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BACKGROUND: The objective of this study was to investigate whether a respiratory care bundle,
implemented through participation in the Vermont Oxford Network-sponsored Neonatal Intensive
Care Quality Improvement Collaborative (NIC/Q 2005) and primarily dependent on bedside care-
givers, resulted in sustained decrease in the incidence of bronchopulmonary dysplasia (BPD) in
infants < 30 wk gestation. METHODS: A retrospective cohort study was conducted. Infants inborn
between 23 wk and 29 wk � 6 d of gestation were included. Patients with congenital heart disease,
significant congenital or lung anomalies, or death before intubation were excluded. Four time
periods (T1–T4) were identified: T1: September 1, 2002 to August 31, 2004; T2: September 1, 2004
to August 31, 2006; T3: September 1, 2006 to August 31, 2008; T4: September 1, 2008 to August 31,
2010. RESULTS: A total of 1,050 infants were included in the study. BPD decreased significantly
in T3 post-implementation of the respiratory bundle compared with T1 (29.9% vs 51.2%, respec-
tively; adjusted odds ratio [aOR] � 0.06 [95% CI 0.03–0.13], P � < .001). The decrease was not
sustained into T4. There was a significant increase in the rate of BPD-free survival to discharge in
T3 compared with T1 (53.1% vs 47%; aOR � 1.68 [95% CI 1.11–2.56], P � .01) that was also not
sustained. The rate of infants requiring O2 at 28 d of life decreased significantly in T3 versus T1
(40.3% vs 69.9%, respectively; aOR � 0.12 [95% CI 0.07–0.20], P � < .001). Increases in the rate
of surfactant administration by 1 h of life and rate of caffeine use were observed in T4 versus T1,
respectively. There was a significant decrease in median ventilator days and a significant increase
in the median number of noninvasive CPAP days throughout the study period. CONCLUSIONS:
In this study, implementation of a respiratory bundle managed primarily by nurses and respiratory
therapists was successful in increasing the use of less invasive respiratory support in a consistent
manner among very low birthweight infants at a single institution. However, this study and others
have failed to show sustained improvement in the incidence of BPD despite sustained process
change. Key words: bronchopulmonary dysplasia; very low birthweight; prematurity; mechanical ven-
tilation; bedside caregiver; NICU. [Respir Care 2015;0(0):1–•. © 2015 Daedalus Enterprises]

Introduction

With the advent of antenatal steroids, surfactant replace-
ment therapy, and improved ventilatory and nutritional

strategies, there has been an increase in the survival of
very low birthweight (VLBW) infants. However, little im-
provement in the incidence of bronchopulmonary dyspla-
sia (BPD) has been appreciated.1 Barotrauma, volutrauma,
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and oxygen toxicity have been recognized as significant
contributors to the development of BPD in VLBW in-
fants.2 A reduction in the incidence of BPD in VLBW
infants has been noted after the implementation of respi-
ratory care quality improvement initiatives at other insti-
tutions.3-5

In 2002–2003, a single 66-bed tertiary level neonatal
intensive care center demonstrated a BPD rate in the highest
quartile when compared with Vermont Oxford Network
(VON) centers similar in size and acuity. In conjunction
with the VON-sponsored Neonatal Intensive Care Quality
Improvement Collaborative (NIC/Q 2005) with focus on
respiratory care (Tender Lung Care [TLC]), a multidisci-
plinary group at this institution developed and implemented
evidence-based improvements to increase noninvasive re-
spiratory support and decrease oxygen exposure. The re-
sulting respiratory care bundle was designed to integrate
and standardize individual clinical interventions such as
prophylactic surfactant administration, methylxanthine use,
lower oxygen saturation targeting, and functional residual
capacity preservation through post-extubation CPAP. The
implementation of these interventions relied heavily upon
bedside caregivers (ie, nurses and respiratory therapists)
for consistency and sustainability, while physicians and
neonatal nurse practitioners provided procedural and phar-
macologic support.

The objective of this study was to investigate whether
quality improvements implemented through participation
in the TLC group of the VON-sponsored NIC/Q 2005 and
primarily dependent on bedside caregiver modifications
resulted in a sustained decrease in the incidence of BPD in
infants � 30 wk gestation at a single tertiary care facility.

Methods

The pathogenesis of BPD is multifactorial, and quality
improvement efforts to decrease BPD typically use a bun-
dle of interventions together. Each practice in the bundle
may have varying levels of evidence, and the practices are
often referred to as potentially better practices in neonat-
alogy.6 In conjunction with the VON-sponsored NIC/Q
TLC group (2005–2006), the participants from Medical
University of South Carolina were charged with exploring
the evidence for minimizing airway inflammation and ox-
ygen toxicity. The group identified potentially better prac-
tices after reviewing the respiratory care evidence avail-
able and comparing it to clinical practice: (1) early

surfactant and extubation to CPAP to maintain functional
residual capacity in preterm infants with respiratory dis-
tress syndrome and (2) oxygen saturation monitoring. Ex-
tensive education was provided to the nurses, respiratory
therapists, neonatal nurse practitioners, physicians, and
other ancillary staff regarding quality improvement, cur-
rent evidence, and the implementation of each clinical
change. An atmosphere of teamwork, consistency, and ac-
countability was reinforced throughout the initiative.

