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Abstract
The lungs of a premature neonate are susceptible to injury due to their immaturity, both biochemically and structurally.  Chronic lung disease (CLD) can occur, and may be affected by the chosen device for respiratory support, which may lead to suboptimal outcomes, as well as frustration among parents and staff.  Bubble Continuous Positive Airway Pressure (bCPAP) devices are re-emerging as the preferred respiratory support mode for many premature infants to avoid the harmful effects of mechanical ventilation.  However, provider resistance to the change in practice remains.  This quality improvement project consisted of an educationa training about bCPAP, a pre- and post-assessment of knowledge, and a new evidence-based guideline of care with recommendations for the use of bCPAP and respiratory management in premature infants born < 30 weeks gestational age.  The outcome measures were knowledge acquisition and compliance.  Fifty-six participants received educational training.  Post-educational percentage scores (mean) in those tested increased from 83 (SD 0.1) to 91 (SD 0.1). Before the bCPAP and respiratory guideline implementation, zero of seven infants born at < 30 weeks gestation received bCPAP through 32 weeks gestational age.  After education and guideline implementation, 10 of the eligible infants at the end of the project period had bCPAP discontinued at 32 weeks or greater gestational age and were discharged home without requiring any respiratory support.  Stakeholder involvement and education before bCPAP and respiratory management guideline change for infants born weighing < 30 weeks gestation may improve knowledge and compliance.  Longer term benefits may be measured in future studies.


