.5 mg.  

 
Cardiac Arrest, Asystole, PEA: 

Epinephrine, 1 mg IV/IO 
 
Reference #s 2020, 6090, 6110, 7010, 7020, 11010, 11070, 12020 
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Epinephrine (1:1000) - Pediatric (LALS, ALS) 
 
Allergic Reactions: 

Epinephrine, 0.01 mg/kg IM not to exceed adult dosage of 0.3 mg.  
 
Reference #s 2020, 6090, 7010, 7020, 11010, 14010, 14030 
 

Epinephrine (1:10,000) - Pediatric (ALS) 
 
Anaphylactic Shock (no palpable radial pulse and depressed level of consciousness): 

Epinephrine (1:10,000), 0.01 mg/kg IV/IO, no more than 0.1 mg per dose.  May 
repeat to a maximum of 0.5 mg. 

 
Cardiac Arrest: 

1 day to 8 years Epinephrine (1:10,000), 0.01 mg/kg IV/IO (do not exceed 
adult dosage) 

9 to 14 years Epinephrine (1:10,000), 1.0 mg IV/IO 
 
Newborn Care: 

Epinephrine (1: 10,000), 0.01mg/kg IV/IO if heart rate is less than 60 after one (1) 
minute after evaluating airway for hypoxia and assessing body temperature for 
hypothermia.  
 
Epinephrine (1:10,000), 0.005 mg/kg IV/IO every ten (10) minutes for persistent 
hypotension as a base hospital order or in radio communication failure.  

 
Post resuscitation continued signs of inadequate tissue perfusion: 

1 day to 8 years Epinephrine (1:10,000), 0.5 mcg/kg/min IV drip 
 
Reference #s 2020, 7010, 7020, 14030, 14040, 14090 
 

Fentanyl - Adult (ALS) May be used in place of Morphine 
  

Fentanyl, 50 mcg slow IVP over one (1) minute.  May repeat every five (5) minutes 
until a maximum dose of 200 mcg is administered.  

 
Fentanyl, 100 mcg IM/IN.  May repeat 50 mcg every ten (10) minutes until a 
maximum dose of 200 mcg is administered. 
 

Isolated Extremity Trauma, Burns: 
 
Fentanyl, 50 mcg slow IV push over one (1) minute.  May repeat in five (5) 
minutes, not to exceed 200 mcg IV, or  
 
Fentanyl, 100 mcg IM/IN.  May repeat 50 mcg every ten (10) minutes, not to 
exceed 200 mcg. 
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Pacing, synchronized cardioversion: 
Fentanyl, 50 mcg slow IVP over one (1) minute.  May repeat in five (5) minutes 
titrated to pain, not to exceed 200 mcg. 
 
Fentanyl, 100 mcg IN.  May repeat 50 mcg every ten (10) minutes titrated to pain, 
not to exceed 200 mcg.  
 

Fentanyl - Pediatric (ALS) May be used in place of Morphine 
 

Fentanyl, 0.5 mcg/kg slow IVP over one (1) minute.  May repeat in five minutes 
titrated to in, not to exceed 100 mcg. 
 
Fentanyl, 1,mcg/kg IM/IN, may repeat every ten minutes titrated to pain not to 
exceed 200 mcg.  
 
Reference #s 2020, 6090, 6110, 7010, 7020, 7030, 9120, 10110 10120, 11060, 
11100, 13030, 15010 

 
Glucose - Oral - Adult (BLS, LALS, ALS) 
 

Glucose - Oral, one (1) tube for patients with an intact gag reflex and hypoglycemia. 
 
Reference #s 7010, 7020, 11080, 11090, 11110, 13020 
 

Glucose - Oral - Pediatric (BLS, LALS, ALS) 
 

Glucose - Oral, one (1) tube for patients with an intact gag reflex and hypoglycemia. 
 
Reference #s 7010, 7020, 14050, 14060 
 

Glucagon - Adult (LALS, ALS) 
 
Glucagon, 1 mg IM/SC/IN, if unable to establish IV.  May administer give one (1) 
time only. 
 

Betablocker Poisoning: 
Glucagon, 1 mg IVP (base hospital order only) 
 
Reference #s 6090, 6110, 7010, 7020, 11080, 13010, 13030 
 

Glucagon - Pediatric (LALS, ALS) 
 
Glucagon, 0.025 mg/kg IM/IN, if unable to start an IV.  May be repeated one (1) 
time after twenty (20) minutes for a combined maximum dose of 1 mg. 
 
