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Abstract

Background/aims—Kangaroo care (KC) has possible benefits for promoting physiological
stability and positive developmental outcomes in preterm infants. The purpose of this study was to
compare bradycardia and desaturation events in preterm infants in standard incubator care (SC)
versus KC.

Methods—Thirty-eight infants 27 to 30 weeks gestational age were randomly assigned to 2
hours of KC daily between days of life (DOL) 5 to 10 or to continuous SC. Infants were monitored
for bradycardia (heart rate <80) or oxygen desaturation (<80%). Analysis of hourly events was
based on three sets of data: SC group 24 hours daily, KC group during incubator time 22 hours
daily, and KC group during holding time 2 hours daily.

Results—The KC group had fewer bradycardia events per hour while being held compared to
time spent in an incubator (p=0.048). The KC group also had significantly fewer oxygen
desaturation events while being held than while in the incubator (p=0.017) and significantly fewer
desaturation events than infants in standard care (p=0.02).

Conclusion—KC reduces bradycardia and oxygen desaturation events in preterm infants,
providing physiological stability and possible benefits for neurodevelopmental outcomes.
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Introduction

Methods

The care of preterm infants is a major national health issue, with the rate of preterm births in
the United States reported as 12.3 percent overall and a rate of 2.87 percent for infants less
than 34 weeks gestational age. [1] The March of Dimes (2012) reported that approximately
half a million infants were born prematurely.[2] Each year about 64,000 preterm infants are
born weighing <1500 grams. [3] Respiratory care of these preterm infants continues to be a
challenge because ventilatory control, involving central respiratory rhythmogenesis and
central and peripheral chemoreception, is immature in this population.[4] The introduction
of prenatal steroids and improved surfactant treatments at birth has greatly reduced the
incidence of respiratory distress syndrome (RDS) and the need for mechanical ventilation in
preterm infants.[5] However, preterm infants remain at risk for apnea, bradycardia and
oxygen desaturation events. A few neonates, especially if not exposed to prenatal steroids or
if exposed to chorioamnionitis, may even require continued endotracheal intubation and
mechanical ventilation. [6,7] Although these interventions are life-saving, they can in turn
lead to chronic lung disease [8] and subsequent adverse neurodevelopmental effects. [9-15]
Safe and effective treatments are needed to prevent adverse cardiorespiratory events and to
promote physiologic stability and positive developmental outcomes in preterm infants.

This study was part of a larger study that determined (a) the effects of two hours of kangaroo
care (KC) on stress and pain management in preterm infants 27 — 30 weeks gestational age
and (b) the safety of KC in this population. One purpose of the safety arm of the study was
to determine whether KC affects the stability of cardiorespiratory parameters in preterm
infants. A more complete secondary analysis of cardiorespiratory data was carried out after
completion of the study to determine specifically whether KC might prevent
cardiorespiratory events and promote physiologic stability in 27-30 week infants. The
hypothesis was that there would be a decreased incidence of bradycardia and desaturation
events in preterm infants during KC compared to events during standard incubator care
(SC).

Study Design

This study on cardiorespiratory parameters of KC was one arm of a randomized, controlled
trial to determine various effects of KC on 27-30 week gestational age infants undergoing
incubator care in a neonatal intensive care unit (NICU). Parents gave consent to randomize
infants to either KC or SC starting on day of life (DOL) 5 and continuing for 5 days. In the
KC group, mothers (or fathers) held their infants skin-to-skin in an upright position on the
chest for 2 hours daily. Infants in the SC group were cared for in the incubator as usual, but
could be held skin-to-skin for a maximum of 15 minutes daily at the parent’s request. The 15
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minute time period was chosen a priori to allow a short time of KC for parents who desired
KC but were not randomized to the KC arm of the study.

Patient Population

Intervention

A total of 38 infants were enrolled in the study, 19 infants assigned to the KC group and 19
to the SC group (Figure 3). A power analysis indicated that 26 infants would be required for
80% power using a p value of 0.05. Infants hospitalized in the neonatal intensive care unit
(NICU) who were 27-30 weeks gestational age at birth, weighed at least 1000 grams, and
were receiving nasal continuous positive airway pressure (CPAP) or nasal cannula flow
were eligible for the study. Three infants were on CPAP for a short period of time, otherwise
all infants were on nasal cannula flow. These infants received nasal cannula flow the
remainder of the time, as did all other infants in the study. Although no infants in the study
required intubation, they would have been reintubated for recurrent apnea, bradycardia or
desaturation events per unit protocol. In case of transient adverse events, infants were
managed per unit protocol including stimulation, suctioning, or increased oxygen as needed.
All infants enrolled in the study were receiving caffeine, 6mg/kg per unit protocol. All
infants were being fed per unit protocol, which included trophic feeds (10-20 ml) of
expressed breast milk (EBM) or formula per orogastric tube every three hours. As
participants in the study, parents agreed to be able to hold their infant for 2 hours daily for 5
consecutive days if randomized to KC. Eight mothers in the SC group chose to hold their
infants for 15 minutes on some of the days that infants were enrolled in the study. Infants
were excluded from the study if there was clinical instability, severe congenital defects or
history of major surgery, Apgar score of 3 or less at 5 minutes of age, or a cord blood pH of
<7.0 or base deficit <-15, or severe intraventricular hemorrhage (grade 3 or 4). Infants were
also excluded if there was documented maternal opiate use prior to delivery.

