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ABSTRACT

OBJECTIVE.We tested whether NICU teams trained in benchmarking and quality
improvement would change practices and improve rates of survival without
bronchopulmonary dysplasia in inborn neonates with birth weights of �1250 g.

METHODS.A cluster-randomized trial enrolled 4093 inborn neonates with birth
weights of �1250 g at 17 centers of the National Institute of Child Health and
Human Development Neonatal Research Network. Three centers were selected as
best performers, and the remaining 14 centers were randomized to intervention or
control. Changes in rates of survival free of bronchopulmonary dysplasia were
compared between study year 1 and year 3.

RESULTS. Intervention centers implemented potentially better practices successfully;
changes included reduced oxygen saturation targets and reduced exposure to
mechanical ventilation. Five of 7 intervention centers and 2 of 7 control centers
implemented use of high-saturation alarms to reduce oxygen exposure. Lower
oxygen saturation targets reduced oxygen levels in the first week of life. Despite
these changes, rates of survival free of bronchopulmonary dysplasia were all
similar between intervention and control groups and remained significantly less
than the rate achieved in the best-performing centers (73.3%).

CONCLUSIONS. In this cluster-randomized trial, benchmarking and multimodal quality
improvement changed practices but did not reduce bronchopulmonary dysplasia
rates.
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IN 2000, PUBLICATION of the seminal report To Err Is
Human by the Institute of Medicine rocked the med-

ical world and shook the confidence of patients in the
health care system.1 The Institute of Medicine then ex-
amined deficiencies in common health care practices in
the report Crossing the Quality Chasm and found that
health care processes were subject to significant devia-
tions from expected practice that led to suboptimal care
and poor patient outcomes.2 Quality improvement (QI)
techniques, adapted from industry, have been used to
improve care and patient outcomes. However, the Na-
tional Academies of Sciences found that research on QI
lagged behind real-world applications.3 The Institute of
Medicine concluded that most health care professionals
were trained inadequately in QI.3 The optimal tech-
niques for training teams and changing practice are not
known.

One technique in QI is benchmarking, in which best-
performing centers are identified and practices are ex-
amined and emulated at other centers to improve out-
comes. The rationale is that institutions with excellent
performance for a given outcome apply specific clinical
practices that are most effective. They may also display
structural or cultural organizational features that con-
tribute to excellent outcomes. By visiting these centers
and reviewing the evidence in the literature, teams from
other institutions can identify these practices and orga-
nizational features. Then, by applying methods learned
in QI training, the teams should be able to implement
the identified practices and to modify their organizations
in ways that lead to better outcomes. Although such QI
teams are used increasingly in health care organizations,
their efficacy has not been evaluated rigorously. Evalu-
ations of the impact of QI teams have revealed mixed
results. Shojania et al4 reviewed systematically the re-
sults of QI studies and found evidence for only modest
effects, together with evidence of publication bias, with
small trials being more likely to demonstrate positive
results and larger trials more often yielding negative
results. Also clouding the evaluation of QI is the fact that
teams are often self-selected and highly motivated. It is
not known whether the successful improvements in
outcomes reported by such teams can be generalized
when applied on a wider scale. In addition, it is unclear
whether teams can select from the potentially thousands
of clinical practices used to identify a subset of practices
that can be applied to produce improved outcomes.

Survival rates for very low birth weight neonates
(�1500 g) have improved steadily, with 83% of all such
neonates surviving.5 Although most of the survivors are
healthy, many develop a chronic lung injury, broncho-
pulmonary dysplasia (BPD), which is a significant health
burden.6–8 In 1998, 55% of neonates with birth weights
of �1250 g who were born at centers in the National
Institute of Child Health and Human Development Neo-
natal Research Network either died or developed BPD.

The incidence rates of BPD vary by center and are not
explained by differences in birth weight, gestational age,
race, frequency of prenatal steroid use, or incidence of
respiratory distress syndrome.9 Therefore, differences in
treatment practices may contribute to the development
of BPD.10,11 We conducted a cluster-randomized, con-
trolled trial to test whether NICUs trained in benchmark-
ing and multimodal QI techniques could improve rates
of survival without BPD for neonates with birth weights
of �1250 g, compared with centers with usual practice.

METHODS

Participants
Seventeen centers of the National Institute of Child
Health and Human Development Neonatal Research
Network participated in the trial, with practices analyzed
for inborn neonates with birth weights of �1250 g. In
January 2001, the 3 centers with the highest rates of
survival free of BPD (top 3 performers in 1998–2000;
rate of survival free of BPD: 62.5%) were identified as
the benchmark centers (see “Acknowledgments”).

Randomization
Our intention was to improve the use of potentially
better practices by the entire neonatal care team. The
NICU, rather than the patient, was the unit of random-
ization, because the intervention was applied to a team
representing the NICU. In June 2001, the 14 remaining
centers were assigned randomly, with computer-gener-
ated codes prepared in sealed opaque envelopes by the
data center, to the intervention group (N � 7) or the
control group (N � 7). Envelopes were distributed in
person, and all were opened simultaneously. A flow
diagram of study participants and units is shown in Fig 1.

Interventions

Data Collection
Before randomization, all 14 eligible sites selected mul-
tidisciplinary teams (neonatologist, neonatal nurse, and
respiratory therapist); members were respected clinical
experts at their sites. From January to June 2001, data
on preintervention practices were collected at the
benchmark centers and at each intervention center and
were analyzed by each intervention team to identify care
differences. From June to November 2001, teams con-
ducted self-study and literature review by using the
preintervention data.

Training in QI Practices
All team members attended an 8-hour training session
on QI led by a team of experts (see “Acknowledg-
ments”). Sessions introduced systems thinking, cycles of
rapid change, measurement tools, and the concept of
potentially better practices.12 Teams were provided with
literature reviews of care practices, including published
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meta-analyses and reviews from the Cochrane Collabo-
ration. Core teams met face to face on 2 occasions and
then in teleconferences. Teleconferences at 4- to 8-week
intervals throughout the 2-year intervention period sup-
ported initial training. One control site and 2 interven-
tion sites had participated in previous rapid-cycle QI
processes.

Site Visits and Selection of Interventions
The teams from the intervention centers visited each
benchmark center in November 2001. Benchmark cen-
ters delivered a presentation on their self-assessments of
practices responsible for their high rates of survival free
of BPD to the intervention teams. Teams also observed
care directly at each benchmark site, collaborated in
document care practices, and compared these with the
benchmark self-assessments. In addition, intervention
teams scrutinized extensive data collected by research
nurses during the preintervention period at the bench-
mark centers and at their own centers.

