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INTRODUCTION
Despite American Academy of Pediatrics 
(AAP) recommendations highlighting the 

importance of supine sleeping and a safe sleep 
environment for every sleep occurrence, 

infants continue to die from Sudden Infant 
Death Syndrome and other sleep-related 
deaths.1–6 These recommendations are 
particularly important given Ohio’s dire 
infant mortality rate (IMR).2 Ohio ranks 
among the states with the highest IMR in 

the country, at 7.2 per 1,000 live births, 
and significant disparities in rates between 

white and black babies.3 Locally, Franklin 
County’s IMR is 7.4 per 1,000 live births, one of 

the highest in the state.4 Sleep-related deaths account for 
one of the largest percentages of these deaths, following 
prematurity and congenital anomalies.3

Healthcare providers are uniquely positioned to model 
safe sleep behaviors in the hospital setting and to counsel 
parents and caregivers on the importance of continuing 
these behaviors in the home. A previous study showed 
that parents were more likely to place their baby supine 
at home when witnessing this practice in the newborn 
nursery.5 Unfortunately, multiple recent studies have 
shown that ≤25% of infants in newborn nurseries or gen-
eral pediatric units are found in appropriate safe sleep 
environments.6–8 Similar research indicates identical 
findings in the medically stable, neonatal intensive care 
unit (NICU) population.9 Additionally, further data sug-
gest that primary care physicians often provide incorrect 
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information and guidance on safe sleep behaviors, which 
could lead to unsafe sleep in the home.10

Eight years ago, random audits revealed that our hos-
pital did not consistently role model safe sleep practices 
to families of infants admitted to our facility. A small 
committee, comprising a physician, nursing staff, phys-
ical and occupational therapists, and social workers, 
was created to align our safe sleep practices with AAP 
recommendations. In 2014, Ohio passed Senate Bill 276 
(SB276), requiring all birthing and children’s hospitals to 
screen all newborns for an appropriate home safe sleep 
environment before first discharge. Soon after, the Central 
Ohio Hospital Council launched a multi-institutional ini-
tiative to improve infant safe sleep practices within all 
area birthing hospitals.11 This legislation and the initia-
tive amplified our hospital’s efforts to improve the sleep 
environment for all hospitalized infants and to screen and 
provide cribs to those infants in need being discharged 
from the NICU.12

In 2015, given our local and state’s continued high 
IMRs, members of our institution, along with many other 
organizations, joined to implement several concurrent 
but related initiatives related to the promotion of infant 
safe sleep practices. Our safe sleep committee transitioned 
from a small committee to a larger interdisciplinary team 
with 4 distinct “subteams,” representing the inpatient 
medical/surgical units, the NICUs, the emergency depart-
ment (ED), and the primary care network (PCN). The 4 
teams launched a multidisciplinary quality improvement 
(QI) collaborative geared to enhance the behavioral mod-
eling, screening, and educational processes provided to 
our patients and families on safe sleep. Though improv-
ing our institutional practices was a high priority for this 
project, our global goal was to lower the sleep-related 
death rate in our county (Franklin County) by 25%, from 
1.174 to 0.880 per 1,000 live births, by June 30, 2019.

METHODS
Context
The collaborative has taken place at Nationwide 
Children’s Hospital (NCH), which is located in Columbus, 
Ohio, and is a quaternary referral center for central and 
southeastern Ohio. The institution cares for more than 
1.5 million children every year from all 50 states and 
around the world through its inpatient units, emergency 
department, urgent care units, outpatient clinics, and sur-
gery centers. It also boasts the country’s largest neonatal 
network, consisting of 274 beds located in 9 NICUs and 
1 special care unit.13 The units are located at NCH, as 
well as in delivery hospitals throughout the city, and care 
for over 3,000 babies per year. Our institution does not 
contain a delivery ward or a well-newborn unit, and so 
these services were not included in this QI collaborative.

The hospital administration asked the physician, nurse, 
and QI champions in each of the 4 areas to form and lead 
multidisciplinary groups comprising of other physicians 

and trainees, nursing staff, and other healthcare provid-
ers. All physicians are eligible to receive Part IV mainte-
nance of certification credit for active participation in the 
program.

