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Abstract: A health care learning community engages providers and families in a collaborative environment

to improve outcomes. Vermont Oxford Network (VON), a voluntary organization dedicated to improving

the quality, safety and value of care through a coordinated program of data-driven quality improvement,

education, and research, is a worldwide learning community in newborn medicine. Through collection of

pragmatic structured data items and benchmarking reports, quality improvement collaboratives, pragmatic

trials, and observational research, VON facilitates quality improvement by multidisciplinary teams and

families in neonatal intensive care units (NICU) in low, middle, and high resource countries. By bringing

health professionals and families together across disciplines and geographies to enable shared learning and

knowledge dissemination, VON empowers individuals, organizations, and systems to meet the shared vision

that every infant around the world can and should achieve their full potential.
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Introduction

A health care learning community engages providers
and families in a collaborative environment to improve
outcomes (1). The community connects people across
disciplines and geographies to enable shared learning and
knowledge creation and dissemination, and to set common
goals and measure collective progress (2). Such communities
require data to facilitate learning, a culture of continuous
improvement, and individuals, organizations, and systems
with a shared vision (3). Vermont Oxford Network
(VON) is a voluntary worldwide multidisciplinary learning
community dedicated to improving the quality, safety and
value of care through a coordinated program of data-driven
quality improvement, education, and research in newborn
medicine (4).
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Data to facilitate learning

Currently, over 1,100 hospitals submit standardized,
structured data to VON (Figure I). The data have pragmatic
definitions designed to help hospitals improve the quality of
care for newborns and their families. In 2018, 532 hospitals
finalized data on very low birth weight or very preterm
infants, defined as infants 401 to 1,500 grams or 22 to
29 weeks at birth, and 491 hospitals finalized data on all
infants admitted to neonatal intensive care units (NICU),
including the very low birth weight and very preterm
population (5).

Reports based on these data give hospitals information
for quality improvement in their local context. Process
and outcome measures, collected over time and compared
to peers, help hospitals identify potential areas for
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Figure 1 Hospital participation in databases over time by database type (EXP or VLBW). EXP, expanded; VLBW, very-low-birth-weight.

improvement. Hospitals can benchmark performance
against the entire network, the type of NICU based on
services provided, special groups such as hospital systems,
or the country or state in which a hospital is located. VON
reports the hospital rates at the 25" and 75 percentiles for
all unadjusted measures so that hospitals can benchmark
against the best and worst quartiles of performance.
VON also reports risk- and volume-adjusted observed-
to-expected measures to help hospitals understand if
performance is better, worse, or as expected. Evaluation of
year-by-year performance helps hospitals observe the effect
of quality improvement programs. Hospitals can obtain
monthly, quarterly, or semi-annual run charts by discharge
date to ascertain the effect of changes on a more granular
time scale. Evidence from peer-reviewed publications
(6-14) and abstracts presented at national meetings suggests
that multidisciplinary teams actively use VON data to fuel
improvement.

Annual survey

All hospitals complete an annual survey on resources and
capabilities, and to classify hospitals into VON NICU
types. Using responses to whether the center was required
by state regulation to transfer infants to another center for
assisted ventilation based on the infant characteristics or
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duration of ventilation required, or whether one of eight
surgeries was performed at the center (omphalocele repair,
ventriculoperitoneal shunt, tracheoesophageal fistula/
esophageal atresia repair, bowel resection/renanastomosis,
meningomyelocele repair, cardiac catheterization, cardiac
surgery requiring bypass), centers are divided into three
groups: ventilation restrictions or no surgery; surgery
except cardiac requiring bypass; all surgery (Table I).
NICUs with ventilation restrictions correspond to Level II
under the current American Academy of Pediatrics levels
of neonatal care. NICUs that do not perform surgery on
site and NICUs that perform all surgery except cardiac
requiring bypass correspond to Level III. NICUs that
perform all surgery correspond to Level IV (15). These data
contribute vital information to the learning community
about hospitals’ resources and are used in reporting and in
research (16-18).

