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Background information

The term neonatal network refers to a group of neonatal 
intensive care units (NICUs) in different hospitals that 
participates in systematic data collection from infants based 
on a common protocol for the purposes of monitoring 
outcomes, quality improvement and research. The criteria 
for patient inclusion in a neonatal network database varies 
and most networks focus on the most vulnerable infants: 
typically, preterm infants born below 33 weeks’ gestation (1).  

The number of infants in this group is generally small 
for each NICU (30 to 200 per year) and most public 
health perinatal surveillance programs do not collect 
detailed clinical data that are necessary to support quality 
improvement activities e.g., use of antenatal steroids, 
respiratory management, or feeding strategies. Thus, 
neonatal networks play a key role in efforts to improve 
neonatal care and outcomes (2). 

The Canadian Neonatal Network (CNN) was established 
in 1995 to monitor and evaluate changes in clinical practices 
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and trends in neonatal outcomes in the setting of a publicly 
funded health care system. Canada has a population of  
36 million people with ~360,000 annual births and is served 
by a publicly funded health care system in which individual 
provinces are responsible for planning and allocating 
most publicly insured health services. All hospitals are 
funded and managed by provincial governments, and the 
regionalization of perinatal care in each province has led to 
centralization of specialized maternity units and NICUs (3). 
Canadian NICUs are classified into 3 levels of care, with 
level 3 units providing intensive care, level 2 units providing 
intermediate care and level 1 units providing normal 
newborn care (4). Beginning with 16 level 3 NICUs in 
1995, all 32 level 3 NICUs in Canada progressively joined 
the CNN in subsequent years (5). Over 105,000 annual 
births occur in hospitals with a level 3 NICU in Canada. 

Network mission and structure

The mission of the CNN is “to be a network of Canadian 
researchers who conduct leading multidisciplinary, 
collaborative research dedicated to the improvement of 
neonatal-prenatal health and health care in Canada and 
internationally”. Specific goals of the CNN are: (I) to 

establish a national network of multidisciplinary Canadian 
researchers interested in neonatal-perinatal research; 
(II) to establish and maintain a truly national neonatal-
perinatal database and provide the infrastructure to 
facilitate collaborative research; (III) to longitudinally 
study outcomes and variation in medical care that increases 
costs but does not improve outcomes; and (IV) to develop 
innovative research methods that can lead to improvements 
in health and quality of health care.

The CNN neonatal research network governance 
comprises a Governing Board, an Executive Committee, 
a coordinating centre, and participating sites (Figure 1), 
and a set of by-laws. The Governing Board is formed 
by seven senior clinician-scientists that have previously 
been involved in the CNN and sets the policies that allow 
the CNN to fulfill its mission statement and achieve its 
objectives. It is the final decision-making authority of the 
CNN and appoints the executive officers, including the 
Director and Associate Directors of the network. There 
are seven to nine executive officers that are appointed to 
five-year terms renewable once, and are responsible for 
executing the day-to-day operations and decision-making. 
The Executive Committee advises the Executive Officers on 
operational and management issues of the CNN and serves 

Figure 1 Canadian Neonatal Network organizational structure. 
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as the scientific review committee for research proposals. 
Executive Committee members are elected by CNN site 
members for 3-year terms renewable once. 

Under the supervision of the Director, the coordinating 
centre is responsible for carrying out the daily activities of 
the CNN. These include project coordination, contract 
management, database management, software development, 
and data analysis. Additionally, subcommittees oversee 
specific activities, such as producing the Annual Benchmark 
Report and updating the database variables and definitions. 
In each participating site, the site investigator is responsible 
for coordinating data collection and participation in specific 
projects. Local data abstractors are responsible for data 
collection. Site participation is voluntary and member sites 
must commit to timely data collection and participation in 
network activities. 