From these data-driven assessments, teams identified
27 potentially better practices at the benchmark centers,
in 3 domains, namely, delivery room care, ventilation
practices, and nutrition and fluid practices (Table 1).

Two other domains evaluated originally, that is, infection
rates and infection control practices and organizational
structure, were not different at the better-performing cen-
ters and were not selected for implementation. Overall care
in the benchmark centers was characterized by ventilation
with lower tidal volumes (2 centers with emphasis on use
of nasal continuous positive airway pressure [CPAP] and 1
center with continued mechanical ventilation with low
tidal volumes) and lower oxygen saturation targets.

After the site visits, the teams reviewed published
evidence, focusing on systematic reviews, evaluated the
quality of the evidence by using the criteria of the Ox-
ford Centre for Evidence-Based Medicine, and collabo-
rated with colleagues at their centers to identify practices
at the benchmark centers that were different from those
in their own centers. The core team members led con-
ferences to develop consensus with their colleagues and
together selected potentially better practices for imple-
mentation. Because preexisting practices differed at each
center (by design), each unit developed a unique set of
interventions based on their local practice patterns;
however, many centers chose similar interventions. In-
tervention centers chose between 5 and 13 potentially
better practices per center (median: 7 practices) for im-

FIGURE 1
Flow diagram of participating centers and neonates in the trial. GA indicates gestational age.
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plementation. Specific practices at the benchmark cen-
ters and those selected by the intervention centers are
shown in Table 1. More-detailed information on the
potentially better practices, levels of evidence, and met-
rics used is contained in the Appendix.

Implementation of all selected potentially better prac-
tices was tracked with statistical control charts. Each
intervention was assigned a predefined method of ob-
jective measurement based on observation of practices at
the better-performing centers. For example, implemen-
tation of the use of high-saturation alarms was tracked

with random audits of the use of alarms at the interven-
tion sites and the control sites. The metrics used to track
practice changes are summarized in the Appendix. Con-
trol charts (example shown in Fig 2) were generated by
the data center with SAS software (SAS Institute, Cary,
NC), provided to the intervention teams at 4- to 6-week
intervals throughout the 2-year intervention period, and
shared with all members of the NICUs to reinforce prac-
tice changes. Each team received control charts of all
practices selected for implementation by any team. In
this study, successful implementation of an intervention

TABLE 1 Summary of Potentially Better Practices and Selections According to Center

Intervention Benchmark
A

Benchmark
B

Benchmark
C

Center
A

Center
B

Center
C

Center
D

Center
E

Center
F

Center
G

Delivery room
1. Fellow or attending physician at
delivery

P P P P X P P P

2. Respiratory therapist at delivery P P P P P P P P P
3. Consistent equipment in all delivery
rooms

P P P P P P P P P

4. Limited pressures in manual ventilation P P P X X P P X X
5. Prophylactic use of surfactant P P P X X
6. Use of device to provide positive end-
expiratory pressure

P P P P

Respiratory care
7. Selective intubation with liberal use of
CPAP

P P X X

8. Early use of surfactant if intubated P P P P P P P X P
9. Assessment of volume/pressure and
targeting of lowest levels to achieve
modest chest rise if intubated

P P P X X P X P

10. Aggressive weaning and early
extubation if intubated

P P P P X X X X X

11. Higher PaCO2 targets for all patients P P P P X P P P X X
12. Lower oxygen saturation goals P P P X X X X X X X
13. High-saturation alarm set at 95% P P P X X X X X X X
14. Avoidance of routine suctioning for

patients undergoing ventilation
P P X X P

15. Avoidance of hand-bagging for patients
undergoing ventilation

P P X X X

16. Nonroutine use of analgesics/sedatives
for patients undergoing ventilation

P P P P X P P

17. Prophylactic use of methylxanthines
before extubation

P P P P

18. Consensus regarding ventilatory
management

P P P P

Nutrition/fluids
19. Limited intravenous fluids P P P X P X X X
20. High-humidity environments P P P X P P
21. Limited volume expansion to treat low

blood pressure
P P P P P P P

22. Aggressive approach to patent ductus
arteriosus

P P P P P P

23. Early introduction of parenteral protein
intake

P P P P P P P

24. Early introduction of lipids P P P P P
25. Full total parenteral nutrition with

increasing enteral feeding
P P P P P

26. Frequent use of human milk P P P P P P
27. Vitamin A prophylaxis P P X P P

P indicates a center already practicing this standard; X, an intervention selected by the center.
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was defined as a statistically significant improvement
from preintervention performance achieved within the
2-year intervention period and maintained at the end of
the period. Data on practices in the best-performing
centers before the study were available to the teams, but
data on performance in the control centers were
masked. Control centers were provided with annual
summary data provided routinely to all network centers
and were masked with respect to the work at the inter-
vention centers. Control centers were prohibited from
participating in other QI collaborative efforts focused on
BPD. Because of ethical concerns with prohibiting prac-
tice changes in control centers during the 3-year trial
period, local quality efforts initiated by clinicians who
were not members of the research team were permitted.
One control center changed its management approach to
deemphasize mechanical ventilation and to emphasize
nasal CPAP during the trial.

Outcomes
The primary outcome measure was the change in sur-
vival free of BPD between year 1 and year 3. BPD was
assessed at postmenstrual age (PMA) of 36 weeks by
using a validated physiologic definition that combined
respiratory support and oxygen saturation and was de-
veloped for this trial.13 Infants who were discharged
before 36 weeks were assigned the diagnosis of BPD if
discharged from the hospital with oxygen. For infants
who were transferred before 36 weeks, a hierarchy was
used to determine the diagnosis of BPD. If possible, a
room air challenge was performed and the infant was
assigned the diagnosis of BPD on the basis of the results

of the challenge. If a challenge was not possible, then the
receiving institution was contacted and the infant was
assigned the outcome of BPD if he or she was receiving
oxygen supplementation, CPAP, or ventilation. If no
information about the status at 36 weeks was available,
then the infant was assigned the diagnosis of BPD if he
or she was receiving oxygen supplementation, CPAP, or
ventilation at the time of transfer. Overall, the outcome
of BPD was determined for 99.9% of infants at interven-
tion sites and 98.8% of infants at control sites. Second-
ary outcomes included death before hospital discharge,
BPD severity (assessed with a modification of the Na-
tional Institutes of Health consensus definition of BPD
that included the physiologic definition), durations of
mechanical ventilation, CPAP, and oxygen use, and
length of hospital stay.13,14 Other measures of common
neonatal comorbidities were specified before the trial
began and included severe intraventricular hemorrhage
(Papile stage III or IV), cystic periventricular leukomala-
cia, severe retinopathy of prematurity (stage 3 or more),
pneumothorax, patent ductus arteriosus, necrotizing en-
terocolitis (stage 2 or more), and late-onset sepsis (pos-
itive blood culture at �72 hours of age).15–17 Arterial
oxygen values, together with complete blood gas data
and respiratory support information, were measured ev-
ery 6 hours on days 1 to 7, at the values closest to 6 AM,
noon, 6 PM, and midnight. The information was also
recorded on days 14, 21, and 28 of life. All values were
averaged. Severity of illness was assessed at 24 hours of
age by using the Score of Neonatal Acute Physiology II.18

