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Respiratory management 
pre-intubation in COVID-19

Stephen Lapinsky
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Outline

• Oxygen & hypoxemia

• Airborne transmission of virus

• Modes of oxygen therapy

• HFNO & NIV

• Decision to intubate
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Grocott et al, N Engl J Med 2009; 360:140
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Hypoxia – how low can you go?
“Happy hypoxia”
• Hypoxemia as a stimulus for drive to breathe:

- variable response
- hypoxic ventilation decline (loss of chemoreceptor sensitivity)

• V/Q mismatch & shunt increases hypoxia, not hypercapnia

• Hypocapnia decreases drive to breathe

• Good lung compliance reduces work of breathing

Tobin et al. Respiratory Research; 2020 21:249
Reynolds et al, AJRCCM 2020; 202:1037
Bickler et al. Anesthesiology 2020; Oct 2020
Jounieaux et al. Am J Respir Crit Care Med 2020 Aug 19 

CV decompensation 
can occur suddenly
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Oxygen saturation < 88% should not be a dichotomous cutoff

Even lower may be tolerated:
- individualize
- assess the patient:

- respiratory rate
- accessory muscle use
- diaphoresis
- hemodynamics
- level of consciousness

Hypoxia – how low can you go?
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“Aerosol generating procedures”
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“Aerosol generating procedures”
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Particles emitted by breathing, coughing and respiratory devices:

- A spectrum from small to large, with evaporation, large become small

- Particle size remaining suspended (“aerosols”):  varies from 5 µm to 100 µm

- concentration of particles decreases with distance from source

- air movement & ventilation affects small droplets more than large

Aerosols, droplet and exhaled particles
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Wilson et al. Anaesthesia 2020; 75(8):1086

Mechanisms:
1. Open-close cycling of glottic structures
2. Shearing forces due to high velocity gas flow
3. Open-close cycling of terminal bronchioles

Contributing factors:
- Inflamed mucosa
- Turbulent flow
- Airway collapse
- Coughing

Airborne respiratory viral particle formation
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Inhalation of small particles is more likely than larger particles

SARS-CoV-2 in aerosols remains infectious for up to 3 hr

In a hospital room scenario, infectious aerosols found 4.8m away

Ventilation dilutes out suspended particles:

Aerosols, droplet and disease transmission

Von Doremalen et al NEJM 2020, 382, 1564

Lednicky et al 2020

Minimum >
Preferred >

Public Health Agency of Canada’s 
Canadian Tuberculosis Standards, 2007

Li et al 2020

Room Air Exchanges per hour (ACH) 
is an important measure

Time (min) to achieve clearance
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Main reason for defining AGMP: use of N95 respirator

Rapid systematic review to identify evidence base & consensus:

Aerosol generating procedures?

Jackson T, et al. BMJ Open Resp Res 2020;7:e000730.

ICU Procedures % sources that 
classified this 
as AGMP

Intubation/extubation 96
Bronchoscopy 95
Manual ventilation 93
Airway suctioning 89
CPR 89
Noninvasive ventilation 88
HNFO 86
Nebulizer therapy 82
Mechanical ventilation 53
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Wilson et al. Anaesthesia 2020; 75(8):1086
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Data versus dogma - intubation
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Data versus dogma - intubation

10x

Brown et al, Anaesthesia, Oct 6, 2020

BUT: patients with normal lungs!
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Data versus dogma - intubation

10x
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Contributing factors:
1. Production of aerosol particles – “AGMP?”
2. Distribution and concentration of aerosol particles
3. HCW factors

HCW and AGMP – the risk

Wilson et al. Anaesthesia 2020; 75(8):1086

HCW risk ∝ Particle concentration  X  HCW minute ventilation X  time exposed
Mask efficiency
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Mitigation strategies

Limit staff in room

High room air exchanges
Exhalation viral filters 

Avoid bag-mask ventilation
RSI for intubation

N95 masks
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Personal Protective Equipment
• This is the domain of the Infection Control expert
• Hospitals may vary in their approach



Oxygen administration
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Flow rates

Device Flow rate (litre/minute) AGMP?
Nasal prongs 1 – 10 > 6 LPM?

Venturi mask % O2 Wall flow Total flow
28 4-6 ~50 No

40 10-12 ~45 No

60 12-15 ~30 No

Non-rebreather 10-15 Yes
HFNO 20 - 60 Yes
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High Non-rebreather mask

Viral filters

TAVISH MASK
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High flow nasal oxygen

Benefits ?
AGMP risk?
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High flow nasal oxygen - benefits

Park et al, Respir Care. 2011;56:1151

3. Positive pressure generated

↓ CO2 →    ↓ P-SILI?

