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Abstract
Bronchopulmonary dysplasia (BPD) is a chronic lung disease that affects about 40% of infants born at less than 32 weeks and is diagnosed if an infant still requires oxygen therapy at 36 weeks corrected gestational age or at discharge home. BPD increases the healthcare costs and the rates of asthma, sudden infant death syndrome, and mortality for very premature infants. The purpose of this project was to improve rates of BPD in very premature infants without increasing length of hospitalization through the implementation and evaluation of a multidisciplinary care bundle involving respiratory support and medication use guidelines. A noninvasive ventilation algorithm for the delivery room was also created and implemented. This bundle was utilized for very premature infants born in one South Dakota hospital and admitted to the level III neonatal intensive care unit (NICU) during the project period and compared to very premature infants born in this hospital in 2017. Implementation of this BPD prevention care bundle contributed to a decrease in the use of oxygen at discharge home for very premature infants without increasing the length of hospitalization. Use of invasive mechanical ventilation and the severity of BPD also decreased after implementation of the bundle, indicating that a bundle approach can be successful in decreasing the rates of BPD for very premature infants.


Using a Bundle Approach to Prevent Bronchopulmonary Dysplasia in Very Premature Infants 
	In the United States, one in ten infants, or 10.02%, were born prematurely before the 37th week of gestation in 2018 (Martin, Hamilton, Osterman, & Driscoll, 2019). Of those premature births, 1.57% were classified as very premature, which is defined as birth at less than 32 weeks of gestation (Martin et al., 2019). Very premature infants are at higher risk for complications such as intraventricular hemorrhages, necrotizing enterocolitis, sepsis, retinopathy of prematurity, respiratory distress syndrome, and bronchopulmonary dysplasia (BPD). The rates of these morbidities and the mortality rate increase as the gestational age at birth decreases. The use of prenatal steroids, prenatal antibiotics, surfactant therapy, and the increased use of continuous positive airway pressure therapy have improved some of the rates of morbidity for these very premature infants in recent years, but the rates of BPD have remained unchanged at about 40% (Stoll et al., 2010).
The cost of premature birth in the United States is estimated to be at least $26.2 billion, or $51,600 per infant due to the complications that often arise when caring for these infants (Institute of Medicine, 2007). Premature infants born at less than 28 weeks of gestation account for over one-third of those medical costs from birth through age seven despite only representing six percent of all premature births (Institute of Medicine, 2007). Johnson, Patel, Jegier, Engstrom, and Meier (2013) analyzed the medical costs related to several common morbidities of the very premature infant and found that BPD increased the direct costs by $31,565 alone. The cost for medical care for premature infants in the first year alone is about ten times greater than the cost for term infants, but for very premature infants, the medical costs often extend far beyond the first year due to the higher rates of chronic conditions related to their premature births (Institute of Medicine, 2007). Overall, the cost for treating infants with BPD in the United States is estimated to be $2.4 billion (Bhandari, Carroll, & Bhandari, 2016). 
	  BPD is the most common chronic lung disease in premature infants, affecting 10,000 to 15,000 infants per year in the United States (Voynow, 2017). BPD frequently occurs in premature infants with respiratory distress syndrome (RDS) who require mechanical ventilation and oxygen therapy (Stoll et al., 2010). Radiographic studies of the lungs may show changes that are indicative of BPD in premature infants, but they are not consistently interpreted by medical staff, so a technical definition for BPD was created. For infants less than 32 weeks of gestation, they are considered to have developed BPD if they are requiring oxygen therapy at 36 weeks corrected gestational age or at discharge to home, whichever comes first (Jobe & Bancalari, 2000). The severity of BPD is then defined as mild, moderate, or severe based on the amount of supplemental oxygen the infant is requiring at that time (Jobe & Bancalari, 2000). A new proposed definition for determining the severity of BPD uses a three-level grading system based on what method of respiratory support the infant is receiving at 36 weeks corrected gestational age and how much supplemental oxygen the infant requires to maintain their oxygen saturations between 90 and 95% (Higgins et al., 2018). In addition to the three defined grades of BPD, the new definition also includes grade III(A), which is defined as death between 14 days of life and 36 weeks corrected gestational age that can only be attributed to respiratory failure due to lung disease (Higgins et al., 2018)
Infections, nutritional deficits, growth restriction, mechanical ventilation and oxygen use contribute to the development of BPD through disruption of growth of the alveoli in the lungs and prevention of adequate pulmonary vascular development (Stoll et al., 2010). Mechanical ventilation is the major cause of BPD due to the high levels of positive pressure that are often required to ventilate a premature infant’s noncompliant lungs. The high pressure leads to over-inflation of the alveoli, cellular injury, and inflammation (Stoll et al., 2010). Understanding the damage high ventilator pressures can have on premature lungs has prompted the research of potential interventions to reduce the rates of BPD, such as “gentle ventilation” using high frequency oscillatory ventilation (HFOV) and using non-invasive modes of oxygen delivery (Davidson & Berkelhamer, 2017).  
Significance 
About 50% of infants who have been diagnosed with BPD require readmission to the hospital during their first year of life for treatment of a lower respiratory tract illness. These children are at higher risk for receiving a diagnosis of asthma during childhood (Bhandari et al., 2016). One of the objectives for Healthy People 2020 is to reduce the number of hospitalizations and deaths from asthma among children and young adults. The U.S. Department of Health and Human Services (2018) reports that 41.4 per 10,000 children under the age of 5 were hospitalized due to asthma in 2007 and the Healthy People 2020 goal is to decrease the number of hospitalizations to 18.2 per 10,000. By decreasing the number of premature infants who develop BPD, the number of hospitalizations for children with asthma would likely decrease. 
Decreasing the number of readmissions for premature infants with BPD also applies to the Agency for Healthcare Research and Quality’s (AHRQ) (2017) goal to decrease hospital readmission rates. The AHRQ (2017) utilizes a readmission database as part of its Healthcare Cost and Utilization Project to track hospital readmissions to better understand why these readmissions are occurring. Readmissions are costly for the healthcare system and increase the patient’s risk of complications and healthcare-associated infections as well (Agency for Healthcare Research and Quality, 2017). If about half of the infants with BPD are being readmitted to the hospital in their first year of life due to respiratory complications, this is increasing their risk of complications and potentially life-threatening infections. 
Decreasing the rate of premature infants who develop BPD is also important to meet the Healthy People 2020 objective of decreasing the rate of infant deaths (U.S. Department of Health and Human Services, 2020b). In 2017, the infant death rate for very low birth weight (VLBW) infants born weighing less than 1,500 grams was 208.9 deaths per 1,000 live births. This was compared to the two deaths per 1,000 live births for infants who were born weighing 2,500 grams of more (U.S. Department of Health and Human Services, 2020a). Neonatal morbidity rates, especially the rates of BPD, for very premature infants remain high and are inversely related to gestational age at birth (Stoll et al., 2010). Premature infants with BPD have increased mortality risks due to respiratory complications and they are also at higher risk for sudden infant death syndrome (Davidson & Berkelhamer, 2017). Reducing the rate of infant deaths from sudden infant death syndrome is another Health People 2020 goal that goes along with decreasing the rates of all infant deaths under one year of age (U.S. Department of Health and Human Services, 2020b). By researching changes in interventions to potentially reduce the rates of BPD in very premature infants, the rates of hospital readmissions, complications, and infant mortality could also decrease.   
BPD is a significant issue for the neonatal intensive care unit (NICU) involved with this project as the number of infants discharged home with oxygen has increased significantly since 2013 (A. Riley, personal communication, January 4, 2018). This NICU is a member of the Vermont Oxford Network (VON) which compares data from NICUs across the country. The number of infants born weighing less than 1,500g (VLBW) in this local NICU who required oxygen at the time of discharge home was 21.9% in 2013. By 2017 this number had increased to 32.4% of VLBW infants, which is significantly above the VON mean of 13.1% (Vermont Oxford Network, 2019b). Additionally, the average length of stay for VLBW infants has increased from 72.1 days in 2013 to 82.1 days in 2017, indicating that the increased practice of discharging VLBW infants with oxygen is not improving their number of days in the hospital (Vermont Oxford Network, 2019a). Many of the common interventions for BPD prevention were already being utilized in this unit, including use of surfactant, early caffeine administration, and early use of noninvasive ventilation methods when possible, but the rates of BPD continued to increase and remained above the average for the VON.
Clinical Problem Statement
	A level III NICU in South Dakota had higher BPD rates and increased lengths of stay for very premature infants compared to similar units in the VON. No specific policy for preventing BPD previously existed. Implementing a BPD prevention care bundle that includes respiratory care and medication guidelines could potentially improve the rates of BPD in very premature infants and improve their morbidity and mortality rates as well.   
Available Knowledge
	With the continued high rates of BPD in very premature infants, a literature review was conducted to identify the main methods that are currently used in attempts to prevent BPD from occurring. The main prevention methods were identified from articles used in the background section of this paper and from the current practices used in the local NICU that is the focus of this proposed project. These methods of prevention can be broken down into ventilation strategies and medication therapy. The ventilation strategies for this literature review include high frequency oscillatory ventilation and noninvasive ventilation, and the medications being examined include surfactant, inhaled nitric oxide, corticosteroids, diuretics, caffeine, and vitamin A. The purpose of this literature review is to assess the safety and efficacy of these interventions that are commonly used with the intent of reducing rates of BPD in very premature infants and to examine if the proposed practice changes are supported in the current literature. This literature review will also help identify any gaps in the research regarding methods of preventing BPD in very premature infants. 
	The main keyword used for the literature review was bronchopulmonary dysplasia along with each of the interventions being evaluated: high frequency oscillatory ventilation, noninvasive ventilation, surfactant, inhaled nitric oxide, corticosteroids, diuretics, caffeine, and vitamin A. The literature search was mainly restricted to the past 5 years, with the exception of one article from 2012 regarding the use of vitamin A that was included due to the lack of other substantial evidence to include in that section of the review. Several sentinel studies were also included with dates ranging from 1989 to 2002 regarding high frequency oscillatory ventilation and from 2006 to 2008 for inhaled nitric oxide. Each intervention being reviewed is presented separately, though a few studies do present the combined effects of two interventions, and these studies are specified within the review. 
Ventilation Strategies
	When caring for very premature infants, some form of respiratory support is typically required to oxygenate their underdeveloped lungs. However, mechanical ventilation, while sometimes necessary, has also been found to contribute to the high rates of BPD in very premature infants (Choi, Lee, Park, & Jun, 2018). For this reason, studies have started focusing on different ventilation strategies to minimize this potential lung damage. Some of the suggested strategies include using high frequency oscillatory ventilation as a gentler method of mechanical ventilation, minimizing the length of time an infant spends on mechanical ventilation by promoting early extubation, and using non-invasive ventilation methods when able. 
	High frequency oscillatory ventilation.
	Researchers have long debated the effectiveness and safety of high frequency oscillatory ventilation (HFOV) in very premature infants, and studies have produced mixed results. During this literature review, several sentinel studies were examined to provide background information regarding the few current studies that exist on the use of HFOV to prevent BPD. A randomized multicenter study by the HIFI Study Group (1989) compared the efficacy of HFOV to conventional mechanical ventilation (CMV) for 673 premature infants weighing 750 to 2,000g. This study found no significant differences in the incidence of BPD or death between the two ventilation modes. Additionally, HFOV was associated with an increased risk of complications such as pneumoperitoneum, intracranial hemorrhages, and periventricular leukomalacia (HIFI Study Group, 1989). Following that study, Moriette et al. (2001) and Johnson et al. (2002) both also reported that HFOV did not reduce the incidence of BPD in very premature infants. 
Moriette et al. (2001) randomized 273 infants born between 24 and 29 weeks to receive either HFOV or CMV after birth. The infants remained on their selected mode of ventilation and settings were adjusted until extubation was possible. Outcomes examined during this study included the continued need for supplemental oxygen at 28 days and the need for repeated doses of exogenous surfactant. Moriette et al. (2001) found that twice as many infants in the CMV group needed two or more doses of surfactant when compared to the HFOV group, but there was no significant difference for the number of infants surviving to 28 days without supplemental oxygen. Additionally, the incidence of severe intraventricular hemorrhages, a measured secondary outcome of the study, was found to be slightly increased in the HFOV group. Johnson et al. (2002) completed a similar study in which 797 infants born at 23 to 28 weeks were randomly assigned HFOV or CMV as the mode of ventilation after birth. They found that 66 percent of infants in the HFOV group died or were diagnosed with BPD at 36 weeks corrected gestational age compared to 68 percent of infants in the CMV group. Johnson et al. (2002) also examined the incidence of intraventricular hemorrhages in these infants as a secondary outcome and found that infants in the HFOV group had a slightly decreased incidence of severe intraventricular hemorrhages, though this number was not statistically significant. Though Johnson et al. (2002) and Moriette et al. (2001) achieved different results for their secondary outcomes, they reached the same conclusion that the use of HFOV does not significantly decrease the incidence of BPD. 
On the other hand, Gerstmann et al. (1996) and Courtney et al. (2002) reported that HFOV does improve pulmonary outcomes without an increase in other complications. Gerstmann et al. (1996) conducted a prospective randomized trial with 125 infants born at 35 weeks of gestation or less who required intubation at birth. The infants were randomly assigned HFOV or CMV after receiving exogenous surfactant. This study found that 76.4% of infants in the HFOV group survived without BPD, compared to 55.7% of the CMV group, which was statistically significant. They also found that infants in the HFOV group required repeated doses of surfactant less frequently, required less days on mechanical ventilation for infants weighing less than one kilogram, and had decreased hospital costs (Gerstmann et al., 1996). Courtney et al. (2002) studied 500 infants with birthweights between 600 and 1,200g and randomly assigned them to HFOV or CMV. They found that infants in the HFOV group were able to extubate sooner than infants in the CMV group and more infants in the HFOV group were alive at 36 weeks corrected gestational age without requiring supplemental oxygen (Courtney et al., 2002). Both studies also found no significant difference between the two groups in the incidence of intraventricular hemorrhages or other complications. 
The difference in results among these HFOV studies is likely related to a difference in study designs, patient demographics, and sample sizes. The study by Gerstmann et al. (1996), for example, enrolled infants up to 35 weeks of gestation in the study, which resulted in an average gestational age of 31 weeks at birth for the HFOV group. This is significantly older than the average gestational age of 26 to 28 weeks at birth for the other studies and may have influenced their findings. Limited experience with using HFOV for very premature infants may have also affected the results of some of these earlier studies (Johnson et al., 2002). Few studies examining the efficacy of HFOV on reducing the incidence of BPD have been conducted since these sentinel studies, which is likely due to the increased effort to avoid mechanical ventilation if possible, so the use of HFOV for very premature infants has decreased in many places. Despite this, though, some recent research has indicated a potential benefit from the use of HFOV to reduce BPD rates. 
	Because of the inconsistent results from previous studies and the lack of progress in reducing BPD rates, Sun et al. (2014) and Zivanovic et al. (2014) decided to reexamine if HFOV provided any improvement in BPD rates in very premature infants. Additionally, both of these studies identified a gap in knowledge regarding the long-term effects of using HFOV in this patient population. Sun et al. (2014) randomly assigned 366 infants born at less than 32 weeks of gestation who required mechanical ventilation within 24 hours of birth to receive either HFOV or CMV. They found that the incidence of death or BPD for the HFOV was only 9.6% compared to 22.9% in the CMV group, which was statistically significant. In addition, the infants receiving HFOV required mechanical ventilation for an average of 1.7 days less than infants in the CMV group, required less doses of surfactant, and were less likely to have neurological disabilities at 18 months of age. No difference in adverse events, such as intraventricular hemorrhage or pneumothorax, was seen between the two groups of infants (Sun et al., 2014). 