Renaissance of Bubble CPAP: Increasing the Use of Less Invasive Ventilation Methods through Education and Guideline Development
	Ventilation strategies have improved outcomes for premature infants, but not without morbidities.  In the past few decades, ventilator continuous positive airway pressure (vCPAP) exceeded bubble continuous pressure positive airway pressure (bCPAP) use as the preferred ventilation method.  
	In this quality improvement project, the benefits of the use of the less invasive ventilation method, bCPAP, are reviewed and variations in practice regarding the method of CPAP delivery are discussed.  An educational program with pre- and post-assessment of knowledge was performed and new evidence-based guidelines at delivery and care with recommendations for use of bCPAP are presented.  
Significance
The mortality rate of premature infants declined with the introduction of assisted ventilation in neonates (Igbal et al., 2015).  However, these advancements are not without morbidities in the surviving neonates.  Premature infants are especially at risk to lung injury due to the biochemical and structural immaturity of their lungs (DiBlasi, 2009).  Genetic predisposition and chorioamnionitis increases the susceptibility of chronic lung disease (CLD) (Polin, 2014).  These infants often have an insufficient respiratory drive needing intubation and mechanical ventilation at birth (DiBlasi, 2009).  Unfortunately, endotracheal intubation and mechanical ventilation can promote lung injury by volutrauma and barotrauma, in addition to atelectotrauma and exposure to oxygen toxicity in the lungs (DiBlasi, 2009).  This sequential lung injury leads to a pulmonary inflammatory response, inhibition of alveolarization and vascular development, and subsequent chronic lung disease (Polin, 2014).
Chronic lung disease, also known as bronchopulmonary dysplasia (BPD), is one of the most common long-term complications in premature infants who required mechanical ventilation and oxygen therapy during their neonatal intensive care unit (NICU) stay (Davidson & Berkelhamer, 2017).  It is defined as a requirement of > 0.21 fraction of inspired oxygen for more than 28 days (Jobe & Bancalari, 2001) and/or oxygen requirement and respiratory support at 36 weeks postmenstrual age (National Institute of Health, 2009).  Chronic lung disease is an adverse outcome influenced by the immaturity of the neonate’s lung, injury, and disordered repair of the injury (Pfister & Goldsmith, 2010).  
The incidence of CLD is 40% of infants born at < 28 weeks gestation (Davidson & Berkelhamer, 2017).  In the United States, this results in an estimated 10,000-15,000 new cases annually (Davidson & Berkelhamer, 2017).  Mortality rates in infants with CLD are significant at 14-38% (Davidson & Berkelhamer, 2017).    
Premature infants diagnosed with CLD place a heavy burden on those that provide care for them; emotionally, medically, and financially.  Infants born at < 32 weeks gestation have an average hospitalization of 46.2 days with a hospital bill of $280,811 (March of Dimes, 2011).  Infants with morbidities such as CLD further prolong hospital stay and therefore the economic impact is even more troublesome (Davidson & Berkelhamer, 2017).  Furthermore, infants with CLD are often discharged from the hospital with home oxygen and their compromised pulmonary function can have long-term effects such as asthma or pulmonary hypertension (Davidson & Berkelhamer, 2018).  
Review of Literature
History of bCPAP
Bubble continuous positive airwary pressure is not new.  It was first pioneered in the 1970s (Gregory, Kitterman, Phibbs, Tooley, & Hamilton, 1971).  However, the popularity of other forms of respiratory support such as mechanical ventilation and vCPAP replaced bCPAP (Mathai et al., 2014).  The renaissance of bCPAP is occurring today as more studies suggest that intubation with mechanical ventilation is one of the most detrimental predictors of chronic lung disease (Narendran et al., 2003).
Bubble CPAP
Bubble continuous positive airway pressure is a continuous-flow system.  Nasal prongs or mask delivers the heated, blended, and humidified gas to the infant.  The distal end of the expiratory tubing is submerged in water and the depth of submersion equals the pressure of CPAP delivered (Gupta & Donn, 2016).  The gas flow rate affects the degree of the bubbling therefore, an advantage of bCPAP is that the adequacy of the flow can be seen and heard (Gupta & Donn, 2016; De Paoli, Morely, & Davis, 2003).  Researchers observed infants’ chest vibrations on bCPAP and found better gas exchange, decreased minute volume, and decreased respiratory rate than those infants on ventilator CPAP (Lee, Dunn, Fenwick, & Shennan, 1998).   Alveolar recruitment and subsequent conservation of airway patency has been demonstrated by the pressure swings of the amplitude in bCPAP occurring from the bubbling of the underwater seal (Mastropietro, 2013). Additionally, the oscillatory vibrations of bCPAP are similar to those produced by high-frequency ventilation—lower tidal volumes and therefore decreased volumtrauma  (Lee et al., 1998).  
Fit.  The selection of prongs or masks to deliver CPAP is based upon provider preference.  Masks have disadvantages such as difficulty in achievement of a closed seal, resulting in leaks, carbon dioxide (CO2) retention with inadequate flow, and pressure sores that may lead to necrosis (Polin & Sahni, 2002).  Nasal prongs allow more flexibility in repositioning of the infant however nasal obstruction from secretions can occur as well as nasal septal damage from an inappropriate fit (Polin & Sahni, 2002).  Short, binasal prongs are more effective and prevent reintubation than the longer (4 cm) prongs (De Paoli, Morely, & Davis, 2003; Jackson, Vellucci, Johnson, & Killbride, 2003).  The diameter of the prongs should fit the nostrils comfortably to avoid loss of pressure and reduce leak (De Paoli et al., 2003).  
	Flow.  Flow rate is dependent on the presentation of the infant in respiratory distress.  At a minimum, the required flow rate should prevent rebreathing of CO2 and should compensate for leakage (Polin & Sahni, 2002).  Obstruction of flow is a safety issue as bCPAP does not have an alarm or overpressure safety valve (Pillow, 2012).  Cessation of bubbling should be investigated as this indicates a leak in the system.  
