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ABSTRACT

Objectives

Primary

« Identify parental skin-to-skin (SSC) patterns with extremely preterm infants during NICU hospitalization

* Investigate how SSC patterns impact infant early cognitive and communication performance

Secondary

» Explore how medical and SSC factors interact to explain outcomes in infant early cognitive and communication
performance

Design

Retrospective cohort study

Setting
Level-IV all-referral neonatal intensive care unit specializing in the care of extremely preterm infants

Participants
All extremely preterm infants admitted to the unit during 2010-2011 and who completed 6- and 12-month

developmental assessments in the follow-up clinic (n=97).

Outcome Measures
Bayley Scales of Infant Development, Third Edition (Bayley-lll) — Cognitive and Communication Subscales

Analysis
Logistic regression, t-test, chi-squared test, and Fisher’s exact test followed with network analysis using novel
visual analytic software.

Results

* Mothers participate in the majority of hours of skin-to-skin care with extremely preterm infants.

* SSC hours (both total amount and frequency) decline sharply at 30 weeks corrected age, regardless of when
extremely preterm infants are admitted.

» Extremely preterm infants who had higher birthweights, received antenatal steroids, and did not have IVH were:
least likely to participate in significant amounts of SSC.

« If fathers participated in even small amounts of SSC, infants received more weeks of SSC.

* If extremely preterm infants received more total hours of SSC at higher weekly frequency with engagement
from both mothers and fathers, they were twice as likely to score >80 on the cognitive and communication scale
of the Bayley-lll.

» Medical and SSC factors played a parallel, non-synergistic role in contributing to early cognitive and
communication performance as assessed through the Bayley-IIl.
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Conclusion

Early and frequent skin-to-skin care with extremely preterm infants is associated with early cognitive and
communication performance. Interventions aimed at increasing skin-to-skin care should include supports for
fathers and emphasize the longer term developmental benefits of the practice.
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ARTICLE SUMMARY

Strengths and Limitations of This Study

The study is strong in that it
< identifies natural, emergent patterns of skin-to-skin care with extremely preterm infants to reflect
authentic human engagement experiences
« uses the evidence to suggest ways to target specific intervention areas for increasing skin-to-skin care
< supports current literature on the longer term benefits of skin-to-skin care

©CoO~NOUITA,WNPE

11 The study is limited by the fact that it
< uses one instrument to assess early cognitive and communication performance
14 e uses retrospective data

* Jooyoasaboysnwselq
V11-Z39 wswuedsq 1e 2oz ‘0T aunr uo /wod fwg usdolwgy/:dny woiy pspeojumod "LTOZ Y21\ 0Z U0 §862T0-9T0Z-uadolwa/9eTT 0T se paysiignd 1si1y :usdo NG

w
o
'saIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open Page 4 of 21

INTRODUCTION

The birth and subsequent hospitalization of an extremely premature infant is a trauma event. Unlike term
infants, extremely premature infants (infants born at less than 27 weeks) spend the last trimester of their
gestation ex utero, in an artificial, technology-laden neonatal intensive care (NICU) that places them at a
developmental disadvantage. Monitors, tubing, and wires often create an environment that makes it difficult for
authentic positive human interaction. In response, skin-to-skin care (SSC) has been incorporated into many

NICU’s across the world to re-establish this positive human contact.

Skin-to-skin care (SSC) is the practice of holding an infant upright on a parent’s chest in a manner that

provides maximum bare skin ventral contact. The practice impacts infant physiological stability, stress, and

Buipnjour ‘1ybuAdoo Aq paroalold

sleep as well as maternal stress and parenting behavior. SSC studies over the last twenty-five years''® have

=)
collectively translated into a global acknowledgment that SSC is medically safe and has the potential to é

D

(]
improve longer term cognitive, social, and emotional outcomes '*%, 3

3

%
Despite the benefits of SSC, it is often difficult to engage some families in the practice. Findings from one of the%é

@

S 0n
most recent and comprehensive systematic reviews of the barriers and promoters of SSC (included in the Z;s’

2o

52
complete package known as Kangaroo Mother Care)'? identified multiple factors involved in integrating SSC. 3-

3
While current studies can help in the design of new interventions promoting SSC, they are also a reflection of =

pd
participating in a highly supported and scrutinized form of SSC rather than parent practice as it naturally occurs g

]
in the NICU. &

g

o

o,

3
What remains unknown is how parents are actually engaging in the practice of SSC when they are not invo/ved%”

(4]

[¢]
in an SSC study. A rigorous study of routine SSC across a cohort of extremely preterm infants could identify g

o
specific strategies and intervention points for care providers who aim to target their efforts at increasing E

parental engagement in SSC. The purpose of the current study was therefore to identify the naturalistic
patterns of SSC that parents engage in with their extremely premature infants in an all-referral NICU and
investigate how these patterns impact early infant cognitive and communicative performance. A secondary aim

was to compare the relative effects of amount and intensity of SSC on these outcomes.
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1 ©
<
é PATIENTS AND METHODS ‘5
©
4 @
5 This study was a retrospective cohort study of all infants admitted to the Small Baby Intensive Care Unit Z
6 G
7 (SBICU) at Nationwide Children’s Hospital (NCH) between 01/01/2010-11/30/2011. The SBICU is a =
8 =
9 specialized Level-1V all-referral unit staffed by a centralized team of nurses who provide protocol-driven care® %
10 Q
o
11 %to neonates born at a gestational age (GA) less than 27 completed weeks. All patients cared for in this unit 3 5’;
12 8 o
ﬁ, are outborn and are transported to the SBICU for care of complications of prematurity including necrotizing g E
g
<
ig enterocolitis (NEC), sepsis, surgical issues, brain injury, etc. This study was approved by the Institutional 8 %
S o
12 Review Board of Nationwide Children’s Hospital (IRB#13-00042). g 3
19 - R
20 DATA 2 2
21 SN
22  Retrospective data was extracted from the electronic medical record within three categories : a) medical b) 2 §
23 s o
24 SSC and c) cognitive and communication outcomes at follow-up. Medical record information extracted for N
25 & =
g? each patient included gender, gestational age (GA) , birthweight (BW), length of hospital stay (LOS), @m%
iy
@ 2N
gg occurrence or absence of intraventricular hemorrhage in the brain (IVH), number of days on a ventilator (IPPV gé E
-0 'U
32 days), days until first full feed by mouth (PO DOL), whether the patient was a twin, triplet, etc. (multiple births), %g%
33 and whether the patient received antenatal steroids. 2%3
35 3" 3
36 g i
37 Total hours of SSC care for each parent were recorded for each week after the baby was admitted to the i g
38 > €
Zg NICU. Summary measures of SSC use included total hours of SSC, onset of SSC from day of admission, total g §
=. o
> ©
j; hours of SSC performed by the mother and father, intensity of SSC (total number of days of SSC divided by 2 i
=]
43 a 3
44  the number of weeks of SSC), and whether the family participated in SSC after their child reached 33 weeks g 8
45 s 2
46  corrected age. To reduce the number of tested associations and aid in clinical interpretation, families were n:;, S
47 o <
48  further classified as having a ‘high’ level of SSC participation if they were above the median in total hours, total :5: 2
49 8 5
50 hours per parent, and intensity of SSC. The remaining families were classified as having a ‘low’ level of SSC & N
51 TR
52 .. . Q
rt tion. =
g Participation 5
54 °
55 =
6 :
g; Cognitive and communication early performance outcomes were determined through the Bayley Scales of I_E)I;
59 s
6o Infant Development, Third Edition (Bayley-Ill), a valid and reliable developmental assessment tool that is 5
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widely used in neonatal follow-up. Assessments were performed at 6-months and 12-months by licensed
professionals certified and trained in the tool (Neonatal Research Network standards REF) and scores were
adjusted for prematurity. Descriptive classifications were used according to the protocol outlined by Pearson
Clinical with infants scoring <80 being described as “Borderline” for developmental disability?>. Consequently,
scores were treated both as continuous variables and as dichotomized variables of scores <80 and scores

280.
STATISTICAL ANALYSIS

Statistical analysis was divided into three parts to address the clinical questions of interest. First, patterns of
SSC participation were investigated graphically and associations between SSC measures and medical factors
were tested. A logistic regression model was fit to contrast the probability of being a high vs. low SSC
participant (as defined in the ‘Data’ section) as a function of gender, gestational age, birth weight, IVH, IPPV
days, PO DOL, multiple births, and receipt of antenatal steroids. Backwards elimination was used to select a
final explanatory model based on minimizing the Akaike’s information criteria (AIC). Second, the association
between SSC participation (high vs. low) and Bayley-lll scores was evaluated. Association between

continuous Bayley scores and SSC participation was investigated using boxplots and t-tests, while association
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V11-Z39 wswuedsq 1e G20z ‘0T aunr uo /wod fwg usdolwgy/:dny wouy pspeojumod "LTOZ Y21\ 0Z U0 §862T0-9T0Z-uadolwa/9eTT 0T se paysiignd 1si1f :uadO rING

between dichotomized Bayley scores and SSC participation was tested using the chi-squared test or Fisher's
exact test. Associations between Bayley scores and SSC participation were additionally adjusted for

confounding based on the medical factors found to be associated with SSC participation.

