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Abstract

Nearly all very preterm infants will require some form of respiratory support in the neonatal unit. It is standard practice to humidify the inspired gases. It appears 
logical to bring this practice of humidifi cation forward to the time immediately after birth. There is an evidence base for early provision of heated humidifi ed gases in the 
delivery room, but because several forms of respiratory support may be needed (eg binasal prong CPAP and use of a T-piece resuscitator) this may be diffi  cult to achieve. 
We describe a setup using a radiant warmer and humidifi cation circuits to make this possible.

Introduction

Heating and humidifi cation of inspired gases in very 
preterm infants in the delivery room are increasingly used. 
According to a recent survey over 60% of neonatal intensive 
care units (NICUs) in high-income settings have adopted the 
procedure [1]. There is a modest evidence base for the practice, 
particularly for achieving target admission temperatures 
between 36.5 °C and 37.5 °C. There have been two randomized 
controlled trials (RCTs) and an observational study [2-4]. A 
meta-analysis of a total of 476 preterm infants < 32 weeks 
Postmenstrual Age (PMA) enrolled in the randomized studies 
indicated a signifi cant improvement in admission temperature 
for infants < 32 weeks and in addition signifi cant improvement 
for the subgroup < 28 weeks PMA [5]. The observational study 
showed similar results [4]. Heating and humidifi cation appeared 
to have an additional effect on admission temperatures, even 
with the comprehensive use of other measures to prevent heat 
loss such as a thermal wrap, the use of radiant warmers in 
the delivery room, utilizing powered warmers or incubators 
for transport to NICU, maintaining optimal environmental 
temperatures in theatre and delivery room (25 °C or above) and 
providing head covering. GRADE score indicated a high score 

for the prevention of hypothermia and low heterogeneity [5]. 
In one of the studies, there was an increase in the number of 
infants with admission temperatures above 37.5°C [3] but this 
was not seen in the study where servo control was used [2]. 
The improvement in admission temperature with heating and 
humidifi cation was in keeping with earlier studies indicating a 
1.4 °C drop of core temp for every hour non-heated humidifi ed 
gas was used in neonatal anesthesia [6].

Respiratory outcomes in the RCT heating and humidifi cation 
studies were not signifi cantly different between groups, 
although there were trends toward improvements in early 
intubation rates, and surfactant use [5]. There was a signifi cant 
reduction in severe intraventricular haemorrhage although the 
GRADE evidence for this fi nding was weak [5]. As the studies to 
date have not been powered for these outcomes, it follows that 
further study is indicated. 

Delivery room transition 

Heating and humidifi cation of inspired gases need to be 
viewed in the context of other important events taking place 
soon after delivery. 
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Deferred Cord Clamping (DCC) and heated and humidi-
fi ed gases

DCC has become standard practice with a recent systematic 
review indicating improved survival in preterm infants < 
34 weeks PMA [7]. Maintaining normothermia (36.5 °C to 
37.5 °C) is facilitated by using plastic wrap and maintaining 
environmental temperatures. Several studies have reported no 
increase in admission hypothermia when DCC is performed, 
but nevertheless, in the largest study to date comparing DCC to 
immediate clamping, 30% - 40% of preterm infants with PMA 
less than 32 weeks had sub-optimal admission temperatures 
[8]. Heating and humidifi cation of inspired gases are not 
usually attempted while DCC is taking place. In most cases, the 
cord is clamped after 30 to 60 sec. providing heated humidifi ed 
gases is certainly possible as several studies have reported 
the use of T-piece resuscitation prior to cord clamping and a 
humidifi er could be added to the circuit [9-11]. If the cord is 
not clamped for a longer period eg in the setting of physiologic 
cord clamping (where 5 min or longer may elapse prior to 
clamping), heating and humidifi cation might be indicated [12]. 
However, these possibilities do not appear to have been studied. 

In a recent study of preterm infants < 31 weeks PMA who had 
50 sec DCC, we noted that 26/113 (23%) of infants had axillary 
temperatures < 36.5 °C (hypothermia) on admission to NICU. In 
addition, 29/113 had axillary temperature < 36.5 °C at 5 min of 
age in DR (11). In an analysis of data (previously unpublished) 
from this study, we found that hypothermia at 5 min was 
the variable most strongly associated with hypothermia at 
admission (p < 0.001 using logistic regression; odds ratio 28.5 
with 95% confi dence interval 6-145). Other factors entered into 
the model for hypothermia on admission were gestation, birth 
weight, sex, multiple births, birth weight Z score, intubation in 
the delivery room, Apgar scores at 1 and 5 min, and caesarean 
delivery. To determine which factors were associated with 5 
min hypothermia we explored the same variables and found 
that signifi cant factors for 5 min hypothermia were gestation, 
birth weight, and birth weight Z score. Although this was a 
relatively small single-center study, our observation appears 
to confi rm fi ndings from the much larger Brazilian Neonatal 
Network study (13). This study of over 1700 preterm infants 
< 34 weeks PMA noted the strong association between the 
temperature at 5 min of age and admission temperature below 
36 °C (odds ratio of 7.5; 95% CI 5.7 - 9.7) [13]. This is in spite 
of admission occurring some 15 to 20 min later, and it might 
be expected that the use of radiant heat would overcome this 
initial hypothermia. It does raise the question of whether early 
heating and humidifi cation could reduce hypothermia within 5 
min of delivery. 