Network activities

Database 

The CNN maintains a database designed to include data 
on infants admitted to participating sites for greater than 
or equal to 24 hours or those who died or were transferred 
to another level 2 or 3 facility within 24 hours. Infants 
admitted less than 24 hours are excluded from data 
collection since most are admitted for short observation 
periods and overall correspond to less than 2% of patient 
days in level 3 NICUs (2). The database serves as a 
platform for most of the CNN’s activities: benchmarking 
reports, outcomes research, quality improvement, clinical 
trials, training and mentoring, and advocacy and policy 
development. The database has been used in over 300 peer-
reviewed publications (www.canadianneonatalnetwork.org).

The CNN provides standardized training for all 
dedicated site data abstractors (usually 1 or 2 per site), 
who follow a standard data dictionary and data collection 
protocol (6). Patient charts are retrospectively reviewed. 
The CNN developed and regularly updates the data-entry 
program which is installed in each site. The anonymized 
patient data are then entered electronically into a program 
that has built-in error checks at the point of entry. At the 
coordinating centre, uploaded data are cleaned and checked 
for completeness and accuracy, and potential errors are 
rechecked by participating sites. The CNN database has 
demonstrated high reliability and internal consistency (7).  
Data sharing agreements and waivers of individual 
informed consent from the relevant institutional ethics or 

quality improvement committees were obtained for each 
participating site and are updated annually. At each site, 
data are stored in a secured database located either on-
site or in an alternate, secured off-site location (e.g., health 
records department or computer services department). In 
accordance with privacy laws in Canada, patient identifiers 
are stripped and replaced by anonymous, unique identifiers 
before data are transferred to the coordinating centre. 
Patient confidentiality is strictly observed at every stage. 
The final database is stored in a secured server on-site, 
with off-site backup. Data analysis and new projects must 
undergo review and approval from the CNN Executive 
Committee and from the Research and Ethics Board of the 
investigator leading the project. 

Since its first version, the CNN database has changed 
significantly. Data fields have been added and definitions 
updated in order to adapt to changes in care practices and 
outcome definitions. For example, variables reflecting 
neonatal asphyxia and therapeutic hypothermia as well 
as magnetic resonance imaging results for infants with 
asphyxia were added in the past years as this became a 
standard of care. The latest CNN manual of definitions 
and data collection is available at our website (www.
canadianneonatalnetwork.org).

As the number of participating sites in the CNN grew, 
the number of infants included in the database increased 
steadily, reaching approximately ~15,000 infants per year 
in 2021 (Figure 2). All 32 participating sites currently 
collect data on eligible preterm infants born at <33 weeks’ 
gestation. In total, approximatively 4,400 infants per 
year born at <33 weeks’ are included in the database; this 
corresponds to approximately 85% of eligible infants in 
Canada since some infants born at ≥30 weeks are admitted 
directly in certain Level 2 NICUs (Figure 3). In addition 
to infants born at <33 weeks’ gestation, a majority of sites 
(~75%) also collect data on all other admissions born at 
≥33 weeks, whereas other sites (~25%) report data on select 
groups of patients (e.g., infants with hypoxic ischemic 
encephalopathy or infants with major congenital anomalies). 
Additionally, 29 of the 30 sites with maternity services  
(2 sites in Canada have exclusive outborn populations) 
collect data on delivery room deaths of all infants born alive 
at ≥22 weeks’. 

Benchmarking: annual report and web portal 

Since its foundation, the CNN has produced regular 
annual reports, which allow individual sites to compare 
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themselves to others in Canada. The report focuses mainly 
on outcomes of high-risk infants born at <33 weeks’ and 
<29 weeks’ gestation, evaluating care practices, resource 
use, and outcomes. The first CNN Annual Report reported 
the validation of a newborn severity score [Score for Acute 
Neonatal Physiology (SNAPII)] (8), a severity of illness 
scale [Neonatal Therapeutic Intervention Scoring System 
(NTISS)] (9), and an instrument for assessing infant 
transport outcomes [Transport Risk Index of Physiologic 
Stability (TRIPS)] (10). Including these 3 scores permitted 
the evaluation of risk-adjusted variations in mortality and 
morbidity among Canadian NICUs, and they are still used 
today as part of the CNN risk adjustment model (11-13).

