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Background: Evidence-based Practice for Improving Quality (EPIQ) is a collaborative quality improvement method adopted by the
Canadian Neonatal Network that led to decreased mortality and morbidity in very preterm neonates. The Alberta Collaborative Qual-
ity Improvement Strategies to Improve Outcomes of Moderate and Late Preterm Infants (ABC-Ql) Trial aims to evaluate the impact of
EPIQ collaborative quality improvement strategies in moderate and late preterm neonates in Alberta, Canada.

Methods: In a 4-year, multicentre, stepped-wedge cluster randomized trial involving 12 neonatal intensive care units (NICUs), we will
collect baseline data with the current practices in the first year (all NICUs in the control arm). Four NICUs will transition to the inter-
vention arm at the end of each year, with 1 year of follow-up after the last group transitions to the intervention arm. Neonates born at
32 + 0 to 36 + 6 weeks’ gestation with primary admission to NICUs or postpartum units will be included. The intervention includes
implementation of respiratory and nutritional care bundles using EPIQ strategies, including quality improvement team building, qual-
ity improvement education, bundle implementation, quality improvement mentoring and collaborative networking. The primary out-
come is length of hospital stay; secondary outcomes include health care costs and short-term clinical outcomes. Neonatal intensive
care unit staff will complete a survey in the first year to assess quality improvement culture in each unit, and a sample will be inter-
viewed 1 year after implementation in each unit to evaluate the implementation process.

Interpretation: The ABC-QI Trial will assess whether collaborative quality improvement strategies affect length of stay in moderate
and late preterm neonates. It will provide detailed population-based data to support future research, benchmarking and quality
improvement. Trial registration: ClinicalTrials.gov, no. NCT05231200

reterm birth represents 8% of live births in Canada.
Of these, 85% are moderate and late preterm neo-
nates born at 32-36 weeks’ gestation.! These neonates
are at an increased risk of serious morbidities and prolonged
hospitalizations,> and the families of these neonates often
face considerable financial and psychosocial burdens.*” Prac-
tice variation in care of moderate and late preterm neonates
is associated with inconsistent outcomes and variable length
of stay between neonatal intensive care units (NICUs).310
Collaborative quality improvement is an organized, multi-
faceted approach that includes teams from multiple health care
sites coming together to learn, apply and share improvement
methods, ideas and data on service performance for a given
health care topic. In a systematic review of 64 studies, applying
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collaborative quality improvement practices led to significant
improvements in clinical processes and patient outcomes.!!
Studies in preterm neonates born at less than 32 weeks using
Evidence-based Practice for Improving Quality (EPIQ),'>* a
collaborative quality improvement methodology adopted by
the Canadian Neonatal Network,”” decreased mortality and
morbidity in neonates born at less than 29 weeks’ gestation.!¢
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Figure 1: The EPIQ cycle is based on principles of information, col-
laboration and implementation. Used with permission from the Can-
adian Neonatal Foundation. Note: EPIQ = Evidence-based Practice
for Improving Quality, QI = quality improvement.

The EPIQ quality improvement cycle is driven by informa-
tion, collaboration and implementation (Figure 1).!7 This is
based on the Promoting Action on Research Implementation
in Health Services framework for conceptualizing successful
implementation of evidence-based practices.!® Although col-
laborative quality improvement interventions can be associated
with upfront costs, including infrastructure and personnel, a
systematic review showed the potential of collaborative quality
improvement for cost saving for both chronic and acute condi-
tions.”” In high-risk neonates, collaborative quality improve-
ment was associated with cost savings that offset the institu-
tional expenditure for its activities.?’

Despite the high proportion of moderate and late preterm
neonates among NICU admissions, they are underrepresented
in research and quality improvement activities, resulting in a
lack of detailed population-based data for research, bench-
marking and quality improvement. The ABC-QI Trial aims
to evaluate the impact of collaborative quality improvement
interventions in moderate and late preterm neonates on
length of stay, clinical outcomes and cost to the health care
system in 12 NICUs across Alberta, Canada.

