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OVERVIEW

• PATHOPHYSIOLOGY	OF	HYPOXIA

• ACUTE	HYPOXIC	RESPIRATORY	FAILURE

• PHYSIOLOGY-GUIDED	APPROACH	TO	NON	INVASIVE	SUPPORT:	
• NON	INVASIVE	VENTILATION	AND	HIGH	FLOW	NASAL	OXYGEN
• BENEFITS	AND	RISKS
• MONITORING



PATHOPHYSIOLOGY	OF	HYPOXIA

• HYPOVENTILATION

• LOW	VENTILATION/PERFUSION	RATIO	(LOW	V/Q)

• INTRAPULMONARY	SHUNT

• DIFFUSION	LIMITATION



HYPOVENTILATION

COMMON	CAUSES:

• SEDATION

• SEVERE	MUSCLE	WEAKNESS

• INCREASED	DEAD	SPACE	
à DECREASED	ALVEOLAR	VENTILATION

Wagner	PD.	Eur Respir J	2015;	45:	227–243	



LOW	V/Q

PARTIAL	OBSTRUCTION	OF	AIRWAYS:

bronchial wall thickening/bronchoconstriction
secretions
alveolar debris (cell,	bacteria,	fluid)



SHUNT

NON-VENTILATED	UNITS:

atelectasis

complete	alveolar filling with	alveolar debris



LOW	V/Q	AND	SHUNT:	
DIFFERENT	EFFECT	OF		↑ FIO2

FiO2 does not correct PaO2 when shunt	is high

Wagner	PD.	Eur Respir J	2015;	45:	227–243	



PEEP:	THE	TREATMENT	FOR	SHUNT

Gilston.	Int.	Care	Med.	1977;	3:267:271
Mauri	T.	Physiol	Meas.	2017	Nov	30;38(12):R280-H303



INTERIM	CONCLUSIONS

HYPOVENTILATION,	
LOW	V/Q,	
and	INTRAPULMONARY	SHUNT	
ARE	THE	MAIN	PATHOPHYSIOLOGICAL	MECHANISMS	OF	HYPOXIA.	

THESE	MECHANISMS	OFTEN	COEXIST	IN	CRITICALLY	ILL	PATIENTS.
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WHAT	WE	ARE	TALKING	ABOUT?

ACUTE	DE	NOVO	RESPIRATORY	FAILURE:	
ACUTE	HYPOXIC	RESPIRATORY	FAILURE

NOT	EXACERBATING	A	CHRONIC	LUNG	OR	CARDIAC	INSUFFICIENCY

Demoule A.	Intensive	Care	Med (2016)	42:82–92



STIFF	LUNG	=	↓ COMPLIANCE
LUNG	COLLAPSE	=	↓ END-EXPIRATORY	LUNG	VOLUME

ACUTE	DE	NOVO	HYPOXIC	RESPIRATORY	FAILURE

HYPOXIA CHANGES	IN	LUNG	MORPHOLGY	
à CHANGES	IN	LUNG	MECHANICS



↑ RESPIRATORY	
DRIVE	AND	
EFFORT

↓ LUNG	
COMPLIANCE

↓ END-EXPIRATORY	
LUNG	VOLUME↑ VENTILATION	

DEMAND RISK	OF
LUNG	INJURY

HYPOXIA CHANGES	IN	LUNG	MECHANICS



WHAT	IS	INJURIOUS	FOR	THE	LUNG??

Yoshida T.	Crit Care	Med	2013;	41:536–545

HIGH	EFFORT

HIGH	Pes SWINGS

HIGH	TRANSPULMONARY	PRESSURE	

EXPERIMENTAL	MODEL	OF	ACUTE	LUNG	INJURY

SPONTANEOS	BREATHING	(SB)	IMPROVES	MILD	INJURY,
WHILE	IT	WORSENS	SEVERE	INJURY

WHAT’S	THE	DIFFERENCE?



