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Non-invasive ventilation

Techniques
• CPAP (mask or prong)

• NIPPV

• High flow subnasal
cannulae

Indications
• Primary support

• Post-extubation care



In the beginning

• George Gregory (1971): response to poor 
outcomes of ventilating babies <1500g
– ETT CPAP





Blow off valve

CPAP control

Gregory: ETT CPAP



Pressure control

“Gregory Box”



And then...

• Better ventilators

• More expertise

• Surfactant



Roberton: “The baby under 1000g” 1989

“Intubation and IPPV should be used 

routinely on all extremely low birth 

weight neonates and should be 

started as soon as the infant is on the 

resuscitation trolley”



The problems of 
endotracheal intubation

• Acute and chronic lung damage - volutrauma

• Local airway damage – subglottic stenosis

• Infections – pulmonary and systemic



How might CPAP help?

• Increase pharyngeal cross sectional area –
decreases upper airway obstruction

• Reduce obstructive apnoea

• Increase Functional Residual Capacity (FRC)



How might CPAP help?

• Reduces resistance and “work of breathing”

• Improves ventilation-perfusion mismatch –
and therefore oxygenation

• Conserves surfactant



“Is chronic lung disease preventable” 
Avery 1987
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Spontaneous effort in extremely 
preterm babies (2010)

Breathed Cried

Total (n=61) 80% 69%

<26 weeks 67% 56%

≥26 weeks 86% 74%

<750g 60% 44%

≥750g 94% 86%



CPAP in the Delivery Room

COIN, SUPPORT and VON…



Schmoelzer et al, BMJ 2013

n=2782
RR 0.91 (0.84, 0.99)
RD −0.04 (−0.07 to −0.00) 
NNT of 25
I2=0%



My response to the current evidence

• For preterm babies breathing well at birth 
NCPAP is an appropriate first line treatment

• I “rescue” babies earlier than previously 
(COIN): 8 cm H20 pressure/40% oxygen

– Is this right?

• CPAP is not the “magic bullet” for BPD

– the search continues

• CPAP and Surfactant without ETT?



How can we minimise 
CPAP failure?

• Minimally-invasive surfactant therapy
– Concept: Deliver surfactant to a spontaneously 

ventilating infant who can then continue on nasal 
CPAP

– Methods: 
• Nasopharyngeal instillation (Kattwinkel 2004)
• Laryngeal mask (Trevisanuto 2005)
• Aerosolisation (Finer 2010)
• Tracheal catheterisation

– Flexible feeding tube vs Semi-rigid vascular catheter



“More information is needed before [this technique] can be 
used in clinical practice…”

Cools Lancet 2011

Surfactant via tracheal catheterisation



Tracheal catheterisation

The Cologne method
– Verder 1992, Kribs 2007, Herting  2010, Göpel 

2011

– Direct laryngoscopy

– 5-6 FG feeding tube inserted into trachea with 
Magill’s forceps 

– Surfactant instilled, catheter removed

– Problems – highly flexible tube, need for Magill’s 
forceps



Tracheal catheterisation

The Hobart method
– Dargaville ADCF&N 2011

– Direct laryngoscopy

– 16G vascular catheter (Angiocath, Becton 
Dickinson) inserted into trachea

– Surfactant (100-200 mg/kg Curosurf) instilled



Surfactant instillation 
The Hobart method



Surfactant instillation 
The Hobart method







Death or BPD







RECOMMENDATION

•CPAP immediately after birth with later selective surfactant 

administration is an alternative to routine intubation and 

surfactant administration in preterm infants (Level of 

Evidence: 1, Strong Recommendation)

•If it is likely that respiratory support with a ventilator will be 

needed, early administration of surfactant followed by rapid 

extubation is preferable to prolonged ventilation (Level of

Evidence: 1, Strong Recommendation)



Getting babies off an ETT



NCPAP immediately after extubation for 
preventing morbidity in preterm infants

Outcome: Failure               

Study NCPAP Headbox RR (fixed) RR (fixed)

or sub-category n/N n/N 95% CI 95% CI

Engelke 1982        0/9                6/9         0.08 [0.00, 1.19]        

Higgins 1991        7/29              23/29        0.30 [0.16, 0.60]        

