Research

CMAJ

Improving the quality of care for infants: a cluster
randomized controlled trial
Shoo K. Lee MBBS PhD, Khalid Aziz MBBS, Nalini Singhal MBBS, Catherine M. Cronin MD MBA,
Andrew James MBChB MBI, David S.C. Lee MBBS, Derek Matthew MBBS, Arne Ohlsson MD MSc,
Koravangattu Sankaran MBBS, Mary Seshia MBChB, Anne Synnes MDCM MHSc,
Robin Walker MBChB, Robin Whyte MBBS, Joanne Langley MD MSc, Ying C. MacNab PhD,
Bonnie Stevens PhD, Peter von Dadelszen MBChB DPhil
Previously published at www.cmaj.ca

@@

See related commentary by McGuire and Fowlie, page 457

Abstract
Background: We developed and tested a new method,
called the Evidence-based Practice for Improving Quality
method, for continuous quality improvement.
Methods: We used cluster randomization to assign 6 neonatal intensive care units (ICUs) to reduce nosocomial infection
(infection group) and 6 ICUs to reduce bronchopulmonary
dysplasia (pulmonary group). We included all infants born
at 32 or fewer weeks gestation. We collected baseline data
for 1 year. Practice change interventions were implemented
using rapid-change cycles for 2 years.
Results: The difference in incidence trends (slopes of trend
lines) between the ICUs in the infection and pulmonary
groups was –0.0020 (95% confidence interval [CI] –0.0007
to 0.0004) for nosocomial infection and –0.0006 (95% CI
–0.0011 to –0.0001) for bronchopulmonary dysplasia.
Interpretation: The results suggest that the Evidence-based
Practice for Improving Quality method reduced bronchopulmonary dysplasia in the neonatal ICU and that it
may reduce nosocomial infection.

Une version française de ce résumé est disponible à l’adresse
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lthough methods for continuous quality improvement have been used to improve outcomes,1–3 some,
such as the National Institutes of Child Health and
Human Development Quality Collaborative,4 have reported
little or no effect in neonatal intensive care units (ICUs).
These methods have been criticized for being based on intuition and anecdotes rather than on evidence.5 To address
these concerns, researchers have developed methods aimed
at improving the use of evidence in quality improvement.
Tarnow-Mordi and colleagues,6 Sankaran and colleagues7
and others8–10 have used benchmarking instruments6,8,11 to
show risk-adjusted variations in outcomes in neonatal ICUs.
Synnes and colleagues12 reported that variations in the rates

