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Background: Skin-to-skin care (SSC) for infants improves physiologic stability, pain perception, brain develop-
ment, parental bonding, and overall survival. Using quality improvement (QI) methodology, this project aimed
to increase SSC for surgical infants in the neonatal intensive care unit (NICU).
Methods: A multidisciplinary working group composed of key NICU stakeholders instituted a needs assessment
querying perceptions and concerns about SSC. Based on survey results, multiple system level interventions
were implemented. Data for surgical infants receiving SSC during hospitalization were tracked over time using
the electronic health record.
Results: Overall, 315 infants requiring a surgical consult were admitted to the NICU in the first 12 months of the
project. After six months, SSC rates in this group increased from 51% to 60.5% (p b 0.01) and were sustained for

12 months. After one year, nursing staff reporting that they were somewhat to very comfortable providing SSC
for surgical infants increased from 44% to 75% (p= 0.001) and the percent of nurses providing SSC for a surgical
infant increased from 12% to 37% (p= 0.001). Inadvertent extubation did not significantly increase after imple-
mentation of the QI project.
Conclusions:Using QImethodology andmultidisciplinary engagement, SSCwas integrated safely into the routine
care of surgical infants in the NICU.
Level of evidence: Level V.

© 2019 Elsevier Inc. All rights reserved.
Skin-to-skin care (SSC) [1] is placement of an infant in the upright
prone position, skin-to-skin and chest-to-chest with an adult [2,3].
When combined with exclusive breastfeeding, early discharge, and
close follow-up at home, the therapy is termed Kangaroo Mother Care
[4]. This practice was first developed in Bogotá, Columbia in the 1970’s
in response to limited resources for premature infants [5]. Since then,
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SSC has proven to improve multiple facets of infant health including
physiologic stability, brain development, state regulation, and pain per-
ception [1,2,6–10]. Furthermore, SSC is associated with improved
breast-feeding rates, parental/infant attachment [1,2,6], and decreased
likelihood of nosocomial infections, decreased length of stay, decreased
readmissions and lower neonatal mortality [1,2,8]. Currently, the
American Academy of Pediatrics [11] and the World Health Organiza-
tion [4] endorse SSC as a standard of care.

Multiple system-level barriers prevent routine SSC for infants in the
neonatal intensive care unit (NICU). A previous systematic review of
barriers and enablers of SSC revealed that most barriers are resource-
related, including the facility environment, negative impressions of
staff attitudes, lack of help with practice, and low awareness of the
role of SSC in infant health [12]. These findings underscore the impor-
tance of multidisciplinary engagement between nurses, physicians
and other NICU support staff to integrate SSC into the daily clinical
routine for hospitalized infants.
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Our institutional policy considers SSC a therapy that should be
offered to all families in the NICU. Surgical infants are at increased risk
of nosocomial infection, perioperative pain and overall mortality.
Currently, few studies have reported the implementation, safety and
impact of SSC in surgical infants. The aim of this project was to identify
baseline rates of SSC for surgical infants and to increase overall utiliza-
tion through multidisciplinary engagement and quality improvement
(QI) methodology.

1. Methods

1.1. Setting and context

This QI project was instituted at Nationwide Children's Hospital
in Columbus, Ohio, a quaternary care pediatric referral center with
476 inpatient beds, 114 of which are dedicated NICU beds. The general
pediatric surgery service has 16 attending surgeons performing over
4000 procedures annually. Several series of Plan-Do-Study-Act (PDSA)
cycles with multiple interventions and tests were completed during
the course of this project.

1.2. Interventions

A multidisciplinary team that was composed of key clinical stake-
holders in the NICU, the surgeons, neonatologists, nurses, nurse practi-
tioners, occupational and physical therapists, respiratory therapists,
and QI specialists was first developed and convened in December
2015. The goal of the group was to increase the number of surgical
infants in the NICU receiving SSC during hospitalization. A surgical
patient was defined as any infant who received a general pediatric
surgery consult during NICU admission. Of note, the QI project also
included infants who ultimately did not undergo surgery. An example
would be a premature infant with medically managed necrotizing
enterocolitis that required a surgical consultation but did not ultimately
require a surgical intervention. In a general sense, infants thatmay need
Fig. 1. Aim and key drivers diagram. Outline of engagement for instituting a quality improve
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surgery have a higher clinical acuity andwenoted initial resistance from
nurses, respiratory therapists, neonatologists and surgeons to provide
SSC for this population overall. Hence, the goal of the project was
to apply our inclusion criteria broadly and encourage SSC for the
entire surgical population, regardless of whether an infant ultimately
underwent surgery.

