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Abstract

Background: Behavioral responses of preterm infant to
sensory stimulation in the Neonatal Intensive Care Unit
(NICU) are important to understand. This would enable NICU
professionals to be cautious of overloading stimulations and
ensure stability in preterm infants. The aim of this study was
to describe the range of behavioral responses associated
with multisensory (auditory, visual, tactile and vestibular)
stimulation in preterm infants. Material and Methods: We
recruited twenty-five preterm infants born at 28 to 36 weeks
and birth weight of 1000 to 2000 grams for the study using
convenience sampling. In the NICU, preterm infants from
32 weeks gestational age received multisensory stimulation
session for duration of 12 minutes per day until discharge
along with routine NICU care. During the stimulation, the
behavioral responses of the preterm infants were observed
and documented. Results: Limb activity and yawning were the
most frequently observed behaviors. Sixty-five percent of the
behavioral responses were observed during tactile stimulation.
The frequency of observed behavioral responses decreased
with successive stimulation sessions, which could indicate
habituation responses in preterm infants to multisensory
stimulation. Conclusions: Preterm infants showed behavioral
responses indicating improved alertness and ability to
integrate sensory stimulus. However, interpretation of preterm
behaviors is a challenge because these behavioral responses
could also indicate stress in preterm infants when coupled
with other physiological and behavioral cues. Further studies
are required to provide a detailed evidence for better clarity of
infant’s responses to environmental stimuli.

Key words: Behavioral response; Multisensory stimulation;
NICU; Preterm infants.

Introduction

nlike the intrauterine environment, preterm infants nurtured in
UNeonataI Intensive Care Unit (NICU) are exposed to different
sensory exposures. Preterm infants respond to this unnatural
environment through various communicating behaviors'. Various
theories are proposed in order to understand these behavioral
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responses. According to the Synactive Theory of
Developmentthese behaviors appear through interaction
of five body subsystems that are interdependent.
When the preterm infants are not able to adapt to the
inappropriate environmental stimulation, they exhibit
stress behaviors potentially indicating subsystem
disorganization. These behaviors may be defense or
avoidance behaviors, which are expressed through
autonomic, motor, state, attention and interaction
subsystems. Moreover, preterm infants are also
reported to exhibit self-regulatory behaviors when they
can successfully adapt to the environmental stimulation
indicating stability?. Stress behaviors such as yawning,
finger splay and hiccups have been observed in preterm
infants during exposure to NICU environment (for
example, sudden noise, bright light) and common NICU
procedures such as endotracheal suctioning, chest
physiotherapy, diaper change, nasogastric feeding and
bathing and positioning®#®. In addition, preterm infants
have also been reported to exhibit engagement and
disengagement cues during interaction with the parents,
caregivers or environment. For example, an infant
with engagement cues is positively interacting with the
parent and an infant with disengagement cue is moving
away from the interaction. Both engagement and
disengagement cues are considered coping behaviors
and an opportunity for infants to learn how to regulate
their social interaction behaviors. Further, based on
these cues the parents could modify their behavior
towards her infant®”.

Overloading of sensory stimulations in NICU
appears to negatively affect the fragile physical
condition of preterm infants and immature organ
systems, which could result in maladaptive motor
behaviors®®. Whereas, environmental modifications
and interventions facilitating positive stability and self-
regulatory behaviors such as sucking, tucking, and hand
to mouth maneuvers in preterm infants assist to reduce
stress in preterm infants especially during handling
for NICU procedures™. Therefore, positive sensory
interventions such as massage therapy, multisensory
stimulation, kinestheic stimulation are encouraged
in NICU owing to the beneficial effects on behavioral
state regulation,weight gain and development in
preterm infants. However, there is limited evidence
indicating physiological and behavioral readiness of
preterm infants to such multisensory exposures' ™2,
Thus, it is important to understand the behaviors
of preterm infants to such stimulations, which are
dependent on physiological and autonomic stability of
preterm infants. The aim of this study is to describe the
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frequency of behavioral responses of preterm infants to
a multisensory stimulation that included auditory, visual,
tactile and vestibular stimulations in the NICU.

Material and Methods

Twenty-five preterm infants admitted to NICU of
Kasturba Hospital, Manipal were recruited for the study
based on the selection criteria. The inclusion criteria
were infants born between 28-36 weeks of gestation
and birth weight ranging from 1000-2000 grams as
such infants are more likely to spend longer duration in
NICU to allow appropriate weight gain before discharge.
The exclusion criteria were physiologically unstable
preterm infants and infants with congenital anomalies
or diagnosed central nervous system injury. The study
protocol was approved by the Manipal University Ethics
Committee and informed consent was sought from the
parents (either mother or father) of preterm infants.