Potentially Better Practice Implementation

A series of clinical practice changes were implemented
as outlined in Figure 1. In early 2004, orders for lower
target oxygen saturations of 88–92% and alarm limits of
85–95% were implemented.7-19 Standardized FIO2

blend-
ing of nasal cannula was also implemented during that
time period. Bedside nursing staff and respiratory thera-
pists were instrumental in the standardization of these
clinical changes. In 2005, a respiratory therapist-driven
ventilator management protocol was developed and imple-
mented in an effort to integrate additional clinical practice
changes (Tables 1 and 2). The evidence-based clinical
improvements in this bundle included prophylactic surfac-
tant administration, standardized methylxanthine use, and
functional residual capacity preservation through post-ex-
tubation CPAP.20,21 The evidence supporting surfactant
prophylaxis in infants � 32 wk gestation at that time was
reviewed in the Neonatal Cochrane Review by Soll and
Morley20 in 2000, with the primary outcome variable of
BPD or death. The relative risk benefit was 0.85 (95% CI
0.76–0.95), and the number needed to treat to result in 2
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QUICK LOOK

Current knowledge

Advances in neonatal intensive care have resulted in an
increase in the survival of very low birthweight (VLBW)
infants. However, reductions in the incidence of bron-
chopulmonary dysplasia (BPD) have been small. Pre-
vious work has identified a reduction in the incidence
of BPD in VLBW infants following the implementation
of respiratory care quality improvement initiatives.

What this paper contributes to our knowledge

Implementation of a respiratory bundle in a single in-
stitution, which was primarily managed by respiratory
therapists and nurses, increased the use of less invasive
respiratory support in a consistent manner among VLBW
infants. However, this intervention failed to show sus-
tained reductions in the incidence of BPD.
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fewer deaths and 5 fewer pneumothoraces was 100 neo-
nates.20 With this evidence, VON suggested a practice
guideline to deliver surfactant prophylaxis to infants
� 30 wk gestation. Survanta (beractant) was used across
the study period, with 4 mL/kg administered in 2 aliquots
with dosing every 6 h as needed via endotracheal tube for
FIO2

requirements � 0.30 and/or a mean airway pressure
� 7 cm H2O, for a total of 4 doses.

Caffeine dosing and implementation was based upon
the Schmidt et al21 study, which found extremely preterm
infants randomized to receive caffeine in the first 7–10 d
of life had a significantly reduced incidence of BPD. In-
fants � 1,250 g or � 30 wk gestation who were intubated,
who were being weaned from positive-pressure ventila-
tion, and for whom extubation was planned received a
loading dose of 20 mg/kg caffeine citrate (Cafcit) intrave-
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Fig. 1. Clinical intervention over time. T1 � 2002–2004, T2 � 2004–2006, T3 � 2006–2008, T4 � 2008–2010. ETT � endotracheal tube.

Table 1. Standardized Ventilator Weaning Protocol

Clinical Parameter Wean Tolerate Evaluate Weaning Intervention

Ventilator
Expiratory VT (mL/kg) 5–6 3–4 � 3 or � 6 Decrease �P (usually by decreasing PIP).
Mechanical ventilation (mL/kg/min) 240–400 160–240 � 160 or � 400 Decrease �P or breathing frequency, with goal

of reducing expiratory VT first.
Blood gas

pH 7.28–7.35 7.25–7.27 � 7.25 or � 7.35 If out-of-range pH is respiratory in origin (vs metabolic),
adjust mechanical ventilation as above. If PaO2

or SpO2

is less than desired, wean rate rather than PIP.
PCO2

(mm Hg) 41–56 56–60 � 41 or � 60 Wean mechanical ventilation as above. If PaO2
or SpO2

is less than desired, wean rate rather than PIP.
PaO2

(mm Hg) (EGA 23–31 wk) 51–65 41–50 � 41 or � 65 Adjust by manipulating mean airway pressure (primarily
by adjusting PEEP, but also with PIP or inspiratory time)
or FIO2

.
PaO2

(mm Hg) (EGA 32–36 wk) 56–70 51–55 � 50 or � 70 In general, do not wean PEEP until FIO2
� 0.40.