Patterns between medical factors and skin-to-skin care became evident and patterns of skin-to-skin care and
the Bayley-Ill scores became evident. Consequently, for the final analysis we used our Stick WRLD visual
analytic software® to investigate potential triangulations among specific aspects of medical factors, skin-to-skin

care, and the Bayley-lll scores. All factors were loaded into the StickWRLD visual framework and initial two-
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node association patterns were set with an initial residual value®® of 0.2. Subsequent analyses were performed |
incrementally at lower residual values to identify and compare associative relationships and to search for
significant emerging triangular data patterns Analyses concluded when the model reached a threshold residual

value corresponding to visual associative overload.
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RESULTS

A total of 97 NICU patients were included in the study. Summary statistics of SSC usage (overall participation,
participation by parent, SSC intensity and onset of SSC) are given in Table 1. Mothers represented the
majority of overall SSC participation, as evidenced by Figure 1. Nine families were missing information on
some aspect of SSC involvement. Among the remaining 88 families, 30 (34%) were classified as ‘high’
participants in SSC (above the median for total SSC hours, hours per parent, and SSC intensity) while the

other 58 (66%) were classified as ‘low’ participation in SSC.

Table 1: Summary Statistics of Skin-to-Skin Care

SSC Metric Mean (SD) Median (IQR) (Min, Max)
Total SSC (hours) 27.4 (29.8) 17.2 (5.1, 36.6) (0, 129.8)
Mother SSC (hours) 22.8(22.4) 17.2(4.6,309)  (0,97)
Father SSC (hours) 5.8 (10.4) 1(0,7.5) (0, 58)

SSC Intensity (hours / week) 2.3(1.2) 2.2(1.3,3.2) (0,5)

SSC Onset (days) 6.2 (7.4) 4(1.8,8) (0, 45)

SD = standard deviation
IQR = Inter-quartile range (25th percentile, 75th percentile)

Patterns of SSC participation between the postmenstrual ages of 23 and 40 weeks are displayed on a study-

* Jooyoasaboysnwseiq
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wide (total person-hours per week, Figure 2) and family (hours per family per week, Figure 3) basis. There
was a steady increase in both total hours and hours per family until about 30 weeks, after which there was a
corresponding precipitous decline until 40 weeks. Differences in medical factors between families with high vs.
low SSC participation are given in Table 2. Receipt of antenatal steroids was the only significant (p < 0.05)
finding, with 71% of children from families with high SSC participation receiving antenatal steroids and 91% of

children with low family SSC participation receiving them.

'saiIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloaloid

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoOoO~NOUTA,WNPE

BMJ Open

Table 2: Medical Factors Influencing Skin-to-Skin Patterns

Medical Factors (categorical) SSC Low SSC High p-value

Gender Female 23 (0.4) 8(0.27) 0.25
Male 35(0.6) 22 (0.73)

Multiple Births No 39 (0.67) 18 (0.60) 0.64
Yes 19 (0.33) 12 (0.40)

Antenatal Steroids No 5(0.09) 8(0.29) 0.02
Yes 53(0.91) 20(0.71)

IVH No 28 (0.48) 10 (0.33) 0.26
Yes 30 (0.52) 20 (0.67)

Medical Factors (continuous) SSC Low SSC High p-value

Gestational Age (weeks) 24.9 (1) 24.4 (1.1) 0.06

BW (grams) 748.2 (164.5) 719.6 (188.5) 0.48

Length of hospital stay (days) 117.6 (46.1) 127.8 (40) 0.28

Days on ventilator 41.6 (28.6) 45 (33.2) 0.63

PO DOL (days) 106.1 (35.9) 117.7 (44.6) 0.26

Numbers in each cell are mean (std dev) for continuous and N (%) for categorical

p-value for categorical based on chi-squared, for continuous based on t-test

These factors (minus LOS, which was omitted because infants with longer LOS might be expected to have

longer total SSC duration) were subsequently used to build a model to analyze the variance in SSC

participation based on logistic regression with backwards elimination. The resulting model included antenatal
steroids, birthweight, and IVH as predictors (Table 3). We investigated various cut-points for dichotomizing
birth weight and found the 75" percentile to provide the best fit. Both receipt of antenatal steroids (OR =

0.136) and birth weight in the top quartile (OR = 0.152) were associated with reduced odds of high SSC

participation, while presence of IVH was associated with increased odds (OR = 1.92).

Table 3: Odds Ratios for High Participation in Skin-to-Skin Care Based on Medical Factors

Univariable Multivariable
p_
Factor Levels High SSC OR 95% Cl value OR 95% ClI p-value
Antenatal Steroids Yes 20/73 (27%) 4.16 (1.06,18.2) 0.024 7.36 (1.67,32.53) 0.008
No 8/13 (62%)
Birthweight 844+ 5/24 (21%) 2.41 (0.74,9.35) 0.13 6.59 (1.46,29.84) 0.014
<844  25/64 (39%)
IVH Yes 20/50 (40%) 0.54 (0.19,1.46) 0.26 0.52 (0.19,1.43) 0.2

No  10/38 (26%)
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Next, association between SSC participation and cognitive and communication outcomes (Bayley scores) at

follow-up were investigated. Figure 3 displays boxplots of the Bayley scores stratified by high and low SSC

BMJ Open

participation, while Table 4 gives mean values for each exam by participation group. Communication scores at

12 months were somewhat higher in the high SSC group (p = 0.05). We then dichotomized the Bayley score
at the borderline disability level (<80 vs. = 80). Table 5 displays the number and percentage of patients that
fall below this borderline disability level along with univariate ORs. To account for potential confounding, ORs
were further adjusted by fitting a multivariable model including the factors identified to be associated with SSC
participation (BW, antenatal steroids, and IVH, Table 5). None of the associations (except for cognitive exam
at 6 months) reached statistical significance,. However there was a relatively consistent OR of 2 for
associations between each dichotomized Bayley score and SSC participation in the multivariable models.

Adjusted ORs were higher than the unadjusted since SSC participation was associated with factors that were

also generally associated with lower Bayley scores.

Table 4: Associations Between Low and High Participation in Skin-to-Skin Care
and Bayley-lll Cognitive and Communication Outcomes

Bayley-lll Assessment SSC Low SSC High p-value
Cognitive 6 months 92.7 (15.7) 96.3 (15.1) 0.3
Cognitive 12 months 93.1(14.6) 93.9(19.2) 0.84
Communication 6 months 93.1(12.9) 96.9 (16.6) 0.28
Communication 12 months 90.7 (15.4) 98.2 (16.4) 0.05
Composite (Cog/Comm) 6 months 92.9(12.6) 96.6 (14.4) 0.24
Composite (Cog/Comm) 12 months 91.9(13.6) 96.1(16.1) 0.25

Numbers in each cell are mean (std dev)
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Table 5: Associations Between Low and High Participation in Skin-to-Skin Care
and Borderline Disability (<80 vs. 280) Bayley-lll Cognitive and Communication

Page 10 of 21

Outcomes
Percent Borderline
Developmental Disability Univariable Multivariable
p- p-

Bayley Exam Low SSC High SSC OR 95% Cl value OR 95% Cl value
Cognitive 6 mos 11/58 (19%) 2/30(7%) 3.28 (0.92,11.67) 0.07 4.46 (1.08,18.41) 0.04
Cognitive 12 mos 8/49 (16%)  2/28(7%) 2.54 (0.66,9.77) 0.18 2.87 (0.62,13.26) 0.18
Communication 6 mos 9/58 (16%)  4/30(13%) 1.19 (0.52,2.72) 0.67 1.72 (0.64,4.61) 0.28
Communication 12 mos  13/49 (27%) 5/29(17%) 1.73 (0.88,3.42) 0.11 2.00 (0.87,4.57) 0.10
Composite (Cog/Comm)

6 mos 8/58 (14%) 3/30(10%) 1.44 (0.52,3.95) 048 2.22 (0.68,7.28) 0.19
Composite (Cog/Comm)

12 mos 8/49 (16%) 3/28 (11%) 1.63 (0.58,4.53) 0.35 2.22 (0.66,7.44) 0.20

Multivariable models include antenatal steroids, birthweight, and IVH

A final exploratory analysis of the data set was performed using StickWWRLD software to identify possible

emergent interactive network associations among SSC measures, medical factors, and Bayley-Ill scores.

Network displays (Figure 5) indicated separate, but convergent significant associations between SSC

measures and medical factors and the 12-month Bayley-Ill cognitive scores.

