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ABSTRACT
This study employed a cross-over experimental design for explorin

and not hearing them. The study was conducted with only one sample group arj
patient was in the self-control group. All twelve preterm infants were select
purposive sampling from the Newborn Unit, Taksin Hospital during March — Jy
2010. Each preterm infant was randomly assigned a stage to begin with: i.e. hg
heartbeat sound (experimental stage) or not hearing a heartbeat sound (contr
whereby equal amounts of tags (A or B) were made to choose at which stage

womb environment, controlling light not to exceed 600 Lux and sound not to €
58 dB. The preterm infants’ sleep-wake behaviors were evaluated by usi
evaluation form from Chantima Charastong. General information was analy;
terms of frequency, percentage, mean, and standard deviation. Sleep-wake infd
was analyzed by using the Wilcoxon Signed-Rank Test and Paired t-test.

The findings of the study revealed that the sleep duration and quiet
duration of preterm infants were longer while hearing heartbeat sounds than wi
hearing heartbeat sounds with a .01 level of statistical significance, and their
sleep duration was shorter with a .05 level of non-statistical significance. The
can be utilized as nursing practice guidelines for promoting the sleep of p
infants.
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CHAPTER|
INTRODUCTION

Background and Significance

Preterm infants are a high-risk group because #reynot ready to be
exposed to external environments. According to entrmewborn statistics in the
United State of America, preterm infants have redch2.8% for an increase of 21%
over the past 16 years (Neal & Lindeke, 2008). hailand, the preterm newborn
statistics from 2005 to 2007 increased from 11.4%1t.6%, respectively (Ministry of
Public Health, 2007). According to the statisti€S aksin Hospital, preterm newborns
rapidly increased in 2005, 2006, and 2007 by 1(®%p,1and 20.3%, respectively. Due
to current medical and technological advancemepisierm newborns have an
increasing survival rate. These infants need tp istéghe hospital for weeks or months
in order to ensure normal organ functions beformgdmome, thus resulting in high
expenses for treatment. In 2005, the United Sta#neerica had to pay 26.2 billion
US dollars for the care of preterm infants. Unfogtely, very small infants are found
to be at greater risk for complications. Low gesetatl age and birth weight further
increase the risks for abnormality. Surveys follogvpreterm infants from school age
until adulthood have revealed the following pereget for abnormal infants: preterm
infants weighing less than 1,500 grams (10%), pmetafants weighing less than
1,000 grams (10-20%), preterm infants weighing s 750-800 grams (10-40%)
and preterm infants weighing less than 600 gran@86f5or aged less than 23-24
weeks’ gestational age were found to deviate froenrtorm most of all (Blackburn,
1995; MacDonald, 2002; Stephens & Vohr, 2009).

Preterm infants are exposed to external vivid liglhof the time with the
noises of staff and life saving appliances, toughig caregivers and several nursing
activities which differ from the peaceful, warm,fesaproperly heated, dimly lit
environment of the womb which corresponded withhrads living where speech and

maternal organ functions were the only soundsdbald be heard (Glass, 2005).
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Constantly disturbance by external environmentscts the development
of physical functions for preterm infants. Oveldyid noises tend to disturb infants’
sleep, causing them to become anxious and cryr Tieart rates, respiratory rates and
blood pressure increase, resulting in increaseddranial pressure and intra-cerebral
hemorrhage, reduced oxygen saturation and apneaw(Br2009; Holditch-Davis,
Blackburn, & VandenBerg, 2003; Perlman, 2001). Ehesnditions affect the brain
development of preterm infants. According to a mes study on preterm infants
treated in the Neonatal Intensive Care Unit antbfahg the infants from birth until
school age and adulthood, the infants were to faendave hearing impairment in
addition to problems with speaking, reading andjlege proficiency with delayed
development and learning, attention deficit hypevag disorders and low self-
esteem (Stephens & Vohr, 2009; Stjerngvist & Svegsen, 1999). Preterm infants
provided with developmental care in environmentaraged similar to the womb e.g.
reduced light, reduced noise, day-night arrangembeartbeat sounds, reduced
touching and positioning were found to have slowed more stable heart and
respiratory rates, higher oxygen saturation, lorgjeep duration, more weight gain
and reduced hospitalizations (Thanacharoenpipdil;2®Makma, 2008; Nakklinkul,
2003; Feldman & Eidelman, 2003; Ferber & Makhou02, Kahn et al., 1993;
Kurdrit, 2002; Messmer et al., 1997; Sudsaneha5R00

Sleep is extremely important for preterm infantistants generally require
16-17 hours of sleep per day (Hussakunachai, 2008)jder to accumulate energy,
support growth and repair wear and tear for heattbyditions. However, preterm
infants require more sleep and have been founteep searly all day. During sleep,
the body releases growth hormones, synthesizesipyoeduces the release of cortisol
and adrenaline-causing stress and utilizes frag &ids for energy (Glass, 1994).
According to the study, infants with long sleepipés were found to gain more
weight and have better immune systems contribubrfgster recoveries (Hinds et al.,
2007) and essential for future brain developmergéri@le, Sevestre, Laou-Hap,
Nagahapitiye, & Sizun, 2007; Vandenberg, 2007).réfege, environments similar to
the womb should be arranged in order to ensurerstep for preterm infants.

Heartbeat sounds are familiar to infants sincesthends in the womb are

similar to musical sounds (Neal & Lindeke, 2008),isfants feel relaxed and calm
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(Glass, 1994; Lowdermilk & Perry, 2006). Accorditg the study of Salk (1973),
infants who heard heartbeat sounds were foundytéess, have better sleep and gain
more weight. Schmidt, Rose & Bridger (1980) studieel effects of heartbeat sounds
on behavioral and cardiac responses. After sensimyulation during the sleep of
preterm infants, the preterm infants were founchéwe increased quiet sleep and
decreased active sleep.

According to the literature review, no studies haeen conducted on the
effects of heartbeat sounds on the sleep duratigorederm infants in Thailand or
foreign countries. Therefore, the researcher isr@sted in studying the effects of
heartbeat sounds on the sleep duration of pretafiants in order to acquire a practice

guideline for further promoting the sleep of pratenfants.