Interventions
The administration held an on-site kick-off meeting 
in October 2015 to motivate and educate the hospi-
tal’s healthcare providers on local infant mortality and 
sleep-related death rates and the new multiteam approach. 
Safe sleep champions from the 4 teams were then encour-
aged to work with their teams to tailor interventions, 
both specific to the needs of their areas and to address 
the global aim of county-wide sleep-related death reduc-
tion. Teams collaborated to produce a hospital-wide key 
driver diagram (Fig.  1) and several subteam key driver 
diagrams (Figures 7−10, Supplemental Digital Content, 
which shows further detail on interventions completed by 
each subteam, http://links.lww.com/PQ9/A206). Teams 
were encouraged to complete as many Plan-Do-Study-
Act (PDSA) cycles as necessary to improve their safe sleep 
practices.

Data Collection
Before PDSA cycle initiation, the hospital administra-
tion instructed the teams to collect baseline data for 4−6 
months on their chosen metrics by conducting random 
audits. Following baseline data collection, teams were 
allowed to initiate PDSA cycles. The NICU and inpatient 
teams have utilized a standardized tool for patients 1 year 
of age or younger admitted to the general medical/surgical 
units and those infants in both the main campus and affili-
ated offsite NICUs who are medically stable and 35 weeks 
or more gestational age. The audit tool asks questions 
regarding infants’ sleep location and position, head of the 
bed elevation, loose items found in the sleep environment, 
inappropriate developmental tool use (such as the use of a 
positioner to prop a pacifier or using devices when no lon-
ger needed), and family education on safe sleep (available 
by request). Exclusion criteria for any infants, regardless 
of their location in the hospital, are patients with tracheos-
tomies; ventilator dependence; use of noninvasive pressure 
support, such as nasal continuous positive airway pressure 
support; recent spinal surgeries; upper airway anatomic 
abnormalities; or initial escalation of neonatal absti-
nence syndrome treatment. The NICUs also utilize a new 
safe sleep screening tool in the electronic medical record 
(EMR) to satisfy the requirements of SB276.

Teams from the PCN and the ED collaborated with 
EMR representatives to create electronic screening tools to 
document safe sleep environments in the home. The teams 
also audit the infants’ charts as to whether education on 
safe sleep is provided to the parent/caregiver during an 
encounter, as well as what education modalities are uti-
lized. The ED audits all discharged infants younger than 7 
months of age who present to both the main campus and 
offsite departments. Patients who leave without being seen 
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or against medical advice are excluded. The PCN audits all 
infants who present to their 13 clinics for their newborn vis-
its through 9-month well-child visits. Through the Franklin 
County Coroner’s office, the PCN also collects data on the 
number of infant sleep-related deaths each month. Safe 
sleep education in both the ED and PCN is provided via 
patient handouts, provider teaching, or videos.

Measures
The primary objective for both the NICU and the inpa-
tient teams was to show that >80% of infants not meet-
ing exclusion criteria were in a “safe sleep environment” 
on random audits during the duration of the project. We 
calculated this measure by taking the number of audited 
infants found in appropriate sleep environments divided 
by the total number of audited infants. We defined a safe 
sleep audit as one where the infant is alone in the crib, on 
his/her back, in a crib empty of blankets, toys, or other 
extraneous items, and the head of the bed flat.

The primary measure by ED was to increase the num-
ber of infants who were provided education on safe sleep 
to >90% by the project’s completion. This measure was 
calculated by taking the number of audited infants who 
had EMR documentation of safe sleep education during 

the ED encounter divided by the total number of audited 
infants. The primary measure by PCN was to decrease 
infant sleep-related deaths within PCN patients in Franklin 
County, from 1.2 to <0.84 per 1,000 live births, through 
educational efforts. The goal was calculated based on the 
Healthy People 2020 goal of reducing sudden unexpected 
infant deaths to <0.84 infant deaths per 1,000 live births.14 
We created all of these measures in efforts to address our 
global aim of reducing county-wide sleep-related deaths.

Analysis
All objectives have been tracked over time, utilizing sta-
tistical process control charts for each subteam and the 
global aim. For these analyses, we defined a shift as 6 
consecutive data points above the baseline. We performed 
2-proportion Z tests and CIs comparing the proportions 
of infants in a safe sleeping environment in the inpatient 
and NICU populations and the proportions of infants 
who received safe sleep education in the ED and PCN 
groups at the start of the collaborative and currently. We 
also utilized these tests to determine changes in infant 
mortality and sleep-related death rates at the beginning 
and end of our collaborative. We performed statistical 
analyses using Stata (StataCorp, College Station, Tex.).