Providing heated humidifi ed respiratory support in the 
delivery room 

The majority of very preterm infants can be managed on 
early CPAP in the Delivery Room (DR) with several studies 
noting that for infants with a PMA of below 32 weeks, 70% to 
80% will not require endotracheal tube placement in the DR 
[2,3,11]. For those infants on CPAP, it is becoming common 
practice to provide heating and humidifi cation to the CPAP 

circuit in the DR. For binasal prong bubble CPAP, we provide 
heated and humidifi ed gases using the F&P 950 series humidifi er 
(Fisher&Paykel 950 Respiratory Humidifi er, Fisher&Paykel 
Healthcare, Auckland, NZ). However, data from a recent study 
performed in our unit indicated that approximately 50% of 
infants < 31 weeks PMA will need Positive Pressure Ventilation 
(PPV) in the DR [11], and this is usually provided via a T-piece 
resuscitator. For the majority of infants we noted this period of 
PPV was short-lived; however, some infants, especially at lower 
gestations, required intubation. As the F&P 950 humidifi er 
CPAP circuit has a pressure-relief valve set at 15 cm - 17cm 
water, this makes the circuit unsuitable for the provision of 
PPV as higher inspiratory pressures are usually used (25 cm 
water or more). A “dry” T-piece circuit (without humidity) can 
be used but as 20 to 30 min may elapse before reaching NICU 
it could be important to heat and humidify the T-piece circuit 
as well. For this we propose the use of 2 circuits set up on the 
radiant warmer (as described in more detail below); one circuit 
for heated humidifi ed binasal prong CPAP with an F&P 950 
humidifi er and one using the MR850 humidifi er (Fisher&Paykel, 
Auckland, NZ) for the T piece circuit. The MR850 humidifi er 
T-piece circuit does not have a pressure relief valve (pressure 
is set on the radiant warmer pressure dial), making it suitable 
for T-piece resuscitation and this MR850 setup was used in 
the 3 published studies to date [2-4]. Whilst the MR850 could 
be used for both T piece and nasal prong CPAP, different 
circuits are required, and changing these over in the stress of 
DR events may be inadvisable. The T piece and MR850 circuit 
could also be used to provide T piece CPAP. However, the use 
of a face mask in DR has been associated with apnea in over 
50% of preterm infants <32 weeks who were spontaneously 
breathing [14]. For this reason, our practice is to provide CPAP 
using binasal prongs to spontaneously breathing infants and 
not a face mask in DR. Whether the use of warmed humidifi ed 
gas in this setting is helpful in reducing apnea has not been 
studied. Controlling the oxygen concentration of inspired gas is 
also crucial, both to maintain optimal oxygen saturations and 
potentially to open a closed glottis [15], so it is important to be 
able to blend oxygen and heated humidifi ed gas. 

Skin-to-skin contact

The provision of early skin-to-skin contact and closeness 
between parents and preterm babies is increasingly recognized 
as an important aspect of care. A recent study noted that 
providing 60 min of skin-to-skin care in the delivery room 
for extremely preterm infants was not only feasible but had 
a number of benefi ts including a reduction in early postnatal 
depression and improved bonding [16]. It is likely that the use 
of heated humidifi ed gases in this setting, particularly if longer 
periods of time elapse before admission to the nursery, would 
be important to prevent hypothermia, but there are no studies 
that have specifi cally investigated this. 

Set up humidifi ed circuits for the delivery room

The Giraffe warmer (GE Healthcare, Australia and New 
Zealand) has 2 gas outlet ports and an oxygen blender (see 
Figure 1). A gas outlet port is used to supply each humidifi er. 
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The F&P 950 circuit on the left of the Figure is used to provide 
heated humidifi ed CPAP and a close-up is shown in Figure 2. 

The MR850 humidifi er on the right (Figure 1) is used to 
heat and humidify the T-piece circuit and a close-up of this 
setup is shown in Figure 3. 

The T-piece circuit with humidifi cation is only used in DR 
and for transport to NICU, a small volume of water (20 ml) is 
placed in the chamber with the humidifi er set to 37 °C [2,3] and 
it has been shown that this water heats up rapidly (within a 
few minutes). Each circuit requires a humidifi cation chamber 
top and is designed for single-patient use. The T-piece heated 
humidifi cation circuit (Fisher&Paykel 900RD110 circuit and 
humidifi er dome MR225X) in our practice is indicated for 
infants < 28 weeks PMA. The heated humidifi ed CPAP circuit 
(950N62) with F&P 950 humidifi er (set to 37 °C) is standard in 
our NICU for all infants requiring respiratory support and the 
same circuit is used once the infant is admitted to NICU Hence, 

the extra cost is for the heated humidifi ed T piece circuit. It 
should be noted that power should continue to be supplied to 
the warmer and humidifi ers during the transfer from DR to 
NICU. 

Clearly, in the future, it would be desirable to change the 
circuit design, so that the same humidifi ed circuit could be 
used for different applications and this is likely to take place 
in the future.

Conclusion

Early use of heated humidifi ed inspired gases in the delivery 
room after birth is likely to be important. As very preterm 
infants are likely to require more than one type of respiratory 
support eg nasal CPAP and positive pressure ventilation during 
early stabilization and transition, there are technical challenges 
to achieving this humidifi cation. As a result of the current 
limitations of circuit design, the use of 2 separate circuits may 
be required. We anticipate carrying out further studies on this 
type of setup.
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circuit on the right.
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