VT � tidal volume
PIP � peak inspiratory pressure
EGA � estimated gestational age
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nously, followed by a daily maintenance dose of 5 mg/kg.
For continuing apnea, the daily dose could be increased to
a maximum of 10 mg/kg caffeine citrate. This dosing was
adjusted weekly for weight gain. Caffeine was continued
until the infant was free of apnea requiring intervention for
7 d. Drug levels were not routinely monitored except for
symptoms of caffeine toxicity (tachycardia, tachypnea,
tremors, seizures, jitteriness, or vomiting). Routine dosing
time was established in the morning so that babies could
share a vial due to cost of caffeine citrate.

Existing Evidence-Based Improvements

A number of potentially better practices identified as
part of the TLC collaborative were already standard of
care at this institution as a result of previous reviews of
respiratory care literature. These included the use of vita-
min A and suctioning without saline.22-32 Methylxanthines
were also used by some clinicians, but not in a standard-
ized fashion before implementation of the protocol.33-36

Study Design

After obtaining the hospital’s institutional review board
approval, we conducted a retrospective cohort study to
investigate the incidence of BPD among VLBW infants
before and after participation in a VON-sponsored NIC/Q
focusing on noninvasive respiratory support. Four time
periods (T1–T4) were identified: T1: September 1, 2002 to
August 31, 2004; T2: September 1, 2004 to August 31,
2006; T3: September 1, 2006 to August 31, 2008; T4:
September 1, 2008 to August 31, 2010. The majority of
clinical interventions were implemented in T2 as noted in
Figure 1. Baseline was defined as outcomes in T1. Out-
comes in T3 were considered post-implementation out-
comes, with outcomes in T4 representing sustainability of
post-implementation outcomes.

De-identified data were obtained from a perinatal data-
base that contains information on mother-baby pairs. Only

inborn infants between 23 wk and 29 wk � 6 d of gesta-
tion were included in the study. Patients with congenital
heart disease, significant congenital anomalies, or signif-
icant lung anomalies were excluded from the study. Pa-
tients were also excluded if death occurred without intu-
bation, prophylactic surfactant, and mechanical ventilation,
because the design of the study was to measure the effect
of the respiratory bundle implementation.

Clinical Definitions

The clinical definitions were consistent with those pub-
lished by VON. Infants requiring supplemental oxygen at
36 wk postmenstrual age (PMA) were classified as having
BPD. To account for those infants discharged from the
hospital before 36 wk PMA, the definition of BPD was
adjusted as follows: infants discharged from the hospital
between 34 wk and 35 wk � 6 d PMA on supplemental
oxygen were classified as requiring oxygen at 36 wk PMA
and having BPD. Infants discharged to home without ox-
ygen before 36 wk PMA or those in-patients not requiring
supplemental oxygen at 36 wk PMA were categorized as
not having BPD.

For the purposes of this study, prophylactic surfactant
administration was defined as endotracheal administration
by 1 h of life. Our clinical goal was endotracheal admin-
istration of surfactant by 15 min of life, followed by a
period of brief mechanical ventilation. The infants were
placed on pressure-limited ventilation in the delivery room
for transport, and SIMV pressure-limited ventilation was
continued upon admission to the NICU. Settings were
weaned based upon the ventilator management protocol
guidelines (Table 1). Subsequent surfactant dosing occurred
at appropriate dosing intervals for mean airway pressures
� 7 cm H2O or FIO2

requirement � 0.30. Surfactant dos-
ing and ventilator management were respiratory therapist-
driven, and weaning was performed based upon minute
ventilation and tidal volume parameters as outlined in the
protocol guidelines (Table 1). Infants were extubated to

Table 2. Suggested Escalation

Blood Gas Results Possible Pathophysiology Possible Responses With Ventilator

PCO2
OK/low; PaO2

low Atelectasis with V̇/Q̇ mismatch Consider 1 PEEP
PCO2

OK/low; PaO2
OK/high Overventilated Consider 2 PIP, OR 2 PIP and PEEP (with 2 �P), or 2 rate

PCO2
OK/high; PaO2

low Atelectasis with resultant low VT Consider 1 PIP OR 1 PIP and PEEP (with 1 �P)
PCO2

OK/high; PaO2
high Inadequate minute ventilation with

at least adequate FRC
Consider 2 PEEP, 1 rate, or 1 PIP

V̇/Q̇ � ventilation/perfusion
PIP � peak inspiratory pressure
1 � increase
2 � decrease
VT � tidal volume
FRC � functional residual capacity
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CPAP via nasal prongs. Suggestions for escalation were
also provided with the protocol (Table 2). The protocol
was developed based upon 2 prospective descriptive stud-
ies that present correlations between PaCO2

and minute
ventilation in preterm neonates.37,38 At the time the work-
group convened, there were no studies addressing the use
of ventilator weaning procotols for preterm neonates.

