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Abstract
Objective: To increase the use of safe sleep practices (SSP) among high-risk infants discharged from Massachusetts (MA)
NICUs to 90% in 2 years.
Design/Methods: The Neonatal Quality Improvement Collaborative of MA (NeoQIC) is a consortium of neonatal providers
that provides infrastructure to lead and manage state-wide quality improvement initiatives. The safe sleep initiative was
started in July 2015 with participation of all 10 MA level III NICUs. Based upon the project algorithm, infants are eligible
for two sleep practices: SSP or NICU therapeutic positioning (NTP) depending on their gestational age, weight, and clinical
illness. Compliance with SSP is defined as: (1) supine positioning, (2) in a flat crib with no incline, (3) without positioning
devices, and (4) without soft objects. NTP comprised usual NICU care. Local improvement teams devise intervention
strategies, perform weekly crib audits for all NICU infants, and submit data on overall compliance and compliance with each
SSP component on a monthly basis to NeoQIC.
Results: From July 2015 to June 2017, 7261 cribs were audited. Statistical process control charts showed significant
improvement in the primary outcome of interest, overall compliance with SSP, for all participating NICUs. Compliance
increased from 47.7% at the start of the project to 75.5% by the end of year 1 and to 81.0% by June 2017.
Conclusions: This state-wide collaborative has improved SSP compliance in all level III MA NICUs and demonstrated that
on a state-wide level, SSPs can be routinely integrated into the care of high-risk infants.

Introduction

Sudden unexpected infant death (SUID) is defined as “the
sudden death of an infant less than 1 year of age that occurs

suddenly and unexpectedly, and whose cause is not
immediately obvious before investigation” [1]. Nearly 4000
infants die in the US from SUID each year and it is the third
leading cause of infant mortality and the leading cause of
post-neonatal mortality in the US and Massachusetts [1, 2].
A significant proportion of these deaths are attributed to
unsafe infant sleep practices, including non-supine posi-
tioning and co-sleeping in the same surface with an adult [1,
2]. The American Academy of Pediatrics recommends that
all infants be placed in the supine position to sleep, in the
same room as the caregiver but separate sleep space without
objects that could potentially cause suffocation such as
blankets and bumper pads [3]. Despite these recommenda-
tions, only two-thirds of all infants and less than one-half of
black infants are placed in the supine position to sleep [4,
5]. Certain populations of infants are at greater risk for
sleep-associated death, including black race, maternal
smoking during and after pregnancy, and preterm infants
(<37 weeks gestational age) [3]. Infants born at
28–32 weeks gestational age have a greater than two-fold
risk of SUIDS compared to term infants [6]. Although
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preterm infants are at higher risk for SUIDS, safe sleep
practices (SSP) are rarely integrated into the routine clinical
care of these infants [7–9]. The AAP Task Force on SIDS
recommends that clinically stable preterm infants be placed
supine by 32 weeks postmenstrual age [3]. Despite these
recommendations, research suggests that if clinicians are
less likely to model SSP with preterm infants during their
hospital stay, parents of these infants are less likely to
provide a safe sleep environment after discharge to home
[8]. Recent quality improvement initiatives have demon-
strated that SSP can be integrated into the care of preterm
infants in neonatal intensive care units [10, 11]. Based upon
the work of Hwang et al. who implemented SSP in two
level III NICUs in Massachusetts [11], we developed a
state-wide quality improvement initiative to integrate SSP
into neonatal intensive care for the ten level III neonatal
intensive care units (NICU) in the state.

The aim of this initiative was to increase the use of SSP
among high-risk infants discharged from Massachusetts
NICUs. Specifically, we sought to (1) increase the percen-
tage of eligible infants engaging in SSP in NICUs to 90% in

2 years and (2) increase the percentage of infants engaging
in each component of SSP (defined as: supine positioning,
flat head of bed, crib empty of positioning devices, and crib
empty of soft objects) to 90% in 2 years.