Extremely-low-birth-weight (ELBW) follow-up

For hospitals interested in benchmarking care of extremely
low birth weight and low gestational age infants (401-1,000
grams or 22-27 weeks’ gestational age), VON offers
data collection on health and developmental outcomes at
18-24 months. Reports based on these data are used to
benchmark differences in infant procedures and outcomes
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Table 1 Vermont Oxford Network hospitals participating in the very-low-birth-weight or expanded databases by VON NICU type, 2017

Types n [%]

Type A: restrictions on ventilation or no surgery 427 [42]
Type B: no ventilation restrictions and surgery* except cardiac requiring bypass 429 [42]
Type C: no ventilation restrictions and surgery* including cardiac requiring bypass 161 [16]

*, omphalocele repair, ventriculoperitoneal shunt, tracheoesophageal fistula/esophageal atresia repair, bowel resection/renanastomosis,
meningomyelocele repair, or cardiac catheterization. NICU, neonatal intensive care units.

among participating hospitals and in research (19-21).
Recently, follow-up teams at hospitals in Connecticut,
Maine, Massachusetts, New Hampshire, Rhode Island, and
Vermont formed the New England Follow-Up Network.
Using the VON follow-up data collection and reporting,
these teams identified areas for improvement that they will
work on collectively including the follow-up rate, collection
of data on social determinants of health, and growth at
2-year follow-up.

Global bealth

VON also offers a unique database for hospitals in low-
resource settings to help teams focus on improving the
processes and outcomes most important in these environments.
The neonatal period represents the most vulnerable time
for a child’s survival globally. In 2017, 2.5 million deaths, or
roughly 47% of all deaths under the age of 5 years, occurred
during the first 28 days after birth; 98% of these deaths
occurred in low- and middle-income countries, translating
to 7,000 newborn deaths every day (22). The most common
causes of neonatal death worldwide are known preterm
birth (35%), intrapartum-related causes (24%), and sepsis
(14%) (23). The United Nations Sustainable Development
Goal is to reduce neonatal mortality to 12 per 1,000 live
births globally by 2030 (24). Quality improvement methods
are not yet part of standard educational training or routine
health care delivery in most low-income countries, and
timely, actionable, facility-level data has not been available
for improvement purposes (25).

As an innovator in neonatal care, VON partners with
colleagues in low-income countries to change the landscape
of neonatal care, and develop tools, mentorship, and a
community to help meet the United Nations Sustainable
Development Goal. In 2018, twenty Ethiopian public and
academic hospitals joined VON, utilizing the Global Health
Database. In partnership with the Ethiopian Pediatrics
Society and the Federal Ministry of Health, VON facilitated
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the formation of the Ethiopian Neonatal Network, utilizing
this standardized data platform among the teams in this
community. Approximately 10,000 infants were registered
in the database in the first year. Using newly available,
real-time, local facility-level reports, teams identified gaps
in the quality of care (26), created specific, measurable,
achievable, relevant, and time-bound (SMART) aims, and
embarked on their first mentored quality improvement
project. Teams at these hospitals are working on increasing
the percentage of deliveries attended by providers trained in
neonatal resuscitation or Helping Babies Breathe, reducing
admission hypothermia in the neonatal unit, and increasing
the percentage of low-birth weight infants that receive
kangaroo mother care. Given the success in developing a
learning community in Ethiopia, the Global Database’s
favorable ratio of data burden to data value, and the ability
of some teams to achieve their SMART aims within the
first year of database participation, we plan for expansion to
additional low-income countries in Africa by 2022.

