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Abstract

Purpose: To implement a noninvasive respiratory support protocol, standards of practice, and an
alternative, effective noninvasive respiratory support system for extremely premature neonates after birth
and extubation to improve noninvasive respiratory support success.

Background: Noninvasive respiratory support failure causes increased incidences of intubation,
prolonged durations of invasive mechanical ventilation (IMV) usage, and poor outcomes. Improving
provisions of noninvasive respiratory support decreases morbidities and mortality in this population.

Sample/Setting: Extremely premature neonates born at less than 29 0/7 weeks gestational age managed
in a Midwest level III NICU from May 2023 through January 2024.

Methods: The implemented noninvasive respiratory support system offered the ability to follow a
protocol which prioritized utilizing an occlusive mask and the Nasal Intermittent Positive Pressure
Ventilation (NIPPV) noninvasive mode. The changes were implemented in the included neonates (n=14)
after birth and after any extubation and outcomes were followed for 10 days after. Five neonates did not
exclusively utilize the implemented noninvasive respiratory support system so a separate cohort of
neonates (n=9) which did were stratified.

Results: Significantly more neonates only required intubation for surfactant administration and IMV use
less than 24 hours when exclusive utilization of the new noninvasive respiratory support occurred
(t(8)=2.53, p<0.05). The number of intubations were significantly lower (t(13)=1.88, p<0.05; t(8)=2.45,
p<0.05) even though rates of unplanned extubations were similar. Rates of noninvasive success after birth
and after initial extubation attempts were significantly higher post-implementation (t(13)=2.48, p<0.05;
t(8)=2.29, p<0.05) with lower cumulative durations of IMV usage post-implementation.

Conclusion: The outcomes of neonates utilizing the implemented changes to noninvasive respiratory
support provisions were shown to be effective in improving noninvasive success and providers moved to
full adoption of the system. This project could serve as model to improve noninvasive success in
extremely premature neonates and decrease associated morbidities.
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Noninvasive Respiratory Support Strategies for Extremely Premature Neonates
Through foundational practices in neonatal care such as endotracheal intubation, invasive
mechanical ventilation (IMV), and exogenous surfactant administration, the boundaries of viability have
been pushed to the brink and survivability is increasing for neonates born extremely premature at less
than 29 0/7 weeks gestational age. Although these methods are often necessary to support respiratory
function of these neonates due to the inherent consequences of being born too early, the same methods
used to improve survival render extremely premature neonates more susceptible to several morbidities
and eventual mortality. Recommendations from national organizations describe the significance of
optimizing provisions of noninvasive respiratory support to improve outcomes, yet many neonatal care
providers have an absence of evidence-based strategy. This problem in extremely premature neonates
emphasizes the importance of implementing strategies from the available knowledge which increase the
effectiveness of noninvasive respiratory support and champion extubation success thereby decreasing
incidences of intubation and culminative durations of invasive mechanical ventilation. These outcomes
hold prospect for reducing morbidities and mortality in this population.
Background and Significance
Respiratory distress syndrome (RDS) is one of the most common conditions affecting premature
neonates. Undoubtably, extremely premature neonates have the highest predisposition of being affected
more severely by RDS as preterm birth omits several critical periods of fetal lung maturation, resulting in
a deficient amount of endogenous surfactant production. Fortunately, prevention and treatment of RDS is
well-established with administration of antenatal corticosteroids before birth to induce fetal lung
maturation and surfactant production coupled with administering exogenous surfactant after birth, often
completed with endotracheal intubation (ACOG, 2017; AAP, 2008). This is in stark contrast to
noninvasive and post-extubation strategies which largely lack standardization and several which have
minimal advantageous evidentiary findings in outcomes such as decreasing respiratory failure, efficacy of
support, and extubation success, specifically. Although there are several supportive approaches which

assist extremely premature neonates in achieving these outcomes, one of the most influential noninvasive
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evidence-based practices to support the immature respiratory functions of extremely premature neonates’
concerns maintaining functional residual capacity (FRC) through providing continuous distending
pressure with noninvasive respiratory support.

In the setting of ineffective provision of noninvasive respiratory support delivery, respiratory and
extubation failure is documented to occur in approximately 30% to 80% of extremely premature neonates,
with worsening rates inversely related to the neonates gestational age (Chawla et al., 2017; Manley et al.,
2016; Kidman et al., 2021; Shalish et al., 2018). These failure rates are speculated to be much more
drastic in extremely premature neonates as this population has shown to require reintubation related to
respiratory failure after longer periods of time, peaking between 72 and 168 hours after extubation, while
in more mature infants, reintubation commonly occurs sooner (Giaccone et al., 2013). This suggests that
extremely premature neonates require evaluation for respiratory failure and reintubation over a longer
period to accurately capture the success rate of noninvasive respiratory support and extubation.

Subsequent respiratory or extubation failure due to a declining clinical presentation, intubation is
often indicated in extremely premature neonates. Due to the invasive nature of intubation coupled with
the characteristically delicate anatomical structures and particularly small size of these neonates, risks of
complications are higher. In extremely premature neonates, intubation requires multiple attempts to
intubate in nearly half to two-thirds of cases while complications for any intubation attempt carries up to a
50% risk rate (Herrick et al., 2021; Sawyer et al., 2018). Furthermore, in the event of extubation failure
and reintubation, extremely premature neonates experience a minimum of 10 to 12 additional days on
IMYV whereas approximately 30% of incidences of associated morbidities could be prevented when initial
extubations are successful (Shalish et al., 2021; Palmer et al., 2019). In this population, extubation failure
is anticipated to occur up to three separate times in 20% of cases resulting in a significantly longer
culminative duration of IMV, and prolonged durations of IMV can lead neonates suspectable to various
morbidities, most notably bronchopulmonary dysplasia (BPD) (Kirpalani et al., 2013; Jensen et al., 2015;
Keszler & Sant’Anna, 2015). Literature supports that as few as 15 days of IMV significantly increases, as

much as 40% to 75%, the incidences, severity of, and mortality from BPD, with BPD becoming the
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leading cause of death among extremely premature neonates after 42 days intubated (Choi et al., 2018;
Kidman et al., 2021; Escobar et al., 2020; Aoyama et al., 2021; Jensen et al., 2021). Based on the current
trajectory of BPD incidences, it can be expected that as more neonates born at earlier gestational ages
begin to survive longer, without strategies to reduce associated factors instrumental in BPD development,
rates of morbidities and mortality will continue to rise.

