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Abstract

Introduction: Sudden unexpected infant deaths are a major problem nationally. We had poor adherence to safe sleep recommen-
dations locally at our institution. Given the significance of this problem, hospital administration at a tertiary children’s hospital tasked
a multidisciplinary group of faculty and staff with improving sleep environments for hospitalized infants. Methods: Our safe sleep
task force implemented targeted interventions using the American Academy of Pediatrics policy statement as the gold standard
and based on hospital data to address areas of greatest nonadherence to recommendations. We aimed to improve weekly average
adherence to 95% over 12 months. A proportions process control chart (p-chart) tracked average weekly adherence over a 52-week
time frame. In addition, we performed Student’s t-testing to evaluate differences in adherence over time. Results: There was a
significant improvement in overall adherence to safe sleep recommendations from baseline (M = 70.8%, SD 21.6) to end of study
period (M = 94.7%, SD 10.0) [t(427) = —15.1, P < 0.001]. Crib audits with 100% adherence increased from a baseline (M = 0%, SD
0) to the end of the study period M = 70.4%, SD = 46) [t(381)= —21.4, P < 0.001]. This resulted in two trend shifts on the p-chart
using Institute for Healthcare Improvement control chart rules. Conclusions: Targeted interventions using QI methodology led to
significant increases in adherence to safe sleep guidelines. Notable improvements in behavior indicated significant changes in safe
sleep culture. We also noted continued adherence in follow-up audits reflecting sustainability. (Pediatr Qual Saf 2022;7:€508; doi:
10.1097/pg9.0000000000000508; Published online January 21, 2022.)

S
INTRODUCTION v\‘“ AFETY, infant death (SUID) annually.’? SUID is defined
PROBLEM DESCRIPTION N <, asany sudden and unexpected death with-
The United States has an infant (<12 ‘g/\ o out an immediate explanation occurring

3 during infancy.>* It is the leading cause of
= infant death beyond the neonatal period,
= with the highest risk in the first 6 months
of life.>* Our state has the highest infant
mortality rate in the country (7.89/1000
births), with 449 infant deaths in 2019.2
In our county specifically, 10 of 19 infant

months) mortality rate that is 50% greater
than other developed countries (~6 per =
1000 births), with approximately 3500 =
infants dying from sudden unexpected
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deaths in 2019 were sleep-related.” The major-
ity of SUID is composed of Sudden Infant Death
Syndrome (SIDS) or accidental strangulation and suffo-
cation in bed (ASSB); risks for these are associated with
sleep environment and positioning.® Importantly, many
of these deaths, particularly accidental strangulation and
suffocation in bed, could be preventable with adherence
to the evidence-based recommendations of the American
Academy of Pediatrics (AAP) Policy Statement.*

AVAILABLE KNOWLEDGE

Multiple institutions have addressed the problem of
unsafe inpatient sleep environments through quality
improvement (QI). These QI projects used several inter-
ventions to improve outcomes, including education of
staff*'* and families,''>!*1% policy changes,!*-1316:1
infant specific sleep garments (wearable blankets),!%13:1%-20
diaper caddies,? and crib cards.'>?! However, there is a
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lack of data regarding interventions in tertiary inpatient
pediatric centers outside mother-baby units. Additionally,
few of the studies cited above demonstrate the strength of
specific interventions or, in tandem, as most were limited
to less than two interventions or implemented variably
across multiple institutions. We also add to the literature
regarding electronic health record utilization to promote
safe sleep guidelines in the inpatient setting.

RATIONALE

Our institution is an academic, tertiary, non-birthing hos-
pital that cares for over 3500 hospitalized infants annu-
ally, with approximately 2400 of those children 6 months
and younger of age. Notably, the AAP infant sleep policy
does not address care for hospitalized infants; however,
the hospital setting provides an opportunity to model
safe sleep, provide education, and potentially improve
safe sleep practices at home.?>* Specifically, Krugman et
al demonstrated a reduction in infant mortality through
their efforts in a nursery setting.?* At baseline, our institu-
tion did not adhere to recommended safe sleep practices
as ascribed by the AAP. However, the safe sleep task force
(SSTF) noted the three particular drivers to change what
we believed would improve our system, and we proceeded
with interventions accordingly (Fig. 1).

