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Longer duration of kangaroo care improves neurobehavioral
performance and feeding in preterm infants: a randomized

controlled trial

Rania A. El-Farrash’, Dina M. Shinkar', Dina A. Ragab? Ramy M. Salem?, Wessam E. Saad?, Ahmed S. Farag?, Dina H. Salama* and

Medhat F. Sakr®

AIM: To investigate the effect of kangaroo care (KC) and its duration on neurobehavioral performance, stress response,

breastfeeding success, and vital signs in premature infants.

METHODS: One hundred and twenty premature infants were randomized to receive either KC for 60 min daily, KC for 120 min daily
or conventional care (controls) for at least 7 days. Salivary cortisol was measured before and after the first KC session and then after
7 days. Temperature, respiration rate, heart rate, and oxygen saturation were recorded, before and after KC. Neonates were
evaluated by the Neonatal Intensive Care Unit Network Neurobehavioral Scale (NNNS).

RESULTS: Both KC groups demonstrated higher scores for attention, arousal, regulation, nonoptimal reflexes, and quality of
movements and lower scores for handling, excitability, and lethargy, compared to controls (p < 0.05). Both KC groups had higher
infant breastfeeding assessment tool score and reached full enteral feeds faster than controls (p < 0.05). After the first KC session,
improvement in O, saturation and temperature was observed in KC 120-min group compared with the KC 60-min group (p < 0.05).
Salivary cortisol decreased in both KC groups compared with controls after 7 days (p < 0.05).

CONCLUSION: Preterm neonates who receive KC for long durations reach full enteral feeds faster, have better breastfeeding
success, neurobehavioral performance, thermal control, and tissue oxygenation.

Pediatric Research (2020) 87:683-688; https://doi.org/10.1038/s41390-019-0558-6

INTRODUCTION

Prematurity is a major cause of neonatal morbidities and
mortality." Also, premature infants are frequently exposed to
many stressful and painful interventions that might lead to
alterations in their stress response.” Developmental care interven-
tions have emerged to help premature infants to adapt to their
external environment and to enhance their nervous system
development.?

The World Health Organization has defined kangaroo mother
care (KMC) as early, continuous, and prolonged skin-to-skin
contact between a mother and her newborn with father/
substitute(s) participating as KC providers; frequent and exclusive
breastfeeding; and early discharge from hospital." However,
intermittent kangaroo care (KC), for short periods once or a few
times per day, for a variable number of days is commonly
employed in neonatal intensive care units.®

Kangaroo care (KC) provides tactile stimulation to the infants by
allowing early skin-to-skin contact between the mothers and their
infants, kinesthetic-proprioceptive stimulation by direct skin-to-
skin contact, olfactory-gustatory stimulation by breastfeeding, oro-
motor stimulation by sucking the nipple. Further, it improves
infant—mother interaction, bonding, and attachment essential for
emotional and social development®® However, the optimal
duration of KC is not determined yet.

The Neonatal Intensive Care Unit Network Neurobehavioral Scale
(NNNS) is a standardized assessment for the neurobehavioral
integrity of the newborn; it examines the neurobehavioral
organization, neurologic reflexes, motor development, and active
and passive tone as well as signs of stress.'®

This study aimed to assess the effect of KC and its duration on
the neonatal neurobehavioral performance, salivary cortisol, and
breastfeeding success in preterm infants. A secondary aim is to
confirm the effect of KC on physiological parameters like body
temperature, heart rate, respiratory rate, and oxygen saturation.

PATIENTS AND METHODS
This prospective double-blinded randomized controlled clinical
trial was conducted on 120 stable preterm neonates with
gestational age between 31 and 35 weeks at the Neonatal
Intensive Care Units (NICU) of Ain Shams University Hospitals.
Neonates with major congenital anomalies, perinatal asphyxia,
intraventricular hemorrhage (IVH) were excluded. Also, neonates
whose mothers had a history of drug abuse during pregnancy
were excluded from the study.