	Care.  The application of pressure from nasal prongs or masks can cause erosion or necrosis (Polin & Sahni, 2002).  Frequent monitoring for blanching of the skin, positioning of the septum, and maintenance of symmetry of nares is imperative.  At a minimum, complete assessments should be performed by the bedside nurse or respiratory therapist at least every 6 hours, with provision of CPAP breaks every 4 to 6 hours (Bonner, 2008).  
Hydrocolloid use around the nares and the septum are to assist in achieving and maintaining a proper seal (de Klerk, 2004).  Hydrocolloids do not protect the skin from breakdown and can promote further breakdown from the increased moisture (de Klerk, 2004).  Hydrocolloids should be changed every 12 hours with a close assessment of the septum (de Klerk, 2004). 
Other measures have been suggested to stabilize the end expiratory pressure tubing. Examination of the inspiratory limb should be performed frequently to empty any collection of water from excessive rainout.  Chin straps are often used to close the infant’s mouth and raise pharyngeal pressure however, most studies have been performed without actively closing an infant’s mouth.  As infants are obligate nasal breathers; the mouth can act as a pressure relief valve if the applied pressure is too high (De Paoli et al., 2003; Donn & Sinhah, 2003).  
	Duration.  Infants born at a lower gestational age require longer durations of CPAP support (Bamat, Jensen, & Kirpalani, 2016).  Physicians at Columbia University maintain premature infants on CPAP support for longer periods and have the lowest published incidence of CLD in the nation (Polin & Sahni, 2002).  Prolonged CPAP use can improve oxygenation and reduce the need for supplemental oxygen (Bamat et al., 2016).  Weaning off CPAP too quickly may result in subsequent requirement of oxygen (Bamat et al., 2016).  
	Weaning.  Parameters to wean include reaching target PaO2 and/or saturations with minimal oxygen requirement and no apnea in 24 hours (Garg & Sinha, 2013).  Discontinuation of CPAP can be done by slowly decreasing pressure until 4 cm mmHg and then removing the support completely or by time cycling; transitioning between periods on and off CPAP with a gradual increase in the amount of time off until it is eventually discontinued.  The pressure-wean method is the preferred method as time-cycling may cause atelectasis and is unlikely beneficial (Bamat et al., 2016).    
Benefits of bCPAP
Bubble continuous positive airway pressure is a gentle and effective respiratory support device that may be adequate to treat some premature and low birth weight infants with respiratory distress syndrome who do not require endotracheal intubation and mechanical ventilation.  The oscillatory vibrations produced by the expiratory limb in the underwater chamber of bCPAP offers a continuous flow system and simulates waveforms of those produced by high-frequency ventilation (Lee et al., 1998).  These gentle oscillations provide lower tidal volumes, improve ventilation by facilitated diffusion and results in improved gas exchange, decreased volutrauma, and optimizes lung recruitment and function (Lee et al., 1998).     
Continuous positive airway pressure increases intrapleural pressure, improves oxygenation as it recruits and maintains lung volume, avoids atelectasis, stabilizes chest wall which results in enhanced compliance and reduced intrinsic work of breathing, reduces intrapulmonary shunting and improved diffusion leading to improved matching of ventilation and perfusion, enhances patency of the airways by stenting and reducing airway resistance, and reduces obstructive and central apnea by directly stimulating and splinting the airway (Pillow, 2012).  
CPAP vs. Mechanical Ventilation
Spontaneously breathing, normocarbia infants not requiring mechanical ventilation may benefit from the physiological advantages of bCPAP.  Conventional mechanical ventilation modes vary in how the mechanical breaths are delivered to the infant and in the relationship between the mechanical and spontaneous breaths of the infant (Donn & Sinhah, 2003).  Pressure, time between breaths, volume of mechanical breath and the cycling mechanism can all be set, depending upon the mode selected.  Each delivered mechanical breath cannot exceed these set parameters (Donn & Sinhah).  
Invasive mechanical ventilation can cause acute and chronic airway trauma leading to sequential lung injury causing a pulmonary inflammatory response and subsequent inhibition of alveolarization and vascular development (Polin, 2014).  This leads to lung scarring and an increased need for prolonged respiratory support eventually meeting the definition for chronic lung disease diagnosis (Narendran et al., 2003; Garg & Sinha, 2013).  There is also an increased risk of bacterial colonization of the endotracheal tube with mechanical ventilation as well as inadvertent hyperventilation or under ventilation (Narendran et al., 2003; Garg & Sinha, 2013).  Hemodynamic instability, increased airway resistance, and reduced clearance of secretions with subsequent frequent and traumatic suctioning can also occur with mechanical ventilation (Garg & Sinha, 2013).  Furthermore, studies suggest that a delay in initiating mechanical ventilation does not adversely affect outcomes indicating early initiation of CPAP use and evaluating a later need for mechanical ventilation may be a safe approach (Jeena, Pillay, & Adhikari, 2002).
In a prospective study of extremely low birth weight (ELBW) infants, researchers evaluated respiratory outcomes before and after the introduction of CPAP methods (Narendran et al., 2002).  Infants on CPAP had a reduction of severe intracranial hemorrhages (4% decrease in hospital A on bCPAP, 13% decrease in hospital B on vCPAP) and a reduction of surfactant use (12% decrease in hospital A on bCPAP, 7% decrease in hospital B on vCPAP) (Narendran et al., 2002).  
In a randomized study of premature lambs, those on bCPAP showed enhanced ventilation and improved oxygenation compared to mechanically ventilated lambs suggesting increased airway patency (Pillow et al., 2008).  
Ventilator CPAP vs. Bubble CPAP
