


What role for NIV as palliative therapy in end of life patients ?
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in hypoxic respiratory failure:

ALTERNATIVE or COMPLEMENTARY ?
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Physiology: is NIV working in 
hypoxic acute respiratory 

failure ?



THIS PHYSIOLOGICAL STUDY, compared to CPAP the application of PSV+CPAP
(or PEEPext) is able to better improve Arterial Blood Gases and Dyspnea)

Dyspnea
score



Pneumonia





Treatment of ARF
and occurence of pneumonia

PREVENTION of VAP



Outcome Variables
Nosocomial Infections

Girou et al. JAMA 2000; 284:2361-7. 



Randomized Studies: Incidence of Sepsis and 
Pneumonia

    

 Severe sepsis Pneumonia 

 ETI-MV 
CT NPPV ETI-MV 

CT NPPV 

Brochard, NEJM 
1995 7% 5% 17% 5%* 

Wysocki, Chest 
1995 NR NR NR NR 

Antonelli,  NEJM 
1998 34% 19% 25% 3%* 

Wood, Chest 1998 NR NR 18% 0%* 
Confalonieri, 
AJRCCM, 1999 NR NR 7% 0%* 

Antonelli, JAMA; 
2000 50% 20%* 20% 10% 

Martin, AJRCCM 
2000 0% 0% 0% 0% 

Hilbert, NEJM,2001 46% 31%* 12% 4%* 
 

* differences
statistically
relevant
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The “odd” couple ?

NIV and ARF due to CAP



Confalonieri et al.

C.A.P. and NIV



On average ICU patients are
however much sicker







NIV vs HOF ?

OR

NIV and HOF ?



Definition of High Oxygen Flow
(HOF) 

• Addition of sufficient warmth and high levels of 
humidification  to breathing gas at high flow 
rates by a  modified  nasal cannula

Lee JH at al Intensive Care Med 2013



Nasal High-Flow oxygen therapy (HOF) 

• High flows of inspired gas up to 60 L/min

• Full humidification (37 °C, 100 RH, 44 mg H2O/L)



RCT of HOF v NIV v SO in AHRF

• 2506 pts with AHRF – 525 eligible  - 313 enrolled

• P/F ≤ 300, RR > 25, No PaCO2 > 45 mmHg

• Baseline RR 33/min, P/F 155, 75-80% C.A.P.

• SO ≥ 10 l/min, HOF 50 l/min, FIO2 1.0 (82 %), NIV 
VT 7-10 ml/kg (PS 8, PEEP 5, 67%,  9.3 ml/kg), 8 
hrs daily X 2d

Frat J-P et al, NEJM 2015



RCT of HOF v NIV v SO in AHRF

• HFNO              SO               NIV
n                            106               94               110
Intubation (%)        38                 47                 50
Intub P/F < 200      35                 53                 58*
Vent free days        24                 21                 18
Death ICU (%)        11                19                 25*
Death 90d (%)        30                45                 49*

* P<0.05
Primary Outcome

Frat J-P et al, NEJM 2015



ETI  primary outcome



RCT of HOF v NIV v SO in AHRF

Frat J-P et al, NEJM 2015



Biases:

- primary outcome not reached

- high tidal volumes during NIV (WHY ?)= 
during PSV you add the effort of the patient
on top of the assitance of the ventilator. So 
the  patients were “under-assisted” ?

- no use of humidification during NIV



Low CPAP effect, increasing linearly with flow

Parke R, et al. Respir Care 2011;56:1151-5

30 L/min 40 L/min 50 L/min

HOF may can provide a  distending pressure 



" Mechanical ventilation can induce a cytokine response that may be
attenuated by a strategy to minimize overdistention and recruitment-
derecruitment of the lung "

PEEP VS CPAP effect
HOF provides “only”
a PEEP effect



PREVENTION of POST-EXTUBATION HYPOXIC
FAILURE  IN SURGICAL PATIENTS



Re-intubation rateNIV VS STANDARD TREATMENT

ETI RATE



Mortality rate



TREATMENT of HYPOXIC POST_EXTUBATION FAILURE



PS level was 8.5 (1.9) 
PEEP level was 4(0.1)

Duration of NPPV was 2.1(2.4) day
with 14.3 (2.8) h per day



Patients scheduled for elective major  abdominal surgery  and general 
anesthesia who met  a PaO2/FiO2 < 300 after 1 h at  30%  (Venturi mask ) in 
the recovery room.

