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Objectives

• Review pediatric airway management

• Prioritize oxygenation over intubation

• Compare delayed sequence intubation to RSI

• Explore limitations of apneic oxygenation/THRIVE in kids

• Set realistic expectations for pediatric FONA 

• Introduce the Vortex model of airway management

How did I get here?

Pediatrics Pediatric 
Critical Care 

Medicine

Anesthesiology Pediatric
Anesthesiology
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Why airways?

Failure 
to plan 

for 
change

Environment
(lead walls)

Inexperienced 
provider/failur

e to rescue

Urgency 
misunderstood

TI in the ED is tricky

Pediatric Anesthesia 24 (2014) 1204–1211
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Airway Review
Anatomy
Physiology
Equipment
Expert Recommendations      
(QI/PS)

Anatomy

Occiput
Tongue 
Nares

Epiglottis
Larynx

Narrowest point of entry:
VC vs. cricoid ring
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Positioning

Epiglottis

Image: http://radiopaedia.org
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Larynx

Pediatric Anesthesia 2018
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Trachea and ETTs

Small trachea —> 

Right mainstream intubation,

ETT dislodges easily

Depth at gums = 3 x ETT size

ETT size = age/4 + 4

Downsize 1/2 size for cuffed  
ETT, edema, vomit, blood…

Cuffed ETT Sizes: 

Physiology

Compliant thoracic cage, increased volume of  abdominal 
contents & over-insufflation of stomach with crying or 
BMV                    less FRC 

Increased metabolic demand:  2-3 times that of the adult
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Physiology Benumof 
Anesthesiology 1997

Lessons Learned: NAP4

Poor assessment —> poor outcomes

No plan for failure

Obstructed airways require teams in 
optimal environment (OR)

Cannula cricothyrotomy rescue  = 60% 
failure in adults, 100% failure in children

Surgical airways successful but often 
started too late

Qualitative capnography is mandatory
https://www.rcoa.ac.uk/document-

store/nap4-full-report
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Prehospital Intubation

• Effect of out-of- hospital pediatric endotracheal intubation on survival and neurological     
outcome: a controlled clinical trial. Gausche JAMA 2000

• Prehospital endotracheal intubation for severe head injury in children: a reappraisal. Cooper 
Semin Pediatr Surg 2001

• Intubation of pediatric trauma patients in the field: predictor of negative outcome despite risk 
stratification. DiRusso  J Trauma 2005

• Time on the scene and interventions are associated with improved survival in pediatric out-of-
hospital cardiac arrest. Tijssen Resuscitation 2015

• Pediatric Airway Management and Prehospital Patient Safety. Hansen Pediatr Emer Care 2016
• A systematic review and meta-analysis comparing mortality in pre-hospital tracheal intubation 

to emergency department intubation in trauma patients. Fevang Crit Care 2017

Does NOT improve neurologic outcome or 
mortality

Pediatric - all cause
Adult - trauma

Prioritize oxygenation 
over
intubation

Bag mask ventilation
Oral Airway
Nasal airway

Supraglottic airways
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Positioning to avoid obstruction

BMV: Relieve obstruction
Anatomic Physiologic
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• Cervical SCI in <1% of 
pediatric trauma

• Trisomy 21, achondroplasia, 
MPS

• Hyperangulated VL may
cause less motion during TI 
than DL

• In extremis weigh risk of 
respiratory arrest against SCI 
exacerbation

Avoid multiple attempts at DL

CI  CICO
No more than three attempts

21

22



2/9/2019

12

Supraglottic Airways
No protection from aspiration

Designed to leak at 20 cm H2O

Can be a conduit for FOI

2nd Generation SGAs

LMA Proseal airQ

iLMA FastTrach
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Combitube

King LTS-D
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Predictors of Difficult SGA 
Placement

Simple Intubating Aids

Gum elastic bougie

FROVA
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Simple Intubating Aids

Nishikawa Anesth Analg 2006

Difficult Tracheal Intubation

2013 CCM

2012
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Rapid Sequence Intubation

• Avoids BVM to decrease aspiration risk
• Requires skill + speed
• Failure requires rescue BVM 

Preoxygenat
e Sedatio

n + NMB

Intubate 
trachea

Delayed Sequence Intubation

Goal = oxygenation + 
hemodynamic stability

Risk = Aspiration

Sedation Pre-oxygenate Sedation + 
NMB Oxygenate Tracheal 

intubation 
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Apneic Oxygenation

• Airway must be patent, alveoli open
• Oxygen moves into the lungs secondary to mass flow

Oxygen absorbed into alveoli via negative pressure gradient
• If CO2 not eliminated  —> acidosis, arrhythmia