Neonatal research nurses abstracted all data by using
standardized definitions. Data were entered remotely

FIGURE 2
Example of a control chart provided to in-
tervention teamsevery 4 to 6weeks to track
progress in the implementation of poten-
tially better practices. In this control chart,
the practice of permissive hypercapnia is
tracked with the metric mean PaCO2 for in-
tubated infants on day 3 of life. The hori-
zontal line indicates the center’s perfor-
mance in the preintervention period; X,
mean value for patients enrolled during the
interval; circles, cumulative intervention
mean; error bars, 95% CIs for the point esti-
mates.
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through electronic submission. Quality control proce-
dures included range checking, internal comparisons for
logic violations, and comparison of expected and ob-
served values.

Human Subject Protection
The institutional review board at every site approved the
study. One center provided families with a letter of
information, and all others were given a waiver of
consent requirements to collect deidentified data. The
trial was registered at inception with the US National
Library of Medicine trial registry (trial registration
NCT00067613 [see www.clinicaltrials.gov]). In April
2003, data were reviewed by an independent data mon-
itoring and safety committee, which recommended trial
continuation.

Study Time Line and Statistical Methods
The preintervention year (study year 1) began in March
2001. Centers were assigned randomly to intervention
or control in June 2001, to permit centers to free inves-
tigators for site visits in October and November 2001.
Centers selected interventions, began implementation in
May 2002, and continued interventions through a
2-year intervention period (study year 2 and year 3).
Outcomes were compared between year 1 (March 2001
to May 2002) and year 3 (April 2003 to May 2004).

Analyses included all neonates with birth weights of
�1250 g who were born at the centers and were free of
major malformations. All analyses were based on an
intent-to-treat model according to center assignment.
Comparisons of the intervention and control centers
were assessed by using mixed-model methods (SAS 9.1
loadable PROC GLIMMIX for binary outcomes and
PROC MIXED for continuous outcomes), with the center
entered as a random effect. These analyses accounted for
the intraclass correlation within each center attributable
to clustering from randomization according to center.
The model for the analysis included the following terms:
group (intervention or control), study year (year 1 or
year 3), and group-year interaction. The group-year in-
teraction term measures the difference between the 2
groups in changes from year 1 to year 3, which is the
parameter of interest. A 0 coefficient for this term indi-
cates a null treatment effect between the 2 groups. Other
characteristics of the infants present at the time of birth
were added to the model, including birth weight, gesta-
tional age of �26 weeks, race, gender, and prenatal
steroid exposure. An interaction between gestational age
(�26 weeks versus �26 weeks) and the main effect
(group-year interaction) was added to the model if it
showed a significant effect. Summary outcomes are
shown when the gestational age interaction was not
significant, and outcomes according to gestational age
group are shown when the interaction was significant.
Binary outcomes are presented as adjusted odds ratios

(ORs) for year 3 versus year 1, with 95% confidence
intervals (CIs), and continuous outcomes as the adjusted
difference of year 3 versus year 1.19 A model with a term
for severity of illness that included the Score for Neona-
tal Acute Physiology II with perinatal extension was also
studied; the results obtained by using the additional term
for severity of illness were not different from the results
of the first model and are not shown.18 We prespecified
secondary analyses that evaluated the impact of the
intervention according to center and according to gesta-
tional age (26 weeks versus �26 weeks). All study anal-
yses were completed with SAS 9.1 (SAS Institute).

Sample Size
In this trial, with the center rather than the individual
patient as the unit of randomization, sample size calcu-
lations accounted for both interhospital and intrahospi-
tal variability. The comparison of interest was the inter-
vention/control difference in the change in rates of
survival free of BPD between study years 1 and 3. The
methods of Gail et al20 from the Community Interven-
tion Trial for Smoking Cessation were used in these
calculations. Based on network data for 1999 and 2000,
the rate of survival free of BPD (defined as oxygen use at
36 weeks) in inborn neonates of �1250 g was 45%. We
calculated a sample size of 1400 neonates in each year of
the study (100 patients per center in 14 centers) to yield
80% power (2-sided � � .05) to detect an absolute
difference of 14% in the change in rates of survival free
of BPD between year 1 and year 3 in the intervention
versus control groups. The magnitude of the effect se-
lected was relatively large and was based on effect size
seen in the only published work of collaborative QI to
reduce BPD.21

RESULTS

Patient Population and Care Practices Before Intervention
The population for these analyses included 4095 live-
born neonates with birth weights of 401 to 1250 g who
were born at the 14 randomized centers between March
1, 2001, and April 30, 2004. Neonates who were not
born at the centers and those with major malformations
were excluded. Two neonates with major malformations
were enrolled incorrectly and were removed subse-
quently, leaving 4093 neonates in the cohort. Among
the 4093 neonates, 2871 were from year 1 and year 3 of
the study and therefore were included in the analysis.
The hospitals in the study arms were all level IIIB units
with large volumes and accredited residency and neo-
natal/perinatal programs. Centers randomized to the
control group were larger than those randomized to the
intervention group, leading to more infants in the con-
trol centers (Fig 1). Infants in the intervention centers
were slightly larger, were more mature, and included
fewer white infants, compared with those in the control
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centers (Table 2). Infants in the intervention centers
were born to mothers who had received less prenatal
steroid treatment (78% vs 87%; P � .0001), and the
infants had higher severity of illness scores, as measured
with the Score of Neonatal Acute Physiology II (23.8 �
15.6 vs 20.9 � 15.4; P � .0002). Despite these differ-
ences in infant characteristics, the incidence rates of BPD
at 36 weeks, measured with the physiologic definition,
were similar for the intervention and control centers
(25.7% vs 28.3%; P � .30), as were the incidence rates
of oxygen use at 36 weeks (38.5% vs 36.1%; P � .40).