Lower oxygen saturation targeting of 88–92% was ini-
tially introduced in our NICU early in T2. This clinical
change was further reinforced with the implementation of
the ventilator management protocol that specified targeted
oxygen saturations for titration of FIO2

by bedside nursing
staff and respiratory therapists.

Primary Outcomes

Outcome measures were defined to be consistent with
VON definitions as part of the TLC collaborative. Primary
outcomes were defined as: rate of BPD (with adjusted
definition as described under “Clinical Definitions”) ana-
lyzed as BPD-free survival because death and BPD are
competing outcomes. Clinically important outcomes, such
as rates of survival and supplemental oxygen requirement
at 28 d, were also analyzed.

Secondary Outcomes

Secondary outcome measures were: rate of prophylactic
surfactant and methylxanthine use, days of CPAP therapy,
days on ventilator, rate of postnatal steroid use, rate of
discharge from the hospital on supplemental oxygen, length
of hospital stay, rate of pneumothorax, patent ductus ar-
teriosus (PDA), culture-proven sepsis, necrotizing entero-
colitis, severe intraventricular hemorrhage or periventricu-
lar leukomalacia, and severe retinopathy of prematurity.

Statistical Analysis

Data were tested for normal distribution. Non-normally
distributed data were compared using Kruskal-Wallis test.
Normally distributed data were compared by repeated mea-
sures analysis of variance. Other comparisons were made
using chi-square, Fisher exact test, R � C contingency ta-
bles, and logistic regression models. Significance was de-
fined a priori as P � .05.

Results

Subject Demographics

A total of 1,050 infants were included in the study. The
number of inborn infants � 30 wk gestation admitted to
the NICU was similar in all time periods. There was a
noted decrease in the number of inborn 23–24 wk infants

admitted in T4; however, this was not a statistically sig-
nificant trend when compared with the other defined time
periods (Table 3). There was a significant difference in
median birthweight and gestational age at delivery, with
larger and more mature infants born in T4. This was ex-
pected, given the nonsignificant decrease in infants born at
23–24 wk PMA in T4. There were no differences in race,
sex, or rate of small for gestational age infants between
time periods.

As expected, there was a statistically significant increase
in the rate of antenatal steroid therapy between time peri-
ods with 84% of mothers receiving therapy in T1 versus
92% in T4 (P � .007). There was also a significant de-
crease in the rate of prenatal care between time periods
(72% in T1 vs 64% in T4, P � .001). There was no
difference in the rate of chorioamnionitis, multiple births,
mode of delivery, or rate of intrauterine growth restriction
in the analysis (Table 3).

Primary Outcomes

Rate of BPD

The rate of BPD as defined according to VON guide-
lines decreased significantly in T3 post-implementation of
the respiratory bundle as compared with T1 (29.9% vs
51.2%, respectively; adjusted odds ratio [aOR] � 0.06
[95% CI 0.03–0.13], P � � .001). In T4, there was a
nonsignificant increase in the rate of BPD despite infants
having a higher median gestational age and birthweight
and fewer infants born at 23–24 wk gestation. There was
not a significant difference between mortality rates in
each time period (13.3% in T1 vs 10.5% in T3, P � 0.31)
and (10.5% in T3 vs 6.7% in T4, P � .12) (Table 4,
Fig. 2).

Rate of BPD-free Survival to Discharge

After controlling for gender, gestational age, birthweight,
rate of prenatal care, antenatal steroids, postnatal steroids,
and presence of PDA, there was a significant increase in
the rate of BPD-free survival to discharge in T3 compared
with T1 (53% vs 47%; aOR � 1.68 [95% CI 1.11–2.56],
P � .01). This demonstrates a marked improvement in the
time period immediately following implementation of the
respiratory care bundle. This improvement was not sus-
tained, however, with the rate of BPD-free survival in T4
significantly decreasing to 41% compared with 53% in T3
(aOR � 0.57 [95% CI 0.38–0.88], P � .01) (Table 4, Fig.
2).

Rate of O2 at 28 d

The rate of infants requiring O2 at 28 d of life decreased
significantly in T3 versus T1 (40.3% vs 69.9%, respec-
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tively; aOR � 0.12 [95% CI 0.07–0.20], P � � .001).
There was no significant change in rate of O2 requirement
at 28 d between T3 and T4, implying a sustained decrease
in the rate of VLBW infants requiring O2 at 28 d post-
implementation of the respiratory bundle when compared
with rates pre-implementation in T1 (Table 4, Fig. 2).