DISCUSSION

Engagement in SSC with extremely premature infants in the NICU varies among families. However, SSC

patterns are evident in this population and potentially have an impact on early cognitive and communication

performance. These findings are not new in that a wealth of literature has been devoted to the short- and long-

term developmental benefits of SSC*°. What is initially novel about our findings is that we have found a

strong indication that SSC before 30 weeks postmenstrual age may play a crucial role in the cognitive and

communication development of extremely premature infants. The overwhelming majority of SSC time in our

Unit was spent before 30 weeks postmenstrual age, a period of time that is often considered developmentally

marginal in that underlying brain structure and auditory/visual development are not at full capacity®'. This

elicits additional questions about why parents choose to stop at this corrected age, the underlying mechanisms

of communication development in this population, and the potential added dimensional role of SSC as a

communication intervention in the NICU.
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A second novel finding is that extremely preterm infants who had higher birthweights, had received antenatal

1 ©
é steroids, and who did not have IVH, were at decreased odds of receiving a ‘high’ level of skin-to-skin care g
g (where high level was defined as above the median for total hours, frequency, and hours for each parent). That i
? is, infants who were perceived as being “less sick” were at reduced odds of receiving a high level of SSC. This é
g poses questions about how medical caregivers and parents perceive the practice of skin-to-skin care and how %
a
g developmental information is being communicated between parents and the medical team. § ﬁ
13 : B
16 Finally, our findings identify a concerning gap in skin-to-skin care from 30 weeks corrected age to term age. g é
g Numerous studies highlight the essential nature of this time period for appropriate neurodevelopment®?3¢. ‘% i
;g However, extremely preterm infants, who represent one of the highest risk categories for neurodevelopmental § g
g; disability, are not receiving an intervention shown to improve neurodevelopment at a fundamental time point ofc% %
S O
gz their developmental trajectory. % %
gg Limitations of our study include the limited sample size (97 NICU patients) and the observational nature of the %% %
7
32 study. Confounding is thus an issue when investigating associations, however as noted previously NICU %%g
gé patients receiving SSC were actually associated with medical factors that were in turn associated with lower E:,%%
%% early-stage cognitive and communication scores. The study is also based on patients from a single hospital, g_g
g; and may not generalize to other neonatal units. While we did see a relatively consistent pattern of association Ei 5
Zg (c.f. Table 5) between high / low SSC participation and the Bayley-Ill Cognitive and Communication Outcomes %za §
j; dichotomized at borderline disability (<80 vs. 280), we reiterate that none of these associations achieved i ?;
ji statistical significance and thus can only be viewed as preliminary results in need of confirmatory analysis. If g 73
jg the observed associations were to hold in the population along with the same level of SSC participation and E:j S
j,; prevalence of borderline disability, then roughly 460 total subjects would be needed to achieve 80% power to g %
5 B
§§ detect the association in a larger study. E %
52 o
53 &
gg Our research suggests that developmental investigations into very early time points in the life of extremely %
g? premature infants is warranted and critical to understanding how to fully optimize future developmental social %
gg and cognitive processes. Additional studies, involving more comprehensive measures and analyses of the E
60 S
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early developmental NICU environment (22-30 weeks postmenstrual age) could help inform new designs for

developmental caregiving and promotion of skin-to-skin care throughout the duration of hospitalization.
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FIGURES AND LEGENDS

FIGURE 1 - Overall and Parent Specific SSC Participation: Boxplots displaying the
distribution of overall SSe participation and by parent. Thick horizontal lines give medians while
boxes display the middle 50% of the data (25th and 75th percentiles). Points beyond the
whiskers represent outliers.
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FIGURE 2- Total SSC hours per week: Blue line displays the total number of SSC hours per

week for all families in the study, by postmenstrual age (PMA).

Since the unit is an all-referral

unit, the pink line indicates the total number of extremely preterm infants in the cohort

hospitalized in the NICU at the given PMA. All infants were admitted before 30 weeks PMA.
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FIGURE 3- SSe intensity (hours per week per family): Blue line displays the average SSe
intensity (hours per family per week) by postmenstrual age. Again, since the unit is an all-
referral unit, the pink line indicates the total number of extremely preterm infants in the cohort
hospitalized in the NICU at the given PMA.
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FIGURE 4 - Bayley Cognitive and Communication scores by SSC participation: Boxplots
displaying the distribution of Bayley cognitive, communication, and combined cognitive-
communication (Cog-Comm) scores at 6 and 12 months by SSC participation (high vs. low).
High SSC participation was defined as having above the median participation for total SSC

hours, mother SSC hours, father SSC hours, and SSC intensity (see text for details).

Thick

horizontal lines give medians while boxes display the middle 50% of the data (25" and 75"

percentiles). Points beyond the whiskers represent outliers.
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FIGURE 5 - Visual Analytical Display from StickWRLD Software. The visual space is
divided into three main regions: Medical Factors, Skin-to-Skin Factors, and Bayley-Ill Scores.
Each line represents a significant correlation between factors with stronger correlations
represented by lines that are thicker in diameter. Within region correlations are evident and
expected. Two blue arrows indicate two unexpected strong correlations (one from each region)
that converge on the Bayley-lll 12-Month Cognitive Score, highlighting Skin-to Skin Care
Frequency and presence or absence of Intraventricular Hemmorhage (IVH) as parallel, but
non-interactive factors impacting the score.
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item No Recommendation

Title and abstract 1 p.1
p.2

Introduction
Background/rationale 2 p.4
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Methods
Study design 4 p.5
Setting 5 p.5
Participants 6 p.5
Variables 7 pp-5-6
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Study size 10 p. na All infants in cohort included
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Statistical methods 12 p- 6
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ABSTRACT

Objectives
Primary

< Identify skin-to-skin patterns that parents engage in with their extremely preterm infant during
hospitalization in the neonatal intensive care unit
< Investigate how patterns of skin-to-skin care impact infant early cognitive and communication
performance
Secondary
< Explore how medical and skin-to-skin factors interact to explain outcomes in infant early cognitive and
communication performance

Design
This was a retrospective cohort study.

Setting
This study took place in a Level-1V all-referral neonatal intensive care unit in the Midwest specializing in the

care of extremely preterm infants.

Participants
Data was collected from the electronic medical records of all extremely preterm infants (gestational age <

27 weeks) admitted to the unit during 2010-2011 and who completed 6- and 12-month developmental
assessments in the follow-up clinic
(n=97).

Outcome Measures
e Bayley Scales of Infant Development, Third Edition (Bayley-IIl) — Cognitive and Communication
Subscales
e Skin-to-Skin Care Patterns: Total Hours of Maternal and Paternal Participation Throughout
Hospitalization, Total Duration in Weeks, Frequency (Hours per Week)
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Analysis
Extracted data was analyzed through a multi-step process of logistic regressions, t-tests, chi-squared tests, and
Fisher’s exact tests followed with exploratory network analysis using novel visual analytic software.

Results

< Mothers provide the majority of skin-to-skin care with extremely preterm infants.

« Skin-to-skin care hours (both total amount and frequency) decline sharply at 30 weeks corrected age,
regardless of when extremely preterm infants are admitted.

- Extremely preterm infants who had higher birthweights, received antenatal steroids, and who did not
have IVH were less likely to participate in significant amounts of skin-to-skin care.

< Extremely preterm infants who received above the sample median in total hours, weekly frequency, and
total hours from mothers and fathers of skin-to-skin care were more likely to score 280 on the cognitive
and communication scales of the Bayley-Ill (odds ratios of roughly two for each of the dichotomized
scores, after adjustment for BW, antenatal steroids, and IVH). However the results were not
statistically significant (p>0.05).

< Exploratory network analysis suggests that medical and skin-to-skin factors play a parallel, non-
synergistic role in contributing to early cognitive and communication performance as assessed through
the Bayley-IIl.
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Conclusion

This study presents suggestive results concerning the association between early and frequent skin-to-skin
care with extremely preterm infants and early cognitive and communication performance. However the
results were not statistically significant and a larger study is needed to validate these initial findings.
Interventions aimed at increasing skin-to-skin care should include supports for fathers and emphasize the
potential longer term developmental benefits of the practice.
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ARTICLE SUMMARY

Strengths and Limitations of This Study

The study is strong in that it
< identifies natural, emergent patterns of skin-to-skin care with extremely preterm infants to reflect
authentic human engagement experiences
« uses the evidence to suggest ways to target specific intervention areas for increasing skin-to-skin care
< supports current literature on the longer term benefits of skin-to-skin care

©CoO~NOUITA,WNPE

11 The study is limited by the fact that it
< uses one instrument to assess early cognitive and communication performance
14 e uses retrospective data
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INTRODUCTION

The birth and subsequent hospitalization of an extremely preterm infant is a trauma event. Unlike term infants,
extremely preterm infants (infants born at less than 27 weeks) spend the last trimester of their gestation ex
utero, in an artificial, technology-laden neonatal intensive care (NICU) that places them at a developmental
disadvantage. Monitors, tubing, and wires often create an environment that makes it difficult for authentic
positive human interaction. In response, skin-to-skin care (SSC) has been incorporated into many NICU’s

across the world to re-establish this positive human contact.

Skin-to-skin care (SSC) is the practice of holding an infant upright on a parent’s chest in a manner that
provides maximum bare skin ventral contact. The practice impacts infant physiological stability, stress, and
sleep as well as maternal stress and parenting behavior. SSC studies over the last twenty-five years''® have
collectively translated into a global acknowledgment that SSC is medically safe and significantly affects longer

term neurodevelopmental cognitive, social, and emotional outcomes '®%%

Despite the benefits of SSC, it is often difficult to engage some families in the practice. Findings from one of the
most recent and comprehensive systematic reviews of the barriers and promoters of SSC (included in the
complete package known as Kangaroo Mother Care)? identified over thirty-five factors involved in integrating
SSC into the NICU environment. The top three barriers to SSC were issues with the NICU physical facility,
negative impressions by the staff about the practice, and fear of injuring the infant during SSC. In contrast, SSC
increased when mothers felt attached to their infants, felt confident in their parenting role, and received support
from family, friends, or other mothers. While current studies, such as those found in the systematic review, can
help in the design of new interventions promoting SSC, many are a reflection of participating in a highly

supported and scrutinized form of SSC rather than parent practice as it naturally occurs in the NICU.