Zivanovic et al. (2014) studied the effects of HFOV in 319 adolescents who had been born before 29 weeks of gestation and had been enrolled in a multicenter, randomized HFOV trial during their NICU stay. The original study involved 797 infants at 25 different facilities, 592 of whom survived until discharge. Families were asked to participate in the follow-up study when the children reached 11 to 14 years of age. 159 children who had been assigned CMV in the original study and 160 children in the HFOV group participated in the follow-up study. They found the children who had received HFOV as premature infants showed better lung function and no difference in functional outcomes when compared to children who had received CMV. Zivanovic et al. (2014) found that children who had received HFOV as premature infants performed better overall on lung-function tests with no difference in neurodevelopmental outcomes. These studies by Sun et al. (2014) and Zivanovic et al. (2014) demonstrated potential benefits from utilizing HFOV rather than CMV for very premature infants who require mechanical ventilation. However, considering the mixed results of the sentinel studies discussed and the lack of other current studies, more research is needed to better determine the efficacy and safety of using HFOV rather than CMV to reduce rates of BPD in very premature infants.  
	Noninvasive ventilation.
	In an attempt to reduce the rates of BPD in very premature infants, many hospitals are attempting to decrease their use of mechanical ventilation and pushing instead for earlier extubation and noninvasive ventilation. The literature supports this as mechanical ventilation has been shown to increase risk of BPD, mortality rates, and rates of other complications such as periventricular leukomalacia and retinopathy of prematurity (Choi et al., 2018; Jensen et al., 2015). Both studies focused on how the length of time an infant receives mechanical ventilation impacts the infant’s outcomes, but the purpose of their studies differed slightly. Jensen et al. (2015) performed a retrospective cohort study of 2,867 premature infants born before 32 weeks of gestation and assessed for the incidence of BPD in relation to the duration of mechanical ventilation. They found that both a longer duration of mechanical ventilation and a greater number of courses of mechanical ventilation increased the risk for BPD, but a longer cumulative duration of mechanical ventilation was found to have the greater impact (Jensen et al., 2015). Choi et al. (2018) conducted a prospective cohort study of 3,248 very low birthweight infants and divided the infants into groups based on how long they required mechanical ventilation. The main study outcome showed that infants who received longer cumulative durations of mechanical ventilation had significantly higher mortality rates, and the study also showed that an increased duration of mechanical ventilation correlated strongly to increased rates of BPD. However, they state that it was unclear whether prolonged mechanical ventilation increased the risk of BPD or if BPD caused the prolonged need for mechanical ventilation (Choi et al., 2018). 
	Using noninvasive respiratory support in the delivery room during resuscitation of a very premature infant has also been debated since some of these infants may fail noninvasive ventilation methods and require intubation. Wilinska, Bachman, and Swietlinski (2015) compared outcomes for 1,667 VLBW infants who had been electively intubated, successfully placed on noninvasive ventilation, or placed on noninvasive ventilation and subsequently failed. They found that the use of surfactant was significantly lower in the group of infants who were successful on noninvasive ventilation at only 10% compared to 53% in the group of infants who were electively intubated. Despite the decreased use of surfactant, the successful noninvasive ventilation group also required respiratory support for shorter durations and had significantly lower rates of severe BPD, 5.4%, compared to the electively intubated group, 12%. The rate of BPD for the infants who failed noninvasive ventilation was also lower than for the electively intubated group, though this was not statistically significant (Wilinska et al., 2015). Govindaswami et al. (2019) also found that promoting noninvasive ventilation at birth decreased the risk of very premature infants requiring intubation during their NICU stay by 21% without increasing the risk of morbidity. Their retrospective cohort study of 640 very premature infants also found a slight decrease in the number of infants being discharged home on oxygen from 5% to 2% after noninvasive ventilation was promoted, though this was not statistically significant (Govindaswami et al., 2019). Both of these studies show that supporting very premature infants on noninvasive ventilation after birth is a feasible option with potential benefits but debate still remains over which method of noninvasive ventilation is the best option. 
	 Positive pressure noninvasive ventilation.
	When using noninvasive ventilation for very premature infants, some form of positive pressure ventilation is most often required. Typically, either a mode of nasal intermittent positive pressure ventilation (NIPPV) or continuous positive airway pressure (CPAP) is used, but the literature shows mixed results when discussing whether NIPPV or CPAP lead to better outcomes. Some studies have shown that there is no statistical difference in outcomes between NIPPV and CPAP and that both methods of noninvasive ventilation effectively assist infants in avoiding mechanical ventilation. Kirpalani et al. (2013) randomly assigned 1,009 premature infants born at less than 30 weeks to either NIPPV or CPAP when first placed on noninvasive respiratory support within the first 28 days of life. They found no statistical difference in the incidence of death or BPD at 36 weeks corrected gestational age between the two groups. The two groups also showed no significant difference in the number of infants requiring reintubation after being placed on one of the modes of noninvasive ventilation. Ribeiro, Fontes, Bhandari, Resende, & Johnston (2017) focused on the rate of extubation failure for infants receiving NIPPV compared to two different modes of CPAP. This study randomly assigned 101 infants born at 34 weeks gestation or less who required surfactant and intubation to receive NIPPV, bubble-CPAP, or ventilator-CPAP after their first elective extubation. They found that there was no significant difference in the rate of extubation failure amongst the groups and that all three modes of noninvasive ventilation helped avoid reintubation in 80% of the infants studied (Ribeiro et al., 2017).
On the other hand, other studies have shown that using a mode of NIPPV contributes to better results than when using CPAP, but those studies still had slightly different results. A single center, randomized control study by Shi, Tang, Zhao, & Shen (2014) reports that infants who received NIPPV had a decreased need for mechanical ventilation compared to infants who received CPAP. This study randomly assigned 189 term and premature infants with RDS to receive either NIPPV or CPAP and found that 11.4% of the NIPPV group required intubation, compared to 20.9% of the CPAP group. Infants in the NIPPV group also were more likely to be discharged without respiratory support (Shi et al., 2014). In contrast, Armanian, Badiee, Heidari, Feize, & Salehimehr (2014) reported that both NIPPV and CPAP helped infants avoid mechanical ventilation, but the duration of support was shorter for infants receiving NIPPV than CPAP. Of the 98 premature infants enrolled in this randomized control study, the 44 infants in the NIPPV group required respiratory support for an average of 24 hours less than the 54 infants in the CPAP group, which was found to be statistically significant. The incidence of BPD was similar between the NIPPV and CPAP groups, though (Armanian et al., 2014). Ultimately, these studies show that both NIPPV and CPAP help infants avoid mechanical ventilation, but which method of positive pressure noninvasive ventilation is better remains debatable.   
	High flow nasal cannula.
	Another option for noninvasive ventilation is the use of high flow nasal cannula (HFNC). This is typically considered to be a decreased amount of support compared to NIPPV or CPAP and studies have presented some mixed results in terms of efficacy. Lavizzari et al. (2016) conducted a prospective randomized trial of infants between 29 and 36 weeks with RDS to determine if HFNC can provide adequate respiratory support when compared to CPAP. They determined that HFNC ultimately showed similar efficacy and safety compared to CPAP, and though it contributed to an increased need for mechanical ventilation within 72 hours of beginning treatment, this difference was not statistically significant with 10.8% of infants in the HFNC group requiring mechanical ventilation compared to 9.5% in the CPAP group. Lavizzari et al. (2016) also reported no significant difference in the rates of BPD between the two groups. 
Roberts et al. (2016) conducted an international, multicenter noninferiority study that randomly assigned 564 infants born at 28 weeks of gestation with RDS to receive either HFNC or CPAP. Treatment failure was measured by the need for increased respiratory support and occurred in 25.5% of infants receiving HFNC compared to 13.3% of infants receiving CPAP. The specified noninferiority margin for HFNC treatment was 10 percentage points above the rate of treatment failure for CPAP, so study enrollment was stopped with only 75% of the target sample. Though Roberts et al. (2016) reported this increase in treatment failure with HFNC compared to CPAP treatment, they also reported no significant difference in intubation rates for the two groups. These studies show that HFNC may be a feasible option for very premature infants, but the results are inconclusive. 	
Medication Therapy
	In addition to different methods of ventilation, several medications have also been studied to determine their safety and efficacy in reducing the incidence of BPD in very premature infants. Typically, infants receive these medications in addition to some form of respiratory support, which can make objective analysis of the effectiveness of the medication difficult. However, since none of the research on the different methods of ventilation has produced conclusive results, it becomes necessary to investigate supplemental therapies, like medications.  
	Surfactant.
	The use of surfactant shortly after birth for very premature infants has become fairly standard in recent years, but it has not decreased the rates of BPD as expected (Stoll et al., 2010). The articles included in this literature review focus on two common themes of the current research: timing of surfactant administration and less invasive surfactant administration. An early study of surfactant administration by Kendig et al. (1991) compared the effects of prophylactic administration immediately after birth to the effects of administering it as a rescue medication if the infant presented with signs of RDS a few hours after delivery. This multicenter trial randomized 479 infants born at less than 30 weeks of gestation to receive either prophylactic or rescue surfactant. Kendig et al. (1991) found that the overall rate of survival was 88% in the prophylaxis group compared to 80% in the rescue-therapy group, and this was found to be statistically significant. Further analysis showed that prophylactic surfactant had a very significant impact on the survival rates for infants born at less than 26 weeks of gestation with a survival rate of 75% for the prophylaxis group compared to 54% for the rescue-therapy group. Kendig et al. (1991) also reported that a disadvantage of prophylactic administration of surfactant is the difficulty in administering it immediately after birth to an infant who may not be medically stable. They found that the prophylaxis group had a lower Apgar score at one minute compared to the Apgar scores in the rescue-therapy group. They concluded that prophylactic and rescue-therapy are both viable strategies for surfactant administration to this population of infants, but survival may be improved for infants who receive it prophylactically (Kendig et al., 1991). 
	With the recent emphasis on noninvasive methods of ventilation for very premature infants, more research is being conducted again about the best time to administer surfactant, whether prophylactically or as a rescue therapy. A multicenter, retrospective analysis of data collected prospectively examined the effects of early vs late surfactant administration for 2,170 infants born between 22 and 32 weeks of gestation (Premnath, Kent, Bajuk, Abdel-Latif, & On behalf of the NSW and the ACT Neonatal Intensive Care Audit Group, 2014). Early surfactant therapy was defined as administration of surfactant within the first hour of life, while late surfactant therapy was considered administration after one hour of life. This study found that infants who received early surfactant therapy had a lower rate of BPD and mortality, but this was not statistically significant. Further analysis found that early surfactant therapy was associated with fewer days on mechanical ventilation but more days on CPAP and longer hospital stays (Premnath et al., 2014). A similar study by Chun et al. (2017) analyzed data from 396 infants born between 25 and 30 weeks of gestation who received either prophylactic surfactant in the delivery room or rescue surfactant therapy within the first three hours of life. They found no significant difference in rates of BPD or mortality between the two groups. Both studies concluded that the use of prophylactic surfactant no longer has a clear benefit and noninvasive ventilation in the delivery room with rescue surfactant therapy if needed may be the preferred treatment method rather than immediate intubation and surfactant administration (Chun et al., 2017; Premnath et al., 2014).  
Current research has also examined the administration of surfactant at a later time, typically at 1 to 2 weeks of age. The literature showed that late surfactant administration has the potential to decrease long-term respiratory morbidity, but whether it actually decreases rates of BPD was inconclusive (Hascoet et al., 2016; Keller et al., 2017). A double-blind randomized trial by Hascoet et al. (2016) found that while late surfactant administration did not significantly decrease the early course of BPD, it did decrease respiratory morbidity at 1 year of age. The 118 premature infants in the study were born at less than 33 weeks of gestation received either surfactant or air via the endotracheal tube if they were still requiring mechanical ventilation at 14 days of age. The two groups had no significant difference in the time to extubation or in the rate of BPD or death at 36 weeks corrected gestational age, but only 28.3% of infants treated with surfactant required readmission to the hospital for respiratory problems in the first year of life compared to 51.1% of the control group, indicating improved respiratory health for the treatment group (Hascoet et al., 2016). 
Keller et al. (2017) also found that late surfactant administration showed no substantial decrease in BPD rates, but they also found that less children required home oxygen during the first year of life after receiving late surfactant. Their study collected follow-up data from 455 infants who had previously been enrolled in a randomized controlled trial of late surfactant administration. A questionnaire regarding respiratory medications, hospitalizations, and home oxygen support was sent to parents of infants in the trial at three, six, nine, and 12 months corrected gestational age. While no significant difference in overall pulmonary function was seen between the late surfactant group and the control group, Keller et al. (2017) found that 52.9% of the control group required home respiratory support compared to 38.5% of the treatment group. They found no serious adverse effects for infants receiving late doses of surfactant. Hascoet et al. (2016) and Keller et al. (2017) demonstrated the safety of late surfactant administration, and with potentially favorable long-term outcomes, this is an area that should be researched more thoroughly. 
	With the increased use of noninvasive ventilation methods for very premature infants, research has also been conducted to determine if less invasive methods of surfactant administration are successful. These less invasive methods typically involve inserting a thin catheter into the infant’s trachea while the infant is breathing spontaneously with the support of CPAP. The literature shows that less invasive surfactant administration provided when infants are receiving noninvasive ventilation did decrease the rates and duration of mechanical ventilation (Gopel et al., 2014; Kribs et al., 2015). Gopel et al. (2014) further provided evidence that less invasive surfactant administration led to decreased rates of BPD and death, but Kribs et al. (2015) did not show a decrease in rates of BPD. Gopel et al. (2014) studied the effectiveness of less invasive surfactant administration on 1,103 infants born at less than 32 weeks of gestation at 37 hospitals and matched those infants to a control group based on risk factors for RDS. The study found that infants who received the less invasive surfactant had lower rates of BPD or death with 14% compared to 21% of the control group, which was statistically significant. 
Kribs et al. (2015) conducted a randomized, parallel-group study of 211 infants born before 27 weeks of gestation who had RDS but were breathing spontaneously. The infants were randomly assigned to receive either surfactant using the less invasive method or by the traditional method of endotracheal intubation. Though the treatment and control groups showed no significant difference in BPD rates, the infants who received surfactant using the less invasive method did have decreased rates of other major complications such as periventricular leukomalacia, retinopathy of prematurity, pneumothorax, and intraventricular hemorrhages; however, they also found that the less invasive surfactant administration did take more than one attempt in 27% of cases and also had increased rates of transient hypoxemia and bradycardia during administration (Kribs et al., 2015). There appears to be some potential benefit to less invasive surfactant therapy, but more research will be needed on this topic as well. 
	Inhaled nitric oxide.
	Inhaled nitric oxide, a pulmonary vasodilator, is commonly used in premature and term infants with pulmonary hypertension, but it is also frequently used in very premature infants in an attempt to decrease the incidence of BPD. A sentinel study by Ballard et al. (2006) showed that inhaled nitric oxide significantly improved survival without BPD with no observed adverse effects when initiated between 7 and 21 days of age. This study randomly assigned 582 infants with a mean gestational age of 26 weeks to receive either inhaled nitric oxide or a placebo. They found that 43.9% of the treatment group survived to 36 weeks corrected gestational age without developing BPD compared to 36.8% of the placebo group. A follow-up study by Hibbs et al. (2008) looked at the respiratory outcomes for 455 infants from Ballard et al.’s (2006) study at one year of age by conducting follow-up interviews with the infants’ parents. The follow-up interviews revealed that 38.4% of infants who received the inhaled nitric oxide treatment required supplemental oxygen at home when compared to 49.5% of infants in the placebo group. Hibbs et al. (2008) found that infants who had received inhaled nitric oxide required fewer respiratory medications, such as steroids, diuretics, and bronchodilators, than infants in the placebo group. More recent studies, however, have not been able to prove the same results.