The working group identified several key drivers as targets for
improvement including NICU culture, nursing engagement, surgeon
endorsement and parental empowerment (Fig. 1). The primary aim
for the project was to increase the overall rate of SSC for surgical infants
from a baseline of approximately 50% to 75%. An increase to 75% was
selected as this would represent an overall 50% improvement and was
agreed upon by the multidisciplinary group as an attainable goal.

1.2.1. Nursing engagement
An online survey was distributed to the NICU staff querying current

perceptions and concerns regarding SSC (Table 1). Surveys were
completed using software provided by Survey Monkey Inc. (San Mateo,
California, USA). The SSC working group reviewed survey results and
multiple system level interventions were developed. Several rounding
tools were created to facilitate daily discussion of SSC for surgical infants.
An order for SSC was made available in the electronic medical record,
SSC was added to the NICU's postoperative handoff form and SSC was
discussed during daily multidisciplinary surgery rounds in the NICU.
Routine feedback to nursing staff and discussion of clinical barriers
occurred duringmonthly staffmeetings. Nurseswere educated regarding
the importance of documentation including details such as duration, tol-
erance, and unplanned extubation that might have occurred during SSC.
Rates of SSC and unplanned extubations related to them were shared
with the staff on a regular basis. A second follow up survey to gauge
changes in NICU culture was also administered as shown in Table 1.

1.2.2. NICU culture & surgeon endorsement
The QI working group acknowledged that buy in from multiple

levels of care within the NICU was vital to the success of the project.
ment project to increase the number of surgical infants who receive skin-to-skin care.
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Table 1
Neonatal intensive care unit skin-to-skin care staff survey.

Question Answers Pre-QI Project
N = 86 (%)

Post-QI Project
N = 48 (%)

p-value

How comfortable are you with patients being given
SSC by parents in the first 24 h after surgery?

Very comfortable 5 (6) 9 (19) 0.04
Somewhat comfortable 33 (38) 27 (56) 0.05
NOT comfortable 48 (56) 12 (25) b0.001

In the postop period, when would you recommend
SSC in an intubated patient?

First 24 h 3 (4) 7 (15) 0.04
24–48 h 39 (45) 24 (50) 0.72
Beyond 48 h 44 (51) 17 (35) 0.02

How many surgical patients (within the past week)
have you helped with SSC?

0 76 (88) 30 (63) b0.001
1 7 (8) 14 (29) 0.002
2 2 (2) 0 (0) 0.54
3 1 (1) 2 (4) 0.29
4 0 (0) 0 (0) -
5 or more 0 (0) 2 (4) 0.13

What concerns do you have about surgical patients
receiving SSC?

Patient comfort with the transition out bed 30 (35) 20 (42) 0.46
Positioning the patient owing to the surgical site 25 (29) 12 (25) 0.69
Patient decompensating on parent 15 (17) 5 (11) 0.32
Patient will extubate or invasive lines will come out 15 (18) 10 (21) 0.65

What would help you feel more comfortable with
providing SSC to the surgical patient?

Discussion EVERY day on surgical rounds 22 (25) 6 (12) 0.08
Order in chart when surgeon felt SSC was safe with specifics about positions 42 (49) 22 (46) 0.86
Education about transfers/positioning for surgical procedures 15 (18) 8 (17) N0.99
Help during transitions 6 (7) 12 (24) 0.007

What resources do you need to provide more SSC
with the surgical patient?

Nursing Assistants 48 (56) 20 (41) 0.15
Volunteers 4 (5) 3 (6) 0.70
Respiratory Therapy Staff 60 (70) 21 (44) 0.005
Improved Privacy 6 (7) 12 (25) 0.007
Help moving furniture 16 (19) 11 (22) 0.65

Does SSC add a significant amount of work to
the day?