The American Academy of Pediatrics (AAP) prioritizes reducing infant morbidity and mortality
rates, specifically expressing the importance of improving the management of noninvasive respiratory
support, increasing extubation success, as well as eliminating prolonged durations of IMV, to throttle the
rise in associated poor outcomes in extremely premature neonates. In addressing current trends, the AAPs
(2014) policy statement, Respiratory Care of Premature Infants emphasizes that even when intubation,
surfactant, and initial IMV usage are vitally necessary for the most premature neonates, there is an
undoubtable importance and preference for safely expediting extubation to noninvasive respiratory
support to avoid prolonged durations of IMV, morbidities, and mortality. Studies which examine
outcomes in premature neonates which experienced noninvasive respiratory support failure, demonstrate
that this population incurs significant morbidities and mortality related to failure (Dargaville et al., 2016).

A review of 2022 Vermont Oxford Network (VON) data of facility specific respiratory-related
key measures compared to VON benchmarks underscored several relevant areas prime for improvement.
For one key measure, state and national averages of the number of extremely premature neonates
unsuccessful on noninvasive respiratory support were 34%, compared to the specified facility which
observed 48% of extremely premature neonates required intubation after noninvasive failure, while
intubation and IMV usage at birth were nearly identical across regions. Relatedly, 16% of extremely
premature neonates at the specified facility utilized IMV for greater than 28 days whereas the national
average was only 11%. With these revelations and to align efforts congruent to the national health agenda
and recommendations of premier leaders of neonatal care, there is an emphasis on the obligation to seek
and revise practices related to strategies which ensure the provision of effective noninvasive respiratory

support success in extremely premature neonates and execute these practices promptly.
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Problem

In extremely premature neonates, ineffective noninvasive respiratory support facilitates
respiratory failure and hinders extubation success, consequentially resulting in more intubations and
prolonged use of IMV. These events are associated with poor outcomes including increased morbidities
and mortality for many extremely premature neonates. Despite current recommendations and available
evidence-based methods which improve noninvasive respiratory support provisions, encourage extubation
success, and avoid incidences of intubations and prolonged IMV use in extremely premature neonates,
many neonatal care providers continue to have an absence of strategy to address these problems.

Available Knowledge

Suboptimal outcomes of extremely premature neonates emphasize the importance of analyzing
current available knowledge of evidence-based strategies for respiratory management of this population.
This includes completing a search process of existing research to identify and analyze pre-extubation
variables associated with successful extubation as well as distinguish reliable noninvasive respiratory
support modes and delivery interfaces, for the possibility of understanding what strategies improve the
success of noninvasive respiratory support thereby avoiding incidences of intubation and minimizing
IMV usage and duration.
Predictors for Extubation Success and Failure

Much research has focused on what pre-extubation variables indicate that a neonate may be
successfully extubated. Some factors include birth gestational age (GA), birth weight, pre-extubation
fraction of inspired oxygen (FiO;) requirements, and pre-extubation blood gases to evaluate the pH and
partial pressure of carbon dioxide (pCO.). Unsurprisingly, the lower the birth GA and birth weight of the
neonate, the less likely that extubation is successful. Specifically, neonates more often succeed after
extubation when the birth GA and weight are greater than 27 weeks and 900 grams while neonates more
often fail extubation when the birth GA and weight are less than 26 weeks and 800 grams (Chawla et al.,
2017; Manley et al., 2016; Gupta et al., 2019; Kidman et al., 2021; Spaggiari et al., 2022). Spaggiari et al.

(2022) found that for every birth gestational week older the neonate was born, the rate of extubation
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success increased by 27%. Furthermore, pre-extubation blood gas pCO- are seemingly convincing of
extubation success, especially highlighted with the findings by Manley et al. (2016) that the pCO, was
perhaps the most powerful indicator for extubation success as in neonates with a birth GA of 25 or 26
weeks, a pre-extubation blood gas pCO; less than 46 mmHg had a 30% to 40% greater chance of
extubation success. These findings give the impression that pCO. ranges may be cautiously reliable as a
predictor for outcomes after extubation, however all other pre-extubation variables have been shown to be
less conclusive (Chawla et al., 2017; Manley et al., 2016; Gupta et al., 2019), suggesting that further
research on pre-extubation variables is required before recommendations specifying target values could
be made for implementing clinically.
Modes of Noninvasive Respiratory Support