Hasan et al. (2017) attempted to recreate Ballard et al.’s (2006) study but did not produce the expected results. Instead, their study of 451 premature infants born at less than 30 weeks showed that inhaled nitric oxide, while safe, did not improve respiratory outcomes for very premature infants. They randomly assigned infants to receive inhaled nitric oxide or a placebo for a total of 24 days and 31.5% of patients in the treatment group survived to 36 weeks corrected gestational age without BPD compared to 34.9% of the placebo group, which was not found to be statistically significant. Follow-up at one year of age also failed to show the decreased use of respiratory medications that the 2006 study had shown (Hasan et al., 2017). Another recent study looked at the effectiveness of inhaled nitric oxide use with infants receiving noninvasive ventilation. Kinsella et al. (2014) randomly assigned 124 infants born before 34 weeks of gestation to receive inhaled nitric oxide or a placebo gas for a minimum of two weeks while receiving respiratory support via nasal cannula or CPAP. They found that the incidence of BPD or death was 42% and 40% for the treatment group and placebo group respectively, showing no significant difference with the use of inhaled nitric oxide. There was also no difference in the need for mechanical ventilation between the two groups (Kinsella et al., 2014). These recent studies contradict some of the older, sentinel studies regarding the efficacy of inhaled nitric oxide. This indicates that while more research is needed, inhaled nitric oxide does not at this time provide a proven benefit in the reduction of BPD rates for very premature infants. 
Corticosteroids.
The administration of inhaled and systemic corticosteroids has been shown to have mixed results in terms of both efficacy and safety. A randomized, double-blinded, placebo-controlled trial by Nakamura et al. (2016) examined the incidence of death or severe BPD in 211 premature infants with birthweights less than 1,000g who received an inhaled steroid prophylactically. The infants in this trial were randomly assigned to receive the steroid fluticasone propionate or a placebo starting within the first 24 hours after birth and continuing until the infant was six weeks old or was extubated. Overall, no significant difference was found in the incidence of death or BPD between the treatment and placebo groups, but subgroup analysis found that 12.5% of infants born between 24 and 26 weeks in the treatment group died or developed BPD compared with 29% in the placebo group. Also, infants in the treatment group who had an infection at the time of delivery had lower rates of death or BPD at 14.6% when compared to infants with an infection in the placebo group with rates of 33.3% (Nakamura et al., 2016). 
Bassler et al. (2015), on the other hand, found that one particular inhaled corticosteroid, budesonide, decreased the incidence of BPD but slightly increased mortality rates. They randomly assigned 863 infants born between 23 and 27 weeks of gestation to receive the inhaled steroid budesonide or a placebo until the infant no longer required oxygen or until 32 weeks corrected gestational age. BPD was diagnosed in 27.8% of the infants in the treatment group and 38% of infants in the placebo group, which was found to be statistically significant. However, a slight, nonsignificant increase in mortality rates was also observed for infants in the treatment group with rates of 16.9% compared to 13.6% in the placebo group (Bassler et al., 2015). A follow-up study by Bassler et al. (2018) assessed the long-term outcomes at two years of age for 629 of the infants in the original study. They found that 48.1% of infants in the treatment group had neurodevelopmental disabilities as did 51.4% of the infants in the placebo group, showing no significant difference. However, similar to the original study, an increased mortality rate of 19.9% was noted in the treatment group compared to a rate of 14.5% in the placebo group, which was considered to have marginal statistical significance (Bassler et al., 2018).
Another study by Yeh et al. (2016) looked at the efficacy and safety of combined administration of budesonide and surfactant and found that the combination significantly decreased the risk of BPD and death with no immediate adverse effects. The study randomly assigned 265 VLBW infants with RDS to receive the combination of budesonide plus surfactant or surfactant alone. Repeat doses of either the treatment or control were administered every eight hours as needed up to a total of six doses or until the infant was extubated. The treatment group that received the combination of surfactant and budesonide had an overall incidence of BPD or death of 42% while the incidence for the control group that received surfactant alone was 66%. Yeh et al. (2016) also followed-up with the patients in the study when they were two to three years old and assessed for any physical or neurological disabilities. Data from 192 of the infants in the study showed no significant difference between the treatment and control groups for any of the outcomes being measured at follow-up. Further studies will be needed for this combination of medications, but initial results from this study indicate a potentially beneficial treatment with no identified adverse effects (Yeh et al., 2016).
Studies involving administration of systemic corticosteroids have also produced variable results. Baud et al. (2016) conducted a double-blind, randomized study of 523 infants less than 28 weeks of gestation and found that administering low-doses of hydrocortisone in the first 24 hours of life decreased the incidence of BPD with no short-term adverse effects. The group of infants who received systemic low-dose hydrocortisone during the first ten days of life survived to 36 weeks corrected gestational age without BPD 60% of the time compared to 51% of the group who received the placebo. Further analysis of secondary outcomes also concluded that there was no difference between the two groups in the incidence of most negative effects. However, they did discover that the incidence of late-onset sepsis was significantly higher at 40% for infants in the treatment group who were born between 24 and 25 weeks of gestation. The placebo group of infants born at the same gestational ages showed only a 23% incidence of late-onset sepsis during the study (Baud et al., 2016). 
Qin et al. (2017) found that administering dexamethasone, another systemic steroid, increased the risk of respiratory hospital readmissions and neurodevelopmental impairment long-term. This study used data from the study by Johnson et al. (2002) that had compared the use of HFOV and CMV for very premature infants. Qin et al. (2017) assessed 412 of the 797 infants in the original study at age two and identified any infants in the study who had received dexamethasone. Using information collected from interviews with the parents of the infants, Qin et al. (2017) found a significant increase in rates of hospital readmission from respiratory causes in infants who had received dexamethasone postnatally. Additionally, the more courses of dexamethasone an infant received, the higher that infant’s risk was of being readmitted to the hospital for respiratory complications (Qin et al., 2017). The variability in the specific corticosteroids used in these studies makes it difficult to definitively interpret the efficacy and safety of systemic corticosteroids, but, in general, the trend is moving away from treating infants with steroids due to the potential for adverse effects. 
Diuretics.
Premature infants with RDS may develop lung inflammation which can increase the amount of fluid that enters the parenchyma of the lungs. Because of this, diuretics may be used in the treatment of severe RDS and developing BPD, but no standard guidelines have been identified for the use of diuretics for very premature infants (Blaisdell, Troendle, & Zajicek, 2018). A retrospective cohort study regarding the use of diuretics for very premature infants was conducted by Laughon et al. (2015). When analyzing data from 333 different NICUs, they found that a total of 37% of the 107,542 infants received at least one diuretic, but for each specific unit, the exposure rate ranged from 0 to 75%, showing a wide variety in practices regarding diuretic use. The study found that the most commonly used diuretic was furosemide with 93% of the infants exposed to a diuretic having received it at least once. However, adverse effects were also reported on 35 per 1,000 infant-days for furosemide and 42 per 1,000 infant-days for any diuretic, with the most common adverse effects being thrombocytopenia, leukocytosis, and hyperkalemia (Laughon et al., 2015).
Blaisdell et al. (2018) analyzed data on the use of respiratory medications from a multicenter, observational cohort study of 835 infants born between 23 and 29 weeks of gestation to determine if the use of diuretics improved respiratory outcomes for these infants. They found that infants who received diuretics during this study were born at significantly lower gestational ages and weights and required significantly more respiratory support than the infants who were not exposed to diuretics. When comparing respiratory outcomes for the two groups, Blaisdell et al. (2018) found that the use of diuretics did not lead to improved respiratory outcomes, and instead found that respiratory support requirements were actually significantly increased during the first week after the infant received the diuretics. They concluded that routine use of diuretics was not supported by the data in this study but that a clinical trial would be needed to better evaluate the effectiveness of diuretics for preventing BPD in very premature infants (Blaisdell et al., 2018). 
On the other hand, a retrospective cohort study by Greenberg et al. (2018) of infants born between 23 and 29 weeks of gestation found that exposure to the diuretic furosemide significantly reduced the risk of BPD. Of the 37,693 infants included in the study, 51% received furosemide between day seven of life and 36 weeks corrected gestational age for a median duration of four days. These infants were typically born at lower gestational ages and at lower weights than the infants who did not receive furosemide. Greenberg et al. (2018) found that simply being exposed to furosemide did not significantly decrease the incidence of BPD, but a significant difference was identified if furosemide exposure was considered as percentage days exposed. When the proportion of days an infant was exposed to furosemide was increased by 10 percentage points, a 4.6-percentage point decrease was seen in the incidence of BPD (Greenberg et al., 2018). These studies provide conflicting views on the safety and efficacy of using diuretics in very premature infants to prevent BPD, and no consistent practice guideline has been identified at this time. This emphasizes the importance of further clinical research in this area. 
	Caffeine.
	Caffeine is often administered to prevent apnea of prematurity, but because of its anti-inflammatory properties, it has also been suggested as a potential method of prevention for BPD as well. Recent studies have shown that beginning caffeine therapy within the first three days after birth can reduce the duration an infant requires mechanical ventilation and reduce the incidence of BPD (Taha et al., 2014; Dobson et al., 2014). Taha et al. (2014) used data from the Alere Neonatal Database to conduct a retrospective study of 2,951 infants weighing less than 1,250g who had received caffeine within the first 10 days of life. Their study found that infants who received caffeine within the first two days of life weaned off mechanical ventilation an average of seven days sooner than the infants who received caffeine later and had a 36.1% incidence of BPD compared to 46.7% in the later caffeine group. The infants in the early caffeine group also had lower rates of other complications of very premature birth such as an intraventricular hemorrhage and a patent ductus arteriosus that requires medical or surgical treatment to close. However, the study also showed that infants who received early doses of caffeine had increased risk of necrotizing enterocolitis than infants who received late caffeine (Taha et al., 2014). 
A retrospective observational study of 29,070 VLBW infants by Dobson et al. (2014) also compared the effectiveness and safety of early caffeine administration to late administration. They reported significantly lower rate of BPD or death at 27.6% for infants who started receiving caffeine before day three of life when compared to a rate of 34.0% for infants who received caffeine on or after day of life three. They also found a higher mortality rate for the infants who received early administration of caffeine, especially for infants who were born at 24 weeks of gestation or less. Dobson et al. (2014) attributed this increased mortality rate to survival bias as infants at these gestations typically have the highest risk of death in the first couple days after birth, so the infants who survived to be included in the late caffeine group would already have a decreased risk of mortality. Regardless, they recommend that randomized controlled trials be conducted to evaluate the effectiveness and safety of early caffeine administration compared to late administration (Dobson et al., 2014). 
	Vitamin A.
	Another potential method of preventing the development of BPD is the administration of vitamin A since very premature infants typically are deficient in this nutrient. The literature shows an improvement in BPD rates when vitamin A was administered intramuscularly without adverse effects (Moreira, Caskey, Fonseca, Malloy, & Geary, 2012; Gadhia, Cutter, Abman, & Kinsella, 2014). Moreira et al. (2012) studied the effects of intramuscular administration of vitamin A when added to the use of CPAP and early surfactant. They expected no improvement of BPD rates and planned to discontinue the vitamin A intramuscular injections but found a statistically significant decrease in BPD rates once the vitamin A injections were added. This study was added to this literature review despite being outside the 5-year date limit because of the limited amount of research regarding the efficacy and safety of vitamin A administration as the single intervention. Gadhia et al. (2014) also showed a decrease in BPD rates, but they combined the use of vitamin A injections with the administration of inhaled nitric oxide. They found that infants who received vitamin A plus inhaled nitric oxide had lower rates of BPD, death, and improved developmental outcomes compared to infants who received inhaled nitric oxide alone. While this study does indicate the potential for vitamin A injections to improve respiratory outcomes, more research using vitamin A as the only intervention will be needed to form a conclusive statement regarding the practice of administering vitamin A. 
	Another study regarding the use of vitamin A in very premature infants is currently being conducted by Rakshasbhuvankar, Patole, Simmer, and Pillow (2017). This study is researching the effect of enteral water-soluble vitamin A administration as a potential alternative to painful intramuscular administration. Infants in this double-blind, randomized placebo-controlled trial will receive either the enteral water-soluble vitamin A or a placebo. Rakshasbhuvankar et al. (2017) hypothesize that the administration of vitamin A in this manner will decrease the severity of BPD due to the success shown by using intramuscular vitamin A and because water-soluble vitamin A has been found to be absorbed better than fat-soluble enteral preparations. The results of this study have the potential to dramatically change the current practice standards regarding the administration of vitamin A if the enteral form is found to be effective (Rakshasbhuvankar et al., 2017). Vitamin A is not currently administered routinely because though it has shown some success in improving BPD rates, the pain and potential complications associated with routine intramuscular injections are typically seen as outweighing the potential benefits.   
Summary of Available Knowledge
	After completing this literature review, it is evident that research is still needed for all of the proposed methods for preventing BPD. This is likely due to the multifactorial nature of BPD and the additional complications that are often present with a very premature birth. When looking at the various ventilation strategies, the literature has shifted largely towards noninvasive ventilation methods such as NIPPV, CPAP, and HFNC. NIPPV and CPAP have both been found to be effective in reducing the incidence of BPD, but the efficacy of one method over the other is still being debated. Despite this push for noninvasive ventilation, however, mechanical ventilation is still often needed, especially for the infants born at the younger gestational ages. When mechanical ventilation is necessary, the recent literature does suggest some improvement in BPD rates with the use of HFOV rather than CMV, though the sentinel studies reviewed had displayed variable results. 
When reviewing the literature regarding medication therapies for preventing BPD, more research is needed for each of the different medications before conclusive statements can be made regarding the efficacy and safety. Looking at the review as a whole, a few areas show potential for improving respiratory outcomes and should be more closely studied. The use of enteral vitamin A rather than intramuscular has the potential to improve respiratory outcomes, and the administration of combined budesonide and surfactant also has shown a significant decrease in BPD rates and should be researched more thoroughly. The use of HFOV when mechanical ventilation is needed is also an area that requires additional current research, though an emphasis on noninvasive ventilation should still remain whenever possible. This literature review has confirmed a lack of one particular method that is successful for preventing BPD, indicating that a multifactorial approach, such as using a care bundle, may be more appropriate. 
Rationale