Characteristics of the infants within centers did not
differ across the 3 years of the trial with respect to birth
weight, gestational age, gestational age of �24 weeks,
gender, or prenatal steroid exposure. The only attribute
with a statistically significant change was an increase in
the percentage of black infants born at centers random-
ized to the intervention group from 30.6% to 36.3%
(P � .047).

Interventions
The majority of intervention centers implemented their
selected practices, although the rate of success did vary
according to center (median rate of success: 75%; range:
40%–100%). The intervention group did change respira-
tory care practices (Table3). Both intervention and con-
trol centers decreased the time of delivery of the first
surfactant dose, with intervention centers decreasing
from a median of 51 minutes to 31 minutes and control
centers decreasing from a median of 41 minutes to 21
minutes. The intervention group significantly increased
the use of CPAP on the first day of life (year 1: 16.9%;
year 3: 24.2%) but, despite the 7.3% increase, usage was
still below the rate of CPAP use in the control centers in
both year 1 (26.5%) and year 3 (28.2%). Intervention
centers also decreased the duration of mechanical ven-
tilation in the first week of life (from 4.0 � 2.7 days to
3.5 � 2.8 days), whereas the control centers did not

change significantly (3.5 � 2.8 days versus 3.4 � 2.8
days). Despite having persistently higher rates of intu-
bation on day 1 of life than did control centers between
study year 1 and study year 3, intervention centers
decreased the total duration of respiratory support by 5.3
days, whereas the control group decreased the duration
by 4.1 days.

Intervention centers also implemented policies to re-
duce target oxygen saturations more frequently than did
control centers. Five (71%) of 7 intervention centers and
2 (28.5%) of 7 control centers implemented use of high-
saturation alarms to reduce oxygen saturation exposure.
In monthly audits at all centers, patients receiving oxy-
gen at intervention centers were more likely to have a
high-saturation alarm in use (68.7% of audits with
alarm in use; range: 39.8%–100%) than were those at
control centers (10.5%; range: 0%–33%). This contrib-
uted to a reduction in the arterial oxygen levels mea-
sured in the first week of life in the intervention centers,
from 74.1 � 33.6 mm Hg (mean � SD) in year 1 to 62.7
� 21.2 mm Hg in year 3. In contrast, the values for the
control centers were similar in years 1 and 3 (62.2 � 30
vs 64.3 � 26.4 mm Hg). Rates of postnatal steroid use
declined significantly in both groups (intervention: from
14.3% to 4.4%; P � .01; control: from 14.3% to 5.6%;
P � .01).

The final practice changes selected by intervention
centers were restrictions of intravenous fluid volumes.
Four centers selected this intervention, and 3 were suc-
cessful in implementation, with reductions in delivered
intravenous fluid (intervention: 126.8 mL/kg per day on
day 3 of life in year 1 and 117 mL/kg per day in year 3;
control: 125.1–122.6 mL/kg per day).

Outcomes
Intervention centers did not change the frequency of
survival free of BPD faster than control centers (change
score for intervention group adjusted for clustering:

TABLE 2 Description of Populations at Intervention and Control Centers

Characteristic Intervention Centers (N � 1752) Control Centers (N � 2341)

Year 1 (N � 625) Year 3 (N � 595) Year 1 (N � 787) Year 3 (N � 864)

Birth weight, mean � SD, g 932� 207 922� 206 899� 209 912� 212
PMA, mean � SD, wk 27.3� 2.3 27.3� 2.5 27.0� 2.3 27.1� 2.5
PMA of �26 wk, n (%) 151 (24.2) 157 (26.4) 229 (28.8) 244 (28.2)
Male gender, n (%) 338 (54.1) 311 (52.3) 394 (49.9) 432 (50.2)
Race, n (%)
White 196 (31.4)a 170 (28.6)a 329 (41.8) 365 (42.3)
Black 191 (30.6) 216 (36.3) 368 (46.8) 377 (43.6)
Other 238 (38.1) 209 (35.1) 90 (11.4) 122 (14.2)

Maternal age, mean � SD, y 27.2� 6.4 27.3� 6.7 27.2� 6.4 27.0� 6.3
Prenatal steroid exposure, n (%) 482 (77.1) 470 (79.1) 680 (86.4) 761 (88.2)
Score of Neonatal Acute Physiology II,

mean � SD
23.4� 15.0 24.6� 16.8 22.4� 14.6 19.5� 15.7

Comparisons of population characteristics in each group between study year 1 and study 3were not significantly different, except for race in the
intervention centers.
a P � .047.
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�0.01; 95% CI: �0.06 to 0.04; control group: �0.003;
95% CI: �0.04 to 0.05). The changes between study
year 1 and study year 3 in overall survival rates, rates of
survival free of BPD, and severity of BPD did not differ
between the intervention and control centers (Table 4
and Fig 3). Infants cared for in intervention centers did
not differ in the incidence of common neonatal morbid-
ities, compared with those cared for in control centers
(Tables 3 and 5). There was a nonsignificant trend to-
ward increased rates of severe intraventricular hemor-
rhage in the intervention centers between year 1 and
year 3 (14.4% vs 18.1%), compared with the control
centers (13.3% vs 14.1%). The incidence rates of
periventricular leukomalacia, severe retinopathy of pre-
maturity, necrotizing enterocolitis, patent ductus arteri-
osus, and growth failure were similar between the 2
groups in study years 1 and 3.

Effects of Intervention According to Gestational Age
During study design, we hypothesized that the interven-
tion would be less successful for less-mature infants
because of increased biological vulnerability. Therefore,
we analyzed outcomes for 2 gestational age groups, that
is, PMA of �26 weeks and PMA of �26 weeks. As
anticipated, for infants with PMA of �26 weeks across
the 3 years of the trial, rates of survival to PMA of 36
weeks (94% vs 66%) and survival free of BPD (74% vs
30%) were significantly higher than those for infants
with PMA of �26 weeks. Overall, results did differ ac-
cording to PMA group (Fig 4). For infants with PMA of
�26 weeks, there were no differences in rates of survival
to PMA of 36 weeks between intervention and control
centers, but a statistically nonsignificant trend toward re-
duced BPD rates was seen in intervention centers. In con-
trast, in the subgroup of infants with PMA of �26 weeks,

trends toward reduced survival rates and increased rates
of BPD were seen at the intervention centers (Table 4 and
Fig 4). Of note, this difference was driven by a lower-than-
anticipated rate of BPD in year 1. The interaction between
PMA and treatment assignment was significant (P � .01)
(gestational age of �26 weeks: BPD in intervention: OR:
2.53; 95% CI: 1.31–4.90; BPD in control: OR: 1.01; 95%
CI: 0.63–1.63; gestational age of �26 weeks: BPD in inter-
vention: OR: 0.80; 95% CI: 0.56–1.16; BPD in control: OR:
0.96; 95% CI: 0.70–1.33).