What remains unknown is how parents are actually engaging in the practice of SSC in an all referral NICU
setting in the United States when they are not involved in an SSC study. A rigorous study of routine SSC across
a cohort of extremely preterm infants could identify specific strategies and intervention points for care providers
who aim to target their efforts at increasing parental engagement in SSC. Therefore, the purpose of the current
study was to identify the naturalistic patterns of SSC that parents engage in with their extremely preterm infants

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
in an all-referral NICU and investigate how these patterns impact early infant cognitive and communicative
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performance. A secondary aim was to compare the relative effects of amount and intensity of SSC on these

1

2 outcomes.

3

g PATIENTS AND METHODS

6

7  This study was a retrospective cohort study of all infants admitted to the Small Baby Intensive Care Unit
8

9 (SBICU) at Nationwide Children’s Hospital (NCH) between 01/01/2010-11/30/2011. The SBICU is a

10

11 specialized Level-1V all-referral unit staffed by a centralized team of nurses who provide protocol-driven care®
*to neonates born at a gestational age (GA) less than 27 completed weeks. These protocols, organized
within the Small Baby Guidelines, outline how to specifically address the medical and developmental needs of
1g extremely preterm infants. Skin-to-skin care is specifically designated as a critical practice for medical stability
20 and neurodevelopmental outcomes and is described as a care piece that should be strongly encouraged

22 whenever possible, as long as possible. All patients cared for in this unit are outborn and are transported to

24 the SBICU for care of complications of prematurity including necrotizing enterocolitis (NEC), sepsis, surgical
26 issues, brain injury, etc. This study was approved by the Institutional Review Board of Nationwide Children’s
28  Hospital (IRB#13-00042) as an exempt study.

30 pATA

33 Retrospective data was extracted from the electronic medical record within three categories : a) medical b)
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35 SSC and c) cognitive and communication outcomes at follow-up. Medical record information extracted for each
37 patient included gender, gestational age (GA) , birthweight (BW), length of hospital stay (LOS), occurrence or

39 absence of intraventricular hemorrhage in the brain (IVH), number of days on a ventilator (IPPV

j; days), days until first full feed by mouth (PO DOL), whether the patient was a twin, triplet, etc. (multiple births),
ji and whether the patient received antenatal steroids. These variables were selected based on the outcome
45

46 trajectories calculator developed by the Eunice Kennedy Shriver National Institute of Child Health and Human

48 Development Neonatal Research Network.?®
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52 Total hours of SSC care for each parent were recorded for each day after the baby was admitted to the

NICU until discharge. Hours were documented by the nursing staff in the patient medical record. (Audits

57 performed comparing parental report and nurse report of SSC time indicated 89% consistency.) Summary

5g Mmeasures of SSC use included total hours of SSC, the number of days between the day of admission and the

first onset of SSC, to&%l hours of SSC rPlsr_fc%rmeﬁb%the other an _fat7h r, intengit}/_ of S%C ng]average days of
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SSC per week), and whether the family participated in SSC after their child reached 33 weeks corrected age, a
critical period of auditory development .>” To reduce the number of tested associations and aid in clinical
interpretation, families were further classified as having a ‘high’ level of SSC participation if they were above the
median in total hours, total hours for mother and total hours for father, and frequency of SSC (that is, above the
median for each of the four variables). The remaining families were classified as having a ‘low’ level of SSC

participation.

Cognitive and communication early performance outcomes were determined through the Bayley Scales of
Infant Development, Third Edition (Bayley-Ill), a valid and reliable developmental assessment tool that is widely
used in neonatal follow-up. Assessments were performed at 6-months and 12-months by licensed professionals

certified and trained in the tool?® and scores were adjusted for prematurity. Descriptive classifications were used

Buipnjour ‘1ybuAdoo Aq paroalold

according to the protocol outlined by Pearson Clinical with infants scoring <80 being described as “Borderline” fog:

n 1o

developmental disability.”® Consequently, scores were treated both as continuous variables and as dichotomized®

variables of scores <80 and scores =80.

STATISTICAL ANALYSIS
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Statistical analysis was divided into three parts to address the clinical questions of interest. First, since the
study is observational in nature patterns of SSC participation (‘high’ vs. ‘low’, as defined in the ‘Data’ section)
were investigated graphically and associations between SSC measures and medical factors were tested.
These associations were considered to explore for potential factors associated with SSC participation and to
account for potential confounding of SSC with these other clinical / medical variables. A logistic regression
model was fit to contrast the probability of being a high vs. low SSC participant (as defined in the ‘Data’ section)
as a function of gender, gestational age, birth weight, IVH, IPPV days, PO DOL, multiple births, and receipt of

antenatal steroids. Backwards elimination was used to select a final explanatory model based on minimizing
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the Akaike’s information criteria (AIC). Second, the association between SSC participation (high vs. low) and
Bayley-lll scores was evaluated. Strength of association between raw Bayley scores and SSC participation
(high vs. low) was quantified and tested using point biserial correlations (r,, tested against a null that the
correlation was zero). Bayley scores dichotomized at the borderline disability level (<80 vs. = 80) were tested
for association with SSC participation using the chi-squared test or Fisher’'s exact test. Associations between

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
dichotomized Bayley scores and SSC participation were additionally adjusted for confounding based on the


http://bmjopen.bmj.com/

Page 7 of 24 BMJ Open

©CoO~NOUTA,WNPE

medical factors found to be associated with SSC participation.

Patterns between medical factors and skin-to-skin care became evident and patterns of skin-to-skin care and the

Bayley-lll scores became evident. Consequently, for the final analysis we used our StickWRLD visual analytic
software®>®" to investigate potential triangulations among specific aspects of medical factors, skin-to-skin care,
and the Bayley-lll scores. All factors were loaded into the StickWRLD visual framework and initial two- node
association patterns were set with an initial residual value® of 0.2. Subsequent analyses were performed
incrementally at lower residual values to identify and compare associative relationships and to search for
significant emerging triangular data patterns. Analyses concluded when the model reached a threshold residual

value corresponding to visual associative overload.

RESULTS

A total of 97 NICU patients were included in the study. The gestational age ranged from 22 weeks to 26
weeks with an overall median of 25 weeks. Summary statistics of SSC usage (overall participation,
participation by parent, SSC intensity and onset of SSC) are given in Table 1. Mothers represented the
majority of overall SSC participation, as evidenced by Figure 1. Nine families were missing information on
some aspect of SSC involvement. Among the remaining 88 families, 30 (34%) were classified as ‘high’
participants in SSC (above the median for total SSC hours, hours per parent, and SSC intensity) while the

other 58 (66%) were classified as ‘low’ participation in SSC.

Table 1: Summary Statistics of Skin-to-Skin Care from admission to 40 weeks postmenstrual age

SSC Metric Mean (SD) Median (IQR) (Min, Max)
Total SSC (hours) 27.4(29.8) 17.2(5.1,36.6) (0, 129.8)
Mother SSC (hours) 22.8 (22.4) 17.2 (4.6, 30.9) (0,97)
Father SSC (hours) 5.8 (10.4) 1(0,7.5) (0, 58)

SSC Frequency (days / week) 2.3(1.2) 2.2(1.3,3.2) (0, 5)

SSC Onset (days) 6.2 (7.4) 4 (18, 8) (0, 45)

SD = standard deviation
IQR = Inter-quartile range (25th percentile, 75th percentile)

Patterns of intensity and total hours of SSC participation between the postmenstrual ages of 23 and 40 weeks
are displayed on a study- wide (total person-hours per week, Figure 2) and family (hours per family per week,

Figure 3) basis. Therepgas i@ steady incredse/imiothetotah hours/ @nddioursgped Eamily. untilabout 30 weeks,
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after which there was a corresponding precipitous decline until 40 weeks. Differences in medical factors
between families with high vs. low SSC participation are given in Table 2. Receipt of antenatal steroids was
the only significant (p < 0.05) finding, with 71% of children from families with high SSC participation receiving

antenatal steroids and 91% of children with low family SSC participation receiving them.
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Table 2: Medical Factors Influencing Skin-to-Skin Patterns

1

é Medical Factors (categorical) SSC Low SSC High p-value

4 Gender Female 23 (0.4) 8(0.27) 0.25
5 Male 35(0.6) 22 (0.73)

6 Multiple Births No 39 (0.67) 18 (0.60) 0.64
7 Yes 19 (0.33) 12 (0.40)

8 Antenatal Steroids No 5 (0.09) 8(0.29) 0.02
9 Yes 53 (0.91) 20 (0.71)

12 IVH No 28 (0.48) 10 (0.33) 0.26
12 Yes 30(0.52) 20 (0.67)

13 Medical Factors (continuous) SSC Low SSC High p-value

14 Gestational Age (weeks) 24.9 (1) 24.4 (1.1) 0.06
15 BW (grams) 748.2 (164.5) 719.6 (188.5) 0.48
16 Length of hospital stay (days) 117.6 (46.1) 127.8 (40) 0.28
g Days on ventilator 41.6 (28.6) 45 (33.2) 0.63
19 PO DOL (days) 106.1 (35.9) 117.7 (44.6) 0.26
3(1) Numbers in each cell are mean (std dev) for continuous and N (%) for categorical

22 p-value for categorical based on chi-squared, for continuous based on t-test

23

24

25 These factors (minus LOS, which was omitted because infants with longer LOS might be expected to have
27 |onger total SSC duration) were subsequently used to build a model to analyze the variance in SSC
participation based on logistic regression with backwards elimination. The resulting model included antenatal

32 steroids, birthweight, and IVH as predictors (Table 3). We investigated various cut-points for dichotomizing
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34  birth weight and found the 75" percentile to provide the best fit. Both receipt of antenatal steroids (OR =
36 0.136) and birth weight in the top quartile (OR = 0.152) were associated with reduced odds of high SSC

38  participation, while presence of IVH was associated with increased odds (OR = 1.92).