	The theoretical framework selected for this project was the Theory of Health Promotion for Preterm Infants Based on Levine’s Conservation Model of Nursing. The purpose of Levine’s Conservation Model of Nursing is to preserve the patient’s wholeness through nursing interventions that aim to restore the patient’s internal and external environments to a state of health. This model was then applied to the care of premature infants to create a middle range theory of health promotion (Mefford, 2004). The theory states that the disruption in normal intrauterine development that leads to a premature birth results in an infant “who is fully competent for survival in the intrauterine environment but not yet fully competent for extrauterine life” (Mefford, 2004, p. 261). Because the infant has to work harder to survive this new environment that he or she was not prepared for, the wholeness of the infant is disrupted. A premature infant does not have the physical maturity to survive independently outside the womb, there is a high potential for injuries during the infant’s stay in the NICU which may or may not be permanent, the external environment provides stressors for the infant because of the premature infant’s lack of neurological maturity, and the infant’s family system is also disrupted when a premature birth occurs. All of these things threaten the infant’s wholeness, so the purpose of this theory is to structure nursing interventions in such a way as to conserve the infant’s energy and integrity to promote wholeness (Mefford, 2004). 
	Though premature birth at any gestation can disrupt an infant’s wholeness, very premature birth before 32 weeks of gestation presents an even greater risk to the infant’s wholeness and wellbeing, which is why this theory is an appropriate framework for this proposed project. Mefford (2004) identifies four ways the premature infant’s wholeness can be disrupted, including: physiologic immaturity, structural immaturity, neurologic immaturity, and disruption of the family system. When discussing these four things in the context of this proposed project, BPD has the potential to disrupt all of these for very premature infants. Physiological integrity is threatened by the premature birth which leads to an infant who has immature lungs due to lack of structural development and lack of surfactant production. This causes the infant to expend more energy trying to breathe, disrupting the energy balance. Infants with BPD often have higher nutritional requirements compared to infants without BPD because of the amounts of energy required for them to breathe, which also threatens their physiologic integrity (Davidson & Berkelhamer, 2017). A very premature infant’s structural integrity is also threatened by their premature birth as damage to their skin, lungs, eyes, brain, and bowel may occur. BPD occurs from this disruption of the infant’s structural integrity as damage to the lungs occurs from the supplemental oxygen and other interventions that are necessary for the infant’s survival (Mefford, 2004). BPD in very premature infants can also lead to further disruption of the infant’s structural integrity as damage to other parts of the body occurs due to lack of oxygenation or from the interventions aimed at preventing and treating the BPD. 
	A very premature infant is also at risk for disruption of neurologic integrity, and BPD can impact this as well. When Mefford (2004) discusses a premature infant’s neurologic integrity, she is basing this part of the theory off Levine’s concept of personal integrity, including the person’s self-identity and self-esteem. Mefford (2004) states that even though a premature infant does not possess the cognitive skills to understand these concepts yet, any neurologic damage that occurs during the premature infant’s development can affect his or her future ability to understand personal integrity. The external environment in the NICU can be damaging to a premature infant’s brain, and there is a higher risk for very premature infants, especially if those infants have compromised structural and physiologic integrity such as infants with BPD. Many of the interventions discussed in the literature review for this project have been studied in terms of long-term neurodevelopmental outcomes because many of these interventions have the potential to negatively impact the infant’s neurological integrity, such as HFOV that disrupts the infant’s normal breathing patterns and may cause discomfort or medications that affect brain development like caffeine or corticosteroids. 
A premature birth also can cause a disruption in the family system which Mefford (2004) refers to as a threat to social integrity. Most families are not prepared for a premature birth and can struggle with bonding, attachment, and coping with having a child in the NICU. For very premature infants, especially ones with chronic conditions such as BPD, this becomes even more disrupted as families have to cope with longer NICU stays, the potential for bringing an infant home on oxygen, many rehospitalizations during the first year of the infant’s life, or even the possibility that the infant may not survive until discharge. 
	With many potential threats to a premature infant’s wholeness identified, Mefford’s (2004) theory calls for the structuring of nursing care in a way that attempts to conserve the infant’s energy and integrity. All of the interventions discussed in the literature review for this project attempt to conserve the infant’s energy or integrity in some way. The ventilation strategies attempt to assist a very premature infant with ventilation in the least invasive and most gentle way so that the infant’s lungs are not damaged by the harsh mechanical ventilation. The medications discussed attempt to provide the infant with things they are missing or are unable to produce themselves in order to protect and heal their fragile lungs. If any of these interventions or a combination of several of them can help protect the infant’s lungs, then the infant’s risk for further disruption of structural, physical, neurologic, and social integrity is decreased. By preventing BPD from occurring or by reducing the severity of the disease, a very premature infant’s wholeness is at least partially preserved as their physical needs are met, their neurologic integrity is protected, and the disruption of their family unit is minimized. Mefford (2004) states that “for the preterm infant, wholeness can be viewed as attaining a state of health equivalent to that of a newborn infant born at term gestation” (p. 265). By finding an intervention or a combination of interventions that decreases a very preterm infant’s risk of developing BPD, the infant becomes much closer to the concept of wholeness and a good state of health. 
Purpose and Aims
	The purpose of this quality improvement practice change was to reduce the incidence of BPD in very premature infants in a level III NICU in South Dakota as evidenced by a decreased number of infants requiring supplemental oxygen therapy at time of discharge. This practice change was accomplished by the following aims:
1. Development and implementation of a ventilation protocol guiding the use of HFOV, CMV, and noninvasive ventilation methods. 
2. Development and implementation of a medication protocol that guided the administration of medications that may help prevent BPD, such as caffeine, surfactant, diuretics, corticosteroids, and vitamin A. 
3. Development and implementation of a combined ventilation and medication protocol that was utilized for all infants born at less than 32 weeks who were at high risk for developing BPD. 
4. Development, implementation, and assessment of provider and nurse education regarding the use of the new BPD prevention bundle for very premature infants. 
Methods
Design
	After the problem of increased BPD rates was identified in this NICU in January 2018, a multidisciplinary team was formed consisting of nurse practitioners, registered nurses, a pharmacist, and a respiratory therapist. Chart reviews were performed for 46 very premature infants born at the South Dakota hospital and admitted to the NICU in 2017 to evaluate for the presence of common factors that may contribute to an infant being discharged home on oxygen. The factors reviewed included use of betamethasone prior to delivery, use of azithromycin, number of days on each mode of ventilation, average peak inspiratory pressures (PIPs) when receiving conventional ventilation, need for reintubation, use of nebulized medications, use of diuretics, duration of caffeine administration, use of steroids, and history of a positive endotracheal tube culture. Each infant’s chart was analyzed to determine if they had received oxygen at 28 days of life, at 36 weeks corrected gestational age, and at discharge. This information was organized in a spreadsheet, and the results were analyzed by the team.
	A single common factor among the infants discharged home on oxygen was not identified, but several problem areas were brought to the team’s attention, including the use of high PIPs with mechanical ventilation, a lack of consistency in use of different ventilation methods, and a lack of consistency in the use and duration of use of the reviewed medications. This led to the decision to create a BPD prevention care bundle to provide guidelines for ventilation practices and medication administration. It was decided that the bundle would include guidelines for use of HFOV, CMV, nasal intermittent mandatory ventilation (NIMV), CPAP, nebulized medications, surfactant, diuretics, caffeine, steroids, antibiotics such as azithromycin, and inhaled nitric oxide. The addition of vitamin A to the bundle was discussed but determined to not be feasible currently due to the high cost of the medication. Additional guidelines for other factors that can affect the development of BPD such as nutritional support and treatment of a hemodynamically-significant patent ductus arteriosus were also discussed but it was decided to add these guidelines at a future time rather than with this current quality improvement project.
	The recommendation of creating a BPD prevention bundle was presented to the neonatal nurse practitioners and neonatologists in September 2018. After discussion with the providers, it was decided to begin by implementing only a few of the new guidelines. At that time the team chose to focus on implementation of guidelines for surfactant administration at delivery, caffeine administration, and use of HFOV for infants born at less than 28 weeks requiring mechanical ventilation at birth. These guidelines were immediately implemented into practice after that meeting and feedback from the providers was obtained after a couple months. Education was provided to the nursing staff in January 2019 regarding use of HFOV and information was provided about the proposed BPD prevention bundle with supporting literature.
	A draft of the full BPD prevention bundle was presented to the neonatal nurse practitioners and neonatologists in March 2019 and implemented immediately following. The bundle included the three guidelines that had previously been implemented along with additional guidelines for ventilation and medication use for very premature infants. The main components of the bundle included limits for PIPs when using CMV, use of HFOV, use of bubble CPAP or NIMV after extubation, suggested criteria for extubation and reintubation, caffeine administration, and guidelines for initial surfactant administration and re-dosing (Appendix A). Due to a lack of conclusive recommendations in the literature, some components of the bundle were utilized based on provider discretion. This included the use of nebulized bronchodilators, diuretics, and inhaled and systemic steroids. An algorithm guiding the use of noninvasive ventilation and surfactant administration followed by rapid extubation in the delivery room was added in April 2019 (Appendix B). Copies of the BPD prevention bundle were emailed to all nurse practitioners and neonatologists and the delivery room resuscitation algorithm was made available for every very premature delivery.
	The specific aims for this project were achieved using the following methods:
1.  The ventilation protocol was assessed regularly to monitor effectiveness and to monitor for any changes that needed to be made.
2. The medication protocol was assessed regularly to monitor effectiveness and to monitor for any changes that needed to be made based on patient response and current research.
3. The outcomes of infants cared for using this bundle were carefully assessed and adjustments to the bundle were made as necessary. 
4. Regular assessment of each of the four components (ventilation, medication, combined protocol, and provider and nurse education) and comfort levels with these proposed interventions was conducted to promote compliance and comfort with the new protocol.  
	This quality improvement project was guided by the Plan-Do-Study-Act (PDSA) Cycle as a quality improvement model. The model first asks for the group to develop specific aims, asks how the group will know if an improvement occurs after the change is made, and asks what change can be made to lead to that improvement (ACT Academy, n.d.). The first step of the PDSA cycle is to develop a plan for the change that will be implemented. The next steps include implementing the change and then studying the outcomes to determine whether an improvement was made because of the change. Finally, the planned change can be fully implemented or altered if needed and a new PDSA cycle can begin (ACT Academy, n.d.). 
Setting, population, and sample
	This quality improvement project took place in a 42-bed, level III NICU in South Dakota. All infants who were born at this hospital at less than 32 weeks gestation and admitted to the NICU in 2017 were included in the initial, pre-intervention patient sample. A comparison group of infants born on or after May 1, 2019 using the same criteria who were discharged by December 31, 2019 comprised the post-intervention group. Information was collected on inborn very premature infants in 2018 as well as in January through April 2019 and this was viewed as the transition period since some BPD prevention interventions included on the bundle were initially implemented in September 2018. A Golden Hour protocol was implemented in 2017 that standardized the stabilization and admission process for all infants born at less than 32 weeks of gestation, so the decision was made to use the same gestational ages for this project to maintain consistency for the providers involved with both projects. Infants who were born at outlying facilities were excluded from this quality improvement project because it may not be possible to follow certain guidelines immediately after delivery at these outlying facilities, and this may affect the infant’s respiratory status and outcome.  
Data collection and analysis
	Information was collected using chart reviews for all inborn very premature infants admitted to this South Dakota NICU on or after May 1, 2019 who were discharged by December 31, 2019. Demographic information was collected, including patient gender, gestational age at birth, and birth weight. The primary outcome being measured was the rate of BPD in very premature infants as evidenced by the number of infants being discharged home on oxygen. Length of stay was also evaluated with the goal of not increasing the length of stay due to attempting to discharge without oxygen. Secondary outcomes being measured with this project included:
1. The number of very premature infants who required invasive mechanical ventilation and the duration of invasive mechanical ventilation
2. The number of infants born at less than 28 weeks who received HFOV
3. The rates of administration for surfactant and caffeine
4. Provider compliance with the BPD prevention bundle and each intervention in the bundle
Ethical considerations
	The literature for many of the interventions included in this quality improvement project states that additional research and clinical trials are needed before a conclusive decision can be made about the effectiveness of the interventions. Because of the lack of conclusive literature, infants could be inadvertently harmed during the implementation of this project. To minimize the risk of harm to the infants involved with this quality improvement project, the most current research was used to guide the interventions in the bundle and the bundle was adjusted if necessary. Protecting the privacy of the infants involved with this quality improvement project was also an ethical concern (Lynn et al., 2007). All patient information was collected and stored on a secure network within the hospital and all identifying information was removed prior to dissemination of results. Patient information is being represented as group percentages rather than individual results. Additionally, this project was approved by institutional review boards at the hospital and at Creighton University to ensure ethical guidelines were followed.   
Results
Sample Characteristics
Data was collected on 46 very premature infants born in 2017 and compared to 19 very premature infants born after May 1, 2019 who were discharged home by December 31, 2019. In 2017, 41 of the 46 infants were discharged home, three infants died, and two were transferred to another facility with no data available on their need for oxygen at discharge. During the project period, 18 of the 19 infants were discharged home and one infant died. Data was also collected on 50 very premature infants born in 2018 and 15 very premature infants born between January and April 2019 to be viewed as a transition period. Demographics were similar for each time period with slightly fewer males than females in 2017 (45.7% males) and during the project period (47.4% males). Average gestational age at birth was around 29.0 weeks for 2017, 2018, and 2019 overall, though the average gestational age at birth during the project period was slightly higher at 29.6 weeks. Average birthweight was also slightly higher during the project period with an average weight of 1,477.9 grams compared to 1,304.9 grams in 2017. Antenatal steroid administration rates were all at least 89%, with the highest administration rate being in 2017 at a rate of 97.8% and the lowest during the project period.
Primary Outcomes
After implementation of the BDP prevention bundle, the number of very premature infants who were discharged home on oxygen decreased from 19.5% in 2017 to 5.6% during the project period and 12.5% for 2019 overall. For the more extremely premature infants born at less than 30 weeks, the number of infants discharged home on oxygen decreased from 35% in 2017 to 12.5% during the project period (see Figures 1 and 2). Length of stay also decreased from an average of 78.6 days in 2017 to 61.6 days during the project period. In 2018, the use of oxygen at discharge had increased slightly from 2017 to 21.7%, but the average length of stay had decreased to 66.8 days. The average length of stay for 2019 overall increased slightly from 2018 to 70.7 days but remains below the average length of stay for 2017 (see Figure 3). 
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Secondary Outcomes
	Ventilation
	After implementation of the BPD prevention bundle, the use of invasive mechanical ventilation decreased from 71.7% in 2017 to 26.3% during the project period, with a rate of 41.2% for all of 2019 (see Figure 4). However, the average number of days spent on the ventilator decreased only slightly from 6.3 days in 2017 to 5.4 days during the project period and actually increased to 6.9 days for 2019 overall. Use of HFOV for all very premature infants was similar for 2017 and 2019, but the use of HFOV for infants less than 28 weeks increased from 64.3% to 78% in 2019 and 66.7% during the project period. In 2017 there were three infants less than 28 weeks who should have received HFOV but did not and only one such patient during 2019, before the project period started. Additionally, one patient during the project period received HFOV but did not receive it at birth as the bundle instructed and instead did not receive it until day of life two. 
Figure 4
Use of Invasive Mechanical Ventilation