of intraventricular hemorrhage could be attributed to practice differences. MacNab and colleagues 13 showed how
multilevel modelling methods can be used to identify practice differences associated with variations in outcomes for
targeted interventions and to quantify their attributable risks.
Building on these results, we developed the Evidence-based
Practice for Improving Quality method for continuous quality
improvement. This method is based on 3 pillars: the use of evidence from published literature; the use of data from participating hospitals to identify hospital-specific practices for targeted
intervention; and the use of a national network to share expertise.
By selectively targeting hospital-specific practices for intervention, this method reduces the reliance on intuition and anecdotes
that are associated with existing quality-improvement methods.
Our objective was to evaluate the efficacy of the Evidencebased Practice for Improving Quality method by conducting a
prospective cluster randomized controlled trial to reduce nosocomial infection and bronchopulmonary dysplasia among
infants born at 32 or fewer weeks’ gestation and admitted to
12 Canadian Neonatal Network hospitals14 over a 36-month
period. We hypothesized that the incidence of nosocomial
infection would be reduced among infants in ICUs randomized to reduce infection but not among those in ICUs randomized to reduce bronchopulmonary dysplasia. We also hypothesized that the incidence of bronchopulmonary dysplasia would
be reduced among infants in the ICUs randomized to reduce
this outcome but not among those in ICUs randomized to
reduce infections.
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Methods
Study design
The Canadian Neonatal Network includes all 30 tertiary-level
regional neonatal ICUs across Canada. The network maintains a prospective national database of all infants admitted to
any neonatal ICU. In Canada, neonatal care is highly regionalized. Tertiary-level care is provided by 30 neonatal ICUs,
which serve distinct geographic regions and coordinate care
with a network of primary- and secondary-level facilities.
Twelve tertiary-level regional neonatal ICUs from 4 geographic regions (2 in British Columbia, 4 in the Prairie
provinces [Alberta, Saskatchewan, Manitoba], 4 in Central
Canada, 2 in Atlantic Canada [Nova Scotia, Newfoundland
and Labrador]) participated in this trial from October 2002 to
September 2005. We selected 6 units by concealed randomization to reduce nosocomial infection (infection group) and 6
to reduce bronchopulmonary dysplasia (pulmonary group).
We used a complete randomization procedure with neonatal
ICU as the unit. Each group was blinded to the study discussions and interventions of the other group and served as a
control for the other group. One hospital in the infection
group dropped out of the study during phase 1; we excluded
this hospital from the analyses. We used 5 smaller tertiarylevel neonatal ICUs that were not participating in the trial to
provide additional comparisons (comparison group) to
observe general trends not associated with the study interventions. Hospitals in the comparison group did not participate in
any of the study activities, and information was not shared
with them during the study.
The study was approved by the institutional ethics review
boards at all of the participating hospitals. Data were
reviewed by an independent data monitoring and safety committee in June 2004, and trial continuation was recommended.
Phase 1
Phase 1 was conducted during year 1 of the study and was a
preparation phase. We collected data about baseline population characteristics for all infants born at 32 or fewer weeks’
gestation who were admitted to a participating neonatal ICU.
We selected outcomes and practices. The pooled data were
analyzed by use of mixed effects logistic modelling techniques
to examine variations in the incidence of nosocomial infection
and bronchopulmonary dysplasia and associated practices.
Early during phase 1, site investigators attended a 3-day
critical appraisal workshop conducted by the research methods committee. The topics included systematic reviews, qualitative methods, principles of continuous quality improvement,
neonatal infections, bronchpulmonary dysplasia and data
interpretation. The site investigators from the infection and
pulmonary groups separately defined the questions to be critically evaluated, assigned topics for systematic review and
shared their findings at a face-to-face meeting.
Each hospital established a multidisciplinary team comprising a site investigator, neonatologist, nurse manager,
nurse educator, quality-improvement officer, executive sponsor and an infection control nurse or respiratory therapist as
appropriate. At a 2-day skills workshop conducted by the
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research methods committee, team representatives learned
about techniques of continuous quality improvement, including the use of a clinical value compass, aims identification,
satisfaction and behaviour, team building, clinical process
analysis, flow charting, understanding variation, use of Pareto
charts, histograms and control charts, benchmarking, use of
the rapid cycle improvement models of Alemi and colleagues15 and Plsek,16 communication strategies, and change
management. The team representatives then trained other
members of their hospital team and examined clinical
processes in their hospitals. Staff and parents of infants in the
neonatal ICUs were interviewed to identify barriers to
change.17 At the end of phase 1, representatives from the
infection and pulmonary groups met separately to share information and materials. They divided into 3 categories (definitive, nondefinitive and unsubstantiated) the accumulated evidence from systematic reviews, phase 1 data analysis, clinical
process analyses and qualitative study reports. Within each
group, consensus was reached about potentially useful practices and priorities and potential strategies for implementing
practice change. Each hospital used the group consensus
report, together with the results of their own hospital-specific
data analysis and consideration of local organizational and
cultural issues to develop a hospital-specific list of recommended practice changes and priorities.
Phase 2
Phase 2, the intervention phase, comprised years 2 and 3 of
the study. Hospital teams implemented rapid cycles (1–3
months) of practice change.15,16 Single or multiple changes
could be implemented during each cycle, and compliance was
monitored at random intervals. Communication strategies for
practice change included information sessions, focus groups,
order sheet prompts, posters, feedback boxes, computer-based
learning resources and training sessions. Lessons learned and
training resources were shared at regular group teleconferences. Selected outcome indicators and control chart feedback
were available at 3-month intervals.18 Results were shared
within each of the infection and pulmonary groups.
Members of the research methods committee visited the
hospital sites to trouble shoot and provide advice as needed.
Halfway through phase 2, members visited other hospitals to
observe practices and discuss change strategies. Site selection
for visits was based on the perceived potential for learning
about both good and poor practices. Neonatal ICUs in the
infection and pulmonary groups were discouraged from participating in other quality improvement collaboratives that focused
on nosocomial infections and bronchopulmonary dysplasia;
however, local quality-improvement efforts were permitted.
Outcomes
Our primary outcomes were change in the incidence of nosocomial infections in the infection group and change in the
incidence of bronchopulmonary dysplasia in the pulmonary
group. We also examined death and bronchopulmonary dysplasia as a composite outcome to distinguish real change in
the incidence of bronchopulmonary dysplasia from the effect
of change in the incidence of death.
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Nosocomial infection was defined as the growth of 1 or
more organisms, including coagulase-negative staphylococcus, in blood or cerebrospinal fluid cultures taken after 48
hours of admission of an infant with clinical suspicion of
infection, according to the Center for Disease Control definitions.19 To differentiate between nosocomial and primary
(maternal origin) infections, we defined nosocomial infections as those that involved isolates that were different from
maternal isolates (when available) or that occurred at least 7
days after initiation of treatment for a positive blood culture
obtained within 48 hours after birth. Cerebrospinal fluid samples were obtained when indicated according to local practices. We defined an absence of a nosocomial infection as no
culture performed or a negative blood culture or cerebrospinal
fluid culture. Bronchopulmonary dysplasia was defined as
oxygen dependency at 36 weeks’ corrected gestational age.20
Infants who were discharged from the neonatal ICU on oxy-