Helmet CPAP 
10 cmH2O vs Venturi 
mask

nCPAP and post-op hypoxemia:
A randomized controlled trial

Squadrone V et al JAMA 2005;293:589-595

The mean (SD) time
of treatment was 
19 (22) hours 
in the CPAP group
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RCT Post Cardiac Surgery

• Hi Flow 50 l/min  vs NIV 8 cm H20 IPAP, 4 
EPAP at least 4 hrs daily

• 414 v 416 pts with failed SBT (P/F < 150) or 
failed extubation (P/F < 300, RR > 25, Access 
muscle use)

• Treatment failure 1st outcome (reintubation or 
early discontinuation)

• RR 33, P/F 200, pH 7.39, PaCO2 39 mm Hg

Stephan F et al, JAMA 2015



RCT Post Cardiac Surgery

HOF                   NIV
Treatment failure (%)      21.0                    21.9
Reintub (%)                    14.0                     13.7
Failure P/F < 200 (%)      27.5                    24.8
Crossovers (%)               10.8                     7.9
PaO2/FIO2                      157                     187*
Hrs /day                            20                       6.5*
Settings (cm H2O,l/min)   46.7                   9.3/4.2

Stephan F et al, JAMA 2015



RCT Post Cardiac Surgery
Pts without Treatment Failure

No diff Comfort or Dyspnea, Mortality (6.8 v 4.8%), 
Focal erythema (9.4 v 2.5%)

Stephan JAMA 2015



Biases:

- different duration of treatment

- low levels of pressures during NIV

- statistical better oxygenation with NIV



ARDS



Date of download:  5/29/2012 Copyright © 2012 American Medical 
Association. All rights reserved.

JAMA. 2012;():1-8. doi:10.1001/jama.2012.5669





Observational multicenter
study.

It is important to note
the NIV exclusion
criteria



NIV failure were characterized by an high degree of severity (SAPS),
older age, male sex, and more severe hypoxia (PaO2/FiO2) 



479 patients with ARDS
332 need immediate intubation
147 treated with NIV
79 success
THEREFORE OVERALL NIV SUCCESS IN REAL LIFE IS:

16.4%



THE TIMING of APPLIOCATION IS HOWEVER CRITICAL



P/F ratio <300>200





Where do HOF, NIV and 
ECCO2R fit in for Rx of ARF?

Hypercapnic Respiratory Failure
O2 HOF?      NIV     ECCO2R    Intubation

Hypoxemic Respiratory Failure
O2 HOF/NIV?      Intubation        ECMO

Mild                                       Severe  

Courtesy of N. Hill



Summary:

•Probably HFO as effective as NIV in Hypoxemic RF 
c/w NIV, but in milder patient group

•HFO May be helpful postop for humidIfication, 
secretion mobilization, not inferior to NIV in post-
cardiac surg pts, not demonstrated in other types of 
surgical procedures

• ? Other applications; cardiogenic pulm edema, 
trauma – results fom RCTs are awaited – COPD not 
yet tested



ARDS

Be aggressive when you need= 
INTENSIVISTS

Be non invasive when the patient’s conditions allow=
PULMONOLOGISTS





Definition of COPD

Chronic obstructive pulmonary disease (COPD) 
is a disease state characterised by airflow
limitation that is not fully reversible.

The airflow limitation is usually progressive and 
is associated with an abnormal inflammatory
response

MG



ASTHMA
DEFINITION

Asthma is a chronic inflammatory disorder of the
airways in which many cells and cellular elements 
play a role. The chronic inflammation causes an 
associated increase in airway hyper-
responsiveness.

These episodes are usually associated with 
widespread but variable airflow obstruction that is 
often reversible either spontaneously or with 
treatment.