Historically, nasal continuous positive airway pressure (NCPAP) has been the standard
noninvasive respiratory support for premature neonates, though nasal intermittent positive pressure
ventilation (NIPPV) or bilevel support has since become more popular in this population. When
comparing these modes, NIPPV has shown to be significantly superior to NCPAP in reducing the
incidence of initial respiratory failure after birth requiring any intubation and in reducing respiratory
failure after extubations requiring reintubation, with systematic reviews finding risk reductions of 35% to
45% and 30% to 40%, respectively (Ekhaguere et al., 2019; Lemyre et al., 2016; Lemyre et al., 2017).
Furthermore, when NIPPV is used as a rescue strategy after NCPAP failure, literature shows a risk
reduction of 22% of requiring any intubation and a risk reduction of 24% of requiring reintubation
(Lemyre et al., 2016; Lemyre et al., 2017). In assessing differing mechanisms of providing NIPPV,
NIPPV delivered by any conventional ventilator rather than by bilevel systems is found to provide more
promising outcomes. Although initial respiratory failure requiring any intubation is found to be equal
between the two apparatuses, ventilator NIPPV is significantly superior to bilevel in reducing respiratory
failure after extubation requiring reintubation with a risk reduction of 68%, as research has found that
bilevel confers no additional benefit over NCPAP when used as post-extubation respiratory support

(Millar et al., 2014; Ekhaguere et al., 2019). When observing specific types of ventilator NIPPV,
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literature also supports that synchronized NIPPV is more effective in preventing initial respiratory failure
requiring any intubation and respiratory failure after extubation requiring reintubation with risk reductions
of 60% and 75%, respectively, while unsynchronized NIPPV only reduced the risk of respiratory failure
in either scenario 46% and 45% of the time, respectively (Lemyre et al., 2016; Lemyre et al., 2017).

As a separate focus, utilization of newer noninvasive modes such as heated, humidified, high
flow nasal cannula (HHHFNC) and noninvasive high frequency ventilation (NIHFV) are rising.
Comparing the findings of NIPPV to these newer noninvasive modes, current research suggests that
NCPAP is either superior or equal to HHHFNC in all scenarios while NIHFV may be more effective than
NCPAP in successfully extubating, exhibiting lower average durations of respiratory support and
decreasing pCO; levels significantly more quickly (Ekhaguere et al., 2019; Wilkinson et al., 2016; Yoder
et al., 2013; Collins et al., 2013; Zhu et al., 2017; Yuan et al., 2022; Malakian et al., 2019). However, it is
important to note that the quantity of research is largely lacking in support of HHHFNC and NIHFV
compared to NIPPV, suggesting further studies should be completed before recommendations of these
newer noninvasive respiratory support modes can be made.

Lastly, assessing outcomes of morbidities and mortalities between the different modes of
noninvasive respiratory support leaves much to be desired. The overwhelming majority of studies found
no meaningful differences in BPD rates between the differing noninvasive modes (Kirpalani et al., 2013;
Millar et al., 2014; Ekhaguere et al., 2019; Lemyre et al., 2016; Lemyre et al., 2017; Yoder et al., 2013;
Collins et al., 2013; Wilkinson et al., 2016; Malakian et al., 2019; Zhu et al., 2017), minus Yuan et al.
(2022) which found significantly lower incidences of BPD when neonates received NIPPV or NIHFV
rather than NCPAP. Similarly, mortality outcomes were largely indifferent with only Millar et al. (2014)
finding that neonates which received ventilator NIPPV had a lower mortality rate of 2.3% versus 9.14%
of neonates which received bilevel. In analyzing the whole of these findings together, current literature
seems to suggest that overall NIPPV, specifically ventilator NIPPV, should be the primary mode for
extremely premature neonates after birth and extubation for the best clinical outcomes without significant

differences in morbidities or mortality.
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Delivery Interfaces for Noninvasive Respiratory Support

In addition to the several noninvasive modes available, there are also numerous noninvasive
respiratory support delivery interfaces, many of which may be used interchangeably with different
noninvasive modes. These may include the RAM cannula and multiple variations of occlusive nasal
masks and prongs. Worth noting, is that usually interfaces are tested using NCPAP because most
noninvasive modes utilize a set pressure in the delivery of the support. This is distinct from HHHFNC
which provides a set flow rate and largely, variation in interfaces is lacking. Due to this, only interfaces
which are utilized to provide at minimum NCPAP are reviewed.

When comparing delivery interfaces within ex vivo bench studies, set pressures were transmitted
significantly more consistently when utilizing occlusive interfaces such as short, binasal prongs or nasal
masks rather than a nasal cannula (Gerdes et al., 2016; Mukerji & Belik, 2015). Gerdes et al. (2016)
specifically found that when utilizing the RAM cannula as recommended, delivered mean airway
pressures (MAPs) were on average 57% less than the set positive end-expiratory pressure (PEEP),
compared to short, binasal prongs. Similarly, Mukerji and Belik (2015) found that the RAM cannula
delivered lower positive inspiratory pressures (PIP) and generated significantly lower fractional tidal
volumes (Vr) limited to 0% to 6%, compared to the short, binasal prongs which delivered higher PIPs and
generated higher fractional Vr ranging from 6% to 16%. These variable amounts of transmitted pressures
and thus variable fractional V are largely affected by the interface’s design, with the thinner RAM
cannula interface proving to have the highest amount resistance, nearly three times that of large bore,
occlusive interfaces which generally had minimal to zero resistance (Green et al., 2019). Due to the
higher resistance of the RAM cannula, although lower achieved Vr were able to effectively clear 5% to
25% of CO,, removal of CO; ceased to continue albeit higher set PIPs as the RAM cannula interface was
unable to generate higher Vr regardless of increasing PIPs (Mukerji & Belik, 2015). Conversely, at higher
set PIPs with the occlusive interface, proportionally higher fractional Vr were able to be achieved, leading