and Control Group Process and Data Collection

Beginning on DOL 5 and continuing for 5 days, infants followed a positioning and holding
protocol depending on randomization to the KC or SC group. In the KC group a parent,
usually the mother, held the infant for 2 hours daily at a time convenient to the family
schedule. The parent sat at the side of the infant’s incubator in a rocking chair and received
the infant who was placed skin-to-skin on the parent’s chest in an upright position facing the
parent. Infants wore knitted caps, were covered over the back with blankets to maintain
warmth, and were monitored for temperature stability by taking an axillary temperature
every 30 minutes during holding. There was continuous monitoring of heart rate, respiratory
rate and oxygen saturation levels during the process. Parents could interact and talk to the
infant as they chose. The NICU in which the study took place provides private rooms for all
infants. Infants received routine positioning in an incubator during the remaining 22 hours of
the day. Routine positioning was defined as turning and repositioning infants from prone,
supine or side-laying positions in the incubator every 2 hours according to unit protocol. In
the SC group, infants received routine positioning for the entire study period. If desired, the
parent could request 15 minutes of holding time daily as described above.

Data were recorded from a Philips Intellivue MP 70 neonatal monitor used to monitor heart
rate, respiratory rate, frequency and duration of apnea events per unit routine over the 5 days
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of the study. Nellcor pulse oximetry was used to monitor oxygen saturation levels.
Bradycardia (heart rate<80) and desaturation events (oxygen saturation<80%) were noted by
registered nurses assigned to the infants, with observations based on monitor alarms and
clinical assessment. Events were documented on flow sheets per unit protocol and counted
over the 120 hours (5 days) of the study.

Data were collected on gender, race, gestational age, birth weight, and number of days on
the ventilator. Because of the differences in duration of time that KC infants spent being
held (2 hours) versus incubator care (22 hours), the frequency of bradycardia and oxygen
desaturation events were summarized using the mean number of events per hour. A repeated
measures analysis of variance was used to analyze main or overall effects of infant
positioning on bradycardia or oxygen desaturation events.

Tukey post hoc analysis for multiple comparisons was carried out to determine if there were
significant differences in frequency of bradycardia or oxygen desaturation events (a)
between the KC and SC groups or (b) within infants in the KC group depending on whether
they were being held or were in the incubator. The Welch two sample t-test was used to
determine any differences between infants assigned to KC and SC groups with regard to
birth weight, gestational age, number of daily painful procedures that might affect heart rate
and oxygen levels, number of days on the ventilator before the study started and number of
days between administration of maternal prenatal steroids and delivery.

The mean gestational age for infants in the KC group was 29 weeks, and 28.5 weeks for
infants in the SC group. All infants weighed < 1500 grams. Table 1 presents demographic
data and other infant characteristics. There were no significant differences between the two
groups with regard to birth weight, gestational age, number of daily painful procedures,
number of days on the ventilator before the study started and timing of maternal prenatal
steroids.

Analysis of variance showed a significant main or overall effect of treatment group on
bradycardia (p=0.02) and oxygen desaturation (p=0.0015). There were no significant
differences between the KC or SC groups in frequency of bradycardia or oxygen
desaturation events. However, there were significant differences in adverse events for
infants within the KC group depending on whether they were being held or were in the
incubator. There were significantly fewer bradycardia events (p=0.048) and oxygen
desaturation events (p=0.017) for infants in the KC group while they were being held skin-
to-skin. Figures 1 and 2 illustrate differences in bradycardia and oxygen desaturation events
per hour.

There were no changes in temperature stability, loss of IV access, feeding intolerance, or the
need for enhanced respiratory support during skin-to-skin holding. Additionally, there were
no differences in infection rates between SC and KC groups, although this study was not
powered to detect those differences.
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Our work is similar to that of Ludington-Hoe [16] who used a pretest-posttest control group
design to compare cardiorespiratory and thermal parameters during KC versus SC in 24
healthy preterm infants who were 33 — 35 weeks gestational age at birth, but were preparing
for discharge. Infants were monitored for one day. Apnea and bradycardia were absent in
both the KC and SC groups, although heart rates approached bradycardia in the KC group
during pre and post testing but then rose a mean of 8 beats during KC (p=0.01). Oxygen
saturation dropped from 95.3% to 94.3% during KC (p=0.04), but this decrease was not
clinically significant and may have been related to a slight increase in temperature from
36.33 to 36.99°C. Their population was older (KC group 17.82 days; SC group 13 days),
weighed more (KC group 2062.73 grams; SC group 2085 grams) and were more stable than
our study population.

