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Origins of Paramedic Intubation in the US

* DelLeo, 1977 * Guss, et al., 1984
* Columbus, OH « San Diego
« 207 medics, 771 ETI * 11 medics, 128 ETI
* 88% ETI success * 86% ETI success
 Jacobs, et al., 1983 » Stewart, et al., 1984
* Boston * Pittsburgh
* 14 medics, 178 ETI » 130 medics, 779 ETI
* 96% ETI success * 90% ETI success

12/28/2023
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Perils of Paramedic Intubation
* Tube misplacement and * Interruptions in CPR chest
dislodgment compressions
* Multiple and failed
attempts o Ay e
* Oxygen desaturation and &
bradycardia }y = \\
* Hyperventilation / N
D THE OHIO STATE UNIVERSITY Department of Emergency Medicine
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Challenges of Paramedic Intubation Training
* Limited training in medic school
* Challenges of intubation training in the operating room
* Limited opportunities to intubate in clinical practice
D THE IO STATE UNIVERSITY Department of Emergency Medicine
6

Do not reproduce without permission.




Henry E. Wang, MD, MS 12/28/2023

“Should we Switch to Supraglottic Airways?”

0 THE D10 STATE UNIVERSITY Department of Emergency Medicine

Unexpected Results RESUSCITATION
ETl vs. SGA in Cardiac Arrest CONSORTILIM
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ETI Wins over SGA (Oops...)
Survival to Hospital Discharge
ith tional 140 (1.04, 1.89) | <
Status.
24-Hour Survival —_— 174 (1.49, 2.04) | <
ROSC —— 1.78(1.54,2.04) |
Airway
and Pulmonary  ——t———t 0.84(0.61.1.16) | ~<umm——
Complications
Eavarsea + »Eavar£T1
RESUSCITATION
0 1 2 OUTCOMES
" CONSORTIUM
Wang, Resuscitation 2012 Adjusted Odds Ratio (95% CI)
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Meta-Analysis of ETI vs. SGA Observational Studies
Benoit, Resuscitation 2015
Neurologically Intact Survival To Hospital Discharge —
suay NET Niso oResC)
FuLL WooEL
Kafino2011 1670 3698  071(039-1.30) [
McMullan 2014 5591 3110 166 (1.15241) b
w2t & % |
‘Tanabe 2013 12992 29640  1.30(1.06-1.59) 2
Wang 2012 8487 1968 1.40 (1.04-1.89) ol
Yanagawa2010 158 478 1.01(020-505) e Outcomes
ToTAL 20011 38918 133(1.09-161) 2 S 5o tter with ETI
SENSITIVITY ANALYSIS MODEL: than SGA
Kaino2011 1679 3698  071(038130) [
McMullan 2014 5591 3110 1,66 (1.15-2.41) e
Tanabe 2013 12992 29640  1.30(1.06-159) il
Wang 2012 8487 1968 140 (1.04-1.89) e
T s s 180616 il
. i 0 o
Fovors oA Fovors 1
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Three Landmark
(Adult) Prehospital
Airway Management
Clinical Trials
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Resuscitation Trial
(PART)

Wang, et al, JAMA 2018

J gpnmmﬂcmnmv coc
</ RESUSCITATION TRIAL

Pra gm atic Ai rway ffect of 2 tateeyof it Lanyngeol Tube nsertion

vs EndotrachealIntubation on 72-Hour Survival in Adults
With Out-of-Hospital Cardiac Arrest.

12/28/2023
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PART - Methods

« 27 EMS Agencies
* Alabama, Dallas-Fort Worth,

* Multicenter RCT Wvuoml‘

iac Arrest

Milwaukee, Pittsburgh, Portland A;;Yn';g;gh};b;
* Adult OHCA Basic EMS: BVM (or LT)
* King-LT vs. Endotracheal Intubation 7 l
* 72-Hour Survival s