Conceptual framework

This study was based on Als’'s Synactive TheoryDefelopment (Als,
1982) which asserts maintaining the balance ohtant’'s body and the interactions of
infant with the environment through 5 subsystersThe autonomic system which is
the vital sign system indicating the state of beatige. This is a fundamental system
controlling respiration, heart rate, complexion anttrnal signs such as gag reflex,
coughing and bowel movement; 2) The motor systethasnuscle tone for using the
arms and legs, movement and activities of infaBisfhe state-organizational system
proposes 6 stages of infant consciousness i.eveasteep or rapid eye movement;
quiet sleep or non-rapid eye movement, quiet awakalert, active awake or alert,
crying and drowsy. If infants are stressed, theydte® have spasms with wry facial
expressions, staring, fright, feelings of discornfand difficulty remaining calm; 4)
The attention and interaction system - Infants wdam adjust themselves and
remained balanced pay attention to society andeth@ronment with readiness to
learn; 5) The self-regulation system — Infants who remain balanced tend to suck on
their hands, place their hands near the mouthromirein positions similar to when
they were in the womb.

These 5 subsystems are interrelated, beginnirty thet autonomic system.
If the autonomic system is stable, the motor systetate-organizational system,
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attention and interaction system and self-regutaggstem will also remain stable.
However, if an infant’s the autonomic system istahke, e.g. low oxygen saturation,
the infant will not be able to completely develapthe stage of the motor system.
Thus, environmental settings are important in priomgolonger sleep in preterm

infants and this study explores the subsystemderklto the sleep-wake states of
preterm infants.

Heartbeat sounds enable infants to feel relaxeldsbeep longer. Heartbeat
sounds enter the ear structures e.g. cochlea norgéahair cells capable of perceiving
frequency and noise level, changing into energyedadtric currents transmitted along
the auditory nerve (Braun & Anderson, 2007) tottiedamus and the limbic system in
the hypothalamus. This results in reduced emotioashonses, less eye movement
and increased release of serotonin leading torbettaxation and sleep. In addition,
the pituitary gland is stimulated to secrete thapfhiness hormone”, endorphin, which
contributes to memory and happiness (Updike, 1988)a result, infants feel relaxed
and have better and longer sleep periods.

In this study, the researcher’s interest focusedsturdying the sleep
duration of preterm infants when hearing the sowidshuman heart. The conceptual

framework of this study is presented as follows:
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Resear ch question

What differences are present in the sleep duration of preterm infants
hearing heartbeat sounds and not hearing heartbeat sounds?

Objectives

1. To study the sleep duration of preterm infants between hearing heartbeat
sounds and not hearing heartbeat sounds.

2. To compare the sleep duration, of preterm infants while hearing
heartbeat sounds and not hearing heartbeat sounds.

Resear ch hypothesis

1. The sleep duration of preterm infants will be longer while hearing
heartbeat sounds than while not hearing heartbeat sounds.

2. The quiet sleep of preterm infants will be longer while hearing
heartbeats sound than while not hearing heartbeat sounds.

3. The active sleep of preterm infants will be shorter while hearing

heartbeat sounds than while not hearing heartbeat sounds.

Variable definition

1. Sleep duration means the duration of infants’ quiet sleep and active
sleep.Sleep duration ends when infants show the stagdeowfsy or active awake or
alert as evaluated by the form of Charastong (2001) adapted from the form of
Parmalee & Stern (1972: 200).

2. Heartbeat sound mean the sound made by the beating heart of a normal
person with a heart rate of 72 beats per minute as recorded and turned on during the
sleep of preterm infants at 58 dB (American Academy of Pediatrics, 1974) for 40

minutes.
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CHAPTER Il
LITERATURE REVIEW

This study aimed to compare the sleep duration sihgle sample group
of preterm infants during periods when heartbeahde were heard and periods when
heartbeat sounds were not heard. The researchmwesl/ papers, textbooks and
research relevant to the following topics:

1. Preterm Infants

1.1 Definition, classification of type and characteastof preterm infants
1.2 Development of the central nervous systems ofepmetnfants
1.3 Auditory development of preterm infants
2. Sleep duration of preterm infants
2.1 Development of preterm infants’ sleep-wakeestat
2.2 Sleep-wake states of preterm infants
2.3 Assessment of infants’ sleep-wake states
2.4 Factors affecting the sleep-wake states d@gépreinfants
3. Effect of heartbeat sound on preterm infarie®s duration

1. Preterm infants

1.1 Definition

Preterm infants means live births before 37-wegkstational age or aged
259 days from the first day of last menstrual paricegardless of birth weight
(Siripoonya, 1993; Panburana, P. and Panburan20d6, Taksapan, 2002; Behrman,
Kliegman, & Jenson, 2000; Pilliteri, 2007; Santro2@07; Southgate & Pittard, 2001).

Classification of preterm infants
Preterm infants are not completely developed. The&ants are born

before the 37 week of gestational age. Fetal growth appears abtmt some
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stimulus forces birth before complete developmedt most preterm infants are found
to have low birth weights (Pilliteri, 2007) or,Wfeight is to be used as criteria, weight
less than 2,500 grams (Siriboonpipattana, and Twr#801; Behrman, Kliegman, &
Jenson, 2000; Pilliteri, 2007) comprising the faling:

1. Low birth weight infants are preterm infantsigieng less than 2,500
grams irrespective of gestational age. They aréepreinfants who have either low
gestational age or intrauterine growth retardatosrigoth.

2. Very low birth weight infants weighing lessath1,500 grams. Most of
these infants are preterm infants.

3. Extremely low birth weight infants are infamigighing less than 1,000
grams. All of these infants are preterm infants.

Preterm infants with low birth weight and low geginal age have lower
survival rates. In 1997, approximately 4.1% ofiafants in the USA were very low
birth weight infants. Among these infants, 85-90%ighed 1,250 — 1,500 grams, and
20% weighed 500 — 600 grams. Moreover, these \mwybirth weight infants can be
predicted have mortality and disability rates okiw0%, respectively (Behrman,
Kliegman, & Jenson, 2000).

