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Increasing survival of premature infants in the last 50 years
has been associatedwith significant challenges in supporting
these infants after birth. One of these challenges has been to
develop effective respiratory support strategies while avoid-
ing injury to the lungs and other organ systems. During the
last few decades, increasing knowledge from animal and
clinical research in combinationwith technological advance-
ments has resulted in significant progress in respiratory
support of these infants. Some of the recent advances with
current evidence are reviewed below (►Table 1).

Respiratory Support at Birth

A large proportion of extremely preterm infants require
respiratory support at birth, which is frequently lifesaving

but can also produce complications with long-term implica-
tions. The initial steps for successful fetal to neonatal transi-
tion are clearance of lung fluid and establishment of
functional residual capacity. Sustained inflation (SI) during
the first few positive pressure breaths after birth was shown
in animal studies to achieve these goals quicker than regular
intermittent positive pressure ventilation (IPPV). Clinical
trials evaluating SI in preterm infants have failed to show
similar beneficial effects, with one recent large randomized
controlled trial (RCT) stopped early due to increased mor-
tality at less than 48 hours in infants who received SI when
compared with regular IPPV.1,2

There is increasing evidence that monitoring of ventila-
tion, subjectively by observing chest rise or indirectly by its
effect on increase in heart rate, may be inadequate. The use
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Abstract The evolution of neonatal respiratory support has been one of the cornerstones for the
advancements in neonatal–perinatal medicine, allowing survival of infants previously
considered not viable. There is an increasing focus on developing strategies which are
not only lifesaving but alsominimize lung andother organ systems injury, thereby reducing
long-term morbidities. Respiratory support immediately after birth is an area that had
lagged behind in terms of evidence base and technological advancements until recently.
Some of these advancements include use of a respiratory functionmonitors formeasuring
flow and tidal volume, new evidence for oxygen supplementation andmonitoring, and the
efforts to formulate an ideal strategy for establishing functional residual capacity after
birth. Increasing evidence for the benefits of avoiding invasive ventilation on reduction of
bronchopulmonary dysplasia has resulted in efforts to further reduce the need for
endotracheal intubation by applying newer strategies such as less invasive surfactant
instillation, noninvasive high-frequency oscillatory ventilation, or use of high flow nasal
cannula oxygen. For infants requiring mechanical ventilation, newer strategies such as
volume targeted ventilation or neurally adjusted ventilation are being evaluated to reduce
ventilator induced lung injury. Despite these advances, there are significant challenges,
including lackof conclusive evidence base formanyof currently used respiratory strategies,
no reduction in the incidence of bronchopulmonary dysplasia in the last decade, and
difficulties in defining outcome measures that better reflect long-term respiratory health.
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of respiratory function monitor to objectively monitor
ventilation parameters is one of the strategies with early
results showing reduction in mask leaks and lower rates of
excessive tidal volume.3 The studies evaluating the impact
of these monitors on clinical outcomes are currently under-
way and results should clarify their role in the delivery
room.

Another question that has been evaluated in the last
decade is oxygen supplementation during resuscitation in
the delivery room. Increasing evidence suggests that starting
resuscitation with 100% oxygen is associated with worse
outcomes as compared with lower oxygen concentration,
especially in term infants. The current Neonatal Resuscita-
tion Program. guidelines recommend using a FiO2 of 0.21 to

Table 1 Advances in respiratory support strategies and some recent evidence

Respiratory support strategy Recent evidence

In the delivery room:
• Respiratory function

monitoring
• Sustained inflation at birth

• Initial fraction of inspired
oxygen (FiO2) at birth

• A small feasibility study showed reduction in mask leak and intubation rate with RFM
use.3 No studies evaluating clinical outcomes.