« N=3,000 patients

D THE OHIO STATE UNIVERSITY
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.
Endotracheal Intubation
Advanced EMS: ETI
Basic EMS: BVM

|

/ 'CONTINUE RESUSCITATION J i\;‘,
PRAGMATIC AIRWAY
RESUSCITATION mlAl.‘E

Department of Emergency Medicine

Results

Table 2. y ly:
No. (%)
Endotracheal
Laryngeal Tube Intubation Difference,
Characteristic (n=1505) (n=1499) %(95% CI)* PValue]
Primary Outcome
Survival to 72 h intention-to-treat population) 275 (183) 230/1495 (15.4) 29(021056) 04
Secondary Outcomes
Return of spontaneous circulation 42027.9) 365 24.3) 36(031068) 03
on emergency department arrival
Survival to hospital discharge 163/1504 (10.8) 121/1495 (8.1) 27(06t048) o1
Favorable neurologic status at discharge 107/1500 (7.1) 75/1495 (5.0) 21(03t038) 02
(Modified Rankin Scale score <3)

r' e
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2.6 Minutes ===

Important Secondary Observations

51.3% =)

g ¢
/s &
D ‘THE QHIG STATE UNIVERSITY Department of Emergency Medicine

LT vs. ETl Time Advantage

Arrival to Alrway:
LT 11.0 vs ETI 13.6 min

16
Airways-2 Trial
Benger, et al, JAMA 2018
{ \ IRWAYS2 =
D THE OHIO STATE UNIVERSITY Department of Emergency Medicine
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Airways-2 Design

* RCT

* United Kingdom
* 4 EMS agencies
« Population 21 million
* 40% of UK population

« Adult OHCA
* Intubation vs i-gel

4
&

D THE OHI0 STATE UNIVERSITY
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* Cluster randomized

* By study paramedic
* N=1,523 medics

* Hospital Survival with Favorable
Neuro Status

« Estimated n=9,070 patients

* June 2015 - August 2017

12/28/2023
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Airways-2 - Primary Findings
No. of Patients/Total No.# Favors  Favors
Tracheal Supraglottic Adjusted Odds Tracheal  Supraglottic
Intubation Airway Device  Ratio (95% C1) Intubation  Airway Device PValue
Primary analysis for modified Rankin Scale score? 300/4407 31174882 0.92(0.77-1.09) [} 33
Utstein comparator® 154/637 177/764 1.04(0.80-1.35) - 240
Utstein noncomparator® 130/3658 123/4067 0.84(0.65-1.09) L ]
arrest P 87556 76/607 0.78(0.55-1.09) . e
1-he | cardiac arrest not wil 212/3848 235/4271 0.98(0.80-1.20) il
sensitivity analysis for primary outcome’ 300/10741 311/11462 0.96(0.81-1.14) . £3
Odds Ratio (95% C1)
4 “No dlifference between I-gel and ETI”
o

D THE D10 STATE UNIVERSITY Department of Emergency Medicine
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Important Secondary Finding

« If exclude the 19% who received BVM only

« i-gel good outcome  =3.9%
« ETI good outcome =2.6%
« Risk Difference =1.4% (95% CI: 0.5 to 2.2%)
* Adjusted OR = 1.57 (95% CI: 1.18 t0 2.07)

“Per-Protocol = i-gel wins ETI”

4
o
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Cardiac Arrest Airway T s e

Management Trial (CAAM) i

Jabre, et al., JAMA 2018

4
&
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CAAM Design

* RCT

* France and Belgium SAMUs
* 20 EMS centers
* MD + RN + Driver
* Adult OHCA
* BVM vs. ETI
« Intervention by “medical team”
* ETI post-ROSC

D ‘THE OH10 STATE UNIVERSITY
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* Per-Patient Randomization

« Sealed envelopes

* 28d Survival with Favorable

Neuro Status

* “Non-inferiority” design

* 1% Non-inferiority margin

« Estimated n=2,000
* March 2015 - Jan 2017

12/28/2023

Primary Result

< BVM - 44/ 1018 (4.3%)
<ETI > 43/ 1022 (4.2%)

* Non-inferiority p=0.11

D THE OHIO STATE UNIVERSITY

23

28-day Survival with Favorable Neuro Status (CPC 1-2)

* Difference = 0.11% (1-sided 97.5% Cl: -1.64% to infinity)

“This is an uninterpretable result...”