This study is a multicentre, stepped-wedge cluster randomized
trial that involves 12 NICUs across the province of Alberta.
There are 14 NICUs in Alberta: 10 level II units, where gener-
ally admission criteria include gestational age 32 weeks or
greater; 2 perinatal level III units (Foothills Medical Centre in
Calgary and Royal Alexandra Hospital in Edmonton); 1 level I1I
surgical NICU at Alberta Children’s Hospital; and 1 level IV
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NICU at Stollery Children’s Hospital. The latter 2 NICUs
will not participate in the study as most patients admitted
require surgical interventions. See Appendix 1, available at
www.cmajopen.ca/content/11/3/E397/suppl/DC1, for details
of Alberta NICUs. Each of the 12 participating NICUs is con-
sidered a cluster and will be randomized individually to transi-
tion from the control arm (current practice) to the interven-
tion arm (collaborative quality improvement strategies) at
3 time points while stratifying by location, urban versus
regional, and level of care (Figure 2). Randomization will be
conducted 9 months after initiation of data collection.

The advantages of stepped-wedge cluster randomized trial
design compared with parallel cluster randomized trial design
include the following: ability to conduct randomized evalua-
tion of system interventions that are frequently rolled out
sequentially without robust evaluation;?! facilitating cluster
recruitment as the participating units were hesitant to enroll
in a parallel cluster randomized trial; the logistic feasibility of
implementing a complex collaborative quality improvement
intervention sequentially rather than en bloc;?* achieving
higher power compared with parallel cluster randomized trial
with the similar number of clusters;’! and aligning with the
6 dimensions of Alberta Quality Matrix for Health (accept-
ability, accessibility, appropriateness, effectiveness, efficiency
and safety).? There are risks associated with the stepped-
wedge cluster randomized trial design, including implement-
ing an intervention, with unproven effectiveness, in all clus-
ters.”* However, stepped-wedge cluster randomized trial
design is used in implementation studies of proven interven-
tions,” such as the previously validated EPIQ collaborative
quality improvement methodology.

Study population

Using a waiver of consent, all neonates born at 32 + 0 to 36 + 6
weeks’ gestation and admitted to participating NICUs or post-
partum units between Sept. 1, 2022, and Aug. 31, 2026, will be
included. Exclusion criteria include neonates with major con-
genital anomalies or chromosomal abnormalities (Appendix 2,
available at www.cmajopen.ca/content/11/3/E397/suppl/
DC1), primary admission to a surgical NICU, and neonates
born in or transferred to a NICU outside of Alberta.

Staff participants

Management, nurses, physicians and other health care providers
will be invited by email to participate in the Quality Improve-
ment Implementation Survey version 2 (QIIS-II). Posters in
staff areas and emails from managers will facilitate the recruit-
ment of participants for the semistructured interviews.

Randomization

Although full stratification by site characteristics is not possible
with only 12 clusters, there are 2 goals of the randomization: to
avoid having 2 level III NICUs in the same step and to ensure
that none of the steps has more than 2 regional NICUs. Using
R software, we developed an algorithm to accomplish these cri-
teria (Appendix 3, available at www.cmajopen.ca/content/11/3/
E397/suppl/DC1).
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Figure 2: ABC-QI trial stepped-wedge cluster randomization design and timeline. In the first year, all 12 participating neonatal intensive care
units (NICUs) will be in the control arm. Each year, 4 NICUs will be randomized to transition to the intervention arm. At year 4, all participating
NICUs will be in the intervention arm. Data will be collected from neonates (length of stay and clinical outcomes), for costs to health care system
per patient, and from staff (perceptions of collaborative quality improvement implementation). Note: ABC-QI = Alberta Collaborative Quality
Improvement Strategies to Improve Outcomes of Moderate and Late Preterm Infants.

Interventions
The study intervention consists of implementation of 2 stan-
dardized practice care bundles. A care bundle is a small, simple
set (3-5 elements) of evidence-based practices that, when per-
formed collectively and reliably, result in improved patient out-
comes.? The process of care bundle development and refine-
ment is described in Appendix 4 (available at www.cmajopen.
ca/content/11/3/E397/suppl/DC1). We selected respiratory
and nutritional and feeding management, as those are major
predictors of length of stay.?"?