Chan 1993           19/60              22/60        0.86 [0.52, 1.42]        

Annibale 1994       15/40              17/42        0.93 [0.54, 1.59]        

So 1995             4/25              13/25        0.31 [0.12, 0.81]        

Tapia 1995          7/29               2/30        3.62 [0.82, 16.01]       

Davis 1998          16/47              27/45        0.57 [0.36, 0.90]        

Dimitriou 2000      15/75              25/75        0.60 [0.34, 1.04]        

Peake 2005          16/49              24/48        0.65 [0.40, 1.07]        

Total (95% CI) 363             363 0.62 [0.51, 0.76]
Total events: 99 (NCPAP), 159 (Headbox)

Test for heterogeneity: Chi² = 17.93, df = 8 (P = 0.02), I² = 55.4%

Test for overall effect: Z = 4.58 (P < 0.00001)

0.1 0.2 0.5 1 2 5 10

Favours NCPAP Favours Headbox

Treat 6 babies to prevent 1 failure



Can we do better than CPAP?

NIPPV



What is NIPPV?

• Combines CPAP with ventilator breaths

• Has a set PIP, rate and IT

• Many names
– Cycling
– CPAP+BUR= back up rate
– NV = nasal ventilation
– N-SIMV = nasal synchronised IMV
– N-IMV = nasal IMV
– N-BiPAP = nasal bipap

• Unifying name NIPPV



Why use NIPPV? 
Isn't CPAP enough?

Optimal CPAP:
≥ 5 cmH2O short bi-nasal prongs caffeine

≈30% LBW infants fail extubation to CPAP
≈50% VLBW fail initial CPAP support



How does NIPPV work?

• We don’t know!

• Hypotheses include:

– Induce Head’s paradoxical reflex

– Increase MAP and thereby alveolar recruitment

– Increase tidal volume

– Pharyngeal dilatation

– Improved respiratory drive



A short history of NIPPV

• Started in 1970s

• Abandoned because of head moulding and 
cerebellar haemorrhages



A short history of NIPPV

• Popular in the 1980s: used in ~50% of 
Canadian units

• Became unpopular because of reports of GI 
perforations



A short history of NIPPV

• Re-emerged in the 1990s with synchronisation

• By 2007 (Owen, ADC)

– Used by ~50% of units

– 77% synchronised

– 80% used as rescue for babies failing CPAP

– 59% used routinely post-extubation

– Large variability in pressures and rates used





Respiratory failure post-extubation
(by synchronisation)



Respiratory failure post-extubation
(by device)



My response to the current evidence

• NIPPV may offer advantages over CPAP

• Synchronisation and the device used may be 
important (might NAVA be useful?)

• NIPPV does not appear to be associated with 
increased side effects

• The best combination of settings for NIPPV 
needs to be established in future trials



CPAP is difficult





Prongs too small - leak



Prongs too large –

blanching/trauma



Fundamental design flaw: 

Round prongs/triangular nostrils



Poor position: 

Trauma to nasal septum and leak



High Flow Subnasal Cannulae

A safe, effective alternative?



CPAP

HFNC



Figure courtesy Dr Satyan Lakshminrusimha, University of Buffalo 

nHF: Mechanisms of action



Distending pressure
• Concern about unpredictable distending pressures in 

preterm infants

• Pressures generated by HFNC ≤ those commonly set 
with nasal CPAP



Wilkinson et al, J Perinatol 2008



nCPAP vs HF: Who 
decides?



Nursing Perceptions
Perceptions of HFNC in comparison to NCPAP

Roberts, Journal of Paediatrics and Child Health, 2014



Parental Preference

Klingenberg, ADC 2013



Why Nasal HF?

• Easier to set up and use

• Better access to the infant

• More comfortable

• Parents prefer it

• Improved bonding



WHAT ABOUT SOME EVIDENCE?



COCHRANE REVIEW (2011) 
Wilkinson, Andersen, O’Donnell and De Paoli

“Insufficient evidence to establish the safety or 
effectiveness of HFNC… in preterm infants”



COCHRANE REVIEW (2011) 
Wilkinson, Andersen, O’Donnell and De Paoli

“Further adequately powered RCTs should be undertaken 
in preterm infants comparing HFNC with NCPAP…”



High-Flow Nasal Cannulae as Post-Extubation 
Respiratory Support in Premature Infants:

A CPAP Equivalent?