Quality measurement

As part of its commitment to the newborn learning
community, VON submits its measures to the National
Quality Forum, a not-for-profit, nonpartisan organization
that leads collaboration in the United States to improve
health and healthcare quality through measurement.
“Proportion of Infants 22 to 29 Weeks Gestation Screened
for Retinopathy of Prematurity” and “Late-Onset Sepsis
or Meningitis in Neonates (Risk-Adjusted)” were both
endorsed in 2008 (27), 2011 (28), and 2016 (29) as part of a
suite of perinatal measures that hospitals can use to evaluate
the quality and efficiency of newborn health care. The
Leapfrog Group includes two VON measures in its annual
hospital survey, antenatal steroid treatment and a risk-
adjusted composite death or morbidity measure. VON also
worked closely with the Centers for Disease Control and
Prevention on a new neonatal late onset sepsis/meningitis
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measure and the neonatal standardized antimicrobial
administration rates for the National Healthcare Safety
Network (30).

A culture of continuous improvement

For more than 25 years, VON has organized quality
improvement collaboratives of multidisciplinary teams
working collectively to improve newborn outcomes. These
activities serve the heart of the organization’s mission to
improve the quality, safety, and value of care for newborn
infants and their families.

Over 700 neonatal care teams have participated in one or
more of VON’s quality improvement collaboratives. Some
hospitals join VON solely to participate in a collaborative.
In these collaboratives, multidisciplinary teams of health
professionals work together under the guidance of
clinical and quality improvement experts to identity, test,
and implement “potentially better” practices designed
to achieve their stated improvement aims. “Potentially
better” practices, rather than “better” or “best” practices,
indicate that a practice is not better or best until it is
adapted, tested, and shown to be effective in each hospital’s
unique context (31). Teams learn the four key habits for
improvement: the habit for change; the habit for evidence-
based practice; the habit of systems thinking; and the
habit for collaborative learning (32,33). Teams apply the
Model for Improvement to achieve their goals, setting
SMART aims, identify measures to track improvement,
adapt and test the potentially better practices provided in
collaborative toolkits through a series of Plan Do Study
Act (PDSA) cycles (34). This context-dependent aspect
of improvement is an underappreciated strength of the
VON learning community. As multiple teams test and
implement potentially better practices in unique ways suited
to their local conditions and share what they have learned,
everyone’s understanding of these practices is enhanced as
the community searches the clinical fitness landscape for
the highest peaks of performance (35).

Neonatal Improvement Collaborative for Quality (NICQ)

Teams in the NICQ self-select into “homerooms” of 6 to
10 hospital teams. A dedicated faculty including clinical
experts, a quality improvement coach and a NICU parent
supports each homeroom. Each team is expected to have
a NICU parent as a working member of the improvement
team. Teams participate in faculty-facilitated visits to
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other units during which both host and visitor contribute
to deep immersion learning and exploration of the clinical
landscape. Since 1995, teams in the NICQ improvement
collaboratives have addressed a wide range of improvement
topics including hospital acquired infection, chronic lung
disease and respiratory care, necrotizing enterocolitis and
nutrition, brain injury, obstetrical care, nurse staffing and
turnover, micropremature infants, family centered care, and
costs, among others (32,33,36-41).

Internet Newborn Improvement Collaborative for Quality
(iNICQ)

Teams in the iNICQ collaborative focus on a single
improvement topic over a 1 to 3-year timeframe. Recent
improvement topics have included neonatal abstinence
syndrome (42), alarm safety (43), and antibiotic stewardship (44).
The current iNICQ collaborative, Critical Transitions: The
Ins and Outs of Newborn Care involves over 120 neonatal
teams from five countries focused on improving the quality
and safety of the multiple transitions experienced by
newborn infants and their families before during and after
their initial hospitalization (45).

VON Day Audits

Often, teams participating in the NICQ collaborative
use reporting from the VON databases to measure
improvements. The iNICQ collaboratives have
supplemented measures collected with VON Day Audits,
short, focused surveys of unit policies, practices, or
guidelines about the program topic and a patient audit
related to the topic. The surveys are meant to be completed
on a single day in a 2-week audit window. The audits allow
teams to identify gaps in performance, select potentially
better practices to close those gaps.

