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         Assisted Partial Support                         Papp.rs = PMUS+PVENT

The most common ventilatory mode is a pressure 
targeted flow-cycling mode namely 

pressure support ventilation-PSV 

In PSV the pressure switches between 2 levels of 
pressure namely an  inspiratory (IPAP)  and an  end 

positive expiratory pressure (EPAP-PEEP)



Why NIV can be harmful in 

hypoxemic respiratory 

failure?



Lungs ignore if they are moved or overdistended by 
the muscles or by the ventilator: VILI depends on 

the level of power applied, not on its source. 

VILI



Intensive Care Med 1988;15(1):8-14

Acute respiratory failure following pharmacologically 

induced hyperventilation: an experimental animal study
Mascheroni D., Kolobow T., Fumagalli R., Moretti MP,Chen V., Buckhold D.

National Institute of Health, Lab. Of Technical Development, Bethesda, 
Maryland,USA.

Hyperventilation on Spontaneous breathing:

•  PaO2
•  Cst,rs
• Abnormal chest Rx
• Abnormal lung pathology



• In patients  with “denovo” Acute Hypoxemic Respiratory 

Failure (AHRF) vigorous patient inspiratory effort generated 

by the diaphragm contraction during  a spontaneous  or 

assisted breath, may increase tidal volume and global 

dynamic lung stress (computed by transpulmonary driving 

pressure, ΔPL)  potentially leading to lung injury recently 

termed  as Self Inflicted Lung Injury (SILI)

Yoshida T et al Spontaneous Breathing during Mechanical Ventilation Risks, Mechanisms, and Management Am J Respir Crit Care Med 

Vol 195, Iss 8, pp 985–992, Apr 15, 2017

Demoule A et al Intensive Care Medicine 2006 ; Carteaux G  et al  Critical Care Med 2015

From VILI to SILI



Mechanisms of SILI: role of transpulmonary pressure (PL)

PL = Paw - Ppl
(ventilator) (muscles)
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Yoshida T et al. Am J Respir Crit Care Med 2013;188:1420-1427

Spontaneous effort increases regional lung stretch: the pendelluft concept

Spontaneous breathing effort 
during mechanical ventilation 

causes unsuspected overstretch 
of dependent lung … Even when 

not increasing tidal volume, 
strong spontaneous effort may 

potentially enhance lung 
damage.



American Journal of Respiratory and Critical Care Medicine 2023; 207:10

A high pendelluft percentage during HFNO (65% 

of VT), which progressively decreased with both 

helmet CPAP (38% of VT) and NIV (26% of VT)

Intrapulmonary distribution of air in one representative patient. 

NIV, and to a lesser extent CPAP, mitigated 
pendelluft. 



Grieco et al., ICM 2020

Self-inflicted lung injury



Sometimes pressures are hidden….

Courtesy G.Bellani

Unfortunately end inspiratory transpulmonary pressure is impossible to know during NIV, 
despite it can surrogated by dynamic transpulmonary pressure, whose measurement however 

requires esophageal baloon and is not clinically feasible in all patients



P0.1-respiratory driveP0.1-Respiratory drive-Possible during facemask NIV



Bertoni Crit Care 2019

ΔPOCC: inspiratory effort-potentially possible during facemask NIV



Estimation of effort

Tonelli Crit Care 2020Menga AJRCCM 2023



NPPV failure increases the risk of death 

in hypoxemic “DENOVO” ARF

Demoule A et al Intensive Care Medicine 2006; 32:1756-1765



NIV in patients with ARDS: the LUNG-SAFE analysis

Bellani G et al. Am J Resp Crit Care Med 2016;10.1164/rccm.201606-1306OC (18-October-2016)

ARDS patients: 
3,022

ARDS within 2d to ARF 
onset: 2,813

Invasive MV

2,377 (84.5%)

Limitation 
of care

578 (24.3%)

Mortality

499 
(86.3%)

No limitation 
of care

1,799 (75.7%)

Mortality

462 
(25.7%)

Mild 714 (85.7%)

Moderate 1,106 

(82.7%)

Severe 557 (86.8%)

NIV 

436 

(15.5%)

Failure

131 (30%)

Mortality

59 
(45.4%)

Success

218 (50%)

Mortality

35 
(16.1%)

Limitation 
of care

87 (20%)

Mortality

62 
(71.3%)

Mild 119 (14.3%)

Moderate 232 (17.3%)

Severe 85 (13.2%)

459 ICUs

50 Countries



Comparison of physiologic response between NIV 

and EIV. Gregoretti et al Intensive Care 1998; 24:785-90
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HYBRID ORO NASALTOTAL FACE HELMET

Modified by D Grieco

All these interfaces skip the nasal bridge



Gregoretti C et al Intensive Care Med 2002 



SB was observed in 48% of the 
subjects, with transient erythema in 
18% (stageI), prolonged erythema in 

23% (stage II), and skin necrosis
in 3% (stage III). The overall prevalence 
of SB was lowern our study (14.4%), as 

well as stage I (13.1%) and stageII 
(1.3%)

European Pressure Ulcer Advisory Panel, National Pressure 
UlcerAdvisory Panel. Prevention and treatment of pressure 

ulcers: quick reference guide. 2009. 
http://www.epuap.org/guidehnes/Final_Quick

_Prevention.pdf. Accessed May 14, 2014

In patients  with ARF undergoing NIV or CPAP, oronasal mask use for > 26 h was independently 
associated with development of  skin break down 

Yamaguti  W et al Respiratory Care 2014 



Lemyze et al Crit Care Med 2013; 41:481–488

TFM vs FFM:

TURBINE DRIVEN INTENTIONAL LEAK VENTILATOR 



0.002140
COMPLICATIONS RELATED TO NIV 

(Skin necrosis, Gastric Distension, 

Eye irritation)

0.0580
ETI BECAUSE OF

INTOLERANCE

0.0526 ± 1336 ± 29
HOURS OF 

CONTINUOUS NIV

pMASKHELMETCrit Care Med 2002;30:602-608



Types of Ventilators: gas source

• ICU HIGH PRESSURE (4 atm.) DRIVEN VENTILATORS.

They always ensure stable FiO2 (“blender”)

• TURBINE OR PISTON DRIVEN VENTILATORS WITH O2
PROVIDED AT LOW PRESSURE

They do not ensure stable FiO2 (“no blender”)

• TURBINE OR PISTON DRIVEN VENTILATORS WITH  O2 
PROVIDED At  HIGH PRESSURE 

They always ensure stable FiO2 (“blender”)

Severely hypoxemic patients need ventilators with high 
pressure O2 inlet because:

• stable FiO2 is provided
• PaO2/FiO2 ratio is  computed





Eur Respir J. 2022 Apr 14;59(4):2101574 





ROX index 

ROX  defined as the ratio of 
SpO2/FIO2 to respiratory rate for 
determining HFNT outcome (need 

or not for intubation).

ROCA O et al AJRCCM 2018

Predictors of intubation 





Combined effects of high ΔPES, high ΔPL, high VT and pendelluft may genatrate P-SILI
Spontaneous breathing may be dangerous in case PaO2/FiO2<200 and thus  strict monitoring of inspiratory 

Effort is needed

In nonintubated patients, monitor inspiratory effort and response to interventions. 

Signs of high inspiratory effort-increased risk of failure are: 

-VT>9 ml/kg

-ΔPes>10 cmH2O

-Pocc (inspiratory effort)>13-15 cmH2O

-P0.1 (respiratory drive)>4 cmH2O                                                                courtesy of D.Grieco

-PaCO2<35 mmHg

-VAS dyspnea>4

Take home messages
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