	Data was also collected on the use of oxygen at 36 weeks corrected gestational age and the severity of BPD as defined by Higgins et al. (2018). The use of oxygen at 36 weeks corrected gestational age was similar with 26.8% in 2017 and 27.8% during the project period. However, the number of infants with severe BPD decreased significantly after the implementation of the BPD prevention care bundle. Infants with grade II or III BPD are infants who are requiring invasive ventilation, CPAP, NIPPV, or high flow nasal cannula with high concentrations of oxygen (Higgins et al., 2018). In 2017, 45.5% of infants who required oxygen at 36 weeks were considered to have grade II or III BPD based on how much respiratory support they were requiring. This number decreased to 27.3% in 2019 overall and 20% for the project period.
	Medications
	Since 2017, the rate of surfactant administration for very premature infants has decreased steadily from 71.7% to 68% in 2018 and down to 60% during the project period. Of the infants who received surfactant in 2017, 75.8% received it “early” within the first hour of life. During the project period, only 25% of infants who received surfactant received it “early” (see Figures 5 and 6). Additionally, three infants during the project period received their first dose of surfactant at greater than 24 hours of age, while no infants received surfactant after 24 hours of age in 2017.  Rates of caffeine administration were also examined and 100% of infants during the project period received caffeine. This was an increase from 2017 and 2018 when 97.8% and 92% of very premature infants received caffeine respectively. One patient born in 2019 after the care bundle was implemented but before the project period did not receive caffeine. 
Figures 5 and 6
Graphs Displaying Administration Trends for Surfactant