The VON Day audits are used by individual teams to
track their improvement progress and support assessment of
the overall collaboratives. In a 2-year period of the neonatal
abstinence syndrome iNICQ program, the mean number
of NAS-focused policies increased while the median length
of pharmacological treatment and length of stay decreased,
as did the proportion of infants discharged on medication
for NAS (42). Teams participating in a one-year iNICQ
program on alarm safety showed significant progress toward
implementation of Joint Commission Alarm Safety goals for
oximeter monitoring (43). VON Day Audits were also used
to measure delivery room management (46) and antibiotic
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stewardship (44). In the iNICQ collaborative on antibiotic
stewardship conducted in partnership with the Centers
for Disease Control and Prevention, participating teams
increased adherence to the CDC core stewardship practices
while reducing antibiotic use rates in their units.

Inclusion of families

A hallmark of NICQ and iNICQ participation is inclusion
of family (47), who are full members of the improvement
teams and serve as paid faculty in all VON collaboratives.
Each NICQ homeroom includes a paid parent faculty
member. There is also a paid parent faculty member on
the overall faculty for NICQ and iNICQ, and all NICU
teams are encouraged to have paid family advisors. VON
is now working closely with the Point of Care Foundation
to integrate Experience Based Co-Design into both the
NICQ and iNICQ collaboratives (48). Using EBCD, staff
and families work closely together to deeply understand
both the staff and family experience of care using stories,
narratives, observation, and filming. This knowledge is then
applied to redesign the key processes of care.

Generating new knowledge

A learning community has the power to generate new
knowledge. VON has a long history of conducting
pragmatic randomized clinical trials and observational
research contributing knowledge to the newborn learning
community.

Pragmatic trials

Pragmatic trials measure the benefit of a treatment
produced in routine clinical practice. Such trials conducted
by VON include a comparison of two surfactants for the
treatment of respiratory distress syndrome; the trial had a
design similar to a large National Institutes of Child Health
and Development (NICHD) trial but with more precise
estimates of the effects of the surfactant preparations (49).
A trial on early postnatal dexamethasone for chronic
lung disease identified serious side effects of early steroid
treatment (50,51), and a trial of prophylactic emollient
ointment and its effects on infection and skin integrity
provided evidence that went against evolving guidelines and
recommendations (52). A trial of different types of initial
respiratory management supported a less invasive approach
to delivery room stabilization of preterm infants (53), and
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a trial of occlusive wrap for heat loss prevention improved
knowledge on early thermal stability (54). VON also
conducted a unique pragmatic cluster randomized trial at
the hospital level with 114 NICUs participating in a quality
improvement intervention designed to foster evidence-
based practices regarding surfactant administration (55).

Observational research

Observational research using the very low birth weight
and all NICU admission databases has informed the
learning community on trends in outcomes and practices
(56-59). Nearly 90% of the very-low-birth-weight infants
born in the United States are reported to VON, making
results representative of the full population and therefore
generalizable. The large number of cases in the databases
support research on outcomes in specific populations, such
as infants with necrotizing enterocolitis (17,18,60-63),
gastroschisis (64,65), and hypoplastic left heart
syndrome (66). Topics in health services research and
newborn care include neonatal care utilization in the United
States (16,67) and internationally (68), nurse staffing (69-72),
and disparities in care (73-76).

The large number of cases in the VON databases can
contribute new evidence to widely accepted practices.
Despite the abundant evidence on the efficacy of antenatal
steroids in improving neonatal outcomes, gaps in the
evidence still exist. Trials do not address the effect of
antenatal steroids in less mature infants. Current guidelines
recommend giving antenatal corticosteroids to infants at or
above 24 weeks’ gestation and recommend “consideration”
of antenatal steroid treatment in infants 23 weeks’ gestation.
For infants at 22 weeks’ gestation, corticosteroids are
not recommended (77). However, there is evidence from
observational studies that antenatal steroids may benefit
even these least mature infants (78). In a multicenter
observational cohort study of 29,932 liveborn infants who
received postnatal life support at 431 VON hospitals in the
United States, survival to hospital discharge was higher for
infants with ANS exposure (72.3%) compared with infants
without ANS exposure (51.9%). The adjusted risk ratio
for survival of infants at 22 weeks was 2.11 (95% CI, 1.68
to 2.65) and at 23 weeks was 1.54 (95% CI, 1.40 to 1.70).
It is doubtful (though not unethical) that future trials will
address the efficacy of steroids in this extremely immature
population despite the real need to further understand
the downstream consequences on the development of
these particularly fragile infants, but large databases with
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standardized definitions may help provide new information
for decision making.