Methods

The Neonatal Quality Improvement Collaborative of Mas-
sachusetts (NeoQIC) is a consortium of level 2 and 3
NICUs that provides infrastructure to lead and manage
state-wide quality improvement initiatives. This initiative
was structured largely according to the Breakthrough Series
model for collaborative improvement from the Institute for
Healthcare Improvement [12]. A Breakthrough Series Col-
laborative is a short-term (6–15 months) learning system
that brings together teams from hospitals or clinics to
develop improvement strategies in a focused topic area.
Participating hospitals were asked to organize local
improvement teams focused on SSP; NeoQIC developed a
framework for improvement, provided education on QI

Fig. 1 Key driver diagram
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improvement methods, and created a data system to help
teams measure their practices. Teams were supported
through a series of webinars and in-person summits, and
received regular progress reports of individual hospital and
state-wide performance.

Within each hospital, improvement teams recruited
multidisciplinary stakeholders including nurses, physicians,
and department leadership. At the state level, key partners
included the Department of Public Health, March of Dimes,
and various community organizations. At the state-wide
summits, national leaders in infant sleep research were
invited as keynote speakers to provide critical education and
support to the teams.

Shown in Fig. 1 is our collaborative’s key driver dia-
gram, outlining the outcome and process measures of the
project, as well as the initial change concepts. It was
developed through an iterative process with input from an
array of stakeholders, including local NICU teams, experts
in quality improvement, and infant SSP. Numerous poten-
tial change concepts were initially identified, and partici-
pating hospitals generated many more change ideas as the
project progressed, including:

1. Development and application of criteria to determine
infant eligibility to engage in SSP (Fig. 2). The
diagnoses of certain medical conditions, respiratory
symptoms, and bronchopulmonary dysplasia that
precluded or limited SSP, were made by the providers
at each participating NICU.

2. Development and promotion of the use of double-
sided crib cards designating the sleep position and
environment (SSP vs. NICU Therapeutic Positioning)
at each infant’s bedside (Fig. 3).

3. Development and update of and access to educational
materials on infant SSP for NICU staff and families.
Several hospital teams strongly encouraged or even
mandated NICU nurses to complete the NICHD
online module on promoting SSP to reduce the risk
for sudden infant death syndrome.

4. Discussion and documentation of infant sleep position
and environment by NICU physicians and nurses.

Compliance with SSP was defined as: (1) supine posi-
tioning, (2) in a flat crib with no incline, (3) without posi-
tioning devices, and (4) without soft objects such as toys,
comforters, or fluffy blankets. NICU Therapeutic Position-
ing (NTP) comprised usual NICU care which was deter-
mined by NICU providers given an infant’s medical and
developmental needs. For instance, infants with respiratory
distress may have been positioned prone or infants
<32 weeks may have still required positioning devices.

All NICU safe sleep team members participated in semi-
annual webinars and in-person summits. Presentations
during these sessions included recent research focused on
factors that influence parental adherence to SSP, epide-
miologic data from the Massachusetts Department of Health
(MDPH) on infant mortality and sleep-associated infant
death, updates from other states such as New York about

Fig. 2 Eligibility criteria for safe
sleep practices (adapted from
Gelfer et al. “Integrating Back-
to-Sleep Recommendations into
Neonatal ICU Practice”.
Pediatrics, 2013)
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their safe sleep initiatives, and sharing of intervention ideas
and data from our NICU safe sleep teams.

Data collection and analysis

Participating hospitals were asked to conduct weekly audits
of all infants in their unit with regard to eligibility for SSP,
and compliance with SSP among those infants eligible.
Each month, hospitals sent aggregate data to NeoQIC with
the following data elements for each week: total number of
audits, total number of infants eligible for SSP, and number
of infants adhering to each component of SSP. The aggre-
gate data were analyzed by Boston Children’s Hospital,
Program for Patient Safety and Quality and managed by the
NeoQIC leadership team. The goal of data collection was to
produce comparative data reports that provided bench-
marking of performance that drove on-going local
improvement. Importantly,participating teams agreed to
open sharing of practices and data; at webinars and sum-
mits, comparative reports were shown transparently, with
each hospital able to see the performance of the other
hospitals in the collaborative.