Secondary Outcomes

As expected, there was a significant trend toward im-
provement in the rate of prophylactic surfactant adminis-
tration and methylxanthine use over the 8-y study period.
In T1, 78.9% of infants received prophylactic surfactant

Table 3. Maternal and Infant Characteristics

Maternal and Infant Characteristics
T1

(n � 270)
T2

(n � 261)
T3

(n � 266)
T4

(n � 253)
P

Prenatal care (%) 71.8 82 69.6 64 � .001*
Antenatal steroids (%) 83.7 90.4 90.2 92.5 .007*
Chorioamnionitis (%) 7.4 9.6 12.8 9.9 .22
Preeclampsia/eclampsia (%) 20.7 28 19.6 24.5 .09
IUGR (%) 3.7 6.1 5.3 7.5 .29
Multiple births (%) 24.8 21.5 23.3 27.3 .47
Cesarean section (%) 64.8 70.9 67.7 66.8 .51
Gestational age (wk, median and IQR) 27.4 (26–28.6) 27.1 (25.4–28.5) 27.4 (25.6–28.5) 27.5 (26.2–29.1) .05*
Birth weight (g, median and IQR) 995 (745–1165) 895 (710–1125) 922 (740–1150) 980 (785–1210) .01*
Male (%) 54.8 57.1 51.5 51.4 .49
Black (%) 49.6 57.9 59.4 57.7 .09
SGA (%) 12.6 10.7 9 9 .49
23–24 wk gestational age (%) 15.6 16.5 14.3 9.1 .16
25–26 wk gestational age (%) 22.2 29.9 25.6 24.9 .16
27 wk gestational age (%) 20 14.6 18.1 21.7 .16
28 wk gestational age (%) 17.8 16.1 19.2 15.4 .16
29 wk gestational age (%) 24.4 23 22.9 28.9 .16

T1 � September 1, 2002 to August 31, 2004
T2 � September 1, 2004 to August 31, 2006
T3 � September 1, 2006 to August 31, 2008
T4 � September 1, 2008 to August 31, 2010
IUGR � rate of intrauterine growth restriction
IQR � interquartile range
SGA � small for gestational age
* Statistical significance

Table 4. Primary Outcomes

Outcome
T1

(n � 270)
T2

(n � 261)
T3

(n � 266)
T4

(n � 253)

OR (95% CI)

T3 compared
with T1§

T4 compared
with T3†

BPD-free survival to discharge (%) 47 45.2 53.1 41.1 1.68 (1.11–2.56)* 0.57 (0.38–0.88)*
O2 at 36 wk PMA or home on O2 (%)‡ 51.2 48 29.9 42.3 0.06 (0.03–0.13)* 1.55 (0.73–3.28)
O2 at 28 d (%) 69.9 57.9 40.3 41.5 0.12 (0.07–0.20)* 1.03 (0.60–1.76)

T1 � September 1, 2002 to August 31, 2004
T2 � September 1, 2004 to August 31, 2006
T3 � September 1, 2006 to August 31, 2008
T4 � September 1, 2008 to August 31, 2010
OR � odds ratio
BPD � bronchopulmonary dysplasia
PMA � postmenstrual age
* Statistical significance
† Odds ratios with 95% confidence intervals were calculated for T4 when compared to T3 controlling for gender, gestational age, birth weight, rate of prenatal care, antenatal steroids, postnatal
steroids, and presence of PDA
‡ Vermont Oxford Network definition of BPD
§ Odds ratios with 95% confidence intervals were calculated for T3 when compared to T1 controlling for gender, gestational age, birth weight, rate of prenatal care, antenatal steroids, postnatal
steroids, and presence of PDA
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by 1 h of life versus 95.3% in T4 (P � .001). The rate of
caffeine use increased from 47.4% in T1 to 98% in T4
(P � .001). Median ventilator days were significantly de-
creased by � 50% from T1 to T4, with an expected sub-
sequent increase in post-extubation CPAP days (Table 5).
There was not a statistically significant difference between
length of hospital stay or rates of pneumothorax, culture-
proven sepsis, severe intraventricular hemorrhage or
periventricular leukomalacia, and severe retinopathy of pre-
maturity between time periods. There was an unexpected
yet significant increase in the rate of PDA and postnatal
steroid use in T4 when compared with T1 (21.9% vs 39.1%,
P � .001 and 12.6% vs 24.1% P � .001, respectively)
(Table 5).

Discussion

In this study, implementation of a respiratory bundle
managed primarily by nurses and respiratory therapists
was successful in implementing less invasive respiratory
support and decreasing oxygen exposure in a consistent
manner among VLBW infants at a single institution. How-
ever, this study failed to show sustained improvement in
the incidence of BPD despite sustained process change.
Significant clinical improvements have been sustained
through 4 y post-implementation such as the significant

decrease in ventilator days and increase in CPAP days.
Additionally, an increase in the percentage of infants re-
ceiving surfactant in the first postnatal hour and infants
receiving caffeine therapy demonstrates continued utiliza-
tion of these specific clinical interventions in the bundle.