Knowledge from a learning community can raise the bar
for future improvement work. In a study of 408,164 very
low birth weight infants at 756 NICUs in the United States,
99.1% of units achieved the 2005 shrunken adjusted rate
of the best quartile for death prior to discharge, while 98%
for late onset infection, 88% for severe intraventricular
hemorrhage, 82% for severe retinopathy of prematurity,
76% for necrotizing enterocolitis, and 41% for chronic
lung disease. It took 3 years before 75% of units achieved
the 2005 shrunken adjusted rate from the best quartile for
death prior to discharge, 5 years for late onset infection,
6 years for severe retinopathy of prematurity and severe
intraventricular hemorrhage, and 8 years for necrotizing
enterocolitis (59). These findings set a new standard for
NICUs working to reduce mortality and morbidities.

Knowledge from a learning community can also set the
bar for quality improvement among neonatal units in low-
income countries. In a study of 5,703 infants at 20 NICUs
in Ethiopia using the Vermont Oxford Network Global
Health Database, Essential Newborn Care practices were
recorded for all infants admitted to the NICU and stratified
by inborn and outborn status to inform referral feedback
to community sites. Among all NICU admissions, 80%
had a delivery provider trained in neonatal resuscitation,
85% were dried at birth, 53% were placed skin-to-skin,
42% received delayed cord clamping, and 41% had early
initiation of breastfeeding (26). These quality gaps were
paired with the hospital-level annual survey, which provided
additional data for advocacy including NICU physician
and nurse staffing, physical space, and equipment (79).
As specialized neonatal care and neonatal intensive care
in low-income countries emerges in response to the
demand to meet the Sustainable Development Goals,
the optimal levels of care provided, practices and staffing
are not well understood. As additional countries join the
Vermont Oxford Network Global Neonatal Database, the
opportunities for understanding and improving neonatal
intensive care will be greatly enhanced and catalyzed
by leaders within the growing neonatal improvement
community in low-income countries.

NICU by the Numbers

Recently, VON started a series of two-page data briefs
called “NICU by the Numbers.” The topics of these short
reports, such as hypothermia on admission, the gap in
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antenatal steroid receipt for outborn infants, international
variation in human milk at discharge, and family
involvement in quality improvement (Figure 2) are meant
to highlight important and potentially actionable issues and
are free and publicly available (80).

Cochrane Neonatal

As the host organization for Cochrane Neonatal, VON
provides financial support and resources for the creation
and dissemination of systematic reviews of evidence-based
medicine for newborns. These resources help the learning
community provide the best possible evidence-based
care for infants and families around the world. Cochrane
Neonatal has created over 350 systematic reviews of
neonatal interventions with the engagement of over 1,000
researchers and authors worldwide. Over 100 of these
Cochrane Neonatal reviews have informed national and
international guidelines, changing practice in neonatal care
and significantly improving neonatal outcomes. Cochrane
Neonatal is one of over 50 review groups affiliated with
Cochrane, an international not-for-profit organization
dedicated to providing up-to-date, accurate information
about the effects of healthcare.

Challenges for the future

Each year at the Vermont Oxford Network Annual Quality
Congress in the State of the Network address, we set
challenges for the VON community.