The mothers of the newborns provided written consent for the
protocol approved by the ethical committee of Ain Shams
University Hospitals. This trial was registered in ClinicalTrials.gov;
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Control group (n = 40)

Fig. 1 CONSORT flow diagram for the enrolled neonates

identifier: NCT03740594. Reporting of the study conforms to
Consolidated  Standards of Reporting Trials (CONSORT)
2010 statement."’

Randomization and blinding

A total of 162 preterm neonates were assessed for eligibility. Initial
perinatal medical severity score, called the Critical Risk Index for
Babies (CRIB) Score, was recorded and only stable neonates were
included."? Forty-two neonates were excluded: 27 had hemody-
namic instability (15 needed invasive ventilation, 9 needed
inotropic support and 3 had hemodynamically significant patent
ductus arteriosus); 5 developed IVH,1 Edwards Syndrome and 1
Down Syndrome and 8 mothers declined to participate (Fig. 1;
online only).

The included 120 neonates were enrolled on the first day of life
and were randomized into three groups; 40 received KC for 60 min
daily for at least 7 consecutive days (KC 60-min group), 40
received KC for 120 min daily for at least 7 consecutive days
(KC 120-min group), and 40 control group who received
conventional neonatal care and parents were allowed to hold
their babies for 15-30 min. Randomization was done using a
computer-based randomization program. The allocation was
concealed in sealed envelopes. During the first 24 h of life, the
included neonates started the study protocol according to their
group allocation. Blinding included the data collectors, NNNS
examiner, outcome adjudicators, and laboratory personnel.

Clinical examination and routine neonatal care
All the studied neonates were subjected to detailed perinatal and
family history, thorough clinical examination laying stress on
anthropometric measurements (weight (gm), length (cm), and
occipitofrontal circumference (OFC, cm)). The gestational age was
determined by maternal last menstrual period and further
confirmed by using the Ballard scoring system."®

The mean vital data including temperature, respiration rate (RR/
min), heart rate (HR/min), blood pressure, and oxygen saturation
(SpO,) were recorded, immediately before and after KC. All
neonates received the standard neonatal care including adequate
nutritional intake (calories, protein, calcium, phosphate) according
to our NICU protocols and were followed-up clinically with at least
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two complete physical examinations daily (one in the morning
and the other in the evening).

Neonates were assessed for the successful breastfeeding at
discharge by using Infant Breastfeeding Assessment Tool (IBFAT)"*
and time to reach full enteral feeding was recorded. Full enteral
feeding was defined as enteral tolerance of at least 150 ml/kg/day
of milk."?

Transcranial ultrasound was performed on postnatal days 1, 3
and 7 to exclude intraventricular hemorrhage. It was performed in
using the two-dimensional/pulsed and color Doppler Ultrasound
(LOGIQ 400 proseries General electric, Ultramark 9 Color Doppler
System, Advanced Technology Laboratories, Bothell, WA, USA)
with a 5 MHz transducer.

Kangaroo care technique

During the KC session, infants (wearing only a diaper) were placed
upright, in a prone position, with their legs and arms flexed, and in
direct skin-to-skin contact with a parent, typically their mothers’
bare chest. The mothers were reclined in a chair with a blanket
draped over their chests or they could stand upright if sling or
wrap was available.

The duration of the KC session was either continuous 60 min
daily for at least 7 days or continuous 120 min daily for at least
7 days. All mothers in both groups were given a lecture by a
trained certified nurse about KC technique and warning signs such
as apnea and cyanosis. Parents were allowed to continue KC till
discharge with the mean duration of KC was 12.35 + 1.87 days in
the KC 60-min group and 11.90 + 1.37 days in the KC 120-min
group (p =0.18).

Control neonates received routine neonatal care according to
our NICU protocol neonates. Parents could visit their babies
anytime from 11:00 a.m. to 8:00 p.m. which are modified at certain
times according to our NICU visiting hours and policies, e.g. during
admission, resuscitation, procedures, interdisciplinary rounds, and
nurse change of shift report. Mothers could breastfeed their
babies anytime they wanted if they were stable. However, nurses
wrapped the babies with blankets during breastfeeding for fear of
hypothermia i.e they were not in direct skin-to-skin contact with
their mothers. Otherwise, mothers bring expressed breast milk to
be given to their babies by cups for the rest of the day.