WHAT	IS	INJURIOUS	FOR	THE	LUNG??

High	volumes and	pressures during spontaneous breathing
Brochard L.	AJRCCM	2017;	195	(4):	438-442 Mauri	T.	Intensive	Care	Med 2016;	42:	2101-2103	



IMPROVE	
OXYGENATION

PROTECT	THE	
LUNG
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NON	INVASIVE	VENTILATION
PEEP	+	PRESSURE	SUPPORT

DIFFERENT	INTERFACES

BaHamman Respir Care	2018



NON	INVASIVE	VENTILATION	
EFFECTS	ON	OXYGENATION

NIV	can	provide HIGH	PEEP	(up	to	15	cmH2O?)	and	high	FiO2	(no	room	air	entrainment)

Patroniti N.	Intensive	Care	Med (2003)	29:1680–1687 Vargas F.	Crit Care	Med. 2009;37:1921–1928

PEEP	EFFECT



NON	INVASIVE	VENTILATION
EFFECT	ON	LUNG	PROTECTION

IMPORTANCE	OF	NIV	SETTING

PEEP	
NO	PS

PEEP	
+
PS

↔ TIDAL	VOLUME

LOW	PEEP	
+

HIGH	PS
↑	TIDAL	VOLUME

L’Her E.	AJRCCM	2005;	172:1112-1118

TIDAL	VOLUME



NON	INVASIVE	VENTILATION
EFFECT	ON	LUNG	PROTECTION

IMPORTANCE	OF	NIV	SETTING

TRANSPULMONARY
PRESSURE	(ΔPL)

ΔP
L

L’Her E.	AJRCCM	2005;	172:1112-1118



ADDITIONAL	LUNG	INJURY	DURING	NIV?

• NIV	CAN	RESULT	IN	HIGH	TIDAL	VOLUME	AND	HIGH	
TRANSPULMONARY	PRESSURE

• HIGH	TRANSPULMONARY	PRESSURE	WORSENS	LUNG	INJURY	IN	
EXPERIMENTAL	STUDIES

• ARE	THERE	EVIDENCE	THAT	NIV	MIGHT	CAUSE	ADDITIONAL	INJURY	IN	
PATIENTS?	MAYBE..