Our first challenge is to dramatically reduce, if not
eliminate entirely, the major morbidities of neonatal
intensive care. We first introduced this challenge regarding
late onset infection over a decade ago. At the time, there was
great skepticism that this could be achieved. Infection was
considered unavoidable. However, since that challenge was
first posed, infection rates for very low birth weight infants
wer reduced from 21.9% in 2005 to 10.1% in 2014 (59).
We have now extended that challenge to all the major
morbidities. There is skepticism, but we fully expect that in
the next decade we will see dramatic improvements in all
the major morbidities of neonatal care.

Our second challenge is to engage neonatal providers
from low- and middle-income countries as full participants
in our learning community. VON sponsored neonatology
fellowship training for four promising pediatric leaders
from low-income countries in Africa. Recognizing that
these neonatologists will provide clinical care and, more
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VON Members Report Increased Family Involvement in the NICU

Ten principles of family-centered care
were created in 1992 to:

VON asks two questions on an Annual Member
Survey to measure family involvement:

There is much more our community of
practice can do to involve families. VON
supports teams working to increase family
involvement by:

“Are families who
experienced care in the NICU

“Is there a formal family

Encourage families to participate advisory council for the NICU

[ ) @
g fully in caring for and making which includes families as invelved as active team
decisions for their newborns members, meets regularly, members in quality Involving paid family advisors and
and reports to NICU and/or improvement initiatives of - parent velunteers in VON quality
hospital leadership? the NICU?" improvement programs

Help caregivers respect
the diversity of family
values and beliefs

Help parents and professionals
form mutually beneficial and
suppartive partnershipsin the
NICU and beyond

This information is made possible by VON members who voluntarily contribute data in a global effort to improve the care of
high risk newborns and their families. To see more, including commentarv by Howard Cohen, MD, and Marybeth Fry, MEd,

visit NICU by the Numbers online: -by-the-

Integrating parents into
VON's Annual Quality

Congress curriculum

Facilitating Experience-Based
Co-Design, a Ql methodology that
develops improvement ideas in
concert with families

VBN NETWSRK

Figure 2 Family involvement in the NICU, published in NICU by the Numbers. NICU, neonatal intensive care units.

importantly, serve as neonatal leaders at a national and
international level, we are proud to be involved and support
their continued professional development. This track record
in capacity building is one we intend to continue. In Ethiopia,
the neonatologists helped develop the national neonatal
guidelines and started the first advanced practice neonatal
nursing master’s program in the country. We are learning
from their passion, resourcefulness, and progress while
striving to sustainably enrich our worldwide community of
practice with additional low-income country teams.

The final challenge for the VON learning community
is to accept that our responsibility to the infants and
families we serve extends beyond the hospital walls. In
The Color of Law, Richard Rothstein documents how, from
Reconstruction to the present local, state, and federal
policies, regulations and laws have been used to segregate
Americans by race resulting in dramatic inequalities in
social, economic, and educational opportunities (81).
Black and other minority Americans live in poorer
neighborhoods (82,83), attend lower quality schools
(84,85), and receive care at lower quality hospitals
(75,76,86-90). We must expand the old paradigm of
“follow-up” to include broader responsibility for “follow
through.” Caring for high risk infants and families is more
than a technical exercise. It is one that encompasses the
social determinants that will ultimately drive the health
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and well-being of infants and families. Again, there is
skepticism. Clinicians question how they can affect social
factors such as poverty, housing, food insecurity, and
racism, segregation, and inequality. VON has a long
history of identifying racial and ethnic disparities in care
that can inform and motivate the search for practical
interventions (73-76). We will work closely with teams
to identify practical interventions that individual health
professionals, hospitals, and health systems can implement
to help remedy these inequalities including advocacy at the
local state and national levels.

Conclusions

Since 1988, the VON has grown from 34 neonatal units
in the United States to a worldwide learning community
including teams from over 1,500 neonatal units in 42
countries. Outcomes for infants and families have improved
substantially (59,91,92). However, our work is only
beginning. By continuing to bring health professionals
and families together across disciplines and geographies
to enable shared learning and knowledge creation and
dissemination with the common goal of insuring that every
infant around the world must achieve their full potential,
the size, strength, and efficacy of our learning community
will continue to thrive.
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