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Abstract 

 The goal is to evaluate the stability of the infant  with BPD following a NICU stay as 

measured by readmission rates and changes to the plan of care within the first year following 

discharge. Specifically, we looked at the number of infants with BPD who received a 

tracheostomy or long-term mechanical ventilation after discharge from the NICU.  

 Using the Neonatal Information System III database, patients with BPD were identified. 

Using the inclusion criteria of a.) discharge from Children’s NICU between the months of July 

2005- July 2010 and b.) follow-up appointment scheduled with the Children’s Hospital and 

Medical Center, qualifying patients were examined for exclusion criteria. Exclusions included 

DNR status at time of discharge and the diagnosis of Congenital Heart Disease. After the 

population was identified, demographic data and baseline data on the management and treatment 

of BPD were collected. Demographic data included gestational age, birthweight, presence of a 

PDA on echocardiogram, number and length of courses of steroids (including dexamethasone, 

hydrocortisone, and prednisolone), total length of stay, and ventilator days. Management and 

treatment data included a trend oximetry, pneumogram, or echocardiogram performed within 30 

days of discharge. Information was collected regarding the management of the infant at 

discharge includes the use of oxygen, steroids, sildenafil, diuretics, presence of a tracheostomy, 

and use of long term mechanical ventilation. Finally, readmission visits during the first year 

following discharge from the NICU were reviewed via ChartMaxx and changes to the plan of 

care were identified. Changes to the plan of care included the addition of home oxygen, a 

tracheostomy, or long term mechanical ventilation. Data was analyzed and trends in management 

identified. 
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Outcomes of Bronchopulmonary Dysplasia in the Neonatal Intensive Care Unit 

Over the last few years, a level III Neonatal Intensive Care Unit (NICU) in a regional 

children’s hospital has recognized vast differences in the methods of managing a commonly 

found condition of prematurity: bronchopulmonary dysplasia (BPD). BPD is a chronic lung 

disease afflicting premature infants that is currently defined as the presence of a supplemental 

oxygen requirement at 36 weeks corrected gestational age (Merritt, Deming, & Boynton, 2009; 

Mourani, Mullen, & Abman, 2009). The presence of BPD is generally diagnosed by persistent 

hypercarbia, oxygen requirements, and specific radiological changes (Kovesi, Abdurahman, & 

Blayney, 2006; Merritt et al., 2009). Management options for infants with BPD include 

medications, generous oxygen delivery, placement of a tracheostomy, and long-term mechanical 

ventilation.  

In many NICUs across the country, the neonatal nurse practitioner (NNP) is an important 

component in the management of patients. Essential functions of the NNP includes applying 

current knowledge and research to initiate change and improve care, developing daily plans of 

care based on scientific evidence, and developing practice guidelines (NANN, 2009). Plans of 

care are discussed with the attending neonatologist and changes are implemented accordingly. In 

a system with rotating neonatologists, the plan of care often changes based on the current 

physician’s preference. The discordance in practice in the management of BPD and its 

comorbidities creates frustration for the parents, the bedside nurse, the nurse practitioner, and 

physician partners. A more consistent method of managing BPD based on scientific evidence has 

the potential for increased parent and provider satisfaction as well as improved clinical outcomes 

for the patients.  
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Past research has focused on methods of preventing BPD including gentle ventilation, 

early extubation, and noninvasive ventilation strategies as well as targeting oxygen saturation 

limits and using a variety of medications to intervene with the inflammatory cascade (V.S. Shah 

& Shah, 2008). However, there is growing evidence that simply by being premature, an infant is 

at risk for BPD due to disrupted organogenesis and the altered development of the distal lung 

tissues and vascular structures (Merritt et al., 2009). Therefore more research is needed to 

determine the best practices in managing BPD as prevention may not be possible.  

The purpose of this program evaluation project was to (1) collect baseline data on the 

management of BPD and (2) evaluate the medical stability of the post-NICU preemie with BPD 

as measured by readmission rates within the first year after discharge. This information will 

support the development of a consistent BPD management plan within the NICU. 

Middle Range Theory 

The Theory of Health Promotion for Preterm Infants based on Levine’s Conservation 

Model will help shape the program development. The theory states that preterm birth is a 

disruption of the “wholeness” that existed in utero and nursing care should focus on restoring the 

wholeness of the infant and family (Mefford, 2004). Preterm birth disrupts the infant on many 

levels including energy balance, structural integrity, personal integrity, and social integrity. 