Yes 34 (39) 21 (43) 0.72
No 52 (61) 27 (57) 0.07

SSC: Skin-to-Skin Care.
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All members of the working group agreed that guidelines for the safe
institution of SSC for surgical infants were required. Guidelines for safe
SSC in the surgical infant and establishment of inclusion and exclusion
criteria for SSC were drafted by the group and reviewed by all 16 pedi-
atric surgeons. Literature supporting SSC in the infant was widely circu-
lated to the surgical faculty to facilitate engagement and understanding.
The SSC multidisciplinary working group, the nursing staff, the NICU QI
committee and the neonatology faculty further reviewed the surgical
guidelines. After obtaining a consensus among the groups, a document
listing the guidelines was widely distributed in the NICU wards and on
hospital online portals (Fig. 2).

1.2.3. Family empowerment
NICU families were identified by the QI SSC working group as a key

target stakeholder. Educational lectures/materials regarding SSC for
surgical infants were provided to NICU family advocacy groups. A part-
nershipwith the Nationwide Children's Hospitalmarketing department
was developed and digital signage in the NICU mother's room and in
public areas of the hospital promoting SSC was created. SSC was
highlighted on the hospital blog and during the hospital's annual TedX
event [13,14]. Garments to facilitate SSC were also provided to NICU
families. Guidelines for safe SSC in surgical infants were distributed
within the Ohio Fetal Medicine Collaborative, a multidisciplinary
group of experts in high-risk pregnancy care serving six hospital sys-
tems within the central Ohio.

1.3. Measures

The primary outcome of interest was the overall number of infants
who received SSC at any time during hospital admission. This was ex-
tracted from prospective review of the electronic medical record. The
primary balancing measure was inadvertent extubation during SSC,
captured using a daily nursing handout and by querying the electronic
medical record. Unplanned extubations are rigorously reviewed in our
Please cite this article as: L.I. Kelley-Quon, B.D. Kenney, T. Bartman, et al., S
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NICU and tracked by our hospital quality improvement team. After
any unplanned extubation, nurses, respiratory therapists and physicians
have a huddle and a data collection sheet that isfilled out. These data are
input into our NICU quality improvement registry in real time making
unplanned extubations an accurate balancing measure.

1.4. Study of the Intervention

The QI project was launched in January 2016. The electronic medical
recordswere queried to identify infants who received SSC during hospi-
talization. Data collection occurred prospectively on a monthly basis,
was compared to historical trends, and was fed back to NICU staff and
surgical faculty.

1.5. Analysis

At our institution, statistical process control chart (SPC) software is
readily available on our intranet. This was utilized to develop Shewart
charts [15] and identify common and special cause variations in the pro-
cess. Attributable data analyzed using percent chart (p-chart) was used
to monitor rates of SSC over time. A Fisher's exact 2 proportion test was
performed to compare survey responses before theQI project beganand
one year afterwards. A p-value b0.05 was considered significant.

1.6. Ethics

As part of patient quality improvement, this project did not require
Institutional Review Board review according to Nationwide Children's
Hospital policy.

2. Results

In thefirst year of theQI project, 315 infants requiring a surgical con-
sult were admitted to the NICU. Data for SSC were available in the
afety and feasibility of skin-to-skin care for surgical infants: A quality
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Fig. 2. Guidelines for Skin-to-Skin Care. NICU handout describing appropriate exclusion criteria, positioning and management of lines and tubes.
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electronic medical record for all infants. Baseline rates of SSC increased
from 51% to 60.5% (p b 0.01) by June 2016 and were sustained (Fig. 3)
for one year from July 2016 to June 2017. Overall rates of SSC showed
a preliminary but not statistically significant drop in the final sixmonths
of 2017. When examining a subgroup of surgical infants who did un-
dergo surgery, rates of SSC did not significantly increase over time.

After one year, nursing staff reporting that they were somewhat to
very comfortable providing SSC for surgical infants increased from 44%
to 75% (p = 0.001, Table 1). Staff concerns regarding patient comfort
with the transition out of bed to the parent and back remained common,
at 35% and 42% (p = 0.46), respectively. An order in the chart when
Please cite this article as: L.I. Kelley-Quon, B.D. Kenney, T. Bartman, et al., S
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surgeon felt SSC was safe with specifics about positions remained the
most helpful intervention reported both before and after the project
began (49% vs 46%, p = 0.86).