PROBLEM STATEMENT

Our institution showed poor adherence to safe sleep
practices, with baseline data revealing a 75% weekly
adherence to safe sleep recommendations indicating poor
modeling of safe sleep behaviors. Through consistent
education and modeling, inpatient adverse health events
could be prevented, and implementation of safe sleep
practices by caregivers could affect change on a larger
community level.'*?*

SPECIFIC AIM STATEMENT

We aimed to increase the average weekly adherence to the
AAP-recommended safe sleep practices for hospitalized
infants at our institution to 295% over 12 months.

METHODS

CONTEXT

This institution is the only tertiary pediatric hospital in the
state and serves as a regional referral center. It is a large
pediatric enterprise with multiple organizational stake-
holders, with the key stakeholder being the chief safety
officer. The chief safety officer commissioned the SSTF
to address the stated problem and comprises internal
stakeholders, including nursing leadership, bedside nurs-
ing, nursing informatics, social work, occupational and
physical therapists, and physicians. The Value Analysis
committee of the hospital, which reviews requests for
purchasing products, was also an internal stakeholder. We
targeted interventions to three acute care medical-surgical
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floors responsible for caring for more than one-third of
the approximately 3500 infants discharged annually.

MEASUREMENT TOOL

Based on a review of the current literature, we created a
crib audit to review adherence to the AAP’s recommen-
dations. We adapted our tool from a previously pub-
lished study because no nationally validated safe sleep
audit tool exists for hospitalized infants.’® Six com-
ponents of the recommendations that were applicable
during hospitalization were the focus: location of sleep
(crib, in arms, chair, couch), sleeping alone, the position
of sleep (supine or prone), the elevation of the head of
the bed, additional items in the crib, and bundling of
the infant (Fig. 2). The correct components were: sleep-
ing in a crib or an awake adult’s arms, sleeping alone,
sleeping supine, flat head of the bed, no additional items
in the crib, and bundled in only one blanket or sleep
sack. Crib auditing began in October 2018 to obtain
baseline adherence, and bedside nursing and clinical
assistants (CAs) completed the audits. We included
any observation of a sleep session for admitted infants
on our three medical-surgical units without collecting
protected health information. Individual patients were
eligible for an audit once per nursing shift (8 hours)
during a sleep session. There were no exclusion crite-
ria for patients. Study data were collected and managed
using Research Electronic Data Capture (REDCap).
Institutional IRB deemed this project as a “Not Human
Subjects Research.”

INTERVENTIONS

Policy Change and Staff Education

We reviewed the current hospital policy on patient
safety and compared it with the AAP recommenda-
tions. The existing policy lacked specificity and convic-
tion. Therefore, the SSTF created a standalone Infant
Safe Sleep Policy for all infants admitted to the hospi-
tal, excluding intensive care settings. Intensive care set-
tings were excluded from some policy items, such as
requiring supine positioning or flat head of the bed, due
to the nature of critical care support provided, includ-
ing mechanical ventilation. In addition, a nonadher-
ence release form explicitly stating the risk of death was
added to the policy for parents who repeatedly refused to
adhere to the safe sleep policy.

We provided education to physicians through a Grand
Rounds lecture and a didactic session to nursing staff,
physical therapists, and occupational therapists outlining
the importance of safe sleep recommendations and the

efforts of the SSTE.

Parental Education

A parental education video was created and assigned as
mandatory viewing for all parents of hospitalized infants.
This video reviewed AAP recommendations for safe sleep
and the expectation of inpatient sleep environments. The
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Fig. 1. Key Driver Diagram reviewing the three main drivers to our goal to improve adherence to safe sleep. We specifically highlight
the importance of education, changing the hospital room environment, and leveraging the EHR through multiple interventions to

achieve our goals.

SSTF undertook initial efforts on education and policy
change as we obtained baseline data.

Room Setup Change

A review of the data from the first 15 weeks revealed that
extra items in the crib were the most significant contribu-
tor to nonadherence (Fig. 3).

