WRIVERSIDE COUNTY

EMS-_

AGENCY

PREHOSPITAL MEDICAL ADVISORY COMMITTEE MEETING AGENDA (PMAC)

PMAC MEMBERS PER POLICY 8202:

Air Transport Provider Representative
11-Kent McCurdy

American Medical Response
5-Douglas Key

This Meeting of PMAC is on:
Monday, October 22, 2018
9:00 AM to 10:30 AM
The Towers of Riverwalk
4210 Riverwalk Parkway, Riverside
First Floor Conference Rooms — Lemon and Orange

BLS Ambulance Service Representative
12-Lori Lopez

Cathedral City Fire Department
5-Justin Vondriska

Corona Regional Medical Center
1-Robert Steele, MD
4-Tamera Roy

County Fire Chiefs’ Non-Transport ALS Provid

10-Vacant

County Fire Chiefs’ Non-Transport BLS Provid

9-Phil Rawlings (Vice Chair)

Desert Regional Medical Center
1-Joel Stillings, D.O
4-Kristie Borba

Eisenhower Health
1-Mandeep Daliwhal, MD
4-Susan Young

EMT / EMT-P Training Programs
6-Maggie Robles

EMT-at-Large
13 David Olivas

Paramedic-at-Large
14-Sarah Coonan

Hemet Valley Medal Center
1-Todd Hanna, MD
4-Victoria Moor

Idyllwild Fire Protection District
5-Patrick Reitz

Inland Valley Regional Medical Center
1-Zeke Foster MD
4-Daniel Sitar

JFK Memorial Hospital
1-Troy Cashatt, MD
4- Molly Leddy

Kaiser Permanente Riverside
1-Jonathan Dyreyes, MD
4-Carol Fuste

CALL TO ORDER & HOUSEKEEPING (3 Minutes)
Misty Plumley

PLEDGE OF ALLEGIANCE (1 Minute)

| Zeke Foster, MD (Chair)

ROUNDTABLE INTRODUCTIONS (5 Minutes)

Zeke Foster, MD (Chair)

. APPROVAL OF MINUTES (3 Minutes)

July 23, 2018 Minutes— Zeke Foster, MD (Attachment A)

STANDING REPORTS

5.1. Trauma System—Shanna Kissel (Attachment B)

5.2. Stroke System— Dan Sitar (Attachment C)
5.3. STEMI System— Dan Sitar (Attachment D)

Other Reports
6.1. EMCC Report—KTristen Clements

DISCUSSION ITEMS, UNFINISHED & NEW BUSINESS (60 Minutes)
7.1. CQI Update — Lisa Madrid (Attachment E)

7.2. Education / Policy Update — Misty Plumley (Attachment F)

7.3. Provider Recognitions — REMSA Clinical Team / Trevor Douville

7.4. EMCC Physician Representation — Trevor Douville

7.5 Airway Management in Cardiac Arrest, Article Review— Dr. V. (Attach. G)
7.6 EMD Card 24 and 33 — Rafael Serrano, Michelle Buell (Attachment H)

7.7 Advanced Resuscitation Training, RVCFD Proposal — Chief Rawlings

7.8 2019 PMAC Schedule Approval — Misty Plumley (Attachment 1)

REQUEST FOR DISCUSSIONS

Members can request that items be placed on the agenda for discussion at the
following PMAC meeting. References to studies, presentations and supporting
literature must be submitted to REMSA three weeks prior to the next PMAC
meeting to allow ample time for preparation, distribution and review among
committee members and other interested parties.




Loma Linda University Med. Center Murrieta
1-Kevin Flaig, MD
4-Kristin Butler

Menifee Valley Medical Center
1-Todd Hanna, MD
4-Janny Nelsen

Kaiser Permanente Moreno Valley
1-George Salameh, MD
4-Katherine Heichel-Casas

Palo Verde Hospital
1-David Sincavage, MD
4-Carmelita Aquines

Parkview Community Hospital
1-Chad Clark, MD
4-Guillean Estrada

Rancho Springs Medical Center
1-Zeke Foster, MD (Chair)
4-Sarah Young

Riverside Community Hospital
1-Stephen Patterson, MD
4-Sabrina Yamashiro

Riverside County Fire Department
5-Scott Visyak
8-Tim Buckley

Riverside County Police Association
7-Sean Hadden

Riverside University Health System Med. Cente

1-Michael Mesisca, D
4-Kay Schulz

San Gorgonio Memorial Medical Center
1-Richard Preci, MD
4-Trish Ritarita

Temecula Valley Hospital
1-Pranav Kachhi, MD
4-Jacquelyn Ramirez

9. ANNOUNCEMENTS (15 Minutes)

10.

11.

This is the time/place in which committee members and non-committee
members can speak on items not on the agenda but within the purview of
PMAC. Each announcement should be limited to two minutes unless extended
by the PMAC Chairperson.

NEXT MEETING / ADJOURNMENT (1 Minute)
January 21, 2019—4210 Riverwalk Parkway First Floor Conference Rooms

CASE REVIEW SESSION (60 Minutes)

This is the time/place in which committee members and invited parties will
participate in case review of sentinel events, or cases that are part of trends in
patient care in the EMS System. Closed case review session for PMAC
members and invited personnel.

Trauma Audit Comm. & Trauma Program Managers

2-Frank Ercoli, MD
3-Charlie Hendra

Ex-officio Members:
1-Cameron Kaiser, MD, Public Health Officer

2-Reza Vaezazizi, MD, REMSA Medical Director

3-Bruce Barton, REMSA Director
4-Jeff Grange, MD, LLUMC

5-Phong Nguyen, MD, Redlands Community Hospital

6-Rodney Borger, MD, Arrowhead Regional Medical Center

Members are requested to please sit at the table with name plates in order to identify members for an accurate count of

votes

Please come prepared to discuss the agenda items. If you have any questions or comments, call or email Misty Plumley at (951) 201-
4705 / mplumley@rivco.org. PMAC Agendas with attachments are available at: www.rivcoems.org. Meeting minutes are audio

recorded to facilitate dictation for minutes.



http://www.rivcoems.org/
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PMAC Draft Minutes
July 23, 2018
TOPIC DISCUSSION ACTION

1. CALLTO ORDER

Misty Plumley called the meeting to order at
9:00 a.m. and reviewed housekeeping items
before turning the meeting over to PMAC
Chair Dr. Zeke Foster.

2. PLEDGE OF ALLEGIANCE

Dr. Zeke Foster led the Pledge of Allegiance.

3. ROUNDTABLE INTRODUCTIONS

Dr. Zeke Foster facilitated self-introductions.

4. APPROVAL OF MINUTES

The April 23,2018 PMAC
meeting minutes were
approved with no changes.

5. STANDING REPORTS

5.1 Trauma System Updates

EMSA approved TXA for Local Optional Scope
in March. Effective July 1%, TXA was removed
from trial study - 5801 and was replaced with
policy 4301 — Shock due to trauma, 4302 —
Traumatic injuries and added to the drug and
equipment list. A system advisory was sent
out regarding the changes. Dr. Vaezazizi
clarified further, the age for the patient was
adjusted to align with REMSA definition of an
adult patient, defined as 15 years or age or
older.

Ketamine trail study started April 1, 2018 and
to date there has been approximately 200
administrations. Ketamine was approved by
the Commission to be moved into local
optional scope, pending approval for REMSA.

ImageTrend trauma registry will be
implemented in 2019 for trauma centers.
Pre-hospital records will be able to link
through ImageTrend.

Information only.

5.2 Stroke System Updates

Dan Sitar announced public comment for
State Stroke regulations was re-opened for
another 15 days and will close on
Wednesday, July 25", REMSA will continue
to coordinate with ICEMA for a unified
response to turn in.

LAMS scale will be implemented in the Fall;
and LAMS score will not affect stroke
destinations. LAMS score will be used for
data collection and analysis.

Quarterly data collected from hospitals will
include expanded CSR/Coverdell data

Information only.
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elements. Meanwhile, the registry purchase
will be put on hold.

Stroke Committee agendas, meeting minutes
and draft quarterly reports can all be found
on WWW.remsa.us.

The next stroke meeting is on August 16
from 1:00 — 3:00 p.m., following the
coordinators meeting which will be held an
hour before.

5.3 STEMI System Updates

STEMI system update is the same as the
stroke system update.

Changes to policies regarding base contact
for STEMI patients and STEMI center
destination for OHCA patients will go live in
the Fall.

The next STEMI meeting is on Thursday, July
26" from 10:00 a.m. to noon, following the
coordinators meeting which will be held an
hour before.

Information only.

6. OTHER REPORTS

6.1 EMCC Report

Kristen announced EMCC did not meet and
there is nothing to report back at this time.

Information only.

7. DISCUSSION ITEMS, UNFINISHED
& NEW BUSINESS

7.1 CQl Update

CORE Measures were submitted by the
deadline on June 30™. Lisa will be sharing the
reports at the next PMAC meeting after
reviewing the State version and REMSA
version to verify for completeness and
unification. Dr. Vaezazizi pointed out areas
needed for improvement, which includes
quality of documentation and how to move
forward with fixing that problem.

The last CQILT meeting was on June 21% and
minutes posted on www.remsa.us. The next
CQILT meeting is on Thursday, September
20,

Information only.

7.2 Education/Policy Update

Fall protocol updates will have a stakeholder
comment phase of 21 days for comment and
review before Misty finalizes curriculum to
push out for September education and
training to complete by November. Training

PMAC members approved to
move forward with no
objections to: Administrative
policies: REMSA 3102, 3301,
9210 and Treatment



http://www.remsa.us/
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will be available online along with a few in
person.

Most of the Fall changes are administrative
policies, which includes REMSA 3102, 3301
and 9210 to add childbirth/neonatal
resuscitation in place of restraints for ALS
SCV. Treatment protocols include REMSA
4102, adapting patient types requiring BH
contact which includes all ROSC patients to
go to STEMI receiving locations regardless of
capnography reading, along with REMSA
4503, 4407 and 4702.

Protocols: REMSA 4102, 4503,
4407 and 4702.

7.3 CARES Data Review

Dr. Vaezazizi reviewed the CARES summary
report for Riverside County, in comparison to
California and Nationally. Overall, across the
board Riverside county fared closely to
California and Nationally in most criteria. A
few notable differences includes was an AED
applied, sustained ROSC and survival rate. All
of which will be identified further to improve
on closing the gaps.

Information only.

Dr. Vaezazizi requested input from PMAC on
their interest in push dose epinephrine for
hypotension patients. A training video was
shown on how crews mix and dilute the
medication into another syringe ready for use
when needed. There would be no drip or
further calculation beyond the newly created
syringe. Overall PMAC agreed it would be
beneficial to try including this method and to
include into protocol with specific patient
criteria. However, there were also concerns
with medication errors with diluting and
properly re-labeling the new syringes. Ideas
of pre-made push dose epi was brought up to
prevent medication errors.

Discussion only.

7.4 Provider Recognitions

Recognizing exceptional performance from
our providers; Misty and Lisa congratulated
and thanked first responders and their team
for exceptional service in patient care during
the Coachella Music Festival this past April in
Indio.

Awards of Excellence were given to the
recipients below:

Mike Wallace

Monica Pintus
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Cody Nickel, EMT

Casey Gnadt, EMT

Omar Castro, EMT

Michael Landry, EMT

Nicholas Graham, MEDIC

Shawn Gurren, Paramedic

Angela Wright, EMT

Gary Denham, Paramedic Supervisor

7.5 PMAC Membership Review

Misty will send out new member recruitment
for the Training Program Manager position.
Volunteers nominated will be brought to
PMAC for review at the next October
meeting.

8. REQUEST FOR DISCUSSIONS

There were no requests at this time.

9. ANNOUNCEMENTS

Kristie Borba announced she has stepped
down from PLN position at DRMC and Stanley
Hall will take on her role as PLN.

Information only.

10. NEXT MEETING/ADJOURNMENT

October 22, 2018
4210 Riverwalk Parkway First Floor
Conference Rooms.

Information only.
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FOR CONSIDERATION BY PMAC Page 1 of 1

DATE: October 22, 2018
TO: PMAC
FROM: Shanna Kissel, RN, Assistant Nurse Manager
SUBJECT: Trauma System
1. TXAis now in local optional scope of practice and included in policies 4301, 4302 and the drug

and equipment list. TXA data has been published in Western Journal of Emergency Medicine and
can be found at https://escholarship.org/uc/item/9f99{268.

2. Ketamine Trial study has been approved for local optional scope, pending final letter from
EMSA. Ketamine will move into affected policies in Spring 2019.

3. ImageTrend trauma registry is going through purchasing and plan to go live early 2019.

4. IVMC and RCH will be going through their ACS surveys in early November.

ACTION: PMAC should be prepared to receive the information and provide feedback to REMSA.


https://escholarship.org/uc/item/9f99j268

Attachment C
FOR CONSIDERATION BY PMAC Page 1 of 1

Date: October 22, 2018

TO: PMAC

FROM: Dan Sitar, Specialty Care Consultant, RN
SUBJECT: Stroke System

1. EMSA Stroke regulations were approved in September, need to go to OAL in December and
anticipating finalization Spring 2019.

2. LAMS scale was implemented on October 1. Stroke destination will not be affected by LAMS
score initially.

3. Stroke Committee agendas, meeting minutes, draft and final quarterly reports can all be
found on www.remsa.us site at this link: http://www.remsa.us/documents/programs/stroke

4. The next Stroke meeting will be held in the Vineyard A and B at 4210 Riverwalk Parkway, Suite
300 on November 29, 2018 from 1:00 to 3:00 PM.

Action: PMAC should be prepared to receive the information and provide feedback to the EMS Agency


http://www.remsa.us/

Attachment D
FOR CONSIDERATION BY PMAC Page 1of 1

Date: October 22, 2018

TO: PMAC

FROM: Dan Sitar, Specialty Care Consultant, RN
SUBJECT: STEMI System

1. EMSA STEMI regulations were approved in September, need to go to OAL in December and
anticipating finalization Spring 2019.

2. Changes to policies regarding base contact for STEMI patients and STEMI center destination
for OHCA patients went into effect October 1.

3. STEMI Committee agendas, meeting minutes, draft and final quarterly reports can all be
found on www.remsa.us site at this link: http://www.remsa.us/documents/programs/stemi

4. The next STEMI meeting is to be determined for 2019. Can be found on remsa.us calendar
once dates are confirmed.

Action: PMAC should be prepared to receive the information and provide feedback to the EMS Agency


http://www.remsa.us/
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FOR CONSIDERATION BY PMAC Page 1 of 1

DATE: October 8, 2018
TO: PMAC
FROM: Lisa Madrid, EMS Specialist

SUBJECT: CQl Update

The next CQILT meeting will be held on Thursday, December 20th, 2018 from 10:00 a.m. - noon. In
preparation for the next meeting, please review the draft minutes from the September 20th meeting.