Ventilator CPAP differs from bCPAP by the source of pressure; a variable resistor valve in vCPAP and the immersion of the distal expiratory tubing in a water column with bCPAP (Bahman-Bijari, Malekiyan, Niknafs, & Baneshi, 2011).  
	In a prospective randomized study researchers compared vCPAP and bCPAP on 10 premature infants ready for extubation to analyze the hypothesis that the vibrations produced by bCPAP contributes to gas exchange (Lee et al., 1998).  Infants in the bCPAP group had a lower minute volume and respiratory rate with no effects on alveolar ventilation suggesting the benefit of bCPAP over vCPAP when the goal is to decrease of fatigue and support growth in premature infants (Lee et al., 1998).  
Fifty neonates between 1000-2000 grams were randomly placed on either vCPAP or bCPAP in a prospective trial to evaluate the efficacy and cost in infants with respiratory distress syndrome (Bahman-Bijari et al., 2011).  Effectiveness was defined as need for intubation and mechanical ventilation.  The ventilator intervention was determined to be 96% effective in the bCPAP group and 72% effective in the vCPAP group (Bahman-Bijari et al., 2011).  Survival rate was higher in the first 24 hours in those infants supported with bCPAP (100%) compared to vCPAP (77%) (p = 0.02). (Bahman-Bijari et al., 2011).  Treatment duration was less in infants treated with bCPAP (35.5 days) compared to vCPAP (57.5 days) (Bahman-Bijari et al., 2011). Infants treated with bCPAP had shorter hospital stays (8.9±3.4 versus 10.6± 7.3 days, p=0.3) (Bahman-Bijari et al., 2011).  Shorter hospitalization in the bCPAP group resulted in less cost ($947.3±726 versus $1436.7±934, p=0.04) therefore bCPAP is more cost-effective than vCPAP (Bahman-Bijari et al., 2011).  
Researchers performed a prospective study in 2 different hospitals to examine respiratory outcomes of ELBW infants before and after the early introduction of bCPAP in hospital A and vCPAP in hospital B (Narendran et al., 2002).  Bubble CPAP significantly decreased the use of postnatal steroids (p < 0.0001) and decreased the incidence of chronic lung disease by 6% compared to hospital B who observed an increase in CLD by 9.5% (Narendran et al., 2002). 
A trial of 259 premature infants in respiratory distress were randomized at birth to either bCPAP or nCPAP to measure safety and efficacy (Tagare, Kadam, Vaidya, Pandit, & Patole, 2013).  Less CPAP failure and requirement of mechanical ventilation in the bCPAP group was observed (Tagare et al., 2013).  
A randomized controlled trial that compared Jet-CPAP with bCPAP in premature infants resulted in similar failure rates between groups.  Those infants in the bCPAP group failed at a later time (65 hours versus 59 hours) (Bhatti et al., 2015).
Vital signs and arterial blood gases were compared in a study on New Zealand White rabbits on either vCPAP or bCPAP (Huang, Hua, Lee, Chang, & Yuh, 2008).  The rabbits on vCPAP had significantly higher mean blood pressure, decreased respiratory rate, decreased pH and PaO2 and increased PaCO2 and HCO3 (Huang et al., 2008).  There was no significant effect on vital signs or arterial blood gases in those rabbits on bCPAP suggesting superiority over vCPAP (Huang et al., 2008).     
CPAP at Delivery
The NICU at Morgan Stanley Children’s Hospital has the lowest published rates of chronic lung disease of premature infants nationally.  A closer examination of practice in this NICU includes early use of bCPAP and gentle mechanical ventilation in premature infants soon after birth (within 5-10 minutes of life), avoidance of hyperventilation, continuance of CPAP until 32.1 (± 4.6) weeks gestation, and acceptable PaCO2 values of 60 mm Hg on bCPAP (Polin & Sahni, 2002). 
In a study performed in one neonatal tertiary care unit during two separate periods, researchers compared outcomes of characteristically similar group of neonates managed with positive pressure ventilation, early intubation, surfactant administration, and intermittent mandatory ventilation with moderate to severe respiratory distress at delivery and infants with routine, early bCPAP at delivery.  The use of postnatal steroids were significantly reduced in the infants with bCPAP group compared to the premature intubated group (13.9% versus 42.4%, p<0.05) (Narendran et al., 2002).  Additionally, the duration of oxygen requirement was decreased in those infants placed on bCAP at delivery (46 days) versus those infants intubated at delivery (53 days) (Narendran et al., 2003).  The incidence of chronic lung disease was also decreased in the bCPAP at delivery group (34.2% versus 40.2%) (Narendran et al., 2003).  
Three large, multicenter randomized controlled trials attempted to recreate similar outcomes by examining prophylactic or early CPAP to intubation and mechanical ventilation of premature infants at birth.  The COIN (CPAP or Intubation at Birth) researchers randomized premature infants to a CPAP group or intubation and mechanical ventilation group who were spontaneously breathing at 5 minutes of life (Morely et al., 2008).  The investigators found that the infants who received CPAP had a shorter duration of ventilation, a lower mortality rate or BPD and less corticosteroids postnatally (Morely et al., 2008).  The Vermont Oxford Network (VON) Delivery Room Management Trial assigned 648 infants (26-29 weeks’ gestation) to 1 of 3 groups: prophylactic surfactant and mechanical ventilation, prophylactic surfactant with extubation to CPAP, or CPAP (Dunn et al., 2011).   The relative risk of BPD or death in the prophylactic surfactant and extubation to CPAP was 0.78 compared to 0.83 in the CPAP (without surfactant treatment) suggesting beneficial treatment of early administration of surfactant followed by CPAP support (Dunn et al., 2011).   The SUPPORT (Surfactant, Positive Pressure, and Oxygenation Randomized Trial) study evaluated initiation of CPAP within 60 minutes after birth or prophylactic surfactant and ventilator support of infants born at 24-27 weeks’ gestation (Finer et al., 2010).  There was a 3% difference in the rate of death or BPD in the CPAP group (48%) compared to the surfactant group (51%) (Finer et al., 2010).   The SUPPORT trial found similar results to the COIN trial; infants who were managed on CPAP required less postnatal corticosteroids and fewer days of mechanical ventilation than those infants who were mechanically ventilated at birth (Finer et al., 2010.  