The annual report allows sites to evaluate the effects 
of local changes on site outcomes and how these compare 
to the rest of the country, but it is based on data from the 
previous year. The CNN also introduced a Semi-annual 
Quality Improvement Report on select morbidity trends for 
each site that provides more timely data (based on previous 
6-month period) to better support quality improvement 

projects (www.canadianneonatalnetwork.org). We have 
since developed a web-based portal (using Microsoft ASP) 
that allows the application of multiple filters to visualize 
data in real time. Currently, the Annual Report continues to 
provide risk-adjusted analyses, while the web-based portal 
provides descriptive trends for each site and the entire 
network in real time. 

Outcomes research 

The goals of outcomes research are to identify and explain 
variations in care practices and outcomes and assess the 
effects of clinical care in a “real-life” setting (14). These 
are critical to improving neonatal care for several reasons. 
First, understanding how variations in practices correlate 
with variations in outcomes between countries, regions, 
and NICUs is a critical step in quality improvement and 
help identify better practices (15). Second, even when 
interventions are based on well designed randomized 
controlled trials, additional studies using contemporary 

32 CNN Participating Sites

Figure 2 Map of Canada with names and locations of Canadian Neonatal Network sites. CNN, Canadian Neonatal Network.
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data are necessary due to ongoing changes in the outcomes 
of preterm infants (16). Third, because infants included 
in randomized trials can be systematically different from 
non-enrolled infants, the estimated benefits of evidence-
based practices may differ between populations (17). 
Fourth, epidemiologic research can help identify benefits 
and harms of interventions when data from large trials are 
lacking (18,19).

The CNN first focused on understanding the variations 
in outcomes between sites in Canada and risk-adjustment 
methodology (5,10,20). Its research then progressively 
expanded into the areas of generating better evidence for 
retinopathy of prematurity screening practices optimize 
timing and number of exams (21), identifying care practices 
associated with better outcomes (22), and evaluating the 
effects of staffing patterns on NICU outcomes (23). Today, 
the CNN research program includes quality improvement 
research, epidemiologic trend analyses, international 
comparisons, and long-term outcomes research (24-28).

Quality improvement program 

To address ongoing variations in outcomes between sites 
and lack of improvement in outcomes over time (29), the 
CNN launched the Evidence-based Practice for Improving 

Quality program (30) in 2003 to improve outcomes of 
infants born <33 weeks’ gestation who are at high risk 
of mortality and morbidity (31,32). The Evidence-based 
Practice for Improving Quality (EPIQ) program is a 
collaborative, multifaceted quality improvement approach 
that is adapted from the Promoting Action on Research 
Implementation in Health Services (PARiHS) framework 
(33) and combines iterative learning techniques using 
Plan-Do-Study-Act cycles of rapid change with a process 
to facilitate quality improvement using the following 
approaches: (I) benchmarking with a standardized database, 
(II) best practice consensus from the best available 
evidence, (III) engagement of front-line staff, and (IV) 
mutual learning through networking. EPIQ additionally 
uses institution-specific data to target practices with high 
attributable risk of adverse outcomes for intervention 
within that; this strategy minimizes the use of inefficient 
“shotgun” approaches for practice change and emphasizes 
changing individual behaviour and organizational culture 
as much as practice change. Each institution can prioritize 
interventions aimed to improve a specific outcome. Since 
2003, there have been 4 main iterations of EPIQ, with each 
one building on lessons learned from the previous years. 
We have shown that the program is scientific, generalizable, 
and sustainable (30,34,35). This program has contributed to 
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significant and sustained improvements in the outcomes of 
preterm infants in Canada (25,36).