The agenda and minutes for all previous meetings can also be accessed at REMSA.US

At the last CQILT meeting on September 20, 2018 we discussed the data that REMSA is requesting to
initiate a new CQl report that will begin in 2019. Your feedback and submissions are very important to
REMSA. Please click on the link below to submit your 2018 quarter 1 data and Image Trend comments
by October 31st, 2018.

Data submission is required for ALS providers only. Hospitals, please continue to use CARES registry as
your reporting forum. BLS providers, if you have feedback, please contact Lisa Madrid directly.

https://docs.google.com/forms/d/e/1FAIpQLSewUq8ttBbMI6jlcPkJ7Xm68D6bYrizM27tjQsTIMVVAtdKn
Q/viewform?usp=sf link

The link and more information can also be accessed at REMSA.US CQl page. Data submission should be
coordinated with REMSA as needed.

ACTION: Information only.


https://docs.google.com/forms/d/e/1FAIpQLSewUq8ttBbMl6jIcPkJ7Xm68D6bYrJzM27tjQsTJMVVAtdKnQ/viewform?usp=sf_link
https://docs.google.com/forms/d/e/1FAIpQLSewUq8ttBbMl6jIcPkJ7Xm68D6bYrJzM27tjQsTJMVVAtdKnQ/viewform?usp=sf_link

Attachment F
FOR CONSIDERATION BY PMAC Page 1 of 1

DATE: October 1, 2018
TO: PMAC
FROM:  Misty Plumley, Senior EMS Specialist

SUBJECT: Proposed Policy Changes

Proposed policy changes for 2019 have been compiled and will include:

. EMT Certification Changes
a. forJuly 2017 regulation transition training
b. lapsed certification process clarification
1. Paramedic Accreditation/Reverification
a. Lapsed certification process clarification
b. CA EMSA moving to online licensing
IIl. Push dose epinephrine
a. Shock due to trauma
b. Shock Not Due to Trauma
V. Ketamine addition to LOSOP
a. End of trial study
b. Integration of ketamine into traumatic injuries / burns

V. Discontinue Resuscitation criteria
a. List of criteria to stop resuscitation
VI. Cardiac Arrest

a. High performance CPR with psychomotor skills
b. Re-emphasizing HP CPR components

VII. Excited Delirium
a. Addition of specific verbiage requiring vital signs monitoring in a specific pattern.
VIIL. Review AMS Protocol to be aligned with EMDAC

a. Potential gaps:
i. REMSA 7401 12 Lead ECG performance criteria list
ii. COPD pulse oximetry reference of 88-92% not mentioned in our P&P
iii. Toxidrome specifics for:
1. Sympathomimetics/amphetamines
2. Sodium channel blocker OD

IX. MICN Authorization changes

X. STEMI Regulation impacts for 5401 (hospital classifications)
XI. Stroke Regulation impacts for 5701 (hospital classifications)
XIl. ALS IFT policy

ACTION: Information sharing, PMAC vote to confirm movement of proposed policy changes to
stakeholder comment phase.



Attachment G
FOR CONSIDERATION BY PMAC Page 1 of 1

DATE: October 1, 2018
TO: PMAC
FROM: REMSA Clinical Team

SUBJECT: Airway Management in Cardiac Arrest — Literature Review

Strategies for airway management in cardiac arrest have been reviewed in recent literature. Tactics from
PPV with the BVM, supraglottic airway placement (i.e. King or LMA), and endotracheal intubation have
been employed by EMS Systems and various EMS providers.

REMSA would like to review our strategies used for airway management in cardiac arrest and compare
them with recent literature reviews to align our data and standard of care.

Associated articles are attached for your review to frame our discussion.

ACTION: Information sharing, PMAC feedback during discussion will be requested.



Research

JAMA | Original Investigation

Effect of a Strategy of Initial Laryngeal Tube Insertion

vs Endotracheal Intubation on 72-Hour Survival in Adults
With Out-of-Hospital Cardiac Arrest

A Randomized Clinical Trial

Henry E. Wang, MD, MS; Robert H. Schmicker, MS; Mohamud R. Daya, MD, MS; Shannon W. Stephens, EMT-P; Ahamed H. Idris, MD;

Jestin N. Carlson, MD, MS; M. Riccardo Colella, DO, MPH; Heather Herren, MPH, RN; Matthew Hansen, MD, MCR; Neal J. Richmond, MD;
Juan Carlos J. Puyana, BA; Tom P. Aufderheide, MD, MS; Randal E. Gray, MEd, NREMT-P; Pamela C. Gray, NREMT-P; Mike Verkest, AAS, EMT-P;
Pamela C. Owens; Ashley M. Brienza, BS; Kenneth J. Sternig, MS-EHS, BSN, NRP; Susanne J. May, PhD; George R. Sopko, MD, MPH;

Myron L. Weisfeldt, MD; Graham Nichol, MD, MPH

Visual Abstract
IMPORTANCE Emergency medical services (EMS) commonly perform endotracheal intubation (ETI)
orinsertion of supraglottic airways, such as the laryngeal tube (LT), on patients with out-of-hospital
cardiacarrest (OHCA). The optimal method for OHCA advanced airway management is unknown.

= Editorial page 761

= Related article page 779
Supplemental content
CME Quiz at

jamanetwork.com/learning
and CME Questions page 834

OBJECTIVE To compare the effectiveness of a strategy of initial LT insertion vs initial ETI in
adults with OHCA.

DESIGN, SETTING, AND PARTICIPANTS Multicenter pragmatic cluster-crossover clinical trial
involving EMS agencies from the Resuscitation Outcomes Consortium. The trial included 3004
adults with OHCA and anticipated need for advanced airway management who were enrolled
from December 1, 2015, to November 4, 2017. The final date of follow-up was November 10, 2017.

INTERVENTIONS Twenty-seven EMS agencies were randomized in 13 clusters to initial airway
management strategy with LT (n = 1505 patients) or ETI (n = 1499 patients), with crossover
to the alternate strategy at 3- to 5-month intervals.

MAIN OUTCOMES AND MEASURES The primary outcome was 72-hour survival. Secondary
outcomes included return of spontaneous circulation, survival to hospital discharge,
favorable neurological status at hospital discharge (Modified Rankin Scale score =3), and key
adverse events.

RESULTS Among 3004 enrolled patients (median [interquartile range] age, 64 [53-76] years,
1829 [60.9%] men), 3000 were included in the primary analysis. Rates of initial airway success
were 90.3% with LT and 51.6% with ETI. Seventy-two hour survival was 18.3% in the LT group

vs 15.4% in the ETI group (adjusted difference, 2.9% [95% Cl, 0.2%-5.6%]; P = .04). Secondary
outcomes in the LT group vs ETI group were return of spontaneous circulation (27.9% vs 24.3%;
adjusted difference, 3.6% [95% Cl, 0.3%-6.8%]; P = .03); hospital survival (10.8% vs 8.1%;
adjusted difference, 2.7% [95% Cl, 0.6%-4.8%]; P = .01); and favorable neurological status at
discharge (7.1% vs 5.0%; adjusted difference, 2.1% [95% Cl, 0.3%-3.8%]; P = .02). There were no
significant differences in oropharyngeal or hypopharyngeal injury (0.2% vs 0.3%), airway
swelling (1.1% vs 1.0%), or pneumonia or pneumonitis (26.1% vs 22.3%).

CONCLUSIONS AND RELEVANCE Among adults with OHCA, a strategy of initial LT insertion was

associated with significantly greater 72-hour survival compared with a strategy of initial ETI.

These findings suggest that LT insertion may be considered as an initial airway management
strategy in patients with OHCA, but limitations of the pragmatic design, practice setting, and
ETI performance characteristics suggest that further research is warranted.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02419573

JAMA. 2018;320(8):769-778. doi:10.1001/jama.2018.7044

© 2018 American Medical Association. All rights reserved.

Downloaded From: by a University of California - Riverside User on 09/13/2018

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Henry E.
Wang, MD, MS, Department of
Emergency Medicine, The University
of Texas Health Science Center at
Houston, 6431 Fannin St, JJL 434,
Houston, TX 77030 (henry.e.wang
@uth.tmc.edu).
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Research Original Investigation

ut-of-hospital cardiopulmonary arrest (OHCA) af-

fects more than 350 000 adults in the United States

each year, with less than 10% surviving to hospital dis-
charge in 2016." In the United States and countries with ad-
vanced emergency medical services (EMS) systems, paramed-
ics commonly perform endotracheal intubation (ETI) on
patients with cardiac arrest to provide a direct conduit to the
lungs, facilitate controlled oxygenation, and protect the lungs
from aspiration of vomitus.

ETI plays a central but controversial role in contempo-
rary EMS care. More than 30 years ago, ETI became a stan-
dard US paramedic practice under the assumption that it
would improve OHCA outcomes. However, numerous stud-
ies have highlighted the challenges of paramedic ETI,
including significant rates of unrecognized tube misplace-
ment or dislodgement, need for multiple ETI attempts,
and ETI insertion failure.?** ETI has also been associated
with iatrogenic hyperventilation and chest compression
interruptions.®-® Furthermore, opportunities for EMS ETI
training and skills maintenance are limited in the United
States, with many paramedics performing only 1 live proce-
dure annually.”

Alternatives to ETI include supraglottic airway (SGA)
devices including the laryngeal mask airway, esophageal-
tracheal combitube, i-gel, and laryngeal tube (LT). Compared
with ETI, SGA insertion is rapid, simple, and requires less
training, while offering ventilatory characteristics that are
similar to ETI.® While traditionally reserved for contingency
use in the event of unsuccessful ETI efforts, SGA insertion
has been incorporated by many EMS agencies as the primary
method of ventilation during OHCA resuscitation. However,
multiple observational studies reported better outcomes
associated with ETT compared with SGAs.>!!

To date, few randomized clinical trials have compared
ETI with other airway techniques in OHCA.?* This Resus-
citation Outcomes Consortium Pragmatic Airway Resuscita-
tion Trial (PART) compared the effectiveness of initial LT
and initial ETI strategies on outcomes in adult OHCA.

Methods

Design

We conducted a multicenter cluster-crossover randomized
trial. The trial methods have been previously reported,
and the trial protocol is available in Supplement 1.'* The insti-
tutional review boards of the participating institutions
approved the trial under federal rules for conduct of emer-
gency research under Exception From Informed Consent
(21 CFR 50.24). Participating sites satisfied all requirements
for this, including community consultation, public disclo-
sure, and notification of patient, family members, or legally
authorized representatives of enrollment.

Funding

The trial was funded by a National Heart, Lung, and Blood
Institute (NHLBI) program supporting large-scale, low-cost
pragmatic clinical trials.'® This required following stipulated

JAMA August 28,2018 Volume 320, Number 8

Initial Laryngeal Tube Insertion vs Endotracheal Intubation Survival in Out-of-Hospital Cardiac Arrest

Key Points

Question What is the effect of an initial airway management
strategy using laryngeal tube insertion, compared with
endotracheal intubation, on survival among adults

with out-of-hospital cardiac arrest?

Findings In this cluster-crossover randomized trial of 3004 adults
with out-of-hospital cardiac arrest, 72-hour survival was 18.3% for
laryngeal tube insertion and 15.4% for endotracheal intubation,

a significant difference.

Meaning A strategy of initial laryngeal tube insertion, compared
with endotracheal intubation, was associated with greater
likelihood of 72-hour survival, but given limitations in study design
and findings, additional research is warranted.

pragmatic trial principles, the use of existing research infra-
structure, adherence as much as possible to existing clin-
ical practice, and focus on describing outcomes rather than
explanatory mechanisms. The Pragmatic-Explanatory
Continuum Indicator Summary 2 (PRECIS-2)!” wheel for
the trial is provided in eAppendix 1 in Supplement 2. The
capped funding amount constrained the potential number
of enrolled patients.

Data and Safety Monitoring

A trial-appointed study monitoring committee monitored
EMS agency and regional center protocol compliance and
data reporting. An NHLBI-appointed data and safety moni-
toring board approved the protocol, monitored the safety
and interim results of the trial, and made recommendations
for its continuation or suspension.

Study Setting and Organization

The trial included 27 EMS agencies associated with US sites
of the Resuscitation Outcomes Consortium, a North Ameri-
can multicenter network funded by the NHLBI to conduct
clinical trials of therapies for OHCA and major trauma
(eTable 1 in Supplement 2). The University of Alabama at
Birmingham and the University of Washington Clinical
Trials Center functioned as the respective clinical and data
coordinating centers for the trial.

Selection of Patients

The trial included adults (age >18 years or per local interpre-
tation) with nontraumatic OHCA treated by participating
EMS agencies and requiring anticipated ventilatory support
or advanced airway management (eAppendix 2 in Supplement
2). Patients who received initial clinical care by EMS agen-
cies with ETI or SGA insertion capabilities and that were not
affiliated with the trial were excluded.

Interventions

The trial randomized EMS agencies to either of 2 initial
advanced airway management strategies: initial LT inser-
tion or initial orotracheal ETI (eFigure 1 in Supplement 2).
Although a variety of SGA devices are available, only LT
insertion was allowed because it is the most commonly
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used SGA in the United States. The protocol allowed the use
of neuromuscular blocking agents or video laryngoscopy
but not other techniques (eg, nasotracheal intubation) for
initial intubation efforts.

The protocol did not prescribe or limit the number of
initial LT or ETI insertion attempts. If the initial LT/ETI
insertion efforts were unsuccessful, EMS personnel per-
formed rescue airway management using any available air-
way technique, including bag-valve-mask (BVM) ventila-
tion, ETI (including alternate ETI techniques such as nasal
or digital intubation), insertion of LT or another SGA device,
or needle jet ventilation or cricothyroidotomy. EMS person-
nel followed local protocols for confirmation of airway
placement and management of OHCA, including field termi-
nation of resuscitation efforts. Patients receiving BVM venti-
lation only (without any LT or ETI attempts) were retained
in their assigned treatment group per intention-to-treat
principles. The trial did not prescribe clinical care at the
receiving hospitals, including the use or replacement of the
EMS airway, the provision of targeted temperature manage-
ment, percutaneous coronary intervention, or the timing of
withdrawal of life-sustaining therapy.'®

While ETT is almost exclusively an advanced life support
skill, basic life support clinicians at the Milwaukee and Port-
land sites had been trained in LT insertion.'®-2° When these EMS
agencies were assigned to LT, select basic life support-only cli-
nicians performed initial LT insertion. When assigned to ETI,
these clinicians performed BVM ventilation until advanced life
support arrival.