to higher amounts of CO, removal from 15% at 6% of fractional Vt up to 45% at 16% of fractional Vr.
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Overall, the RAM cannula has significantly higher resistance than any other interface, which is
understandably due to the longer, smaller diameter of the nasal cannulas’ tubing, generating higher
pressure losses at the nares. Conversely, wide bore tubing connecting directly to the delivery interface,
which is standard across short, binasal prongs and nasal masks interfaces, reduces the amount of dead
space and loss of pressure between the ventilator, delivery interface, and the intended destination.
Correspondingly, all studies evaluated found that for most set pressures, the delivered pressures and thus
achieved MAPs or fractional Vr were significantly lower when utilizing the RAM cannula over any other
delivery interface (Gerdes et al., 2016; Green et al., 2019; Mukerji & Belik, 2015). In part, this loss of
pressure to the intended terminus is due to higher resistance when using a smaller interface to deliver
pressure. However, with the caveat that the RAM cannula requires a maximal nares occlusion of 80% for
expiratory forces to be relieved around the cannula, combined with the higher resistance, MAPs and Vr
achieved are limited due to pressure losses to dead space and competing pressures from expiratory forces.
Additionally, although only one study measured and found that CO, removal when utilizing the RAM
cannula is significantly hampered (Mukerji & Belik, 2015), this was displayed in relation to the fractional
V1 achieved which could be generalized to the other studies delivering NIPPV. This is because since the
effectiveness of CO;, removal or rather ventilation is associated to VT, if there are consistently smaller Vt
achieved due to pressure losses, there would similarly be less removal of CO,. To increase Vr, the typical
course of action would be to increase the set PIPs. However, as Mukerji and Belik (2015) have
demonstrated, increasing the set PIPs with the RAM cannula does not result in increased fractional Vr
and thus does not aid in removing CO; past a certain threshold.

In clinical trials comparing delivery interfaces, occlusive interfaces were associated to longer
durations of noninvasive respiratory support usage before intubation, significantly less incidences of
respiratory failure resulting in intubation or reintubation, and significantly higher oropharyngeal pressures
compared to the RAM cannula (Drescher & Hughes, 2018; Gokce et al., 2019; Anand et al., 2022).
Neonates utilizing occlusive interfaces also experienced less incidences of surfactant administration and

morbidities however albeit resulted in higher incidences of nasal skin injury compared to RAM cannula
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without differences in BPD rates (Gokce et al., 2019; Drescher & Hughes, 2018). Assessing occlusive
interfaces individually, comparisons of short, binasal prongs versus nasal masks demonstrated that nasal
masks consistently and significantly improved the effectiveness noninvasive respiratory support after
birth and extubation, as well as avoided morbidities. Specifically, nasal masks were found to be superior
to short, binasal prongs in reducing the incidence of respiratory failure within 72 hours, increasing
extubation success in the first 72 hours, and lowering the incidence of nasal injury, with risk reductions of
28%, 60%, and 29%, respectively, and 53% overall (King et al., 2019; Sharma et al., 2019; Prakash et al.,
2022). Nasal injuries were also found to be significantly reduced with use of an occlusive nasal mask
compared to prongs (King et al., 2019; Prakash et al., 2022). Lastly, rates of BPD were found to be
significantly different, with nasal masks being associated with decreased incidences of BPD with a risk
reduction of 70% as well as decreasing severities of BPD with a risk reduction of 53% (Sharma et al.,
2019; King et al., 2019).
Summary of the Available Knowledge

Efforts to specify variables to increase extubation success such as devising criteria or guidelines
for extubation are narrowly convincing due to the wide variability in extremely premature neonatal
respiratory management. Predictions of extubation success are largely driven by birth GA and birth
weight, while specific pre-extubation values such as FiO and blood gas pH and pCO; are still in their
infancy of development. Therefore, distinguishing criteria which indicates extubation readiness or failure
clinically, is futile for meaningful outcomes at present. Furthermore, guidelines indicating the necessity of
reintubation are widely variable and universally lacking in routine practice. This is coupled with wide
observation windows after extubation ranging from 72 hours to seven days, with shorter windows
potentially altering the true incidences of extubation failure and success. This variability in management
decisions and durations of observation highlight the difficulty in generalizing markers to support
evidence-based criteria which indicates extubation readiness, success, and failure in the extremely
premature population. Instead, although perhaps not specific nor substantiated enough through research

for creation of criterion, evaluation of pre-extubation variables before extubation in conjunction with the
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clinical presentation of the neonate should be utilized to individually determine readiness for extubation
and suitable management of extremely premature neonates, emphasizing the irreplaceable role that
provider discretion has in respiratory management of this population.

Regarding what mode of noninvasive support is most beneficial to achieve desired outcomes,
literature supports NIPPV as the most efficient noninvasive respiratory support, preventing initial
respiratory failure and any intubation, increasing extubation success, and offering equivalent morbidity
and mortality outcomes. Furthermore, ventilator NIPPV specifically, rather than bilevel, should be
initiated at extubation to reduce the risk of respiratory failure and reintubation. Although synchronized
NIIPPV has shown to be significantly beneficial in these outcomes, absent available and approved
ventilators equipped to deliver this type of NIPPV, suggests utilization of unsynchronized NIPPV at
present. Albeit demonstrating superiority, most often the success of NIPPV in these outcomes was limited
to the definition of not requiring intubation or reintubation within 72 hours. Beyond that time frame, it
cannot be certain that NIPPV is more efficient nor comparable in morbidities or mortality than any other
noninvasive mode. Conversely, NIPPV has consistently shown to be more efficient than NCPAP while
studies examining other noninvasive modes often found no beneficial outcomes compared to NCPAP.
There is an apparent sparseness in available evidence verifying the efficacy of HHHFNC and NIHFV in
extremely premature neonates, while NIPPV and NCPAP have far more dedicated studies in this
population. Due to this, results from studies on HHHFNC and NIHFV cannot conclusively be applied to
this population of neonates as evidence which proves these noninvasive modes to prevent initial
respiratory failure, demonstrate success of noninvasive respiratory support, and increase extubation
success in extremely premature neonates has not been provided like that of NIPPV and NCPAP.