	Provider compliance
	Provider compliance during the project period was analyzed based on whether the providers appropriately used the BPD prevention care bundle to guide their care decisions in different categories for very premature infants (see Table 1). Overall provider compliance was 91.6%, and compliance was calculated for each individual category as well. The first category analyzed was the management of these infants in the delivery room and whether the noninvasive ventilation delivery room algorithm was followed appropriately. Provider compliance in this category was 100%. Whether surfactant was administered or not administered appropriately was also analyzed, and if infants received a dose of surfactant, provider compliance with the appropriate administration of repeated doses if needed was also analyzed. Provider compliance in these two categories was 89.5% and 100% respectively. The method of ventilation utilized after giving surfactant was also analyzed based on whether the infant remained intubated or was extubated back to CPAP according to guidelines addressed in the bundle. The compliance rate in this category was 83.3%.
	The method of ventilation used on admission to the NICU was also analyzed, and 89.5% of providers appropriately followed the bundle for this category. The appropriate use of each mode of ventilation was calculated as well as whether changes in the modes of ventilation were made appropriately for each infant. The compliance in this category was lowest at 78.9%. Provider compliance also was calculated for whether the infants were extubated or reintubated based on bundle guidelines if intubation was required at any point during the infant’s hospitalization beyond just for surfactant administration, and compliance in this category was calculated at 80%. The use of caffeine on the day of admission and the appropriate use of other medications such as diuretics and nebulizers were also analyzed. Provider compliance rates in these categories were 94.7% and 100% respectively.  