Randomization

The trial used cluster randomization with crossover. We
grouped the 27 EMS agencies into 13 randomization clus-
ters. Each cluster selected an a priori crossover interval of 3
or 5 months. Based on each cluster’s selected crossover
interval and projected duration of trial participation, the
lead statistician created a detailed a priori randomization
plan (complete with crossover dates and assigned interven-
tions), with the goal of achieving balance within and across
sites at the end of the trial. Within each cluster, treatment
assignments for consecutive intervals were computer-
randomized in blocks of 2 to ensure balanced exposure to
both airway groups. Crossovers between study groups could
occur more than once.

Practical factors influenced the execution of the ran-
domization. We provided crossover notifications to each
cluster at least 1 month prior to the scheduled crossover
date, aiming to initiate crossovers on the first day of a calen-
dar month. We allowed EMS agencies to align crossover
dates with training sessions, avoid weekends, and avoid
crossovers during the last month of the trial. Some clusters
experienced delays in start-up, which required adjustments
of planned crossover dates (but not randomization groups).
If clinicians from more than 1 participating EMS agency
were present on scene, the first arriving unit determined the
study treatment assignment.

Among the 56 random cluster treatment group assign-
ments, we made 2 crossover adjustments to achieve bal-
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anced enrollment between study groups. Enrollment in 1
cluster exceeded projections; we instructed this cluster to
carry out 1 additional crossover. One agency ended partici-
pation in the trial prior to study completion; to compensate,
we instructed another cluster to defer its final crossover.
These decisions regarding changes to cluster crossover tim-
ings were made without knowledge of outcome data by ran-
domization cluster.

Outcomes

The primary outcome was survival to 72 hours after
the index arrest, determined from hospital or (in cases of
field termination of resuscitation) EMS records (eTable 2
in Supplement 2). We chose this outcome because it re-
quires a smaller sample size than traditional outcomes
(eg, survival to hospital discharge) and accommodated key
elements of standard postarrest care such as therapeutic
hypothermia (targeted temperature management), early per-
cutaneous coronary intervention, and delay of neurological
assessment.'®2! Secondary trial outcomes included (1) return
of spontaneous circulation (presence of palpable pulses
on emergency department arrival), (2) survival to hos-
pital discharge, and (3) favorable neurological status on
hospital discharge (Modified Rankin Scale score <3).
Other secondary outcomes included EMS airway manage-
ment course and hospital adverse events. Research coordi-
nators ascertaining clinical outcomes were not blinded to
the study intervention.

While postulated mechanisms influencing OHCA out-
comes following advanced airway management include chest
compression interruptions and hyperventilation, the prag-
matic nature of the trial precluded the formal collection and
analysis of chest compression and ventilation data.®-2223

Study Compliance Benchmarks

Benchmarks used by the study monitoring committee for as-
sessing EMS agency performance in the trial are listed in eAp-
pendix 3 in Supplement 2.

Data Analysis

We estimated the sample size based on the expected fre-
quency of 72-hour survival (eAppendix 4 in Supplement 2).
Because we could not identify any prior reports of 72-hour
survival after OHCA, we used data from the ROC PRIMED
trial.?42> After limiting this analysis to US sites with active
use of SGA, we estimated baseline 72-hour survival rates of
16.2% for ETI and 11.1% for SGA, suggesting a potential
effect size of 5.1%. By study team consensus, we selected a
more conservative value of 4.5% as the difference to power
the study.

To account for patients receiving BVM only, we in-
creased the baseline LT survival rate to 13.7%. We designed
the trial to have 85% power to detect a 4.5% difference in
72-hour survival, assuming an overall 2-sided a = .05,
adjusting for number of analyses (3 interim and 1 final) and
accommodating up to a 5% loss of precision due to cluster
randomization with crossover. While the projected mini-
mum sample size was 2612 patients (1306 per group) to
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allow for exclusions, loss to follow-up, and patients treated
with BVM only, we aimed to enroll a total of 3000 patients.
Trial-stopping boundaries followed asymmetric 2-sided
designs based on the unified family of group sequential
stopping rules.?%2?7

We analyzed the primary and secondary outcomes
on intention-to-treat bases. In cases where rescuers used
only BVM (without ETI or LT insertion), we retained the
patient in their assigned randomization. To quantify
the treatment effect, we used generalized estimating equa-
tions (GEEs) with an identity link and robust standard
errors, accounting for randomization cluster and number of
interim analyses.

We assessed whether the association of airway man-
agement strategy with the primary outcome differed by
a priori-defined subgroups, including initial cardiac
rhythm, bystander-witnessed arrest, EMS response time,
basic life support unit capability of LT insertion, time of air-
way placement after first rescuer arrival on scene, use of
neuromuscular blocking agents before or during airway
insertion efforts, age, use of video laryngoscopy, use of BVM
ventilation only, and airway placement after return of spon-
taneous circulation. We assessed the influence of these fac-
tors by evaluating each (intervention by subgroup) interac-
tion term in the primary model.

To assess the effect of deviations from random assign-
ment, we conducted a per-protocol analysis, retaining only
cases in compliance with their assigned airway group (eg, as-
signed to ETI and received ETI or BVM). We considered in-
stances of BVM only to be compliant with the protocol be-
cause the expected course of airway management may entail
BVM ventilation.

To assess the effect of unbalanced randomization
within clusters, we conducted post hoc GEE analyses of the
intention-to-treat and per-protocol populations, adjusting
for age, sex, bystander- or EMS-witnessed arrest, time to
EMS arrival, bystander chest compressions, and initial car-
diac rhythm. We repeated post hoc analysis of the intention-
to-treat population with a hierarchical model (patients
nested within EMS agency and EMS agency nested within
randomization cluster) and a model with randomization
cluster as a fixed effect. We examined the effect of random-
ization order (LT first vs ETI first) by fitting a treatment by
order interaction term. We also conducted as-treated analy-
ses, classifying each case to 1 of 3 groups according to air-
way technique received: LT, ETI, and BVM or other. We lim-
ited as-treated comparisons to LT vs ETI.

Missing data were flagged on data entry and reviewed
by data entry staff for accuracy. We treated “unknown”
variable categories as informative and included these as
separate factors in the GEE models. We considered missing
baseline data to be missing completely at random for post
hoc GEE models; we did not impute values. Patients with
missing data in any of the adjustment variables were
excluded from the model. We used 2-sided tests with an a of
.05 as the threshold for statistical significance. We con-
ducted all analyses using the statistical package R version
3.2.5 (The R Foundation).
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Results

Patient Characteristics
The trial enrolled patients from December 1, 2015, through No-
vember 4, 2017. The duration of enrollment for each cluster
ranged from 11 to 23 months (eFigure 2 in Supplement 2). En-
rollment clusters crossed over between interventions 1 to 6
times. Of 3840 screened patients, 3004 were included; 1505
assigned toinitial LT and 1499 assigned to initial ETI (Figure).
The proportion of LT and ETI assignments varied across ran-
domization clusters (eFigure 3 in Supplement 2).

Baseline patient and airway management characteristics
are provided in Table 1 and eTable 3 in Supplement 2.
LT and ETI protocol compliance (initial attempt with as-
signed airway or use of BVM only) were 95.5% and 90.7%, re-
spectively. Elapsed time from first EMS arrival to airway start
was shorter for LT than ETI (median, 9.8 vs 12.5 minutes). Ini-
tial LT and ETI success rates (excluding BVM) were 90.3%
and 51.6%. Overall LT and ETI airway success rates (ini-
tial + rescue airway attempts) were 94.2% and 91.5%, respec-
tively. Clinicians at receiving emergency departments con-
verted 64.4% of EMS LT to ETI. Among patients receiving
successful EMS ETI, emergency department clinicians per-
formed repeat ETIin 33.1%. Outcomes of initial and rescue air-
way interventions are presented in eFigure 4 in Supplement 2.

A total of 352 patients received BVM only without any
advanced airway insertion efforts. Reported reasons for the
use of BVM only included the patient regaining conscious-
ness (29.3%), death prior to airway insertion attempts
(14.2%), jaw clenching (trismus, 11.9%), adequate ventila-
tion with BVM (9.9%), arrival at emergency department
prior to airway insertion efforts (7.7%), and other (8.8%)
(eTable 4 in Supplement 2).

Primary Outcome

Seventy-two-hour survival was unknown for 4 patients (0.1%).
Among the remaining patients, 72-hour survival was 18.3% in
the LT group vs 15.4% in the ETI group; accounting for ran-
domization cluster and interim analyses, this difference was
2.9% (95% CI, 0.2%-5.6%; P = .04; relative risk, 1.19 [95% CI,
1.01-1.39]) (Table 2).

Secondary Outcomes

Secondary outcomes in the LT group vs ETI group were
return of spontaneous circulation (27.9% vs 24.3%; adjusted
difference, 3.6% [95% CI, 0.3%-6.8%]; P = .03), hospital sur-
vival (10.8% vs 8.1%; adjusted difference, 2.7% [95% CI,
0.6%-4.8%; P = .01), and favorable neurological status at dis-
charge (7.1% vs 5.0%; adjusted difference, 2.1% [95% CI,
0.3%-3.8%] P = .02). There were no statistically significant
differences in treatment effects in 72-hour survival among
a priori-defined subgroups (eFigure 5 in Supplement 2).

Additional Analyses

In the per-protocol group, 72-hour survival was greater for LT
than ETI (18.3% vs 15.4%; risk difference, 2.9% [95% CI, 0.1%-
5.7%]; P = .045).
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Figure. Flow of Patients in the Pragmatic Airway Resuscitation Trial

27 EMS agencies
13 Randomization clusters

1

- 56 Cluster enrollment '
periods randomized?

30 Periods randomized to initial LT
20 3-mo Duration
8 5-mo Duration
2 Other duration
1968 Patients screened (median, 53;
range, 2-296/enrollment period)

26 Periods randomized to initial ETI
17 3-mo Duration
7 5-mo Duration
2 Other duration
1872 Patients screened (median, 45;
range, 6-587/enrollment period)

463 Patients excluded®
248 Care by non-PART agency
capable of advanced airway
placement
151 Preexisting conditions®
33 Protected population
68 Otherd

373 Patients excluded®
190 Care by non-PART agency
capable of advanced airway
placement
127 Preexisting conditions®
16 Protected population
74 Otherd

1505 Patients assigned to initial LT
1285 Received LT®
152 Received BVM®
67 Received ETIf
1 Received other unknown
airway’

1499 Patients assigned to initial ETI
1160 Received ETI®
200 Received BVM®
138 Received LT
1 Received other unknown
airway’

|

|

1505 Initial LT patients included
in the primary analysis
0 Excluded (72-h survival not known)

1495 Initial ETI patients included
in the primary analysis
4 Excluded (72-h survival not known)

Randomization of clusters and screening and inclusion of patients in the trial.

EMS indicates emergency medical services; ETI, endotracheal intubation;

LT, laryngeal tube; PART, Pragmatic Airway Resuscitation Trial.

2 Cluster enrollment periods depicted in eFigure 2 in Supplement 2.
Twenty-seven EMS agencies were grouped into 13 randomization clusters,
with each cluster selecting an a priori crossover interval of 3 or 5 months.

bScreened patients may have been excluded for more than 1reason.

¢ Preexisting conditions include preexisting tracheostomy; preexisting

do-not-attempt-resuscitation orders; patient with advanced airway inserted
prior to EMS arrival; patients with left ventricular assist device or total artificial
heart; and patients with a do-not-enroll bracelet.

9 0Other exclusions include major bleeding or exsanguination, obvious asphyxial
cardiac arrest, interfacility transports, and traumatic etiology of arrest.

€ Protocol compliance.
f Protocol deviation.

Adverse events are summarized in Table 3. Compared with
LT, patients in the ETI group were more likely to experience 3
or more airway insertion attempts (18.9% vs 4.5%). Unsuc-
cessful initial airway insertion was higher for ETI than LT (44.1%
vs 11.8%). Unrecognized airway misplacement or dislodge-
ment was higher for ETI than LT (1.8% vs 0.7%). EMS person-
nel reported inadequate ventilation more often in LT than ETI
(1.8% vs 0.6%). Pneumothoraces (7.0% vs 3.5%) and rib frac-
tures (7.0% vs 3.3%) were more common with ETI than LT.
There were no significant differences in oropharyngeal or hy-
popharyngeal injury (0.2% vs 0.3%), airway swelling (1.1% vs
1.0%), or pneumonia or pneumonitis (26.1% vs 22.3%) in the
LT vs ETI groups.

Post-Hoc Analyses

In the intention-to-treat population, after post hoc adjust-
ment for age, sex, initial cardiac rhythm, response time, wit-
nessed status, and bystander chest compressions, the differ-
ence in 72-hour survival between LT and ETI was not

jama.com

statistically significant (adjusted difference, 2.1% [95% ClI,
-0.5% t0 4.8%]; P = .11; Table 2). In a hierarchical model with
patients nested within agency and agency nested within ran-
domization cluster and applying independent correlation struc-
ture, the difference in 72-hour survival between LT and ETI
was 1.8% (95% CI, -0.9% to 4.5%). In a linear regression model
with randomization cluster included as a fixed effect, the dif-
ference in 72-hour survival between LT and ETI was 1.5% (95%
Cl, -1.2% to 4.3%).

When stratifying by order of randomization (LT first or ETI
first), the differences in 72-hour survival were 2.5% (95% CI,
-0.9% to 5.9%) for LT first and 3.6% (95% CI, -0.9% to 8.2%)
for ETI first (interaction P = .69). After post hoc multivariable
adjustment, the difference in 72-hour survival in the per-
protocol analysis was not statistically significant (adjusted dif-
ference, 2.3% [95% CI, —-0.4% t0 5.1%]; P = .09; Table 2).