Characteristics of preterm infants

The characteristics of preterm infants are suljedheir gestational age.
Infants with low gestational ages have specificrabi@ristics as follows (Siripoonya,
1993; Siriboonpipattana, and Tunlert, 2001; Saemgsin, 2007; Supapannachart,
1997; Pilliteri, 2007)

1. General characteristics — constant sleepindssy smovement, soft
crying, irregular respiration and unusually low pdedmperature.

2. Small bodies — Large heads compared with thely.boHead
circumference is usually less than 33 cms. andthersyusually lower than 47 cms.
while chest circumference is usually lower thanca®. and waist circumference is
larger than chest circumference.

3. Short fleecy hair.

4. Eyes are usually closed with convex and swaelids.
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5. Skin is red, immature, shiny and sufficienttgnisparent to see veins
under the skin. Hands and feet are swollen.

6. Minimal vernix covers the skin and skin istgly peeled away.

7. Lanugo covers the forehead, shoulder, arm$aaokl.

8. The sex organs of neither males or femalesangpletely developed.
Small testicles remain around the groin or abdomrgsh not in the scrotum or upper
scrotum. The scrotum does not hang down and hasiridentation. As for females,
the labia majora is small, long and unable to cetety cover the labia minora. The
clitoris is plainly visible.

9. Elastic cartilage is not completely developBdrs are soft, flat and
easily folded, even after holding.

10. Nails are short and soft, not germinatingluhé fingertips.

11. Nipples and areola are small, flat and unéblee felt at less than 33-
weeks’ gestational age, but able to be felt notexaeed 3 mms. at 36-weeks’
gestational age.

12. Footprints are few and only 1-2 footprintsr dze easily seen at the
anterior sole.

13. Preterm infants have few muscles. They ussékep with straight arms
and legs. Their low muscle tension causes thetowdysbend their arms and legs.

14. Muscle and muscle tension is not completelyettgned, so movement
is not smooth and asymmetric. Infants with low geshal ages have slow movement.

15. The sternum is soft and easily moved alortd tie diaphragm when
breathing.

16. Physical reactions to stimuli or reflexes a&iéher incomplete or
inefficient, e.g. swallowing, sneezing and coughimgth little or no neurological
signs.

17. Lungs are not been completely developed i \With gestational age.
Preterm infants use the diaphragm for breathingtiith and depth of breathing are
irregular while respiration is slow. Preterm infanisually have apnea because their

respiratory muscle has not been completely devdlope
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18. Body temperature is generally low due to Hes$ and low internal
heat gain. Heat loss is caused by large body sudaea and low subcutaneous fat,
especially brown fat.

19. Limitations with renal excretions.

20. Little accumulated iron with a predisposition paleness in the future.

21. Potential for more weight loss than full temfants, possibly by 25%
of their body weight.

1.2 Development of the central nervous systems mfeterm infants

The central nervous systems of preterm infants @oé completely
developed and require continued development whealgirsg in the Neonatal Intensive
Care Unit (NICU). NICU environments, however, midgitatve negative effects on the
development of infants’ central nervous systems d@évelopment of infants’ central
nervous systems can be divided into 6 stages. if$te3f stages are complete before
the 4" month of gestational age and comprise dorsal itmuclevelopment, ventral
induction development and neuronogenesis. The Bextages include neuron
migration, synaptogenesis and arborization, and limygation which continue
developing after birth, especially in many infamghe NICU (Holditch-Davis et al.,
2003; Volpe, 2001). This period is critical for @éaping behaviors in ill or preterm
infants and affects how infants control the autolmosystem e.g. sleep-wake states,
movement and sensibility. If the development ofaimi$ in the NICU is interrupted,
negative effects may be seen in the infants’ beinavi

The development of infants’ central nervous systestdescribed below:

1. Development of dorsal induction occurs durihg first 3-4 weeks’
gestational age. The brain and spinal cord begiorto as the initial ectoderm of the
embryo develops into a neural plate and becomeagvarts of the brain.

2. The development of ventral induction occurs irdur4-7 weeks’
gestational age. Ventricles begin to form and thenbcan be divided into 3 parts:
forebrain/prosencephalon, midbrain/mesencephala@h hamdbrain/rnombencephalon.
During the &' week, the forebrain can be divided into 2 pagsthe telencephalon and
the diencephalon whereas the hindbrain can beativicto the metencephalon and the
myelencephalon.
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3. Neuronogenesis occurs from 8-16 weeks’ gesialtiage until full term
(Polin & Fox, 1992). This stage occurs at germiaadl is marked by proliferation,
fission and the arrangement of neurons, as welleagloping cells’ interrelationship
which is beneficial for further neuron migration.

4. Neuron migration occurs during 6-20 weeks'tggsnal age. Millions
of neurons formed at germinal migrate to severdispaf the central nervous system
with support from specialized cells called radiih gells and neurotransmitters. Early
migration is at the deepest part and then movethdotop of sulcus. Migration is
normally complete at 33-weeks’ gestational ageiigud2-34 weeks’ gestational age,
immature veins receive blood supply and veins ar&agile that periventricular and
intraventricular hemorrhage can occur (Holditch-Baat al., 2003).

5. Synaptogenesis and arborization, or organizabecurs during 25-30
weeks’ gestational age until 1 year after birtha@@burn, 2003). This stage represents
the harmonious function of neurons comprising netvmg and proliferating in order
to develop neurotransmissions sequentially, harously and properly when
stimulated by glutamate (Blackburn, 2003). Excessor inefficient neurons are
eliminated by apoptosis (Monk, Webb, & Nelson, 208quier, 2001). The number of
remaining neurons are appropriate for more efficfanction. Such neuron ability is
called brain plasticity (Holditch-Davis et al., Z)0 This stage occurs when infants
interact with environments. If infants are propestymulated, the brain will become
stronger and maintain repeatedly stimulated neundmke also removing unused parts
leading to the development of gyrus resulting inrengomplicated behaviors of
infants. In cases of improper stimulation, howeuaain development is changed
(Chatkup, 1999). Therefore, the environments ofgone infants in the NICU during
the first month can affect infants’ future brairnvd®pment and perception.