gen before they reached 36 weeks’ corrected gestational age
were classified as having bronchopulmonary dysplasia.
Infants who died before they reached 36 weeks’ corrected
gestational age were excluded from the analysis for bronchopulmonary dysplasia.
Our secondary outcomes included death before hospital discharge, abnormalities on a cranial ultrasound (defined according to the Canadian Pediatric Society criteria21 for head ultrasonography performed within 14 days after birth), retinopathy
of prematurity (defined according to the International Classification for Retinopathy of Prematurity22 and the Reese Classification of cicatricial disease23) and necrotizing enterocolitis
(defined according to Bell’s criteria stage 2 or higher24).
Sample size estimation
We based our sample size estimation on a type 1 error of 0.05
and a power of 80% or greater to detect a 30% decrease in

Assessed for eligibility
n = 12 hospitals

Enrolled
n = 12 hospitals

R

Randomized to the infection group
• Phase 1: n = 6 hospitals, 852 infants
• Phase 2: n = 6 hospitals, 1863 infants

Randomized to the pulmonary group
• Phase 1: n = 6 hospitals, 918 infants
• Phase 2: n = 6 hospitals, 2152 infants

Received the intervention
• Phase 1: n = 5 hospitals, 769 infants
• Phase 2: n = 5 hospitals, 1696 infants

Received the intervention
• Phase 1: n = 6 hospitals, 918 infants
• Phase 2: n = 6 hospitals, 2152 infants

Did not receive the intervention
• Phase 1: n = 1 hospital, 83 infants
• Phase 2: n = 1 hospital, 167 infants

Did not receive allocated intervention
• Phase 1: n = 0 hospital, 0 infants
• Phase 2: n = 0 hospital, 0 infants
Lost to follow-up
• Phase 1: n = 0 infants
• Phase 2: n = 0 infants

Lost to follow-up
• Phase 1: n = 0 infants
• Phase 2: n = 0 infants

Followed up
• Phase 1: n = 5 hospitals, 769 infants
• Phase 2: n = 5 hospitals, 1696 infants

Included in the analysis
• Phase 1: n = 5 hospitals, 769 infants
• Phase 2: n = 5 hospitals, 1696 infants

Followed up
• Phase 1: n = 6 hospitals, 918 infants
• Phase 2: n = 6 hospitals, 2152 infants

Included in the analysis
• Phase 1: n = 6 hospitals, 918 infants
• Phase 2: n = 6 hospitals, 2152 infants

Figure 1: Consort flow chart for the cluster randomized trial of the Evidence-based Practice for Improving Quality method.
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both the rates of nosocomial infection and bronchopulmonary
dysplasia between baseline and the end of the study. We calculated the power to detect a difference in trends of incidence
(βg) between the 2 groups following the procedure of Stroup25
(Appendix 1, available at www.cmaj.ca/cgi/content /full
/cmaj.081727/DC2). For nosocomial infection, this yielded a
power of 0.89 for between-group comparisons (i.e., differences in the incidence trends of nosocomial infection between
infants in the infection and pulmonary groups) and a power of
0.91 for within-group comparisons (i.e., comparing the incidence of nosocomial infection before and after interventions
in the infection group). For bronchopulmonary dysplasia, this
yielded a power of 0.83 for between-group comparisons and
0.96 for within-group comparisons. We did not calculate
power for the comparison group because it was not part of the
cluster randomized controlled trial design. We determined
that we needed to recruit 5083 infants for this study.
Our study had the ability to detect an incidence difference
of 6.8% between the intervention and control groups (based
on a type 1 error of 0.05, power of 0.80 and estimated sample
size of 6000). Although this provides some idea of the