•Meta-analysis of six RCTs showed no significant effect when compared with regular PPV
(RR ¼ 0.85; 95% CI: 0.65–1.12).1

• A multicenter RCT comparing SI with IPPV in 460 extremely preterm infants showed
increased mortality at less than 48 h of age (7.4 vs. 1.4%, respectively, adjusted risk
difference ¼ 5.6%; 95% CI: 2.1–9.1%). The rate of death or BPD at 36 weeks PMA did
not differ between the groups. (63.7% in SI group vs. 59.2% in standard IPPV group).2

•Meta-analysis of 10 RCTs comparing low (0.21–0.5) vs. high FiO2 (0.51–1.0) in preterm
infants less than 35 weeks of gestation showed no effect on mortality or other
morbidities.

• LISA • Meta-analysis of six RCTs comparing LISA with intubation and surfactant use in 895
preterm infants on CPAP showed reduced incidence of death or BPD (RR ¼ 0.75; 95%
CI: 0.59–0.94, p ¼ 0.01) with use of LISA.7 Not all studies have compared LISA to InSurE
and procedure side effects have not been consistently reported.

• Noninvasive HFOV • Randomized crossover study in 30 preterm infants showed lower transcutaneous CO2

values during noninvasive HFOV compared with nCPAP: 47.5 � 7.6 vs. 49.9 � 7.2 mm
Hg, respectively (p ¼ 0.0007).18

• High flow nasal
cannula (HFNC)

• A meta-analysis of three studies comparing HFNC with CPAP as primary respiratory
support in infants > 28 weeks of GA, did not show significant difference in the risk of
treatment failure (risk difference ¼ 0.03; 95% CI: �0.03 to 0.08).10

• A recent multicenter RCT comparing HFNC with CPAP for early RDS was stopped early
due to higher incidence of treatment failure in HFNC group as compared with CPAP:
25.5 vs. 13.3%, respectively, p < 0.001.9

• A meta-analysis of five studies comparing HFNC with CPAP for postextubation
respiratory support did not show significant difference in the risk of extubation failure:
RR ¼ 1.18; 95% CI: 0.91–1.52, p ¼ 0.21.10

• Volume targeted ventilation •Meta-analysis of 20 randomized trials comparing volume targetedmodes with pressure
limited ventilation showed reduction in death or BPD at 36 weeks of gestation
(RR ¼ 0.73; 95% CI: 0.59–0.89), and less pneumothorax (RR ¼ 0.52; 95%
CI: 0.31–0.87), severe IVH (RR ¼ 0.53; 95% CI: 0.37–0.77), and severe IVH or PVL
(RR ¼ 0.47; 95% CI: 0.27–0.80).12

• HFOV with VG • A randomized crossover study in 20 preterm infants showed improved maintenance of
target VT and reduced incidence of hypocarbia and hypercarbia during HFOV þ VG
period as compared with HFOV.13

• NAVA • A recent Cochrane’s review found one RCT comparing NAVA with pressure controlled
triggered ventilation showed no effect on clinical outcomes.14

• Oxygen saturation targets • Ameta-analysis of five RCTs enrolling 4,965preterm infants showeddecreased incidence of
BPD (RR ¼ 0.81; 95% CI: 0.74–0.90), and treated ROP (RR ¼ 0.74; 95% CI: 0.63–0.86), but
increased risk of death before discharge (RR ¼ 1.17; 95% CI: 1.03–1.12), and severe
necrotizing enterocolitis (RR ¼ 1.33; 95%CI: 1.10–1.61) in the lower SpO2 target (85–89%)
in comparison to higher target SpO2 group (91–95%)15

• Automated FiO2 control • Ameta-analysis of 10 studies showed that automated FiO2 control improved time spent
within the target SpO2 range (mean difference ¼ 12.8%; 95% CI: 6.5–19.2%), periods of
hyperoxia (mean difference ¼ � 8.8%; 95% CI: �15 to �2.7%), and severe hypoxia
(SpO2 < 80%; mean difference ¼ � 0.9%; 95% CI: �1.5 to �0.4%).19

Abbreviations: BPD, bronchopulmonary dysplasia; CI, confidence interval; CPAP, continuous positive airway pressure; IPPV, intermittent positive
pressure ventilation; LISA, less invasive surfactant administration; NAVA, neurally adjusted ventilatory assist; RCT, randomized controlled trial; RFM,
respiratory function monitor; RR, risk ratio; SI, sustained inflation; SpO2, pulse oximetry monitors; VG, volume guarantee; VT, tidal volume.
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0.3 for initiating resuscitation in very preterm infants but the
questions of optimal oxygen concentration and how to titrate
it, remains to be answered.4