Fig. 1. NCH safe sleep hospital-wide key driver diagram. Dept. indicates department; OH, Ohio.
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Human Subjects Review
This project was QI and not human subjects research; 
therefore, the NCH Institutional Review Board’s review 
and approval were not required.

RESULTS
Inpatient
The inpatient units submitted 5,072 audits on hospitalized 
infants in general medical/surgical units meeting inclu-
sion criteria for our project since September 2012. Since 
the start of the project, there has been a 77% increase of 
infants observed to be in a safe sleep environment [base-
line, 4/165 (2.4%) to current, 69/87 (79.3%)] (95% CI, 
68.1−85.7; P < 0.01) (Fig. 2). We noted the most signif-
icant behavioral change in the removal of excess items 
in the crib, with an 82% increase in empty cribs [4.2% 
(7/165) to 86.2% (75/87)] (95% CI, 74.1−89.8; P < 0.01). 
There has been a significant increase in the presence of 
blanket-free cribs during the project, from 9.1% (15/165) 
to 89.6% (78/87) (95% CI, 72.8−88.3; P < 0.01).

Neonatal Intensive Care Unit
Since December 2015, the NICUs have submitted 3,690 
audits of neonates meeting inclusion criteria in the 4 
main campus and 6 affiliated offsite NICUs. The per-
centage of infants in a safe sleep environment has sig-
nificantly increased from 35% (baseline, 7/20) to 75.4% 
(46/61), a 40.4% increase (95% CI, 16.9−63.9; P < 0.01) 
(Fig. 3). Babies found in the correct sleep location have 

significantly increased from 80% (16/20) to 100% (66/66) 
(95% CI, 2.5−37.5; P < 0.01). The largest improvement 
was demonstrated in the number of babies with an empty 
crib, which significantly improved from 50% (10/20) to 
83.3% (55/66) (95% CI, 9.6−57.0; P < 0.01).

Per state legislation mentioned above, NCH began 
questioning parents about the presence of a safe sleep 
environment in the home in August 2016, with over 
7,575 parents/caregivers screened to date. Screening 
rates have significantly increased from 61.7% (121/196) 
to 93.4% (197/211) over the past 3 years (95% CI, 
24.0−39.2; P < 0.01). Families or caregivers that indi-
cate that they do not have access to a safe sleep sur-
face have a consult to social work placed. Those who 
are unable to afford or obtain a safe sleep surface are 
provided a play yard. Less than 5% of screened families 
have needed a play yard.

Emergency Department
The main campus emergency department has audited 
15,470 patients who meet inclusion criteria. The majority 
of caregivers report placing their babies in a safe sleep 
environment most of the time (bassinet 26%; crib 59%; 
and portable crib/play yard 9%). Most babies (97%) are 
placed to sleep on their backs, with few being placed on 
their sides (2%) and stomach (1%). Few families (3%) 
reported bedsharing with their infants. There has been an 
improvement in documented safe sleep education by staff 
to families, from 48% (200/413) to 80.5% (286/355) 
(95% CI, 25.8−38.5; P < 0.01) (Fig. 4).

Fig. 2. Inpatient medical/surgical unit safe sleep audit compliance, September 2012 to June 2019.
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Primary Care
In 2015, 63% (12/19) of infant sleep-related deaths in 
Franklin County were patients of the PCN.15 Since this 
project began, infant sleep-related deaths among PCN 

patients have significantly decreased from 1.75 per 1,000 
(2015–2017) to 0.20 per 1,000 (August 2018 till current) 
(95% CI, 0.9−2.2; P < 0.01) (Fig. 5). There has also been 
a 43% increase in infant well-child visits where the nurses 

Fig. 3. NICU safe sleep audit compliance, December 2015 to June 2019 (excludes CNS and Resp modality infants). CNS indicates 
central nervous system; Resp, respiratory.

Fig. 4. ED (main campus) patients (<6 mo) receiving safe sleep education, May 2016 to June 2019.
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or physicians provided safe sleep education to families 
[baseline, 12,299 of 23,608 (52%) to current, 19,607 of 
19,698 (95%)] (95% CI, 0.44−0.46; P < 0.01) (Figure 11, 
Supplemental Digital Content, which shows the control 
chart for trends on safe sleep education provided to fami-
lies in the PCN, http://links.lww.com/PQ9/A207).

