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Overview

History of apneic oxygenation
Physiological principles
Clinical applications
Review of cases



History: 1947 - “Diffusion Respiration”



History: 1959 - Apneic Oxygenation

 “Aventilatory mass flow”

 “Apneic oxygenation”

 Mass flow ventilation

 Occurs without chest or diaphragmatic movement



History: 1985 - Tracheal insufflation of O2 



History: 1994 - Critical care applications



Pre-oxygenation

Nasal 
Oxygenation 
During Efforts at 
Securing A Tube



• 25 patients with difficult airways
• Laryngologic & hypopharyngeal 

surgery

• 9 patients with stridor and acute 
airway compromise

• Average apnea time 17 min
• SpO2 ≥ 90%

Patel A, Nouraei SAR. Anaesthesia 
2015; 70:323-9. 

“THRIVE”: A NEW FRONTIER



Rapid insufflation 
generates CPAP



Ritchie JE, Williams AB, Gerard C, Hockey H. Evaluation of a humidified nasal highflow oxygen system, using 
oxygraphy, capnography and measurement of upper airway pressures. Anaesth Intensive Care. 2011; 39(6):1103–10.

Average pressure increases approximately 0.5 - 1 cmH2O per 10 L/min



Physiology - spontaneous respiration

 Supraglottic vortex with enhanced gas mixing
 Reduced atelectasis
 Splinting during inspiration
 Reduced upper airway resistance reduces WOB
 Enhanced lung volumes with FRC increase



Video courtesy Fisher & Paykel. With permission.

oCPAP ~ 7cmH20

oAlveolar recruitment

oImproved V/Q matching 

oReduced shunting 

oEsophageal pressure ~ 3 cm H2O

THRIVE: LOW-LEVEL CPAP

Corley A. BJA. 2011



Enhanced ventilatory exchange during 
apnea



THRIVE
PHYSIOLOGY

Fully 
Conditioned O2

Apneic 
Oxygenation

Apneic 
Ventilation

CPAP



THRIVE: APNEIC VENTILATION



 Pulsatile blood flow in pulmonary vessels
 Compression/expansion cycling of small airways (7-15mls)
 3-D modelling of fluid flow patterns

THRIVE: ENHANCED CARDIOGENIC 
OSCILLATIONS



Applications

 Awake
 Sedated
 GA with spontaneous ventilation
 GA with prolonged apnea



Pre-oxygenation

Nasal 
Oxygenation 
During Efforts at 
Securing A Tube





Moon, T et al Obesity 
Surgery(2019) 29:3992–

3999 



Efficacy = alveolar ventilation/FRC

Efficiency = total oxygen content



Applications

 Awake 
 Sedated - enhanced patient safety
 GA with spontaneous ventilation
 GA with prolonged apnea





Awake fiberoptic intubation

 Complex airway population 
 Reported incidence of desaturation < 90%: 12% -16%

with low flow oxygenation







Applications

 Awake 
 Sedated
 GA/MAC with spontaneous ventilation - management of the obstructed 

airway
 GA with prolonged apnea





“Awake intubation was attempted but unsuccessful in
12 claims, resulting in death/BD in 75%. In 5 of these
claims, upper airway obstruction developed after minimal sedation or airway 
instrumentation and bleeding. 



MAC/GA with spontaneous ventilation



 30 adult patients

 16 stridulous, 10 dyspneic

 Procedure time 44 minutes

 Excellent oxygenation

 CO2 rise 0.22mmHg/min



High risk sedation cases

 Dental, endoscopic 
 OSA 
 Obese
 Partial airways obstruction
 Post extubation and PACU



Applications

 Awake 
 Sedated
 GA with spontaneous ventilation
 GA with prolonged apnea



Applications

 Prolonged intubation sequence
Microlaryngeal surgery 
 Interventional bronchoscopy
 OB
 Pediatric difficult airway



Applications - prolonged intubation 
sequence

Minimize human error
Maximize decision making
 Trainee education



THRIVE: tubeless, motion-less field

Fisher & Paykel Teleflex

• Wide bore nasal cannula

• 100% oxygen

• Gas flow 70+ L/min

• Heated humidification



Transoral laser microsurgery

 Tube in surgical field
 Barotrauma
 Vocal cord movement with jet ventilation
 Supraglottic desiccation & mucosal edema
 Inhalation of laser fumes
 Movement



THRIVE & LASER LARYNGOLOGIC SURGERY

APSF October 2018 Newsletter; Dhar V et al. J Laryng Otol 2008;122:1335-8; Yan Y et al., J Voice 2010;24:102-9; Stuermer KJ et al., Eur 
Arch Otorhinolaryngol 2013;270:2701-7 .



Laser & THRIVE precautions

 Cover face and O2 tubing with wet towels
 No electrocautery use 
 Lowest power possible 
 Short bursts
 Put in standby mode when possible, ASAP



Backup Ventilation Strategies:

• 5.0 mm ID MLT

• Apneic intermittent ventilation (AIV)

• Jet ventilation



Limitations

 Total Airways Obstruction
 Supermorbid Obesity
 Rescue for desaturation - pressure too low for re-expansion
 Should not replace airway management plan



Patel A, Nouraei SAR. Anaesthesia 2015; 70:323-9. 

THRIVE LEADS TO ↑PaCO2 and ↓pH

PaCO2 rate of rise:
1.1 mm Hg/min (0.15 kPa/min)





PaCO2 and pH rise PaO2 maintenance

PaCO2 rate of rise:
1.8 mm Hg/min (0.24 kPa/min)

THRIVE LIMITATIONS: ↑PaCO2 and ↓pH



 Easy to use
 Improves patient safety

 Difficult airways
 Reduced O2 reserve
 Procedural sedation

 Improves operating conditions for 
airway surgery

 Does not require complex airway 
management

• Patient selection

• ”Newer” technique and equipment

• Does require airway patency (e.g. 

suspension laryngoscopy)

• Does require back up strategies

• Not a rescue technique

• Limiting factors: ↑ PaCO2 & ↓ pH 

THRIVE: SUMMARY
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