Pediatric Research (2020) 87:683 - 688



Neurobehavioral assessment

The neurodevelopmental assessment was performed using the
NNNS at 37 weeks gestation. The NNNS was performed 2 h after
feeding. It started while the infants were in a sleep state. They
then became awakened during the exam, which is reported to be
the optimal state for conducting the exam.” The neonates were
examined at least 24 h away from any stressful procedures. The
examination was performed by a qualified researcher with specific
training in performing it. He was blinded to group distribution.
The NNNS is formed of 128 items which then were summarized
into 13 scores: habituation, attention, arousal, regulation, hand-
ling, quality of movement, excitability, lethargy, non-optimal
reflexes, hypotonia, hypertonicity, and abstinence.'®

Salivary cortisol measurement

Salivary cortisol samples were collected from all included
neonates at 9 a.m. on the first day of enrollment. First KC session
started in both KC groups just after salivary cortisol sampling.
Another sample was taken just after finishing the first KC session
in both KC groups to assess the immediate effect of KC on the
cortisol level. Salivary cortisol assay was repeated in all included
neonates after 7 days at 9 a.m. to assess the sustained effect of KC
on serum cortisol. No painful intervention was performed at least
12 h prior to the collection of saliva.

Saliva was collected using a sterile pipette. It was placed under
the tongue and close to the cheek. Salivary samples were
collected at least 30 min apart from oral feeding to avoid mixing
of saliva with milk. After collection, the saliva was centrifuged and
stored at —70°C. Cortisol levels were then measured using
enzyme-linked immunosorbent assay (ELISA) kit supplied by DGR
International, Inc, Germany. Samples were run in duplicate. Each
sample was dispensed into selected well and enzyme conjugate
was added, then incubated for 60 min at room temperature. Wells
were then washed for three times after which substrate solution
was added to each well and incubated for 30 min at room
temperature. The reaction was then stopped by adding Stop
Solution to each well. The absorbance of each well was
determined at 450+ 10 nm. A standard curve was constructed
from which the concentrations of cortisol in the samples were
determined.

Outcome measures

The following primary outcome data were recorded before the
beginning of the study and after completion of the KC protocol for
at least 7 days: neurodevelopmental performance using The
Neonatal Intensive Care Unit Network Neurobehavioral Scale and
salivary cortisol levels. Secondary outcomes included assessment
of the time taken to establish full enteral feeding, evaluation of
breastfeeding success using IBFAT score and recording physiolo-
gical vital parameters.

Sample size calculation

A sample of at least 20 preterm neonates per group was
calculated using power and sample size calculation program
version 3, a error = 0.05, power of study = 90%, mean difference
of 0.6 points on scores of NNNS variables between groups with a
standard deviation of 0.5."7

Statistical analysis

Data were analyzed using the Statistical Package for Social
Science (IBM SPSS) version 22 (SPSS Inc, Armonk, NY, USA).
Normally distributed numerical variables were presented as
mean + standard deviation (SD). Quantitative nonparametric data
were described in the form of median and range. Qualitative
data were described as frequency and percentage. Student-t,
Mann—Whitney (U), Chi-square (X tests were used for intergroup
comparison. Pearson’s correlation (r) was used for correlating data
and Spearman'’s rank correlation coefficient (rs) was used for
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correlating between data when one or more was skewed. Paired
parametric data were compared using Paired t test, paired
nonparametric data were compared nonparametrically using the
Wilcoxon signed ranks test. For assessing the effect of KC on
neurobehavioral responses of preterm infants, controlling for the
confounders, the scores of the 13 variables of NNNS were
analyzed using logistic regression analysis estimating the odds
ratio (OR) and 95% confidence interval (Cl). p value <0.05 was
considered significant.