Reference #s 7010, 7020, 13030, 14050, 14060 
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Ipratropium Bromide Inhalation Solution (Atrovent) - Adult (ALS) use with 
Albuterol 

 
Atrovent, 0.5 mg 
 
Reference #s 7010, 7020, 11010, 11100 
 

Ipratropium Bromide Metered-Dose Inhaler (MDI) (Atrovent) - Specialty Programs 
Only Adult (ALS) use with Albuterol 

 
Atrovent MDI, four (4) puffs every ten (10) minutes for continued shortness of 
breath and wheezing. 

Reference #s 6090, 6110, 7010, 7020 
 

Ipratropium Bromide Inhalation Solution (Atrovent) - Pediatric (ALS) use with 
Albuterol 

 
1 day to 12 months Atrovent, 0.25 mg 
1 year to 14 years Atrovent, 0.5 mg 
 
Reference #s 7010, 7020, 14010, 14030, 14070 

 
Lidocaine - Adult (ALS) 
 
Intubation, King Airway, NG/OG, for suspected brain injury: 

Lidocaine, 1.5 mg/kg IV 
 
VT/VF: 

Lidocaine, 1.5 mg/kg 
Repeat 0.75 mg/kg every five (5) to ten (10) minutes; maximum total dose of 3 mg/kg. 

 
Refractory VF: 

Lidocaine, 0.75 mg/kg IV, repeat in five (5) to ten (10) minutes; maximum three (3) 
doses or total of 3 mg/kg. 

 
VT/VF Infusion: 
 Lidocaine, 1 - 4 mg/min (30 - 50 mcg/kg/min) 
 
V-Tach, Wide Complex Tachycardias: 

Lidocaine, 1 mg/kg slow IV, repeat at 0.5 mg/kg every ten (10) minutes until 
maximum dose of 3 mg/kg administeredgiven. 
 
Initiate infusion of Lidocaine 2 mg/min. 
 
Reference #s 2020, 6090, 7010, 7020, 8010, 8040, 10030, 10080, 11050, 11070, 
15010 
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Lidocaine - Pediatric (ALS) 
 
Intubation, King Airway, NG/OG, for suspected brain injury: 

Lidocaine, 1.5 mg/kg IV 
 
Cardiac Arrest: 

1 day to 8 years Lidocaine, 1.0 mg/kg IV/IO 
9 to 14 years Lidocaine, 1.0 mg/kg IV/IO 
 
May repeat Lidocaine at 0.5 mg/kg after five (5) minutes up to total of 3.0 mg/kg.  
 
Reference #s 2020, 7010, 7020, 14040 

 
Lidocaine 2% 
 
Pain associated with IO insertion: 

Lidocaine 2%, 0.5 mg/kg slow IO push not to exceed 50 mg total.   
 
Reference #s 2020, 7010, 7020, 10140 
 

Magnesium Sulfate (ALS) 
 
Polymorphic Ventricular Tachycardia: 

Magnesium Sulfate, 2 gm in 100 ml of NS over five (5) minutes for polymorphic 
VT if prolonged QT is observed during sinus rhythm post-cardioversion.   
 

Eclampsia (Seizure/Tonic/Clonic Activity): 
Magnesium Sulfate, 4 gm diluted with 20 ml NS, IV/IO slow IV push over three (3) 
to four (4) minutes. 
 
Magnesium Sulfate, 2 gm in 100 cc of NS at 30 cc per hour IV/IO to prevent 
continued seizures. 
 
Reference #s 2020, 7010, 7020, 8010, 14080 

 
Midazolam - Adult (ALS) 
 
Seizure: 

Midazolam, 2.5 mg IN/IV/IO.  May repeat in five (5) minutes for continued seizure 
activity, or 
 
Midazolam, 5 mg IM.  May repeat in ten (10) minutes for continued seizure 
activity. 
 
Assess patient for medication related reduced respiratory rate or hypotension. 
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Maximum of three (3) doses using any combination of IM/IN/IV/IO may be 
administeredgiven for continued seizure activity.  Contact base hospital for 
additional orders and to discuss further treatment options. 
 