Health services and policy research 

Health services research aims to improve the efficiency 
and effectiveness of the health care system (37). Improving 
perinatal care involves evaluation and planning for adequate 
resources, including NICU beds and human resources. 
In Canada, provinces are responsible for planning and 
allocating most publicly insured health services, leading to 
variations in resource allocation and health care delivery 
models (38). The CNN database, which includes details on 
infant trajectory of care (resource use, outcomes, discharge 
destination), provides valuable insights that aid the 
evaluation and planning of regional resources for neonatal 
care. Leveraging our database and expertise, the CNN has 
worked with several provinces to help identify regional 
needs related to NICU beds and human resources (39,40). 
Ongoing projects and partnerships with governments 
involve standardizing case-costing algorithms for neonatal 
care, prospective studies on human resource allocation, 
and developing standards for nurse-to-patient ratios in the 
NICU (41,42).

Development and linkage of sister networks 

Since neonatal outcomes are dependent on a spectrum 
of care throughout the perinatal period, the CNN has 
expanded to incorporate and align its work with other 
perinatal activities. The Canadian Perinatal Network 
(CPN) was established to study and collect data on high-
risk pregnancies in high risk maternity units across Canada. 
The Canadian Neonatal Follow-Up Network (CNFUN) 
collects standardized data on 18-month developmental 
outcomes of extremely preterm neonates born at <29 weeks’  
gestation and admitted to CNN-participating NICUs 
from 26 neonatal  fol low-up programs across  the  
country (26). Recognizing the increased rates of adverse 
outcomes for neonates not born in tertiary sites providing 
maternal-neonatal services (26), we helped to develop and 
link the Canadian Neonatal Transport Network (CNTN), 
which includes data on the transport of neonates from 
16 specialized neonatal transport services in Canada (43). 
We also developed a close and linked partnership with the 
Canadian Pediatric Surgery Network (CAPSNet), which 
includes data on infants with gastroschisis and congenital 
diaphragmatic hernia treated in all 16 Canadian pediatric 

surgical hospitals in the country (44). A key element for the 
development of these sister networks was early collaboration 
with the CNN for harmonized variable definitions, data 
structure, data hosting and facilitated data linkage. Recently, 
we linked these networks and their databases and added 
antenatal variables under the umbrella of the Canadian 
Preterm Birth Network (CPTBN), which aims to create 
a flexible, transdisciplinary, evaluable, and informative 
research and quality-improvement platform focused on 
improving the outcomes of preterm infants (27).

Clinical trials 

The CNN conducts clinical trials both directly and 
indirectly by providing an established infrastructure that 
facilitates site and patient recruitment, project coordination 
and data collection. Our first benchmark trial was a 
cluster-randomized trial evaluating the effects of a quality 
improvement program on the outcomes of preterm 
infants (34). This was followed by several other quality 
improvement trials, and trials evaluating the effectiveness 
of the Family Integrated Care model of care (30,45). In 
addition, the CNN provided support for other clinical trials 
by providing background data, information necessary to 
plan sample size, and information on site characteristics. In 
our next phase, we will leverage the network’s capabilities 
to engage as the “sole” platform for data collection for 
randomized controlled trials and to design the network 
database as a platform to identify and recruit patients for 
trials. Initial funded trials utilizing this platform includes the 
comparison of feeding strategy while receiving transfusion 
trial; and a cluster crossover trial on the resuscitation of 
preterm neonates with 30% and 60% oxygen.

Comparative effectiveness research (CER) 

Comparative effectiveness trials compare existing health 
care interventions to identify which is more effective 
in improving patient outcomes (46). In the context of 
neonatal research, NICUs self-select to adopt a specific 
intervention or protocol and then patient outcomes 
of different interventions are compared using the 
CNN database. This allows the inclusion of all eligible 
infants in the NICUs, reduces trial costs, and leverages 
existing databases. The CNN is completing a CER 
project comparing bovine lipid surfactant extract and 
poractant alpha surfactant for preterm neonates born at 
<29 weeks’ gestation and is leading several other CER 
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studies evaluating the effects of different strategies for 
non-invasive ventilation and patent ductus arteriosus 
management. 