Table 3: Odds Ratios for High Participation in Skin-to-Skin Care Based on Medical Factors
43 Univariable Multivariable

44 p-
45 Factor Levels High SSC OR 95% Cl value OR 95% ClI p-value

Antenatal Steroids Yes 20/73 (27%) 4.16 (1.06,18.2) 0.024 7.36 (1.67,32.53) 0.008
48 No 8/13 (62%)

50  Birthweight 844+  5/24(21%) 2.41 (0.74,9.35) 0.13 6.59 (1.46,29.84) 0.014
51 <844  25/64 (39%)
IVH Yes  20/50 (40%) 0.54 (0.19,1.46) 026 0.52 (0.19,1.43) 0.2
54 No  10/38 (26%)
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Next, association between SSC participation and cognitive and communication outcomes (Bayley scores) at
follow-up were investigated. Figure 4 displays boxplots of the Bayley scores stratified by high and low SSC
participation, while Table 4 gives mean values for each exam by participation group. Communication scores at
12 months were somewhat higher in the high SSC group (p = 0.05). We then dichotomized the Bayley score
at the borderline disability level (<80 vs. = 80). Table 5 displays the number and percentage of patients that
fall below this borderline disability level along with univariate ORs. To account for potential confounding, ORs
were further adjusted by fitting a multivariable model including the factors identified to be associated with SSC
participation (BW, antenatal steroids, and IVH, Table 5). None of the associations (except for cognitive exam
at 6 months) reached statistical significance. However there was a relatively consistent OR of 2 for
associations between each dichotomized Bayley score and SSC participation in the multivariable models.
Adjusted ORs were higher than the unadjusted because SSC participation was associated with factors that

were also generally associated with lower Bayley scores.

Table 4: Point biserial correlations (r,, ) between Low and High Participation
in Skin-to-Skin Care and Bayley-lll Cognitive and Communication Outcomes
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Bayley-lll Assessment SSC Low! SSC High! Fob p-value?
Cognitive 6 months 92.7(15.7)  96.3(15.1) 0.11 0.30
Cognitive 12 months 93.1(14.6) 93.9(19.2) 0.03 0.82
Communication 6 months 93.1(12.9) 96.9 (16.6) 0.13 0.24
Communication 12 months 90.7 (15.4) 98.2 (16.4) 0.23 0.05
Composite (Cog/Comm) 6 months 92.9(12.6) 96.6 (14.4) 0.13 0.21
Composite (Cog/Comm) 12 months 91.9(13.6) 96.1(16.1) 0.14 0.22

! Numbers in each cell are mean (std dev)

2 p-values are from test that point biserial correlations are different from zero
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Table 5: Associations Between Low and High Participation in Skin-to-Skin Care

1 o8}
2 and Borderline Disability (<80 vs. 280) Bayley-lll Cognitive and Communication s
3 Outcomes 9o
@
g Percent Borderline i
6 Developmental Disability Univariable Multivariable 3
7 p- p- =
8 Bayley Exam Low SSC High SSC OR 95% Cl value OR 95% Cl value %
9 Cognitive 6 mos 11/58 (19%) 2/30(7%)  3.28 (0.92,11.67) 0.07 4.46 (1.08,18.41) 0.04 z
o
ig Cognitive 12 mos 8/49 (16%)  2/28(7%) 2.54 (0.66,9.77) 0.18 2.87 (0.62,13.26) 0.18 R
o
12 Communication 6 mos 9/58 (16%) 4/30(13%) 1.19 (0.52,2.72) 0.67 1.72 (0.64,4.61) 0.28 § 5
13 Communication 12 mos  13/49 (27%) 5/29 (17%) 1.73 (0.88,3.42) 0.11 2.00 (0.87,4.57) 0.10 g b
14 Composite (Cog/Comm) g 2
ig 6 mos 8/58 (14%) 3/30(10%) 1.44 (0.52,3.95) 0.48 222 (0.68,7.28) 0.19 8 %
17 Composite (Cog/Comm) g S
18 12 mos 8/49 (16%) 3/28 (11%) 1.63 (0.58,4.53) 035 2.22 (0.66,7.44) 0.20 ‘% ?B
19 Multivariable models include antenatal steroids, birthweight, and IVH =1 5
20 = 2
21 S N
22 3 X
23  Afinal exploratory analysis of the data set was performed using StickWRLD software to identify possible 2« g
24 c N
25 emergent interactive network associations among SSC measures, medical factors, and Bayley-Ill scores. ‘é ;
26 = S
27  Network displays (Figure 5) indicated separate, but convergent significant associations between SSC gg%
28 309
=3
ég measures and medical factors and the 12-month Bayley-Ill cognitive scores. °g ;
=z
X 0o 9
31 265
32 252
33 2oa
34 DISCUSSION S 2%
35 ERS
36 Engagement in SSC with extremely preterm infants in the NICU varies among families. However, SSC patterns 2 E
37 e z
38 are evident in this population and potentially have an impact on early cognitive and communication > Z
39 5 3
40  performance. These findings are not new in that numerous studies'** have been devoted to the short-and 2. 5
41 a @0
42 long- term developmental benefits of SSC. What is initially novel about our findings is that we have found a g cBr
43 a 2
o
jg strong indication that SSC before 30 weeks postmenstrual age may play a crucial role in the cognitive and 3 g
Q_.) =
= o
jg communication development of extremely preterm infants. The period of time before 32 weeks is often g 2
> c
> >
jg considered a developmentally marginal time period in communication and language development. Underlying 2 2
aQ ©°
22 brain structure and auditory/visual development are not at full capacity® and preterm infants are not yet prepared & §
52 . . . L . - , 2
53 tovocalize or discern formal speech sounds.**** However, studies in neurobiology indicate that social o
[0}
54 o
55 development does occur during this time®>° and could possibly represent an early foundational stage in the %ﬁ
56 @
57 developmental continuum of communication and language. i
58 m
59 ;|_|
60 S
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A second novel finding is that extremely preterm infants who had higher birthweights, had received antenatal
steroids, and who did not have IVH, were at decreased odds of receiving a ‘high’ level of skin-to-skin care
(where high level was defined as above the median for total hours, frequency, and hours for each parent). One
possible explanation is that infants who were perceived as being “less sick” were at reduced odds of receiving
a high level of SSC. This poses questions about how medical caregivers and parents perceive the practice of
skin-to-skin care and how developmental information is being communicated between parents and the medical

team.

Finally, our findings identify a concerning gap in skin-to-skin care from 30 weeks corrected age to term age.
Numerous studies highlight the essential nature of this time period for appropriate neurodevelopment.*®**
However, extremely preterm infants, who represent one of the highest risk categories for neurodevelopmental
disability, are not receiving an SSC intervention shown to improve neurodevelopment at a fundamental time
point of their developmental trajectory. This elicits additional questions about why parents choose to stop at

this corrected age, the underlying mechanisms of communication development in this population, and the

potential added dimensional role of SSC as a communication intervention in the NICU.
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Limitations of our study include the limited sample size (97 NICU patients) and the retrospective nature of the
study, which excludes additional factors shown to impact neonatal neurodevelopment (e.g., maternal education,
socioeconomic status, etc.). Confounding is thus an issue when investigating associations, however as noted
previously NICU patients receiving SSC were actually associated with medical factors that were in turn
associated with lower early-stage cognitive and communication scores. The study is also based on patients
from a single hospital, and may not generalize to other neonatal units especially because our unit is a Level 4
all referral unit with high acuity infants and geographically distant parents. While we did see a relatively

consistent pattern of association (c.f. Table 5) between high / low SSC participation and the Bayley-lll
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Cognitive and Communication Outcomes dichotomized at borderline disability (<80 vs. 280), we reiterate that
none of these associations achieved statistical significance and thus can only be viewed as suggestive results
in need of confirmatory analysis. If the observed associations were to hold in the population along with the
same level of SSC participation and prevalence of borderline disability, then roughly 460 total subjects would

be needed to achieve 80% power to detect the association in a larger stud%/. o
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Our research suggests that developmental investigations into very early time points in the life of extremely
preterm infants is warranted and critical to understanding how to fully optimize future developmental social
and cognitive processes. Additional studies, involving more comprehensive measures and analyses of the

early developmental NICU environment (22-40 weeks postmenstrual age) could help inform new designs for
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developmental caregiving and promotion of skin-to-skin care throughout the duration of hospitalization.
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difference between 75th and 25th percentiles) from the edge of the box. Points beyond the whiskers
represent outliers.
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(IQR = difference between 75th and 25th percentiles) from the edge of the box. Points beyond the whiskers
represent outliers.
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ABSTRACT

Obijectives
The primary objective of the study was to investigate how patterns of skin-to-skin care might impact infant early

cognitive and communication performance

Design
This was a retrospective cohort study.