The primary outcome measure was percent of infants
eligible for SSP found to be compliant with all SSP; process
measures were compliance with each of the individual SSP
elements. Statistical process control (SPC) charts (p-charts)
were used to analyze variation and performance over time
for outcome and process measures. Standard rules were
used to identify special cause variation [13]. When sus-
tained special cause variation was noted, a process change

was introduced. As this was a quality improvement initia-
tive across multiple institutions with interventions happen-
ing frequently and at various times, process changes were
identified only by sustained special cause variation on the
control charts. For the primary outcome measure, to further
assess differences in performance over time, chi-squared
analyses was used to compare differences in the outcomes
across the periods identified by the control chart. We used a
Folded F equality of variance test to assess homogeneity of
hospital level variation in overall SSP compliance in the
previous year compared to current year. We used SAS
version 9.4 (SAS Institute) software to summarize the col-
laborative data by month and QI Macros 230 for Excel
(KnowWare International, Inc.) to create the control charts.

The Institutional Review Board at the home institution
for NeoQIC determined this project to be quality
improvement and not human subjects research, and thus not
subject to IRB review. Of note, only weekly audit data were
collected and shared for this project; no patient-level data
were used.

Timeline

The project was launched in June 2015 with NICUs first
undertaking baseline data collection prior to implementation
of safe sleep interventions. Individual hospitals developed
and implemented their unit-specific intervention strategies
in Fall and Winter of 2015. Participating NICUs continue to
perform weekly crib audits and send aggregate data to
NeoQIC on a monthly basis. Throughout the project period,
four in-person NICU safe sleep forums and three virtual
webinars were organized and attended by nearly all parti-
cipating hospitals.

Results

From July 2015 to June 2017, 7261 cribs were audited. For
the primary outcome measure, compliance with all SSP
across the collaborative, SPC analysis using a p-chart
showed significant improvement (Fig. 4a); from the start of
the initiative to June 2017, collaborative performance
improved from 47.7 to 81.0% (p< 0.001). Compliance with
all SSP varied significantly between hospitals (Fig. 4b).
Variability across sites in 2017 was significantly less than
variability across sites in 2015 (p= 0.02), with compliance
among hospitals ranging from 9.2 to 91.3% in 2015 and
from 64.4 to 96.8% in 2017.

For the secondary process measures, compliance with
each of the individual four SSP, SPC analysis with p-charts
showed significant improvements in all four measures over
the course of the initiative (Fig. 5a–d). Among the four
practices, overall compliance was highest for supine

Fig. 3 Crib cards to designate sleep position and environment
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positioning and lowest for keeping cribs empty of soft
objects such as dolls and fluffy blankets. By June 2017,
compliance with all four practices was above 85%, and was
above 90% for three of them.

Discussion

Through participation by key stakeholders including NICU
providers and public health representatives and application
of rigorous QI methods, this state-wide quality improve-
ment initiative significantly improved compliance with SSP
in level III NICUs from 48 to 81% in a 2-year period.
However, we did not reach our initial goal of achieving
90% overall compliance with SSP as a collaborative. Dur-
ing analysis of data on adherence to each component of SSP
as well as through feedback from our safe sleep teams, we
learned that units struggled with keeping blankets, dolls,
and other unsafe objects out of the cribs. Given that infants
had to be compliant with all four elements of SSP, lack of
adherence to one component was considered noncompliant
with SSP. We considered this a significant barrier to not
achieving our 90% overall compliance goal.

A

B

Fig. 4 a Collaborative SSP Compliance over time. b Variation across
sites in overall SSP compliance

Fig. 5 a SSP compliance rate: supine position. b SSP compliance rate: flat head of bed. c SSP compliance rate: crib positioning devices. d SSP
compliance rate: crib without soft objects
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However, given that every level III NICU in our state
continues to participate in this effort, every infant and their
families cared for in these facilities are now exposed to SSP
through active demonstration and modeling as well as
through more extensive parental education and engagement
about safe infant sleep. In addition, we have placed our
work within the larger state and national effort to reduce
infant mortality. The Maternal and Child Health Bureau of
the Health Resources and Services Administration launched
the Collaborative Improvement and Innovation Network
(CoIIN) in 2013 to reduce infant mortality through coor-
dinated action, collaborative learning, and development of
innovative interventions by utilizing quality improvement
methods and technological advances [14]. Maternal and
child health leaders from the MDPH have been engaged
from the very beginning of this NICU safe sleep initiative
and continue to provide tremendous support. As part of the
larger CoIIN work, we send quarterly reports to MDPH
which includes aggregate state-wide data of adherence to
SSP and each SSP component over time. Given that sleep-
associated infant death ranges from 0.5 to 1 per 1000 live
births, it will be several years before we can determine if
our NICU safe sleep work has made a significant impact on
the Massachusetts infant mortality rate.

