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Disclosure

 Vapotherm Inc. supplied the 
equipment for HHHFNC for 
our study



Aim

 To provide interventions that will 
maximize survival whilst minimizing 
potential adverse effects.

(Sweet DG et al. European consensus guidelines for RDS treatment. 
Neonatology 2013)



 Avoid Endotracheal
Ventilation



Antenatal Steroids and Poor 
Neonatal Outcome Rates

(Kugelman et al. Arch of Pediatrics and Adolescent Medicine 2012) 

 Combined poor outcome of death or severe morbidity by 
prenatal steroid therapy. 

 Prenatal steroids and BPD - contervertial



Gyamfi-Bannerman CN 

Engl J Med. 2016

The primary outcome was a 

neonatal composite of treatment

in the first 72 hours (the use of 

CPAP or HFNC for at least 2 

hours, supplemental oxygen with 

a FiO2 of at least 0.30 for at least 

4 hours, ECMO, or mechanical 

ventilation) or stillbirth or neonatal 

death within 72 hours after 

delivery.



Postnatal Treatment 

 Novel approaches / strategies for the 
management of RDS:

 Ventilatory.

 Non-ventilatory (Pharmacologic).



Baud O, et al.

Lancet. 2016
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RDS Treatment

 According to the 
"physiological rationale" 
RDS should be treated 
with:

1. Exogenous surfactant 

2. Gentle support of 
functional residual 
capacity (FRC) with 
continuous positive 
airway pressure (CPAP).



Delivery Room

 At delivery, the term stabilization is preferred 
(and not resuscitation) for the vast majority of 
very preterm infants. 

 Only a minority of babies should                
require delivery room intubation.

 Neopuff can be helpful in the DR                  
and during transport to the NICU                
and enables the administration        controlled                      
CPAP and IPPV. 



Prophylactic vs. Selective use of Surfactant in Preventing 
Morbidity and Mortality in Preterm Infants.

(Rojas-Reyes et al. Cochrane Database. 2012 Mar 14;3:CD000510)

 Conclusion: 
– Recent large trials that reflect current practice (including greater utilization 

of maternal steroids and routine post delivery stabilization on NCPAP) 
demonstrate less risk of CLD or death when using early stabilization on 
NCPAP with selective surfactant administration to infants requiring 
intubation.



NCPAP - Questions

 Safety of NCPAP as initial treatment for 
RDS?

 Does it really reduce endotracheal MV or 
prevent BPD ?

 What about surfactant ?

 Can we enhance nasal NCPAP ?



NCPAP vs. 
Endotracheal Ventilation with Surfactant 

Administration.

0

10

20

30

40

50

60

70

80

90

100

Died or BPD Died or BPD

NCPAP

MV+surfactant

610 infants, 

born at 25-28-

weeks GA 

1316 

infants 

24-27 

6/7 

weeks 

GA 

Morley CJ,

NEJM 2008

SUPPORT 

Study,

NEJM 

2010

NS NS





CPAP - BPD

 The results of these studies support 
consideration of NCPAP as an alternative to 
intubation and surfactant in preterm infants, 
and show small but significant benefit in 
long term outcomes.

 Can we enhance NCPAP and get better 
outcome for nasal respiratory support (NRS) 
by using nasal intermittent positive pressure 
ventilation (NIPPV)? 



NIPPV

 NIPPV was defined as a method of 
augmenting NCPAP by delivering 
ventilator breaths via nasal prongs (Davis 

PG, Cochrane. 2003).

 The rationale behind the use of NIPPV 
is the administration of “sigh” to the 
infant, thus opening microatelectasis 
and recruiting more ventilation units.



Synchronized NIPPV (SNIPPV) 
Compared with NCPAP

 Could activate the respiratory drive, (Piper AJ. Chest 1994)

 Improves thoraco-abdominal synchrony, (Kiciman NM Pediatr 
Pulmonol. 1998) 

 Stabilizes the chest wall, (Kiciman NM Pediatr Pulmonol. 1998)

 Improves lung mechanics (Kiciman NM Pediatr Pulmonol. 1998, Moretti 
C Early Hum Dev. 1999)

 Decreases the work of breathing in premature infants. (Aghai 
ZH Pediatr Pulmonol. 2006)
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NIPPV vs. NCPAP for the Initial Treatment 
of RDS

(Kugelman A. J Pediatr. 2007)
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 The results of this 

study in regards to 

BPD needs to be 

taken with caution as 

the number of ELBW 

infants in this study 

was relatively small.