These studies led to the Committee on Fetus and the Newborn: American Academy of Pediatrics [AAP] (2014) to release a policy statement that suggests early CPAP use and selective surfactant administration may be considered as a safer alternative to routine intubation with prophylactic or early surfactant therapy in premature infants.  The members of the committee suggested that early initiation of CPAP may lead to a reduction in duration of mechanical ventilation and postnatal corticosteroid therapy (AAP, 2014).  Additionally, the committee proposed that if mechanical ventilation is needed then the INSURE (Intubation-SURfactant-Extubation) method (Verder et al., 1992) is preferred to prolonged ventilation (AAP, 2014). 
Provider Variability
The knowledge of the beneficial effects of CPAP use is not lost on practitioners, nurses, or respiratory therapists.  However, provider variability exists in the management of a premature infant’s respiratory support in the delivery room and throughout the neonate’s NICU stay.  While practice variation amongst providers should be based on the differences among patients, variation can exist due to prior experiences, limited or conflicting evidence, or personal preference of respiratory support and strategies (Shalish & Sant’Anna, 2016).  This variability can lead to suboptimal outcomes and increased costs (Cook et al., 2018), patient dissatisfaction with a lack of continuity and unpredictable management, and nursing and respiratory frustrations due to inconsistency (Shalish & Sant’Anna, 2016).  
Standardization of care is often met with resistance in healthcare due to fear of “decreased autonomy, oversimplification of medicine, and uncertainty regarding the evidence base” (Cook et al., 2018, p. 2).  However, successful implementation of a consistent, reliable, and reproducible CPAP-based respiratory approach that will decrease adverse respiratory and non-respiratory outcomes requires a team effort.  
Purpose
The purpose of this project was to assess the effectiveness of an educational intervention provided to bedside registered nurses before implementation of a new evidence-based management guideline of care including bCPAP use for premature infants at delivery. 
Setting
	The setting was a 34-bed, Level III Neonatal Intensive Care Unit in the Pacific Northwest.
Methods
Work with Stakeholders	
To create a lasting culture of continuous improvement, shared ownership is essential. The initial step to introducing educational knowledge was the identification of stakeholders to support the increased use of bCPAP in the NICU.  The stakeholders included the following: NICU managers, NICU charge nurses, NICU educator, respiratory therapist manager, RN representative, and the Neonatologist medical director. 
The NICU managers and the medical director were sent the proposal for review.  A short presentation of the project was given at a leadership meeting, where the stakeholders were invited for discussion.  The proposal was revised following feedback before implementation.  
Interventions
	Educational program.  An educational intervention on bCPAP including recent evidence-based practice was presented in the form of a powerpoint presentation that was delivered electronically to the bedside registered nursing staff (Appendix A).  An assessment of knowledge was performed with a pretest 2 weeks prior to the educational intervention and a posttest delivered immediately after the education.  These were administered to identify initial knowledge and understanding of bCPAP and the knowledge gained, if any, following the intervention (Appendix B). 
	Guideline of care.  An evidence-based guideline of care, including the management of bCPAP (Appendix C) and the respiratory management of premature infants at delivery (Appendix D), was developed through work with the stakeholders.  The guideline of care was approved through normal institutional procedures.  The evidence-based guideline of care was introduced with the educational intervention.
Measures
	Educational program.  The outcome measurement of knowledge acquisition was conducted through pre- and post-testing following the educational presentation. Fifty-six participants were given the educational pre- and post-test via Survey Monkey.  All responses were anonymously collected.
	Documentation.  The outcome measurement of compliance after the introduction of a new evidence-based guideline was determined by a retrospective review of all premature (<30 weeks gestation) patients’ electronic medical records in a 3-month period prior to and 3 months following the educational intervention.  
Rationale
The Theory of Health Promotion for Preterm Infants based on Levine’s Conservation Model of Nursing was used to assist in implementing the translation of knowledge into practice (Figure 1) (Mefford, 2004).  The knowledge discovery and evidence synthesis was delivered to the stakeholders via live presentation.  The translation and integration of practice was assessed with a review of any premature (≤ 30 weeks) infant’s eMAR following the educational intervention.  Respiratory support methods during resuscitation and throughout the neonate’s NICU stay were noted.
Figure 1
Theory of Health Promotion based on Levine’s Conservation Model of Nursing
[image: ]
Analysis
	The pre- and post-test results were described (mean±S.D.).  Compliance with the new evidence-based guideline was described and compared to the 3 months before the intervention.
Ethical Considerations
	The project was submitted to Creighton University’s Internal Review Board (IRB) and did not meet the definition of research under 45 CFG 46.102(d) therefore, IRB review and oversight were not required.  Ethical considerations to respect the confidentiality and anonymity of questionnaire respondents and NICU patients were performed.   
Results
Educational Program
Fifty-six participants received the testing and educational program.  Twenty respondents completed the pre-test (Table 1).  Two participants scored perfect scores on the pre-test.  Twelve of 20 participants who completed the pre-test had test scores of 60-80% before the education.  
The mean of the pre-test scores were 83% with a standard deviation of 0.1.
Table 1
Pre-test Results of Participants before Educational Program
	Participant
	Pre-Test Correct %