We believe several features of our collaborative were
critical to the initiative’s success. First, the hospital teams
were multidisciplinary, with all including representatives
from nursing, medicine, and hospital and public health
leadership. Second, our initiative was transparent. At all
summits and webinars, teams openly shared their perfor-
mance, their practices, their success, and their failures.
Comparative data were reported by hospital, allowing open
conversations between those centers performing well and
those still needing further improvement. This transparency
has been a core element of NeoQIC’s philosophy since its
launch. Third, we developed a robust and yet practical data
system to support the project and the hospital teams. The
weekly audits were not considered overly burdensome to
collect, but still allowed for rigorous measurement of per-
formance over time. Fourth, the project enjoyed close col-
laboration between clinical providers and state public health
officials from its very start. This allowed hospital-based
teams to better understand the implications of SSP at the
population level, and allowed public health officials to
better understand the value and limitations of interventions
at the bedside. This collaboration between clinical teams
and public health agencies will be essential in our future
work to extend our efforts to address some of the limitations
described above and seek population-level improvements in
outcomes.

There are several limitations to this project. First, we
were not equipped to collect data about parental adherence
to SSP after hospital discharge. While some NICUs did

contact parents by phone after hospital discharge and
inquire about SSP, many did not have the resources to
follow-up with families consistently. Although we did not
collect post-discharge data, a prior quality improvement
study undertaken in a large tertiary NICU in Texas did
demonstrate that in-hospital safe sleep interventions
improved parental adherence to SSP in the home [10]. As
we continue our safe sleep work in Massachusetts, we are
actively developing novel strategies to collect post-
discharge SSP compliance data through electronic means
as well through agencies and organizations that serve our
former NICU infants and families after hospital discharge.
Moreover, we recognize that in addition to SSP, pacifier use
and reduction of second-hand smoke exposure are also
SUID risk-reduction strategies and thus future work should
undertake a more comprehensive parental and staff educa-
tion strategy including additional SUID risk factors. A
second limitation of this work is that we did not collect
patient-level data such as maternal race/ethnicity, education,
or income. Thus we cannot comment on if and how our
work potentially reduced the disparity by maternal char-
acteristics in safe infant sleep practices. In addition, prior
literature has demonstrated that maternal characteristics are
significantly associated with trust in various advice sources
about infant care practices, including safe sleep. For
instance, after adjusting for relevant maternal and infant
characteristics, compared to non-Hispanic white (NHW)
mothers, non-Hispanic black (NHB) mothers were less
likely to trust several sources of advice including nurses,
family, and the media for nearly all infant care practices.
Moreover, NHB mothers were less likely to trust doctors
regarding advice on bed sharing and pacifier use compared
to NHW mothers [15]. Future quality improvement initia-
tives related to safe sleep may require collection of more
detailed data elements in order to better understand how
interventions may impact subpopulations of mothers dif-
ferently so that more targeted approaches can be taken,
particularly for the highest risk group of mothers and
babies. Finally, a third limitation of our work is that we did
not have robust parent representation on our safe sleep
teams. While a few NICUs did obtain feedback from par-
ents about educational materials, most teams did not have
parents actively engaged in the development, implementa-
tion or evaluation of their work. Given that the ultimate goal
of any hospital-based safe sleep work is to improve com-
pliance after discharge in the home, it would be essential to
ensure greater parental involvement moving forward so that
we can better understand how we can more effectively
engage with parents about ensuring a safe sleep environ-
ment. Furthermore, as several studies have demonstrated,
initial intentions to adhere to safe sleep recommendations as
well as actual compliance in the neonatal period can change
dramatically as infants become older. For instance, Lesko
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et al. [16] found that between 1 and 3 months of age, prone
sleeping increased from 18 to 29% of mothers in their study
cohort. Thus, truly novel strategies to improve SSP will
need to go beyond the NICU stay, continuing through the
first year of life to sufficiently engage, educate, and support
our families.

While we recognize the important limitations of our
work, we are encouraged by the results of our quality
improvement initiative that demonstrated that on a state-
wide level, SSP can be routinely integrated into the care of
high-risk infants.
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