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Ventilator related complications

• Ventilator associated pneumonia

• Ventilator associated lung injury

• Muscle weakness

• Reduced health related quality of life

• Post traumatic stress disorder

• Depression

• Delirium

• Cognitive impairment….





Increased respiratory workload



Decreased respiratory capability



NIV

• Positive pressure is applied to the airway to inflate the lungs 
directly

• Negative pressure is applied externally to the abdomen and 
thorax to draw air into the lungs through the upper airway

- respiratory muscle loading, gas exchange improvement and 
augmentation of alveolar ventilation

- a decrease in venous return with subsequent preload reduction 
in both RV and LV





Weaning

• Weaning process

- recognize that patients may no longer require mechanical ventilation

- meet these “readiness to wean” criteria (SBT)

- judge whether those patients will be able to sustain ventilation once 
the endotracheal tube has been removed (airway patency and 
clearance of secretions)

• The balance between the load imposed on the patient’s respiratory 
muscles and muscle’s capacity

→ Positive pressure to decrease the load and help restore balance



• Re-intubation is associated 
with a worse prognosis, even 
after controlling for level of 
severity (risk of death up to 
50%)

• Facilitative NIV

Post-extubation after a failed 
SBT

• Prophylactic NIV

Passed SBT but high risk for 
re-intubation

• Curative NIV

Extubation failure, developing 
ARF









28 RCTs

2066 patients, 44.6% COPD

30min~2hrs T piece or PSV 
SBT failure

NIV (face, nasal, helmet)

vs. invasive ventilation



Mortality VAP







• 41 ICU in UK

182 (NIV) vs. 182 (continuous IMV until successful SBT)



HR 1.1 (0.86-1.34)





Hypoxemic non-hypercapnic patients

6 studies, 459 participants (control 266 vs. intervention 233)

meta-analysis of RCTs



Invasive MV Total Ventilation VAP

ICU discharge ICU death Hospital discharge





• NIV (n=54) vs. conventional 
oxygen therapy (n=52)

• Type of Chronic respiratory disease

- COPD or Chronic bronchitis

- Sequelae of pulmonary TB

- Bronchiectasis

- Obesity-hypoventilation syndrome

- Chest-wall deformity

- Chronic persistent asthma



• 9 RCT studies, 1144 patients

Mixed (3)

High risk (2)

Chronic 

respiratory 

disease (2)

COPD (2)



Reintubation

ICU mortality

Hospital 

mortality





Reintubation

COPD

High risk

Mixed ICU



NIV (n=114) vs. standard (n=107)

• Reintubation

48% in both groups

• Death in ICU

NIV 25% vs. standard 14% (relative 
risk, 1.78;95% CI 1.03-3.20;p=0.048)

• Median time from respiratory failure to 
reintubation

NIV 12 hrs vs. standard 2 hrs 30min, 
p=0.02





HFNC

• Anatomical dead space washout

• PEEP effect

• Fraction of inspired oxygen

• Humidification

• Comfortable interface



HFNC

• Improve oxygenation

• Reduce other causes of respiratory failure such as increased 
work of breathing and respiratory muscle fatigue

• Conditioning the inspired gas

management of respiratory secretions

alleviates inflammation of the tracheal mucosa after 
transglottic intubation

JAMA 2016;315(13):1354-1361



• 105 patients 
mechanically ventilated 
for more than 24 hrs

• passed SBT

• PF ratio ≤300

RCT



• 527 patients for longer than 12hrs

• Ready for scheduled extubation after tolerating SBT

• Low risk of reintubation

younger than 65 years, absence of heart failure

absence of moderate to severe COPD

APACHEII score <12, BMI < 30

absence of patency problems

laryngeal edema

ability to manage respiratory secretion (< 2 times within 8hrs)

no prolonged mechanical ventilation (as longer than 7 days)

JAMA 2016;315(13):1354-1361



4.9% vs. 12.2%, p = 0.004

High flow (n=264) vs. conventional (n=263)



HFNC vs. conventional oxygen therapy in 
patients after planned extubation
7 RCT and 3 crossover studies

HFNC (n=856) vs. conventional oxygen (n=852)

Postextubation respiratory failure



No significant differences 

reintubation rate, length of ICU and hospital stay, comfort score, 
PaCO2, mortality in ICU and hospital, and severe adverse events



• Patients who tolerated the SBT

• High risk patients

• HFNC (n=290) for 24 hrs. if necessary, conventional oxygen

initially set at 10L/min and titrated upwards in 5L/min

target SpO2 92% 

vs. Full face mask NIV (n=314) for 24hrs. Venturi mask

PEEP and inspiratory pressure support

target a respiratory rate of 25/min, 

SaO2 92%, with pH of 7.35





Mortality

ICU: NIV 5.7% vs. HFNC 6.6%

Hospital: NIV 17.8% vs. HFNC 20.3%

NIV 19.1% vs. HFNC 22.8%. Noninferior to NIV

All cause reintubation Mortality

Respiratory related intubations

NIV 15.9% vs. HFNC 16.9% (95% CI -4.9 to 6.9)





21 studies (4,218 patients)

Reintubation





• 648 patients intubated more than 24hrs after a successful SBT

• HFNC alone (n=302)

at least 48 hours with a flow of 50L/min

set FiO2 to target by SpO2 at least 92%

• NIV+HFNC (n=339)

NIV was initiated immediately after extubation within a first 
session of at least 4 hours and minimal duration of at least 12 
hours a day during the 48 hours

PS mode with a minimal pressure support level of 5 cmH2O 
targeting a tidal volume around 6 to 8 mL/kg, PEEP between 5 
and 10H2O







8% vs. 21% p=0.049 13% vs. 18% p=0.10





Take home messages

• NIV

- Facilitative weaning from MV can be used in patients with 
COPD or chronic hypercapnic respiratory failure

- Prophylactic weaning can be used in high risk hypercapnic 
patients

- Curative weaning is not recommended

- Further studies are needed in other patients populations 
(hypoxemic ARF)



Take home messages

• HFNC for post-extubation respiratory failure (prophylactic)

- Compared to COT, HFNC reduced post-extubation respiratory 
failure

→ HFNC can be used in patients who are intubated more than 
24hr and have any high-risk feature

- Compared to NIV, HFNC is not superior to NIV

- HFNC with NIV can be considered in high risk patients
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