Additional support staff for transitions (7% vs. 24%, p = 0.007) and
improved patient privacy (7% vs. 25%, p = 0.007) were recognized as
additional resources needed after the project was implemented. While
initially 70% of respondents stated that they would need additional re-
spiratory therapy staffing to facilitate SSC in surgical infants, after the
first year of the project, that proportion dropped to 44% (p = 0.005).
Overall, the number of nurses who provided SSC for a surgical infant
in the pastweek increased from 12% to 37% (p= 0.001). Finally, despite
afety and feasibility of skin-to-skin care for surgical infants: A quality
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Fig. 3. Rates of skin-to-skin care for infants receiving a surgical consultation. Arrow denotes project start date in January 2016.
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the requests noted before and after project institution, most nursing
staff did not feel that SSC added a significant amount of work to their
day.

Balancing measures including inadvertent extubation during an
episode of SSC did not significantly increase after implementation of
the QI project. The rate of inadvertent extubation during SSC in 2015
was 0.09% (n = 5/5674) compared to 0.16% (n = 18/10,990) from
January 2016 to December 2017 (p = 0.17).

3. Discussion

Here we present a novel QI project outlining the safe integration of
SSC into the routinemanagement of infants requiring surgical consulta-
tion in the NICU. SCC does not require sophisticated equipment and
available evidence suggests benefits for most infants, including surgical
infants. However,multiple system-level barriers prevent routine SSC for
infants in the NICU, particularly during the perioperative period. In this
project, the key QI interventions included development of evidence-
based SSC guidelines to enhance consistency in practice among nursing
staff, safety criteria to help with initiation and implementation of SSC,
conducive environment, staff education, preparation of parent [16,17]
and family empowerment [18]. Our results underscore the need
for shared engagement at all levels of care within the NICU in order to
increase SSC utilization for surgical patients.

In designing our intervention, the first barrier to overcome was
creating a change in NICU culture. Organizational culture is defined
as the norms, values and basic assumption shared by members of an
organization [19]. In order to change culture in a health care setting,
leadership commitment, shared vision and involvement at all levels is
required [20]. As illustrated in the preintervention survey results, pro-
viding SSC for surgical infants was perceived with skepticism by many
staff members. In a systematic review of barriers and enablers of SSC
by Seidman et al., “negative impressions of staff attitudes or interactions
with staff,” was identified as a key barrier for families to practice SSC
Please cite this article as: L.I. Kelley-Quon, B.D. Kenney, T. Bartman, et al., S
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[12]. Overcoming hospital culture often requires interventions at multi-
ple levels. This challenge made QI methodology an ideal strategy to
employ as QI requires buy in from all stakeholders in the formative
stages of a project [21]. Establishing a project endorsed by surgeons,
neonatologists and nursing leadership emphasized to NICU staff
that SSC is an important therapy for surgical infants. Subsequent en-
gagement and education of nurses and families regarding safety guide-
lines were paramount to a successful intervention.

In addition to overcoming a culture initially resistant to SSC, safety,
particularly the incidence of unplanned extubations, was also a key con-
cern for surgeons, neonatologists and nursing staff. In 2015 our hospital
established protocols for safe administration of SSC for intubated
infants, including infants on an oscillating ventilator. These protocols
were put in place in response to the overwhelming evidence stating
that SSC performed within a protocol for an intubated patient did not
increase the likelihood of an inadvertent extubation [22–25]. Further-
more, some literature suggests that SSC for an intubated infant may
even facilitate earlier extubation [23]. The incidence of inadvertent
extubation for infants receiving SSC did not significantly increase during
this project, likely because protocols for safe SSC for intubated infants
were in place prior to the start of the QI project. Additionally, a lower
proportion of nurses identified respiratory therapy staffing as a barrier
to SSC at the project's one year mark. This survey response could be a
proxy for increased comfort providing SSC for intubated infants. Conse-
quently, hospitals interested in facilitating SSC for surgical infants must
first develop safety protocols for patients requiring invasive respiratory
support prior to pursuing SSC.

To our knowledge, this is the largest cohort of surgical infants
reported in a project focused on the implementation of SSC during the
perioperative period. A review of the literature reveals a single case
study of an 18-day old with hypoplastic left heart syndrome and a
small cohort of ten mothers with infants with complex congenital
heart disease receiving SSC in the NICU [26,27]. In these studies, enroll-
ment was more restricted and SSC was initiated when the infant was
afety and feasibility of skin-to-skin care for surgical infants: A quality
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extubated, was not receiving vasopressors, had begun oral feedings and
the chest incisionwas closed. SSCwas concluded to be feasible in infants
with complex congenital heart disease requiring surgery and
improvements in autonomic nervous function were observed. Our
project builds on this initial work to expand the population of infants
eligible for safe SSC to include those requiring general pediatric surgical
consultation and procedures. As we build on this and expand the
scope of our project we hope to measure other outcome measures
such as postoperative pain management, length of stay, benefits to
the families and other balancing measures including infection rates
and thermoregulation. Future studies should consider evaluation of
other neonatal surgical populations to determine if feasibility and
safety are comparable, as these populations would also likely benefit
from SSC in the NICU.