1. Respiratory care bundle: stabilization and respiratory
care in moderate and late preterm neonates. 1) Establish-
ing effective ventilation in the delivery room, 2) preven-
tion of hypothermia, 3) early diagnosis and management
of respiratory distress with continuous positive airway
pressure, 4) standardized approach for surfactant indica-
tions and administration and 5) standardized approach
for early extubation.

2. Nutritional and feeding care bundle: nutritional support
in moderate and late preterm neonates. 1) Early initiation
of enteral or parenteral nutrition, 2) standardized tables
for feeding initiation and progression, 3) optimizing
breastfeeding and use of breastmilk and 4) standardized
approach for the transition from enteral nutrition via tube
feeds to oral feeds.

To facilitate this implementation, the study team will use

5 collaborative quality improvement strategies.

1. Quality improvement team building: Each NICU will cre-
ate a multidisciplinary quality improvement team, includ-
ing a parent advisor when feasible, to lead the quality
improvement activities and education, and champion the
culture and practice change.

2. Quality improvement education: quality improvement

teams will receive standardized quality improvement edu-
cation using the 6-hour EPIQ Workshop,? which involves
a hands-on approach to enable successful implementation
of quality improvement projects.’® EPIQ workshops will
be delivered by the study team for quality improvement
teams in each unit within 3 months before transition to the
intervention arm, either in person or virtually, based on

the public health guidance at the time.

. Implementation of care bundles: local quality improve-

ment teams will use EPIQ methods through engagement
and education of front-line staff to create change ideas
that are translated into the unit culture using EPIQ
10 steps, including Plan-Study-Do-Act cycles (Appen-
dix 5, available at www.cmajopen.ca/content/11/3/E397/
suppl/DC1). The aim is to implement the 2 care bundles
within 12 months of transition to the intervention arm.
The type and number of Plan-Study-Do-Act cycles may
vary between the units based on their current practice,
previous and concurrent quality improvement activities,
and educational needs.

4. Mentoring: each NICU will have 1 or more mentors from

the study team who are experienced in EPIQ methods to
help local quality improvement teams engage front-line
staff in quality improvement and navigate the unit-specific
challenges during the intervention.

. Collaborative networking: NICUs in the intervention will

participate in quarterly virtual meetings to discuss progress
and share their Plan-Study-Do-Act cycles and data to learn
from each other. Neonatal intensive care units will have
access to their data and receive quarterly reports using sta-
tistical process control charts outlining their performance
compared with the other units and the overall average.
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Control arm (current practices)

All participating NICUs will be in the control arm during the
first year to collect baseline data of the current practices and
between-unit variation, prepare repositories of existing guide-
lines and survey existing quality improvement activities. Neo-
natal intensive care units in the control arm can continue con-
ducting quality improvement activities relevant to their
practice, but without receiving the interventions outlined
above until they transition to the intervention arm. These
activities will be captured and accounted for in the analysis.

Outcomes

The primary outcome is length of hospital stay. Secondary
outcomes include cost to the health care system; and short-
term clinical outcomes, including respiratory and nutritional
care, weight, postdischarge information, mortality and trans-
fers from level II to level III NICUs (Appendix 6, available at
www.cmajopen.ca/content/11/3/E397/suppl/DC1).

Data sources

The study database is built using REDCap (Research Electronic
Data Capture) tools hosted at the University of Alberta.}!? See
Appendix 7 (available at www.cmajopen.ca/content/11/3/E397/
suppl/DC1) for postdischarge data sources. The Canadian Insti-
tute for Health Information (CIHI) Patient Cost Estimator?’
will be used to calculate daily cost. Data will be abstracted from
paper and electronic patient charts into the REDCap database.
Plan-Study-Do-Act cycles will be documented by each quality
improvement team into the study database.