Outcomes According to Center
Results did differ according to center in both the interven-
tion and control groups. In the intervention group, 1 center
had a significantly improved rate of survival free of BPD
(OR: 1.93; 95% CI: 1.00–3.74) and 6 centers had no sig-
nificant change (OR: 0.37–1.22). However, in 2 of the
centers with no significant change overall, there was a
significant interaction between the intervention and PMA.
In those 2 centers, no change in BPD rates was seen for
neonates born at PMA of �26 weeks (OR: 1.33; 95% CI:
0.75–2.36) but worsened outcomes were seen for infants
born at PMA of �26 weeks (OR: 0.18; 95% CI: 0.06–0.55).
Those 2 centers drove the gestational age differences de-
scribed in the overall trial. In the control centers, 1 center
significantly improved the rate of survival free of BPD (OR:
1.96; 95% CI: 1.00–3.84), whereas 5 centers showed no
significant change (OR: 0.40–1.35) and 1 center worsened
significantly (OR: 0.53; 95% CI: 0.29–0.99).

DISCUSSION
We showed that, in a rigorous trial using the center as
the unit of randomization, centers that implemented QI
processes were successful in changing care practices but
did not improve rates of survival free of BPD for high-

TABLE 3 Respiratory Outcomes for Intervention and Control Groups

Variables Benchmark
Centers,
Year 1

Intervention Centers Control Centers P

Year 1 Year 3 Change Score/
OR (95% CI),

Year 3 vs Year 1a

Year 1 Year 3 Change Score/
OR (95% CI),

Year 3 vs Year 1a

Continuous
Total duration of ventilation,
mean � SD, d

13.8� 19.7 15.0� 18.2 14.3� 19.3 �1.2 (�3.1 to 0.7) 16.1� 21.3 14.9� 19.5 �0.9 (�2.5 to 0.7) .79

Duration of ventilation in
first 7 d, mean � SD, d

3.5� 2.8 4.0� 2.7 3.5� 2.8 �0.6 (�0.8 to�0.3) 3.5� 2.8 3.4� 2.8 �0.0 (�0.3 to 0.2) .0026

Duration of CPAP, mean �
SD, d

6.6� 9.5 8.5� 11.9 8.0� 11.4 9.4� 11.2 9.3� 11.5 .21

Duration of oxygen therapy,
mean � SD, d

28.1� 26.7 33.2� 27.0 29.0� 27.0 �4.9 (�7.6 to�2.2) 34.3� 27.9 31.7� 27.7 �2.2 (�4.5 to 0.1) .14

Dichotomous
CPAP use on day 1 of life, % 15.8 16.9 24.2 1.71 (1.27–2.30) 26.5 28.2 1.09 (0.85–1.39) .08
Surfactant use, % 66.6 75.8 76.9 0.96 (0.71–1.30) 73.5 74.9 1.16 (0.90–1.49) .35
Pneumothorax, % 6.7 8.1 7.4 0.85 (0.55–1.31) 5.7 6.1 1.10 (0.72–1.68) .40

See “Methods” for elements included in the model
a For continuous variables, themodel compared the differences in the change scores between year 1 and year 3 for intervention and control groups; for dichotomous variables, themodel compared
the differences in the ORs.
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risk preterm neonates, compared with control centers.
Intervention centers benefited from working together
over time, tracking their results, and changing practices.
Intervention centers modified their practices to be more
similar to those of the benchmark centers. Intervention
centers significantly decreased measured oxygen tension
in the first week of life and significantly increased the
use of nasal CPAP, compared with control centers. De-
spite these changes in delivery room and respiratory care
practices, we did not demonstrate increased rates of
survival free of BPD. In part, unexpectedly low rates of
BPD in the preintervention year in the intervention
centers made improvements difficult.

By chance, centers randomized to intervention had
higher rates of endotracheal intubation (77% vs 66%),

lower rates of CPAP on day 1 of life (16.9% vs 26.5%),
and more days of mechanical ventilation in the first 7
days of life (4.0 � 2.7 vs 3.5 � 2.8 days). The goal of the
study was to assess the utility of benchmarking to
accelerate practice changes. As is normal in QI studies,
intervention centers were focused initially on the per-
formance of the 3 benchmark centers and later on
performance at their own centers. Intervention centers
were masked with respect to processes at the control
centers. Differences in practices at centers were antici-
pated in the design and represent the reason why a
change score between year 1 and year 3 was used as the
primary outcome statistic; such an approach corrects for
potential baseline differences in patient characteristics
and practices. Despite differences in practices, interven-

TABLE 4 Primary Outcomes for Benchmark, Intervention, and Control Groups

Outcome Benchmark
Centers,
Year 1

Intervention Centers Control Centers P

% OR (95% CI) % OR (95% CI)

Year 1 Year 3 Year 1 Year 3

Survival free of BPDa 73.3 63.3 62.2 62.7 62.8 .40 (.03)b

Gestational age of �26 wk 52.8 38.4 22.3 0.47 (0.27–0.82) 31.7 29.5 0.84 (0.55–1.30) .10
Gestational age of �26 wk 83.1 71.3 76.5 1.23 (0.88–1.71) 75.3 75.9 1.00 (0.75–1.33) .35

Survival to PMA of 36 wk 84.4 85.3 84.2 0.96 (0.67–1.37) 87.5 86.3 0.83 (0.60–1.14) .56
BPD, physiologic definitiona 13.4 25.7 26.1 28.3 27.2 .13 (.01)b

Gestational age of �26 wk 24.0 37.6 60.7 2.53 (1.31–4.90) 55.3 55.8 1.01 (0.63–1.63) .03
Gestational age of �26 wk 9.5 23.1 18.7 0.80 (0.56–1.16) 20.1 19.2 0.96 (0.70–1.33) .47

BPD severitya 0.81 (0.60–1.11) 0.98 (0.76–1.28) .36
Severe 9.8 11.3 12.2 14.8 13.0
Moderate 3.3 14.3 13.8 12.8 13.9
Mild 0.8 8.1 4.4 4.5 4.7
None 86.2 66.2 69.5 67.0 67.9
Undefined 0 0 0.1 0.8 0.4

Benchmark center datawere collected fromOctober 2000 toMay 2001. All analyses compared the differences in the changes between study year 1 and year 3 in the intervention centers, compared
with the control centers. Variables included in the model were group assignment (intervention versus control), study year, group-study year, birth weight, gender, race, prenatal steroid exposure,
interaction with gestational age of �26 weeks, and random clustering effect according to center.
a BPD severity was defined with a modification of the National Institutes of Health consensus definition of BPD that included results of a timed room air challenge (see “Methods”). For this analysis,
BPD severity was dichotomized as any BPD versus no BPD.
b Analyses that demonstrated effectmodification by gestational age are shownwith overall results andwith results according to gestational age group. The significance of interaction term is shown
in parentheses.