4 ()
& %

Department of Emergency Medicine

Very Important Secondary Findings

Table 3. Analysi

Absolute Difference,

BMV(%) - ETI(%)
Safety Population BMV Group ETI Group (95%CI) PValue®
BMV or ETI Difficulty
BMV VAS, median (IQR), mm® 20 (5-55) NA NA NA
Intubation Difficulty Scale score, NA 1(0-4) NA NA
median (I0R)
Rate of airway management difficulty, 186/1027 (18.1) 134/996 (13.4) 4.7 (1.5-7.9) .004
No./total No. (%)
BMV or ETI failure, No./total No. (%) 69/1028 (6.7) 21/996 (2.1) 46(28-6.4) <.001
BMV or ETI Complications, No. (%) n = 1027 n =999
[Regurgitation of gastric cantent 156 (15.2) 75 (7.5) 7.7 (4.9-10.4) <001 |
Mainstem intubation® NA 20(2.0) NA NA
Recognized esophageal intubation® NA 102 (10.2) NA NA
Dental injury NA 7(0.m) NA NA
Extubation NA 5(05) NA NA

D THE OHI0 STATE UNIVERSITY
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The Big Picture

* PART - “SGA (LT) is better than ETI”
« (Airway skill may matter)

 Airways-2 - “ETl is no better than SGA (i-Gel)”
« (i-Gel might be better)

* CAAM - “We don’t know if ETl is better/worse than BVM”
* (BVM is difficult and may increase risk of regurgitation)

y '
$ L=y
~ / 0 %

D ‘THE QHIG STATE UNIVERSITY Department of Emergency Medicine
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What About Chest
Compressions and
Ventilations?
D THE OHIO STATE UNIVERSITY Department of Emergency Medicine
26
Innovative Signal Processing Technology
Elisabete Aramendi, PhD
University of the Basque Country
Bilbao, Spain N
\-BioRes L] L Ll
D THE IO STATE UNIVERSITY Department of Emergency Medicine
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Chest Compressions in PART

* 1,996 CPR process files
+ 1,001 LT; 995 ETI
- 316 PhysioControl
- 834 Zoll
- 846 Philips

- Automated signal processing

D THE D10 STATE UNIVERSITY Department of Emergency Medicine

28

Chest Compressions in PART

e v o e

CC Rate (bpm) 113.7 (9.1) 114.0 (10.5) (-0.6,1.1) 0.59
87.9 (8.4) 87.1(8.7) -0.8 (-1.5, 0.02) 0.05

CC Interruptions (sec) 160.0 (157.9) 180.8 (141.1) Frle=Napct:No)) m

CC Fraction

Wang, Resuscitation 2021

D THE OHIO STATE UNIVERSITY
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Department of Emergency Medicine

Ventilations in PART

« ETCO2 detection of ventilations

« Automated identification of ventilation
from ETCO2 signal

+ N=1,010 of 3,000 trial patients

nonk teap

L LD 1 1Ol Lt 11l

Aramendi, Resuscitation 2016
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Ventilations in PART

12/28/2023

Wang, Resuscitation 2022

D ‘THE QHIG STATE UNIVERSITY Department of Emergency Medicine
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No Difference In Hypoventliation No Difference In Hyperventliation

Hypoventilation (RR<6 bpm) Hyperventilation (RR>12 bpm)
= = = e
3 R
8 -& 3 Q
2 B 2 ke
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£e Ee
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Why don’t we know more about
ventilation?

Because it's really hard...
VR R

Lo 12 it P ) : f
mm'n “.f;!r m\_,\ AT J’ f'iﬂ.w\..ni{ g YA ,I‘\A.“ \J
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How Do You
Calculate
Ventilation Rate?

Wang, Resuscitation 2023

Department of Emergency Medicine

ETCO2 Oscillations
Airway Opening Index (AOI

ETCO2
Oscillati

)

Method 1

ions.

Bhandarl, Resuscitation 2022

Department of Emergency Medicine
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What About BVM Ventilations?

* Usually no ETCO2 use during BVM
* Therefore can’t “see” BVM ventilations

Man

il
"M
D,

|
s

T

.
I T
N

©O; (mmHg)

Mechanical

. ki
W 4mmmmm  Thoracic Impedance
oAk

—_— N iJ

m m (= ETCO2

Nassal, Resuscitation 2021

Now can “see” BVM ventilations!