In the as-treated analysis, the initial airway devices used
on enrolled patients were ETTin 1224 patients, LT in 1423, and
BVM or other in 354; there was no significant difference in
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Table 1. Characteristics of Patients Included in Intention-to-Treat Population

Endotracheal
Laryngeal Tube Intubation
Characteristic (n = 1505) (n = 1499)
Age, median (IQR), y 64 (53-76) 64 (53-76)
Male, no./total No. (%) 928/1503 (61.7) 901/1499 (60.1)
Witnessed arrest, no./total No. (%) n=1357 n=1399
EMS witnessed 180 (13.3) 179 (12.8)
Bystander witnessed 511 (37.7) 529 (37.8)
Not witnessed 666 (49.1) 691 (49.4)
Unknown? 148 (9.8) 100 (6.7)
Bystander chest compressions, no./No. (%) n=1258 n=1279
Yes 698 (55.5) 709 (55.4)
No 560 (44.5) 570 (44.6)
Unknown? 247 (16.4) 220 (14.7)
Time from dispatch to first arrival of EMS
Median (IQR), min 5.0 (3.9-6.3) 5.3 (4.1-6.8)
<4 min, no./total No. (%) 408/1444 (28.3) 305/1405 (21.7)
Unknown 61 (4.1) 94 (6.3)
Time between EMS arrival and start
of chest compressions
Median (IQR), min 2.1(1.1-3.8) 2.1(1.0-3.7)

<10 min, no./total No. (%)

First electrocardiogram rhythm, no./total No. (%)

Shockable rhythm (ventricular fibrillation, 301 (20.0)

ventricular tachycardia, or delivery

of AED shock)

Nonshockable (asystole, pulseless 1160 (77.1)

electrical activity, or AED nonshockable)

Other 44 (2.9)
Epinephrine administered before hospital arrival, 1385 (92.0)
no./total No. (%)

Compliance with assigned airway intervention, 1437 (95.5)
no./total No. (%)°
Transported to hospital, no./total No. (%) 906 (60.2)

Hospital procedures, no./total No. (%)
Therapeutic hypothermia
Coronary catheterization

Patients per randomization cluster?
Mean 116

Median (range) 94 (3-314)

1243/1347 (92.3)

242/460 (52.6)
109/460 (23.7)

1189/1279 (93.0)

270 (18.0)
1197 (79.9) Abbreviations: AED, automated
external defibrillator;
32(2.1) EMS, emergency medical
1405 (93.7) services; IQR, interquartile range.
2 For "unknown" values, denominator
1360 (90.7) is total cases in group.
b Episodes were considered
889 (59.3) compliant if the randomized airway

was initially attempted or if only
bag-valve-mask was used. Episodes
were considered noncompliant if
another airway device was used.

185/400 (46.3)
73/400 (18.3)

¢ Percentage of those transported
115 to hospital and survived for

atleast 1hour.

66 (12-382) dTotal of 13 randomization clusters.

72-hour survival between those receiving initial LT and ini-
tial ETI (16.0% Vs 13.5%; P = .07) (eTable 5 in Supplement 2).

Treatment effects varied among randomization clusters
(eFigure 6 in Supplement 2) and EMS agencies (eFigure 7 in
Supplement 2) and showed a tendency toward favoring LT only
in clusters with lower baseline ETI survival.

The primary outcome (72-hour survival) was missing for
4 of 3004 enrolled patients (0.1%), all assigned to ETI.
Because of the low number of missing cases, we did not
apply multiple imputation. Among the 4 patients with miss-
ing 72-hour outcome, there were 16 possible combinations of
72-hour survival; only 1 (all 4 patients surviving to 72 hours)
would have altered the primary trial results. Given the
observed 15.4% 72-hour survival rate in the ETI group, the
probability of all 4 cases surviving to 72 hours was 0.06%.

JAMA August 28,2018 Volume 320, Number 8
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Discussion

In this trial of 3004 adults with OHCA, a strategy of initial
LT was associated with modest but significantly greater
72-hour survival than a strategy of initial ETI. There were
also statistically significant associations with survival to
hospital discharge and favorable neurological status at hos-
pital discharge that favored the LT group. The trial offers
preliminary observations that may potentially guide EMS
airway management practices and serve as the basis for
future research.

The trial demonstrated the effectiveness of an LT-based
strategy of advanced airway management, not the efficacy of
the LT airway device. OHCA resuscitation requires the careful
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Table 2. Outcomes of Patients Included in the Primary and Secondary Analyses

No. (%)
Endotracheal
Laryngeal Tube Intubation Difference,

Characteristic (n = 1505) (n = 1499) % (95% Cl)? P Value
Primary Outcome
Survival to 72 h (intention-to-treat population) 275 (18.3) 230/1495 (15.4) 2.9 (0.2t0 5.6) .04
Secondary Outcomes
Return of spontaneous circulation 420 (27.9) 365 (24.3) 3.6 (0.3t06.8) .03
on emergency department arrival
Survival to hospital discharge 163/1504 (10.8) 121/1495 (8.1) 2.7 (0.6 to 4.8) .01
Favorable neurologic status at discharge 107/1500 (7.1) 75/1495 (5.0) 2.1(0.3t03.8) .02
(Modified Rankin Scale score <3)
Modified Rankin Scale score n=1500 n = 1495

0-No symptoms 17 (1.1) 14 (0.9)

1-No significant disability 32 (2.1) 29 (1.9)

2-Slight disability 22 (1.5) 12 (0.8)

3-Moderate disability 36 (2.4) 20 (1.3)

4-Moderately severe disability 26 (1.7) 24 (1.6)

5-Severe disability 26 (1.7) 22 (1.5)

6-Dead 1341 (89.4) 1374 (91.9)
Additional Analyses
Per-protocol analysis-survival to 72 h 263/1437 (18.3) 209/1356 (15.4) 2.9(0.1t05.7) .045
Intention-to-treat post hoc adjusted analysis® 2.1 (-0.5 t0 4.8) 11
Per-protocol post hoc adjusted analysis® 2.3(-0.4t05.1) .09

2 For the primary analysis, the estimated difference in 72-hour survival
accounted for interim monitoring and clustering via robust standard errors.
All other comparisons accounted for clustering.

b Post hoc analyses adjusted for age, sex, rhythm, response time, witness
status, and bystander chest compressions. A total of 163 patients were
omitted from post hoc models due to missing data.

Table 3. Out-of-Hospital and In-Hospital Adverse Events®

Endotracheal
Laryngeal Tube Intubation
Characteristic (n = 1505) (n = 1499)

Out-of-Hospital Adverse Events
Multiple (23) insertion attempts®
Initial airway 6/1353 (0.4)

61/1353 (4.5)

18/1299 (1.4)
Across all airways
Unsuccessful insertion®
First airway technique 159/1353 (11.8)
78/1353 (5.8)

10/1353 (0.7)

All airway techniques 111/1299 (8.5)

Unrecognized airway misplacement 24/1299 (1.8)

or airway dislodgement

Inadequate ventilation 25/1353 (1.8) 8/1299 (0.6)

245/1299 (18.9)

573/1299 (44.1)

In-Hospital Adverse Events

Pneumothorax (first chest x-ray)© 17/485 (3.5) 30/428 (7.0)

Rib fractures (first chest x-ray)© 16/485 (3.3) 30/428 (7.0)
Oropharyngeal or hypopharyngeal injury 1/460 (0.2) 1/400 (0.3)
(first 24 h)d

Airway swelling or edema (first 24 h)4 5/460 (1.1) 4/400 (1.0)

Pneumonia or aspiration pneumonitis

120/460 (26.1)
(first 72 h)d

89/400 (22.3)

Difference,
% (95% Cl) P Value
-0.9 (-1.7 to -0.2) .01
-14.4(-17.0to-11.7)  <.001
-32.4(-35.6t0-29.1) <.001
2 Out-of-hospital adverse events
2 B 0L o were based on emergency medical
-1.1(-2.0to0 -0.3) .01 services personnel reports.
In-hospital adverse events were
1.2 (0.3t02.1) .01 determined from review of
medical records.
-3.6 (-6.5 t0 -0.7) 02 b Excludes cases receiving
bag-valve-mask ventilation only.
-3.8 (6.9 to -0.7) .01 .
€ Includes patients who were
0(-0.7t0 0.6) 92 admitted to emergency department
and underwent a chest x-ray.
0.1(-1.3t0 1.4) .90 d .
Includes patients who were
3.7(-2.1t09.6) 21 admitted to emergency department

and survived for at least 1hour.

coordination of multiple interventions, including initiation
and maintenance of chest compressions, controlled ventila-
tion, vascular access, drug administration, and defibrillation.
The simpler LT technique may better integrate with and
facilitate these other treatments. Although the 2 groups
reported similar procedural duration, the elapsed time from

jama.com

EMS arrival to first airway attempt was 2.7 minutes shorter in
the LT than ETI group. Also, LT required fewer insertion
attempts than ETI. This pragmatic trial did not assess mecha-
nisms underlying the effect of airway type on chest compres-
sion quality (in particular, chest compression continuity),
which may potentially influence OHCA outcomes.>%®
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The ETI success rate of 51% observed in this trial is lower
than the 90% success rate reported in a meta-analysis.?° The
reasons for this discordance are unclear. Prior reports of higher
success rates may be susceptible to publication bias. Another
possibility is that some medical directors encourage early res-
cue SGA use to avoid multiple unsuccessful intubation at-
tempts and to minimize chest compression interruptions.® Few
of the study EMS agencies had protocols limiting the number
of allowed intubation attempts, so the ETI success rate was not
the result of practice constraints. While the ETI proficiency of
study clinicians might be questioned, the trial included a di-
verse range of EMS agencies and likely reflects current prac-
tice. Itisnot clear whether clinicians with more advanced ETI
skills or experience would have altered these results. How-
ever, this pragmatic trial highlights the outcomes of care re-
sulting from existing EMS airway clinical and training prac-
tices; supplementing the trial with specialized airway
management training would have limited the generalizabil-
ity of the findings.

Some limitations of a cluster-crossover design include
imbalance in patient allocation, group baseline characteris-
tics, and variations in within-cluster treatment effects.
Post hoc adjustment for these factors influenced the
observed associations with 72-hour survival, underscoring
the importance of even small imbalances. Post hoc analyses
also suggested that the benefit of LT may have been ampli-
fied in clusters with lower baseline ETI 72-hour survival. The
reasons for these intercluster differences are unknown. Post
hoc analyses are extremely difficult to interpret in the con-
text of a clinical trial. While cluster-crossover designs have
been successfully used in trials enrolling patients with OHCA,
additional study must evaluate the nuances of this approach
in the context of airway management.?%-30

These results contrast with prior studies of OHCA air-
way management. Observational studies have reported
higher survival with ETI than SGA, but they were nonran-
domized, included a range of SGA types, and did not adjust
for the timing of the airway intervention.®-19-313% A trial of
830 children found no difference in survival or neurological
outcomes between those randomized to BVM-only ventila-
tion vs BVM+ETI, but the study occurred in 1994-1997, used
clinicians who were newly trained in pediatric ETI, and
included a range of medical conditions in addition to
OHCA.'2 A recent trial of 2043 adult OHCA cases in France
and Belgium found no OHCA survival differences between
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BVM and ETI, but care was rendered by physician-staffed
EMS units, a model less common in the United States and
countries with similar paramedic-based EMS systems.3>
In the United Kingdom, enrollment has been completed in
Airways-2, a trial comparing i-gel SGA with ETI on OHCA
outcomes.3® The current trial focused on LT, which is more
commonly used in the United States.

While prior studies suggest higher survival with BVM
than with advanced airway devices, similar inferences
should not be made based on the as-treated analysis of this
trial. The BVM-only group exhibited higher rates of wit-
nessed arrest, bystander chest compressions, and shockable
rhythms than LT or ETI, and almost a third regained con-
sciousness prior to advanced airway intervention, suggesting
influence from resuscitation time bias.?” These and other
biases cannot be overcome by post hoc analytic techniques.
A randomized trial comparing BVM and LT would be needed
to assess their relative efficacy.

Limitations

This study has several limitations. First, the pragmatic trial
evaluated strategies of LT and ETI under existing clinical pro-
tocols and educational practices without additional training
or quality improvement monitoring. Second, the stipulations
of the grant award influenced many elements of the study
design such as limiting the available sample size. Third, the
trial could not assess the influence of chest compression or
ventilation quality. Fourth, the trial focused on LT use and
not other SGAs. Fifth, many elements of the trial were not
blinded, including the interventions, allocation, crossover
timings, and outcomes ascertainment, and adjustments were
made to the crossover plan to balance allocation. Sixth, these
results pertain to the out-of-hospital environment and may
not apply to the in-hospital setting.

. |
Conclusions

Among adults with OHCA, a strategy of initial LT insertion was
associated with significantly greater 72-hour survival com-
pared with a strategy of initial ETI. These findings suggest that
LT insertion may be considered as an initial airway manage-
ment strategy in patients with OHCA, but limitations of the
pragmatic design, practice setting, and ETI performance char-
acteristics suggest that further research is warranted.
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Association of Prehospital Advanced Airway
Management With Neurologic Outcome
and Survival in Patients With
Out-of-Hospital Cardiac Arrest
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UT-OF-HOSPITAL CARDIAC
arrest (OHCA) is a major
public health problem, oc-
curring in 375000 to
390 000 individuals in the United States
each year.! The rate of survival after
OHCA has increased with advances in
care via initiatives such as the Ameri-
can Heart Association’s 5-step Chain of
Survival.2 However, the rate is still low,
with recent estimates reporting 8% to
10%.%? Better survival has been asso-
ciated with the improvement in early
access to emergency medical care, early
cardiopulmonary resuscitation (CPR),
rapid defibrillation, and integrated post—
cardiac arrest care.® Early advanced life
support is often considered of benefit
in that it provides intravenous drug
therapy and advanced airway manage-
ment.®
Although advanced airway manage-
ment, such as endotracheal intuba-
tion or insertion of supraglottic air-
ways, has long been the criterion
standard for airway management of pa-
tients with OHCA,” recent studies have
challenged the survival benefit of ad-
vanced airway management com-
pared with conventional bag-valve-
mask ventilation in this clinical

For editorial comment see p 285.

Importance It is unclear whether advanced airway management such as endotra-
cheal intubation or use of supraglottic airway devices in the prehospital setting im-
proves outcomes following out-of-hospital cardiac arrest (OHCA) compared with con-
ventional bag-valve-mask ventilation.

Objective To test the hypothesis that prehospital advanced airway management is
associated with favorable outcome after adult OHCA.

Design, Setting, and Participants Prospective, nationwide, population-based study
(All-Japan Utstein Registry) involving 649 654 consecutive adult patients in Japan who
had an OHCA and in whom resuscitation was attempted by emergency responders with
subsequent transport to medical institutions from January 2005 through December 2010.

Main Outcome Measures Favorable neurological outcome 1 month after an OHCA,
defined as cerebral performance category 1 or 2.