Data management

Sites will have individualized portals to the database with no
access to other sites’ data. Participant data will be collected,
used and disclosed in compliance with Alberta’s Health Informa-
tion Act.3* The QIIS-II survey and interview consent and demo-
graphic data will be collected via University of Calgary Qual-
trics, XM. Interview transcripts will be entered into REDCap.
Access to patient identifiers will be limited to the research
coordinator, data analyst and principal investigator.

Sample size

The anticipated sample size is 9500 neonates over 4 years.
Power calculations account for the design effect that is deter-
mined by the number of sites and steps, the size of the clusters
within each period and the intracluster correlation coeffi-
cient.*7*% Calculations account for the relative efficiency
imposed by unequal cluster sizes.*” Using historic length of
stay data from 2018 and 2019, we obtained an observed intra-
cluster correlation coefficient of 0.034 from a negative bino-
mial model with random intercepts for sites with a corre-
sponding design effect of 3.41. At an o level of 0.05, this
provides power of greater than 99% to detect a 1-day reduc-
tion in length of stay (historic mean length of stay = 14 d). In
the historic data, 81% of neonates were singletons. Sample size
calculations accounting for multiple births resulted in similar
power. Our sample size will ensure we have adequate power
for assessments of some of the secondary outcomes that are in
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common with the Alberta FICare trial.!° Anticipated rates of
intravenous fluid use and respiratory support will be similar to
those of neonates with a gestational age of 34 weeks in the
Alberta FICare data (both about 50%). Applying the same
methods to power calculations for binary outcomes, we will
have 80% power to detect a 10.2% relative reduction in event
rates if the baseline rate is 50%, and 80% power to detect a
relative reduction of 19.7% if the baseline event rate is 20%.
Calculations are for a cross-sectional stepped-wedge design
and were programmed using R 4.0.2, and Ime4 function for
generalized linear mixed effect models.*

Statistical analysis

Descriptive statistics will be used to summarize the participants’
characteristics. Negative-binomial distribution will be used to
model length of stay.*! This analysis will use a generalized
linear mixed model with a random intercept for the site, a fixed
effect for the period, and a (0,1) indicator variable for control
versus intervention periods.’** We will also test for a period by
intervention effect to determine whether effectiveness varies
over time and use random intercepts to account for multiple
births. Linear mixed models will be used for continuous sec-
ondary outcomes and generalized linear mixed models for
binary outcomes. As per the model for the primary outcome,
these models will have random intercepts for sites and fixed
effects for period and intervention. In addition, we will use
QIIS-II scores of organizational culture as an effect modifier
when modelling the effect of EPIQ on outcomes. Post-
implementation interviews will be coded and analyzed using
thematic analysis* to identify barriers and facilitators for EPIQ
implementation. We will use the CIHI Patient Cost Estima-
tor® to calculate the daily cost based on the Case Mix Groups
for gestational age and birth weight and conduct an economic
analysis using data collected in the trial and administrative data
repositories in Alberta using a public health care payer perspec-
tive. Costs will include costs associated with health services as
defined above over the study period. The outcome of the eco-
nomic analysis is the incremental cost of the intervention com-
pared with usual care. We will analyze the total cost variable as
a dependent variable, using a linear mixed-effects regression
model, to estimate the difference in expected health care cost
between the 2 groups. The regression model will adjust for
potential confounding variables such as gestational age, multi-
ple births, delivery mode and urban versus regional sites.

The primary outcome will be analyzed at the end of the
trial to preserve the o. Planned interim analyses of secondary
outcomes that are considered quality improvement outcomes
related to the care bundles will be reported for each unit every
quarter using statistical process control charts. Contempor-
aneous change in process and outcome measures indicates
effective quality improvement implementation. Benchmark-
ing between participating NICUs will be provided annually
using deidentifying codes for each NICU.

Planned subgroup analyses include NICU geographical
location; gestational age subgroups, 32-34 weeks and 35-36
weeks, as admission and discharge criteria and length of stay
vary between these groups; and singleton and multiple births.