Department of Emergency Medicine
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Courtesy of Ahamed Idris

D ‘THE QHIG STATE UNIVERSITY Department of Emergency Medicine
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30:0 CPR

T 63 L
| a1
) B )

; _l:.

12/28/2023

Idris, Circulation 2003
* ROC Continuous Chest Compression Trial
« Nichol NEJM 2012

« Patients from 30:2 CPR group

second CPR pause

» Used thoracic impedance to identify BVM ventilations during 2-

* 2 groups
* <50% of CPR pauses with ventilation
* >50% of CPR pauses with ventilation

D THE OHIO STATE UNIVERSITY

Department of Emergency Medicine

Idris, Circulation 2023

« Outcomes better when ventilations go in

« Ventilation often does not go in during 30:2 CPR+BVM

<50% of CPR  250% of CPR
pauseswith  pauses with . " .
Difference  Unadjusted risk = Adjusted risk
Outcomes ventilation ventilation b " ol P value
o=171), (=799, (95%Cl), % ratio (95% CI)* | ratio (95% CI)
niN (%) niN (%)
Survival to
hospital 481175 (4.1)  107/793 (13.5) 9.4 33(24-46) | 22(16-3.0) <0.0001
discharge
Survival with
RS o3y 28/175(24) 84793 (106) 82 44(29-67) | 28(1.8-43) <0.0001

D THE OHI0 STATE UNIVERSITY
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The NEXT Chapter

What'’s Next?

Department of Emergency Medicine

What'’s in the Pipeline?

* ETCO2 differences between ETT and SGA
* Trends in ETCO2 and OHCA outcomes

* Artificial Intelligence for Dynamic, Individualized CPR
Guidance: AID CPR (KO8-HL168330)
* PI: Michelle Nassal, OSU

Department of Emergency Medicine

Prehospital Airway Control in Trauma Trial (PACT)

« Pl: Frank Guyette

* DOD LITES Network
« 28 EMS agencies

* Adult major trauma

« Stepped-wedge trial
« Before: Standard Care
« After:  iGel

*« N=2,009

* Enroliment 2021-2025

Department of Emergency Medicine
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What About
Kids?

Department of Emergency Medicine

Pediatric Prehospital Airway Resuscitation Trial
(Pedi-PART)

& -PHRT

Pediatric Prehospital Airway Resuscitation Trial

wesorvean HIRSA @ ‘THE OHIO STATE UNIVERSITY

st ‘COLLEGE OF MEDICINE UNIVERSITY
OF UTAH

Department of Emergency Medicine

Weihing, Acad Emerg Med 2021
Systematic Review

Types of Studies Outcomes
1 RCT 24-hour mortality
7 Retrospective - 1-month survival

Comparisons
4 ETlvs. BYM
2 SGAvs. BUM
1 ETlvs. SGA
2 [ETl or SGA] vs. BVM

Conclusion
“Need for clinical trials”

Department of Emergency Medicine
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Gausche, JAMA 2000

. A Controlled Clinical Trial
airway management

« RCT BVM vs. [BMV+ETI]

* No difference in survival or neuro
outcome

Effgct of hOult-of-I;:spital Pesdiah'icI
. . . Endot: Intubati i
* Only RCT of pediatric prehospital nd Neurological Outcome

12/28/2023

and Neurological Outcome

D ‘THE QHIG STATE UNIVERSITY Department of Emergency Medicine
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Youngquist, et al.

EDUCATION AND PRACTICE

“These results do not apply to
my EMS system...”

“More evidence are needed...”

D THE OHIO STATE UNIVERSITY

Department of Emergency Medicine
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Challenges of a New Trial

« 3 disease groups
« Cardiac arrest
* Trauma
* Respiratory failure

« 3 airway management techniques » Need n>15,000 patients
* BVM

* Need a huge EMS network
* High pediatric volume
« High pediatric acuity

* Intubation

* Supraglottic Airways
* King LT - LMA - iGel

D THE OHI0 STATE UNIVERSITY
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———
Pediatric Cardiac

Pedi-PART Trial

Arrest,
{_ Respiratory Faiure |

* Multicenter Adaptive RCT

« Critically ill children (1d-17y) requiring
prehospital airway management

« Stage |: BVM vs. SGA

« Stage II: [Winner of Stage I] vs. ETI
* Alternate day randomization

« Qutcome: ICU-free days

+ N=3,000 BuMSGA orEn

Bayesian Adaptive Sequential Comparison Platform

D ‘THE QHIG STATE UNIVERSITY Department of Emergency Medicine

Adaptive Design
“March Madness”

« Fixed “budget” of 3,000 patients

* Play game 1 (BVM vs. SGA) until there
is “winner” (or “tie”)

« If game 1 ends early, move early to
game 2 (winner of game 1 vs. ETI)

« If game 1 needs to go to overtime,
keep playing...