Training and mentoring

The CNN provides a solid platform for students, trainees, 
and junior investigators to learn research methods and 
execute projects (27). Trainees from multidisciplinary 
backgrounds benefit from the unique learning opportunities 
provided by the CNN. Trainees can either become involved 
via their local site investigators and submit project proposals 
or be hosted at the CNN coordinating centre while 
continuing formal research training in their local academic 
institution. The network encourages the use of its data for 
Master’s degree and PhD student projects.

Family support 

In order to provide collaborative and mutual support 
on issues related to advocacy for parents and families of 
infants admitted to NICUs, the CNN has partnered with 
the Canadian Premature Babies Foundation (the national 
parent-led organization that aims to improve the parent 
experience in the NICU). In addition, several members 
of the Canadian Premature Babies Foundation serve as 
parent representatives on CNN research projects. The 
CNN also led the way in establishing and disseminating the 
concept of Family Integrated Care (FICare) both in Canada 
and internationally (30,45). FICare extends the concept 
of family integrated care by fully integrating families as 
partners in the NICU care teams; this has been shown to 
improve not only family satisfaction but also long-term 
neurodevelopmental outcomes of the infants (47).

International collaboration and training 

International collaborations 

Exploring regional differences in clinical management and 
outcomes plays a crucial part in improving neonatal care, 
and looking outward to other networks can be invaluable 
in this process. Collaborative research with other networks 
allows us to increase sample sizes for studies involving less 
frequent exposures and improve the generalizability of 
findings across different populations. The first population-
based retrospective comparison, between Canada and 
Japan, showed that Japan had significantly lower rates of 

mortality, severe neurological injury, nosocomial infection, 
and necrotizing enterocolitis among very preterm infants, 
but higher rates of bronchopulmonary dysplasia and ≥ stage 
3 retinopathy of prematurity; this led to both countries re-
examining their practices in the relevant areas (48). CNN 
was instrumental in developing international collaborations, 
initially through the International Neonatal Collaboration 
(INC), and later through the International Network for 
Evaluating Outcomes of Neonates (iNeo), which was 
formed to facilitate international collaborative research for 
very low birth weight, very preterm infants (1). The iNeo 
platform (discussed in detail in another article in this series) 
is hosted at the CNN coordinating centre and collects data 
from 11 countries around the world on >15,000 neonates 
per year born <29 weeks’ gestation.

International training 

The CNN established International Training Programs 
through collaborations with different universities and 
hospitals in China and India beginning in 2004. The 
objectives of these programs are to support the training 
of neonatologists and neonatal nurses using a ‘train the 
trainer’ approach, establish national standards for the 
training of neonatologists and neonatal nurses, and upgrade 
the standards of neonatal care and research. These training 
programs were developed by CNN members with expertise 
in medical education in collaboration with local institutions 
to address their specific needs. Systematic training is 
provided by CNN faculty both in the host countries and 
in Canada through teaching courses and mentorship and 
fellowship training programs.

Engagement activities for participating 
members

The CNN is committed to creating value for its members 
while striving to improve the outcomes of very preterm 
infants. In a large country like Canada, where sites are 
geographically distant from one another, creating a 
community is essential. We have used different methods to 
achieve this goal. First, the CNN Executive Committee is 
formed by investigators from different sites, allowing then 
to quickly address challenges that may be specific to certain 
areas in the country. Second, the web-based portal and 
Annual Report allows sites to stay engaged with one another 
in the process of quality improvement and identify local 
priorities for improvements (Figure 4). Third, the EPIQ 
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program has multiple working groups aiming to improve 
specific outcomes (e.g., bronchopulmonary dysplasia, 
retinopathy of prematurity, necrotizing enterocolitis, brain 
injury, nosocomial infections). These groups coordinate 
multiple teleconferences each year where sites can share 
experiences and discuss the challenges and successes of 
their targeted quality improvement projects. Bundles of 
best practices can then be developed and disseminated to 
all members. Fourth, the CNN Annual Meeting allows site 
representatives to meet in person, share their experiences 
with quality improvement activities, and discuss ongoing 
and upcoming research collaborations. Fifth, to encourage 
the use of CNN data, all research proposals from the site 
investigators are supported (scientific review and data 
analysis) by the CNN coordinating centre. Finally, the 
CNN is in regular communication with its members, via 