detectable incidence difference, its significance may vary at
different points during the cluster randomized study because
of the changing sample size, population characteristics and
outcome incidences. Consequently, comparisons of incidence
trends rather than incidence differences are more appropriate
for detecting differences between the 2 groups.
Data collection
Data were abstracted from patient charts and electronically
transmitted to the Coordinating Centre in Edmonton, Alberta.
This system has been reported previously.14
Data analysis
The data analysis plan was defined before commencement of
the study and used the intention-to-treat principle. The characteristics of the study population were described. For the primary and secondary outcomes, we plotted the incidence and
confidence intervals (CIs) quarterly and compared the incidence trends both within groups and between groups.
Random-intercept multilevel logistic-regression models with
random hospital-site effects were used to compare the inci-

Table 1: Characteristics of infants included in the cluster randomized trial of the Evidence-based Practice for Improving Quality
method for reducing nosocomial infections and bronchopulmonary dysplasia

Characteristic

Infection group
n = 2465

Pulmonary group
n = 3070

Comparison group
n = 984

Gestational age, wk, mean (SD)

28.7 (2.7)

29.1 (2.5)

28.2 (2.6)†‡

Birth weight, g, mean (SD)

1274 (469)

1339 (456)

1189 (431) †‡

Male, %

56.9

54.8

55.6

Outborn,* %

38.3

18.8

11.1†‡

5-min Apgar score < 7, %

20.5

18.8

25.4†‡

Small for gestational age
(< 3rd percentile), %

4.3

4.1

3.7

Delivered by cesarean section, %

54.8

55.8

58.7†‡

Given antenatal steroids, %

77.3

79.8

89.5†‡

12.2 (13.7)

12.4 (12.7)

15.0 (15.2)†‡

SNAP-II score, mean (SD)

Note: SNAP-II = Score for Neonatal Acute Physiology Version II, SD = standard deviation.
*Born at a hospital other than the admitting neonatal intensive care unit.
†Significant difference (p < 0.05) between the infection and comparison groups.
‡Significant difference (p < 0.05) between the pulmonary and comparison groups.

Table 2: Characteristics of neonatal intensive care units that participated in the cluster randomized trial of the Evidence-based
Practice for Improving Quality method for reducing nosocomial infections and bronchopulmonary dysplasia

Characteristic; median (range)
No. of beds
No. of neonatologists
No. of admissions of infants ≤ 32 wk
gestation during the study period
Outborn† infants, %

Infection group*
n=5

Pulmonary group
n=6

Comparison group
n=5

39 (34–47)

37 (21–79)

22 (20–34)

8 (4–11)

10 (3–11)

4 (2–5)

550 (220–735)

455 (221–1084)

161 (141–505)

18.1 (12–99)

15.3 (8–100)

12.0 (5–-96)

*One hospital in the infection group dropped out during the study. This hospital had 58 beds, 14 neonatologists, 750 infants born at ≤ 32 weeks’ gestation and
3% of infants were outborn.
†Born at a hospital other than the admitting neonatal intensive care unit.
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dence trends of nosocomial infection (or bronchopulmonary
dysplasia) between the infection and pulmonary groups (primary comparison), adjusted for potential risk factors correlated with outcomes (birth weight, gestational age, sex, 5minute Apgar, Score for Neonatal Acute Physiology version 2,
outborn status [born at a hospital different from the admitting
neonatal ICU], length of stay) and to examine the general
trends of the incidence of nosocomial infection and bronchopulmonary dysplasia within the infection and pulmonary
groups, respectively (secondary comparisons) (Appendix 2,
available at www .cmaj.ca /cgi/content /full /cmaj .081727
/DC2).2,4,14 In addition, we examined the comparison group for
temporal trends unrelated to the study for observational comparison only.