6. Myelinization occurs from 20-weeks’ gestatiorae until adulthood
and involves coverage by layers of lipoprotein tphincrease the efficiency and
speed of neurotransmission.

The last stage of brain development during pregynas significant and
critical for developing the behaviors of ill andepgrm infants, especially with regard
to autonomic homeostatic control. Preterm infanith \®8-32 weeks’ gestational age

have balanced autonomic systems due to increasgbkof the sympathetic nervous
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system. Stable conditions of infants are evidermededuced bradycardia and apnea.
When the brain is increasingly developed duringftti®ewing month, infants start to

be able to control their bodies for short peridalg, not completely as shown by their
sleep-wake patterns. Infants have changes in slesgiion, or active sleep, and their

reactions are neither constant nor complete.

1.3 Auditory development of preterm infants

The main physical structure of infants’ auditogstems starts to develop
during 3-6 weeks’' gestational age (Neal & LindeR®08). Auditory organs are
completely developed during 23-25 weeks’ gestatiage (Glass, 2005; Graven,
2000; Liu, Gujjula, Thanigai, & Kuo, 2008; Perlm&001). During this period, the
auditory nerve connects to the brain, so infants ltear the heartbeat sounds and
blood circulation of their mothers through the ulchi cord (Liu et al.,, 2008).
Physical reactions to the sound include startlimgl dlinking at 25-28 weeks’
gestational age. At over 28-weeks’ gestational agfants have more complicated
reactions to the sound, such as no movement, dlbeeathing patterns, opened mouth
and widened eyes. These reactions can make infapetsfatigue (Glass, 2005;
Perlman, 2001; Volpe, 2008). The highest reactmwur at 28-34 weeks’ gestational
age, including the reaction to soft sounds (GI2685). At 30-35 weeks’ gestational
age, infants have similar auditory systems to ad{Nieal & Lindeke, 2008). Infants
can hear and respond to their mother’s voice amgghlie identify sounds, especially
sounds with rhythm and volume (Neal & Lindeke, 2008e sounds of the maternal
heart beating significantly stimulate infants’ gtbvand auditory development due to
rather stable sound and movement (Chatkup, 1999).

Complete auditory abilities of infants depend meréased ability to receive
both high and low frequency, but thresholds areiced (Glass, 2005). Normal people
can hear at frequencies of 20-20,000 hertz. Aghi®rolume or intensity, infants have
different hearing ability. Preterm infants with @&eks’ gestational age can hear 65
dB, while those with 28-34 weeks’ gestational age hear 40 dB and those with 35-
38 weeks’ gestational age can hear 30 dB. Full tefants can hear 20-25 dB and
those with 42-weeks’ gestational age have simigarimg ability to adults at 13.5 dB
(American Academy of Pediatrics, 1997; Glass, 26@¢5)man, 2001).
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Regarding infants’ hearinggounds enter the ear structures e.g. cochlea
containing hair cells capable of receiving frequeand volumegchanging into energy
and electric current transmitted along the auditegyve (Braun & Anderson, 2007) to
the temporal lobéocated at both sides of the brain for furtheerpretation (Al-Mana,
Ceranic, Djahanbakhch, & Luxon, 2008).

The sounds inside the womb have rhythm, structpegtern and low
frequency, mostly featuring the sounds of the nghergans e.g. the sounds of the
heart beating, blood circulating through the undhilicord, breathing, air in the
intestines and the mother’s conversation (Glas852Beal & Lindeke, 2008; Philbin
& Klaas, 2000).

Following birth, the familiar and monotonous sosindfants heard since
they were inside the womb, e.g. heartbeat sourasble infants to feel calm and
enter a sleep state. The sleep-wake states oftsnéaea critical to evaluating reactions
to sound stimulation. Infants tend to have actiee when stimulated by the sounds
and calm when hearing the rhythm (Gardner & Lubcbe©998).

The American Academy of Pediatrics (1974) has sstggl that the highest
volume for infants should not be over 58 dB. Acaogdo a study with guinea pigs in
an incubator with 58 dB and receiving medicines@fhg hearing, e.g. kanamycin for
5 weeks, the guinea pigs’ cochlea was found to Haeen permanently changed.
Another study conducted with guinea pigs provideith Wanamycin and staying in the
incubator with 90 dB of sound for 8 days found th@%o of the hair cells had been
damaged. Therefore, safe volume should not be &@rB, particularly those
provided with ototoxic aminoglycosidic antibiotiaghich might suffer permanent
hearing loss (American Academy of Pediatrics, 13&yolumes of over 60 dB have
negative effects. Cortisol, the stress hormone,inbeeasingly released and damage
the brain, especially in the cortex or brain sugfaglated to thought and intelligence,
and the hippocampus related to emotion and menhaeyeasing function of the brain
is also related to awakening resulting in infant$iole awakening (Chatkup, 1999),
increasing blood pressure and respiratory rateltnegun feeling of discomfort and
interrupted sleep for infants (Graven, 2000; \WAGO8).

Therefore, infants can perceive and hear sourm £28-weeks’ gestational

age and have more development in line with thestagenal age. Gestational age with
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similar auditory systems to adults develop at 30a&®ks, so proper volume that is

not harmful to infants in the incubator is 58 dB.

2. Sleep duration of preterm infants

Sleep is a behavior reacting and interacting efthironments decreasingly
and repeatedly. Sleep is a fundamental requiremiehtimans that appears from the
womb until death. Sleep contributes to the provectf physical systems, energy
accumulation, muscle repair, nerve cell formatiod #issue restoration essential for
infants’ rehabilitation (Wong, 2005, Santrock, 2R0Wh addition, sleep enhances
growth, development and metabolism with the centealous system to control the
sleep-wake states of infants (Wong & Whaley, 1998k development of sleep-wake
patterns for infants in each stage are subjectdm lfunction. Because central nervous
system of preterm infants had not been completelelbped, the sleep-wake state
control of preterm infants is not as good as thdub term infants. Preterm infants
have sleep cycles of 30-40 minutes (Hack, 1992)edwefull term infants have sleep
cycles of 50-60 minutes (Glass, 1994; Herman &ribigig, 1997). Newborns mostly
sleep for 16-20 hours per day and have the sanmtinig sleep as daytime sleep. The
sleep duration of infants can be divided into 6efai.e. active sleep or rapid eye
movement; quiet sleep or non rapid eye movemeli¢t gwake or alert; active awake
or alert; crying and drowsy. Preterm infants haware than 50% of active sleep or
rapid eye movement that gradually reduces whilentgamore quiet sleep or non rapid
eye movement, including more growth and brain fiemctin line with older age
(Glass, 1994) until the age of 3 months when tli@niis have obvious quiet sleep or

non rapid eye movement (Sheldon, 2002).