* Okay if game 2 needs to be canceled

Bayesian Adaptive Sequential Comparison Platform
(D) oz oo soare urvmmsire Department of Emergency Medicine
Sites

« >60 EMS agencies
* 10 community hubs
« 6 PECARN nodes

*
* 2.1M annual 911 responses % i
- 138K annual pediatric 911 - A
responses g - : =
« 1,079 annual pediatric %
airways X o =
D THE IO STATE UNIVERSITY Department of Emergency Medicine
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Lead Team

« Henry E. Wang, MD, MS
* 0SU - CCC PI; EMS airway expert, PART

 Marianne Gausche-Hill, MD
* Harbor-UCLA; WPEMR, LA Peds Airway Trial
* Roger Lewis, MD, PhD

* Berry Consultants; Innovative trial design, LA
Peds Airway Trial

* Matthew Hansen, MD, MCR
* OHSU; CHaMP, EMS expertise, ROC, TRECS

« Manish |. Shah, MD, MS

* TCH/Baylor; CHaMP, PediDOSE PI, EMS expert
« Nichole Bosson, MD, MPH

« Harbor-UCLA; EMS operations expert
« Barbara Wendelberger, PhD

+ Berry Consultants; Innovative trial design

< John VanBuren, PhD
« Utah - DCC PI; PECARN, PediDOSE DCC

« Charles Casper, PhD
« Utah DCC Col

12/28/2023

52

Summing up the
Evidence

ATE UNTVERSITY

Department of Emergency Medicine

AHRQ Systematic
Review

Carney, et al., Prehospital Emerg Care 2021
Systematic Review
Synthesized 99 studies

Compared benefits and harms of BVM, SGA
and ETI in trauma, cardiac arrest, or non-
arrest medical emergencies

o THE OHI0 STATE UNIVERSITY
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ORIGINAL CONTRIBUTIONS

Department of Emergency Medicine
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NHTSA Evidence-
Based Guideline

Evidence-Based Guideline

airway management

Structured approach; GRADE
methodology, national experts

HE DHIO STATE UNIVERSITY

55

Jarvis, et al., Prehospital Emerg Care
2023

Critically appraised research in the SR
Formulated 22 recommendations for

CE

Bonaceess =

Evidence-Based Guideline for Prehospital Airway Management

Department of Emergency Medicine

12/28/2023

January 2022

documents

D THE OHIO STATE UNIVERSITY
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+ Collection of 15 position statements and resource

* Updated expert recommendations on aspects of
prehospital airway management

https://www.tandfonline.com/journals/ipec

NAEMSP Compendium of Airway Management
Standards and Practices

Department of Emergency Medicine

What are the Differences?

AHRQ Systematic Review “Synthesis of evidence using critical methods to
identify, define, and assess research on the topic”

NHTSA Evidence-Based “Systematically developed statement that assists

Guideline practitioners in making decisions about
appropriate health care for specific clinical
circumstances”

NAEMSP Compendium of Recommended best practices

Airway Management Evidence-based or influenced consensus

Posltlon Statements and recommendations

Resource Documents

HE OHIO STATE UNIVERSITY

Department of Emergency Medicine
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The Evidence-Based Guideline Conundrum

« 22 defined question

* Only 17 resulted in
recommendations
* All recommendations rated
“conditional”
* All evidence rated “very low
certainty” or “lack of
evidence”