Demographic data of the preterm infants were
collected from the medical record, which included
gestational age, birth weight, length, head circumference,
APGAR score at 1minute and 5 minutes. The preterm
infants were given multisensory stimulation when they
reached a gestational age of 33 weeks because of
better nervous system and maturity of involved sensory
pathways after this age'. For infants born at 33-36
weeks, stimulation was started after 48 hours of birth.
The stimulations were given during quiet alert state of
preterm infant approximately 30 minutes before feeding.
Stimulations were given for duration of 12 minutes
daily, 5 days per week for a period of 10 days. The
following multisensory stimuli were given:(a) Auditory
stimulation, soft lullaby was played between (45-55 dB)
for 3 minutes using a miniature speaker and an mp3
player positioned in the infants open crib approximately
at a distance of 1 feet from the infant’s ears; (b) Visual
stimulation, a black and white visual stimulation card
was hung at a distance of 8-10 inches from the infant
for three minutes;(c) Tactile stimulation, gentle moderate
pressure linear stroking massage was performed
on infant for 3 minutes in the sequence of fore head,
chest, abdomen, upper limbs and lower limbs in supine
position; (d) Vestibular stimulation, gentle horizontal and
linear rocking was given for 3 minutes. During tactile
and vestibular stimulation face to face contact with the
preterm infants was maintained.

The behavioral responses to the stimulations were
observed and coded. The behaviors coded included
limb activity (defined as extension and flexion of upper
limbs and lower limbs), yawning, finger splay, tongue
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protrusion, gaze aversion, startles, tremors, hiccups
and crying as these are common preterm behaviors.
While administering the multisensory stimulations,
physiological responses were observed for deviations
in the vital signs using multi-parameter monitor
(PHILIPS IntelliVue MP 20, India). Abnormal deviation
in physiological parameters was considered as heart
rate(HR) >200 or <100 beats per minute, respiratory
rate (RR) > 20 over baseline and oxygen saturation
(Sp0,) below 86% for more than 15 seconds™. In order
to prevent overloading of the sensory inputs, particular
sensory stimulation was stopped with observation of
negative behaviors (e.g. hiccups, tremors, startles
and crying) or deviations in physiological parameters.
Descriptive statistics were used to report the behavioral
responses to multisensory stimulation.

Results

Twenty-five preterm infants were recruited for the
study. The mean gestational age of preterm infants
was 32.7 weeks. Mean birth weight was 1,445.4 g with
a range of 1030-2000 grams. The Apgar score at 1
minute ranged from 4 to8 and at 5 minute ranged from
8 t010. We documented 250 observations of behavioral
responses to multisensory stimulation in the preterm
infants over a period of 10 days. The multisensory
stimulation was withheld in two infants for a period of 4
days because one of the infants was intubated during
the study period due to hypoglycemia and respiratory
distress and the other infant had frequent intense cry
associated with hypoglycemia.

Table 1 illustrates the frequency of coded
behaviors observed with multisensory stimulation. The
most frequently observed behavior was limb activity,
which accounted for 40.3% of response followed by
yawning (21.7%). Behaviors such as tremor, hiccups,
gaze aversion, crying were the least frequently
observed behaviors (occurring less than 5%). Majority
of behavioral stress signs were observed with the tactile
stimulation (65%) followed by vestibular stimulation
(28%) and least with auditory and visual stimulation.

Figure 1 illustrates the frequency of behavioral
responses associated with the different types of
stimulation used in the study. A gradual reduction in the
frequency of behaviors was observed during the later
stimulation sessions as compared to the initial sessions.
The vital signs of preterm infants were within normal
range, which indicates that they were physiologically
stable during stimulation.
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Table 1: Frequency and percentage of behavioral
responses to multisensory stimulation in
preterm infants (n=25).

Behavioral response Frequency, n (%)

Limb activity 50 (40.3)
Yawning 27 (21.7)
Tongue protrusion 8 (6.45)
Finger splay 12 (9.67)
Startle 8 (6.45)
Tremor 6 (4.83)
Hiccups 6 (4.83)
Gaze aversion 3(2.41)
Crying 4 (3.22)
Auditory
1%
Vestibular_
28%
Tactile
65%

Visual _
6%

Fig 1: Frequency of behavioral responsesto different
components of multisensory stimulation in preterm
infants (n=25).