2.1 Development of preterm infants’ sleep-wake stas

The sleep-wake states of infants are visible invileenb. At 8-12 weeks’
gestational age, infants exhibit slight movemeopging at intervals on the ultrasound
monitor, and they can be monitored by electroenalgginam (EEG) at 21-weeks’
gestational age (Peirano, Algarin, & Uauy, 200®m8 movements and activities that

are cycled and rhythmic with unstable quietness lmamecorded during 20-weeks’
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gestational age and EEG during sleep can be se&hwaeeks’ gestational age (Hack,
1992; Sheldon, 2002). At 24-26 weeks’ gestatiorgd, anfants already have sleep
states but cannot be clearly identified. At 28-3kWs’ gestational age, infants clearly
show active sleep with rapid eye movement, physiwatement and unstable heart
and respiratory rates. EEG monitored during sleep8a31 weeks’ gestational age
(Hack, 1992; Peirano et al., 2003) is not contir(ttElck, 1992; Peirano et al., 2003).
At 32-weeks’ gestational age, infants begin to hqueet sleep and EEG during this
period can identify differences between quiet sleed active sleep. As for infant
behaviors, physical movement is found to disappshgwing 53% of quietness
according to sleep records every 20 seconds foh@uBs. Quiet sleep is obvious and
complete at 34-36 weeks’ gestational age and isesedo 60% at 40-weeks’
gestational age (Sheldon, 2002). Active sleep e weveloped at 34-36 weeks’
gestational age whereas quiet sleep is well deedi@b 36-38 weeks’ gestational age
(Hack, 1992). Preterm infants have a small ratiguét sleep compared to all sleep
duration and shorter periods of quiet sleep thdndum infants.

Therefore, the duration of quiet sleep and actleep can be seen from 32-
weeks’ gestational age and becomes more complétesiwith older gestational age.

2.2 Sleep-wake states of preterm infants

Sleep states represent the consciousness ofsnfEme nervous systems of
preterm infants are not completely developed. Theeye ineffective sleep duration or
consciousness (Herman & Steinberg, 1997) and uestiep states. As previously
mentioned, the sleep-wake states of infants cadilided into 6 stages (Brazelton,
1994; Feigelman, 2007; Lowdermilk & Perry, 2006)dainfants respond to
environments at each stage as follows:

1. Quiet sleep or deep sleep Infants sleep deeply with their eyelids
tightly closed and non rapid eye movement (NREMley have no movement or little
movement, except when frightened or intermittestigking at their mouth. Breathing
corresponds to abdominal movement periodicallyptyeand slowly. The respiratory
rate is equal to a mean of 36 times per minute.

Quiet sleep significantly indicates brain developmé&his stage requires
more coordination among nerve cells than otherestdBeirano et al., 2003) and quiet



Somjit Wannakhow Literature Review / 16

sleep was very beneficial for infants. During quketep, infants consume low amounts
of oxygen (Kuptanon, and Preutipan, 2006), syn#ieesnergy from food for helping
cell division, release more serotonin to stimulgtewth hormones, reduce secretions
of glucocorticoid, glucagons and cathecolamine,sthmesulting in less energy
generation from tissue degradation leading to emed weight for the infants. In
addition, cortisol and adrenaline are decreasisgireted during quiet sleep (Glass,
1994) and result in reduced stress.

2. Active sleep or lighter sleep- This is not a deep sleep. Eyelids are
closed with rapid eye movement (REM) for 10 secopes time. The body might
twitch, twist, bend or stretch. As for facial movemn, infants frown, grimace, smile,
spasm, move and suck at their mouths. During ttaiges facial movement can be
detected, but not frequently. Respiration mainkoimes the chest muscles. Breathing
rhythm is irregular and faster than in quiet sleeg respiratory rates equal up to 46
times per minute on average.

This stage is mostly found in over 50% of infaif®avis, Parker, &
Montgomery, 2004; Glass, 1994), especially pretefiamts who cannot respond to an
external stimulus as normal infants do (Berk, 20Q6us indicating brain defects
(Peirano, 2003). During this stage, cerebral bltbod is high, the body increasingly
synthesizes protein and metabolizes free fatty @ldss, 1994) related to the learning
process, memory, concentration, apnea and oxygénietey (Siripoonya, 1993;
Long, Lucey, & Phillips, 1980 cited in Nakklinki2003). This stage is also related to
dreaming (Davis et al., 2004).

3. Drowsy— This is the stage before infants fall asleepftar decoming
interrupted during sleep. Infants are half awakd half asleep at this stage. The
eyelids can be closed and opened fully or parti&dlyes are still and confused. There
may be slight movement. Breathing is rather sthblkefaster and shallower than with
normal breathing.

4. Quiet awake or active alert— The infant body and face are calm and
have no movement with bright eyes. They show istere environments, stare at
some objects or faces, or turn toward sounds (Feage 2007). During this stage,

infants’ demands are fulfilled both physically goslychologically, so they are happy,
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delighted, smiling, attentive to environments with good ability to respond to stimuli
and environments.

5. Active awake— Infants’ behaviors at this stage are the same as the quiet
awake stage, but the infants have more movement, make muffled sounds all the time,
and might cry. During this stage, infants’ demands are not fulfilled either physically or
psychologically e.g. hungry, wet and painful states.

6. Crying — Infants have more movement and cry all the time. During this
stage, infants’ demands are not fulfilled or they are uncomfortable and painful which
leads to crying.