Process measures and intervention fidelity

Process measures of collaborative quality improvement
implementation include the number of EPIQ workshops
conducted and number of participants, number of Plan-
Study-Do-Act cycles completed in each unit, presentation
in collaborative quality improvement meetings, and
benchmarking reports. The intervention fidelity will be
assessed in each unit after transition to the intervention
arm by monitoring adherence to process indicators for
both respiratory care and nutritional care bundles. In
addition, we developed a mechanism to track quality
improvement activities and operational changes in each
unit as these factors may affect implementation timelines
and confound the results.

Monitoring

The trial will have 3 committees. The Trial Steering Com-
mittee will oversee the trial progress and address any concern
with the trial execution and management. The Trial Manage-
ment Committee will be responsible for daily management of
the trial, implementing EPIQ collaborative quality improve-
ment interventions during each transition period and support-
ing each NICU local quality improvement team. The Data
Management Committee will manage and maintain the trial
database and data dictionary (Appendix 8, available at www.
cmajopen.ca/content/11/3/E397/suppl/DC1).

Substudies within the ABC-QlI Trial

1. Evaluation of organizational culture: we will use the
QIIS-II, which consists of 39 questions and will be dis-
tributed electronically to health care providers (phys-
icians, nurses and allied health professionals) in the par-
ticipating units in the first year while all units are in the
control arm (Appendix 9, available at www.cmajopen.ca/
content/11/3/E397/suppl/DC1).%=% The survey data will
be analyzed after the survey closure using descriptive sta-
tistics. The results will help the investigators understand
the organizational culture, the status of quality improve-
ment implementation, and differences between units in
order to support quality improvement team building and
implementation, and might help us interpret some of the
differences in outcomes.

2. Evaluation of collaborative quality improvement imple-
mentation: this substudy aims to understand the barriers
and facilitators in implementing EPIQ collaborative
quality improvement interventions. Methods: semistruc-
tured interviews with a purposively selected sample of
4 health care providers from different disciplines in each
NICU, who are not part of the quality improvement
team. The interview questions (Appendix 10, available at
www.cmajopen.ca/content/11/3/E397/suppl/DC1) are
based on the Consolidated Framework for Implementa-
tion Research and spread over 5 domains: intervention
characteristics, outer setting, inner setting, individual
characteristics and process.* The interview data will be
analyzed using qualitative methodology at the end of the
ABC-QI Trial.
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Ethics approval

The study has been approved by the University of Calgary
Conjoint Health Research Ethics Board (REB21-1336), Uni-
versity of Alberta Health Research Ethics Board, Alberta
Health Services and Covenant Health.

The ABC-QI study aims to provide real-world evidence of
the benefit of collaborative quality improvement strategies
in moderate and late preterm neonates. The study will use
quality improvement tools as an intervention, which carries
the potential for implementation of better practices and
providing directions for future research in moderate and
late preterm neonates. Furthermore, knowledge sharing
will assist in collaboration and build collective knowledge
for future research. We will disseminate the results to
health care professionals, parent advisory groups, opera-
tional leaders, policy-makers, government agencies and
other knowledge users through presentation in national and
international conferences, media sources and publication in
relevant peer-reviewed journals using the Consolidated
Standards of Reporting Trials extension for stepped-wedge
cluster randomized trial.¥

Limitations

EPIQ methodology aims for change in practice and culture.
These changes follow the change cycle described by
Prochaska and DiClemente, in which the last stage is
relapse.*® We will mitigate this risk through ongoing engage-
ment, quarterly benchmarking reports and the continuous
capability of each unit to access their data. The study aims to
implement 2 care bundles within 12 months of transition
to intervention. Barriers due to operational changes or
resourcing may limit the ability of the units to implement
quality improvement initiatives.

Conclusion

The ABC-QI trial aims to evaluate the impact of collaborative
quality improvement strategies in moderate and late preterm
neonates on clinical outcomes, length of stay and cost to
health care system on a wide scale. Our goal is to address the
existing research gaps in moderate and late preterm neonates
and provide detailed population-based data that can be used
for future research, benchmarking and quality improvement
in the population of moderate and late preterm neonates
across Canada and worldwide.
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