FIGURE 3
Change in rates of BPD according to study year in the intervention and control centers. Each center is shown in each of the 3 study years.
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tion centers did not improve rates of survival free of BPD
faster than control centers. If in fact the practices on
which the centers focused were important determinants
of BPD, then the intervention centers should have been
biased toward a greater likelihood of finding an im-
provement, because they had greater opportunities to
improve practice.

BPD is a complex disease with multifactorial patho-
physiologic processes.6,11,14 Disruption of the develop-
ment of fragile lung parenchyma at a critical period of
alveolar and vasculature maturation is thought to be a
primary determinant of BPD. Key contributors to such
disruption are oxidative injury from oxygen, ventilator-
induced lung injury, and inflammation.11,22–28 Interven-
tions in this trial reduced ventilator pressures, reduced
time with mechanical ventilation, and reduced oxygen
concentrations. Interventions to avoid volutrauma were
supported by evidence from preclinical studies in ani-

mals and human neonates and were reinforced by data
and direct observation at the benchmark centers.25–28

However, as shown in the Appendix, the strength of the
evidence for these interventions in human neonates is
weak, with few randomized trials. Existing evidence
equally supports 2 philosophically divergent interven-
tions, that is, endotracheal intubation and the early de-
livery of surfactant versus avoidance of endotracheal
intubation and the use of CPAP.26,27 It is currently un-
clear which is the superior approach. Concern regarding
potential injury from oxidative stress from high-oxygen
environments for which preterm neonates are poorly
prepared biologically led centers to emphasize oxygen
reduction, the only intervention selected by all 7 inter-
vention sites. In a posthoc analysis using both interven-
tion and control centers, interventions focused on pres-
sure reduction rather than oxygen reduction were more
successful in reducing BPD rates (data not shown).

Although interest in QI to improve health care and
outcomes is not new, rigorous randomized trials evalu-
ating the method have been conducted only recently,
with mixed results. The majority of the trials focused on
improving delivery of evidence-based services to adults
(eg, use of �-receptor blockers) or improving the effi-
ciency of care delivery (eg, reducing waiting times).
Several trials tested the utility of multimodal interven-
tions. In a cluster-randomized trial, Ferguson et al29

demonstrated improved preoperative �-receptor blocker
and internal mammary graft use in a nationwide QI
effort. Although a statistically significant increase in pre-
scription of preoperative �-receptor blocker therapy was
seen, the magnitude of the increase was modest (7.3%
vs 3.6% in control centers). Mehta et al30 tested a mul-
timodal intervention led by local opinion leaders to mea-
sure the impact on 11 indicators of the quality of acute
myocardial infarction care. Some indicators improved in
intervention centers, whereas others improved more in
the control centers. Overall, the absolute gains ranged

TABLE 5 Other Neonatal Outcomes

Intervention Centers Control Centers Adjusted P

% OR (95% CI),
Year 3 vs Year 1

% OR (95% CI),
Year 3 vs Year 1

Year 1 Year 3 Year 1 Year 3

Severe intraventricular hemorrhage 14.4 18.1 13.3 14.1 0.28 (.03)a

PMA of �26 wk 26.2 45.6 2.33 (1.38–3.94) 26.0 28.6 1.12 (0.72–1.75) .04
PMA of �26 wk 10.8 8.8 0.83 (0.53–1.31) 8.4 8.7 1.05 (0.68–1.60) .47

Periventricular leukomalacia 1.5 1.9 1.23 (0.50–3.00) 2.2 1.5 0.68 (0.32–1.47) .33
Retinopathy of prematurity, stage �3 13.3 16.4 1.49 (1.01–2.26) 16.3 17.0 1.10 (0.79–1.54) .26
Necrotizing enterocolitis, stage �2 7.8 8.9 1.10 (0.73–1.66) 9.1 10.3 1.19 (0.85–1.66) .77
One or more of above morbidities 84.6 84.3 0.96 (0.68–1.35) 84.8 83.7 0.97 (0.72–1.32) .95
Discharged with oxygen 19.6 12.6 8.4 9.2 .34 (.02)a

Gestational age of �26 wk 25.8 28.6 0.88 (0.32–2.42) 24.8 30.2 1.28 (0.65–2.52) .55
Gestational age of �26 wk 15.6 10.6 0.68 (0.43–1.08) 5.1 5.1 0.94 (0.52–1.68) .41

For dichotomous variables, the model compared the differences in the ORs for year 3 versus year 1 for the intervention and control groups. See “Methods“ for elements included in the model.
a Variable shows significant effect modification by gestational age (P� .03); overall results and results according to gestational age group are shown. The significance of interaction term is shown
in parentheses.

FIGURE 4
Impact of PMA on rates of BPD in study years 1 and 3 in the intervention and control
centers. Intervention centers demonstrated a low rate of BPD in the preintervention year
that increased in intervention year 3 to a level equivalent to that in control sites.
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from 4% to 12%. Kiefe et al31 used “achievable bench-
marks of care,” that is, levels of performance achieved by
top-performing centers. Those receiving the benchmark
feedback improved delivery of influenza vaccine by
18%, compared with the control group. In contrast to
these positive results, other trials seeking to improve
delivery of �-receptor blocker use after myocardial in-
farction, clinical preventive services, compliance with
national guidelines for the treatment of hypertension
and depression, and compliance with protocols for the
care of patients with AIDS failed to demonstrate signif-
icant changes in practice.32–35 A recently published meta-
analysis of QI strategies for patients with diabetes melli-
tus demonstrated that most trials generated only modest
improvements in glycemic control.4 The investigators
also found evidence strongly suggesting publication bias,
with smaller studies being more likely to show positive
effects than larger studies.