2. Flush of nasopharynx deadspace CO2

1. Comfortable
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High flow nasal oxygen
• Non-COVID acute hypoxemic respiratory failure
• HFNO v. non-rebreather (10L/min) v.  NIV (PEEP 2-10, 8hr/d)

• Systematic review in COVID-19:
• No studies of COVID-19 patients

• Low certainty evidence that HNFO may reduce invasive ventilation

• No difference in mortality or length of stay

Frat et al, NEJM 2015; 372:2185

Mode intubation 90d mortality
Standard Oxygen 47% 23%

NIV 50% 28%

HFNO 38% 12%

Agarwal et al Can J Anesth 2020; 67:1217 
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High flow nasal oxygen
• Clinical Practice Guideline

Rochwerg et al. Intensive Care Med 2020, Nov 17

NOT COVID related
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• Significant variation in use: used extensively in Wuhan, not in Seattle

• Significant dispersion of exhaled air (different oxygen mask?)

• Dispersion depends on size of cannulae and fit in the nose

High flow nasal oxygen - risks

Li et al. Eur Respir J. 2020;55:2000892
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• Dispersion can be reduced by placing a surgical mask or oxygen 
mask over cannulae:  - well tolerated

- no change in PaCO2

High flow nasal oxygen - risks

Montiel et al. Ann Intensive Care 2020; 10:125

Without mask With mask

Vapotherm website



35

• Risk of progressive fatigue, despite good oxygenation
• ROX index = (SpO2/FiO2)/RR to predict respiratory failure

High flow nasal oxygen

Roca et al, AJRCCM 2019; 199:1368

> 4.88 = little risk of failure

Risk of failure:
<2.85 at 2 hr
<3.47 at 6hr
<3.85 at 12hr

+ usual clinical judgement

Can intubation be inappropriately delayed?
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Non-invasive ventilation
• Major role is in COPD and cardiogenic pulmonary edema.
• May avoid intubation in hypoxemic respiratory failure
• Case series in COVID: success in 44/61 (72%)

• Considered an “AGMP” - potentially significant dispersion of aerosol
- some systems safer than HFNO Honore et al. Crit Care 2020; 24:482

Avdeev et al. Am J Emerg Med 2020; online



The helmet
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Non-invasive ventilation
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Hui et al. Chest 2015; 147: 1336-1343 

Non-invasive ventilation
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Non-invasive ventilation

Winck & Ambrosino. Pulmonology 2020; 26:213-220
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Dispersion distance and device

Ferioli et al; Europ Respir Rev 2020; 29(155): 200068 
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AGMPs – Public Health Ontario

Optimally in negative pressure room!
publichealthontario.ca

Individual risk assessment
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Awake proning

• Technical feasible : self proning by the awake & alert patient
• Can be done with HFNO and with NIV
• May improve oxygenation, no data concerning longer term benefits
• A rapid systematic review: 

– Small uncontrolled or retrospective cohort studies only
– No standardization of duration of proning
– Not tolerated by some patients

Weatherald J, et al. J Crit Care, online Aug 27
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Awake proning

Data:
– ED study of 50 patients:

- SpO2 increased 84% to 94% after 5 minutes
- 13 intubated within 24 hr

– Study of 24 patients:
- 63% tolerated 3 hrs
- 25% had >20% increase in PaO2
- 25% intubated

– Ongoing RCTs underway: locally - “COVID-Prone”

Caputo et al. Acad Emerg Med 2020; 27:375

Elharrar et al. JAMA 2020; 323:2336
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Decision to intubate
• Early intubation was recommended following early 

experience in China:
– due to severe hypoxemia
– to avoid the transmission risk of emergent uncontrolled intubation
– as HFNO and NIV were discouraged
– RSI carries increased risk in markedly hypoxemic patient

The surest way to increase COVID-19 mortality is 
liberal use of intubation and mechanical ventilation

Tobin. Am J Respir Crit Care Med   201:1319–1336, Jun 1, 2020
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Decision to intubate
• Early intubation is no longer the recommendation,

so when do we intubate?
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Decision to intubate
• Indications for intubation: physician judgement

• Clinical distress: accessory muscle use, 
diaphoresis & fatigue

• Altered level of consciousness
• Hypercapnic respiratory failure
• Clinically significant hypoxemia:

• Organ dysfunction
• Lactic academia
• Significant cardiovascular disease
• Or trending in this direction

• Early intubation to avoid emergency 
intervention, if the trend is deteriorating

NOT:
Just hypoxemia
Just tachypnea



47

Raoof et al. High-Flow, Noninvasive 
Ventilation and Awake (Nonintubation) 
Proning in Patients With Coronavirus 
Disease 2019 With Respiratory Failure
Chest 2020; 158:1992-2002 
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Thank you
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