Franklin County
At the start of our collaborative, Franklin County’s 
sleep-related death rate was 1.174 deaths per 1,000 live 
births; the current sleep-related death rate is 1.283 deaths 
per 1,000 live births. Although we have seen several 
months recently where this rate is below our goal of 0.88 
deaths, we have not observed a statistically significant 
change in this mortality rate over the past 4 years (95% 
CI, −0.32 to 0.34; P = 0.94) (Fig. 6).16

DISCUSSION
Overall, each of our teams has improved the processes 
within our divisions and the institution. Our rates of com-
pliance in providing safe sleep environments for infants 
across the hospital have increased in both the inpatient 
and NICU settings; subsequently, we have been able to 
model these behaviors and educate parents and caregivers 
on these practices in the home. We have also significantly 
increased the amount and frequency of education pro-
vided to families in both our PCN and EDs. Our PCN has 

also significantly decreased the amount of sleep-related 
deaths within their patient population. We attribute this 
decrease to consistent and sustained education, starting 
with birthing hospitals and continuing in the PCN, the 
EDs, and inpatient units, and through public messaging. 
The efforts of the teams in our multidisciplinary col-
laborative have not significantly decreased our county’s 
sleep-related mortality rate.

We suspect that there are many reasons for this sus-
tained lack of improvement at the county-wide level. 
Although education and demonstration are essential 
tools to prompt caregivers to place infants in a safe 
sleep environment, our efforts in the hospital and clin-
ics do not guarantee that parents will always adopt 
these practices in their homes. According to a recent 
county Child Fatality Review Board brief, 50% of 
infants who died from a sleep-related death were found 
sharing a sleeping surface with another person or ani-
mal. Nearly 66% of the infants were found sleeping 
in an adult bed, couch, or a surface other than a crib, 
bassinet, or play yard. Only 21% of these infants were 
found alone, on their backs, and in a crib. All had blan-
kets, pillows, or other suffocation hazards in their sleep 
environments with them.16 In short, despite previous 
studies, we found that appropriate modeling and coun-
seling on AAP-recommended safe sleep practices may 
not consistently ensure these safe behaviors outside of 
the healthcare setting. However, our PCN efforts did 

Fig. 5. Sleep-related infant mortality rate in primary care network, January 2015 to June 2019.

http://links.lww.com/PQ9/A207
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result in a decrease in sleep-related deaths in the net-
work’s patients.

We also acknowledge that factors other than those 
involving the sleep environment, such as tobacco use, are 
influencers in sleep-related deaths. In Franklin County, 
approximately 11% of infants are born to mothers who 
smoke during pregnancy. However, among sleep-related 
deaths, almost 60% of infants’ mothers smoked during 
their pregnancies.16 Nearly 60% of infants who died a 
sleep-related death in Franklin County were also born to 
mothers living in the county’s “urban core” zip codes—ar-
eas of low income, increased crime rates, lack of stable 
housing, and low education rates—lending credence to 
the idea that socioeconomic status is a significant factor 
in many sleep-related deaths.17,18

Nevertheless, we feel that our project has brought value 
to our institution, and, most importantly, our patients 
and caregivers. Given that we have educated and demon-
strated safe sleep behaviors to thousands of families over 
the past 8 years, we know that our efforts have saved 
some lives, even if not enough to decrease the county’s 
sleep-related death rate. We have also aligned our pro-
cesses with AAP recommendations and now counsel and 
assist families beyond what our state laws dictate. Lastly, 
we now have strong relationships with many of our local 
community organizations to decrease infant mortality 
further.

Limitations
Our study had a few limitations. Except for the PCN, all 
of our interventions targeted ill or premature neonates 
and hospitalized infants. Staff from each team self-re-
ported their audit results, which may have led to a bias 
in reporting. We have also experienced a high turnover 
of auditors and QI staff on some of our units and teams, 
resulting in the potential for inaccurate auditing.

Concluding Summary
We have successfully led teams in a multidisciplinary 
collaboration to improve infant safe sleep practices and 
education in our institution, aligned with AAP recom-
mendations and our state’s laws. Although we have sig-
nificantly decreased the sleep-related mortality rate in 
our PCN, we have not yet seen a significant decrease in 
our county’s sleep-related mortality rate. In the future, 
we will continue to role model safe sleep practices 
in the hospital, educate caregivers, and work with the 
local delivery hospitals in providing consistent messag-
ing to families. Further efforts will likely need to involve 
increased engagement with community organizations, 
such as CelebrateOne,19 and other like-minded groups, 
to bring education, funding, and other resources to our 
high-risk communities.
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Fig. 6. Sleep-related infant mortality rate in Franklin County, January 2014 to June 2019.
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