Discussion

The primary aim of this descriptive study was to
examine the occurrence and pattern of behavioral
responses to multisensory stimulation in preterm infants
over a period of 10 days. Limb activity and yawning
were the frequently observed behavioral response to
multisensory stimulation that decreased with successive
stimulation sessions. These responses could indicate an
improved alertness and habituation response to sensory
stimulation in preterm infants. However, interpretation
of these behaviors requires caution as they could
indicate stress in preterm infants when coupled with
other physiological and behavioral cues. Thus, sensory
stimulation procedures in preterm infants requires a
careful observation and interpretation of behavioral
cues.

Limb activity (extension and flexion movement
of arms and legs) was the most commonly observed
behavior in this study. Occurrence of such motor activity
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is suggested to be associated with transition from sleep
to wake state in preterm infants'®. The second common
behavior observed was yawning. Yawning has been
shown to increase behavioral arousal in preterm infants
between 30-35 weeks post-conceptual age and could
play a role in stabilizing the drowsy state in preterm
infants'®.Such an improved alertness has shown to
improve feeding performance and feeding efficacy in
preterm infants. Moreover, yawning is also considered
to indicate readiness for feeding in preterm infants'” ',
The results from our study concur with previous studies
where multisensory ATVV stimulation was found to
be associated with improved alertness and feeding
readiness behaviors such as yawning and improved
feeding in stable preterm infants. Whilst some authors
consider motor activity such as single limb, multiple
limb, gross body, head turn movements as a stress
behavior and observed association with reduced oxygen
saturation levels in preterm infants of 27 to 33 weeks
gestational age?°. However, preterm infants in our study
did not show reduced oxygen saturation levels which
could be due to better physiological stability of preterm
infants at 33 weeks of gestational age when the sensory
stimulations were performed.

Although yawning is reported as a behavior
associated with feeding™, it could also be interpreted
as a stress behavior, resulting from a challenged
autonomic system?. While a particular behavioural cue
may indicate a positive reponse in one preterm infant,
it could indicate a negative response in another preterm
infant depending on various factors. Hence, validation
of behavioral cues in preterm infants is warranted as
owing to the variations in behavioral responses due to
individual differences in preterm infants?°. Behavioral
responses such as tongue protrusion, finger splay,
startles, tremors, hiccups, crying were least observed
(less than 10%) in this study. Currently, interpretation
of preterm behavioral responses to NICU environment
or stimulation is difficult because lack of consistency
in the behaviors reported in studies which could have
been resulted from individual preterm differences
such as gestational age, birth weight, associated
comorbidities and frequent changes in physiological
parameters. Moreover, variations in type, duration
and intensity of environmental stressors may also
influence the behavioral responses in preterm infants?.
Further studies are required to better understand these
behavioral responses and delineate them as positive or
negative behaviors.

Maijority of the behavioral responses in this study
were observed during tactile stimulation suggesting
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preterm infants are more responsive to tactile
stimulation as compared to auditory, visual or vestibular
stimulation. This could be due to an increased maturity
of tactile system as compared to other sensory systems.
However, in this study interpretation of responses to
stimulation of a particular sensory system is challenging
due to interaction of one sensory system with another
that could influence each other.

The multisensory stimulation program consisted
of auditory, visual, tactile and vestibular stimulations.
Recorded lullabies are used commonly in NICU owing
to their beneficial effects on preterm infants®'. The
sound level of lullabies administered in our study was
calibrated to 45-55 decibels as it is recommended to
support stable vital signs of infants in NICU?. Black and
white pattern cards were used for visual stimulus for the
reason that the preterm infants attend to these contrasts
and could perceive %2 inch stripes by 32 weeks of
gestation?. Tactile stimulation was followed by vestibular
stimulation as tactile stimulations have been reported to
be too awakening and hence suggested to be followed
by vestibular stimulation due to its modulating effects?.

One of the primary limitations of our study is
small sample size due to it being a time bound study.
The gestational age of the infants included in our study
varied ranging from 28 to 36 weeks which could have
potentially confounded the results. Nevertheless, this
was addressed by assessing all the infants at 33-36
weeks, when the sensory systems are relatively more
mature. Another confounding factor that could have
influenced the behavioral responses of infants was prior
exposure to handling or painful stimuli were not feasible
to be controlled in the NICU setting. Furthermore,
this study lacked a control group which could have
enlightened our understanding of behavioral responses
in comparison to typical responses of preterm infants.
Lastly, in addition to stress behaviors, observations
of self-regulatory behaviors could have improved the
understanding of infants’ coping behavior and therefore
it warrants further research.

Conclusion

This study identified the behavioral responses of
preterm infants to multisensory stimulation including
auditory, tactile, visual, and vestibular stimulation.
Majority of behavioral responses observed in our study
were associated with tactile stimulation, with limb
activity and yawning being the most frequently observed
behaviors. These behaviors may be associated
with improved alertness in preterm infants following
multisensory stimulation.
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