D ‘THE QHIG STATE UNIVERSITY Department of Emergency Medicine

58
Important Lessons
* We must keep building body of airway science
* Clinical trials are essential
* We must apply innovative research strategies
* The most valuable pearls of evidence may be hidden from
systematic view
* To better understand the airway, we need to look beyond
the airway
=
Wang, Prehosp Emerg Care 2023 t
D THE OHIO STATE UNIVERSITY Department of Emergency Medicine
59
Are There
Signs
of Change?
D THE OHIO STATE UNIVERSITY Department of Emergency Medicine
60
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Longitudinal Trends in Cardiac Arrest Airway
Management

NEMSIS

(Come to Oral Presentations
Tomorrow Morning)
=,

Gage, Resuscitation 2023

Department of Emergency Medicine

How to Be Part
of a Big EMS
Research Study

Department of Emergency Medicine

Regulatory Tasks

* IRB coverage
* Federalwide Assurance (FWA)
* Defining “investigator”
* Investigators need to complete IRB (CITI) training modules

« Single IRB

Department of Emergency Medicine
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Single IRB Reliance and Submission Steps

Simultaneous Local Local IRB Review prior SIRB Approval prior to

and SIRB Review to SIRB Submission Local IRB Review
Submit to local IRB for Submit to local IRB for Send HRP Reviewer the EFIC
review. review.

Community Consultation
Send HRP Reviewer the EFIC @ Send HRP Reviewer the EFIC Plan for review.

‘Community Consultation Community Consultation Have HRP Reviewer

Plan for review. Plan for review. complete the CCPD Plan
Have HRP Reviewer Have HRP Reviewer Worksheet
complete the CCPD Plan complete the CCPD Plan IREX Reliance (Institution

Worksheet Worksheet

> - Profile, Pl Survey, HRP Survey)
IREx Reliance (Institution @ IREx Reliance (Institution Profile,

Profile, Pl Survey, HRP PI Survey, HRP Survey) SIRB Submission

Survey)
SIRB Submission SIRB Submission

QO O OB

Submit to local IRB for
review.

QOO © ®

Department of Emergency Medicine

64

Exception From Informed Consent

* FDA and DHHS Rules
« Virtually all randomized interventions
with drugs or devices will require EFIC
* Community Consultation and Public
Disclosure
* Recent use of social media
« Family Notification

* Must occur “as soon as feasible” after
enrollment

[ oo srarm vy Department of Emergency Medicine

65

Data are Critical

* Electronic patient care reporting
system mandatory

* Grant access to research teams eso
(may need a data use agreement 4
with University)

« Screening system IMAGETREND®

* Embed research fields

[ mzomo srare wvensiry Department of Emergency Medicine

66
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Example of )
Nightmarish Data Epistry Data Flow
Flow

Alabama before
implementation of ESO

Department of Emergency Medicine

Access to Hospital Data

Department of Emergency Medicine

Cardiac Monitor Files

Department of Emergency Medicine
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Training

 Leverage learning management system
* Leverage existing training teams and methods

Department of Emergency Medicine

Relationships

Department of Emergency Medicine

Why Should We Care About Research?

Research = The Best QI Activity

Department of Emergency Medicine
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Variations in ROC Cardiac Arrest Survival

Table 4. Incidence and Outcome of EMS-Treated Out-of-Hospital Cardiac Arrest®

Alabama Dalas lowa Miwaukee Ofiawa Piisburgh Portlnd Seattle Toronto Vancouver _Overall
(n=267) (n=1268) (v=565) (n=801) (n=18%) (n=57) (n= =1170) (1=2992) (n=1634) (n=11808)

789 (n

Sdstedncdencerte | 403 820 518 667 41 511 470 744 50 828 %60
per 100000

Sdjusted mortaltyrate %o 772 444 780 428 411 410 63 56 69 09
per 100000

Sase-fatalty e, % e @6 B9 01 35 23 88 @ @8 e85 %07 |

21 o1 12 07 25 ~ea” o7 17 (7}

vkt oo st < 001

12/28/2023

L, . Populations
Variations in = |+ Population settings
Community health

EMS system organization
EMS agencies

EMS oversight

Hospital care

Nichol, et al.: JAMA 2009

Department of Emergency Medicine

D THE OHIO STATE UNIVERSITY

74

Research Participation Improves Community Health and Outcomes
Resuscltatlon Outcomes Consortlum OHCA Survival Over Time
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Improvement in Alabama CPR
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