Table 1
Provider Compliance Categories
[image: A picture containing building

Description automatically generated]
Discussion
	After implementation of the BPD prevention care bundle, this NICU saw a significant decrease in the number of very premature infants being discharged home on oxygen, indicating a decrease in BPD rates. Along with this, the average length of stay for very premature infants in this NICU decreased by 19 days after the bundle was implemented, further supporting the decrease in BPD rates seen as a result of this project since BPD tends to increase length of hospitalization for these infants (Bhandari et al., 2016). When analyzing the data for this project, the average gestational age and weight at birth was noted to be higher during the project period compared to 2017, which may have impacted the measured outcomes. However, when controlling for this by calculating the use of oxygen at discharge only for infants born at less than 30 weeks, oxygen use at discharge still decreased by about 32% from 2017 to the project period. This indicates that the higher average gestational age and weight did not significantly impact the outcomes and that oxygen use at discharge did decrease after implementation of this project even for the most extremely premature infants. 
Following the implementation of the BPD prevention care bundle and the noninvasive ventilation delivery room algorithm, the use of invasive mechanical ventilation decreased by about 48%, which further supports the conclusion that this project contributed to decreased BPD rates. Surfactant use also decreased significantly, indicating that less infants were being intubated, thereby reducing their risk of BPD. One significant change for this unit was allowing for up to five minutes of transition time for very premature infants in the delivery room if the infant’s heart rate remained above 60 beats per minute, which contributed to less delivery room intubations and also contributed to the decreased use of surfactant. Chart reviews for this project revealed several very premature infants who previously would have likely been intubated in the delivery room due to apnea who instead received five minutes or more of positive pressure ventilation via mask before transitioning to CPAP. 
Another significant change for this unit was pushing for early extubations as soon as the infant was stable and had weaned to certain settings on the ventilator, whether conventional ventilator or high-frequency ventilator. Previously, many very premature infants in this unit would spend an extra day or more on the ventilator even if the infant appeared ready for extubation because the nurses and providers wanted to give the infant more time or they were simply worried about having to replace the endotracheal tube if the infant failed extubation. Education was provided to all staff members regarding the benefits of early extubation, even if reintubation is necessary, and repeated education was provided as needed. References were made to literature showing the detrimental effects of invasive mechanical ventilation for very premature infants and the development of BPD. Jensen et al. (2015) found that a longer cumulative duration of invasive mechanical ventilation was strongly associated a higher risk of BPD and concluded that providers should attempt to extubate very premature infants early, even if extubation may not be successful. This article was referenced frequently when providing education to the NICU nurses and providers to support this big practice change, though it appears that more education is still required to make this specific practice change successful.
	Though the use of invasive mechanical ventilation decreased significantly after implementation of the BPD prevention care bundle, the average ventilator days did not decrease as much and actually increased for the year 2019 overall compared to 2017. One explanation for this was that there were fewer very premature infants born in 2019 and one infant was intubated for over 100 days, which increased the overall average due to having less infants in the group to balance that out. Additionally, that specific infant was not cared for according to the BPD prevention bundle initially after birth and received several days of high PIPs on the conventional ventilator before being switched to HFOV despite being born at 24 weeks. This infant also did not receive surfactant within 15 minutes of birth despite being intubated in the delivery room. These factors may have negatively impacted her outcome and contributed to her prolonged invasive mechanical ventilation needs and severe BPD. If this infant is excluded from the 2019 data since her care did not follow the bundle for this project, the average ventilator days decreases to 4.2 days for 2019 overall and less than one day for the project period. 
	The need for oxygen at 36 weeks corrected gestational age also did not decrease significantly from 2017 to the project period. Oxygen use at 36 weeks corrected gestational age during the project period only decreased by 1.5% from 2017 and remains above the VON average of 25% for VLBW infants. Chart reviews were performed to determine the amount of respiratory support each infant required at 36 weeks corrected gestational age and each infant was given a grade of BPD based on Higgins et al.’s (2018) recommended definitions of BPD grades. When comparing the severity of BPD for infants requiring oxygen at 36 weeks in 2017 to infants during the project period, the severity of BPD decreased by 25.5%. The most common form of respiratory support for infants at 36 weeks during the project period was nasal cannula at one liter per minute and FiO2 less than 30%. In 2017, more infants were requiring CPAP and over 30% FiO2 at 36 weeks corrected gestational age, which categorizes them as Grade III BPD. This shows that despite the lack of significant improvement in oxygen use at 36 weeks corrected gestational age, implementation of the BPD prevention care bundle did contribute to a decrease in the severity of BPD for very premature infants in this NICU. 
Overall provider compliance during the project period was high at 91.6%. The most frequently observed area of non-compliance for providers during this period was inappropriate use of different ventilation modes, including inappropriate use of HFOV and using high PIPs for infants on conventional mechanical ventilation. Other areas of non-compliance included not giving surfactant appropriately and not using the appropriate method of ventilation on admission to the NICU or after giving surfactant. There also was one infant who was not extubated per bundle guidelines and another infant who did not receive caffeine until day two of life. All of these incidences of non-compliance were discussed with the involved providers and re-education was provided as necessary. 
Limitations of the project
	One identified limitation for this quality improvement project was a lack of very premature infants to include in the post-intervention group. An average of 45 very premature are born in this South Dakota NICU per year, with a majority of these infants being born between 29 and 32 weeks, but there were only 19 very premature infants who met criteria to be included in the post-intervention group and only a total of 34 very premature infants born at this hospital in 2019 overall. Evaluating some of the significant changes included in the bundle, such as the increased use of HFOV, was difficult as this unit does not treat large volumes of very premature infants, especially those infants less than 28 weeks at birth who may require more of the included bundle interventions. Another limitation was consistency in using the bundle among different neonatal providers. This unit utilizes many locum neonatologists who were less familiar with the new guidelines for treating very premature infants and occasionally chose different interventions instead. To minimize the effect of this limitation, frequent provider education was provided, including for the locum neonatologists, and the nurse practitioners were encouraged to advocate for following the proposed bundle, which helped improve provider compliance.
	In 2017, a Golden Hour protocol was implemented to standardize the resuscitation and care of very premature infants in the first hour of life. Because that project affected the same population as this BPD prevention quality improvement project and because the Golden Hour project was implemented shortly before the start of this project, the outcomes for the very premature infants involved in the BPD prevention quality improvement project could potentially have been affected by the Golden Hour project. After the initial implementation of the Golden Hour project, no improvement was seen in BPD rates, but improvements have been made to the Golden Hour project since the initial implementation, including the addition of a dedicated resuscitation room for very premature infants. The Golden Hour protocol and the changes that have occurred with it may have impacted the outcomes of patients involved with the BPD prevention quality improvement project due to the overlap in patients and some overlap in interventions between the two projects. 
Future areas of focus
	This project will remain ongoing in this unit to further reduce the number of very premature infants diagnosed with BPD or discharged home with oxygen. After analyzing the data for this project, areas to focus on moving forward include re-education regarding HFOV use, improving communication about PIPs for infants on conventional ventilators, encouraging early extubations, and creating guidelines for the use of systemic corticosteroids. Additional education was provided to the nurse practitioners and neonatologists in February 2020 regarding guidelines for HFOV use for infants born at less than 28 weeks. Many providers were unclear on the guidelines for using HFOV for those infants who did not require intubation in the delivery room but required it at some point during the first week of life. The care bundle will be updated to state that HFOV should be used for any infant born at less than 28 weeks who requires intubation at any time during the first week of life. The providers were also reminded that the goal is to extubate these infants directly from HFOV to CPAP, rather than placing the infants on the conventional ventilator prior to extubation. 
	Another trend identified during analysis of the project data was the lack of communication regarding average PIPs for infants on conventional ventilators. The care bundle states that average PIPs should be discussed in rounds and in nurse, nurse practitioner, and respiratory therapist sign-out each shift to monitor for changes in the infant’s lung compliance. However, discussion with the nurses and nurse practitioners after the project period showed that this was not routinely occurring. Education was provided to the nurse practitioners and neonatologists in February 2020 and to the nurses in March 2020 regarding this bundle guideline. Education was also provided to all providers in this NICU about encouraging early extubations, and the suggested guidelines for extubation criteria for these very premature infants were reviewed with the providers and nurses. Compliance with these ventilation guidelines will be monitored by the multidisciplinary team over the next few months. 
	One area of the bundle that continues to need addressing is the use of systemic corticosteroids. The literature regarding the use of systemic corticosteroids is inconclusive, so no specific guideline for using systemic corticosteroids was included in the current BPD prevention care bundle. Steroid use in this NICU is quite variable depending on which neonatologist is working at any given time. The multidisciplinary team involved with this project has identified that standard guidelines for the use of systemic corticosteroids are needed for very premature infants to minimize the variability in practice among the individual providers. Two new neonatologists will be starting in this NICU by the fall of 2020, decreasing this NICU’s reliance on locum neonatologists, so the guideline for use of systemic corticosteroids will be reviewed at that time based on current research. 
Conclusion
	Bronchopulmonary dysplasia remains a significant problem for infants born at less than 32 weeks, despite advancements in technology and improvements in other areas of neonatal care. Since multiple factors contribute to the development of BPD, a care bundle was created by one level III NICU in South Dakota addressing many of the risk factors for BPD. This care bundle focused on guiding ventilation methods for very premature infants as well as guiding the use of several medications that are commonly used for respiratory care in this patient population. Overall, a significant decrease in BPD rates was seen in this NICU after the implementation of the multidisciplinary care bundle as evidenced by a decrease in the number of infants being discharged home on oxygen. After implementation of the BPD prevention care bundle, decreases in average length of stay, use of invasive mechanical ventilation, and severity of BPD were also observed. This indicates that implementation of a multidisciplinary BPD prevention care bundle can significantly improve outcomes and decrease BPD rates for very premature infants which contributes to a decreased risk of rehospitalization and future complications for this very vulnerable patient population.
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Appendix A