Results Of the eligible 649 359 patients with OHCA, 367 837 (57 %) underwent bag-
valve-mask ventilation and 281522 (43 %) advanced airway management, including
41972 (6%) with endotracheal intubation and 239550 (37 %) with use of supraglot-
tic airways. In the full cohort, the advanced airway group incurred a lower rate of fa-
vorable neurological outcome compared with the bag-valve-mask group (1.1% vs 2.9%;
odds ratio [OR], 0.38; 95% ClI, 0.36-0.39). In multivariable logistic regression, ad-
vanced airway management had an OR for favorable neurological outcome of 0.38
(95% Cl, 0.37-0.40) after adjusting for age, sex, etiology of arrest, first documented
rhythm, witnessed status, type of bystander cardiopulmonary resuscitation, use of pub-
lic access automated external defibrillator, epinephrine administration, and time in-
tervals. Similarly, the odds of neurologically favorable survival were significantly lower
both for endotracheal intubation (adjusted OR, 0.41; 95% Cl, 0.37-0.45) and for su-
praglottic airways (adjusted OR, 0.38; 95% Cl, 0.36-0.40). In a propensity score—
matched cohort (357 228 patients), the adjusted odds of neurologically favorable sur-
vival were significantly lower both for endotracheal intubation (adjusted OR, 0.45;
95% Cl, 0.37-0.55) and for use of supraglottic airways (adjusted OR, 0.36; 95% Cl,
0.33-0.39). Both endotracheal intubation and use of supraglottic airways were simi-
larly associated with decreased odds of neurologically favorable survival.

Conclusion and Relevance Among adult patients with OHCA, any type of ad-
vanced airway management was independently associated with decreased odds of neu-
rologically favorable survival compared with conventional bag-valve-mask ventilation.

JAMA. 2013;309(3):257-266
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setting.*'* However, large-scale stud-
ies evaluating the association between
advanced airway management and pa-
tient-centered outcomes such as neu-
rological status do not exist. Thus,
whether prehospital advanced airway
management by emergency medical ser-
vice (EMS) personnel increases or de-
creases the rate of favorable neurologi-
cal outcome among adults with OHCA
remains to be determined."!°

The purpose of the current study was
to examine whether CPR with any type
of out-of-hospital advanced airway
management by EMS personnel, com-
pared with CPR with conventional bag-
valve-mask ventilation, would be as-
sociated with favorable neurological
outcome in adult OHCA. In addition,
we postulated that both advanced air-
way techniques (endotracheal intuba-
tion or use of supraglottic airways)
would be similarly associated with fa-
vorable neurological outcome after
OHCA.

METHODS

Study Design and Participants

The All-Japan Utstein Registry of the
Fire and Disaster Management Agency
(FDMA) is a prospective, nationwide,
population-based registry system of
OHCA in adults and children, with Ut-
stein-style data collection.'” This study
enrolled all adults aged 18 years or older
who had had OHCA and for whom re-
suscitation was attempted by EMS per-
sonnel with subsequent transport to
medical institutions from January 1,
2005, to December 31, 2010. Patients
were excluded from the analysis if out-
of-hospital airway management or age
was not documented. Cardiac arrest was
defined as the end of cardiac mechani-
cal activity determined by the absence
of signs of circulation.!” The ethics
committees of Kinki University Fac-
ulty of Medicine and Massachusetts
General Hospital approved the study
with a waiver of informed consent.

Study Setting

The population of Japan was roughly
128 million in 2010, with approxi-
mately 107 million people aged 18

258 JAMA, January 16, 2013—Vol 309, No. 3

years or older.?® The EMS system in
Japan has been described previ-
ously.?! Briefly, in Japan, municipal
governments provided EMS through
802 fire stations with dispatch cen-
ters. All EMS personnel performed
CPR according to the Japanese CPR
guidelines, which are based on the
American Heart Association and the
International Liaison Committee on
Resuscitation.>**?* In most cases, an
ambulance crew consisted of 3 EMS
personnel, including at least 1 emer-
gency lifesaving technician who had
completed extensive training. These
technicians were authorized to insert
an intravenous line, to use semiauto-
mated external defibrillators, and to
lead CPR. In 1991, emergency life-
saving technicians were also permit-
ted to use supraglottic airway devices
(laryngeal mask airway, laryngeal
tube, and esophageal-tracheal twin-
lumen airway device) for patients
with OHCA under medical control
direction.” Beginning in 2004, endo-
tracheal intubation could be per-
formed by specially trained emer-
gency lifesaving technicians who had
completed an additional 62 hours of
training sessions and performed 30
supervised successful intubations in
operating rooms.**

Under medical control direction in
the placement of an advanced airway
device, the choice of either endotra-
cheal intubation or supraglottic air-
way was at the discretion of each spe-
cially trained emergency lifesaving
technician. Advanced airway manage-
ment was performed, with efforts lim-
ited to a total of 2 attempts, after
checking initial rhythm and using
defibrillation when appropriate, along
with chest compression and bag-
valve-mask ventilation. Advanced air-
way device placement with successful
ventilation was confirmed by an
esophageal detection device and/or an
end-tidal carbon dioxide monitor
(quantitative or colorimetric).** The
performance of CPR including pre-
hospital advanced airway manage-
ment was reviewed by local medical
control committees.

Data Collection

and Quality Control

Data were collected prospectively with
an Utstein-style data form that in-
cluded sex, age, etiology of arrest, by-
stander witness status, first docu-
mented cardiac rhythm, presence and
type of CPR by bystander, administra-
tion of epinephrine by EMS person-
nel, and technique of airway manage-
ment. A series of EMS times of call
receipt, vehicle arrival at the scene, con-
tact with patients, initiation of CPR, and
hospital arrival were recorded based on
the clock used by each EMS system.
Outcome measures included return of
spontaneous circulation before hospi-
tal arrival, 1-month survival, and neu-
rological status 1 month after the event.
To collect 1-month follow up data, the
EMS personnel in charge of each pa-
tient with OHCA queried the medical
control director at the hospital. Pa-
tient neurological status was deter-
mined by the treating physician; the
EMS received a written response. If the
patient was not at the hospital, the EMS
personnel conducted a follow-up
search.

Data forms were completed by the
EMS personnel caring for the patients,
and the data were integrated into the
Utstein registry system on the FDMA
database server. Forms were logically
checked by the computer system and
were confirmed by the FDMA. If the
data form was incomplete, the FDMA
returned it to the respective fire sta-
tion and the data were reconfirmed.

Study End Points

The primary end point was favorable
neurological outcome 1 month after
cardiac arrest, defined a priori as
Glasgow-Pittsburgh cerebral perfor-
mance category 1 (good perfor-
mance) or 2 (moderate disability)."”
The other categories—3 (severe cere-
bral disability), 4 (vegetative state),
and 5 (death)—were regarded as
unfavorable neurological outcomes."”
Secondary outcome measures were
return of spontaneous circulation
before hospital arrival and 1-month
survival.

©2013 American Medical Association. All rights reserved.
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Statistical Analysis

We compared outcomes between any
advanced airway management and bag-
valve-mask ventilation for all adult
OHCA. Then, we compared outcomes
between either advanced airway tech-
nique (endotracheal intubation or su-
praglottic airways) and bag-valve-
mask ventilation. With the full cohort,
3 unconditional logistic regression
models (unadjusted, adjusted for se-
lected variables, and adjusted for all co-
variates) were fit using each of the 3 end
points as a dependent variable. A set of
potential confounders was chosen a
priori based on biological plausibility
and a priori knowledge. These se-
lected variables included age, sex, cause
of cardiac arrest, first documented
rhythm, witnessed status, type of by-
stander CPR, use of a public access au-
tomated external defibrillator, epineph-
rine administration, and time intervals
from receipt of call to CPR by EMS and
from receipt of call to hospital arrival.
All covariates included the selected vari-
ables above and year, lifesaving tech-
nician presence, physician presence in
ambulance, defibrillation by EMS per-
sonnel, insertion of intravenous line,
and prefecture.

Our data derive from 367 837 pa-
tients who underwent bag-valve-mask
ventilation and 281 522 who under-
went advanced airway management. On
the assumption of an incidence of 3.0%
favorable neurological outcomes in the
bag-valve-mask group, the study has
90% power to detect a difference as
small as 0.16% between the groups for
the primary outcome with a 2-sided sig-
nificance level of P<.05.

Prehospital advanced airway man-
agement was not randomly assigned in
the study population; therefore, we used
a propensity score approach to condi-
tion on potential selection bias and con-
founding. With a multivariable logis-
tic regression model that did not take
end points into account, we com-
puted the propensity score, which rep-
resented the probability that a patient
with cardiac arrest would undergo pre-
hospital advanced airway manage-
ment. Specifically, a full nonparsimo-

nious model was fit with advanced
airway management as the dependent
variable, which included the variables
in TABLE 1 in addition to dummy vari-

ables for the 47 prefectures in Japan as
the independent variables. To maxi-
mize the efficacy of propensity score
matching, missing values for categori-

]
Table 1. Out-of-Hospital Cardiac Arrest Population Baseline Characteristics According to

Airway Management?

No. (%)
Il-\dvanced Airway Bag-VaIve—MaskI
Management Ventilation
Characteristics (n =281 522) (n =367 837)
Patients per year
2005 44503 (15.8) 55988 (15.2)
2006 47568 (16.9) 55940 (15.2)
2007 46398 (16.5) 57 404 (15.6)
2008 46479 (16.5) 63617 (17.9)
2009 47244 (16.8) 64924 (17.7)
2010 49325 (17.5) 69951 (19.0)
Age, mean (SD), y 73.2 (15.5) 72.7 (16.9)
Male sex 167 094 (59.4) 213071 (57.9)
Etiology of cardiac arrest
Cardiac 165310 (58.7) 194423 (52.9)
Noncardiac 116212 (41.3) 173414 (47.1)
External causesP 46315 (16.5) 70693 (19.2)
Respiratory disease 15557 (5.5) 22382 (6.1)
Cerebrovascular disease 13960 (5.0) 17522 (4.8)
Malignant tumor 7095 (2.5) 14824 (4.0)
Other 33285 (11.8) 47993 (13.0)
Initial cardiac rhythm
Ventricular fibrillation or tachycardia 21867 (7.8) 26 366 (7.2)
Pulseless electrical activity/asystole 259655 (92.2) 341471 (92.8)
Bystander witness status®
No witness 1569014 (58.1) 208689 (58.1)
Layperson 100647 (36.8) 111992 (31.2)
Health care practitioner 14227 (5.2) 38666 (10.8)
CPR by bystander
No bystander CPR 160622 (58.0) 234811 (64.7)
Compression-only CPR 76562 (27.7) 85971 (23.7)
Conventional CPR 39567 (14.3) 42396 (11.7)
Use of public-access AED by bystander 1299 (0.5) 1998 (0.6)
CPR by emergency responder
Emergency lifesaving technician 279954 (99.5) 333151 (90.6)
present in ambulance
Physician present in ambulance 6754 (2.4) 10269 (2.8)
Defibrillation by emergency responder 33016 (11.8) 36937 (10.1)
Epinephrine administered 29515 (10.6) 10709 (2.9)
Insertion of intravenous line 102586 (36.5) 38132 (10.4)
Time from call to CPR by emergency 8(7-11) 9(7-12)
responder, median (IQR), min
Time from call to hospital arrival, 32 (26-39) 28 (23-36)
median (IQR), min
Time from CPR by emergency responder 4 (8-20) 6(3-12)

to ROSC, median (IQR), min?

Abbreviations: AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; IQR, interquartile range; ROSC,

return of spontaneous circulation.

@Data are expressed as No. (%) of population unless otherwise indicated. All baseline characteristic comparisons between

the 2 groups were statistically significant at P<<.001.

Defined as cardiac arrest due to trauma, hanging, drowning, intoxication, or asphyxia.

CPercentages do not sum to 100 because of missing data.
dCalculated for cases with ROSC.

©2013 American Medical Association. All rights reserved.
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Figure 1. Study Participant Selection

106630 168 Population aged =18y in
Japan in 2010

'

658829 Out-of-hospital cardiac arrests in
adults aged 218 y occurred from
1/1/2005 to 12/31/2010

—| 9175 Excluded (no resuscitation attempted)

649654 Had resuscitation attempted

295 Excluded (airway management
status unknown)

‘ 649359 Included in analysis ‘

367837 Received bag-valve-mask 2815622 Received advanced airway
ventilation management

41972 Received endotracheal
intubation
239550 Received supraglottic
airways

cal variables included in the propen-
sity score model (bystander witness sta-
tus, bystander CPR, use of a public
access automated external defibrilla-
tor, use of epinephrine, defibrillation
by EMS, and insertion of intravenous
line) were dummy coded using the
missing indicator method (eTable 1;
available at http://www.jama.com).
Using the match algorithm by Par-
sons,” based on propensity score, a sub-
group of patients with cardiac arrest re-
quiring advanced airway management
were matched with unique control pa-
tients who underwent bag-valve-mask
ventilation. Then, 3 conditional logis-
tic regression models (unadjusted, ad-
justed for selected variables, and ad-
justed for all covariates) were fit with
each of the 3 end points as a depen-
dent variable.

All statistical analyses were per-
formed with SAS statistical software,
version 9.3 (SAS Institute Inc). All sta-
tistical tests were 2-tailed. The chosen
type 1 error rate was P<<.05, except
when testing the subgroup of patients
with endotracheal intubation or supra-
glottic airways for which a Bonferroni
adjustment for multiplicity was used
(P<.025).

260 JAMA, January 16, 2013—Vol 309, No. 3

RESULTS

A total of 658 829 adult patients with
OHCA were documented. Among
649 654 resuscitation attempts, 295 ar-
rests with unknown airway manage-
ment status were excluded (FIGURE 1).
Of the remaining 649 359 patients,
367837 (56.7%; 95% CI, 56.5%-
56.8%) underwent bag-valve-mask and
281522 (43.4%; 95% CI, 43.2%-
43.5%) underwent advanced airway
management, including 41 972 (6.5%;
95% CI, 6.4%-6.5%) with endotra-
cheal intubation and 239 550 (36.9%;
95% CI, 36.8%-37.0%) with supraglot-
tic airways.

Table 1 shows the demographic char-
acteristics for adult OHCA by type of
airway management. The mean age of
all patients was 73 years; the majority
were male. TABLE 2 summarizes sur-
vival outcomes by airway manage-
ment among all patients. Overall, rates
of return of spontaneous circulation,
1-month survival, and neurologically fa-
vorable survival were 6.5% (95% CI,
6.5%-6.6%), 4.7% (95% CI, 4.7%-
4.8%), and 2.2% (95% CI, 2.1%-
2.2%), respectively. The rates of neu-
rologically favorable survival were 1.0%
(95% CI, 0.9%-1.1%) in the endotra-

cheal intubation group, 1.1% (95% CI,
1.1%-1.2%) in the supraglottic airway
group, and 2.9% (95% ClI, 2.9%-3.0%)
in the bag-valve-mask ventilation group.
The unadjusted model using the full co-
hort demonstrated significant nega-
tive associations between any ad-
vanced airway management and the 3
end-point measures (P<<.001 for all)
(Table 2). Similarly, in the adjusted
model using the selected variables and
all variables, both advanced airway tech-
niques (endotracheal intubation and su-
praglottic airways) were independent
negative predictor of all 3 outcomes
(P<.001for all; Table 2).