Setting
This study took place in a Level-1V all-referral neonatal intensive care unit in the Midwest United States

specializing in the care of extremely preterm infants.

Participants
Data was collected from the electronic medical records of all extremely preterm infants (gestational age <

27 weeks) admitted to the unit during 2010-2011 and who completed 6- and 12-month developmental
assessments in the follow-up clinic (n=97).

Outcome Measures
Outcome measures included the cognitive and communication subscales of the Bayley Scales of Infant
Development, Third Edition (Bayley-lll); and skin-to-skin patterns including: total hours of maternal and paterna
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participation throughout hospitalization, total duration in weeks, and frequency (hours per week). 5]
o
Analysis E
Extracted data was analyzed through a multi-step process of logistic regressions, t-tests, chi-squared tests, andg m
Fisher’s exact tests followed with exploratory network analysis using novel visual analytic software. 5
52
Results T
Infants who received above the sample median in total hours, weekly frequency, and total hours from mothers 5%
and fathers of skin-to-skin care were more likely to score 280 on the cognitive and communication scales of theg &
Bayley-lll. However, the results were not statistically significant (p>0.05). Mothers provided the majority of skin- ggj
to-skin care with a sharp decline at 30 weeks corrected age, regardless of when extremely preterm infants were® —

admitted. Additional exploratory network analysis suggests that medical and skin-to-skin factors play a parallel,
non-synergistic role in contributing to early cognitive and communication performance as assessed through the
Bayley-lIl.

Conclusion
This study suggests an association between early and frequent skin-to-skin care with extremely preterm
infants and early cognitive and communication performance.
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ARTICLE SUMMARY

Strengths and Limitations of This Study

The study is strong in that it
< identifies natural, emergent patterns of skin-to-skin care with extremely preterm infants to reflect
authentic human engagement experiences
« uses the evidence to suggest ways to target specific intervention areas for increasing skin-to-skin care
< supports current literature on the longer term benefits of skin-to-skin care

©CoO~NOUITA,WNPE

11 The study is limited by the fact that it
< uses one instrument to assess early cognitive and communication performance
14 = uses retrospective data which excludes variables known to impact neonatal neurodevelopment
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INTRODUCTION

The birth and subsequent hospitalization of an extremely preterm infant is a trauma event. Unlike term infants,
extremely preterm infants (infants born at less than 27 weeks) spend the last trimester of their gestation ex
utero, in an artificial, technology-laden neonatal intensive care (NICU) that places them at a developmental
disadvantage. Monitors, tubing, and wires often create an environment that makes it difficult for authentic
positive human interaction. In response, skin-to-skin care (SSC) has been incorporated into many NICU’s

across the world to re-establish this positive human contact.

Skin-to-skin care (SSC) is the practice of holding an infant upright on a parent’s chest in a manner that
provides maximum bare skin ventral contact. The practice impacts infant physiological stability, stress, and
sleep as well as maternal stress and parenting behavior. SSC studies over the last twenty-five years''® have
collectively translated into a global acknowledgment that SSC is medically safe and significantly affects longer

term neurodevelopmental cognitive, social, and emotional outcomes "*?%.

Despite the benefits of SSC, it is often difficult to engage some families in the practice. Findings from one of the
most recent and comprehensive systematic reviews of the barriers and promoters of SSC (included in the
complete package known as Kangaroo Mother Care)? identified over thirty-five factors involved in integrating
SSC into the NICU environment. The top three barriers to SSC were issues with the NICU physical facility,
negative impressions by the staff about the practice, and fear of injuring the infant during SSC. In contrast, SSC
increased when mothers felt attached to their infants, felt confident in their parenting role, and received support
from family, friends, or other mothers. While current studies, such as those found in the systematic review, can
help in the design of new interventions promoting SSC, many are a reflection of participating in a highly

supported and scrutinized form of SSC rather than parent practice as it naturally occurs in the NICU.

What remains unknown is how parents are actually engaging in the practice of SSC in an all referral NICU
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setting in the United States when they are not involved in an SSC study. A rigorous study of routine SSC across -
a cohort of extremely preterm infants could identify specific strategies and intervention points for care providers
to target their efforts at increasing parental engagement in SSC. Therefore, the purpose of the current study was
to identify the naturalistic patterns of SSC that parents engage in with their extremely preterm infants in an all-

referral NICU and investigate how these patterns impact early infant cognitive and communicative performance.

A secondary aim wa$ 15 RBHPEFETHE PefatiVEre RS B BIBUHCSHT IRtERSHY B 836 Gh'ihEsk outcomes.
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PATIENTS AND METHODS

é This study was a retrospective cohort study of all infants admitted to the Small Baby Intensive Care Unit

g (SBICU) at Nationwide Children’s Hospital (NCH) between 01/01/2010-11/30/2011. The SBICU is a

? specialized Level-1V all-referral unit staffed by a centralized team of nurses who provide protocol-driven care®
g *to neonates born at a gestational age (GA) less than 27 completed weeks. These protocols, organized

10

11 Wwithin the Small Baby Guidelines, outline how to specifically address the medical and developmental needs of
13 extremely preterm infants. Skin-to-skin care is specifically designated as a critical practice for medical stability
15 and neurodevelopmental outcomes and is described as a care piece that should be strongly encouraged

17 whenever possible, as long as possible. All patients cared for in this unit are outborn and are transported to
the SBICU for care of complications of prematurity including necrotizing enterocolitis (NEC), sepsis, surgical
issues, brain injury, etc. This study was approved by the Institutional Review Board of Nationwide Children’s
»4 Hospital (IRB#13-00042) as an expedited study that meets the criteria for waiver of authorization.

26 DATA

28 Retrospective data was extracted from the electronic medical record within three categories : a) medical b)

30 SSC and c) cognitive and communication outcomes at follow-up. Medical record information extracted for each
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gé patient included gender, gestational age (GA) , birthweight (BW), length of hospital stay (LOS), occurrence or
gg absence of intraventricular hemorrhage in the brain (IVH), number of days on a ventilator (IPPV
36

37 days), days until first full feed by mouth (PO DOL), whether the patient was a twin, triplet, etc. (multiple births),
39 and whether the patient received antenatal steroids. These variables were selected based on the outcome
41 trajectories calculator developed by the Eunice Kennedy Shriver National Institute of Child Health and Human

43  Development Neonatal Research Network.?

4g Total hours of SSC care for each parent were recorded for each day after the baby was admitted to the
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50 NICU until discharge. Hours were documented by the nursing staff in the patient medical record. (Audits

52 performed comparing parental report and nurse report of SSC time indicated 89% consistency.) Summary

54 measures of SSC use included total hours of SSC, the number of days between the day of admission and the
56 first onset of SSC, total hours of SSC performed by the mother and father, intensity of SSC (average days of
SSC per week), and whether the family participated in SSC after their child reached 33 weeks corrected age, a
critical period of auditory development .>” To reduce the number of tested associations and aid in clinical

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
interpretation, families were further classified as having a ‘high’ level of SSC participation if they were above the
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median in total hours, total hours for mother and total hours for father, and frequency of SSC (that is, above the
median for each of the four variables). The remaining families were classified as having a ‘low’ level of SSC

participation.

Cognitive and communication early performance outcomes were determined through the Bayley Scales of
Infant Development, Third Edition (Bayley-Ill), a valid and reliable developmental assessment tool that is widely

used in neonatal follow-up. Assessments were performed at 6-months and 12-months by licensed professionals

|28

certified and trained in the tool“® and scores were adjusted for prematurity. Descriptive classifications were used

09 Ag pa12a10id

according to the protocol outlined by Pearson Clinical with infants scoring <80 being described as “Borderline” f
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1461
V11-Z39 wswuedsq 1e G20z ‘0T aunr uo /wod fwg usdolwgy/:dny wouy pspeojumod "LTOZ Y21\ 0Z U0 §862T0-9T0Z-uadolwa/9eTT 0T se paysiignd 1si1f :uadO rING

developmental disability.”® Consequently, scores were treated both as continuous variables and as dichotomized:

variables of scores <80 and scores =80.

STATISTICAL ANALYSIS

Statistical analysis was divided into three parts to address the clinical questions of interest. First, since the
study is observational in nature patterns of SSC participation (‘high’ vs. ‘low’, as defined in the ‘Data’ section)

were investigated graphically and associations between SSC measures and medical factors were tested.