Nursing interventions should focus on promoting the conservation of energy, structural integrity, 

personal integrity, and social integrity (Mefford, 2004).  

BPD is a chronic condition that alters the infant’s ability to adequately oxygenate and 

ventilate themselves, which is a threat to the balance of energy (Mefford, 2004). In addition to 

energy, the lung is physically damaged which impairs the infant’s structural integrity (Mefford, 

2004). BPD and its sequelae, including the altered levels of oxygenation (hypoxia and 
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hyperoxia), medications, and procedures necessary to sustain life all contribute to altered 

neurological development, which in turn interferes with the development of personal integrity 

(Mefford, 2004). The stressors related to preterm birth, BPD, and the loss of a “healthy” infant 

threatens the infant’s social integrity (Mefford, 2004). The development of a BPD management 

plan will help to guide the nurse, practitioners, and parents in conserving the infant’s energy 

balance, structural integrity, personal integrity, and social integrity.  

Literature Review 

For the program evaluation project, the current management strategies of BPD were 

researched and evaluated. Presently, the most common strategies used in the NICU included long 

term steroid use, oxygen delivery, sildenafil treatment and placement of a tracheostomy with 

long term mechanical ventilation. The evidence supporting these strategies were reviewed. 

Pathophysiology 

BPD is a common lung disease of prematurity and is directly related to premature birth 

and inflammation. It is influenced by many factors, the first of which is the disrupted maturation 

of the lung when an infant is born prematurely (Bhandari & Bhandari, 2011; Merritt et al., 2009). 

Forcing an underdeveloped lung to oxygenate and ventilate the infant leads to acute lung injury. 

The injury impairs the developing alveolar structures and the pulmonary vascular bed (Merritt et 

al., 2009). Lung distention related to ventilator use causes a mechanical stretch of the cells within 

the lung which activates an inflammatory cascade (Bhandari & Bhandari, 2011; Merritt et al., 

2009). Tissue changes in BPD include decreased airway septations resulting in fewer and larger 

alveoli, fewer capillaries available for gas exchange, peribronchiolar and septal fibrosis, and 

vascular muscle overgrowth (Merritt et al., 2009). Oxygen toxicity and oxygen free radicals have 

been documented to influence the development of BPD through inflammation and disruption of 
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the development of distal lung structures (Merritt et al., 2009). BPD is recognized in infants 

through both clinical presentation and radiological findings. Clinical presentation includes 

hypercapnia, a supplemental oxygen requirement or a reliance on mechanical ventilation at 36 

weeks corrected gestational age (Schulzke & Pillow, 2010). Radiological changes of BPD 

include areas of atelectasis and overdistention (Van Marter, 2009). The medical management of 

BPD typically includes a regimen of steroids, judicious oxygen use, and possibly sildenafil or 

placement of a tracheostomy and long term mechanical ventilation. 

Steroids 

BPD is a disease process greatly influenced by the inflammatory process. Much of the 

pharmacological management of BPD focuses on anti-inflammatory agents such as steroids. 

Halliday, Ehrenkranz and Doyle systematically reviewed 19 randomized controlled trials (RCT) 

with a total of 1345 participants involving the use of systemic corticosteroids after 7 days of life 

(2009). Using a meta-analysis, they found multiple benefits to delayed use of steroids including 

the decreased use of rescue dexamethasone and fewer patients discharged on home oxygen 

(Halliday et al., 2009). The use of steroids before 36 weeks corrected gestational age also led to a 

reduction in the incidence of BPD (Halliday et al., 2009). The rates of severe intraventricular 

hemorrhage, major neurosensory disability, death and cerebral palsy were not significantly 

different between treatment and control groups (Halliday et al., 2009). However, the authors 

recommend judicious use of steroids as the quality of the studies involving long term outcomes 

were questioned (Halliday et al., 2009). They stated that no study has sought to test the effects of 

steroids on long term developmental outcomes and no study has been sufficiently powered to 

identify long term adverse neurosensory outcomes (Halliday et al., 2009). Looking at the benefits 

versus harm of using steroids, Halliday and his colleagues recommended use of steroids only 
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when a child cannot be weaned from ventilation (2009). They also recommended using a 

minimal dose and duration of treatment (Halliday et al., 2009).  