Pacing, synchronized cardioversion: 
Midazolam, 2 mg slow IV push IV/IN 
 
Reference #s 6090, 6110, 7010, 7020, 10110, 10120, 11080, 13020, 14080 
 

Midazolam - Pediatric (ALS) 
 
Seizures: 

Midazolam, 0.1 mg/kg IV/IO with maximum dose 2.5 mg.  May repeat Midazolam 
in five (5) minutes.  Do not to exceed adult dosage, or 
 
Midazolam, 0.2 mg/kg IM/IN with maximum dose of 5 mg.  May repeat 
Midazolam in ten (10) minutes for continued seizure.  Do not to exceed adult 
dosage.  IN dosage of Midazolam is doubled due to decreased surface area of nasal 
mucosa resulting in decreased absorption of medication.    
 
Assess patient for medication related reduced respiratory rate or hypotension. 
 
Maximum of three (3) doses using any combination of IM/IN/IV/IO may be 
administeredgiven for continued seizure activity.  Contact base hospital for 
additional orders and to discuss further treatment options. 
 
Reference #s 7010, 7020, 14060 
 

Morphine Sulfate - Adult (ALS) May be used in place of Fentanyl 
 

Morphine Sulfate, 2 mg IV.  May repeat in 2 mg increments every three (3) 
minutes, not to exceed 10 mg IV. 
 

 
Isolated Extremity Trauma, Burns: 

Morphine Sulfate, 5 mg IV.  May repeat every five (5) minutes to a maximum of 20 
mg for adequate tissue perfusion, or 
 
Morphine Sulfate, 10 mg IM. 
 

Pacing, synchronized cardioversion: 
Morphine Sulfate, 2 mg IV.  May repeat in 2 mg increments every three (3) 
minutes, titrated to pain, not to exceed 10 mg IV.  
 
Reference #s 2020, 6090, 6110, 7010, 7020, 7030, 9120, 10110 10120, 11060, 
11100, 13030, 15010 
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Morphine Sulfate - Pediatric (ALS) 
 
Morphine Sulfate, 0.1 mg/kg IV not to exceed 2 mg increments, for a total of 5 mg, 
or 
Morphine Sulfate, 0.2 mg/kg IM for a total of 10 mg IM, titrated for pain relief 
 

Burns:  
Morphine Sulfate, 0.1 mg/kg IV not to exceed 5 mg increments, for a total of 20 
mg, or 
 
Morphine Sulfate, 0.2 mg/kg IM for a total of 10 mg IM, titrated for pain relief 
 
Reference #s 2020, 7010, 7020, 7030, 14070, 15020 
 

Naloxone (Narcan) - Adult (LALS, ALS) 
 
Resolution of respiratory depression related to suspected narcotic overdose: 

Naloxone, 0.5 mg IV/IM/IN may repeat Naloxone 0.5 mg IV/IM/IN every two (2) 
to three (3) minutes if needed. 
 
Do not exceed 10 mg of Naloxone total regardless of route administeredgiven. 
 
Reference #s 6110, 7010, 7020, 11070, 11080 
 

Naloxone (Narcan) - Pediatric (LALS) 
 
Resolution of respiratory depression related to suspected narcotic overdose: 

1 day to 8 years Naloxone, 0.1 mg/kg IV/IO 
9 to 14 years Naloxone, 0.5 mg IV 
 
Do not exceed the adult dosage of 10 mg IV/IM/IN. 
 
Reference #s 7010, 7020, 14040, 14050 

 
Naloxone (Narcan) - Pediatric ( ALS) 
 
Resolution of respiratory depression related to suspected narcotic overdose: 

1 day to 8 years Naloxone, 0.1 mg/kg IV/IO 
9 to 14 years Naloxone, 0.5 mg IV/IO 
 
Do not exceed the adult dosage of 10 mg IV/IM/IN. 
 
Reference #s 7010, 7020, 14040, 14050 
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Nitroglycerin (LALS, ALS) 
 
Nitroglycerin, 0.4 mg sublingual/transmucosal  
 
One (1) every three (3) minutes as needed.  May be repeated as long as patient 
continues to have signs of adequate tissue perfusion.  If a Right Ventricular 
Infarction is suspected, the use of nitrates requires base hospital contact. 
 
Nitroglycerin is contraindicated if there are signs of inadequate tissue perfusion or 
if sexual enhancement medications have been utilized within the past forty-eight 
(48) hours. 
 