RESULTS

As shown in Table 1, there was no significant difference between
the studied groups regarding maternal characteristics, neonatal
demographic data, and anthropometric measurements (p > 0.05).
In the view of breastfeeding success, both KC groups had
significantly higher IBFAT score and a shorter time to reach full
enteral feeding than controls (p < 0.001). Furthermore, KC 120-min
groups had higher IBFAT score than the KC 60-min group.

The mean changes in the physiological vital parameters after
the first KC session (post-KC minus pre-KC) of both groups are
reported in Table 2. The rise in O, saturation and temperature was
significantly higher in KC 120-min group compared with the KC
60-min group (p < 0.05). None of the infants developed instability
in any of the physiological parameters, apnea or hypothermia
during the session.

Table 3 shows the scores of the 13 NNNS variables for the
three groups. Newborns of KC groups had higher scores for
attention, arousal, regulation, nonoptimal reflexes, and quality
of movements and lower scores for excitability and lethargy and
a lower need for handling compared to those of the control
group (p <0.05). Newborns of KC 120-min group had higher
scores for attention, arousal, regulation, and nonoptimal reflexes
and lower scores for handling, excitability, and lethargy,
compared to those of the KC 60-min group (p<0.05). After
controlling for confounders, logistic regression analysis showed
that KC was associated with higher scores on the attention (95%
Cl=2.175-17.038, p =0.027), and lower scores on excitability
(95% CI=0.102-0.800, p=0.017) and lethargy (95% Cl=
1.455-10.352, p = 0.007).

Table 4 shows that there was no significant difference between
the studied groups in the baseline salivary cortisol level. After the
first KC session, salivary cortisol decreased significantly in KC
groups compared with baseline level (p < 0.05), with no significant
difference between both KC groups (p > 0.05) and no significant
correlation between the baseline salivary cortisol levels and the
baseline heart rate, respiratory rate, O, saturation, temperature or
gestational age (p > 0.05).

On day 7 from the trial entry, Fig. 2 showed that salivary cortisol
level decreased significantly in all the three groups with much
more decrease in both KC groups compared with controls (p <
0.001) with no significant difference between KC 60-min and 120-
min groups (p = 0.793).

DISCUSSION

In the present study, we examined the effect of KC and its
duration on vital data, NNNS score, breastfeeding success and
salivary cortisol. During the Neonatal Intensive Care Unit Network
Neurobehavior Scale (NNNS) exam, applied at 37 post-conceptual
weeks, preterm neonates with gestational age between 31 and
35 weeks who received KC for 60 or 120 min daily for at least 7
consecutive days showed better quality of movements with
greater amplitude, smoother and more harmonious, greater
attention and orientation to external stimuli, fewer reflexes with
asymmetrical responses, a lower need for handling, and less
excitability and lethargy compared with the control group and this
was more prominent in neonates who received KC for 120 min.
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Table 1. Demographic and clinical and laboratory data of all studied neonates

Variable KMC 60-min group (n = 40) KMC 120-min group (n =40) Control group (n =40) p value
Gestational age (weeks), mean £+ SD 32.50+1.02 32.45+1.39 32.35+1.04 0.079
Male gender, n (%) 18 (45) 16 (40) 20 (50) 0.89
Vaginal delivery, n (%) 15 (37.5) 12 (30) 16 (40) 0.72
Apgar at 1 min, median (IQR) 7 (6-7) 7 (7-8) 7 (7-8) 0.10
Apgar at 5 min, median (IQR) 9 (7-9) 9 (8-9) 9 (8-9) 0.29
Maternal age (years), mean + SD 25.7+44 26.0+5.1 25.2+46 0.83
Weight at birth (g), mean +SD 1700.3 £ 65 1686.5 = 85 1663.4 = 85 0.260
Length at birth (cm), mean +SD 44.1 +£0.85 43.9+0.72 43.95+0.39 0.63
OFC at birth (cm), mean +SD 3490+1.12 35.05+1.43 35.20+1.01 0.73
Causes of NICU admission
Hyperbilirubinemia, n (%) 11 9 8 0.72
Neonatal sepsis, n (%) 17 21 19 0.19
RDS on noninvasive ventilation, n (%) 14 12 11 0.76
Feeders/growers, n (%) 4 3 3 0.89
IBFAT, mean + SD 9+0.97 10.7 £0.92 6.6+ 1.31 <0.001
Days to achieve full feeding, mean + SD 7.65+1.76 6.65+1.18 10.30+2.27 <0.001