Preterm infants have shorter sleep durations. Full term infants normally
have sleep cycle of 50-60 minutes recurring every 3-4 hours (Glass, 1994, Herman &
Steinberg, 1997, Wong, 2005) whereas preterm infants have sleep cycles of 30-40
minutes (Gardner & Lubchenco, 1998). Studies on the sleep patterns of preterm
infants in Thailand at gestational ages of 34-36 and 37-39 weeks have revealed that
infants had sleep cycles of 40-60 minutes comprising 57% of whole sleep duration,
21% of quiet sleep and 36% of active sleep (Charastong, 2001).

Therefore, this study chose preterm infants with 32-36 weeks’ gestational
age because this was the age that best responded to sound with the best auditory
system where sleep behaviors are noticeable. Volume was set at 58 dB which was safe

for the infants.

2.3 Assessment of infants’ sleep-wake states

Sleep-wake states are infants’ behaviors functioning under the central
nervous system which indicates the wake level of each infant responding to external
stimuli. The nervous systems of preterm infants are not mature. They cannot control
sleep-wake states as well as adults, so it is difficult for them to maintain their sleep-
wake states. Electroencephalogram (EEG) indicating the sleep-wake states of infants
are not clear and differ from those of adults. Thus, the behaviors expressed by the
infants indicate sleep-wake states.

The sleep-wake states of adults can be assessed by EEG. However, the
nervous systems of infants are not mature, so EEG cannot be applied and further
observation of significant behaviors at each stage is required to indicate sleep-wake
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states or responses to the environments of botterpreand full term infants. The

following are 4 common assessment forms (HolditewiB et al., 2003):

1. Brazelton’s State Scoring System

Brazelton, a pediatrician at Harvard Universityaddachusettes, designed
the assessment form in association with colleagoemfants’ behaviors called the
Neonatal Behavioral Assessment Scale (NBAS) in 1884 means of assessing the
altered sleep-wake states of each infant. Eachestagdivided based on the
experiences of Brazelton with the maintained systémrechtl, Beintema (1968) and
Thoman. There is a total of 6 stages i.e. quiegpslactive sleep, drowsy, alert,
considerable motor activity and crying. This forsnwidely used with the advantages,
of being simple, helpful for both researchers agpondents, easy to learn and clearly
divided into only 6 stages. The disadvantages e the small number of stages is
insufficient for identifying the differences betweéull term infants and infants with
complications. In addition, the form is appropri&de infants with gestational ages of
36-44 weeks only, so neither older nor youngemtgaannot use this form (Holditch-
Davis et al., 2003).

2. Thoman’s State Scoring System

Thoman, a psychobiologist at the University of Geeticut, worked with
guinea pigs, but focused on interactions betweethens and infants. He had a chance
to study this matter when working with Dr. AnneéelKorner at Stamford University
in 1969, and originally created the assessment forrh975 based on the study of
Wolff (1966) and Korner (1972) consisting of 10g®a i.e. alert, non-alert waking
activity, fussy, cry, daze, drowse, sleep-wake ditéon, active sleep, active-quiet
transitional sleep and quiet sleep. Dr. Thoman naaciability test of this assessment
form until the form was acceptable. The advantagekided its reliability which is
accepted by the researchers, sufficient differeatceeach stage to be applied to
newborns with problems ranging from preterm infaantsl full term infants until the
age of 1 month and the feasibility of integratimgne stages in cases involving non-

detailed requirements. The disadvantages weresthatral stages were difficult to
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learn, hard to understand, not widely used andatiethat the form is less frequently
used than Brazelton’s assessment form due to éategyr difficulty requiring some

practice prior to implementation (Holditch-Davisagt, 2003).

3. Als’ State Scoring System

Als, a psychologist working with Dr. Brazelton AetFaculty of Medicine,
Harvard University, spent several years develofngzelton’s Assessment Form of
infants’ sleep-wake states for application to praetenfants. Then he created his own
form for assessing preterm infants’ behaviors dallee Assessment of Preterm
Infants’ Behavior (APIB) which is similar to Brateh’s assessment form, but more
elaborate. Not only does the form measure infaskdlls but also assesses their
reactions and stress toward environments. The i®m@ppropriate for infants with 36-
44 weeks’ gestational age but can be applied togeupreterm infants. Als increased
the sleep-wake states of the NBAS to 13 stagesewy. still quiet sleep, quiet sleep,
active sleep, noisy activet sleep, drowsy with maxtvity, drowsy, awake and quiet,
hyper-alert, bright alert, active, considerablevégt crying and lusty crying. Each
stage is different in both preterm and full terrfairts and relates to EEG. In addition,
this assessment form is utilized as a guideline ther Neonatal Individualized
Developmental Care and Assessment Program (NIDCARe advantages and
disadvantages include too many stages, difficuitysing, but feasibility for reducing
to 6 stages if required, because this assessmamtvias subdivided from Brazelton’s
assessment form containing only 6 stages, is ndelwiused and has no report of

infants’ behaviors at each stage (Holditch-Davialgt2003).

4. Anderson’s State Scoring System

Anderson, a nursing Ph.D. researcher working aeGésstern Reserve
University, Ohio, created the infants’ behaviorsemsment form called the Anderson
Behavioral State Scale (ABSS) for following obs¢iwa of preterm infants’ with
Parmalee and Stern and comprising 12 stages irg.queet sleep, quiet sleep with
irregular respiration, restless sleep, very restlgieep, drowsy, quiet awake, alert
inactivity, restless awake, very restless sleepsifig, crying and hard crying. Each

stage was related to heart rate and metabolism.atlvantages and disadvantages
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were that it the form is hardly used as it is a riemn without any clear evidence of
reliability; the form can be used with preterm mifg has not yet been used with full
term infants and older infants; is difficult to udeas 12 complicated stages and is
more difficult than any other forms, so it was saitable for implementation in the
present study (Holditch-Davis et al., 2003).