* Jooyoasaboysnwseiq

These associations were considered to explore for potential factors associated with SSC participation and to
account for potential confounding of SSC with these other clinical / medical variables. A logistic regression
model was fit to contrast the probability of being a high vs. low SSC participant (as defined in the ‘Data’ section)
as a function of gender, gestational age, birth weight, IVH, IPPV days, PO DOL, multiple births, and receipt of
antenatal steroids. Backwards elimination was used to select a final explanatory model based on minimizing
the Akaike’s information criteria (AIC). Second, the association between SSC participation (high vs. low) and
Bayley-lll scores was evaluated. Strength of association between raw Bayley scores and SSC participation

(high vs. low) was quantified and tested using point biserial correlations (r,, tested against a null that the
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correlation was zero). Bayley scores dichotomized at the borderline disability level (<80 vs. = 80) were tested
for association with SSC participation using the chi-squared test or Fisher’s exact test. Associations between
dichotomized Bayley scores and SSC participation were additionally adjusted for confounding based on the

medical factors found to be associated with SSC participation.
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Patterns between medical factors and skin-to-skin care became evident and patterns of skin-to-skin care and the
Bayley-lll scores became evident. Consequently, for the final analysis we used our StickWRLD visual analytic
software®>®" to investigate potential triangulations among specific aspects of medical factors, skin-to-skin care,
and the Bayley-lll scores. All factors were loaded into the StickWRLD visual framework and initial two- node
association patterns were set with an initial residual value® of 0.2. Subsequent analyses were performed
incrementally at lower residual values to identify and compare associative relationships and to search for
significant emerging triangular data patterns. Analyses concluded when the model reached a threshold residual

value corresponding to visual associative overload.

RESULTS

A total of 97 NICU patients were included in the study. The gestational age ranged from 22 weeks to 26
weeks with an overall median of 25 weeks. Summary statistics of SSC usage (overall participation,
participation by parent, SSC intensity and onset of SSC) are given in Table 1. Mothers represented the
maijority of overall SSC participation, as evidenced by Figure 1. Nine families were missing information on
some aspect of SSC involvement. Among the remaining 88 families, 30 (34%) were classified as ‘high’
participants in SSC (above the median for total SSC hours, hours per parent, and SSC intensity) while the

other 58 (66%) were classified as ‘low’ participation in SSC.

Table 1: Summary Statistics of Skin-to-Skin Care from admission to 40 weeks postmenstrual age

SSC Metric Mean (SD) Median (IQR) (Min, Max)
Total SSC (hours) 27.4(29.8) 17.2(5.1,366)  (0,129.8)
Mother SSC (hours) 22.8(22.4) 17.2(4.6,309)  (0,97)
Father SSC (hours) 5.8 (10.4) 1(0,7.5) (0, 58)

SSC Frequency (days / week) 2.3(1.2) 2.2(1.3,3.2) (0, 5)

SSC Onset (days) 6.2 (7.4) 4(1.8,8) (0, 45)

SD = standard deviation
IQR = Inter-quartile range (25th percentile, 75th percentile)
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Patterns of intensity and total hours of SSC participation between the postmenstrual ages of 23 and 40 weeks
are displayed on a study- wide (total person-hours per week, Figure 2) and family (hours per family per week,
Figure 3) basis. There was a steady increase in both total hours and hours per family until about 30 weeks,

after which there was a corresponding precipitous decline until 40 weeks. Differences in medical factors
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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between families with high vs. low SSC participation are given in Table 2. Receipt of antenatal steroids was
the only significant (p < 0.05) finding, with 71% of children from families with high SSC participation receiving

antenatal steroids and 91% of children with low family SSC participation receiving them.
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Table 2: Medical Factors Influencing Skin-to-Skin Patterns

1

é Medical Factors (categorical) SSC Low SSC High p-value

4 Gender Female 23 (0.4) 8(0.27) 0.25
5 Male 35(0.6) 22 (0.73)

6 Multiple Births No 39 (0.67) 18 (0.60) 0.64
7 Yes 19 (0.33) 12 (0.40)

8 Antenatal Steroids No 5 (0.09) 8(0.29) 0.02
9 Yes 53 (0.91) 20 (0.71)

12 IVH No 28 (0.48) 10 (0.33) 0.26
12 Yes 30(0.52) 20 (0.67)

13 Medical Factors (continuous) SSC Low SSC High p-value

14 Gestational Age (weeks) 24.9 (1) 24.4 (1.1) 0.06
15 BW (grams) 748.2 (164.5) 719.6 (188.5) 0.48
16 Length of hospital stay (days) 117.6 (46.1) 127.8 (40) 0.28
g Days on ventilator 41.6 (28.6) 45 (33.2) 0.63
19 PO DOL (days) 106.1 (35.9) 117.7 (44.6) 0.26
3(1) Numbers in each cell are mean (std dev) for continuous and N (%) for categorical

22 p-value for categorical based on chi-squared, for continuous based on t-test

23

24

25 These factors (minus LOS, which was omitted because infants with longer LOS might be expected to have
27 |onger total SSC duration) were subsequently used to build a model to analyze the variance in SSC
participation based on logistic regression with backwards elimination. The resulting model included antenatal

32 steroids, birthweight, and IVH as predictors (Table 3). We investigated various cut-points for dichotomizing
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34  birth weight and found the 75" percentile to provide the best fit. Both receipt of antenatal steroids (OR =
36 0.136) and birth weight in the top quartile (OR = 0.152) were associated with reduced odds of high SSC

38  participation, while presence of IVH was associated with increased odds (OR = 1.92).

Table 3: Odds Ratios for High Participation in Skin-to-Skin Care Based on Medical Factors
43 Univariable Multivariable

44 p-
45 Factor Levels High SSC OR 95% Cl value OR 95% ClI p-value

Antenatal Steroids Yes 20/73 (27%) 4.16 (1.06,18.2) 0.024 7.36 (1.67,32.53) 0.008
48 No 8/13 (62%)

50  Birthweight 844+  5/24(21%) 2.41 (0.74,9.35) 0.13 6.59 (1.46,29.84) 0.014
51 <844  25/64 (39%)
IVH Yes  20/50 (40%) 0.54 (0.19,1.46) 026 0.52 (0.19,1.43) 0.2
54 No  10/38 (26%)
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Next, association between SSC participation and cognitive and communication outcomes (Bayley scores) at
follow-up were investigated. Figure 4 displays boxplots of the Bayley scores stratified by high and low SSC
participation, while Table 4 gives mean values for each exam by participation group. Communication scores at
12 months were somewhat higher in the high SSC group (p = 0.05). We then dichotomized the Bayley score
at the borderline disability level (<80 vs. = 80). Table 5 displays the number and percentage of patients that
fall below this borderline disability level along with univariate ORs. To account for potential confounding, ORs
were further adjusted by fitting a multivariable model including the factors identified to be associated with SSC
participation (BW, antenatal steroids, and IVH, Table 5). None of the associations (except for cognitive exam
at 6 months) reached statistical significance. However there was a relatively consistent OR of 2 for
associations between each dichotomized Bayley score and SSC participation in the multivariable models.
Adjusted ORs were higher than the unadjusted because SSC participation was associated with factors that

were also generally associated with lower Bayley scores.

Table 4: Point biserial correlations (r,, ) between Low and High Participation
in Skin-to-Skin Care and Bayley-lll Cognitive and Communication Outcomes

* Jooyoasaboysnwselq
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Bayley-lll Assessment SSC Low! SSC High! Fob p-value?
Cognitive 6 months 92.7(15.7)  96.3(15.1) 0.11 0.30
Cognitive 12 months 93.1(14.6) 93.9(19.2) 0.03 0.82
Communication 6 months 93.1(12.9) 96.9 (16.6) 0.13 0.24
Communication 12 months 90.7 (15.4) 98.2 (16.4) 0.23 0.05
Composite (Cog/Comm) 6 months 92.9(12.6) 96.6 (14.4) 0.13 0.21
Composite (Cog/Comm) 12 months 91.9(13.6) 96.1(16.1) 0.14 0.22

! Numbers in each cell are mean (std dev)

2 p-values are from test that point biserial correlations are different from zero
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Table 5: Associations Between Low and High Participation in Skin-to-Skin Care