To assess the robustness of the re-
sults, we performed a series of sensi-
tivity analyses (TABLE 3). First, in an
analysis of patients lost to follow-up,
when assuming that all missing pa-
tients in the bag-valve-mask group
(n=444) had an unfavorable neuro-
logical outcome and all missing pa-
tients in the advanced airway group
(n=366) had a favorable outcome, ad-
vanced airway management was still a
significant negative predictor of favor-
able neurological outcome after adjust-
ing for selected variables (adjusted odds
ratio [OR], 0.43; 95% CI, 0.42-0.45).
When adjusting for achievement of re-
turn of spontaneous circulation in ad-
dition to the selected variables, the ad-
justed association of endotracheal
intubation and supraglottic airways
with poor neurological outcome per-
sisted (OR, 0.51 [95% CI, 0.45-0.56]
and OR, 0.52 [95% CI, 0.49-0.54], re-
spectively) (Table 3). Similarly, the ad-
justed association persisted with strati-
fication by achievement of return of
spontaneous circulation, etiology of car-
diac arrest, first documented rhythm,
and type of witness status (Table 3).

Demographic characteristics were
similar between the propensity-
matched groups (TABLE 4). FIGURE 2
and eTable 2 summarize survival out-
comes by airway management among
propensity-matched patients. The un-
adjusted model showed significant
negative associations between ad-
vanced airway management, regard-
less of its technique, and the 3 end-
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point measures (P <<.001 for all). In the
multivariable models using selected and
all variables, significant negative asso-
ciations were detected between any type
of advanced airway management and
the 3 outcome measures (Figure 2). In
particular, the adjusted OR for neuro-
logically favorable survival was 0.45
(95% CI, 0.37-0.55; P<.001) for en-
dotracheal intubation and 0.36 (95% CI,
0.33-0.39; P<.001) for supraglottic air-
ways compared with bag-valve-mask
ventilation after controlling for the se-
lected variables.

COMMENT

In this nationwide population-based co-
hort study of patients with OHCA, we
found that CPR with advanced airway
management was a significant predic-

tor of poor neurological outcome com-
pared with conventional bag-valve-
mask ventilation. Unlike an earlier
study that was underpowered to iden-
tify this clinically important associa-
tion," our study was sufficiently large
to clearly demonstrate the negative as-
sociation between advanced airway
management and neurologically favor-
able survival after cardiac arrest. Fur-
thermore, both endotracheal intuba-
tion and supraglottic airways were
similarly associated with a decreased
chance of favorable neurological out-
come. The observed associations were
large and persisted across different ana-
lytic assumptions.

Our clinical data are consistent with
findings from several studies in trauma
and pediatric patients.”® These stud-

ies have suggested that prehospital en-
dotracheal intubation may lead to a de-
creased rate of favorable neurological
outcome, and only a few studies have
demonstrated benefit from endotra-
cheal intubation.” Additionally, sev-
eral studies of OHCA have demon-
strated the association between
endotracheal intubation and de-
creased survival to hospital dis-
charge.®!®!3 An important unan-
swered question regards the mechanism
connecting endotracheal intubation
with poor outcomes. It has been well
documented that prehospital intuba-
tion is a complex psychomotor task and
that EMS personnel have difficulty gain-
ing and maintaining competency in this
skill.” Endotracheal intubation by un-
skilled practitioners can produce ad-

|
Table 2. Unconditional Logistic Regression Analyses for Outcomes Comparing Prehospital Advanced Airway Management vs Bag-Valve-Mask

Ventilation
Advanced Airway Management
I 1
Overall Endotracheal Intubation Supraglottic Airway
Total Bag-Valve-Mask | 1 1 1
No. of Ventilation, OR (95% Cl) vs OR (95% ClI) vs OR (95% CI) vs
Model Patients No. (%) No. (%) Bag-Valve-Mask?® No. (%) Bag-Valve-Mask® No. (%) Bag-Valve-Mask?
Total 649359 367837 (56.7) 281522 41972 239550
(43.4) 6.5) (36.9)
Return of spontaneous
circulation
Unadjusted 649 326 25904 (7.0) 16299 0.81(0.79-0.83) 3514 1.21 (1.16-1.25) 12785 0.74 (0.73-0.76)
(5.8) 8.4) 5.3
Adjusted for 0.67 (0.66-0.69) 0.86 (0.82-0.89) 0.64 (0.62-0.65)
selected
variables?
Adjusted for all 0.57 (0.56-0.58) 0.73(0.70-0.77) 0.54 (0.52-0.55)
variables®
One-month survival
Unadjusted 649350 19643 (5.3) 10933 0.72 (0.70-0.73) 1757 0.77 (0.74-0.81) 9176 0.71 (0.69-0.72)
3.9) 4.2) 3.8
Adjusted for 0.73(0.71-0.75) 0.83(0.79-0.88) 0.72 (0.70-0.74)
selected
variablesP
Adjusted for all 0.62 (0.60-0.64) 0.69 (0.65-0.73) 0.61 (0.59-0.63)
variables®
Neurologically
favorable survival
Unadjusted 648549 10759 (2.9) 3156 0.38 (0.36-0.39) 432 0.35(0.31-0.38) 2724 0.38 (0.37-0.40)
(1.1) (1.0) (1.1)
Adjusted for 0.38 (0.37-0.40) 0.41(0.37-0.45) 0.38 (0.36-0.40)
selected
variables?
Adjusted for all 0.32 (0.30-0.33) 0.32 (0.29-0.36) 0.32 (0.30-0.33)
variables®
Abbreviation: OR, odds ratio.
8p<.001 for all.

PSelected variables are a predefined set of potential confounders including age, sex, cause of cardiac arrest, first documented rhythm, bystander witness, type of cardiopulmonary
resuscitation (CPR) initiated by bystander, use of a public access automated external defibrillator by bystander, epinephrine administration, time from receipt of call to CPR by emer-
gency medical service, and time from receipt of call to hospital arrival.

€ Adjustment for all variables included in Table 1 and dummy variables for the 47 prefectures in Japan.
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verse events, such as unrecognized
esophageal intubation, tube dislodge-
ment, iatrogenic hypoxemia, and bra-
dycardia.”® Furthermore, prehospital in-
tubation may influence patient outcome
by affecting the execution of simulta-
neous basic life support procedures, re-
sulting in ineffective chest compres-
sions with significant interruptions.”
Most studies of prehospital airway
management using supraglottic air-
ways have focused on process mea-
sures, such as success rates and speed
of placement. Most of these found
higher success rates and faster place-
ment for the supraglottic airways.*’*
From a physiological perspective, one

might expect this to translate into bet-
ter outcomes because of fewer inter-
ruptions of chest compressions. How-
ever, we observed that not only
endotracheal intubation but also
supraglottic airways were indepen-
dently associated with a lower rate of
neurologically favorable survival. Our
finding is consistent with a recent
study that failed to demonstrate a sur-
vival advantage with supraglottic air-
ways in patients with OHCA.!?
Assuming the validity of our study, a
more secure airway, regardless of its
technique, would be detrimental. Pre-
vious studies have shown that
inadvertent hyperventilation after

advanced airway management can
cause increased intrathoracic pressure,
leading to decreased coronary and
cerebral perfusion pressure among
intubated patients with OHCA .3%3!
The literature has also reported that
hyperoxia among patients following
resuscitation from cardiac arrest was
associated with increased mortal-
ity.>*?? These unanticipated physi-
ologic effects may offset the potential
benefits of proper advanced airway
management.

High-quality prospective clinical
trials of prehospital airway manage-
ment would be instrumental in reveal-
ing causality between airway manage-

- __________________________________________________________________________________________________]
Table 3. Sensitivity and Stratified Analyses of Multivariable Associations With Neurologically Favorable Survival and Airway Management in

the Total Patient Population?

Advanced Airway Management

Overall Endotracheal Intubation Supraglottic Airway
Total Bag-Valve-Mask | 1T 1T 1
No. of Ventilation, OR (95% CI) vs OR (95% CI) vs OR (95% CI) vs
Model Patients No. (%) No. (%) Bag-Valve-Mask® No. (%) Bag-Valve-MaskP No. (%) Bag-Valve-Mask?
Sensitivity analysis
Including loss to 649359 10759 (2.9 3522 (1.9) 0.43(0.42-0.45) 457 (1.1)  0.44 (0.39-0.48) 3065 (1.3) 0.43(0.41-0.45)
follow-up
Adjusted for 648517 10759 (2.9 3156 (1.1) 0.51(0.45-0.56) 432(1.0) 0.51(0.45-0.56) 2724 (1.1) 0.52 (0.49-0.54)
ROSC*®
Stratification by
achievement of
ROSC prior to
hospital arrival
Roscd 42203 8660 (33.5) 2184 (13.4) 0.61(0.57-0.65) 297 (8.5  0.65(0.57-0.75) 1887 (14.5)  0.60 (0.56-0.64)
No ROSC 607123 2098 (0.6) 969 (0.4) 0.65(0.60-0.71) 134 (0.4)  0.71(0.59-0.85) 835 (0.4) 0.65 (0.59-0.70)
Stratification by
etiology
Cardiac origin 359733 8199 (4.2) 2410(1.5) 0.36 (0.34-0.38) 293(1.3)  0.36(0.32-0.41) 2117 (1.5) 0.36 (0.34-0.38)
Noncardiac 289626 2560 (1.5) 746 (0.6) 0.46 (0.42-0.50) 139(0.7)  0.51(0.43-0.61) 607 (0.6) 0.45(0.41-0.49)
origin
Stratification by initial
rhythm
Ventricular 48233 5296 (20.1) 1697 (7.8) 0.36 (0.34-0.39) 189 (6.6)  0.34 (0.29-0.40) 1508 (8.0) 0.37 (0.34-0.39)
fibrillation
or ventricular
tachycardia
Pulseless 601126 5463 (1.6) 1459 (0.6) 0.40(0.38-0.43) 243(0.6) 0.47(0.42-0.54) 1216 (0.6) 0.39(0.37-0.42)
electrical
activity/asystole
Stratification by witness
status
Not witnessed 367 363 1635 (0.8) 665 (0.4) 0.49 (0.44-0.53) 80(0.4) 0.47(0.37-0.59) 585 (0.4) 0.49 (0.44-0.54)
Witnessed by 212639 5690 (5.1) 2068 (2.0) 0.39(0.37-0.41) 303 (1.8)  0.43(0.38-0.49) 1765 (2.1) 0.38 (0.36-0.43)
layperson
Witnessed by 52893 3383 (8.8) 383 (2.7) 0.29 (0.26-0.32) 43(2.3)  0.27(0.20-0.37) 340(2.8) 0.29 (0.26-0.33)
EMS

Abbreviations: EMS, emergency medical service; OR, odds ratio; ROSC, return of spontaneous circulation.

aUnconditional logistic regression models adjusted for selected variables including age, sex, cause of cardiac arrest, first documented rhythm, bystander witness, type of cardiopulmo-
nary resuscitation (CPR) initiated by bystander, use of a public access automated external defibrillator by bystander, epinephrine administration, time from receipt of call to CPR by EMS,
and time from receipt of call to hospital arrival.

bp <001 forall.

€ Adjusted for achievement of ROSC in addition to the above selected variables.

d Adjusted for time from cardiopulmonary resuscitation by EMS to ROSC in addition to the above selected variables.
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ment and outcomes. However, such
trials are logistically and methodologi-
cally difficult in this clinical set-
ting.”*** Additionally, as trials are of-
ten designed to address specific
questions in select groups, the charac-
teristics of trial populations may differ
significantly from those of the general
population. As an alternative, our pro-
spective nationwide cohort data re-
flect the effectiveness of prehospital air-
way management in the natural setting
of a “real” population and current clini-
cal practice, therefore enhancing the po-
tential generalizability of the findings.
In addition, multiple studies arrived at
similar conclusions despite differing
populations, disease groups, and de-
signs.”'%1218 There are plausible mecha-
nisms to support this conclusion. Thus,
our data lend significant support to the
concept that prehospital intubation and
its alternatives are less effective, or even
harmful, than was previously be-
lieved.

Should clinicians avoid advanced air-
way management during CPR based on
the best available observational evi-
dence? Although one option would be
to remove advanced airway manage-
ment from the skill set of all out-of-
hospital rescuers, that approach would
disregard situations in which ad-
vanced airway management would be
expected to be efficacious, especially for
long-distance transfers and respira-
tory failure not yet with cardiac ar-
rest.”” Future research will need to iden-
tify whether there are subsets of patients
for whom prehospital advanced air-
way management is beneficial. In ad-
dition, as observational studies can-
not establish causal relationships in the
way that randomized trials can, a rig-
orously conducted and adequately pow-
ered clinical trial evaluating this crite-
rion standard in patients with OHCA
now seems timely and necessary. While
awaiting results of such a trial, we be-
lieve that decision makers for commu-
nities and national organizations should
rethink the approach to prehospital air-
way management and need to invest
more resources in optimizing the first
3 links in the chain of survival for the

promotion of better outcomes among
patients with OHCA.