The use of dexamethasone was examined again in a different systematic review by 

Doyle, Ehrenkranz, and Halliday (2010a). Nineteen RCTs were examined and results were 

similar to the review by Halliday et al. (2009). The groups treated with dexamethasone had 

improved outcomes at 28 days of life, but outcomes at a later age were unable to be linked to 

dexamethasone use related to the high rate of “open-label” steroid use later in life (Doyle et al., 

2010a). Long term outcomes were followed until early childhood, but no outcomes were 

reported after children reached school-age (Doyle et al., 2010a). The review stated that more 

research is needed regarding neurodevelopmental outcomes in the later years of childhood 

(Doyle et al., 2010a). Similar to Halliday et al. (2009), Doyle et al. found all of the studies to be 

underpowered and varied in the methodological quality (2010a). It was suggested that more 

research be done on the use of inhaled steroids instead of systemic steroids in an effort to 

minimize systemic effects (Doyle et al., 2010a).  

The use of hydrocortisone was also examined in a systematic review (Doyle, Ehrenkranz, 

& Halliday, 2010b). Hydrocortisone has been suggested as a less harmful alternative to 

dexamethasone. In all 8 studies examined, hydrocortisone therapy was initiated in the first week 

of life but the length of treatment varied from study to study (Doyle et al., 2010b). All studies 

were reported to be methodologically sound, with appropriate randomization and blinding by 

using placebos (Doyle et al., 2010b). Seven of the studies used doses of hydrocortisone that are 

considered physiologic (5-15 mg/kg); only the original study from 1972 used a stress dose of 30 

mg/kg (Doyle et al., 2010b). In all studies, the use of hydrocortisone to help treat and/or prevent 

BPD was unsuccessful (Doyle et al., 2010b). No improvements were noted in survival rates or 
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use of home oxygen (Doyle et al., 2010b). There was an increased risk of intestinal perforation in 

the treatment groups, but no other substantial data on negative outcomes such as cerebral palsy 

(Doyle et al., 2010b). The review reports no information on the use of hydrocortisone in treating 

long term ventilator dependence. 

The American Academy of Pediatrics (AAP) released a policy statement regarding the 

use of steroids with BPD (2010). They stated that due to the lack of studies showing improved 

long-term outcomes, high-dose dexamethasone is never recommended as treatment (AAP, 2010). 

Low-dose dexamethasone has been used successfully but cannot be recommended without 

additional randomized controlled trials (AAP, 2010). High-dose hydrocortisone failed to improve 

outcomes in infants with BPD in any RCT and therefore is not currently recommended for use 

based on lack of evidence (AAP, 2010). Low-dose hydrocortisone has been used with improved 

outcomes in a small subset of patients (those exposed to prenatal inflammation), but its routine 

use is not advised for all infants with BPD related to lack of sufficient evidence (AAP, 2010).  

The results of the AAP’s policy statement regarding the use of steroids is consistent with the 

results of the systematic reviews.  

Recently, a trend towards inhaled steroids has entered the NICU in an effort to prevent 

the negative sequelae of systemic steroids. A systematic review of inhaled versus systemic 

corticosteroids revealed that the inhaled steroids offer no advantages over systemic steroids 

(Shah, Ohlsson, Halliday, & Shah, 2008). The study examined five randomized/quasi-

randomized trials and focused on the clinical outcomes of death, oxygen dependency, and 

adverse effects (Shah, Ohlsson, et al., 2008). No significant differences were found in the 

outcomes of infants exposed to systemic or inhaled steroids (Shah, Ohlsson, et al., 2008). Of 

note, there are no studies evaluating the neurodevelopmental outcomes of infants exposed to 
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inhaled steroids (Shah, Ohlsson, et al., 2008). If inhaled steroids are to be used with frequency, 

there must be a larger RCT to examine the long term effects of inhaled steroids.  

In summary, “steroids” in the NICU used to manage BPD may indicate one of many 

options: low- or high-dose dexamethasone, low- or high-dose hydrocortisone, or inhaled steroids. 