	A
	80%

	B
	90%

	C
	90%

	D
	80%

	E
	100%

	F
	80%

	G
	60%

	J
	80%

	K
	80%

	L
	80%

	M
	90%

	N
	100%

	O
	70%

	P
	80%

	Q
	90%

	R
	70%

	S
	70%

	T
	80%

	U
	90%

	V
	90%

	













Ten respondents completed the post-test (Table 2).  The mean score of the post-test following the educational program was 91% with a standard deviation of 0.1.  Two of the 10 respondents had test scores between 70-80%.  Eight of the 10 respondents had near perfect-perfect test scores between 90-100%. 
Table 2
Post-test Results of Participants after Educational Program
	Participant
	Post-test Correct%

	1
	90%

	2
	90%

	3
	70%

	4
	100%

	5
	100%

	6
	90%

	7
	90%

	8
	80%

	9
	100%

	10
	100%

	


Guideline Implementation
During this study period, a new golden hour guideline was introduced which included the guideline for respiratory management of the premature infant at delivery (Appendices C & D).  Included in these guidelines was the duration of bCPAP with a goal to maintain infants born < 30 weeks on bCPAP until 32 weeks post-menstrual age (PMA).  Therefore, when respiratory therapists or nursing staff would ask providers to change respiratory support prior to 32 weeks PMA, the providers more strongly negotiated the continuation of bCPAP.   
Guideline Compliance
Seven infants were delivered between July and September 2019 who qualified for the observation (≤ 30 weeks) (Table 3).  Two of 7 infants were intubated immediately at delivery.  Two infants required higher level of care and were transferred to another facility and therefore were excluded from the observation.  The 2 infants who were intubated at delivery were extubated to room air and later placed on high-flow nasal cannula.  The remaining 3 infants were trialed off CPAP prior to 32 weeks gestational age and later placed onto high-flow nasal cannula after failing room air.  
Table 3
Infants ≤ 30 weeks at birth before Education and Guideline
	Baby
	Intubated at Delivery
	CPAP at Delivery
	CGA at Discontinuation of CPAP
	Notes

	1
	 
	x
	 
	transferred

	2
	 
	x
	 
	transferred

	3
	 
	x
	31 6/7
	placed on HFNC 2h after discontinuation of CPAP

	4
	x
	 
	 
	extubated to room air, placed on HFNC 

	5
	 
	x
	31 3/7
	placed on HFNC after failing room air

	6
	x
	 
	 
	extubated to room air

	7
	 
	x
	31 5/7
	placed on HFNC after failing room air




Sixteen infants (≤ 30 weeks) were delivered between October and December 2019 following the educational intervention (Table 4).  One infant had significant morbidities and care was withdrawn.  Four of the 16 infants were intubated at delivery following positive pressure ventilation.  Twelve of the 16 infants only required CPAP at delivery.  
Three of the 15 qualifying infants are currently < 30 weeks and remain on respiratory support (CPAP or Non-Invasive Neurally Adjusted Ventilatory Assist) at the time of this paper and are not included in the analysis.  Twelve infants met criteria for analysis.  Two of the 12 infants had CPAP discontinued prior to 32 weeks with both infants requiring high-flow nasal cannula shortly after.  One of the 10 infants with discontinuation of CPAP ≥ 32 weeks gestation remain hospitalized requiring respiratory support (low-flow nasal cannula).  The remaining 9 infants who had CPAP discontinued at 32 weeks or greater weeks gestation and were discharged 
Table 4
Infants ≤ 30 weeks at birth after Education and Guideline
	Baby
	Intubated at Delivery
	CPAP at Delivery
	CGA at Discontinuation of CPAP
	Notes