Reference #s 6090, 6110, 7010, 7020, 11010, 11060 
 

Ondansetron (Zofran) - Patients four (4) years old to Adult (ALS) 
 
Nausea/Vomiting: 

Ondansetron, 4 mg slow IV/ODT  
 
All patients four (4) to eight (8) years old:  may administergive a total of 4 mgs of 
Ondansetron prior to base hospital contact. 
 
All patients nine (9) and older:  may administergive Ondansetron 4 mg and may 
repeat twice, at ten (10) minute intervals, for a total of 12 mgs prior to base hospital 
contact. 
 
May be used as prophylactic treatment of nausea and vomiting associated with 
narcotic administration. 
 
Reference #s 6110, 7010, 7020, 9120, 10100, 15010, 15020 
 

Phenylephrine HCL (ALS) 
 
Phenylephrine, 0.5 mg metered dose may be repeated once prior to additional 
attempt 
 
Reference #s 7010, 7020, 10050 
 

Procainamide (ALS) 
 
SVT, V-Tach or Wide Complex Tachycardias: 

Procainamide, 20 mg/min IV; may repeat until arrhythmia suppressed, symptomatic 
hypotension, QRS widens by more than 50% or maximum dose of 17 mg/kg 
administergiven.  If arrhythmia suppressed, begin infusion of 2 mg/min.  
 
Reference #s 7010, 7020, 8010, 8040, 11050 
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Sodium Bicarbonate (ALS) 
 
Tricyclic Poisoning: 

Sodium Bicarbonate, 1 mEq/kg IVP  
 
Reference #s 2020, 7010, 7020, 13010 
 

Verapamil (ALS) 
 
SVT if adenosine is ineffective: 

Verapamil, 5 mg slow IV over three (3) minutes, may repeat every fifteen (15) 
minutes to a total dose of 20 mg. 
 
Reference #s 7010, 7020, 11050 
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NURSE STAFFED UNITSCRITICAL CARE 
INTERFACILITY TRANSPORT GUIDELINES 

I. PURPOSE 
 
To establish criteria for the approval of Critical Care Transport (CCT) providers 
including nurse staffed Advanced Life Support (ALS) Interfacility Transport/CCT 
unit operation within San Bernardino, Inyo or Mono Counties.  To state the 
requirements for nurse staffed ALS Interfacility transport units meeting all local, 
county, ICEMA and State requirements. 
 

AUTHORITY 
Title 22, Division 2.5, Sections 1797.52, 1797.178, 1798.170, and 1798.172 of the 
California Health and Safety Code. 

 
II. PROGRAM APPROVAL 

 
1. Requests for approval must be made in writing sixty (60) days prior to the 

anticipated starting date of service to the Executive Director of ICEMA and 
include:.  The request must include: 

 
a. Proposed identification and location of the nurse-staffed unit. 
 
b. All procedures and protocols. 
 
c. Documentation of qualifications for the Medical Director. 
 
d. Documentation of qualifications for the Nurseing Coordinator. 
 
e. Continuous Quality Improvement Plan. Quality assurance plan.  

 
f. Agreement to comply with all ICEMA policies and procedures for 

transport of critical patients.  
 
2. ICEMA will notify the applicant in a timely manner, if any further 

documentation is needed.  ICEMA will notify the applicant in writing within 
ten (10) working days following receipt of request for approval if any 
further documentation is needed.  
 

3. The applicant shall be notified in writing of approval or denial of the 
program.  The applicant shall be notified in writing within thirty (30) days 
of receipt of complete package of the approval or denial of the program.  
 

REQUIREMENTS FOR REGISTERED NURSE PERSONNEL 
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1. RN currently licensed to practice in the State of California. 
 
2. At the provider's option, an RN may be employed by the ambulance provider or be 

a contract employee.  
 
3. Current BLS, ACLS and PALS certification from the American Heart Association 

or equivalent. 
 
4. A minimum of two (2) years experience in an ICU or ED in the previous three (3) 

years, prior to employment with the ambulance provider 
 
5. Successful completion of an in-house orientation program related to ICEMA 

protocols, procedures and Endotracheal Intubation training 
 
6. Certification in any of the following is desirable but not required:  Certified 

Emergency Nurse (CEN); Critical Care Registered Nurse (CCRN); Mobile 
Intensive Care Nurse (MICN). 