This study has several limitations.
First, as with any observational study,
the negative association between any
type of out-of-hospital advanced air-
way management and favorable neu-
rological outcome does not necessar-
ily prove causality and might be
confounded by unmeasured factors. De-
spite a rigorous adjustment for con-
founding factors with a propensity
score—matched analysis, there are other

variables that may have contributed for
which our study was unable to con-
trol or that were not collected a priori.
Examples of potential confounding
variables include rural or urban dis-
tinction, location of cardiac arrest, time
interval from cardiac arrest onset to
CPR among unwitnessed cardiac ar-
rests, individual rescuer training lev-
els, hospital-level variables, and
postresuscitation care such as in-
duced hypothermia therapy. Addition-
ally, one might surmise that patients

]
Table 4. Baseline Characteristics of Propensity-Matched Patients With Out-of-Hospital
Cardiac Arrest According to Airway Management

No. (%)2
I 1
Advanced Airway Bag-Valve-Mask
Management Ventilation
Characteristics (n=178614) (n=178614)
Patients per year
2005 27058 (15.1) 27795 (15.6)
2006 28002 (15.7) 28367 (15.9)
2007 28448 (15.9) 28494 (16.0)
2008 30771 (17.2) 30284 (17.0)
2009 31294 (17.5) 30784 (17.2)
2010 33041 (18.5) 32892 (18.4)
Age, mean (SD), y 72.9 (15.8) 72.9 (16.8)
Male sex 104427 (58.5) 104575 (58.5)
Etiology of cardiac arrest
Cardiac 99383 (55.6) 99586 (55.8)
Noncardiac 79231 (44.4) 79028 (44.2)
Initial cardiac rhythm
Ventricular fibrillation or tachycardia 13519 (7.6) 13557 (7.6)
Pulseless electrical activity/asystole 165095 (92.4) 165057 (92.4)
Bystander witness status®
No witness 102437 (57.4) 102435 (57.3)
Layperson 60143 (33.7) 60581 (33.9)
Health care practitioner 11704 (6.6) 11149 (6.2)
CPR by bystander®
No bystander CPR 106591 (59.7) 105753 (59.2)
Compression-only CPR 46814 (26.2) 47290 (26.5)
Conventional CPR 22850 (12.8) 23224 (13.0)
Use of public access AED by bystander 921 (0.5) 924 (0.5)
CPR by emergency responder
Emergency lifesaving technician 177076 (99.1) 178316 (99.9)
present in ambulance
Physician present in ambulance 4772 (2.7) 4581 (2.6)
Defibrillation by emergency responder 19509 (10.9) 19584 (11.0)
Epinephrine administered 10159 (5.7) 9744 (5.5)
Insertion of intravenous line 37602 (21.1) 36051 (20.2)
Time from call to CPR by emergency 8 (7-11) 8(7-11)
responder, median (IQR), min
Time from call to hospital arrival, 31 (25-38) 29 (23-37)

median (IQR), min

Abbreviations: AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; IQR, interquartile range.
2Data are expressed as No. (%) of population unless otherwise indicated.

b Percentages do not sum to 100 because of missing data.
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with return of spontaneous circula-
tion prior to any airway management
would have subsequently received bag-
valve-mask ventilation rather than ad-
vanced airway management. These pa-
tients may have had neurologically
favorable survival more frequently be-
cause of early return of spontaneous cir-
culation rather than choice of airway
management. However, the subgroup
analysis limited to patients who

achieved return of spontaneous circu-
lation prior to hospital arrival demon-
strated that advanced airway manage-
ment, regardless of its type, still
remained a significant negative predic-
tor for the outcome even after adjust-
ing for time interval from CPR to re-
turn of spontaneous circulation.
Similarly, in the subgroup analysis of
patients who did not achieve return of
spontaneous circulation, the adjusted

association of advanced airway man-
agement with poor neurological out-
come persisted. Both suggest that this
choice of airway management is the im-
portant variable.

Our study is also limited by the ab-
sence of information regarding the pro-
cess of intubation. Indeed, up to 20%
of out-of-hospital tracheal intubation ef-
forts may fail.>*® However, we defined
advanced airway management as suc-

Figure 2. Results of Conditional Logistic Regression Models Using One of the End Points as a Dependent Variable With Propensity-Matched

Patients

Endotracheal intubation vs bag-valve-mask ventilation

Total No.
Model of Patients
Total
Return of spontaneous circulation
Unadjusted
Adjusted for selected variables®

Adjusted for all variables®

357228

1-month survival
Unadjusted
Adjusted for selected variables®
Adjusted for all variables®

357228

Neurologically favorable survival
Unadjusted
Adjusted for selected variables®
Adjusted for all variables®

357228

Supraglottic airway vs bag-valve-mask ventilation

Total No.
Model of Patients
Total
Return of spontaneous circulation
Unadjusted
Adjusted for selected variables®

Adjusted for all variables®

357228

1-month survival
Unadjusted
Adjusted for selected variables®
Adjusted for all variables®

357228

Neurologically favorable survival
Unadjusted
Adjusted for selected variables®
Adjusted for all variables®

357228

152601 (42.7)

No. (%)
I I
Endotracheal = Bag-Valve-Mask Odds Ratio
Intubation Ventilation (95% Cl)2
26013 (7.3) 178614 (50.0)
1734 (6.7) 14824 (8.3) 0.76 (0.71-0.81)
0.66 (0.61-0.72)
0.64 (0.58-0.70)
1069 (4.1) 10373 (5.8) 0.70 (0.65-0.76)
0.87 (0.79-0.97)
0.88 (0.79-0.98)
257 (1.0) 5799 (3.2) 0.31(0.27-0.35)
0.45 (0.37-0.55)
0.42 (0.34-0.53)
No. (%)
I I
Supraglottic  Bag-Valve-Mask Odds Ratio
Airway Ventilation (95% CI)2

178614 (50.0)

6933 (4.5) 14824 (8.3) 0.53 (0.51-0.54)
0.54 (0.52-0.56)

0.54 (0.52-0.56)

5718 (3.8) 10373 (5.8) 0.63 (0.61-0.65)
0.71(0.68-0.74)

0.72 (0.68-0.75)

1697 (1.1) 5799 (3.2) 0.33 (0.32-0.35)
0.36 (0.33-0.39)

0.36 (0.33-0.40)

Favors
Endotracheal
Intubation

Favors
Bag-Valve-Mask
Ventilation

-
-
&
L

R

-

.
m
.

0.1 1.0 5
Odds Ratio (95% ClI)

Favors
Supraglottic
Airway

Favors
Bag-Valve-Mask
Ventilation

T

0.1 1.0 5
Odds Ratio (95% Cl)

Full models for the primary outcome analysis are included in eTable 2.

aFor all odds ratios, P<.001.

bSelected variables are a predefined set of potential confounders including age, sex, cause of cardiac arrest, first documented rhythm, bystander witness, type of
cardiopulmonary resuscitation (CPR) initiated by a bystander, use of public access automated external defibrillator by bystander, epinephrine administration, time from
receipt of call to CPR by emergency medical service, and time from receipt of call to hospital arrival.
CAll variables included all covariates in Table 1 and variables for 47 prefectures in Japan.
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cessful endotracheal intubation or su-
praglottic airway placement only. Thus,
in our study, failed advanced airway
management cases reverted to and were
classified as bag-valve-mask ventila-
tion cases. This would have biased our
conclusions toward the null.

Another limitation is that our analy-
sis of a nationwide population-based co-
hort describes that in Japan only. Simi-
lar studies with data from other
countries may result in different find-
ings. In particular, one might hypoth-
esize that training of airway manage-
ment for Japanese EMS personnel is
relatively suboptimal, resulting in poor
outcomes. However, the certification
process for EMS personnel creden-
tialed to perform endotracheal intuba-
tion in Japan is stricter than that in other
countries. Indeed, the national para-
medic curriculum in the United States
requires students to perform 5 success-
ful endotracheal intubations to gradu-
ate; 25 successful intubations are re-
quired in the United Kingdom and 30
are required in Japan.’”>° Further-
more, existing literature suggests that
intubation proficiency is attained by
EMS personnel after 15 to 20 success-
ful endotracheal intubations (pre-
dicted intubation success threshold of
90%).* This would serve not to re-
duce the potential generalizability of our
inference to other settings.

Finally, as with all epidemiological
studies, data integrity, validity, and as-
certainment bias are potential limita-
tions. The use of uniform data collec-
tion on the basis of Utstein-style
guidelines for reporting cardiac ar-
rest, large sample size, and a population-
based design were intended to mini-
mize these potential sources of biases.

This large, nationwide, population-
based cohort study showed that CPR
with prehospital advanced airway man-
agement, whether endotracheal intu-
bation or supraglottic airways, was in-
dependently associated with a decreased
likelihood of favorable neurological out-
come compared with conventional bag-
valve-mask ventilation among adults
with OHCA. Our observations contra-
dict the assumption that aggressive air-

way intervention is associated with im-
proved outcomes and provide an
opportunity to reconsider the ap-
proach to prehospital airway manage-
ment in this population.
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ALTERNATE AIRWAYS IN THE PREHOSPITAL SETTING
(RESOURCE DOCUMENT TO NAEMSP POSITION STATEMENT)
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Ronald Roth, MD, Henry E. Wang, MD, MPH

INTRODUCTION

In the United States, advanced level rescuers often use
endotracheal intubation (ETI) to provide oxygenation
and ventilation to apneic or hypoventilating patients.
Alternate airways are devices that facilitate oxygena-
tion and ventilation without the use of an endotracheal
tube (Table 1). Other terms used to describe an alter-
nate airway include rescue airway device, alternative
airway, secondary airway, failed airway device, diffi-
cult airway device, salvage airway and backup airway,
among others. Although rescuers typically use alter-
nate airways when ETI is not feasible, these devices are
occasionally used as the primary airway device. This
resource document reviews the rationale and data sup-
porting the availability and use of alternate airways in
prehospital airway care.

NEED AND RATIONALE FOR ALTERNATE
AIRWAY DEVICES

Although paramedics in the United States are trained to
perform ETI, the intervention is often unsuccessful or
not possible. Prior studies have described unsuccessful
ETl rates ranging from 8% to over 30%.!~* Although un-
successful ETI may result from inadequate relaxation,
many prehospital intubation failures occur on patients
in cardiac arrest or without protective reflexes. This sug-
gests that rescuers are often not able to visualize airway
structures through laryngoscopy, whether due to the
nature of airway anatomy, airway injury, rescuer skill,
compromised patient position, or inadequate rescuer
access.

Bag-valve-mask (BVM) ventilation is often used in
the event of failed ETI efforts. However, despite its
perception as a fundamental skill, this technique is ex-
tremely difficult to perform both in controlled and clin-
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ical settings.>® BVM ventilation performance may im-
prove by using a two-rescuer technique, but this may
be difficult during prolonged transport or when there
is a limited number of rescuers.”

In light of these observations, all prehospital services
that perform ETI should have alternate airways avail-
able for clinical application. This resource document
reviews the current literature and provides recommen-
dations regarding the use of prehospital alternate air-
ways.

ALTERNATE AIRWAY DEVICES
Blindly Inserted Airways

Blindly inserted airways are placed in the oropharynx
without directly visualizing laryngeal structures. De-
signed for placement in either the supraglottic or in-
fraglottic positions, these devices use one or more in-
flatable balloon cuffs to establish and isolate a patent
airway.

Esophageal Tracheal Combitube (Esophageal
Tracheal Dual Lumen Airway, Combitube)

The Esophageal Tracheal Combitube (ETC, The Kendall
Company, Mansfield, Massachusetts) is a dual-lumen
airway that is inserted blindly into the oropharynx.
The ETC was originally developed as an alternate
airway management device for cardiopulmonary
resuscitation.® It was designed to provide a tempo-
rary airway for providers not skilled in endotracheal
intubation.” The ETC was first described as a prehospi-
tal alternate device by Atherton and Johnson.!°

The ETC has both theoretical and proven features.
It can be inserted blindly and may provide some pro-
tection from aspiration.!"1> The ETC protects against
aspiration via a distal esophageal balloon.!>!* Hagberg
et al. suggested that the ETC protects against aspira-
tion better than the laryngeal mask airway (LMA).!>
Prior efforts have verified the ease of its use.” Com-
plications associated with ETC use include unrecog-
nized tracheal intubation, pneumomediastinum, pneu-
moperitoneum, subcutaneous emphysema, perforation
of the piriform sinus and those associated with venti-
lation of the wrong lumen.'*"!8 Preliminary evidence
suggests that these complications are rare, occurring in
less than 1%.17
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TABLE 1. Types of Alternate Airways

Blindly Inserted airways
Laryngeal Mask Airway (LMA)
Esophageal Tracheal Combitube (ETC)
King Laryngeal Tube
Cobra Perilaryngeal Airway (Cobra PLA)
Magboul (Cuffed Oropharyngeal Airway - COPA)
Pharyngeal Tracheal Lumen Airway
Esophageal Obturator Airway (EOA)
Surgical airways
Open Cricothyroidotomy
Percutaneous Cricothyroidotomy
Transtracheal Jet Ventilation

The ETC is widely recognized in the United States,
and its use in prehospital settings has been well
described.!%1920.2L Ochs et al. demonstrated that EMT-
Ds could successfully manage 79% of the airways in
cardiac arrest cases with the ETC alone.?® Davis et al.
demonstrated the feasibility of ETC use as an alternate
airway after failed neuromuscular blockade-assisted
intubations.?! Several authors have described ETC use
by basic-level rescuers.!8:2

Laryngeal Mask Airway

The laryngeal mask airway (LMA, North America, Inc.,
San Diego, CA, USA) was developed by Brain in 1981
as an alternative to BVM and ETL?2?® It was approved
for use in the United States in 1991. Although the LMA
is used primarily in the operating room setting, sev-
eral authors have promoted its use in the emergency
department and other in-hospital settings.?*~23

The LMA is believed to cause less damage to the air-
way than other airway devices.?” Because there is no
balloon securing the device beneath the vocal cords,
the risk of aspiration is theoretically higher with the
LMA than the ETC or ETL'> However, there are cur-
rently no data specifically evaluating this phenomenon
in the prehospital setting. The LMA may be of limited
utility in patients with certain anatomic abnormalities
or supraglottic airway obstruction.?*

Limited studies have described LMA use in the pre-
hospital setting. In a series of 470 prehospital patients,
Rumball and McDonald collected arterial blood gas
measurements on patients receiving prehospital ETC,
pharygotracheal-laryngoscopy, and LMA; the LMA
compared similarly with the other devices.””* The
LMA is used as a prehospital primary airway device
in many countries such as the United Kingdom and
Japan.?!'32 Experts have suggested the LMA as an alter-
nate to prehospital ETI for pediatric patients, but sup-
portive data are limited.3*=°

King Laryngeal Tube (King LT) Airway

The King LT Airway (King Systems Corporation, No-
blesville, Indiana) is a relatively new device that is
similar in appearance to the ETC.% Like the ETC, the
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King LT device is placed blindly. However, the King LT
has only a single lumen, and its shape facilitates more
consistent placement in the correct esophageal position.
The King LT was specifically designed for prehospital
use. Anecdotal reports describe King LT use in prehos-
pital and combat settings, but large-scale clinical data
do not yet exist.

Surgical Airways

Surgical airways involve insertion of an airway tube
or catheter into the trachea through an incision in
the neck. In the United States, three types of surgi-
cal airways are commonly available in the prehospi-
tal environment: (1) open cricothyroidotomy, (2) per-
cutaneous cricothyroidotomy, and (3) transtracheal jet
ventilation.

Open Cricothyroidotomy

Open cricothyriodotomy involves the use of surgical
tools (i.e., scalpel, etc.) to facilitate exposure of and
insertion of a tracheal tube through the cricothyroid
membrane.” This technique has been used for over
45 years.® Although described as a safe and rapid
procedure, the technique requires adequate training
for proper execution.**? Cricothyroidotomy has been
studied in the hospital and emergency department
settings as both a primary and alternate airway.*>4
Because of the plasticity of the pediatric airway,
it is contraindicated in children less than 8 years
old.