teleconference, e-mail, newsletters, its official website 
and social media to provide updates, detail changes in 
the database and data dictionary, highlight publications, 
disseminate funding opportunities, and share new project 
ideas. 

Funding support: sources and return on 
investments

The CNN coordinating centre and infrastructure are 
mainly funded via research grants from the Canadian 
Institutes of Health Research, for quality improvement 
research, clinical trials, and epidemiologic research; by the 
provincial governments, for health services research and 
analyses; and by Mount Sinai Hospital. The majority of the 
operational budget of the CNN coordinating center has 

Figure 4 Canadian Neonatal Network individual site report on care practices and outcomes among infants born <33 weeks’ gestation in 
2017–2019. Red bubble corresponds to a specific compared to the rest of sites in the network in blue. Each bubble size is proportionate to 
the number of infants in 2017 to 2019. AUR, antimicrobial utilization rate; BPD, bronchopulmonary dysplasia; IVH3/4, intraventricular 
hemorrhage grades 3 or 4; NEC, necrotizing enterocolitis; PVL, periventricular leukomalacia; ROP, retinopathy of prematurity.  
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historically been covered by overlapping research grants 
and the host institution. The individual participating sites 
provide funding and resources for local data collection 
and related activities. This funding structure creates a dual 
challenge for sustainability. First, part of the infrastructure 
is dependent on grant success rates. Second, local site 
investments are dependent on the local economic context 
and constantly need to be justified. To address these 
challenges, the CNN continuously works to provide added 
value and a return on investment to its site members. 

Challenges: current and future

The financial sustainability of the CNN organization is 
an ongoing challenge and requires careful planning. This 
includes regular applications for funding from multiple 
sources, including federal and provincial granting agencies, 
hospitals, philanthropic entities, and governments. Keeping 
members engaged and connected requires constant 
adaptation and the integration of new technologies, such as 
the virtual platform. Another challenge is avoiding “change 
fatigue”, particularly in the context of quality improvement. 
Machine learning algorithms may help develop better 
prediction models for outcomes such as bronchopulmonary 
dysplasia which could help tailor bedside interventions such 
as the timing and dose of postnatal steroids. Integrating 
new technologies, like targeted ultrasound, ventilator 
devices, and methods to delivery surfactant, offer unique 
opportunities to continue to engage our community. 
The emergence of new technologies and therapies like 
regenerative medicine and artificial intelligence will open 
new horizons but also present new challenges in the future.

Future directions

As the field of neonatology changes, so must neonatal 
networks. The CNN database remains at the core of our 
activities and it is constantly updated to generate data on 
new practices. However, the community’s culture of change 
drives us forward. This includes expanding and merging 
the database with other population-based data to include 
all lower-risk infants born at ≥33 weeks’ gestation, and 
extending its activities into the areas of resource allocation 
and policy research. The experience gained in leading 
quality improvement projects has expanded the EPIQ 
methodology to new areas, such as level 2 NICUs and 
neonatal follow-up programs. We also aim to continue 
engaging in international collaborations with other neonatal 

networks and focus on long-term outcomes such as school-
aged function and health status into adulthood. In summary, 
the CNN is an ever-changing organization built on a 
community of researchers, providers, and families who 
are all dedicated to improving the outcomes of neonates. 
However, the CNN’s most important contribution may be 
intangible and long-lasting: it has created a unique culture 
of trust, collaboration, and cooperation among health care 
professionals, researchers, administrators, and families that 
will benefit infants and their families for many generations 
to come. 
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