5. Parmalee & Stern’s State Scoring System

This is an assessment form of sleep-wake stataswiorns and preterm
infants developed from a study of infants’ sleegkavatates by observing and scoring
on eyes and physical movement without EEG testiBgch criterion for the
assessment comes from actual observation, so imei$deasible for wide application
for infants in the womb and preterm infants (Pamafe Stern, 1972: 200 cited in
Charastong, 2001). The form contains 4 stagede&p sleep (0-4), quiet awake (5-6),
alert (7-8) and crying (9). The detailed scoringvb€haelis, Parmelee, Stern, & Haber
(1973) are shown below:

0 Closed eyes; no body movement

1 Closed eyes; only facial movement

2 Closed eyes; arm and/or leg movement

3 Closed eyes; whole body movement

4 Opening and closing eyes with or without bodyeroent

5 Opened eyes; no body movement

6 Opened eyes; only facial movement

7 Opened eyes; arm and/or leg movement

8 Opened eyes; whole body movement

9 Crying, opened or closed eyes

In this study, the researcher applied the assegdoren of preterm infants’
sleep-wake states of Charastong, (2001) which waptad from the assessment form
of Parmalee & Stern (1972:200) because it was latatsinto a Thai version, simple,
uncomplicated, able to report the duration of estelge in minutes and did not have
too many stages. The form is divided into only &gyst i.e. quiet sleep, active sleep,
drowsy sleep, quiet alert, active alert and cryiimjants express behaviors of each

stage as follows:



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Pediatric Nursing) / 21

1. Quiet sleep — Closed eyes, no eyelid movement; regular respiration with
abdominal muscle movement; no body movement or slight movement; possible
startling.

2. Active sleep — Closed eyes; eyelid movement; irregular respiration with
intercostal muscle movement and arm/leg/hand/foot/head/body or whole body
movement.

3. Drowsy sleep — Heavy eyes, closed eyes, or half-opened eyes; irregular
respiration with or without body movement.

4. Quiet alert — Opened eyes; staring still; regular respiration; partial
arm/leg/hand/foot/head movement or no movement.

5. Active alert — Fully opened eyes, irregular respiration, arms/legs/
facial/head/body or whole body movement.

6. Crying — Opened or closed eyes; irregular respiration; faster chest

movement; whole body movement with muscle tension.

2.4 Factors affecting the sleep-wake states of preterm infants

1. Sound — Overly loud sounds disturbing the sleep-wake states of infants,
making them cry easily with more body movement leading to negative effects, such as
increased energy consumption, reduced blood oxygen (Tomas, 2007). Sudden loud
sounds make infants cry. Some types of sound with continuous volume, such as
heartbeat sounds, make infants relax, have less body movement, more receptive to
sleep states and less prone to crying.

Sounds occurring from periodic and harmonious complicated vibrations
contributing to comfortable feelings include music and human sounds.

Noises are periodic vibrations caused by abnormal and sporadic frequency
without stable components resulting in listeners’ fatigue and stress.

Environmental noise is an undesirable noise under environmental
circumstances (Standley, 2002) comprising (Warolan, 2006):

1) Background sounds include sounds from air-conditioning and incubator
monitors, etc. with the following volume levels (Brandon, Ryan, & Barnes, 2007;
Bremmer, Byers, & Kiehl, 2003; Thomas & Uran, 2007):
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Quiet room 58-62 dB
Incubator 50-60 dB
Ventilator 63-75 dB
High frequency ventilator 85-110 dB
Oxygen ventilation 55 dB
Heart rate monitor sound at 70% of volume 65.8dB
Heart rate monitor sound at 30% of volume 55.4dB

2) Peak sounds include telephone, suction, mgitme alarms, incubator

door opening and closing, etc. with the followingume levels (Brandon et al., 2007,

Bremmer et al., 2003; Thomas & Uran, 2007):

Monitor alarm 55-92 dB
Radio and television 55-92 dB
Opening and closing incubator door 92-124 dB
Conversation 58-64 dB
Placing milk bottle on bedside table 75.3 dB
Placing milk bottle on top of incubator 96-117 dB
Opening drawer 69.8 dB
Opening nasogastric tube 71.3 dB
Placing syringe feed on plastic container 55.8dB
Dragging chairs on the floor 62 dB
Turning faucet on and off 66-76 dB
Running water 54.2 dB
Closing drawer of treatment trolley 58.9 dB
Opening monitor 57.5 dB
Telephone 49.7 dB
Staff laughter 60-80 dB
Staff conversation 58-64 dB
Whispering 20-30 dB

The American Academy of Pediatrics (1997) collddtgormation about
the effects of volume on infants in the Neonatakemsive Care Unit, excluding

arranged quiet hours as follows:
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Very quiet 20-30 dB Appropriate for sleeping

Quiet 40-50 dB Appropriate for sleeping and
worgin

Moderate volume 60-70 dB Noise

High volume 80-90 dB Hearing loss in case of oty

Very high volume >100 dB Discomfort/ negative

effeon physical condition/
tension

The mean range for noise in the Neonatal IntenSaee Unit is 50-90 dB
with the highest volume being 100-140 dB (Brandorale 2007; Bremmer et al.,
2003; Brown, 2009; Neal & Lindeke, 2008; Witt, 2008ccording to the literature
review of Philbin et al. a volume of 55-75 dB wasirid to contribute to effective
sleep and stable heart rate in full term infantsilgih, Robertson, & Hall, 1999).
However, preterm infants cannot control sleep-wstkées as well as full term infants
(Philbin & Klaas, 2000), and these infants mosthaysin the incubator with
continuous background sounds at 50-60 dB (Amerfeademy of Pediatrics, 1997).
The American Academy of Pediatrics (1974) suggettatithe highest volume in the
incubator should not exceed 58 dB as a volume ef ® dB can be harmful to
physical conditions and disturb infants’ sleep (Rbp, 1999; Graven, 2000; Witt,
2008).

Long et al. (Long, Lucey, & Philip, 1980) studi@dfants’ responses to
environmental noises in the Neonatal Intensive Gané in the same population
during the experimental and control stages. Durithg experimental stage,
environmental noises were lower than 60 dB andcdhmetrol stage had a normal
volume of environmental noise. Next, behaviorapogses were investigated through
the observation of preterm infants’ sleep-wakeestaind frequency of changes in
state. The findings of the study revealed thatgonetinfants during the experimental
stage had more sleep duration and fewer changes dleep to wake states than the
preterm infants in the control stage. However, éhefas no statistical difference
because there were only 2 samples in the study.