Strategies for Prevention of Endotracheal
Intubation

Endotracheal intubation and mechanical ventilation are the
main risk factors for bronchopulmonary dysplasia (BPD) and
its avoidance by using noninvasive support has been shown
to decrease the incidence of BPD.5 The impact of this strategy
on long-term respiratory function is not clear. A recent large
cohort study evaluating long-term outcomes during three
different periods showed worse airway function in children
treated during the period when noninvasive respiratory
support was used more frequently.6 One of the limitations
of avoiding endotracheal intubation in premature infants
after birth is the inability to use conventional methods of
surfactant instillation. This may potentially result in
increased oxygen exposure and associatedpulmonary injury.
To overcome this limitation, innovative methods for surfac-
tant instillation such as using a catheter or feeding tube, via
nebulization, or laryngeal mask have been evaluated in the
last decade. The most evaluated of these methods has been
tracheal instillation of surfactant by a catheter or feeding
tube that has been shown to decrease the need for mechan-
ical ventilation and BPD when compared with intubation in
preterm infants stabilized on nasal continuous positive air-
way pressure (CPAP).7 Some of the questions that remain to
be answered include ideal technique, equipment, or the
efficacy in the more immature infants.

A significant limitation of the commonly usedmethods of
noninvasive support is the high failure rates requiring endo-
tracheal intubation andmechanical ventilation, especially in
infants at lower gestational ages, who are at higher risk for
morbidities and mortality.

Noninvasive high frequency oscillatory ventilation is one
of the strategies currently being evaluated to improve gas
exchange during noninvasive ventilation. This mode has
been evaluated so far in animal and small physiologic studies
and has shown some improvement in CO2 removal when
compared with CPAP alone.8 There is currently limited data
on the optimal settings, or clinical efficacy and safety, with
no studies evaluating impact on long-term outcomes.

High-flow nasal cannula (HFNC) is another noninvasive
respiratory support mode used with increasing frequency in
the last few years. The main advantages are patient comfort
and ease of use when compared with CPAP or nasal inter-
mittent mandatory ventilation. There is increasing evidence
of its inferiority as a primary respiratory support mode in
preterm infants greater than 28weeks of gestational age or as
a mode of choice for postextubation respiratory support
when compared with CPAP.9,10 Another use of HFNC is in
convalescing preterm infants requiring long-term noninva-
sive respiratory support, but there is no clear evidence of
long-term benefits.

The increasing use of HFNC in extremely preterm infants
has brought a conundrum for researchers and epidemiolo-

gists on defining the severity of BPD in these infants.
Because these devices generate variable positive pressure
and deliver different effective FiO2 at different gas flows and
clinical conditions, the accurate categorization of these
infants according to the most common definition of BPD
severity is challenging. There have been recent attempts to
overcome these challenges by proposing different defini-
tions of BPD.11

Newer Modes of Mechanical Ventilation

Mechanical ventilation for neonates has advanced signifi-
cantly in the last few decades with newer microprocessor
controlled ventilators with ever improving capabilities for
synchronization of breaths, adjustment for gas leaks, accu-
rate measurement of small tidal volumes, and automation of
adjustments of peak pressure, rate, and inspired oxygen.
These capabilities have resulted in the development of newer
modes of mechanical ventilation, some of which have been
shown to improve outcomes.