Bosque et al. found no significant differences in rates of bradycardia and desaturation events
during KC or SC in their NICU population; however, their infants were significantly older
(43 days) and larger (weight 1914 grams at study completion) than infants in our study. [17]
On the other hand Bohnhorst [18] found an increased number of bradycardia and
desaturation events during KC in a similar population of preterm neonates. Their population
was older (mean age 26 days) than the babies in our study and there was concern that the
reason for the increased events was an elevated temperature in the KC patients.
Additionally, their patients were held at a 15-30 degree angle unlike the neonates in our
study who were held skin to skin at approximately a 45 degree angle. The higher head and
chest elevation could possible decrease obstructive apnea. A follow-up study from the same
group demonstrated a continued increase in adverse events during KC with neutrothermia
with a similar population and urged caution during KC in neonates with pre-existing
cardiorespiratory events. [19] Other differences in our population were that all of our
neonates were receiving caffeine and some form of respiratory assistance, whereas not all of
the infants in Bohnhorst’s study received these treatments.

There are several possible mechanisms to explain our findings. First, the act of holding may
reduce stress and thereby promote autonomic stability. Cong [20] and Johnston [21] reported
a reduction of stress and promotion of autonomic stability in preterm infants during maternal
contact. Bellieni [22] and Lago [23] have documented the calming benefits of being held by
the mother and being made aware of the mother’s heart-beat, breathing, aroma, touch and
voice. It is possible that all of these factors play a part in improved cardiorespiratory
parameters.

Second, the upright positioning of the infant during KC, especially if the angle is high
enough (45 — 60 degrees), may reduce obstructive apnea, but additional research is needed
to verify this hypothesis. There is a higher incidence of obstructive sleep apnea in preterm
infants than in term infants. [24,25] [26] The results of studies that have examined the
effects of positioning on cardiorespiratory parameters have been inconclusive and possibly
confused by extraneous variables [27-29]. Reher et al. [27] investigated the effect of three
positions on bradycardia and desaturation events in 18 preterm infants <32 weeks: prone
horizontal, head elevated 15 degrees, and the three-level position. In the three-level position,
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folded infant blankets were used to place the head and chest on a higher level than the
abdomen, and both chest and abdomen were raised more than the legs, resulting in a 15-
degree head elevation but without the whole body being at a tilt. All infants in this study
received nasal CPAP and oral caffeine, and 15 infants received supplemental oxygen. There
were no significant differences in bradycardia and desaturation events among the three
positions (combined event rate p=0.486). The authors propose that differences in positioning
may not make a difference in apnea, bradycardia, and desaturation in infants who were
already being treated with caffeine and nasal CPAP. Poets [30] suggested that the head-up
position may serve as a first-line intervention for apnea of prematurity but agrees with Reher
et al. (2008) that this intervention may be most effective if infants have not already been
treated with caffeine or CPAP. He suggested that positioning may have less effect on
cardiorespiratory parameters if these other treatments were already in place. All infants
enrolled in our study were receiving caffeine, and three infants received CPAP for brief
periods of time. Thus we cannot comment on the interaction of caffeine or the effects of
respiratory support.

One limitation of the current study is the small sample size that was not powered to detect
outcomes such as feeding patterns, length of hospital stay or infection rates. A second
limitation was the data collection method of recording vital signs directly from the monitor
with documentation by registered nurses. It is possible that some events could have been
overlooked or misinterpreted because neonates were not under direct and constant
observation. However, since the alarm signals were preset by nursery guidelines to alert staff
and since caregivers responded to every alarm, bias should be limited. Further research
using high-resolution monitors that incorporate software designed to define apnea,
bradycardia, and oxygen desaturation events should be done to determine any associations
between these events. Specific information on whether therapeutic interventions were
required during bradycardia or desaturation events would also be helpful. A third limitation
was that nasal airflow was not assessed during this study. Measurement of nasal airflow in
association with respiratory movements could help to distinguish central from obstructive
apnea. Finally, long-term outcomes of KC were not assessed. Future research should focus
on possible long-term benefits of KC on mothers and babies in this vulnerable population.
While we did not assess long-term neurodevelopmental outcomes, we were reassured that
practicing KC, at least in the manner in which it was applied in this study, was safe in
preterm neonates, even those experiencing adverse cardiorespiratory events.

Given the many advantages of KC in parental bonding and apparent safety, we believe it
should continue to be offered as a means of promoting development and encouraging family
centered care to preterm neonates. The results from our study indicate that KC with upright
positioning of the infant leads to decreased bradycardia and desaturation in preterm
neonates.
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Bradycardia hourly means
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Figurel.
Hourly means of bradycardia over five days.

*main effect of treatment group p=0.02
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Figure 2.
Hourly means of oxygen desaturation over five days.

*main effect of treatment group p=0.0015
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Figure 3.

Enrollment flow diagram for infants in study to examine cardiorespiratory effects of
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Table 1

Characteristics of infants in kangaroo care (KC) (n=19) and standard care (SC) (n=19) groups

KC Group SC Group

Mean (SD) Mean (SD)

Birth weight (grams) 1311.5(216.6) 1213.2 (169.8)
Gestational age 29 (0.8) 285 (1)
Total # painful procedures 13.6 (4) 17.9(6.8)
Days on vent before study 1.95 (1.5) 3(1.58)

* Maternal prenatal steroids 14(11) 9.6 (9.5

*
number of days between administration of maternal steroids and delivery
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