MG



Maximum expiratory and 
inspiratory flow volume 
curves before (1) and after 
(2) bronchodilatation

An increase in FEV1 
and/or FVC ≥ 12% of 
control and ≥ 200 mL 
constitutes a
positive bronchodilator
response

MG



FUNCTIONAL BASIS IN 
COPD

Bronchoconstriction
Increased resistances Secretion

Wall thickening

Increased compliance

Dynamic hyperinflation auto-PEEP



RESPIRATORY RESISTANCE
Broseghini et al. Am Rev Respir Dis 1988; 138: 355

EC
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Barnes, NEJM 2000



Barnes, NEJM 2000

Normal small airway    Small airway disease               Emphysema



FUNCTIONAL BASIS IN 
COPD

Bronchoconstriction
Increased resistances Secretion

Wall thickening

Increased compliance

Dynamic hyperinflation



DYNAMIC HYPERINFLATION
Duration of expiration is insufficient to allow the lungs to deflate to the 

relaxation volume of the respiratory system: (airway obstruction, 
increased breathing frequency, increased tidal volume, tidal expiratory
flow limitation)

FRC Time
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Normal 

Hyperinflated



Tobin: N Engl J Med, Volume 330(15).Apr 14, 1994.1056-1061

PN



OBIETTIVI DEL TRATTAMENTO 
NELL’OSTRUZIONE

BRONCHIALE SEVERA

1. Ossigenazione adeguata 
2. Riduzione dell’iperinflazione 

polmonare
• Broncodilatazione aggressiva
• Setting del ventilatore

MG



FRC

Acute exacerbation

After bronchodilator therapy



SETTING DEL VENTILATORE 
Minimizzazione iperinflazione polmonare 

MG
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Come possiamo prolungare il Te ?

• Riduzione di Frequenza

• Riduzione del tempo inspiratorio (rapporto I:E)

• Abolizione di qualsiasi pausa tele-inspiratoria

• Sedazione profonda

EC



FRC

• VT = 800 ml
• VI = 60L/min
• FR = 15
• VE = 12 L/min
• TE = 3.2 s

• VT = 800 ml
• VI = 60L/min
• FR = 12
• VE = 9,6 L/min
• TE = 4.2 s

RIDUZIONE FREQUENZA RESPIRATORIA



FRC

• VT = 800 ml
• VI = 60L/min
• FR = 15
• VE = 12 L/min
• TE = 3.2 s

• VT = 800 ml
• VI = 120 L/min
• FR = 15
• VE = 12 L/min
• TE = 3.6 s

RIDUZIONE TEMPO INSPIRATORIO
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Modified from Tuxen D. Am Rev Respir Dis 1989; 140:5-9
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Tre tipi di auto PEEP

1. Auto-PEEP senza iperinflazione dinamica.  Questo perche’ in muscoli espiratori si 
attivano marcatamente

2. Iperinflazione dinamica senza limitazione al flusso.  Non viene dato tempo sufficiente
ai polmoni di desufflarsi completamente. Il flusso espiratorio continua pero’ sino a fine
espirazone guidato dall differenza fra la pressione alveolare e quella atmosferica.
L’auto-PEEP quindi si genera a vie aeree “aperte”

3. Iperinflazione dinamica con limitazione al flusso.  Il collasso delle vie aeree e la 
limitazione al flusso avvengono alla fine della espirazione tidal. In questi pazienti
c’e’ un punto di chiusura dinamica e pertanto essi manifestano un vero air-trapping
dal momento che un aumentato sforzo espiratorio si traduce in un aumento della
pressione alveolare, senza un effetto sul flusso espiratorio.



Why a COPD patient
needs ventilation?

• Severe encefalopathy (sedation!!)

• Cardiovascular instability

• Respiratory muscle fatigue







ADVANTAGES DISADVANTAGES

PSV Increases pt 
comfort

Requires intact drive



Navalesi P & Maggiore SM    “PEEP” 

in Tobin MJ “Principles and practice of mechanical ventilation”

EC
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