Data were expressed as number (%) where chi-square (X?) was used or as median (IQR) where Kruskal—Wallis test was used or as mean + SD where one-way
ANOVA test was used for comparison
KMC kangaroo mother care, g gram, OFC occipito-frontal circumference, IBFAT Infant BreastFeeding Assessment Tool, RDS respiratory distress syndrome

Table 2. The mean change of the measured vital data post KMC in both groups

KMC 60-min group (n = 40) KMC 120-min group (n =40) p value
Heart rate (beats/min), mean + SD —3.72+0.50 —4.25+1.64 0.79
Respiratory rate (breaths/min), mean + SD —2.08 £ 0.09 —2.63+£1.27 0.14
Temperature (°C), mean + SD +0.43+0.16 +0.61+£0.11 0.001
O, saturation (%), mean = SD +3.48+0.84 +4.17 £0.52 0.04

Results are expressed as mean + SD where Student-t was used for comparisons between both groups

Table 3. Neonatal Intensive Care Unit Network Neurobehavioral Scale (NNNS) of studied groups

NNNS summary scores KMC 60-min group (n=40) KMC 120-min group (n=40) Control group (n=40) p value P1 P2 P3

Habituation 2.7+0.87 225+1.52 2.0+£0.73 0.130 0.050 0.472 0.198
Attention 6.60+1.10 7.65+0.67 3.75x1.12 <0.001 <0.001 <0.001 0.001
Arousal 420+ 041 4.80+0.52 3.85+0.67 <0.001 0.047 <0.001 0.001
Regulation 5.55+0.76 7.05+0.76 4.30+0.80 <0.001 <0.001 <0.001 <0.001
Handling 1.70+0.47 1.50£0.51 2.00 +0.00 0.001 0.121  <0.001 0.022
Quiality of movement 5.00+0.92 545+1.19 3.85+0.81 <0.001 0.001 <0.001 0.155
Excitability 1.00 £ 0.65 0.65 +0.59 1.45 +£0.69 0.001 0.031 <0.001 0.090
Lethargy 2.90+0.64 2.55+0.69 3.40+0.68 0.001 0.104 <0.001 0.022
Nonoptimal reflexes 3.05+0.69 2.60+0.68 3.20+0.62 0.016 0.476 0.006 0.036
Asymmetrical reflexes  0.90 £ 0.55 0.55+0.61 0.85+0.59 0.130 0.787  0.109  0.062
Hypertonicity 0.20+0.41 0.15+0.37 0.25+0.44 0.742 0.700 0.442 0.700
Hypotonicity 0.15+0.37 0.10+0.31 0.20+0.41 0.687 0.666 0.389 0.666
Stress/abstinence 0.05+0.01 0.03+0.03 0.04 +0.02 0.866 0.972 0.953 0.875

Data are expressed as mean + SD where comparisons were made by ANOVA test followed by post hoc analysis. P1: Control group versus KMC 60-min group;
P2: Control group versus KMC 120-min group; P3: KMC 60-min group versus KMC 120-min group
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The explanation of this is that KC provides the best model of
developmental care interventions as it provides multimodel
sensory stimulation and the longer the duration of multi-sensory
stimulation through KC, the faster the acceleration of the process
of ongoing neurological maturation.'®

Similarly, Feldman and Eidelman'® documented that preterm
neonates who received KC for at least 1 h daily for 14 days showed
better responses to external stimuli in comparison with neonates
who received conventional care. Ohgi et al?® reported that
preterm neonates who received KC had better scores for
attention, orientation, alertness, and less irritability. Moreover,
Reynolds et al.2' found that more holding was associated with
improved quality of movements, less stress, and less excitability in
a previous study. Recently, Silva et al.'” showed that KC facilitates
neurobehavioral organization, with better state control, more
capability of habituation and orientation to external stimuli, better
quality of movements and fewer signs of stress.