A decreased BPD rate was appreciated in the first 2 y
after implementation at our institution. Following logistic
regression analysis controlling for the significant confound-
ers including gender, gestational age, birthweight, rate of
prenatal care, antenatal steroids, postnatal steroids, and
presence of PDA, this significant decrease persisted. How-
ever, a nonsignificant, yet marked increase in the rate of
BPD was noted in T4 when compared with T3. Addition-
ally, when comparing survival without BPD at discharge
by time period, a statistically significant increase was noted
2 y post-implementation that was not sustained. This raises
concern that, despite a persistent decrease in ventilator
days, an increase in CPAP, an increase in prophylactic
surfactant delivery, and an increase in caffeine therapy,
these evidence-based clinical improvements are not asso-
ciated with improvement in long-term respiratory out-
comes.

A unique characteristic of our intervention was reliance
predominantly upon the bedside caregivers for implemen-
tation and maintenance. Only one other pediatric study has
evaluated bedside caregiver-dependent quality improve-
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Fig. 2. A significant decrease in the rate of BPD was noted in T3 compared with T1 (29.9% vs 51.2%, respectively; adjusted odds ratio
[aOR] � 0.06 [95% CI 0.03–0.13]; P � .001) as well as a decrease in O2 requirement at 28 d (40.3% vs 69.9%, respectively; aOR � 0.119
[95% CI 0.07–0.20]; P � .001). Similarly, there was significant increase in the rate of BPD-free survival to discharge between T1 and T3
(53.1% vs 47%; aOR�1.68 [95% CI 1.11–2.56]; P � .01) that significantly decreased from T3 to T4. There was no significant difference in
mortality rates for each time period. T1 � 2002–2004, T2 � 2004–2006, T3 � 2006–2008, T4 � 2008–2010. * denotes significant change
between T1 and T3. † denotes significant change between T3 and T4.
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ments in respiratory care. Hermeto et al39 reported the
implementation of a respiratory therapist-driven ventilator
protocol that was associated with shortened time to first
extubation attempt, increased rate of successful extuba-
tion, and decreased duration under mechanical ventilation
in infants � 1,250 g at birth. There was also a nonsignif-
icant, yet appreciable decrease in rate of infants requiring
oxygen at 28 d. The incidence of BPD, or oxygen require-
ment at 36 wk PMA, was not statistically different be-
tween groups. The study was not powered sufficiently to
examine these respiratory outcomes. There are few pedi-
atric articles describing pediatric ventilator protocols and
outcomes.40,41 This is in contrast to the adult literature, in
which several randomized trials and prospective case se-
ries involving protocols directed by nursing, respiratory
therapy, and computers have been associated with decreased
times on mechanical ventilation and other improved out-
comes.42-47

A 2004 study by Aly et al48 demonstrated sustainable
improvements in the rates of BPD and similar outcome
variables such as a decrease in ventilator days and an
increase in CPAP use after implementation of an early
nasal CPAP management strategy. Other studies have eval-
uated respiratory care interventions but without a measure-
ment of sustainability. Birenbaum and colleagues5 dem-
onstrated successful process outcomes such as increased
use of the T-piece resuscitator in the delivery room, in-
creased use of nasal CPAP in the delivery room, and de-
creased time on mechanical ventilation at a single institu-
tion. They found a reduction in the incidence of BPD from

46.5% in 2002 to 20.5% in 2005, with an overall relative
risk reduction of 55.8% following implementation of qual-
ity improvements. However, they did not evaluate the abil-
ity to sustain these clinical processes or results.

Likewise, the NIC/Q Breathsavers group in 2002 noted
improvements in process outcomes including decreased
time on mechanical ventilation, time to initial surfactant
administration, and increased CPAP use following identi-
fication and implementation of 13 potentially better prac-
tices among 18 participating centers. There was also a
noted 27% overall reduction in the incidence of BPD over
a 2-y period following implementation of clinical modifi-
cations.4,49 However, the participating centers aimed at
reducing BPD rates demonstrated markedly varying re-
sults. Some NICUs with low baseline rates of BPD dem-
onstrated paradoxical increases in BPD rates.6 Payne et al4

described the possibility of the Hawthorne effect, or the
improvement in performance that is seen when perfor-
mance receives extra scrutiny, that may have contributed
to improved outcomes in their study. Participants in these
collaboratives are also self-selected and highly motivated
individuals, and these factors may well have contributed to
the improved rates of BPD initially observed with the
Breathsavers group, as well as with our study.6 It is a
possibility that our bedside caregivers experienced “bun-
dle fatigue” with time, which may have contributed to the
increase in BPD rates observed in T4 in our study.