1 o8}
2 and Borderline Disability (<80 vs. 280) Bayley-lll Cognitive and Communication s
3 Outcomes 9o
@
g Percent Borderline i
6 Developmental Disability Univariable Multivariable 3
7 p- p- =
8 Bayley Exam Low SSC High SSC OR 95% Cl value OR 95% Cl value %
9 Cognitive 6 mos 11/58 (19%) 2/30(7%)  3.28 (0.92,11.67) 0.07 4.46 (1.08,18.41) 0.04 =
o
ig Cognitive 12 mos 8/49 (16%) 2/28(7%) 2.54 (0.66,9.77) 0.18 2.87 (0.62,13.26) 0.18 p
o
12 Communication 6 mos 9/58 (16%) 4/30(13%) 1.19 (0.52,2.72) 0.67 1.72 (0.64,4.61) 0.28 § 5
13 Communication 12 mos  13/49 (27%) 5/29 (17%) 1.73 (0.88,3.42) 0.11 2.00 (0.87,4.57) 0.10 g B
14 Composite (Cog/Comm) g 2
ig 6 mos 8/58 (14%) 3/30(10%) 1.44 (0.52,3.95) 0.48 222 (0.68,7.28) 0.19 8 %
17 Composite (Cog/Comm) g S
18 12 mos 8/49 (16%) 3/28 (11%) 1.63 (0.58,4.53) 035 2.22 (0.66,7.44) 0.20 ‘g ?B
19 Multivariable models include antenatal steroids, birthweight, and IVH =1 5
20 = 2
21 S N
22 3 X
23  Afinal exploratory analysis of the data set was performed using StickWRLD software to identify possible 2« g
24 c N
25 emergent interactive network associations among SSC measures, medical factors, and Bayley-Ill scores. ‘é ;
26 = S
27  Network displays (Figure 5) indicated separate, but convergent significant associations between SSC gg%
28 309
=3
ég measures and medical factors and the 12-month Bayley-Ill cognitive scores. °g ;
=z
X 0o 9
31 265
32 252
33 2oa
34 DISCUSSION S 2%
35 ERS
36 Engagement in SSC with extremely preterm infants in the NICU varies among families. However, SSC patterns 2 E
37 e z
38 are evident in this population and potentially have an impact on early cognitive and communication > Z
39 5 3
40  performance. These findings are not new in that numerous studies'** have been devoted to the short-and 2. 5
41 a @0
42 long- term developmental benefits of SSC. What is initially novel about our findings is that we have found a g cBr
43 e =
o
jg strong indication that SSC before 30 weeks postmenstrual age may play a role in the cognitive and 3 g
Q_.) =
= o
jg communication development of extremely preterm infants. The period of time before 32 weeks is often g 2
> c
> >
jg considered a developmentally marginal time period in communication and language development. Underlying 2 2
aQ ©°
22 brain structure and auditory/visual development are not at full capacity® and preterm infants are not yet prepared & §
52 . . . L . - , 2
53 tovocalize or discern formal speech sounds.**** However, studies in neurobiology indicate that social o
[0}
54 o
55 development does occur during this time®>° and could possibly represent an early foundational stage in the %ﬁ
56 @
57 developmental continuum of communication and language. i
58 m
59 ;|_|
60 S
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A second novel finding is that extremely preterm infants who had higher birthweights, had received antenatal
steroids, and who did not have IVH, were at decreased odds of receiving a ‘high’ level of skin-to-skin care
(where high level was defined as above the median for total hours, frequency, and hours for each parent). One
possible explanation is that infants who were perceived as being “less sick” were at reduced odds of receiving
a high level of SSC. This poses questions about how medical caregivers and parents perceive the practice of
skin-to-skin care and how developmental information is being communicated between parents and the medical

team.

Finally, our findings identify a concerning gap in skin-to-skin care from 30 weeks corrected age to term age.
Numerous studies highlight the essential nature of this time period for appropriate neurodevelopment.*®**
However, extremely preterm infants, who represent one of the highest risk categories for neurodevelopmental
disability, are not receiving an SSC intervention shown to improve neurodevelopment at a fundamental time
point of their developmental trajectory. This elicits additional questions about why parents choose to stop at

this corrected age, the underlying mechanisms of communication development in this population, and the

potential added dimensional role of SSC as a communication intervention in the NICU.

One important limitation of our study is that it is retrospective in nature within an all-referral hospital system in
the United States, which impedes our ability to capture and analyze additional factors shown to impact
neonatal neurodevelopment. Consequently, we could not explore the effects of maternal health,
socioeconomic status, or education, which are shown to significantly influence neonatal developmental
outcome. However, the intent of our study was to investigate if patterns of parental skin-to-skin behavior
should be considered in the overall discussion of mesosystemic variables contributing to longer term

outcomes.

The study is also limited by sample size and possible confounding, which is inherently an issue when
investigating associations. However as noted previously, NICU patients receiving SSC were actually
associated with medical factors that were in turn associated with lower early-stage cognitive and
communication scores. The study is also based on patients from a single hospital, and may not generalize to
other neonatal units especially because our unit is a Level 4 all referral unit with high acuity infants and

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
geographically distant parents. While we did see a relatively consistent pattern of association (c.f. Table 5)
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between high / low SSC participation and the Bayley-Ill Cognitive and Communication Outcomes dichotomized
at borderline disability (<80 vs. 280), we reiterate that none of these associations achieved statistical
significance and thus can only be viewed as suggestive results in need of confirmatory analysis. If the

observed associations were to hold in the population along with the same level of SSC participation and

©CoO~NOUITA,WNPE

prevalence of borderline disability, then roughly 460 total subjects would be needed to achieve 80% power to

11  detect the association in a larger study.

Our research suggests that developmental investigations into very early time points in the life of extremely

16 Preterm infants that incorporates both medical and behavioral components is warranted and critical to

18 understanding how to fully optimize future developmental social and cognitive processes. Further prospective
20 studies, involving more comprehensive measures and analyses of the early developmental NICU

22 environment (22-40 weeks postmenstrual age) could help inform new designs for developmental caregiving

24 and promotion of skin-to-skin care throughout the duration of hospitalization.
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Figure Legends

FIGURE 1 — Overall and Parent Specific SSC Participation: Boxplots displaying the distribution of overall SSC
participation and by parent. Thick horizontal lines give medians while boxes display the middle 50% of the data (25th
and 75th percentiles). Whiskers extend to no more than 1.5 times the interquartile range (IQR = difference between
75th and 25th percentiles) from the edge of the box. Points beyond the whiskers represent outliers.

FIGURE 2 — Total SSC hours per week: Blue line displays the total number of SSC hours per week for all families in
the study, by postmenstrual age. Red line gives the total number of babies in the NICU for the given week.

FIGURE 3 — SSC intensity (hours per week per family): Blue line displays the average SSC intensity (hours per family @
per week) by postmenstrual age. Red line gives the total number of babies in the NICU for the given week.

FIGURE 4 — Bayley Cognitive and Communication scores by SSC participation: Boxplots displaying the distribution of
Bayley cognitive, communication, and combined cognitive-communication (Cog-Comm) scores at 6 and 12 months by
SSC participation (high vs. low). High SSC participation was defined as having above the median participation for total ©
SSC hours, mother SSC hours, father SSC hours, and SSC intensity (see text for details). Thick horizontal lines give
medians while boxes display the middle 50% of the data (25th and 75th percentiles). Whiskers extend to no more thanS
1.5 times the interquartile range (IQR = difference between 75th and 25th percentiles) from the edge of the box. Points—.
beyond the whiskers represent outliers.

2 Aq paloal0

11Ad

Y

FIGURE 5 — Visual Analytical Display from StickWRLD Software. The visual space is divided into three main regions:
Medical Factors, Skin-to-Skin Factors, and Bayley-IIl Scores. Each line represents a significant correlation between
factors with stronger correlations represented by lines that are thicker in diameter. Line colors are assigned
randomly and are used only to aid in visual comparisons of associations. Within region correlations are evident
and expected. Two blue arrows indicate two unexpected strong correlations (one from each region) that converge on
the Bayley-Ill 12-Month Cognitive Score, suggesting Skin-to Skin Care Frequency and presence or absence of
Intraventricular Hemmorhage (IVH) as parallel, but non-interactive factors impacting the score.
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FIGURE 1 - Overall and Parent Specific SSC Participation: Boxplots displaying the distribution of overall SSC
participation and by parent. Thick horizontal lines give medians while boxes display the middle 50% of the
data (25th and 75th percentiles). Whiskers extend to no more than 1.5 times the interquartile range (IQR =
difference between 75th and 25th percentiles) from the edge of the box. Points beyond the whiskers
represent outliers.
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FIGURE 3 - SSC intensity (hours per week per family): Blue line displays the average SSC intensity (hours
per family per week) by postmenstrual age. Red line gives the total number of babies in the NICU for the
given week.
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FIGURE 4 - Bayley Cognitive and Communication scores by SSC participation: Boxplots displaying the
distribution of Bayley cognitive, communication, and combined cognitive-communication (Cog-Comm)
scores at 6 and 12 months by SSC participation (high vs. low). High SSC participation was defined as
having above the median participation for total SSC hours, mother SSC hours, father SSC hours, and SSC
intensity (see text for details). Thick horizontal lines give medians while boxes display the middle 50% of
the data (25th and 75th percentiles). Whiskers extend to no more than 1.5 times the interquartile range
(IQR = difference between 75th and 25th percentiles) from the edge of the box. Points beyond the whiskers
represent outliers.
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FIGURE 5 - Visual Analytical Display from Stick WRLD Software. The visual space is divided into three main
regions: Medical Factors, Skin-to-Skin Factors, and Bayley-III Scores. Each line represents a significant
correlation between factors with stronger correlations represented by lines that are thicker in diameter. Line
colors are assigned randomly and are used only to aid in visual comparisons of associations. Within region
correlations are evident and expected. Two blue arrows indicate two unexpected strong correlations (one
from each region) that converge on the Bayley-III 12-Month Cognitive Score, suggesting Skin-to Skin Care
Frequency and presence or absence of Intraventricular Hemmorhage (IVH) as parallel, but non-interactive
factors impacting the score.
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Results

Participants 13* p.J7

Descriptive data  14* p. 7

Outcome data 15*%  pp. 7-10

Main results 16  pp.7-10

Other analyses 17 p.10

Discussion
Key results 18  pp. 10-12
Limitations 19 »p.11

Interpretation 20  pp. 10-12

Generalisability 21 p. 11

Other information

Funding 22 p.12

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at www.strobe-statement.org.

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtml

Page 24 of 24

'salIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* jooyoasaboysnuwselq
V11-739 wswuedsq 1e 2oz ‘0T aunr uo /wod fwg usdolwgy/:dny woiy pspeojumod "LTOZ Y2IeN 0Z U0 §862T0-9T0Z-uadolwa/9eTT 0T Se paysiignd 1si1f :usado NG


http://bmjopen.bmj.com/