Several efforts have described cricothyroidotomy use
in the prehospital environment.*** Although widely
taught, the prehospital application of cricothyroido-
tomy appears to be rare and associated with significant
complications and poor outcomes.?42:46:47

Percutaneous Cricothyroidotomy

Percutaneous cricothyroidotomy uses a modified
Seldinger (guidewire) technique to facilitate location of
and insertion of a tracheal tube through the cricothy-
roid membrane. Commercially packaged kits contain
the equipment necessary to perfom the procedure.*®
The technique is believed to have fewer complications
than open cricothyroidotomy.*~5!

Percutaneous cricothyroidotomy was first described
as an in-hospital alternate airway by Fischer.>? Per-
cutaneous cricothyroidotomy has been described
in the anesthesia literature for difficult airway
management.’>>* Use of the percutaneous cricothy-
roidotomy was first described in the emergency depart-
ment in 1992.%

The prehospital use of percutaneous cricothyroido-
tomy was proposed over a decade ago.”® Sev-
eral studies using cadavers and human simulators
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have demonstrated the prehospital feasibility of this
technique.>*#>>* However, descriptions of clinical pre-
hospital experience with percutaneous cricothyroido-
tomy are limited.

Transtracheal Jet Ventilation

Transtracheal jet ventilation involves the insertion of
a large bore flexible catheter through the cricothyroid
membrane to facilitate insufflation of high-pressure
oxygen.”® Although some passive exhalation of carbon
dioxide occurs, the technique theoretically does not fa-
cilitate ventilation. The pressures generated from con-
ventional oxygen regulators and BVM devices are in-
sufficient for TTJV. Special regulators delivering oxygen
at 50 psi mustbe used with TTJV.>7-> TT]V is contraindi-
cated in supraglottic obstruction, because no means of
exhalation would be present.” It is the only form of
surgical airway that can be used in small children.*~¢2

Several authors have described the use of TTJV
for alternate airway management in the operating
room and emergency department settings.”®63-6¢ TTJV
has been proposed as an alternative to prehospital
cricothryoidotomy.**58:6 Field studies of TTJV do not
exist.

Bag Valve Mask Ventilation and Other
Alternate Airway Techniques

Other alternate airway management techniques merit
comment. Although all prehospital rescuers are trained
to use Bag-Valve-Mask (BVM) ventilation, the tech-
nique is relatively difficult. During BVM ventilation, it
may be difficult for a single rescuer to simultaneously
open the airway, maintain a mask seal, and deliver suf-
ficient tidal volume. Two-rescuer BVM techniques may
be more effective, but these approaches may not be
practical under the constraints of the prehospital envi-
ronment. Thus, while some services rely on BVM ven-
tilation as a backup for unsuccessful ETI, because of
its difficulty, the BVM is not recommended as the sole
alternate airway technique.

The Esophageal Obturator Airway (EOA) was devel-
oped in the 1970s and used as a prehospital alternate
device for many years. The device consists of a single lu-
men with a large balloon to obstruct the esophagus and
indirectly ventilate the trachea. It has fallen out of favor
because of significant complications, including inad-
vertent tracheal intubation and esophageal trauma.**-7°

Other airway management devices include the
Cuffed Oropharyngeal Airway (COPA, Mallinckrodt
Inc., St. Louis, Missouri, USA), the Cobra Perilaryngeal
Airway (Engineered Medical Systems, Inc., Indianapo-
lis, Indiana, USA) and other single and multi-lumen air-
ways such as the Pharyngeal Tracheal Lumen Airway
(PTL). Descriptions of these devices in either in-hospital
or prehospital application are limited.

RECOMMENDATIONS FOR PREHOSPITAL
ALTERNATE AIRWAYS

Availability of Alternate Airways

Alternate airway devices should be available to all
prehospital rescuers who perform ETI. In addition to
the BVM device, all agencies should have at least one
blindly inserted airway device available for clinical use.

The role of and need for prehospital surgical airway
techniques are not clear at this time. Current data al-
lude to significant concerns including complications
and poor outcomes associated with prehospital surgical
airway management. In addition, the training needed
to maintain these skills is substantial. However, there
may be clinical situations where surgical airway man-
agement is the only option (e.g., in cases of severe
facial trauma). Medical directors must determine the
need for prehospital surgical airways on an individ-
ual agency basis. Agencies should not rely on surgi-
cal airways as the sole alternate airway management
technique.

Training in Alternate Airway Use

Medical directors must ensure adequate training in
the use of available alternate airways. Acquisition and
maintenance of alternate airway skills are important be-
cause their clinical use may occur infrequently and un-
der emergent conditions. Training should encompass
didactic, simulated, and practical experiences.”'™ Al-
though training on live patients in controlled settings
is desirable, this may not be practical for most alternate
airways. For example, operating room patients rarely
receive elective cricothyroidotomy, and Combitubes are
rarely used in the operating room. Although LMAs
are used widely in the operating room, rescuers using
LMAs should receive additional training in urgent and
emergent contexts.

Clinical Indications for Alternate
Airway Use

Clinical indications for alternate airway use have not
been formally or scientifically derived. However, a
practical recommendation is that alternate airways
should be used after failed ETI attempts or in situations
where initial or ongoing ETI efforts are predicted to be
difficult or futile. “Difficult” conditions may include sit-
uations involving difficult airway anatomy, severe air-
way trauma, or inadequate operator skill, among oth-
ers. Difficultairway conditions may be identified before
or after initial intubation attempts. In situations where
airway management difficulty clearly exceeds the skill
of the operator, it is recommended that rescuers de-
ter ETI efforts and proceed directly to alternate airway
insertion.
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Clinical protocols should define broad guidelines for
alternate airway use. Scientific and consensus guide-
lines suggest that ETI efforts should be abandoned (and
alternate airway inserted) after no more than three ETI
attempts (insertion of blade).”*”> The prompt availabil-
ity of online medical command may help to facilitate
prudent airway management decision making in sce-
narios involving failed ETI or alternate airway use.
However, because of the emergent nature of airway
management efforts, clinical protocols should permit
alternate airway insertion without online medical com-
mand authorization.

Primary Use of Alternate Airways

Many international EMS agencies use alternate airways
inaprimary capacity.”®”” Several sources describe alter-
nate airway use by basic level rescuers.'82° Current Ad-
vanced Cardiac Life Support recommendations suggest
that when adequately skilled personnel are not avail-
able, ETI may be substituted with an alternate airway
device.”® Although this strategy has not been formally
evaluated or compared with ETI, this approach does
have many appealing features, including the simpli-
fication of airway management and the reduction of
potential impact on other concurrent interventions. In
a trial using human simulators, Abo et al. showed that
compared with traditional ETI, ETC insertion reduced
the time to airway placement as well as the time with-
out chest compressions.” This area merits additional
scientific study.

Quality Assurance and Quality
Improvement

Alternate airway use should be monitored by a com-
prehensive quality assurance and quality improvement
program. EMS medical directors should participate in
continuous quality improvement (CQI) activities and
have access to all the reviewed airway data. All uses of
alternate and salvage airways should be documented
as described in the NAEMSP position paper “Recom-
mended Guidelines for Uniform Reporting of Data
from Prehospital Airway Management.”%

Collection of alternate airway data should include
(1) indications for invasive airway management,
(2) number of attempts at ETI and alternate airway,
(3) relevant clinical and physiological factors, (4) meth-
ods and devices used, (5) outcomes (success at alternate
airway placement), (6) outcomes (success of overall ef-
fort), (7) method of confirming proper placement of the
airway, (8) physiological changes in patient condition
during and after airway management, (9) critical com-
plications encountered in airway management, and
(10) reasons for failed ETI or primary use of the alter-
nate airway device. Patient follow-up including linkage
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to in-hospital course is strongly recommended; these
records often are the only indicators of prehospital air-
way management complications.

CONSIDERATIONS FOR FUTURE RESEARCH

Additional scientific study is needed to improve our
understanding of the use of alternate and surgical air-
ways. Specific areas requiring evaluation include (1)
clinical indications for alternate airway use; (2) device
monitoring, including the identification of physiolog-
ical response to insertion of, and ventilation through,
alternate airways; (3) clinical outcomes after alternate
airway use, including morbidity and mortality; (4) ed-
ucation programs and training using both live patients
and human simulation; and (5) comparisons of cost and
operational impacts.

CONCLUSION

All prehospital agencies and rescuers that perform en-
dotracheal intubation should have the availability of at
least one blindly inserted alternate airway device. All
rescuers should receive adequate training in alternate
airway use. Medical directors should closely monitor
the use of alternate airways.
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Rafael Serrano, EMS Specialist with Michelle Buell from Cal Fire/Riverside County FD

SUBJECT: Emergency Medical Dispatch Card 24 and 33

REMSA continues to work with the EMS System to further the enhancements that the Emergency
Medical Dispatch system provides to EMS service in Riverside County. In those efforts, working with the
Cal Fire/Riverside County FD ECC, two new EMD cards could provide added benefit to our system.

EMD Cards 24 and 33 will be discussed in the context of the call taking process with Michelle Buell from
the Cal Fire/Riverside County FD ECC presenting.

Protectod by U.S. Patonts 5.857,966; 5939,157. 6.004,268; 6,010,451; 6/053,854; 6,075,065; 6,078;334; 6,106,45%; 6,607,481, 7,428,301

37 TRIMESTER HIGH RISK Complications Rules

* 7to9months Local Medical Control must define and 1. An uncanscious, pregnant patientin her |

AMPDS*® w122, NAE-std, 120301

* 25t0 40 weeks authorize (%) any of the patient conditions
below before this determinant can be used.
Situations may include:

| O Premature birth (20-35 weeks)

O Multiple birth (= 20 weeks)

2 TRIMESTER
* 4to6months

[ Bleeding disorder
o WIS O Blood thinners
O
a
o

* 0to3months
s 0to 12 weeks

Approval signature of local Madical Control Dato apgeoved

OMEGA Referral

Local Medical Control must authorize ()
BREECH or CORD the use of a non-mobile referral. If not, the
Presentation of the umbilical cord, hands, locally assigned response will be followed.
feet, or buttocks first from the birth canal.  O)Waters broken (no contractions or

presenting parts)

IMMINENT Delivery .

* 1*full pregnancy and labor pains SERIOUS Hemorrhage
<2 minutes apart . Uncontrolled bleeding (spurting or pouring)

* 2*plus full pregnancy and labor pains  from any area, or any time a caller reports
< 5 minutes apart “serious” bleeding.

The post-delivery of a fetus or products of
conception (tissue) prior to 5 months or
20 weeks of gestation.

Dato appecved

248 Precnancy / CHiLoeiRTH / IVISCARRIAGE

™~

3 TRIMESTER should be placed on her
left side with a pillow or like object
wedged behind her lower back. Airway
and CPR instructions should then be
completed in this position.

When crowning (top of baby’s head is visible)

andfor pushing is present, turn to PAI

Childbirth-Delivery sequence “Check

Crowning” (F-4) since birth is

IMMINENT.

Presentation of the cord, hands, feet,

or buttocks first (BREECH) is a dire

prehospital emergency. Often the only
chance for survival of the baby is atthe
hospital. (See also PAI Childbirth-Delivery

sequence “Evaluate BREECH™ F-20.)

4. Pregnant patients who have “illness”
as the primary complaint should be
handled on Protocol 26 unless the
problem concerns vaginal bleeding,
labor, MISCARRIAGE, or waters broken. |

Axioms

1. In general, first full primigravida

patients progress through labor more
slowly than second plus, full
multigravida patients.

. Any attempt to prevent or delay birth

can cause serious brain damage to the

baby and even death.

Abdominal cramping during pregnancy

should be considered contractions until

proven otherwise.

g

3.
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Card 24 Question to be discussed: As part of the caller interrogation process utilizing CARD 24, an EMD
certified dispatcher asks “Does she have any HIGH RISK complications?”

If answer is “Yes” then proceed to “HIGH RISK Complications” box and choose which applies. This will
give dispatcher a determinant code of DELTA response.

Questions for group: “Do these complications alone without associated symptoms constitute a DELTA
response (lights and sirens)?”

“As part of the interrogation process and selection MUST be entered by dispatcher,
which complications should be approved.”

These complications need to be approved by Medical Director. REMSA is requesting PMAC feedback for
which complications, if any, should be utilized within the context of card 24.

Complications of cervical cerclage, placenta abruption and placenta previa have already been added by
EMD processes.

Card 33

33 - Transfer/ | nterfacility/ 33-D-1 Suspected cardiac or respiralory armest ALS2

Palliative Care 33-D-2 Just resuscitated and'or defibrillated {external) ALSZ

T= Transler/ | nterfacility 33-C-1 Mat alert {acule change] ALS

P= Palliative Care 33-C-2 Abnormal breathing (acute onsat) ALS1

33 - Transfer/ | nterfacility/ 33-C-3 Sgnilicant hemorrhage or shock ALS1

Palliative Care 33-C-4 Possible acute heart problems or M1 (heart attack) ALS1
33-C-5 Acule severs pain BLS
33-C-6 Emergency response requested-ALS asymplomalic patient ALS1
33-A-1 Acuily | (ng prigrily symploms) BLS
33-A-2 Aculty | (no priosity symptoms) BLS |DMNR-B)

SCEMS

Acuity 111 (na priorily symploms)

Acuity Levels I, I, 1ll need to be approved by Medical Director, as it stands now, the call interrogation
process does now allow anything lower than CHARLIE response (lights and sirens). REMSA is requesting
PMAC feedback for acuity levels I, Il, Ill and what would meet the definition of a medical facility.

Questions:

. What constitutes a “medical facility” (assisted living, urgent care, SNF, Home Care, Rehab
facility, etc)

. Call interrogator MUST ask “Is this call a result of an evaluation by a nurse or doctor?” Please
give examples of Acuity Levels from “medical facilities” and how do we determine which of those are
the most common.

ACTION: Information sharing, PMAC action to determine use of all aspects of EMD Cards 24 and 33 as
proposed in presentation.
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DATE: October 1, 2018
TO: PMAC
FROM:  Misty Plumley, Senior EMS Specialist

SUBJECT: Proposed Policy Changes

Proposed 2019 PMAC Schedule:

Monday, January 21, 2019 — 0900-1030 at the Towers at Riverwalk Building
Monday, April 22, 2019 — 0900-1030 at the Towers at Riverwalk Building
Monday, July 22, 2019 — 0900-1030 at the Towers at Riverwalk Building

Monday, October 21, 2019 — 0900-1030 at the Towers at Riverwalk Building

ACTION: PMAC should be prepared to receive the information and provide feedback to approve or
modify the proposed schedule for 2019 to the EMS Agency.
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