In the view of the effects of different KC durations, prolonged
duration (continuous and overall intermittent duration) and
frequent KC intervention are reported to result in increased
alertness/attention and reduction in the overall likelihood of a
neurodevelopmental delay.'® In a previous study, preterm babies
were divided into groups according to the daily duration of KC.
They reported that anthropometric parameters improved with the

Table 4. Salivary cortisol levels of all studied neonates
Variable KMC 60-min KMC 120-min  Control group p value
group (n=40) group (n=40) (n=40)

Salivary cortisol (ng/ml), median (IQR)
Baseline 11.6 (9-15.6) 11.8 (7-13) 12 (11-13.1) 0.663
Post first 9.8 (5.8-12.7) 6 (4.6-11.3) — 0.264
KMC session
After 7 days 4.2 (2.6-7) 24 (1.2-4.5) 10.5 (8.7-12.2) 0.007

Data were expressed as median (IQR) where Kruskal—Wallis test was used
for comparison

Longer duration of kangaroo care improves neurobehavioral performance and...
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increase in the duration of KC.*? Another study reported that
infants who received higher total hours of skin-to-skin care were
more likely to score >80 on the cognitive and communication
scales of the Bayley-lll at 6- and 12-month assessment.*>

As regards breastfeeding success, both KC groups had
significantly higher IBFAT score and a shorter time to reach full
enteral feeding than controls with the highest score among those
who received KC for 120 min. The most substantial evidence of
benefit from KC is for breastfeeding. In this context, a previous
study reported that preterm neonates who could maintain
breastfeeding for 6 months had spent more time in KC per day
than those who could not.?* Also, previous studies reported that
mothers who had more KC had more exclusive breastfeeding.>>™%’

Upon studying the effect of KC duration on the vital signs, there
was a significant improvement in O, saturation and temperature
after 120 min of KC compared with 60 min KC neonates. These
results are in agreement with Almeida et al.”® who found a
significantly higher temperature during KC and attributed the
better thermal control to the application of this method. AImeida
et al.”® and Lee and Bang® also reported an improvement in O,
saturation after 30 min of KC. The improvement in oxygenation
may be explained by the fact that the upright position of KC
increases the efficiency of the diaphragm and pulmonary
function®® Another explanation that the neonate remains calm
and comfortable in contact with its mother, which probably
decreases the consumption of oxygen.?®

In the current analysis, day 7 salivary cortisol, measured as an
indicator of the stress response, was significantly lowered in both
KC groups compared to the conventional care group with no
difference between both KC groups. These results indicate that KC
has a relieving effect on the infant's stress response that could be
explained by the fact that early physical contact with the mother
has an impact on the infant’s neuro-endocrinal pathways that
manage stress.>' Previous studies reported that neonates who
received KC for more than 60 min showed a considerable drop in
their cortisol level>7* The limitation of the current study is the
unattainability of long-term monitoring of growth, neurodevelop-
ment outcomes over a longer period of follow-up.
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Fig.2 Median change in the salivary cortisol (ng/ml) in the included neonates. P1: Control group versus KC 60-min group; P2: Control group
versus KC 120-min group; P3: KC 60-min group versus KC 120-min group
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In conclusion, the present study documents that applying KC for
a longer duration to stable preterm infants improves neurobeha-
vioral performance at 37 weeks gestation, raises oxygen saturation
and body temperature, shortens time to full enteral feeds, and
enhances breastfeeding success, and therefore adds an important
perspective to the already robust literature on this subject. Further
studies with longer durations of KC and repeated exposure to KC
multiple times per day are required. In addition, the optimal KC
duration for unstable infants should be the target of future studies
with longer follow-up to determine the impact of KC on the
infant’s long-term neurodevelopmental performance.
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