Lastly, current knowledge indicates that occlusive short, binasal prongs or nasal masks should
remain the noninvasive respiratory support delivery interfaces of choice rather than RAM cannula as
more studies are needed to definitively conclude whether the RAM cannula is as or more efficient as well
as safe before recommendations can be made for its use for NCPAP and NIPPV. In the absence of short,

binasal prongs and nasal masks consistently demonstrating superior outcomes in preventing respiratory
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failure or extubation success over the RAM cannula, seemingly more compelling is that any other
noninvasive mode besides HHHFNC or administration of supplemental oxygen is considered off label use
for RAM cannula while there are numerous noninvasive respiratory support delivery interface options
available that are purposely designed for pressure delivery. Traditional noninvasive respiratory support
interfaces, including short, binasal prongs and nasal masks, have been meticulously studied with various
noninvasive modes for decades, yet the newer RAM cannula has not had the same level of scrutiny.
Furthermore, nasal masks consistently revealed superiority in meeting outcomes over short, binasal
prongs in the first 72 hours of life and after extubation suggesting that utilization of nasal masks
exclusively during this timeframe may be a useful strategy in transitioning extremely premature neonates
from invasive to noninvasive respiratory support.

One limitation of the studies reviewed related to the inconsistences in the duration of time in
which a neonate was intubated or reintubated by. Some studies had deemed any intubation regardless of
the duration of time passed after birth or extubation to be considered an incidence of failed noninvasive
respiratory support while other studies defined failure as needing intubated within a 24-hour, 72-hour, or
7-day window. This lack of uniformity among the duration which constitutes a failure of noninvasive
respiratory support or success of extubation undoubtably affects the results of studies and the ability to
compare these results to come to a reliable conclusion. This finding supports the notion that there is an
evident inability to accurately measure successful prevention of respiratory failure, noninvasive
respiratory support delivery, and extubation as there is no universally accepted definition of these terms.
Due to this, periods greater than 72 hours and feasibly greater than one week to two weeks should be
observed to increase the accuracy of reporting incidences of success and failure.

Although advancements in neonatal care may never attain complete elimination of the practice of
intubation and utilization of IMV in extremely premature neonates, emerging methods found through this
literature review intend to push the limits of necessity by preventing the incidences and durations of these
events. Current knowledge indicates that strategies to improve the success of noninvasive respiratory

support before intubation and after extubation in extremely premature neonates should include utilizing
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NIPPV, specifically conventional NIPPV, with a nasal masks interface exclusively for a minimum of 72
hours after birth and/or after extubation. This change in respiratory management for this population
provides an opportunity to prevent risks of intubation and prolonged durations of IMV such as BPD in
those which are at the most risk. Importantly, however, categorization of these outcomes is difficult as
there are no universally accepted definition of these terms concerning the duration of time to be reached
to be successful while not mistakenly be deemed a failure for causes other than respiratory in nature.
Literature suggests instead that success cannot rely upon a short duration of observation after birth or
extubation and periods greater than 72 hours should be observed to accurately discern incidences of
success and failure while being cautious of events occurring after two weeks of life or extubations. In
conjunction with neonatal provider decisions of timing of intubation, extubation, and reintubation, these
safe and reliable changes to noninvasive respiratory support delivery will facilitate less intubations,
increase extubation success, and decrease the cumulative duration of IMV usage in extremely premature
neonates, while also reducing risks and incidences of severe morbidities and mortality, an action which
should not be postponed.
Purpose and Aims
The purpose of this project was to implement a standardized noninvasive respiratory support

protocol, standards of practice, and an alternative noninvasive respiratory support system for extremely
premature neonates after birth and extubation. The evaluation of this project was measured by the
following outcomes in extremely premature neonates:

1. Incidence rate of intubations

2. Noninvasive success rate after birth or after extubation

3. Cumulative duration of invasive mechanical ventilation
The aims of this project were achieved with the following processes for extremely premature neonates by
developing a protocol and standards of practice for noninvasive respiratory support, acquiring and
implementing an alternative noninvasive respiratory support system, educating neonatal care providers on

the new protocol, standards of practice, and the alternative noninvasive respiratory support system, and
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continuously evaluating respiratory support requirements for eight months after implementation. The
expected outcomes in extremely premature neonates were a decrease in the incidences of intubation and
reintubation, an increase in the success rate of noninvasive respiratory support, ideally avoiding
intubation or re-intubation, and a decrease in the cumulative duration of IMV.

Methods

This process change took place in a 38-bed level III NICU in a metropolitan hospital located in
the Midwest with a busy delivery service encountering approximately 4,000 births per year. Including in-
and outborn neonates, the NICU encounters approximately 500 admissions per year, including 40-60
extremely premature neonates. This NICU provides care for neonates from 22 gestational weeks to term
and is without surgical or extracorporeal membrane oxygenation (ECMO) services. For this process
change, all premature neonates born at less than 29 0/7 weeks gestational age and/or less than 1,000
grams were included as this NICU presently has specific protocols and care teams for this certain
population thereby easing categorization of inclusion of the process change in nursing care and medical
management. Exclusion criteria comprised of neonates born at or greater than 29 0/7 weeks gestational
age and greater than 1,000 grams, neonates with cardiopulmonary, airway, neurological, and/or
craniofacial congenital defects and/or deformities which inhibit the use of noninvasive respiratory
support, and neonates with dispositions of death or transfer to another facility before one week of life or
post-extubation.