manner at individual sites. Kaplan–Meier survival analysis of
individual hospital data during the baseline period revealed
different patterns of nosocomial infection associated with percutaneously inserted central catheters at different hospitals.
For example, Hospital A had an increase in the incidence of
nosocomial infections with prolonged use of percutaneously
inserted central catheters. Hospital B had no change in the
incidence of nosocomial infections, and Hospital C had a
lower incidence of nosocomial infections for all durations of
percutaneously inserted central catheters (Figure 2). Thus,
Hospital A should pay attention to maintenence protocols for
percutaneously inserted central catheters, and Hospital B
should re-examine both its catheter insertion and maintenance
procedures. Although Hospital C had a low incidence of
infections associated with percutaneously inserted central
catheters, it had a high overall incidence of nosocomial infections. Closer scrutiny revealed that Hospital C had implemented strict protocols for the care of percutaneously inserted
central catheters 2 years before this study, but other aspects of
infection control (e.g., skin care, skin breaks, hand hygiene,
antibiotic use) were neglected and may have accounted for
the high overall rate of nosocomial infections. Consequently,
we asked Hospital C to share with the other hospitals their
protocols for care of percutaneously inserted central catheters
and to learn about other aspects of infection control from the
other hospitals. Thus, this process allowed us to design interventions in a more targeted way.

Role of the funding source
The sponsors of the study had no role in the study design, data
collection, data analysis, data interpretation or writing of the
report. The corresponding author had full access to all data and
had final responsibility for the decision to submit for publication.

Results
Figure 1 shows the trial profile. The study included 2465
infants (phase 1, 769 infants; phase 2, 1696 infants) in the
infection group, 3070 infants (phase 1, 918 infants; phase 2,
2152 infants) in the pulmonary group, and 984 infants in the
comparison group. The characteristics of the infants and the
participating hospitals are shown in Table 1 and Table 2,
respectively.
The consensus lists of practice change strategies developed
by the infection and pulmonary groups are presented in
Appendices 3 and 4 (available at www.cmaj.ca/cgi/content
/full/cmaj.081727/DC2). Each site used this list to select and
prioritize practice change strategies for adoption. The following example illustrates how this was done. Using pooled hospital data, we previously showed that 40% of nosocomial
infections in neonatal ICUs were associated with central lines
and that percutaneously inserted central catheters carried the
highest risk (odds ratio [OR] 3.5).26
We used individual hospital data to provide a more refined
look at whether these risk factors behave in the expected

Between group comparisons
The incidence trends for bronchopulmonary dysplasia and for
death and bronchopulmonary dysplasia in the infection and
pulmonary groups were significantly (p < 0.05) different, but
the incidence trends for nosocomial infection were similar
(Table 3). The full model specification for comparison of
incidence trends is given in Appendix 5 (available at
www.cmaj.ca/cgi/content/full/cmaj.081727/DC2).
Within group comparisons
In the infection group, there was a significant (p < 0.01)
decrease in the incidence of nosocomial infection (32%
Hospital C

Hospital B

Hospital A

Risk

Primary outcomes

1.0

1.0

1.0

0.8

0.8

0.8

0.6

0.6

0.6

0.4

0.4

0.4

0.2

0.2

p < 0.001*

0.0
0

50

100
Days

150

0.2
p = 0.07

0.0
0

50

100
Days

150

p < 0.001*

0.0
0

50

100

150

Days

Figure 2: Probability of nosocomial infection at individual hospitals over time when percutaneously inserted central
catheters are used (thick lines) compared to when they are not used (thin lines).
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decrease from baseline [25.4%] to last quarter [17.4%]; OR
for 1-year incidence change 0.82; 95% confidence interval
[CI] 0.72–0.93) (Table 3). There was no significant change in
the incidence of bronchopulmonary dysplasia (4% decrease
from baseline [31.8%] to last quarter [30.6%]; OR for 1-year
incidence change 0.98; 95% CI 0.85–1.12) or death and bronchopulmonary dysplasia (6% decrease from baseline [37.8%]

to last quarter [35.6%]; OR for 1-year incidence change 0.90;
95% CI 0.72–1.14).
In the pulmonary group, there was a significant (p < 0.01)
decrease in the incidence of nosocomial infection (45%
decrease from baseline [16.0%] to last quarter [8.8%]; OR for
1-year incidence change 0.77; 95% CI 0.66–0.90), bronchopulmonary dysplasia (15% decrease from baseline

Table 3: Primary outcomes in the fourth quarter of year 1 and year 2 in the cluster randomized trial of the Evidence-based Practice
for Improving Quality method for reducing nosocomial infections and bronchopulmonary dysplasia