After meeting with patient care staff, we utilized the Six
Sigma 35S methodology to review the existing room set
up for hospitalized infants.?* We created a new system to
store extraneous items such as diapers, wipes, and creams
commonly placed in the crib utilizing other surfaces and
the available food cart, which was still easily accessible

by staff.

Electronic Health Record Changes

The second highest nonadherence observation was the
prevalence of the head of bed (HOB) elevation. Due to
gastroesophageal reflux and respiratory disease con-
cerns, many commonly used infant order sets had stand-
ing orders for HOB positioning. Literature review of
North American Society for Pediatric Gastroenterology

Hepatology, and Nutrition guidelines and discussions
with institutional pediatric gastroenterologists were in
line with AAP guidelines in stating that elevating the
HOB is an ineffective treatment for infantile reflux and
may result in respiratory compromise if the infant slides
down the incline.?” Therefore, these standing orders were
removed from the top 10 most commonly used infant
order sets to deter nonadherence as part of initial buy-in
to address the highest risk categories.?® Second, the order
requiring the HOB to be elevated during enteral feeds
was removed. These interventions were the first two steps
leveraging the electronic health record (EHR) to address
cultural beliefs and practice.

To provide additional clinical decision-making sup-
port in the EHR, we created a novel, safe sleep guide-
line and embedded it within infant admission order
sets (See figure, Supplemental Digital Content 1, which
shows the Electronic Health Record Safe Sleep Order Set.
Detailed guidelines ordered upon admission for hospital-
ized infants were provided. Specific details were provided
regarding the location and position of sleep as well as
removal of extra items. Additionally, details regarding the
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Safe Sleep Audit Tool

Plaass complete the safe sleep audit tool below for all infants <12 months. They may be audited once per shift during a
period of sleep. Please do NOT include any patient identifiers in this survey.

Thank you!

1) Where is the infant sleeping? O crib
O Awake adult's arms

© with sleeping adult in chair, bed of couch
© Swing. bounce seat or car seat

st provide value

O other
resel
2) I other, please describe:
3) Is the infant sleeping by themselves o in an awake adult's O Yes
arms (not with another sleeping person)? Ona
* must provide value resat
4) ition is the infant sleeping? O Back
s e © Awake Adults Arms
O side
O stomach
tesat
5) How is the head of the crib positioned? O Flat
st provide value O Elevated
rosal
6) Are there additional items in the crib? Ono
* must previde value Oves
st
7) I yos, which items: O Pillows
(2 or more blankets
L Diapers
O wipes
() Thermemeter
O Cream/medications
O Stuffed animals/iovies
[ Extra clothing/linens
O Burp Cloths
O Bottlesformula
O Positioner/Rolled Blanket
[ Gel-Mattress Cushion/Z-Flow Pillows
O Other: List below

8) Please list other items

9) How is the infant bundled? © Sleep sack or swaddled with 1 blanket
st provide value O Clothing only
© 2 of mare blankets or loose blankel(s)

10) What floor is the infant on?

* must provide value

O 5 Dearth
(06 Dearth
7 Dearth

"

What Is the current age of the infant? 0 0-28 days

st provide vaiue ©'5 weeks-8 weeks
)9 weaks-12 weeks
© 13 weeks-16 weeks
(4 months to < & months
© 6 months to < 9 months
()9 months to 12 months

12] O Bronchiolitis
O Laryngeal Cleft Grade 3 or 4
O Pierre-Robin Sequance

() Tracheastomy and/or Ventilator Dependence

Does the infant have any of tha following conditions?

[ Physician Orcer for elevation of head of bed
() Aspiration Peumcnia

Submit

Fig. 2. Safe Sleep Audit Tool. REDCap-based survey tool used
by clinical assistant or nurse per hospitalized sleeping session
to assess adherence to safe sleep guidelines. Red star denotes
elements used for the calculation of adherence to guidelines.

use of newly implemented sleep sacks were provided, and
education materials were reviewed. http:/links.lww.com/
PQ9/A344).