Implementation strategies included committee formation, provision of education, audits on set
intervals, and diligent communication with the NICU staff. Led by the process change project leader, a
multidisciplinary committee comprised of MDs, NNPs, RNs, RTs, and nursing leadership which were
receptive to the problem and concurred with the obligation to change practices resulted in a team of unit-
based champions which guided the development and needed adjustments of the standardized protocol and
standards of practice (See Appendix A) specific to this NICUs needs. Central components which
comprised the standardized protocol were divided based on the included neonate’s respiratory status at

birth. If an included neonate was stabilized on noninvasive respiratory at birth, methods included applying
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the noninvasive respiratory support nasal mask interface for 72 hours. Similarly, if the included neonate
was stabilized with intubation and IMV at birth or any time after, methods included applying the
noninvasive respiratory support nasal mask interface for 72 hours after extubation. There was a
recommendation of initiating noninvasive respiratory support with NIPPV for 72 hours for neonates at
high-risk for respiratory and/or extubation failure as well, however provider discretion was embraced if
NCPAP was initiated for neonates at a lower risk for respiratory failure. Neonates at high-risk included
those with a patent ductus arteriosus, anemia, a duration of IMV greater than seven days, severe lung
disease, or a previous extubation failure. Both methods included utilizing appropriately sized interfaces
based on manufacture recommendations, allowing alternation of nasal masks and short, binasal prongs
after 72 hours or before as needed with skin integrity concerns, and transitioning to other noninvasive
modes or noninvasive respiratory support systems after 72 hours.

The project leader facilitated staff instruction with an educational PowerPoint of the specific
practice changes and a mandatory in-person educational seminar by the manufacturer of the noninvasive
respiratory support system to medical, nursing, and respiratory teams was provided at the initiation of the
project and at the midway point to dissolve identified barriers and assist in troubleshooting techniques.
The submission of this process change was approved by university and hospital institutional review
boards and deemed a quality improvement project. The primary patient data collection method involved
individually auditing patient charts and recording relevant information. Data was collected and analyzed
weekly by the project leader in a private locked office, utilizing an Excel data file on a password
protected, encrypted computer. Data on included neonates was collected for 10 days after birth and
extubation. Statistical analysis was completed utilizing independent t-tests to find significance in results.
The committee was consulted to identify successes and barriers and the facilities email system was
utilized to communicate successes and reminders.

Theoretical Framework
In Kurt Lewin’s (1951) Unfreeze, Change, Refreeze model (See Appendix B), there is an

emphasis to implement change in a three-phase process. In the first stage, unfreezing allows practices to
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be amenable to change and is accomplished through developing a coalition of key stakeholders and
dissemination of significant motives pertaining to why change is necessary. The second stage involves
implementing the change of practice and supporting the change with education and communication. In the
last stage, refreezing reinforces the change through understanding barriers and amending methods to
encourage ongoing adherence as well as celebrating accomplishments. Lewin (1951) stresses that
fulfillment of each stage is crucial in changing and sustaining practices which offer meaningful outcomes.

In unfreezing current provisions of noninvasive respiratory support, initial goals were directed at
identifying neonatal care providers that were passionate about improving respiratory outcomes as well as
abandoning practices which are conceded to be at minimum, less effective than alternative methods. This
was fundamentally achieved by widely dispersing the assertion that current noninvasive respiratory
support strategies are not evidence-based nor recommended standards, while also inferior to conventional
approaches based on the most current research. Comparing site-specific outcomes such as duration of
noninvasive respiratory support after birth and extubation, incidences of initial intubations and
reintubations, and cumulative durations of IMV to state and national rankings highlighted the necessity of
changes. These poorer clinical outcomes backed the allegation that status quo practices were ineffective
and drove motivation to dissolve current practices in favor of the most up-to-date evidence and strategies.
Reilluminating the reasons why current noninvasive respiratory support practices are central determinates
to outcomes associated the problem to the purpose of the change. Stakeholders that were receptive to this
information assisted in affirming the significance of ineffective noninvasive respiratory support and were
a crucial persuader to unfreezing and ultimately change.

In preparation of changing noninvasive respiratory support practices, critical elements included
providing education on relevant equipment, outlining standardized protocols and standards of practice,
and sharing the evidence which supported the specific practices implemented. The education provided the
basis for how the implemented practices addressed the problem as well as in what way practices provided
beneficial outcomes. Providing ample time to assimilate this knowledge, neonatal care providers related

with the changes more keenly. After these foundational processes began, the adoption of new noninvasive
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respiratory support practices then occurred. Communicating with and addressing all affected individuals
that had questions, concerns, and suggestions, was paramount to acceptance, perceptions of inclusion, and
empowerment, which underlined the irreplaceable prominence that neonatal care providers hold in
improving outcomes.

In refreezing the updated evidence-based noninvasive respiratory support practices, continually
collecting data on a weekly interval, and disseminating reports with identifiable successes, contributed to
internalization of the change. When distinguished barriers were recognized through data collection or
from feedback from neonatal care providers and leadership, implementing methods which overcame these
obstacles resulted in more sustainable and complementary change that matched with the facilities
operations better while improving adherence. Following the demonstration of promising results through
weekly audits, the successes of neonatal care providers were awarded with appreciation and celebration,
supporting the changed noninvasive respiratory support process improvements’ stability over time.