 
7. Documentation of continuing education requirement: 
 

a. Minimum of ninety-six (96) hours of ICU or ED experience per year. 
 
b. Minimum of two (2) successful Endotracheal Intubations every two (2) 

years. 
 
c. Maintain current California State RN license, BLS, ACLS and PALS 

certification. 
 

III. EQUIPMENT 
 
In addition to the items required by California Administrative Code, Title 
XIII, The EMS provider shall provide, at a minimum, the following 
equipment: 
 
1. ALS eEquipment per ICEMAProtocol Reference #7010 - BLS/LALS/ALS  

& BLS Standard Drug & Equipment List. for ALS Transport. 
 
2. Cardiac monitor with external pacemaker. 
 
3. Infusion pump(s). 
 
4.2. Back-up power source. 
 

IV. MEDICAL DIRECTOR  
 
1. Medical Director:  A full or part-time physician licensed in the State of 

California and qualified by training and experience with practice, within the 
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last five (5) years,  experience in emergency or acute critical care medicine, 
within the last five (5) years,.  The ICEMA Medical Director must approve 
the candidate for medical director. The duties of the medical director shall 
include but not be limited to: 
 
a. Sign and approve, in advance, all medical protocols to be followed 

by the registered nurses (RN) RN at the ALS level. 
 
b. Ensure the ongoing training of all nurse staff medical personnel 

involved. 
 
c. Ensure the quality of patient transfers being conducted by the 

provider, including familiarity with SB612 and COBRA laws. 
 
d. Ensure that continuous quality improvement/assurance outcome 

audits are being conducted. 
 

V. NURSEING COORDINATOR 
 
12. Nursing Nurse Coordinator:  A full or part-time RN employed as a Nurseing 

Coordinator qualified by training and/or experience in emergency or acute 
critical care medicine, within the last five (5) years, in emergency or acute 
critical care nursing.  The duties of the Nurseing Coordinator shall include 
but not be limited to: 

 
a. Sign and approve, in advance, all nursing procedures to be followed 

by the RN at the ALS level. 
 
b. Provide ongoing training to all CCT personnelof all medical 

personnel involved. 
 
c. Ensure quality of patient transfers through being conducted by the 

provider continuous quality improvement/assurance outcome 
auditsby conducting patient care audits. 

 
VI. PROCEDURES/PROTOCOLS 

 
1. Each company CCT provider providing utilizing nurse staffed ALS units 

shall develop and maintain procedures for the hiring and training of nursing 
personnel.  

 
2. Each provider must develop a manual to include the following: 
 

a. Malpractice insurance coverage. 
 
b. Identity and accessibility of the Physician Medical Director and 

Nurse Nursing Coordinator. 
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c. Vehicle inventory lists. 
 
d. Copies of all related interfacility transfer paperwork. 
 
e. Statement of responsibility of the sending physician for the patient 

during transfer and in accordance with COBRA and SB612 laws. 
 
f. Guidelines for change in patient destination due to patient condition. 
 
g. Protocols (Standing Orders) based on ACLS, PALS and/or NALS 

guidelines. 
 

3. Procedures and protocols shall be subject to review by ICEMA. 
 
VII. CONTINUOUS QUALITY IMPROVEMENTQUALITY ASSURANCE  
 

1. Submit to ICEMA a continuous quality improvement (CQI) plan, quarterly 
and annual reports to ICEMA.  Submit to ICEMA a quality improvement 
plan and submit quarterly reports to ICEMA. 

 
2. All transports resulting in poor patient outcome shall be reviewed in a 

timely manner following the occurrence. 
 
3. Periodic staff conferences on audits and outcomes are required in order to 

improve or revise protocols. 
 
4. Records of all these activities shall be kept by the provider and be made 

available for inspection and audit by ICEMA. 
 
5. ICEMA shall perform periodic on-site audits of records to ensure 

compliance with this policy. 
 

6. Non-compliance with ICEMA policies and/or protocols may lead to 
suspension or revocation of ICEMA approval of the EMS provider’s CCT 
program.  Non-compliance with this policy may cause ICEMA to suspend 
or revoke approval of a nurse-staffed ALS interfacility transport unit. 
 

EMS AIR AMBULANCE STAFFING 
 
Provider shall staff all responding critical care transports with at least (2) ICEMA ALS 
accredited//authorized personnel serving as the Medical Crew. Personnel shall receive 
designation from ICEMA after receiving training as specified and approved by ICEMA.  
 