Currently the literature suggests that any steroid be used with extreme caution in neonates, based 

on the risk versus benefits ratio. More information is needed regarding dosing and duration of 

treatment for dexamethasone, hydrocortisone and inhaled steroids. There were no RCTs using 

long-term oral prednisolone to manage BPD. With all steroids, more information is needed 

regarding long-term neurosensory and behavioral outcomes. Specifically, children must be 

followed into their school-age years in order to best understand overt and subtle impacts of 

steroid use including learning disabilities and behavioral problems.  

Oxygen Administration 

Oxygen is one of the most commonly used drugs in the care of the premature infant. 

Historically, oxygen was given liberally but as BPD was recognized as a disease, it was 

attributed to oxygen toxicity (Deakins, 2009). Further exploration has revealed it to be a 

multifactorial disease process that is influenced by the use of oxygen (Deakins, 2009). Presently, 

oxygen is recognized as an important component in both the pathophysiology and the 

management of BPD (Deakins, 2009). It is important to maintain a PaO2 that is sufficient for 

tissue perfusion, but not high enough to cause oxygen free radicals (Merritt et al., 2009). Two 

major studies have been completed in an effort to assess the most beneficial oxygen saturation 

target range. The first trial is known as the STOP-ROP (The STOP-ROP Multicenter Study 

Group). The trial was initiated in order to determine the range of oxygen saturations that would 

reduce the probability of threshold retinopathy of prematurity (ROP) disease (The STOP-ROP 
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Multicenter Study Group). Over 600 infants with confirmed pre-threshold ROP from 30 centers 

were randomized to a target oxygen saturation of 89-94% or 96-99% (The STOP-ROP 

Multicenter Study Group). The primary goal of the study was to examine the effects of 

supplemental oxygen on ROP, however they did find that the two groups had significant 

differences in their pulmonary outcomes (The STOP-ROP Multicenter Study Group). The infants 

with higher targeted oxygen saturations had more chronic lung exacerbations, they remained 

hospitalized for longer, and they used more diuretics (The STOP-ROP Multicenter Study 

Group). 

Another randomized controlled trial was completed using 358 infants from multiple 

centers (Askie, Henderson-Smart, Irwig, & Simpson, 2003). The infants were randomized to 

target oxygen saturations of 91-94% or 95-98% and the targets were kept until supplemental 

oxygen was no longer needed (Askie et al., 2003). The higher saturation group received oxygen 

for a significantly longer duration than the lower target group, went home on oxygen more 

frequently, and had a greater reliance on oxygen at 36 weeks corrected gestational age (Askie et 

al., 2003). They found no significant differences in length of hospital stay, duration of 

ventilation, use of corticosteroids, age of full oral feedings, or ablation surgery for ROP (Askie et 

al., 2003). The authors concluded that higher target saturation ranges were linked to higher 

amounts of supplemental oxygen which negatively impacted lung growth and development as 

evidenced by significantly longer dependence on supplemental oxygen (Askie et al., 2003).  

The use of supplemental oxygen becomes increasingly complicated when pulmonary 

hypertension (PH) develops with BPD. PH is a commonly found cormorbid condition of BPD as 

pulmonary vascular remodeling is intimately linked with the pathophysiology of BPD and can be 

considered a marker for severe BPD (Kim, 2010; Mourani, Mullen, et al., 2009). It is important 
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that infants with BPD are screened for PH, as the mortality of infants with both conditions is 

reported to be as high as 70% within 2 years of diagnosis (Kim, 2010; Mourani, Sontag, Ivy, & 

Abman, 2009). Oxygen use in PH and BPD prevents episodes of desaturation and hypoxia, both 

of which lead to exacerbations of PH (Farquhar & Fitzgerald, 2010). However, no studies have 

been done to prove a safe target range of oxygen saturations for infants with PH and BPD. 

In summary, there is no consensus regarding the optimal oxygen saturation target range, 

although literature suggests that a lower range leads to less toxic effects of oxygen. More 

information is needed regarding the relationship between PaO2 and SpO2 in order to better target 

oxygen saturations for infants. Also needed is research on PH when it occurs with BPD and the 

safest amount of oxygen to use to both treat the PH and lessen the chance of further injuring the 

lung.  