Sleep Sacks

After implementing policy and order set initiatives,
PDSA cycles revealed that extraneous items in the
crib continued to be an area of poor adherence.
Upon reviewing items left in the crib, extra blankets
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contributed the most to nonadherence (Fig. 4). A safe
sleep alternative in the form of sleep sacks, or wearable
blankets, was identified. The hospital’s Value Analysis
Committee approved the purchase of sleep sacks for
hospitalized infants. With the assistance of an affiliated
not-for-profit, the SSTF secured funding to give patients
6 months and younger a discharge gift of a sleep sack to
reinforce the safe sleep education and behaviors beyond
hospitalization.

Diaper Caddies

Wipes, diapers, and creams were the next most common
nonadherent items from observations. To remove these
items from the crib but still make them easily accessible,
we purchased shower caddies to use as diaper caddies. We
placed these safely outside the crib. The choice of diaper
caddies (purchased from Dollar Tree, Chesapeake, Va.) to
contain these items was based on success demonstrated
by Geyer et al., and these were also gifted to families at
discharge.

MEASURES

We calculated two outcome measures tracking the six
items queried on the crib audit (location of sleep, sleeping
alone, sleep position, elevation of the head of the bed,
additional items in the crib, and bundling of the infant).
The outcomes measured were complete adherence to
all six categories of safe sleep recommendations (yes =
totally adherent and no = at least one nonadherent cat-
egory) and percent adherence, giving 1-point credit for
each adherent category with a denominator of 6 total
points. Both complete adherence and percent adherence
were recorded as a weekly average. Evaluation of each
individual category using percent adherence was helpful.
It allowed the SSTF to assess incremental improvements
as we catered interventions to the most nonadherent cat-
egories (eg, inappropriate bundling and additional items
in cribs). We also utilized complete adherence as it is the
most common method used in the literature and creates a
binary outcome of a safe (all six categories appropriate)
or unsafe sleep environment.

ANALYSIS

A proportions control chart utilizing the Institute for
Healthcare Improvement (IHI) rules for assessing special
cause variation and trend changes was utilized (Figs. 5, 6).
Three standard deviations were used for control limits.
Once the data fit the criteria for a significant trend, data
were re-analyzed to create a new mean and control limits.
Process control charts and Student’s t-testing were com-
pleted using QIMacros 2016 (KnowWare International,
Inc., Denver, Colo.).

RESULTS

There were 1560 observations made with an average of
130 completed monthly. There were two improvement
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Fig. 3. Pareto Chart of Baseline Categories with Greatest Nonadherence to Safe Sleep Guidelines. Review of baseline nonadherent
responses revealed that greater than half of nonadherence to safe sleep guidelines was attributed to extra items in the crib and an ele-
vated head of the bed for hospitalized infants. These data provided valuable insight into which categories to aim initial interventions.
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Fig. 4. Pareto Chart of Extraneous Items in Crib. We analyzed specific extraneous items noted in the safe sleep survey audit to reveal
that extra blankets, wipes, and diapers were the most commonly causing nonadherence to guidelines. This finding led to the adoption
of diaper caddies to prevent these items from being placed in the crib.

trends noted on both measures of adherence (Figs. 5, 6).  significantly increased from baseline (M = 0%, SD = 0) to
Adherence to recommendations improved from baseline  the final 10 weeks (M = 70.4%, SD = 46) [t(381) = -21.4,
(M = 70.8%, SD = 21.6) to the final 10 weeks postinter- P < 0.001].

vention completion (M = 94.7%,SD 10.0) [t(427) =-15.1, We noted significant improvements in adherence fol-
P < 0.001]. Additionally, complete adherence was lowing the first phase of interventions (weeks 16-22).
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Fig. 5. Annotated p-Chart of Average Weekly Adherence to Safe Sleep Guidelines. P-chart denoting the average percent adherence
for each week for all children hospitalized on specific units. UCL = upper control limit set at 3 standard deviations above the mean and
LCL = lower control limit set at 3 standard deviations below the mean. CL = center line, representing the average percent adherence
per period. The average number is bold and underlined for the three different periods. Specific interventions annotated over time
reveal a significant improvement in average weekly adherence from baseline weeks 1-18. We noted a trend shift greater than 8 points
above the mean. Similarly, at week 35 when we implemented safe sleep guidelines in the electronic health records (Intervention E),
we again noted an improvement in adherence to safe sleep guidelines, resulting in an overall 93.1% adherence to our safe sleep
guidelines at the end of our project.