Infants with nosocomial
infection*

Infants with bronchopulmonary
dysplasia†

Infants with
bronchopulmonary dysplasia
or who died

Infection
group‡
(intervention)

Pulmonary
group‡
(control)

Infection
group‡
(control)

Pulmonary
group‡
(intervention)

Infection
group‡
(control)

Pulmonary
group‡
(intervention)

Baseline

25.4 (195/769)

16.0 (147/918)

31.8 (223/702)

29.4 (249/848)

37.8 (291/769)

35.0 (321/918)

Year 1

21.4 (46/215)

10.5 (29/276)

31.5 (63/200)

25.4 (64/252)

37.7 (81/215)

32.3 (89/276)

Year 2

17.4 (41/236)

8.8 (25/283)

30.6 (67/219)

24.9 (65/261)

35.6 (84/236)

30.7 (87/283)

Measure
Incidence (n/N)§

Difference between
intervention and control
(95% CI)**
Baseline

9.4 (5.5 to 13.2)

–2.4 (–7.0 to 2.2)

–2.9 (–7.5 to 1.7)

Year 1

10.9 (4.3 to 17.5)

–6.1 (–14.5 to 2.3)

–5.4 (–13.9 to 3.1)

Year 2

8.6 (2.7 to 14.4)

–5.7 (–13.7 to 2.4)

–4.9 (–13.0 to 3.3)

Difference in incidence
from baseline (95% CI)**
Year 1

–0.0017†† (–0.0033 to –0.0001)

–0.0005 (–0.0019 to 0.0008)

–0.0006 (–0.0019 to 0.0008)

Year 2

–0.0002 (–0.0007 to 0.0004)

–0.0006†† (–0.0011 to –0.0001)

–0.0006†† (–0.0011 to –0.0001)

Note: CI = confidence interval.
*Nosocomial infection incidence refers to the proportion of infants who had at least 1 episode of nosocomial infection.
†Bronchopulmonary dysplasia incidence excludes those who died before 36 weeks’ gestational age.
‡The infection group comprised intensive care units (ICUs) targeting nosocomial infections, and the pulmonary group comprised ICUs targeting
bronchopulmonary dysplasia.
§The number of infants in the infection and pulmonary groups refers to all infants in the group. The denominators in each cell refer to the number of infants
during that baseline period or yearly quarter only. There were 2465 infants in the infection group and 3070 infants in the pulmonary group.
**From generalized linear mixed effects regression models.
††Significant (p < 0.05) difference in the incidence trends between infection and pulmonary groups.

Table 4: Incidence of secondary outcomes at baseline, midway through the intervention and at the end of the study (fourth
quarter of year 1 and 2) and incidence trends from generalized linear mixed effects regression models
Infection group (n = 2465)
Incidence

Year 1

Year 2

Slope (95% CI)

Baseline

Year 1

Year 2

Slope (95% CI)

9.3

9.3

7.2

0.0002
(–0.0002 to 0.0006)

8.2

9.0

7.7

0.0001
(–0.0004 to 0.0005)

Retinopathy of
prematurity (≥ stage 3)

30.0

35.2

13.9

–0.0008
(–0.0014 to -0.0002)

12.8

19.2

9.7

0.0001
(–0.0006 to 0.0007)

Cranial ultrasound
abnormalities

10.9

9.7

8.9

0.0000
(–0.0005 to 0.0005)

10.1

9.7

9.8

–0.0000
(–0.0004 to 0.0004)

6.2

2.7

8.4

0.0001
(–0.0005 to 0.0007)

6.1

6.5

4.5

–0.0005
(–0.0011 to 0.0002)

Mortality

Necrotising enterocolitis

Baseline

Pulmonary group (n = 3070)

Note: CI = confidence interval.
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[29.4%] to last quarter [24.9%]; OR for 1-year incidence
change 0.70; 95% CI 0.70–0.91), and death and bronchopulmonary dysplasia (12% decrease from baseline [35.0%] to
last quarter [30.7%]; OR for 1-year incidence change 0.80;
95% CI 0.70–0.92). The p value for the Hosmer–Lemeshow
goodness of fit test for the trend analysis to examine change
in incidence of outcomes was 0.83 for the nosocomial infection model and 0.64 for the bronchopulmonary dysplasia
model, which indicate good model fit.
Secondary outcomes
Trend analysis showed a significant (p < 0.01) decrease in the
incidence of retinopathy of prematurity in the infection group
(baseline 30% v. last quarter 13.9%; OR for 1-year incidence
change 0.74; 95% CI 0.59–0.93) (Table 4). There were no
other significant changes in the incidence trends of mortality,
cranial ultrasound abnormalities and necrotizing enterocolitis
in the infection or pulmonary groups. There was no change in
the incidence trend for retinopathy of prematurity in the pulmonary group.
There were no significant changes in the incidence trends
of nosocomial infection, bronchopulmonary dysplasia, death
and bronchopulmonary dysplasia, mortality, retinopathy of
prematurity, necrotizing enterocolitis or cranial ultrasound
abnormalities in the comparison group.