Another monitor of respiratory outcomes is survival with-
out BPD, or BPD-free survival. In a cluster-randomized
trial that involved 17 centers of the National Institute of

Table 5. Secondary Outcomes

Outcome T1 (n � 270) T2 (n � 261) T3 (n � 266) T4 (n � 253) P

Surfactant by 1 h of life (%) 78.9 90 93.2 95.3 � .001*
Caffeine therapy (%) 47.4 53.6 89.9 98 � .001*
Ventilator (d, median and IQR) 8.5 (2.0–32.0) 8.0 (2.0–33.0) 3.5 (1.0–23.0) 4.0 (1.0–23.0) � .001*
CPAP (d, median and IQR) 4.0 (2.0–6.0) 4.0 (2.0–11.0) 8.0 (3.0–16.5) 8.0 (4.0–19.0) � .001*
Postnatal steroids (%) 12.6 18.8 18.8 24.1 .009*
Length of stay (d, median and IQR) 54.5 (36.0–78.0) 53.0 (35.0–80.0) 52.0 (36.0–71.0) 55.0 (41.0–76) .4
Home on O2 (%) 44.4 50.2 44.8 54.2 .1
Pneumothorax (%) 3 5 6 4 .36
PDA (%) 21.9 31.4 24.8 39.1 � .001*
Early sepsis, culture proven (%) 1.1 1.9 1.9 0.8 .62
Severe IVH or PVL (%) 19.3 17.2 19.2 15.4 .62
Severe ROP (%) 6.7 5.4 4.5 5.1 .73

T1 � September 1, 2002 to August 31, 2004
T2 � September 1, 2004 to August 31, 2006
T3 � September 1, 2006 to August 31, 2008
T4 � September 1, 2008 to August 31, 2010
IQR � interquartile range
PDA � patent ductus arteriosus
IVH � intraventricular hemorrhage
PVL � periventricular leukomalacia
ROP � retinopathy of prematurity
* Statistical significance
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Child Health and Human Development (NICHD) Neona-
tal Research Network, benchmarking and multimodal qual-
ity improvement were successful in changing practice such
as reducing oxygen exposure and mechanical ventilation
duration, but did not reduce the rate of survival free of
BPD.50 Similarly, Horbar et al51 did not demonstrate a
significant decrease in the combined outcome of death or
O2 supplementation at 36 wk despite significant measure-
able process change in the 4 participating NICUs. These
findings are consistent with the results of our observa-
tional study that, despite successful, sustained implemen-
tation of evidence-based quality improvements in respira-
tory care emphasizing noninvasive respiratory support,
long-term outcomes such as BPD-free survival may not
sustain positive change.

What could account for the discrepancy of improved
respiratory care with less oxygen need at 28 d but with
persistence in prevalence of BPD? BPD is known to be a
complex, multifactorial disease process, illustrated by the
finding that some VLBW infants demonstrate little to no
initial lung disease, but subsequently develop BPD.52 Baro-
trauma and volutrauma by mechanical ventilation, com-
bined with atelectotrauma, and exposure to oxygen toxic-
ity contribute to inflammatory reactions that persist past
the immediate neonatal period and contribute to the de-
velopment of BPD.53-56

At the time of this study, there was only one T-piece
resuscitator available in the NICU for bedside resuscita-
tion or unintended extubation. This was often reserved for
the most immature or critically-ill infants, or infants with
air leak. Otherwise, a neonatal manual resuscitation bag
would have been utilized in those clinical situations. There
were also no FIO2

blenders at bedside at the time of the
study. T-piece resuscitators and blended FIO2

were present
and utilized for all VLBW deliveries in the delivery room.
One could speculate that respiratory care administered at
the bedside with bag-valve-mask and oxygen exposure
may be a significant contributor to the development of
BPD. As animal studies have demonstrated, just 6 large
tidal volume breaths had potential to cause severe preterm
lamb lung injury.57 The subsequent inflammatory response
that ensues may contribute to a protracted course of lung
injury. Unfortunately there was no standardized collection
of data surrounding unintended extubations or number of
positive-pressure events at bedside in the NICU at the time
of the study. The lack of this pertinent clinical information
is a limitation to our study, given the retrospective study
design.

There has also been emerging evidence to suggest that
initiation of CPAP for extremely preterm infants is an
acceptable alternative to prophylactic surfactant adminis-
tration. The SUPPORT Study Group of the Eunice Ken-
nedy Shriver NICHD Neonatal Research Network ran-
domized � 1,300 extremely low birthweight neonates to

either CPAP or intubation, prophylactic surfactant within
1 h of life followed by a brief period of ventilation. The
primary outcome of death or BPD was no different be-
tween the groups. However, infants who received CPAP
treatment, as compared with infants who received surfac-
tant treatment, less frequently required intubation or post-
natal corticosteroids for bronchopulmonary dysplasia
(P � .001), required fewer days of mechanical ventilation
(P � .03), and were more likely to be alive and free from
the need for mechanical ventilation by day 7 (P � .01).
The rates of other adverse neonatal outcomes did not differ
significantly between the 2 groups.58 The design of our
bundle incorporates a brief period of mechanical ventila-
tion and a weaning protocol similar to the prophylactic
surfactant arm of this study. Any positive-pressure venti-
lation delivered to preterm infants may contribute to a
cascade of inflammatory reactions that may subsequently
contribute to the development of BPD.57 Given the
SUPPORT trial outcome, early use of noninvasive support
such as CPAP without intubation and ventilation may have
also contributed to the sustained success documented by
Aly et al48 in decreasing the incidence of BPD at their
institution.