A CARoom Setup Change
100% B.  Removed Elevated HOB Order and Safe Sleep Policy
€. Safe Sleep Pulicy Disseminated
D. Grand Rounds
90% 4 E.  Safe Sleep Guidelines
F.  Sleep Sacks
80% - G. Diaper Caddies
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1 3 5 7

Fig. 6. Annotated p-Chart of Average Weekly Completely Adherent Cribs. P-chart revealing the average weekly percent of cribs
that were completely adherent to safe sleep guidelines. UCL= upper control limit set at 3 standard deviations above the mean and
LCL = lower control limit set at 3 standard deviations below the mean. CL = center line, representing the average percent adherence
per period. The average number is bold and underlined for the three different periods. Baseline data revealed that only <5% of cribs
for hospitalized infants were entirely adherent to safe sleep guidelines. Over several weeks of interventions, we achieved a 70.4%
complete adherence to safe sleep guidelines at the end of our efforts.

This improvement occurred before the initiation of
high-reliability interventions (EHR changes and sleep
sacks). It reflected a change in the behaviors at our insti-
tution that led to an overall improvement in safe sleep
adherence to 84 %.

The final PDSA cycles (EHR changes, sleep sacks, and
diaper caddies) resulted in significant improvements.

Specifically, we implemented the EHR safe sleep guide-
lines during week 35. As a result, the final two interven-
tions, the use of sleep sacks and diaper caddies, were
associated with a sustained improved adherence to 93%.

We have had 91.6% and 93.6% adherence by category
on two follow-up annual crib audits and 62.5% and 70%
for complete adherence.
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DISCUSSION

In summary, over the 52 weeks of this project, we
demonstrated a significant improvement in adherence
to safe sleep recommendations for hospitalized infants.
We leveraged multiple tools and a vested multidisci-
plinary team to improve adherence to AAP safe sleep
recommendations.

INTERPRETATION

We demonstrated a significant improvement over time to
change policy and provide education to staff and fam-
ilies.?? Based upon the longitudinal nature of this proj-
ect with multiple steps taken in concert with engaged
stakeholders both from an administrative and frontline
perspective, the results reflect a larger cultural change
in addressing safe sleep environments for hospitalized
infants. The significant initial improvement after edu-
cation was not anticipated, leading us to postulate on
the immeasurable effect of culture change. Our theory
on improved culture of safety around safe sleep is fur-
ther strengthened with continued high adherence to safe
sleep environments on follow-up audits, demonstrating
sustainability.

The highest cost we incurred during this project was the
purchase of sleep sacks. Through the HALO In-Hospital
Safe Sleep Modeling Program, the hospital receives a free
quarterly allotment to supplement the amount we pur-
chase quarterly. Our current receiving blankets have sig-
nificant laundering costs. We hope to make the costs of
laundering infant sleep sacks cost-neutral by ultimately
decreasing the use of receiving blankets.

The most important aspect of this project was the mod-
eling of safe sleep behaviors. This modeling is significant
because instruction from a healthcare provider is associ-
ated with increased adherence to safe sleep practices at
home.?? Other studies have noted the detrimental effects
of modeling unsafe behaviors and the positive effect of
witnessing an infant placed supine during a hospitaliza-
tion.?*** Continued engagement in QI projects such as this
one throughout the hospital may lead to overall improved
quality and patient safety.’® This has been noted previ-
ously in educational efforts leading to improved patient
outcomes. '116:19:25

Of the interventions discussed, policy changes are typ-
ically not viewed as reliable QI interventions. However,
the literature supports that a statewide policy as a sin-
gular intervention improved overall safe sleep practices,
and Lighter states that “procedures emanate directly from
policies and are the specific methods employed to actu-
alize policies in day-to-day operations.”'®?** Therefore,
the task force felt that the systematic change achievable
by policy changes was essential. Based on feedback from
bedside staff, the policy had a positive impact on staff
adherence to guidelines. Similarly, educational efforts are
an essential part of QI despite the decreased reliability of
intervention.’! We also demonstrate the value of utilizing
Lean and Six Sigma methodology whenever assessing an