Results
Cohorts and Demographics

A total of four cohorts encompassing a total of 28 neonates were stratified before analysis of the
data due to the differing management approaches before and after the second educational sessions were
held post-implementation. Fourteen pre-implementation neonates which had comparable gestational aged
and weighted neonates to the fourteen neonates analyzed in the post-implementation timeframe were
included in data analysis. This total number of fourteen neonate’s post-implementation included all
neonates which at some point utilized the new system but not necessarily exclusively. Of the fourteen
neonate’s post-implementation, a separate cohort of nine neonates which did exclusively utilize the new
system were stratified separately. To compare this separate cohort of nine neonates, nine comparable
gestational aged and weighted neonates of the original fourteen neonates included in the total pre-
implementation group were matched and analyzed as a separate cohort. Demographics of all four cohorts
including the average gestational age, birth weight, male sex, antenatal steroid usage, and caffeine

administration are included in Table 1.
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DEMOGRAPHICS

totaL  totaL  PVAWE  \inoy  Npw  PVALUE
n 14 14 - 9 9
GESTATIONAL AGE, WK, mean (SD) 26 4/7 (9) 26 3/7 (11) 38 26 6/7 (10) 26 6/7 (11) 49
BIRTH WEIGHT, GM, mean (SD) 952 (195) 868 (156) 15 1,026 (167) 911 (169) .07
MALE, % 57% 36% 17 56% 50% 17
ANY ANTENATAL STEROIDS, % 57% 64% .36 67% 56% 3
CAFFEINE, % 100% 100% - 100% 100%
Table 1.

Avoidance of Intubation and/or Intubation for Surfactant Administration Only

The avoidance of intubation included all neonates which never required intubation and those
which only required intubation for surfactant administration and were intubated for less than 24 hours.
The percentages of each cohort in avoiding intubation are shown in Figure 1. Following implementation
of the new noninvasive respiratory system and strategies, there were significantly more neonates (67%) in
the post-implementation (Post-N) group which only utilized the new system that did not require any
intubation or only for surfactant administration for less than 24 hours (t(8)=2.53, p<0.05) compared to the
pre-implementation (Pre-M) group (22%).
Incidences of Intubation

The number of intubations per neonate for each cohort are shown in Figure 2. Following
implementation of the new noninvasive respiratory system and strategies, there were significantly less
intubations in both post-implementation (Post-T and Post-N) groups (t(13)=1.88, p<0.05; t(8)=2.45,
p<0.05). In the post-implementation group of total neonates (Post-T), there were 1.4 intubations per
neonate and in the post-implementation group of only neonates which utilized the new system (Post-N),
there were 0.9 intubations per neonate, compared to 2.2 and 1.9 intubations per neonate in the pre-
implementation (Pre-T and Pre-M) groups, respectively. Additionally, the percentages of unplanned
extubations were analyzed for each cohort and were without significant differences between the groups
with the post-implementation (Post-T and Post-N) groups incurring 53% and 25% unplanned extubations

compared to 33% and 19% in the pre-implementation (Pre-T and Pre-M) groups.



NONINVASIVE STRATEGIES FOR EXTREMELY PREMATURE 20

AVOIDANCE OF ANY INTUBATION /
INTUBATION FOR SURFACTANT ONLY

(IMV <24 H) NUMBER OF INTUBATIONS / NEONATE

100 2.5
80 2
60 1.5
40 1

=k -

21% 43% 22% 67% o 22 1.4 1.9
’ PRE-T (14) POST-T (14) PRE-M (9) POST-N (9) PRE-T (14) POST-T (14) PRE-M (9) POST-N (9)
Figure 1. Figure 2.

Extubation Success

Extubation success was defined as not requiring intubation or reintubation before 240 hours, or
10 days, after birth or extubation. Before assessing the success of extubation, neonates were analyzed
based on the observance of a trial of extubation rather than solely experiencing an extubation, showing at
least 85% of all extubations in all cohorts were given a trial of extubation on noninvasive respiratory
support which was without significant differences between cohorts. The percentages of extubation
success for each cohort are shown in Figure 3. Following implementation of the new noninvasive
respiratory system and strategies, there were significantly more neonates which experienced extubation
success in both post-implementation (Post-T and Post-N) groups (t(13)=2.48, p<0.05; t(8)=2.29, p<0.05).
In the post-implementation group of total neonates (Post-T), 56% of neonates experienced extubation
success and in the post-implementation group of only neonates which utilized the new system (Post-N),
88% of neonates experienced extubation success, compared to 15% and 19% in the pre-implementation
groups, respectively.
Cumulative Duration of IMV

The cumulative duration of IMV for each cohort are shown in Figure 4. The post-implementation
(Post-T and Post-N) groups had cumulative durations of IMV of 9 days or 226 hours and 5 days or 118
hours, respectively. This is compared to the pre-implementation (Pre-T and Pre-M) groups which had
higher cumulative durations of IMV of 16 days or 388 hours and 12 days or 294 hours, respectively.

There were however no significant differences between each cohort’s cumulative duration of IMV usage.
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NONINVASIVE SUCCESS AFTER BIRTH / CUMULATIVE DURATION (DAYS/HOURS) OF
EXTUBATION TRIAL INVASIVE MECHANICAL VENTILATION
100 20
80 15
60
10
40
20 3
15% 56% 19% 88% 16/388 9/226 12/294 5/118
0 0
PRE-T (14) POST-T(14) PRE-M(9) POST-N (9) PRE-T (14) POST-T(14) PRE-M(9) POST-N (9)
Figure 3. Figure 4.
Discussion