Training shall include, but not be limited to: 
 
a. EMS system and communications procedures. 
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b. The prehospital care system(s) within which they operate including local medical 
and procedural protocols. 
 
c. Use of onboard medical equipment. 
 
d. Continuing education as required by their licensure or certification.   
 
Registered nurses (RN) must be authorized by ICEMA as Mobil Intensive Care Nurse -– 
Flight (MICN-CCT) personnel per ICEMA Reference # *** - Critical Care Transport 
Nurse Authorization, in addition to any additionally required training that an EMS aircraft 
CCT provider may require. 
 
4. Paramedics must be accreditatedaccredited by ICEMA as an Emergency Medical 
Technician-Paramedic (EMT-P) per ICEMA Reference # 1040 – 
RequriementsRequirements For EMT-P Accreditation in addition to any additionally 
required training that the CCT provider may require. 
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PROCEDURES FOR EMS MONITORING OF MULTIPLE PATIENTS
(San Bernardino County Only) 

 
I. PURPOSE 

 
Establish procedures that will allow the monitoring of multiple patients by EMS 
providers while waiting to offload patients in hospitals during extended ambulance 
offload delay intervals.  To maintain sufficient resources to respond to additional 
emergency calls. 
 

II. DEFINITIONS 
 
Ambulance Transport:  Transport of a patient from the prehospital EMS system 
by emergency ambulance to an approved EMS receiving hospital. 
 
Advanced Life Support (ALS) Ambulance Transport Providers:  Ambulance 
that transports ALS patients from the prehospital EMS system to an approved EMS 
receiving hospital.  
 
Ambulance Patient Offload Time Interval Standard:  In the ICEMA region, the 
established ambulance patient offload time interval standard is twenty-five (25) 
minutes. 
 
Ambulance Arrival at the ED:  The time the ambulance stops at the location 
outside the hospital emergency department (ED) where the patient is unloaded from 
the ambulance. 
 
Ambulance Patient Offload Time:  The actual time that the patient is physically 
removed from the ambulance gurney to the hospital equipment and the hospital 
representative signs the electronic patient care report (ePCR) receiving the patient.  
 
Ambulance Patient Offload Delay Interval:  The resulting period of time 
produced when the ambulance patient offload time interval exceeds the established 
ambulance patient offload time interval standard.  
 

III. POLICY 
 

All ALS ambulance transport providers are authorized to assign multiple patients to 
be monitored by a single EMS crew during periods of delayed ambulance patient 
offload time intervals that impact the ability of the EMS provider to respond to 
additional calls. These procedures may be activated only by the ALS transport 
provider and their designated supervisor in consultation with the EMS crews in the 
hospital.  
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IV. PROCEDURE 
 
 One (1) EMS crew (paramedic and EMT) may monitor only the number of 

patients determined to be safe by the supervisor and the EMS crew. 
 
 Patients must be stable and require no additional medications or procedures 

while being monitored by an EMS crew or until transferred to a hospital 
gurney under hospital care. 

 
 Patients must be in the same vicinity of the hospital and within sight of the 

assigned EMS crew at all times and the EMS crew may not be split up. 
 
 Patients may be on an ambulance or hospital gurney, surge bed, cot, or on 

chairs that allows appropriate monitoring and patient safety.  
 
 Patient vital signs, condition and changes must be monitored and 

documented every thirty (30) minutes. 
 
 An EMS crew may continue to monitor multiple patients until all patients 

have been transferred to hospital care.  Additional patients may be assigned 
to an EMS crew at the discretion of the supervisor provided all of these 
procedures continue to be met. 

 
 If patient’s condition deteriorates, the EMS crew will notify ED staff 

immediately and transfer care to the hospital. 
 
 ALS transport provider supervisors will check crews monitoring multiple 

patients regularly and assist with monitoring patients as required.  
 
 The transport provider must notify the ICEMA EMS Duty Officer 

(EMSDO) by e-mail whenever this process occurs.  The notification must 
include the name of the hospital, the number of units and the duration of the 
offload delay for each unit where an EMS crew will be caring for multiple 
patients.  
 

V. REQUIRED DOCUMENTATION 
 

 Documentation will be maintained on each patient via the ePCR. 
 

 Patient care information will be transferred to the monitoring EMS crew via 
electronic transfer to maintain continuity of documentation. 

 
 EMS providers using paper patient care reports (01As) will leave a 

completed green sheet with the EMS crew monitoring the patient. 
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