Sildenafil 

Focusing on treating PH in addition to BPD in an effort to decrease mortality has lead to 

an increase in the use of sildenafil in infants. A retrospective chart review of 25 patients 

diagnosed with PH and chronic lung disease who were initiated on sildenafil therapy showed 

significantly improved pulmonary artery pressures (Mourani, Sontag, et al., 2009). Out of 25 

patients, 17 had BPD and the rest had other forms of chronic lung disease (Mourani, Sontag, et 

al., 2009). The doses given, duration of treatment, and method of measuring pulmonary artery 

pressures all varied between the subjects. Given the uncontrolled manner of the use of sildenafil 

during the study, more research is necessary to analyze the risks and benefits of the therapy. Also 

of note, there is no documentation of neurological side effects associated with sildenafil. The 

study was not specific to infants with BPD, but the infants did compromise the largest portion of 

subjects.  
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A singular case study involving a premature infant with BPD and PH revealed 

normalization of pulmonary artery pressures when initiated on a regimen of sildenafil (Caputo et 

al., 2010). The infant was initiated on sildenafil at 5 months of age and it was continued for 12 

months (Caputo et al., 2010). The pulmonary artery pressures were normalized within 3 months 

of therapy and they remained normal at the last appointment, 18 months after therapy was 

discontinued (Caputo et al., 2010). The results suggested that sildenafil may be beneficial in 

improving PH associated with BPD- however the information involves a singular patient (Caputo 

et al., 2010). Randomized, controlled trials that are sufficiently powered are necessary before 

sildenafil can be recommended on a regular basis.  

In an experimental study involving in-vitro tissue samples and rat pups, sildenafil 

improved alveolar growth and PH (Ladha et al., 2005). Tissue samples and rat pups were 

randomly assigned to normoxic, hyperoxic, or hyperoxic with sildenafil conditions (Ladha et al., 

2005). In both treatment groups, the use of sildenafil prevented lung injury under hyperoxic 

conditions (Ladha et al., 2005). The study’s results are promising that the use of sildenafil may 

be beneficial in the prevention of BPD (Ladha et al., 2005). More information is needed to 

understand if sildenafil can treat and heal existing cellular damage as a management strategy for 

BPD.  

Tracheostomy and Long Term Mechanical Ventilation 

Reviewing the literature revealed very little information regarding the use of a 

tracheostomy and long-term mechanical ventilation as a management strategy for infants with 

BPD. A single study involving a retrospective chart review of very low birth weight infants with 

BPD who had received a tracheostomy revealed the infants had a significantly longer duration of 

intubation that the control group (Sisk et al., 2006). The study group also had more intubation 
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attempts, unplanned extubations and comorbidities than the control group and a mortality rate of 

27.8%, with 11.1% related to the tracheostomy (Sisk et al., 2006). It was concluded that the 

optimal timing for placement of a tracheostomy remains unknown and the decision must be 

made after balancing the risks and burdens to the infants and caregivers (Sisk et al., 2006). In 

summary, the use and effectiveness of mechanical ventilation and tracheostomy as a 

management strategy for BPD is not known. More information and a higher level of evidence is 

needed before any recommendations can be made.  

Summary  

After reviewing the literature, there were large gaps of information missing in regards to 

the management of BPD. It was noted that the majority of the RCTs related to BPD were aimed 

at analyzing the prevention of the disease. There are volumes of literature on ways to gently 

ventilate, maximize nutrition, and minimize oxygen toxicity in an effort to prevent BPD. 

Literature is available on how to manage ventilators in order to prevent BPD, but no research is 

available about how to use a ventilator to help manage the condition long term. Many of the 

pharmacological studies were related to preventative measures, but little was documented about 

their use as management strategies. More research is needed on how to manage the condition 

after it has been established. This was becoming increasingly important as many researchers are 

noting that BPD may not be preventable related to genetic predispositions, prenatal inflammatory 

cascades, and disrupted organogenesis (Bhandari & Bhandari, 2011; Bhandari & Bhandari, 

2007). No research is available on the use of hydrocortisone in treating long-term ventilator 

dependence. There was no credible information on the long-term neurosensory outcomes with 

the use of low-dose dexamethasone, low- or high-dose hydrocortisone, or inhaled steroids. The 

literature search revealed promising ideas regarding the pharmacological management of BPD, 
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including the use of sildenafil and inhaled nitric oxide to improve alveolar and vascular growth 

but there was a significant lack of randomized controlled trials to prove the efficacy (Bhandari & 

Bhandari, 2011; Ladha et al., 2005). 