	1
	 
	x
	32 5/7
	failed room air, placed on NC

	2
	 
	x
	34 3/7
	 

	3
	 
	x
	31 1/2
	placed on HFNC after failing room air 

	4
	 
	x
	33 1/7
	 

	5
	 
	x
	33 5/7
	 

	6
	 
	x
	32 3/7
	 

	7
	 
	x
	33 1/7
	 

	8
	 
	x
	34 6/7
	 

	9
	x
	 
	33 3/7
	 

	10
	x
	 
	32 1/7
	 

	11
	 
	x
	32 1/7
	 

	12
	 
	x
	31 6/7
	placed on HFNC after failing room air

	13
	 
	x
	 
	< 32 weeks, remains on CPAP

	14
	x
	 
	 
	withdraw of support; demise

	15
	 
	x
	 
	< 32 weeks, on NIVNAVA

	16
	x
	 
	 
	< 32 weeks, remains on CPAP



home without requiring any respiratory support.  Therefore 10 of 12 infants who were at 32 weeks gestation or greater at the end of the data collection received bCPAP until 32 weeks gestation according to the new guideline.  All the infants had bCPAP delivered via RAM cannula per the respiratory therapists during their respiratory course with little to no increase in pressure (Singh, 2019).    
Discussion
Educational Program
Thirty-six percent of all participants in the educational program completed the pre-test and 18% completed the post-test.  During the period of the educational program and post-test, annual hospital competencies were nearing the due date, therefore, initial responses to the pots-test were minimal (3) in the 2-week time period that the test was available.  The post-test was re-administered after the deadline for hospital competencies passed and an additional 7 more responses were acquired.  In the future, perhaps the educational program should be implemented at a different time of the year, in another format, and/or require mandatory testing.  Efforts may be focused on ensuring that a variety of educational programs are presented to tailor to all types of learners, as well as extending the opportunities for assessments.  
This project was designed as quality improvement versus research.  Based on such small numbers, conclusions cannot be made about the knowledge acquisition of the entire group.  However, among the participants who completed the pre-testing, 40% of the participants had pre-test scores that were high (90-100%) while 60% had initial test scores that were low (60-80%).  If this sample is representative of the group, then these results may indicate that a large portion of the NICU staff had knowledge deficits related to this topic.  Eighty percent of the participants who completed post-testing had high scores (90-100%).  This may indicate that more, or a different type of education, may benefit those who had not been familiar with respiratory support content.  Lastly, to increase sample size, implementation support from 
nursing leadership and providers may be included to assist with the desire for clinical education and persistent growth in evidence-based practice.  
Guideline Development 
	Initial work with stakeholders during the guideline development process included a multidisciplinary meeting to discuss the basis of the project and the overall goals.  Constructing the details of the guideline involved individual stakeholder meetings with presentation of evidence based research to respiratory therapists and neonatologists.  Recommendations received during these meetings were reflected in the final draft of the guideline.  The neonatologists were provided strong support of the guideline and assisted with advocating for the guideline to be developed through the appropriate institutional processes.  
Presentation of the proposed changes to nurse leaders required a more comprehensive presentation during the guideline development as they had minimal knowledge of recent literature and posed questions about the proposed translation of research into practice.    Presentation of the literature to nursing leadership, exhibits of guidelines from other local hospitals, and inclusion of neonatologists in recurrent discussions were involved in consensus achievement.   
Future recommendations for guideline development would include assessment of the culture of the practice environment and outlining the process.  With a formalized change process, communication may be improved for all stakeholders, and consensus may be facilitated.  Additionally, it may be beneficial to comprise a formal guideline development group which would include identifying membership and roles for smooth facilitation of meetings.   
Guideline Compliance 
	Guideline compliance was a continual process with repetitive verbal reminders and education prior to delivery or on the unit of infants that met guideline criteria.  If bedside respiratory therapists or registered nurses would attempt to stray from adherence of the guidelines they would look to the neonatologists for final confirmation of the plan.  The delivery guidelines were followed.  
Compromise of care was with the bCPAP guideline of care in which the respiratory therapists transitioned interfaces from the Fisher & Paykel FlexiTrunk™ (mask and prongs) to the RAM Cannula® [Neotech] interface earlier than the guideline dictates.  This resulted in a struggle between the registered nurses and the respiratory therapists as many infants would de-recruit alveoli with subsequent increase in work of breathing and oxygen requirement.  Transitioning back to the FlexiTrunk™ would stabilize the infants.  One-month into the guideline implementation the neonatologists specified which interface they wanted in their orders.  This specification decreased verbal conflict between respiratory therapists and bedside nurses however, it did not prevent respiratory therapists to ask for the interface to be changed to the RAM Cannula® before meeting criteria per the guideline.  
Barriers to guideline compliance was a lack of interest or inability to achieve consensus with the respiratory therapists and bedside nurses.  Additional barriers included resistance to culture change that required strong commitment from leadership.
Recommendations for future guideline compliance would be to include more members into the construction of the guideline so that adequate discussions can occur and buy-in can be established before guideline implementation.  Additionally, multidisciplinary meetings, rather than individual ones, should be held for inclusion of beliefs and values to be considered and recommendations based on clinical judgment and experiences rather than evidence-based practice can be discussed.               
Limitations
	Education and testing of all of the nurses was not achieved because of timing, conflict with other institutional activities, format, and voluntary participation.  In the future, perhaps the educational program should be implemented in another format and/or as a mandatory activity.
It is possible that the small number of post-test respondents may not be a true reflection of knowledge attainment.  Due to the anonymity of the assessments and large number of nurses who did not respond, it is not possible to accurately state that the responses are from those who completed a pre-test.  Additionally, as the educational program was emailed as an attachment—it is conceivable that participants may have taken the post-test without even opening the educational program.  Improvements can be made with the educational testing process, and are planned.  However, overall post-test scores of those who participated in testing did improve, as one would expect. 
	This was a quality improvement project versus research so the short-term measure was identified as knowledge acquisition and guidelines compliance.  Longer-term research designs might allow for measurement of associations between the use of early bCPAP with health outcomes of premature infants.
Future Work
	Future work may include introduction of other methods of education and testing of knowledge acquisition related to non-invasive ventilator support of premature infants.  Surveys could be administered to measure nurses’ and respiratory therapists’ responses about challenges related to maintenance of bCPAP in this population.  Research studies could be designed to measure longer term outcomes of non-invasive methods of ventilation in terms of BPD, the duration of CPAP with different interfaces, days in oxygen, growth, amount of breastfeeding, or days in hospital.  
Conclusion
	This evidence-based quality improvement project utilized an educational program to attempt to increase the knowledge of registered nurses in a Level III NICU and a guideline to improve compliance with the use of bCPAP until 32 weeks gestation for premature infants born < 30 weeks gestation.  This program aimed to improve registered nurses’ understanding of the need for increased duration of CPAP, how to best care for infants born < 30 weeks gestation on bCPAP, and advocate appropriately and promote evidence-based respiratory support modes.  
Despite incomplete participation of nurses, the scores demonstrated an improvement in knowledge following the educational program.  Additionally, the use and duration of bCPAP increased with implementation of the educational program before introduction of a new evidence-based guideline of care.  Longer term physiological benefits of education and guidelines for the use of bCPAP and respiratory management in infants < 30 weeks gestation may be measured in future research.    
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Appendix A
Bubble CPAP Educational Intervention Outline
I. Background
a. Pathophysiology of neonatal lung
b. Lung injury from endotracheal intubation
II. Significance
a. Chronic Lung Disease
b. Prolongs hospital stays
c. Economic impact
d. Long-term effects
e. Mortality rates
III. Bubble CPAP 
a. Continuous flow-system
b. Distal end of the expiratory tubing submerged in water
i. Depth of submersion equals the pressure of CPAP delivered
c. Oscillatory vibrations simulates waveforms of those produced by high frequency ventilation
d. Gas flow rate affects the degree of bubbling with a proper seal
IV. Beneficial Effects of Bubble CPAP
a. Increases functional residual capacity
b. Alveoli recruitment
c. Conservation of airway patency
d. Reduction in hospital stay
e. Stabilization of chest wall and diaphragm
f. Assists in postnatal growth; weight gain
V. CPAP Care: Success Starts with Bedside Registered Nurses and Respiratory Therapists
a. Interface differences
b. Fit
c. Flow
d. Breaks
e. Skin care
f. Duration
VI. Review of literature
a. Columbia Physicians in the NICU at Morgan Stanley Children’s Hospital
b. COIN Study
c. VON Trial
d. SUPPORT Trial
e. Committee of the Fetus and the Newborn: American Academy of Pediatrics Policy Statement
VII. Summary