A Trial Comparing Noninvasive Ventilation
Strategies in ELBW Infants

(Kirpalani et al. NEJM 2013)



Salvo V, et al. Pediatrics. 2015

 No statistically significant differences between NSIPPV and BiPAP
strategies in terms of duration of ventilation and failures.



(Meneses et al. Arch Pediatr Adolesc Med 2012;166:372-376)



SNIPPV vs. NCPAP for Later Use, 
Post Extubation at RDS Resolution.

(De Paoli AG . Acta Paediatr 2003, Davis PG. Cochrane 2001)

 A meta-analysis showed 
that SNIPPV was more 
effective than NCPAP in 
preventing failure of 
extubation [RR 0.21 
(0.10, 0.45)] 

 The number needed to 
treat was only 3 infants 
to prevent one 
extubation failure         

NIPPV reduces the incidence of extubation failure and need for reintubation 

within 48 hours to one week more effectively than NCPAP; however, it has no 

effect on BPD or mortality. Synchronisation may be important in delivering 

effective NIPPV (Lemyre B. et al. Cochrane Database Syst Rev. 2014)





HHHFNC

 New devices enable high flows 
– Humidified and warmed air (HHHFNC)
– Were shown to perform better than a 

standard HFNC immediately following 
extubation
 In maintaining a normal appearing nasal 

mucosa
A lower respiratory effort score 
Averting reintubation. 

* Woodhead et al, J Perinatol 2006,



HHHFNC

 High flows

– Result in washout of anatomical and 
physiological dead space 

– Contribute to improved fractions of alveolar 
gases with respect to carbon dioxide and 
oxygen.*

– HHHFNC creates “inadvertent” PEEP that may 
contribute to its beneficial effect**, ***

* Dewan et al, Chest 1994, ** Kubicka et al, Pediatrics 2008; 

*** Sreenan et al, Pediatrics 2001 



HHHFNC

 Kubicka et al (Pediatrics. 2008) concluded that HFNC 
therapy using cannulae of 0.2-cm outer 
diameter can generate some level of CPAP when 
the mouth is closed.

 Continuous CPAP measurements on HFNC are 
not feasible yet.

 The amount of pressure generated is related to:
– Flow rate, 
– Size of the leak around the nasal cannula, 
– Degree of mouth opening.



HHHFNC

 Kubicka et al (Pediatrics. 2008) speculated that if 
the nasal leak is eliminated with the use of 
cannulae that obstruct the nares 
completely, then dangerously high 
distending pressures may be generated 
when the mouth is closed.

 Thus, they suggested that HHHFNC therapy 
should not be used as a routine replacement 
for CPAP therapy. 



Physiology and Practice

 HHHFNC and NIPPV/NCPAP act physiologically 
different and need to be set accordingly in a different 
manner. 

 When using NIPPV/NCPAP we occlude the nares and 
possibly the mouth to avoid leak and to create a 
monitored PEEP.

 In contrast, while on HHHFNC we create purposely a 
leak, as we can not measure a possible inadvertent 
PEEP, to avoid air leak.



HHHFNC

 Yoder et al (Pediatrics 2013) used initial flows based on 
infants’ weight (3 L/min for 1,000–1,999 g, 
increased by a maximum of 3 L/min). 

 Collins et al (J Peds 2013) used an initial flow of 8 
L/min.

 Manley et al (NEJM 2013) used an initial flow of 5–6 
L/min. 



HHHFNC 
Respiratory Management 

 HHHFNC was delivered (Kugelman et al. Peds Pulmonol 2015) using 
flows between 1.0-5.0 l/m. (After extubation flows
between 1.0-3.0 l/m in infants <1000g and 1.0-5.0 l/m in 
infants >1000g).