A multicenter, randomized, non-inferiority trial

Manley BJ, Owen LS, Doyle LW, Andersen CC, Cartwright DW, Pritchard 
MA, Donath SM, Davis PG. N Engl J Med. 2013 



PRIMARY OUTCOME: FAILURE WITHIN 7 DAYS
FOLLOWED TO DISCHARGE FROM HOSPITAL 

VS
HFNC 5-6 L/min         NCPAP 7 cm H2O 

PRETERM INFANTS <32 WEEKS’ GA
FIRST EXTUBATION 



NON-INFERIORITY TRIALS

• Most RCTs are superiority trials

• Non-inferiority trials aim to determine if a new 
treatment (eg. HFNC) has efficacy that is similar to or no 
worse than an established therapy (eg. NCPAP)

• The premise is usually that the new treatment has some 
other benefit and might be favored over the standard 
treatment, even if the efficacy is the same or lower

Piaggio et al, JAMA 2006



NON-INFERIORITY TRIALS

• Non-inferiority is based on the risk difference (95% CI) 
for the primary outcome between the two treatments 

• ‘Margin of non-inferiority’ is defined

We defined the margin as 20%

If the risk difference for treatment failure and upper 
limit of its 95% CI is ≤20%, then HFNC is ‘non-inferior’

Piaggio et al, JAMA 2006





SUPERIOR



NON-INFERIOR



INCONCLUSIVE



INFERIOR



PRIMARY OUTCOME (N=303)
FAILURE OF THE ASSIGNED TREATMENT WITHIN 7 DAYS

HFNC

52/152 

34%

NCPAP

39/151 

26%

Risk difference 8%

95% CI (-2, 19) %   
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NON-INFERIOR



SECONDARY OUTCOMES: 

RE-INTUBATION WITHIN 7 DAYS

HFNC

27/152 

18%

NCPAP

38/151 

25%

Risk difference -7%

95% CI (-17, 2) %    



SECONDARY OUTCOMES: 

RE-INTUBATION WITHIN 7 DAYS

HFNC

27/152 

18%

NCPAP

38/151 

25%

HALF OF INFANTS IN WHOM HFNC FAILED 
WERE ‘RESCUED’ BY NCPAP



Post Extubation: Treatment Failure <7 days
(without Campbell)

<28/40

28-32/40

>32/40

Total 

nHF better CPAP better



Post Extubation: Intubation <7 days
(without Campbell)

<28/40

28-32/40

>32/40

Total 

nHF better CPAP better



PRIMARY THERAPY: HIPSTER
(28 TO 36+6 WEEKS’ GESTATION)
Roberts CT, Owen LS, Manley BJ, Frøisland DH, Donath SM, Dalziel KM, 
Pritchard MA, Cartwright DW, Collins CL, Malhotra A, Davis PG; HIPSTER 
Trial Investigators., N Engl J Med 2016;375:1142-51



Primary Outcome
Treatment failure within 72 hours of randomization

VS

High Flow

71/278
25.5%

CPAP

38/286
13.3%

Risk difference for treatment failure with 
High Flow, 12.3%, 95% confidence interval, 

5.8 to 18.7% (P<0.001)



Intubation
within 72 hours of randomization

VS

High Flow

43/278
15.5%

CPAP

33/286
11.5%

Risk difference for intubation with High 
Flow, 3.9%, 95% confidence interval, -1.7 

to 9.6% (P=0.17)



Primary support: Treatment failure

9%

5%

7%



Primary support: Intubation



Pneumothorax
Primary support

Post-extubation



Is CPAP the gold standard?

• If you can have only one form of noninvasive
ventilation – choose CPAP

• If you can manage two forms

– HF is a highly suitable alternative

• More comfortable

• Slightly cheaper

• Makes nurses and parents happy

– Babies failing HF (primary or post-extubation) can 
be successfully rescued using CPAP



The Gaps

• Role of High Flow in other (non-tertiary) 
settings?

• Is one version of High Flow better than the 
others?

• Can we safely go higher with flow rates?

• Is there a role for High Flow for ELBW babies?