ADDITIONAL	LUNG	INJURY	DURING	NIV

Carteaux G.	Crit Care	Med	2016;	
44(2):282-90

Frat JP.	Crit Care	Med	2018;
46(2):208-215

HIGH	TIDAL	VOLUME	and	HIGH	MINUTE	VENTILATION	ARE	ASSOCIATED	WITH	NIV	FAILURE

He	H	Crit Care	2019;	23:300



DELAYED	INTUBATION	IN	NON	INVASIVE	VENTILATION

Carrillo	Intensive	Care	Med (2012)	38:458–466

Duan Intensive	Care	Med (2017)	43:192–199	

Thille AW.	Critical	Care	2013;
17:	R269



PREDICTING	NIV	FAILUREPATIENT	SELECTION EARLY	SWITCH	TO	
INTUBATION

PROTECT	THE	
LUNG



RISK	OF	NIV	FAILURE	IS	HIGHER	
IN	MORE	SEVERE	HYPOXIA:
P/F	RATIO

Frat JP.	Crit Care	Med	2018;
46(2):208-215

Thille AW.	Critical	Care	2013;
17:	R269

PREDICTING	NIV	FAILURE



NOT	JUST	THE	RESPIRATORY	
BUT	THE WHOLE	PATIENT	STATUS
needs to	be	assessed

Grassi A.	Pol Arch Intern Med.	2017;127	(9):	614-620

PREDICTING	NIV	FAILURE



PATIENT	STATUS	CAN	CHANGE	
OVER	TIME
à IMPORTANCE	OF	
CLOSE	DYNAMIC	MONITORING

PREDICTING	NIV	FAILURE

Duan J.	Intensive	Care	Med (2017)	43:192–199	



INTERIM	CONCLUSIONS

• PHYSIOLOGIC	EFFECTS	of	NIV	include	PEEP,	IMPROVED	
OXYGENATION,	INCREASED	VENTILATION	and	DECREASED	WORK	OF	
BREATHING
• HIGH	TIDAL	VOLUME	and	HIGH	TRANSPULMONARY	PRESSURE can	
cause	ADDITIONAL	LUNG	INJURY	during NIV
• The	RISK	OF	ADDITIONAL	INJURY	IS	HIGHER	in	MORE	SEVERE	
PATIENTS	and	when LOW	PEEP	+	HIGH	PRESSURE	SUPPORT	are	
applied

What about HIGH	FLOW	NASAL	OXYGEN?



RR	>25	b/min;	PaO2/FiO2 ≤300,	PaCO2 ≤45	mmHg

SpO2	≥92%,	NIV	≥8	h/d

Frat JP.	N	Engl J	Med 2015;372:2185-96.	



Primary	endpoint:	LOWER	INTUBATION	RATE

Secondary	endpoints:	LOWER	INTUBATION	IN	PTS	WITH	P/F	≤200	AND	SURVIVAL	IN	THE	WHOLE	POPULATION

Frat JP	N	Engl J	Med 2015;372:2185-96.	



HIGH	FLOW	NASAL	OXYGEN
EFFECT	ON	OXYGENATION

Better matching between SET	and	ACTUAL	FiO2 PEEP	EFFECT

Ritchie.	Anaesth Intensive	Care	2011;	39:	1103-1110



HIGH	FLOW	NASAL	OXYGEN
EFFECT	ON	LUNG	PROTECTION

DECREASED	Pes SWINGS	WITHOUT	PS
à DECREASED	TRANSPULMONARY	PRESSURE

Delorme M.	Crit Care	Med 2017;	45(12):1981-1988



Ju Kang	B.	Int Care	Med.	2015;	41:623–632	

DELAYED	INTUBATION	IN	HFNO



HOW	TO	MONITOR	THE	RISK	DURING	HFNO?
TIDAL	VOLUME	IS	NOT	MONITORED…

ROX	INDEX:	 𝑺𝒑𝑶𝟐/𝑭𝒊𝑶𝟐
𝒓𝒆𝒔𝒑𝒊𝒓𝒂𝒕𝒐𝒓𝒚	𝒓𝒂𝒕𝒆

Roca	O.	Am	J	Respir Crit Care	Med	2019;	199(11):1368-1376

ROX	index	at	12	hours	<3.85	
strong	predictor	of	HFNC	
failure
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WHICH	SUPPORT?
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OXYGENATION
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LUNG



SUPPORT	THE	FAILING	OXYGENATION
WHICH	SUPPORT?

NIV HFNO

OXYGEN	SUPPLEMENTATION ++ ++

PEEP	EFFECT ++ +

INCREASED	VENTILATION ++ +/-

INCREASED	TIDAL VOLUME ++ -

INCREASED TRANSPULMONARY	PRESSURE ++ -

RISK	OF	DELAYED	INTUBATION + +
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WHICH	SUPPORT?

RISK	OF	FAILURE	AND	
ADDITIONAL	LUNG	INJURY

HIGH	RESPIRATORY	
DRIVE:

RESPIRATORY	RATE,	
Pes SWINGS,	
TIDAL	VOLUME

SEVERITY	OF	
RESPIRATORY	
FAILURE:
P/F,	ARDS

POOR	NIV	
SETTINGS:

LOW	PEEP	and	HIGH	
PS

PATIENT	SEVERITY:	
SAPSII,	SOFA,	ACIDOSIS,	
SHOCK,	NEUROLOGIC	

DETERIORATION

INVASIVE	
SUPPORT



THANKS	FOR	YOUR	ATTENTION