In our project, the overall rates of SSC showed a sustained increase
for 12 months. However, there is a notable decline in the latter half of
2017. On further review, this appears temporally related to the depar-
ture of the primary surgical champion for this project in June 2017.
Until then, the surgical champion attended daily multidisciplinary
NICU rounds and routinely reinforced the need for SSC for all surgical
patients. The American College of Surgeons National Surgical Quality
Improvement Project (NSQIP) is a nationwide QI effort aimed at
enabling surgeons and hospitals to reliably collect, analyze, and act on
clinically collected outcomes data [28]. NSQIP requires each enrolled
hospital to identify a surgeon champion to regularly review data and
disseminate findings to administrative and clinical leaders. Surgeon
champions therefore play a key role in successful quality improvement
at the hospital level. The decline in SSC rates observed in this report em-
phasizes the importance of establishing a surgical champion to ensure
continuity of a surgical QI intervention. A surgical champion could also
be a leader from an alternative discipline such as a nurse leader or phys-
ical therapist. In response to this decline, a multidisciplinary team is
now working towards further enhancing and supporting the culture of
SSC as a default for all NICU infants. If SSC is contraindicated owing to
clinical concerns, an order prohibiting SSC will be placed in the chart.
Future efforts to integrate SSC into the routine care of infants requiring
surgical consultation in the NICUwill require similar longitudinal conti-
nuity with a surgeon champion to obtain sustainable change.

The proportion of staff requesting assistance during SSC significantly
increased from 7% to 24% after our intervention. Likely, once SSC was
routinely offered to surgical infants, the added logistics and time
required for the transition becamemore apparent to NICU staff. Similar
findings were reported in Seidman et al.’s systematic review of barriers
to SSC, specifically, “increased workload, lack of clear guidelines/
training and issues with facility environment/resources” [12]. One
novel way to overcome resourcing barriers would be to introduce the
concept of a SSC consultant, similar to a lactation consultant. Histori-
cally, lactation consultants have aided in overcoming significant barriers
to breast feeding for high risk infants in the NICU [29]. Of note, SSC
is also associated with increased likelihood of sustained breast feeding
at discharge [1]. Incorporating a conversation about SSC for surgical
infants with a lactation consultant or similar support staff could poten-
tially address some of the barriers of workload and training that nursing
staff experience with providing SSC for surgical infants.

Limitations of this projectwere primarily driven by the challenges of
changing practice culture within the clinical setting. Nurses, neonatolo-
gist and surgeons all have preconceived notions of how important and
safe SSC is and overcoming these presuppositions was a continuing
challenge through the course of our intervention period. As the scope
of this project was to study safety and feasibility, we included all infants
receiving a surgical consult. Future efforts to evaluate subgroups who
ultimately underwent surgery and the temporal relationship between
SSC and surgery over time are warranted and will be pursued by our
team in future studies. In addition, our findings may not be easily the
generalizable to other settings, particularly those with more limited
resources for neonatal care. Durable changes in clinical practice for
Please cite this article as: L.I. Kelley-Quon, B.D. Kenney, T. Bartman, et al., S
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both physicians and nurses are challenging and interventions that
continually engage stakeholders are required for sustainability.

4. Conclusion

Using QI methodology and multidisciplinary engagement, this
report illustrates that SSC can be safely integrated into the routineman-
agement of infants in the NICU requiring pediatric surgical consultation.
Key elements of success include engagement of nurses, surgeons, neo-
natologists and families, guideline development, staff buy in and sur-
geon champions. These findings can be used as a blueprint for other
medical centers to incorporate SSC into their daily workflows to poten-
tially improve outcomes for high risk surgical infants. Future studies
aimed at evaluating outcomes such as postoperative pain control and
physiologic stability after SSC for surgical infants are warranted.
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