 Flows were started on 1 l/m and increased at intervals of 
1 l/m according to:
- Clinical condition

- Respiratory [retractions, respiratory rate, grunting] 
- Hemodynamic [blood pressure and heart rate]) 

- Ventilation (PaCO2)                                                         
- Oxygenation



HHHFNC Strategy

 The two strategies for use of HHHFNC, 

– Starting with high flows and then weaning

– Using a "step-up" approach 

 Were not compared in any study. 



(Manley et al.  NEJM 2013)

303 preterm 

infants <32 

weeks



2016



 HFNC has similar rates of efficacy to other forms of non-invasive 
respiratory support in preterm infants for preventing treatment 
failure, death and CLD. 

 Most evidence is available for the use of HFNC as post-extubation
support.

 HFNC is associated with less nasal trauma, and may be associated 
with reduced pneumothorax compared with nasal CPAP. 



HHHFNC vs. NIPPV for the
Primary Treatment of RDS

(Kugelman et al. Ped Pulmonol 2015)
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 Further adequately powered randomized controlled trials 
should be undertaken in preterm infants comparing HFNC 
with other forms of primary noninvasive support.

 Further evidence is also required for evaluating the safety and 
efficacy of HFNC in extremely preterm and mildly preterm 
subgroups.



 While non-invasive ventilation is probably 
safe, its success depends on gestational age 
(Aly H. Pediatrics 2005, Morley CJ. NEJM 2008, SUPPORT Study. NEJM 2010)

 The data indicate that surfactant may still 
have a significant role in the treatment of 
RDS, especially in ELBW infants (~50% will 
need intubation and surfactant).
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Surfactant + 
Non Invasive Ventilation

 The INSURE (INtubation SURfactant
Extubation) approach, in which surfactant is 
administered during brief intubation 
followed by immediate extubation to nasal 
support may allow the infant to benefit from 
both, surfactant and NRS.



(Stevens TP. Cochrane 2007)

 A Cochrane review, concluded 
that the INSURE approach 
with NCPAP compared with 
later selective surfactant 
administration, continued 
mechanical ventilation, and 
extubation from low 
respiratory support was 
associated with:

1. Less need for mechanical 
ventilation, 

2. Lower incidence of BPD (28 
days).

3. Fewer air-leak syndromes.

1

2

3



NIPPV vs. NCPAP, within the INSURE Approach 
in Infants <30 week's Gestation, 

(Ramanathan R. J Perinatol. 2012) 
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Non Invasive Surfactant 
Administarion

 An attractive alternative to intubation 
and delivery of intratracheal surfactant 
would be aerosol delivery (Finer NN et 
al. J Aerosol Med Pulm Drug Deliv. 
2010)

 MIST- minimal invasive surfactant 
therapy



MIST-Minimal Invasive Surfactant Therapy
Avoidance of Mechanical Ventilation by 
Surfactant Treatment of Spontaneously 

Breathing Preterm Infants
(Gopel W et al. Lancet. 2011)
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Surfactant Administration via Thin Catheter 
During Spontaneous Breathing: Randomized 

Controlled Trial
(Kanmaz et al. Pediatrics 2013)
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Prospective Crossover Comparison 
between NAVA and Pressure

Control Ventilation in Prematures <1500 g
Stein H. et al. Journal of Perinatology 2013

Premature neonates ventilated 

with NAVA required less PIP, 

FiO2 and RR to achieve lower 

PCO2 and better compliance 

compared with PCV.

No RCT on NIV-NAVA



Conclusions

 We have to minimize endotracheal ventilation.

 No need for prophylactic surfactant.

 If surfactant is needed: Consider the INSURE approach 
or the MIST.

 The available evidence supports the preference of early 
or later use of NIPPV/SNIPPV compared to NCPAP 
because of reducing the use and the length of 
endotracheal ventilation (Ramanathan R, J. Perinatol 2010, Kirpalani
NEJM 2013 ???).   



Conclusions

 HHHFNC may have a role as NRS post extubation, 
and be considered and further studied as initial 
therapy for RDS.

 New modes of NRS such as Neurally Adjusted 
Ventilatory Assist (NAVA), and nasal HFV need to 
be further studied. 

 Given the complex nature of BPD, it is unlikely that 
a single “magic bullet” (with the possible exception 

of prevention of preterm birth) will make a 
significant impact on BPD.
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Thank You !!!!!
And be Gentle with 
Premature Infants