The purpose of this quality improvement project was to implement a standardized noninvasive
respiratory support protocol, standards of practice, and an alternative noninvasive respiratory support
system for extremely premature neonates after birth and extubation to decrease the incidence rate of
intubations, increase the success rate of noninvasive respiratory support, and decrease the cumulative
duration of IMV. After thorough analysis of the data, this quality improvement project has successfully
achieved these goals thereby replicating current literature. This is demonstrated by the utilization of the
noninvasive respiratory support strategies including but not limited to supporting extremely premature
neonates noninvasively with ventilator NIPPV in combination with the utilization of occlusive delivery
interfaces, particularly occlusive nasal masks, to improve noninvasive and extubation success.
Specifically, included extremely premature neonates experienced less intubations, were more successful
on noninvasive support after birth and extubation, and had shorter cumulative durations of IMV usage.
Limitations

Throughout the duration that this quality improvement project was implemented, simultaneous
changes to practices involving surfactant administration, specifically less invasive surfactant
administration (LISA) were adopted in a select sub-population of the included neonates. Conversely, none
of the included neonates were apart of these changes, rather included neonates were administrated
surfactant through the intubate, surfactant, extubate (INSURE) method or intubated, given surfactant, and

remained intubated, both of which had been standard practices prior to the implementation of this project.
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Barriers which occurred during this quality improvement project chiefly surrounded deviations by
providers from the implemented protocol and standards of practice. The type of noninvasive respiratory
support was at the providers discretion, meaning that previously used devices and interfaces were
occasionally initiated rather than utilization of the ventilator for NIPPV and the implemented occlusive
interfaces. Coupled with nursing and respiratory staffs’ comfort and knowledge in utilizing the new
system, at times providers would opt to switch from the new system to previously used systems to
identify whether clinical deterioration was due to ineffective support from the new system versus actual
need to escalate care to intubation. These events inspired reeducation of staff on the new system after
approximately three months of utilization, targeting identification of deficient usage of the system and
troubleshooting techniques. After reeducation, staff anecdotally felt more comfortable applying,
assessing, and adjusting the new system including the delivery interfaces, which encouraged continuation
of the new system by the providers without trialing previous systems before escalation of treatment.
Implications for Practice

Analysis of the data demonstrated improved noninvasive effectiveness after birth and extubation
in extremely premature neonates following the implementation of the noninvasive strategies. Due to these
positive results, the use of the new system including utilization of ventilator NIPPV and the implemented
occlusive nasal mask and prongs interfaces will continue to be utilized in this population at the specified
facility. Ongoing data collection surrounding the incidence rates of intubation, noninvasive success, and
duration of IMV usage will continue on an annual basis using the VON database. With a longer period of
utilization of the new system, protocol, and standards of practice, identification of optimistically
decreasing BPD rates may be achievable.

Conclusion

Pushing the limits of viability of extremely premature neonates in the United States demands
strategies that support immature respiratory functions as consequences of ineffective support are
devastating. Current evidence supports the use of ventilator NIPPV and occlusive interfaces, particularly

occlusive nasal masks, in this population after birth and extubation to optimize outcomes. Until newer
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technology is available and adopted, these practices appear to have the most notable influence in
decreasing the incidences of intubation, improving noninvasive success, and decreasing the cumulative

duration of IMV, with the potential to decrease morbidities, especially BPD, and mortalities.

23
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Appendix A

Noninvasive Respiratory Support Protocol and Process
For Neonates Born < 29 0/7 Weeks Gestational Age or <1,000 Grams

24

PROTOCOL

Noninvasive at birth
OR

After every extubation
(including intubations
only for surfactant
administration)

Mask for 72 hours *Recommended respiratory support
*NIMV for 72 hours *  High-risk: PDA, anemia, prolonged ventilation >7

Before 72 hours
*  May alternate nasal mask and prongs or two similar
sizes of masks for skin integrity concerns
After 72 hours
*  May alternate nasal interfaces routinely
*  May return to exclusively utilizing nasal mask
including alternating sizes if tolerating mask better

days, severe lung disease, previous extubation failure

PROCESS
On admission with *  Provide CPAP/PPV via mask with Neopuff
noninvasive *  Measure size for bonnet/stocking cap and nasal mask interface

*  Apply bonnet/stocking cap
*  Apply DuoDERM around bridge, sides of nose, and philtrum
*  Apply and secure nasal mask interface
After umbilical line placement, if applicable
*  Position in midline-lateral position
*  Provide uninterrupted rest
At initiation of feedings
*  Place OG tube
*  Provide gastric decompression
Complete “Respiratory Focused Cares” at care times/as needed

Unplanned extubation

*  Provide CPAP/PPV via mask with Neopuff
*  Measure size for bonnet/stocking cap and nasal mask interface
*  Apply bonnet/stocking cap
*  Apply DuoDERM around bridge, sides of nose, and philtrum
*  Apply and secure nasal mask interface
* Remove NG tube and place OG tube
*  Provide gastric decompression
*  Before 72 hours of life: Position in midline-lateral position
e  After 72 hours of life: Position in prone position as able
*  Provide uninterrupted rest
Complete “Respiratory Focused Cares” at care times/as needed

Planned extubation

* Complete routine nursing cares (VS, diaper change, etc.)

* Remove NG tube and place OG tube

*  Provide gastric decompression

*  Measure size for bonnet/stocking cap and nasal mask interface

*  Apply bonnet/stocking cap

*  Apply DuoDERM around bridge and sides of nose

*  Provide PPV via ETT with Neopuff

*  RT to calibrate ventilator noninvasive support and mask

*  Untape ETT and apply DuoDERM to philtrum

*  Apply and secure nasal mask immediately before extubation
Extubate

* Before 72 hours of life: Position in midline-lateral position

*  After 72 hours of life: Position in prone position as able

*  Provide uninterrupted rest
Complete “Respiratory Focused Cares” at care times/as needed
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Appendix B
UNFREEZE CHANGE
Disintegration the Introducing the

status quo change

REFREEZE

Sustaining the new
status quo
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