Chronic Lung Disease Prevention Bundle

I. Purpose: To decrease the rates of chronic lung disease (CLD) in infants born at less than 32 weeks as evidenced by the number of infants requiring oxygen at discharge

II. Protocol:
a. Surfactant:
i. Prophylactic: give within 15 minutes of intubation in the delivery room 
1. See Delivery Room Resuscitation Algorithm for guidelines
ii. Rescue dosing: for infants admitted on CPAP who have sustained FiO2 requirements >40%
1. Intubate-Curosurf-Extubate (ICE) or
2. Intubate and keep on mechanical ventilation
iii. Redosing: discuss risk/benefits of 2nd dosing any time 12 hours after initial dose when FiO2 is >40%, MAP is increasing, MAP remains >10-12
iv. Late administration (up to 2 weeks of age) can help improve long-term respiratory outcomes (less oxygen requirement at discharge)
b. HFOV:
i. Use for infants <28 weeks requiring mechanical ventilation at birth
1. Initial settings:
a. Hz 15
b. Start MAP around 10-12 or Neopuff PIP divided by 2
c. Start Amplitude around 22 and increase until good wiggle
ii. Keep infant on HFOV until extubation or for at least 2 weeks unless failing HFOV despite appropriate interventions and settings
c. Conventional vent:
i. Use volume guarantee as primary setting
ii. Limit PIPs to 24-25 before chronic lung changes have occurred 
1. If requiring higher PIPs, trial back on HFOV or change to pressure control ventilation
iii. Monitor MAP on conventional vent
1. Consider switching to HFOV if MAP is 12-13 consistently
iv. Discuss PIPs daily in rounds, when status changes, and in patient sign out on RT/RN/NNP level
d. NIMV:
i. Initial settings:
1. PIP 16-20, PEEP 5-6, Rate 20-40, iT 0.5-1.0
2. Or start PIP 2-4 above pre-extubation PIP
ii. Weaning:
1. PIP 12-14, PEEP 4-5, Rate 20, FiO2 <30%
e. CPAP:
i. Use in delivery room when possible
1. See Delivery Room Resuscitation Algorithm
ii. Use after extubation
iii. Weaning:
1. PEEP 4-5, FiO2 30%
2. Wean to room air
a. If fails room air, replace CPAP and continue until 32 weeks
f. Extubation:
i. MAP </= 9, Rate 20-30
ii. FiO2 requirement for extubation:
1. Infant less than 1 week old: FiO2 <40%
2. Older infant with chronic lung changes: no FiO2 requirement
g. Consider reintubation or need to escalate to higher level of support:
i. Apneic episodes:
1. >2 episodes/hour requiring >30 seconds of moderate/vigorous stimulation
2. >1 episode requiring PPV
3. >6 episodes requiring stim in 6-hour period
ii. pH <7.25, pCO2 >60, FiO2 >60%
iii. Remember: it is ok to fail extubation
h. Bronchodilator nebs:
i. May consider using short term
ii. Evaluate effectiveness after 48 hours and 1 week with discontinuation if no change noted
i. Diuretics:
i. May consider using short term for improving lung mechanics
ii. Trial at 3-4 weeks for infants who are vent dependent/requiring PEEP
iii. Evaluate effectiveness after 48 hours and 1 week with discontinuation if no change noted
j. Caffeine:
i. All infants <32 weeks should be started on caffeine on admission 
ii. Load with 20mg/kg
iii. Maintenance should be 8mg/kg/day and titrated as needed
iv. Discontinue at 35.0 weeks if 5-7 days without spells
1. Ok to discontinue early if issues with reflux, persistent tachycardia, or if infant is feeding ad lib and ready to go home soon
k. Steroids (inhaled and systemic):
i. Provider dependent at this time
l. Azithromycin:
i. Do not give to infants who were born for maternal indications
ii. Consider using for PPROM micropreemies <1500g requiring mechanical ventilation at birth when their mom was not adequately treated with Azithromycin (5 doses)
1. Obtain respiratory culture prior to initiating treatment 
iii. Recommend treatment when mycoplasma/ureaplasma cultures come back positive
m. Inhaled Nitric Oxide:
i. Not proven to prevent CLD in VLBW infants
ii. Do not recommend using at this time


Appendix B

Delivery Room Resuscitation Algorithm for Preterm Infants <32 Weeks

Eligible patients:
· </= 31 6/7 weeks GA
· Without known congenital airway or lung anomalies
Birth
Warm, maintain normal temp
Dry and stimulate
Position airway, suction as needed

Any respiratory effort and HR >100

Yes
No
Initiate immediate bubble CPAP +5 via Draeger mask at 21-30% FiO2
Apply SpO2 probe and EKG leads

Criteria met for intubation and surfactant?

· FiO2 >60% after 20 minutes
· Significant, recurrent apnea with bradycardia
· White out on initial chest x-ray
PPV via Neopuff 20/5 at 21-30% FiO2 initially (then increase FiO2 per sat parameters) for up to 5 minutes if HR > 60
Apply SpO2 probe and EKG leads

No
Intubate and administer surfactant

Intubated for no respiratory effort or recurrent apnea?

Do not extubate, place on HFOV or Draeger ventilator


Intubated for high FiO2 or white out?

Consider rapid extubation to bubble CPAP

Yes
Infant develops respiratory effort and HR >100?

Yes





Length of Stay

Median	2017	2018	2019	Project Period	73	63.5	63	58.5	Mean	2017	2018	2019	Project Period	80.3	66.8	70.599999999999994	61.6	
Days




Invasive Mechanical Ventilation

Percentage	2017	2018	2019	Project Period	73.900000000000006	56	41.2	26.3	
Percent



 Early vs Late Surfactant

Early Surfactant	2017	2018	2019	Project Period	75.8	50	54.5	25	Late Surfactant	2017	2018	2019	Project Period	27.3	50	45.4	75	
Percent




Surfactant Use

Surfactant	2017	2018	2019	Project Period	71.7	68	64.7	60	
Percent



DC Home on Oxygen 
(<30 weeks)

Percent	2017	2018	2019	Project Period	45	40	22	12.5	
Percent



DC Home on Oxygen

Percentage	2017	2018	2019	Project Period	19.5	23.9	12.5	5.6	
Percent



image1.png
Infant # DR Given or not Appropriate Method of Method of Use of Extubation/ Caffeine  Use ornon-

Management given surfactant = ventilation = ventilation ventilation reintubation on admit use of other
surfactant redosing after surf on admit 'modes/changes meds
#16 Yes Yes N/A N/A Yes Yes N/A Yes Yes
#17 Yes Yes Yes Yes Yes Yes Yes
#18  Yes No T NA N/A Yes N/A Yes Yes
#19 Yes Yes N/A N/A Yes Yes N/A Yes Yes

#20  Yes Yes N/A N/A Yes N/A [No " ves

#21 Yes Yes Yes _Yes _ Yes Yes
#22 Yes Yes Yes Yes Yes Yes
#24 Yes Yes Yes Yes N/A Yes Yes
#25 Yes Yes Yes Yes Yes Yes N/A Yes Yes
#26 Yes Yes Yes Yes Yes Yes N/A Yes Yes
#27 Yes Yes Yes Yes Yes Yes N/A Yes Yes
#28 Yes Yes Yes Yes Yes Yes Yes Yes Yes
#29 Yes Yes Yes Yes Yes Yes N/A Yes Yes
#30 Yes Yes Yes Yes Yes Yes N/A Yes Yes
#31 Yes Yes N/A N/A Yes Yes N/A Yes Yes
#32 Yes Yes Yes Yes Yes _Yes Yes Yes
#33 Yes Yes N/A N/A Yes Yes N/A Yes Yes
#34 Yes Yes N/A N/A Yes Yes N/A Yes Yes

Totals: 100% 89.5% 100% 83.3% 89.5% 78.9% 80.0% 94.7% 100%