The ability to provide volume-targeted ventilation for
neonates is one of these advances. A recent meta-analysis of
studies using different volume targeting strategies showed
reduced incidence of death or BPD, pneumothorax, and
severe intraventricular hemorrhage when compared with
pressure control modes.12 One of the volume targeting
strategies that has been comparatively better studied is
volume guarantee (VG) ventilation in which the ventilator
measures exhaled tidal volume (VT) for each breath and
adjusts peak inspiratory pressure to deliver a set VT. This
mode is gaining acceptance among neonatologists, though
there are limited data on the impact on respiratory out-
comes, best tidal volume targets for different conditions or
an ideal strategy for weaning off the ventilator when using
this mode of ventilation. Another use of VG, currently under
investigation, is using it in combination with high-fre-
quency oscillatory ventilation so that clinicians can set a
target VT and the ventilator adjusts the oscillation ampli-
tude accordingly. There are some initial reports of better
maintenance of VT and PaCO2, but there are no data on
clinical outcomes or best settings to choose for different
clinical conditions.13

Synchronization of positive pressure breaths with
infant’s respiratory effort may reduce the need for respira-
tory support and, thereby, decreases lung injury. Some of
the drawbacks of commonly used synchronization methods
utilizing gas flow or negative pressure as a trigger include
the effects of gas leak and delay in trigger resulting in
ventilator-patient asynchrony. Neurally adjusted ventila-
tory assist (NAVA) is one of the modes which overcome
these problems by detecting the electrical activity of the
diaphragm. This ventilator provides proportional assist
ventilation increasing airway pressure in proportion to
the strength of the electrical signal captured from the
diaphragm. There is some evidence that NAVA improves
patient-ventilator synchrony but data on clinical outcomes
are still awaited.14 Some of the limitations of NAVA include
the need for an oro-/nasogastric tube for measurement of
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electrical activity of diaphragm, and limited evidence on the
optimal degree of assist (NAVA level) for infants with
different types and severity of respiratory conditions.

Oxygen Saturation Targets and
Achievement Strategies

The ability to monitor continuously and noninvasively
blood-oxygen saturation using SpO2 is one of the major
breakthroughs in the medical field. Until recently, there was
limited evidence on the best target SpO2 levels for preterm
infants with a significant variability in SpO2 targets used by
different clinicians. To answer this question, the neonatal
oxygen prospective meta-analysis (NeOProM) initiative was
launched which consisted of five large multicenter trials
that enrolled close to 5,000 extremely preterm infants.
Infants were randomized to high (91–95%) or low (85–
89%) SpO2 target ranges from birth until 36 weeks of
postmenstrual age. The primary outcome of the meta-
analysis, death or disability at 18 to 24 months of corrected
age, was not different between the groups. However, infants
assigned to the lower target SpO2 group had reduced risk of
retinopathy of prematurity (ROP) requiring treatment and
reduced risk of BPD. Unexpectedly, they had higher risk of
death and increased risk of necrotizing enterocolitis when
compared with the higher target SpO2 group.15 The results
of this meta-analysis have provided some evidence base for
the target SpO2 range and some uniformity in clinical
management.16

Most preterm infants have oxygenation instability pre-
senting with recurrent hypoxemia episodes requiring
adjustment in oxygen supplementation by the caregivers.
These episodes have been associated with significant mor-
bidities including ROP, BPD, andworse neurologic outcomes.
In the last few years, several groups have developed systems
that can adjust inspired oxygen concentration automatically
in an attempt to keep the SpO2 in the desired range. The use
of these systems in infants on respiratory support has been
shown to improve the time in target SpO2 range and to
reduce the duration of hypoxemia and hyperoxemia.17 There
is an urgent need for larger studies to evaluate the effect of
these systems on long-term clinical outcomes.

Future Directions

Over the last half century, neonatal respiratory support has
evolved significantly with increasing use of technology and
ever-expanding knowledge base of respiratory physiology
and factors affecting preterm lung development and injury.
Some of these advances are based on good-quality evidence
of improved clinical outcomes, but many have been incor-
porated in the clinical practice with limited evidence of
benefit.

There is increasing realization that monitoring of respira-
tory support, both in the delivery room and later in the
neonatal intensive care unit, need to be objective, contin-
uous, and goal directed. It is possible that the use of newer
technologies, such as artificial intelligence and machine

learning will help integrate and analyze this wealth of
information and improve clinical decision making.

As newer technologies are gradually incorporated, some
of the challengeswill be to define clinically relevant outcome
measures for benchmarking against current strategies.
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