
High-Flow Nasal Cannula for Neonatal Respiratory Distress:
Is It Enough?

CPAP is the most studied form of noninvasive ventila-
tion in neonates, and early investigations focused on the
use of CPAP following surfactant administration, to min-
imize the need for invasive mechanical ventilation.1 Ver-
der and colleagues demonstrated that a strategy of CPAP
following brief intubation and surfactant administration
(the INSURE technique: INtubation, SURfactant, Extuba-
tion) improved outcomes in patients with respiratory dis-
tress syndrome (RDS),2 and those results were replicated
in multiple randomized controlled trials.3 In addition, early
observational studies also suggested that preterm neonates
treated with CPAP alone (without endotracheal intubation
and surfactant) had less need for mechanical ventilation.4-8

The Neonatal Research Network’s SUPPORT (Surfactant,
Positive Pressure, and Pulse Oximetry Randomized Trial)
trial in extremely preterm infants confirmed that CPAP alone
wassuperior to intubationandsurfactant administrationwithin
1 hour of birth.9 Those results, along with similar findings
from the European CURPAP study, led to the general
acceptance of CPAP as an alternative to intubation and
surfactant administration in extremely preterm neonates.10

Despite these recognized benefits of CPAP, the optimal
method for the noninvasive delivery of distending pressure
is unknown. A variety of devices are currently utilized,
and they differ in both the type of gas flow generated (con-
stant vs variable flow) and patient interface.11 Regardless of
the interface selected, nasal breakdown is a frequent com-
plication associated with all infant nasal CPAP devices.12

In one study, 13% of infants treated with CPAP developed
some form of nasal complication after only 10 days of
support.13 These complications include skin excoriation,
nasal damage, nasal obstruction, and cutaneous infection.14
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Concern regarding these complications has prompted
clinicians and investigators to search for less invasive ways
to provide respiratory support for neonates, and there has
recently been a growing interest in the use of high-flow
nasal cannula (HFNC) as a mechanism to provide contin-
uous distending pressure to neonates with RDS.15,16 Nu-
merous studies have demonstrated the safety of HFNC in
neonates,17 but the amount of pressure actually provided
by these devices remains in question.18,19

In this issue of RESPIRATORY CARE, Volsko et al further
elucidate the issue of continuous distending pressure
generation by HFNC.20 In their bench study, the nasal
cannulae were optimally sized to models of premature,
infant, and pediatric nares. Pressure changes, mean airway
pressure, and tidal volume were then measured at HFNC
flows of 2– 6 L/min and simulated respiratory muscle
use. Volsko et al concluded that, in their experimental
model of appropriately fitted nasal cannulae, flows of
2–6 L/min did not generate clinically important positive
airway pressure.

Volsko’s results contradict the 15-year-old finding of
Locke et al, that a flow of 2 L/min provides a positive
continuous distending pressure in neonates.21 A similar
rise in continuous distending pressure was found by Sreenan
and colleagues, using HFNC in premature infants with
apnea. They found that HFNC could deliver continuous
distending pressure similar to nasal CPAP and that the
amount of flow necessary to create continuous distending
pressure increased linearly with the infant’s weight.22 How-
ever, more recent studies of pharyngeal pressure in infants
on HFNC found that continuous distending pressure in-
creased only at flows � 4 L/min.23,24

Despite the data that HFNC creates continuous distend-
ing pressure, clinical trials of HFNC in neonatal RDS have
been inconclusive. A randomized trial of nasal CPAP ver-
sus HFNC in preterm infants immediately following ex-
tubation found a significantly higher rate of re-intubation
in the HFNC group.18 Nair compared humidified HFNC to
CPAP in preterm infants with RDS, within 6 hours of
birth, and found similar rates of re-intubation and duration
of respiratory support in the groups, but that study was
terminated early due to the recall of the HFNC device
utilized.25 While these clinical investigations did not spe-
cifically record the amount of continuous distending pres-
sure delivered by the HFNC devices, the inconsistent clin-
ical benefit suggests that the continuous distending pressure
was variable or inadequate.

This inconsistency of continuous distending pressure with
HFNC was confirmed by Lampland and colleagues in a com-
bined in vitro and in vivo study. They used expiratory esoph-
ageal pressure as a measure of continuous distending pres-
sure, and found a wide inter-patient and intra-patient range of
pressures at all HFNC flows tested.23 Patient weight is an-
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other important determinant of continuous distending pres-
sure variability, as demonstrated by Sreenan et al.22 In addi-
tion, volume and pressure loss through the open mouth impacts
the effectiveness of continuous distending pressure from
HFNC. Kubicka et al found that mouth closure was necessary
to achieve a linear relationship between flow rate and deliv-
ered continuous distending pressure.26

Volsko et al20 address the issue of the cannula’s inner
diameter as an important source of variability in the con-
tinuous distending pressure. Prior to this investigation, lim-
ited data existed regarding the impact of cannula inner
diameter on continuous distending pressure variability.24

The results from Volsko et al are consistent with previous
data that, even when the inner diameter of the nasal can-
nula is optimally fit, reliable continuous distending pres-
sure is not achieved at flows between 2 L/min and 6 L/
min.27 This lack of appreciable continuous distending
pressure from HFNC in a bench model, along with the
growing number of negative clinical investigations, con-
tinues to bring into question the clinical impact of HFNC
in the setting of neonatal RDS.18,28,29

It is essential to remember that not all infants can be
successfully supported with CPAP alone, as demonstrated
by the high rates of intubation in the CPAP-only arms of
the SUPPORT and the CURPAP trials, and that the opti-
mal strategy of respiratory support in neonates remains
elusive.30 Randomized clinical trials are needed to identify
which patients are most likely to benefit from noninvasive
ventilation and the optimal devices to deliver that sup-
port.24 In the meantime, carefully designed experimental
studies such as the one by Volsko and colleagues are im-
portant additions to the body of available data addressing
the effectiveness of HFNC in delivering continuous dis-
tending pressure. Contributions of this nature are essential,
not only for the design of future randomized trials, but also
to assist clinicians in their current decision making at the
bedside. While the movement toward less invasive thera-
pies to support neonates with RDS is laudable, a firm
recommendation for or against HFNC as an alternative to
nasal CPAP will have to await the results of a randomized
controlled trial that directly compares these 2 therapies.
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