WWW.pQS.Com

environment or process to reduce waste and variation.
These initial interventions (didactics, interactive educa-
tion, audits, and feedback) were the groundwork that cul-
minated in multiple effective interventions.*

Electronic health record interventions are essential as
they can establish protocols that standardize care. Our
study overcame the dogma of elevating the HOB for respi-
ratory conditions and continuous enteral feeds, also noted
in another institution implementing safe sleep practices.'3
In our pursuit of being a high-reliability organization,
we deferred to our institutional experts and established
national guidelines.?” Ultimately, this allowed us to garner
acceptance from frontline staff. The safe sleep protocol
was an essential part of creating a standard of care in our
institution.

Other studies likewise found extraneous blankets in
33%-77% of cribs.!’** Based upon efforts from other
studies with the same barrier, we pursued the use of a
wearable blanket/sleep sack.' This intervention systemat-
ically changed the method in which we bundled hospital-
ized infants. As a result, loose blankets were less available,
which in turn decreased excessive blankets in cribs.

Finally, we noted critical behavioral changes regard-
ing safe sleep. While we did not objectively assess culture
change, scheduled feedback sessions with frontline staff
revealed increased “buy-in” and enthusiasm. These per-
sistent improvements in adherence indicate a shift in the
culture at our institution.

LIMITATIONS

Although the study has strengths, some limitations exist.
First, the possibility of a Hawthorne effect exists as the
same provider tasked with providing safe sleep environ-
ments also completed the audit. It is worth noting that
infants 4 months and older of age may roll over to sleep
prone in a developmentally appropriate manner; how-
ever, staff would lose credit for adherence (not sleeping
on the back) because our audit did not account for age
leading to under-reporting safe sleep adherence. For
these reasons, we set target adherence at 295%. Further,
our safe sleep audit is not a validated measuring system,
although we made efforts to parallel sleep audits used in
other studies to provide external validity.'

As mentioned above, there is limited understand-
ing of which particular interventions created the most
impactful change and may overlap. Furthermore, given
the unpredictable nature of SUID events on an annual
basis, we cannot trend a clinical outcome by studying
the impact on sleep-related deaths at the community or
hospital level.

Third, we did not include parents as an essential stake-
holder in our efforts and believe they would have pro-
vided a critical viewpoint.

Finally, this project aimed to address parts of the AAP
safe sleep recommendations applicable to hospitalized
infants. Notably, the AAP guidelines do not specifically
address the inpatient setting and thus may not be valid
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for this patient population. In addition, this project did
not address recommendations associated with other risk
factors as they were outside this project’s scope, including
avoidance of tobacco product exposure, pre- and post-
natal drug use, breastfeeding, environmental risks such
as cords. Thus, this project lacks generalizability to the
outpatient setting.

NEXT STEPS AND RECOMMENDATIONS

As part of the goal to improve outcomes for the local
community, the institution has recently begun identify-
ing patients during the admission process who do not
have an appropriate sleep surface available at home. This
intervention has initiated a standardized screening upon
admission that triggers a social work consultation for
patients without a crib, portable crib, or bassinet. Social
workers are then able to provide a portable crib at the
time of discharge. This effort highlights the importance of
providing resources to underserved families and support-
ing postdischarge safe sleep adherence.

The SSTF will next implement these successful interven-
tions across the entire hospital. As we spread our efforts,
we plan to include parents as essential stakeholders in our
task force. Furthermore, we hope to broaden our scope of
education to include all hospital workers. Additionally,
we hope to assess sustained safe sleep behaviors after dis-
charge through the use of postdischarge questionnaires.

The financial impact of our endeavors was significant.
Thus, a total return on investment analysis is planned to
prove feasibility.

Finally, as part of this project, the task force applied for
National Safe Sleep Hospital Certification through Cribs
for Kids, which we obtained after completion. National
recognition is an essential part of continued success and
administrative support.

CONCLUSION

The careful use of multiple QI modalities through a mul-
tidisciplinary team can have meaningful improvements
in patient care and culture change to promote safe sleep
behaviors at a large tertiary care center.
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