Anaesthesia 2017, 72, 1379–1387 

THRIVE
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Kids THRIVE

THRIVE Studies
SUPPORTIVE NOT SUPPORTIVE

Ramachandran SK  J Clin Anes 2010;22(3) Vourc’h M Intensive Care Med 2015; 41

Wimalesena Y. Ann Emerg Med 2015;65(4) Semler MW Am J Respir Erit Care Med 2016;193(3)

Oliveira JESL. Ann Emerg Med 2017;70(4) Caputo N. Acad Emerg Med 2017; 24

Pavlov I Am J Emerg Med 2017; 35(8)
Riva T Brit J Anes 2018; 120 (3)*

Sakles JC Intern Emerg Med 2016; 11(7)

Sakles JC Acd Emerg Med 2016;23(6)

Russotto V J Crit Care 2017;41

Humphreys S. Brit J Anes 2017; 188(2)

Vukovic A.  Amer J Emerg Med 2018 (ePub ahead of 
print)
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Videolaryngoscopy:
A primary approach

Steering

GlideScope

Storz CMAC

McGrath

Channeled

AirTraq

Pentax Airway Scope

Hyperangulated Blades

GlideScope Titanium

CMAC

37

38



2/9/2019

20

VL in Children: Caution Advised

Does not increase TI success in children <1 year or 10kg
May complicate an easy airway

Fiberoptic Intubation
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Storz “F.I.V.E.”

Contraindications to FOI

Absolute Relative

Life threatening airway 
obstruction

Secretions/blood in 
airway

Restricted pharyngeal 
space

Friable UAW tumor

Pointing abscess UAW
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Confirm with capnography

No matter how you manage the airway…

Capnography
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All difficult airway algorithms 
presume:

Clinician is competent in 
advanced airway 

management

Promote situational awareness

Do not replace skill or experience

Team is trained before
implementation

But they are not all easy to use…
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Practice Guidelines for Management of the Difficult Airway: An Updated Report by the American Society of 
Anesthesiologists Task Force on Management of the Difficult Airway.

Anesthesiology. 118(2):251-270, February 2013.

Nontechnical 
Skills:
• Situation 

awareness
• Decision-

making
• Task-

management
• Teamwork

Technical Skills:
• Assessment of 

airway
• BMV
• Awake FOI
• DL/VL
• SGA
• Invasive access 

(FONA)

2013

Practice Guidelines for Management of the Difficult Airway: An Updated Report by the American Society of 
Anesthesiologists Task Force on Management of the Difficult Airway.

Anesthesiology. 118(2):251-270, February 2013.

Over-
choice

Analysis
Paralysis

Greenland
BJA 2015

Art of Airway 
Management
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http://vortexapproach.org

Technical 
Skills

Situation 
Awareness

Difficulty

Operator
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No consensus 
on best FONA 

technique
in children

Laryngeal “handshake”

Human Factors:
Expectation vs. reality
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Needle Cricothyrotomy

Retrograde Intubation
Maintain oxygenation 

during procedure

UAW obstruction is 
absolute 

contraindication

CICO rescue limited by 
time
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Low success rate as airway rescue

Ravussin 1987, 1994:
Elective jet ventilation

• 60% failure rate for cannula 
cricothyrotomy in adults

• No success in children

No consensus 
on best FONA 

technique
in children
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Low success rate for rescue 
invasive access in children 

Scalpel/finger/bougie technique?

Emergent cricothyrotomy may not be anatomically 
appropriate in small (prepubescent) children

Surgical tracheostomy = highest rate of success but 
greatest level of training required

• Berkhow et al. Need for Emergency Surgical Airway Reduced by a Comprehensive Difficult Airway 
Program.  Anesthesia & Analgesia Vol. 109, No. 6, December 2009 

• Mark et al. Difficult Airway Response Team: A Novel Quality Improvement Program for Managing 
Hospital-Wide Airway Emergencies. Anesthesia & Analgesia July 2015 Volume 121 Number 1

• Atkins et al. An Airway Rapid Response System: Implementation and Utilization in a Large 
Academic Trauma Center. The Joint Commission Journal on Quality and Patient Safety 2017; 

43:653–660 

• Sterrett et al. Critical Airway Team: A Retrospective Study of an Airway Response System in a 
Pediatric Hospital. Otolaryngology–

Head and Neck Surgery 2017, Vol. 157(6) 1060–1067

• Long et al. Implementation of NAP4 emergency airway management recommendations in a 
quaternary-level pediatric hospital. Pediatric Anesthesia 27 (2017) 451–460 

Investment Saves Lives
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Thank you for your time, attention and dedication to 
helping children.

1. Prioritize oxygenation over intubation
2. Consider DSI
3. Use apneic oxygenation and THRIVE
4. Set realistic expectations for FONA
5. Consider the Vortex approach to the airway

julie.williamson@emory.edu
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