Interpretation
The Evidence-based Practice for Improving Quality method
builds on existing continuous quality-improvement methods,27
which usually advocate adoption of an entire package of practices from hospitals with good outcomes. In contrast, our
method enables hospitals to select practice changes pertinent
to them for targeted intervention. This is potentially more
efficient and cost-effective.
We found that interventions aimed at one outcome may
affect other outcomes. We speculate that the decrease in the
incidence of nosocomial infections in the pulmonary group was
related to improved lung status and a reduced need for assisted
respiration, invasive interventions, improved feeding and
growth, and better overall health. Because quality improvement
is about transforming behaviours, spill-over from one outcome
to another may be expected. Although it may be advantageous
to target multiple outcomes simultaneously because of potential
synergies, the possibility that improving one outcome may
worsen another should be considered.
It is possible that the Hawthorne effect28 (i.e., the effect on
individuals of being observed for the purposes of research) or
that case findings changed once a hospital knew what outcome they were targeting could account for the study results.
Because these effects were probably larger for nosocomial
infection than bronchopulmonary dysplasia, this may explain
why nosocomial infection decreased in both the infection and
pulmonary groups. It is also possible that the larger proportion of outborn infants affected the magnitude of the reduction of the incidence of nosocomial infections in the infection
group. However, because the incidence of bronchopulmonary
dysplasia declined only in the pulmonary group, even though

there was a lower baseline incidence in this group, the results
were more likely because of the study interventions rather
Hawthorne or case-finding effects.
We used a combination of qualitative and quantitative
methods, as advocated by Pawson and Tilley.29 Qualitative
methods were especially useful for identifying hospitalspecific organizational issues, barriers to change and potential
change strategies.17 Interviews also generated greater staff
awareness, made individuals feel that their opinions mattered,
enhanced staff buy-in and facilitated practice change.17 Quantitative methods provided feedback of results that reinforced
behavioural change.
The Evidence-based Practice for Improving Quality
method is a multidimensional approach aimed at changing
organizational culture and sustaining behavioural change.
Consequently, it may work best when it is adopted in its
entirety rather than in parts. Although we cannot explain the
difference in results reported by Walsh and colleagues4 and
our study without more detailed information about the study
by Walsh and colleagues, it is possible that the multidimensional processes for organizational and behavioural change
were more rigorously implemented in our study.
In this study, not all aspects of the Evidence-based Practice for Improving Quality process were consistently implemented across all units. Thus, it is difficult to identify exactly
which interventions were most effective. Because our model
is a method rather than a prescription of interventions, it is
potentially generalizable to other neonatal ICUs, but it will
need to be tested by others. Finally, we caution that this
method is not a substitute for randomized controlled trials, but
it may be more appropriate when investigating the effects of
change in complex adaptive systems.30
Limitations
The limitations of our study included the subjective definition
of bronchopulmonary dysplasia; concerns about anonymity
that may have precluded feedback of site-specific qualitative
results; logistical delays in reporting that sometimes impaired
our ability to provide control charts in a timely manner; the
lack of uniform criteria for routine screening, which may
have decreased the incidence of retinopathy of prematurity in
the infection group; and the withdrawal of a large neonatal
ICU from the infection group. The study was stopped early
even though we were about 500 patients short of the estimated sample size because we felt that there was sufficient
power to analyze the results.
Conclusions
Our study suggests that the Evidence-based Practice for
Improving Quality method is effective in reducing the incidence of nosocomial infection and bronchopulmonary dysplasia in neonatal ICUs. The method is potentially generalizable
to other areas of health care and may improve the efficiency
and reduce the costs of quality improvement efforts.
Presented in part at the Pediatric Academic Societies Annual Meeting,
San Francisco, California, 2006.
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