Methods 

The study was designed to be a descriptive, retrospective chart review. Infants with a 

diagnosis of BPD who were discharged from a regional Level III NICU between July 2005 to 

July 2010 qualified for inclusion. These infants were identified using the Neonatal Information 

System III (NIS III) using the search criteria of “BPD”, “cystic BPD”, and follow-up 

appointment must be scheduled. The diagnosis indicator in the NIS III system was identified via 

a nurse practitioner on day of life 28, signaling a continued oxygen or ventilation requirement. 

Initially, 227 patients were identified using the NIS III. Nineteen patients were screened out due 

to the presence of complex congenital heart disease, 15 patients had no follow up appointments 

listed, six patients died before leaving the unit, 12 patients were back-transported to the referring 

facility before going home, four patients had a diagnosis of congenital diaphragmatic hernias, 

four patients were transferred to another attending service prior to discharge, 18 patients were 

transferred to the facility for specialty care late in their stay so early information was unavailable, 

two patients had locked and confidential files, and three patients were listed twice as they had 

been readmitted to the NICU. The total number of patient charts reviewed was 144. NICU stay 

charts were accessed for information as were all readmission visits within the first year following 

discharge.  

Data were collected regarding birth weight, gestational age, length of stay, presence of a 

PDA, total ventilator days, courses and days of hydrocortisone, dexamethasone, and 

prednisolone. In the 30 days prior to discharge, information was collected regarding trend 
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oximetries, pneumograms, and echocardiograms, and estimated right ventricular pressures. At 

discharge, data were collected about home therapy including supplemental oxygen, steroids, 

diuretics, sildenafil, a tracheostomy, and mechanical ventilation. For each readmission visit, the 

discharge instructions were examined for newly prescribed supplemental oxygen or ventilation, 

or a newly place tracheostomy. Data were collected by accessing patient charts and examining 

orders, results, discharge orders, discharge summaries, and the medication administration record 

via ChartMaxx. The results were entered into IBM-SPSS and analyzed.  

Results 

The selected charts were examined and it was found that 48% of patients had at least one 

inpatient readmission stay. The data were then divided into 2 groups: patients who were 

readmitted and patients who were not. Independent t-tests were used to determine significance 

between the two groups. Assuming a p-value of <.05 indicating significance, there were no 

significant differences in birth weight, gestational age, or length of stay. After determining that 

the two groups were similar in essential characteristics, interventions during the NICU stay, 

home discharge interventions, and readmission interventions were examined. Statistically 

significant differences were found between the two groups regarding ventilator days, 

hydrocortisone use, performance of a pneumogram, and the use of oxygen, diuretics, or a 

tracheostomy at home. Eight patients who were readmitted received a change in their treatment: 

five went home on oxygen, two received a tracheostomy, and one received full-time ventilation.  



 OUTCOMES OF BPD IN THE NICU                                                                                                     16 
 

 

Discussion 

The results indicate a few patterns in BPD management that may indicate a child is more 

at risk for readmission during the first year following discharge. Monitoring ventilator days and 

targeting children that were discharged on oxygen can help to identify a population that may be 

at increased risk for inpatient readmissions. Further research can be used to find potential 

solutions to decreasing readmission rates. Some areas to explore include extra discharge teaching 

for parents if a baby meets a particular criteria or closer outpatient follow-up for patients with a 

diagnosis of BPD at discharge. Weaknesses of the study include not accounting for the gender of 

subjects, the inability to account for inpatient visits that occurred at a location other than 

Children’s Hospital, and the inability to account for changes in treatment that may have occurred 

in an office visit rather than an inpatient readmission. Only inpatient readmission visits were 

examined, but the number of emergency department visits may also provide insight into the 

stability of the infant post-discharge.  

In conclusion, the infant with BPD should be discharged with copious teaching and 

caution. The likelihood that the child will experience at least one readmission to the hospital is 
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about 50%. Further research is needed to target interventions that may help keep the at-risk 

infants out of the hospital following their initial NICU stay.  
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