Another reason for the discrepancy between improved
respiratory techniques and sustained outcome may be that
definitions of BPD lack a rigorous, consistent approach to
integrating oxygen delivery into the diagnosis. Walsh and
colleagues59 demonstrated that the development and im-
plementation of a rigorous physiologic definition of BPD
that included a room air challenge for infants receiving
� 30% effective oxygen resulted in a mean reduction of
10% in rates of BPD. At the time this study was con-
ducted, no uniform guidelines for nasal cannula weaning
or for a room air challenge at 36 wk PMA were in place at
our institution. Additionally, some clinicians implement
oxygen therapy for preterm infants with poor oral feeding
technique or apnea and desaturation events during feeds.
Infants may be discharged to home on oxygen solely to be
utilized during feeds and are misdiagnosed as having BPD
without meeting true physiologic criteria. Despite little
evidence to support this practice, it continues to occur and
may contribute to the discrepancy noted between O2 re-
quirement at 28 d and 36 wk PMA at this institution.

An unexpected outcome in our study was a nonsignif-
icant, yet marked increase in the use of postnatal steroids
during the study period. However, despite the rise in post-
natal steroid use, the rate of BPD continued to increase
from T3 to T4 after controlling for this variable. Since the
American Academy of Pediatrics policy statement in 2002
stating that routine dexamethasone therapy could not be
recommended without further study and long-term follow-
up, postnatal steroid use in preterm infants has decreased.60

There have been 2 randomized controlled trials published
since the 2002 policy statement demonstrating increased
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successful extubation with later, low-dose dexamethasone
compared with control. Neither study was powered to eval-
uate the effect of the treatment on survival without BPD.61,62

The increase in steroid use at our institution noted during
this study may be in part to the adoption of practice to
administer later, low-dose dexamethasone to facilitate ex-
tubation in chronically ventilated infants. This has been
noted as a potential confounder as well as limitation in this
retrospective study design.

The increased rate of PDA observed across the study
period was also an unexpected outcome. The increase in
rate of PDA may be explained by a few clinical factors.
There was practice variation among clinicians regarding
PDA management. Data regarding management strategies
were not collected, and this is a limitation to the study. The
practice to give prophylactic indomethacin to neonates
� 1,000 g at birth was routine among clinicians early in
the study period. However, this practice was discontinued
in T4. This time point was not collected and not accounted
for in the statistical analysis. There was also practice vari-
ation among obstetricians regarding agents used for toco-
lysis of preterm labor. Indomethacin was frequently used
as a tocolytic agent during this time period and could also
contribute to the increased rates of PDA if fewer women
received prenatal care, and therefore indomethacin expo-
sure. The data regarding use of indomethacin for tocolysis
among the obstetricians were not collected and accounted
for in the statistical analysis and are therefore another
limitation to the study.

There are few data supporting the role of PDA in the
development of BPD. To date, there is only one random-
ized controlled trial, which was performed in the 1970s,
that has examined the pulmonary effects of prolonged ex-
posure to PDA in extremely premature infants requiring
mechanical ventilation. The investigators compared the
effects of ligating the PDA versus allowing PDA to persist
and found that ligation decreased the need for prolonged
mechanical ventilation.63 Studies have suggested that the
mean airway pressure and FIO2

needed to overcome PDA-
induced changes in pulmonary compliance may contribute
to the development of BPD; however, there is little evi-
dence from controlled clinical trials.63-65 An additional lim-
itation of the study is the lack of data such as mean airway
pressures, mean CPAP levels, and FIO2

requirements. In
addition, because it was a before-and-after study, the pos-
sibility exists that other unrecognized changes were taking
place concurrently with the study.

Conclusions

In this study, implementation of a respiratory bundle
managed primarily by nurses and respiratory therapists
was successful in increasing the use of less invasive re-
spiratory support in a consistent manner among VLBW

infants at a single institution. In doing so, the rate of BPD
was improved in the 2 y after implementation of the pro-
tocol. This demonstrates that improvement in complex out-
comes such as BPD may be achieved through quality im-
provement methodology involving primarily bedside
caregivers. However, this study and several others have
failed to show sustainability in improvement of this com-
plex respiratory outcome despite sustained process change.
This warrants further study into the pathogenesis of BPD
and the optimal team factors to determine the best prac-
tices for decreasing BPD rates in a sustainable fashion.
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