Trials of QI in neonatology and pediatrics are more
limited. Lozano et al36 reported the results of an inten-
sive QI intervention conducted by Pediatric Asthma Care
Patient Outcomes Research Team II. A resource-inten-
sive intervention using organizational change plus phy-
sician peer leader education was more effective than
physician education alone.36 In neonatology, the Ver-
mont Oxford Network used multifaceted QI techniques
to improve patient outcomes focused on rates of noso-
comial infections (5.5% reduction, compared with 1.6%
for nonparticipants) and BPD (12.5% reduction from
43.5% to 31%, compared with 8.3% reduction for non-
participants).21 The Vermont Oxford Network group re-
ported a subsequent study that enrolled self-selected
centers focused on BPD and showed reductions in rates
of BPD in before/after comparisons.37 In another study,
the Vermont Oxford Network investigators demon-
strated outcomes similar to those of the current trial.38

Implementation of a multimodal QI intervention re-
sulted in earlier administration of surfactant, compared
with control centers, but those improved practices did
not translate into improved patient outcomes, measured
as death or pneumothorax.

One important difference between the current trial
and previous studies of QI to reduce BPD rates was the
outcome measure we used. Previous studies used a clin-
ical definition of BPD defined by oxygen and/or venti-
lation exposure at 36 weeks, without controlling for
oxygen saturation values delivered. As a prelude to this
trial, we developed a rigorous definition of BPD that
included a room air challenge for selected infants (those
receiving �30% effective oxygen).13 This physiologic
definition of BPD was applied equally in the interven-
tion and control centers. As we reported previously, the
definition resulted in a mean reduction of 10% in the
rates of BPD (range: 0%–44%). The implementation of
this definition could be considered an intervention that
focused clinicians’ attention on the importance of inte-

grating oxygen delivery, especially through a nasal can-
nula, with saturation monitoring at both intervention
and control centers.39 It might have been the most effec-
tive intervention in the trial, dwarfing the effects of
other potentially beneficial practices.

What accounts for our finding that the multimodal
intervention failed to improve patient outcomes? One
possibility is that, despite randomization, there were im-
portant random differences between intervention and
control centers in the preexisting rates of survival free of
BPD. However, the rates were comparable (63.3% in the
intervention centers and 62.8% in the control centers in
year 1). Another possibility is that our trial was not large
enough to identify a clinically important benefit from
benchmarking. The 95% CIs for the changes in rates of
survival free of BPD resulting from benchmarking and
QI excluded a benefit greater than a 4.4% improvement
in the rate of survival without BPD and included a
hazard as great as a 6.1% increase in the rate of death or
BPD. These CIs indicate that the trial was large enough
to exclude important larger effects.40,41Another possibil-
ity is that the QI training was ineffective. We think that
this was not the case, because intervention centers dem-
onstrated greater practice changes than did control cen-
ters.

A final (and we think more likely) possibility is that
adopting practices from centers with exemplary out-
comes may not be beneficial when there is only weak
evidence supporting these practices. Well-controlled
studies reporting benefits from benchmarking largely
have been studies promoting the use of interventions
established previously as beneficial in randomized trials.
The interventions in our study were those with the
strongest available evidence. However, few (such as
early administration of surfactant) have been shown to
be beneficial in randomized trials. Of the myriad of
practice differences between centers, it remains to be
established whether the practices that result in superior
outcomes in benchmark centers can be reliably recog-
nized and implemented by visiting health care teams. It
is even possible that some interventions selected in QI
efforts affect outcomes adversely.42,43 An example of this
is the selection of a skin emollient as an intervention to
reduce infection by one Vermont Oxford Network col-
laborative group. Emollient was shown to reduce infec-
tion rates in a single-center study but was later shown to
increase infection rates in a large randomized trial.44,45

Introducing change, no matter how well intentioned,
may perturb a stable system, with potentially adverse
outcomes. The apparent increase in rates of severe in-
traventricular hemorrhage among neonates with PMA
of �26 weeks in intervention centers may be a statistical
anomaly or a real but unintended adverse consequence
of changes in care. It is possible that interventions in the
delivery room prolonged the time spent in the delivery
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room and contributed to hypothermia and associated
intraventricular hemorrhage.

In this cluster-randomized, controlled trial, NICU
teams trained in benchmarking and QI techniques ben-
efited from the intervention with practice changes but
did not improve rates of survival free of BPD in neonates
with birth weights of �1250 g, compared with centers
continuing usual practice. These results have implica-
tions for the design of future QI trials, in that other
interventions may be required to produce change. Ad-
ditional refinements are needed to create and to main-
tain larger magnitudes of change and to improve patient
outcomes.

APPENDIX: DESCRIPTION OF POTENTIALLY BETTER
PRACTICES

Practices in the Delivery Room
1. Fellow or attending physician present at every

high-risk delivery. Resuscitation of high-risk infants was
led by a fellow or attending physician at the benchmark
sites. Level of evidence: not available; metric: audit dur-
ing site visits.

2. Respiratory therapist present at every high-risk
delivery. The resuscitation team included a respiratory
therapist at the benchmark sites. Level of evidence: not
available; metric: audit during site visits.

3. Consistent equipment in all delivery rooms. Each
resuscitation site was configured with identical equip-
ment, to facilitate the resuscitation of high-risk patients.
Level of evidence: not available; metric: audit during site
visits.

4. Limited tidal volumes used in manual ventilation
during resuscitation. At the benchmark sites, teams fo-
cused on limiting tidal volumes during resuscitation by
assessing chest wall excursion visually or measuring de-
livered tidal volumes. The goal was to have barely visible
chest wall movements. Evidence in animal models sup-
ports this concept. Level of evidence: level 2C; metric:
audit during site visits; metric used: first peak inspiratory
pressure on admission to the NICU.

5. Prophylactic use of surfactant. At 2 benchmark
centers, infants at gestational ages of �28 weeks were
immediately intubated and given surfactant. The third
center emphasized CPAP beginning in the delivery
room. Strong evidence supports this concept to mini-
mize the severity of respiratory distress syndrome. Level
of evidence: level 1A46; metric: time to surfactant use in
the delivery room.

6. Use of device to provide positive end-expiratory
pressure and to limit tidal volume. This practice was not
in place at the benchmark centers. Intervention teams
added this to the list of potentially better practices to
support limitation of delivered tidal volumes. Level of
evidence: not available; metric: audit during site visits.