Appendix B
Bubble CPAP Pretest and Posttest Assessment
1. Premature neonates are more susceptible to lung injury because:
a. There is an abundance of amniotic fluid in their lungs
b. The pressure changes that occur in the pulmonary and systemic systems at birth
c. The biochemical and structural immaturity of their lungs
2. Mechanical ventilation can be harmful to a neonate’s lung due to:
a. Inadvertent hyperinflation
b. Inadvertent under inflation
c. Bacterial colonization of the endotracheal tube
d. Barotrauma
e. All of the Above
3. Bubble CPAP pressure is delivered via the inspiratory limb
a. True
b. False
4. Beneficial effects of bubble CPAP is most pronounced when:
a. Infants are apneic
b. Lung compliance is low and oscillating pressure amplitudes are minimall damped
c. After 12 hours of mechanical ventilation
5. Pressure swings of bubble CPAP are beneficial to the infant’s lungs
a. True
b. False
6. Condensation in the expiratory tubing of bCPAP can be ignored
a. True
b. False
7. Beneficial effects of bCPAP include:
a. Alveoli recruitment and euglycemia
b. Increase in functional residual capacity (FRC) and alveoli recruitment
c. Conservation of airway patency and reduction of hospital stay
d. Stabilized chest and diaphragm and increased postnatal weight gain
e. A and C
f. B and E
g. A, B, and C
h. B, C, and D
8. A potential benefit of early bCPAP is an increase in postnatal steroid use 
a. True
b. False
9. BCPAP oscillatory vibrations are like those in high frequency ventilation
a. True
b. False
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Appendix C
Bubble Continuous Positive Airway Pressure Management Guideline of Care for Infants Born < 30 weeks
	NICU Admission: Goal is to manage patient with non-invasive respiratory support with as little oxygen as needed
	▪ Maintain CPAP via mask with 5 to 7 cm H₂O 
▪ If requiring FiO2 > 0.4 and infant is < 72 hours, consider use of INSURE
▪ If skin breakdown is noted - RAM Cannula® may be used as a temporary interface; consider a 1 cm H2O increase to maintain similar mask pressures 

	Convalescing Infants on NCPAP: minimal events, sufficient weight gain, tolerating feedings, low FiO₂ requirements (<0.3)
	▪ Consider use of RAM Cannula® with a 1 cm H2O increase to maintain similar mask pressures 

	32 to 36 weeks Post-Menstrual Age: Goal is to discontinue CPAP
	▪ If FiO2 < 0.25, slowly wean CPAP pressure (minimum every 48 hours) to 5 cm H2O then discontinue
▪ If FiO2 > 0.3, may need to continue CPAP until 34 weeks
▪ If > 34 weeks gestation and requiring oxygen, consider transitioning to HFNC or nasal cannula for oxygen




Appendix D
Guideline for Respiratory Management in the Delivery Room for Pre-Term Infants
	Routine Intubation and Surfactant
	All infants < 27 weeks who have not received the full antenatal steroids ≥ 48 hours prior to delivery

	Neopuff Settings
	PIP: 25
PEEP: 6
Rate: 40-60
Inspiratory time: 0.5
FiO2: 21%

	FRC Recruitment < 27 weeks
	Phase I: PPV 2-5 minutes, regardless of apnea/spontaneous respirations
Phase II: NCPAP via mask as soon as possible

	FRC Recruitment > 27 weeks
	Phase I: PPV 2-5 minutes if apnea or increased work of breathing
Phase II: NCPAP via mask as soon as possible

	Intubation Criteria at Delivery
	▪ Heart rate < 100 despite effective PPV
▪ After 10 minutes of infant requiring PPV/NCPAP, severe work of breathing, or sustained apnea with FiO₂ > 0.5 to maintain oxygen saturations > 88%
▪ Consider early extubation to NCPAP after stabilization post-surfactant

	Transferring and Admission to NICU
	▪ Minimize loss of functional residual capacity by maintaining NCPAP pressure
▪ Admission orders including caffeine

	Intubation Criteria in the NICU
	▪ Requiring CPAP pressure of 7 cm H₂O 
▪ FiO2 > 0.4 for saturations < 88%
▪ Arterial blood gas pH < 7.2 & CO2 > 60
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