Respiratory Care Practices
7. Selective intubation with liberal use of CPAP. One

benchmark center emphasized CPAP beginning in the
delivery room. The other 2 centers used intubation with
prophylactic surfactant treatment. The evidence for a
primary CPAP strategy is weak, with reports from small
case series and observational studies. Level of evidence:
indeterminate47; metric: proportion of infants treated
with CPAP on admission to the NICU.

8. Early use of surfactant if intubated. The benchmark
center using a primary CPAP strategy administered sur-
factant at once if a decision to intubate the infant was
made. Evidence supports this concept to minimize the
severity of respiratory distress syndrome. Level of evi-
dence: level 148; metric: time to surfactant administration
in the NICU.

9. Assessment of volume/pressure and targeting of
lowest levels to achieve modest chest rise and to avoid
exuberant chest wall motion if intubated. All 3 bench-
mark centers focused on low tidal volumes for intubated
infants. All 3 centers used pressure-controlled, time-
cycled ventilators. None had the capacity to measure
tidal volume, and instead they used physical examina-
tion and assessment of PCO2 to limit tidal volumes. Level
of evidence: level 5B; metric: mean peak inspiratory
pressure on days 1 and 3 for all intubated neonates.

10. Aggressive weaning and early extubation if intu-
bated. Two benchmark centers weaned patients aggres-
sively and extubated them without birth weight or post-
natal age limitations. In these 2 centers, teams noted
during the site visits that it was common to see tiny
infants at 24 hours of age receiving CPAP. The third
center did not extubate patients but weaned them in the
first 24 hours to low ventilatory rates and tidal volumes
that were comparable to those delivered with CPAP.
Level of evidence: level 5; metric: duration of ventilation
in the first 7 days of life.

11. Higher PaCO2 targets for all patients. The 3 bench-
mark centers accepted higher PaCO2 levels to permit
weaning from ventilators and/or the use of CPAP. Ex-
perimental animal data and uncontrolled human obser-
vational studies support permissive hypercapnia as a
protective strategy. Level of evidence: indeterminate49;
metric: mean PaCO2 for all patients with measurements
on days 1 and 3 of life.

12. Lower oxygen saturation goals. The 3 benchmark
centers accepted lower oxygen saturation targets of 85%
to 90%. In addition, caregivers were noted, during the
site visits, to observe infants during desaturation events
without increasing oxygen supplementation, with the
goal of allowing the infant to resolve the desaturation
event independently. Level of evidence: indeterminate50;
metric: mean PaO2 measured at 4 time points daily dur-
ing the first 7 days of life for all those with measure-
ments.

13. High-saturation alarm set at 95%. The 3 bench-
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mark centers set the oxygen saturation alarm at 95%
and rapidly weaned patients from supplemental oxygen
when the saturation range exceeded the target. Level of
evidence: not available; metric: monthly random audits
of enabled saturation alarms for all infants enrolled in
the trial who were receiving oxygen at control and in-
tervention sites.

14. Avoidance of routine suctioning for patients un-
dergoing ventilation. The 3 benchmark centers avoided
suctioning for patients undergoing ventilation that was
set by a time schedule and instead assessed the patients
at intervals and suctioned as needed. In addition, 2
centers used an inline suction system. Level of evidence:
indeterminate51; metric: audit during site visits.

15. Avoidance of hand-bagging for patients undergo-
ing ventilation. One benchmark center prohibited the
practice of ventilating with an anesthetic or self-inflating
bag, as a method to limit exposure to unregulated tidal
volumes. Level of evidence: not available; metric: audit
during site visits.

16. Nonroutine use of analgesics/sedatives for pa-
tients undergoing ventilation. None of the benchmark
centers routinely administered analgesics/sedatives to
patients treated with mechanical ventilation. Instead,
comfort techniques such as swaddling were used. Level
of evidence: indeterminate52; metric: audit during site
visits.

17. Prophylactic use of methylxanthines before extu-
bation. Routine administration of methylxanthines be-
fore extubation was not used at the benchmark centers.
Level of evidence: level 2; metric: not selected.

18. Consensus regarding ventilatory management. At
2 benchmark centers, there was high consistency in
ventilator management practices among individual phy-
sicians and teams. Level of evidence: level 253; metric:
not selected.

Fluid and Nutrition Practices
19. Limited intravenous fluids. At all 3 benchmark

centers, intravenous fluids were initiated at 80 to 100
mL/kg per day and were adjusted by using daily weight
goals. The intent was for weight loss to occur in the first
7 days of life. Level of evidence: level 254; metrics: mean
intravenous fluid intake on days 1 and 3 and percentages
of weight loss on days 3 and 7.

20. High-humidity environments. Two benchmark
centers used high-humidity environments to limit intra-
venous fluid administration. Level of evidence: level 5;
metric: audit during site visits.

21. Limited volume expansion to treat low blood
pressure. One benchmark center used protocols to de-
crease treatment of low blood pressure, to limit intrave-
nous fluid administration. Level of evidence: level 5;
metric: not selected.

22. Aggressive approach to patent ductus arteriosus.
One benchmark center used prophylactic indomethacin

treatment, and 1 center screened for patent ductus arte-
riosus and treated patients with indomethacin in the first
24 hours. The third center had high rates of patent
ductus arteriosus ligation. The patent ductus arteriosus
was ligated for patients who experienced failure of in-
domethacin treatment and had persistent oxygen re-
quirements exceeding 40%. Level of evidence: level 5;
metric: not selected.

23. Early introduction of parenteral protein intake.
Two benchmark centers began total parenteral nutrition
administration on admission to the NICU. Level of evi-
dence: level 5; metric: not selected.

24. Early introduction of lipids. Two benchmark cen-
ters began intravenous lipid administration by 24 hours
of age. Level of evidence: indeterminate; metric: not
selected.

25. Full total parenteral nutrition with increasing en-
teral feeding. Two benchmark centers maintained total
parenteral nutrition at 100 to 120 mL/kg per day as
enteral nutrition was increased. Level of evidence: not
available; metric: not selected.

26. Frequent use of human milk. Two benchmark
centers promoted the use of human milk and had pro-
grams in place to support human milk feedings. Both
centers had human milk administered to �60% of their
patients. Level of evidence: indeterminate55; metric: not
selected.

27. Vitamin A prophylaxis. One benchmark center
used vitamin A prophylaxis. The other 2 centers chose
not to implement prophylaxis because their BPD rates
were low and nurses objected to intramuscular injections.
Level of evidence: level 2; metric: audit during site visits.
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