Nakklinkul (2003) conducted a comparison studytlom sleep duration of
20 preterm infants among quiet hours (experimegr@alip) and normal environments
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(control group). The infants were arranged prone positionvith faces turned either
to the left or right siderolled cloths under the hip and around the infémtknee and
hip flexion and feet placed against a cloth withead elevation of 15-30 degrees and
2 quiet hours per day from 9.30 — 11.30 a.m. nothong the samples during quiet
hours, and control volume to be not exceed 58 dB.

The sleep of the preterm infants was assessed sbyg WBrazelton’s
Neonatal Assessment Behavioral Scale (NABS) whenetayts provided with quiet
hours of less than 58 dB were found to have moietglleep than the other group
without provision of quiet sleep at a .001 levekt#tistical significance.

Sudsaneha (2005) studied the effects of quietshon the sleep-wake
states of 24 preterm infants in the Neonatal Inten€are Unit. The samples were
selected by purposive sampling based on the irlusiiteria and represented as the
samples of the control period (normal time) anddkeerimental period (quiet hours).
The samples received routine nursing care durireg dbntrol period and routine
nursing care along with quiet hours not exceed@gB as suggested by the American
Academy of Pediatrics during the experimental geridhe findings of the study
revealed that the average sleep-wake states adrpranfants during the quiet hours
were lower than the normal hours with a .001 lefedtatistical significance. During
the quiet hours, preterm infants had more quietpstban the normal hours by 23.3%
and reduced crying by 10.9%.

According to the above study, it can be concludeat low volume
environments contribute to better sleep for pretarfants and the sounds should not

exceed 58 dB as suggested by the American AcadémPgdatrics.

2. Light — Newborns require very little light (White, Marti& Graven,
1999). Light awakens infants, so too much or camtius light has negative effects on
preterm infants’ sleep-wake states, thus redudiegsteep duration of the infants. Dim
light enables infants to enter active sleep andeHamger quiet sleep (Glass, 2005).
Light similar to daytime and nighttime encourage$amts to have longer sleep
duration, weight gain, less body movement and redueeart rate (Lefrak & Lund,
2001).
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Light is a wave radiation measured in lux or lusiefi or foot candle (ftc).
When lux is divided by 10, it equals ftc (Holdit€ravis et al., 2003) e.g. the light of
500 lux is equal to 50 ftc. The American AcadenfiyPediatrics and the American
College of Obstetricians & Gynecologist suggest tiggnt in neonatal intensive care
units should be set at 60 ftc which is sufficiembbserve infants’ symptoms; light for
treatment should be set at 100 ftc (cited in Gardneubchenco, 1998). Sharp light is
found in the neonatal intensive care units for 2urk with an average of light
intensity of 60-80 ftc (Blackburn & VandenBerg, B)9Light of over 100 ftc reduces
oxygen saturation which is likely to increase tkénopathy of prematurity, disturb
infants’ sleep and cause more body movement. Inrasin reduced light during the
daytime reduces heart rate which results in maretgnfants (Warolan, 2006;
Gardner & Lubchenco, 1998).

Therefore, this study controlled environmentahtigt less than 60 ftc or
600 lux so the light did not disturb infants’ sleapd was sufficient for observing

infants’ symptoms.

3. Touch — The touch of caregivers or medical staff affethgnges in
infants’ sleep-wake states, particularly in pretenfants who are touched by more
than 10 staff members, e.g. nurses, doctors aag staff. In addition, the holding and
milk feeding by caregivers caused infants to beled more than 150 times per day
and infants have only 10-minute breaks. Too mamnyches often awaken infants

which results in less sleep states (Glass, 200&litdb-Davis et al., 2003).

4. Nursing — Nursing as scheduled or as a treatment planocanr
constantly. Touch and painful nursing tasks distafants’ sleep, so infants remain in
their wake states for longer periods of time orngefrom quiet, drowsy stages to
active awake or crying stages. Moreover, blood exygs reduced as energy
consumption and body movement increase as a refulie negative effects on
infants. Suction during sleep is particularly dibing to the sleep-wake states of
infants. Infants are awakened and cry, while tieiart rate and blood oxygen are

severely changed. One study in the Neonatal IntenSare Unit found that nursing
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was provided for infants 5 times per hour. Pretémfants, however, change their
sleep-wake 6 times per hour, and 78% of all changledp-wake states involve
nursing as 48% of infants have been found to kencrying stage (Zahr & Balian,
1995). Preterm infants and ill infants are unabladjust themselves to each nursing
task, so body wrapping and sucrose is providednfants prior to painful treatments
to help reduce altered sleep-wake states causgaiby(Holditch-Davis et al., 2003).
Nursing and treatment should be done at the sane 8o that infants have better and

longer sleep durations (Holditch-Davis et al., 2003

5. Positioning— The supine position makes infants easily strtleave
more wake duration and less quiet sleep. The ppms#ion on some soft surface
makes infants feel warm and have higher oxygenratin, but it can cause sudden
infant death syndrome (SIDS). The lateral positieduces startled reactions, enables
infants to console themselves as they can easlgeplheir hands near their mouths
and bend their arms and lefgsvard the center of the body. In addition, thedano
position has been found to make infants remain bemading position similar to the
womb, enable infants direct contact with motheesrithe sound of the maternal heart
beating and sleep well (Phatthanasiriwetin, 2086ording to a study on the effects
of positioning on preterm infants’ sleep duratiohh&nacharoenpipat, 2001), no
differences was found in the supine, lateral omprpositions regarding the whole
sleep duration of preterm infants, but the meaetgsleep duration was longer for the
prone position than the supine and lateral postiaith a .05 level of statistical
significance. The mean active sleep duration fer ghone position was shorter than
the supine and lateral positions with .05 and @dels of statistical significance,
respectively.

It has been found that the prone or lateral pmsstinvolved more bending
of the arms and legs toward the center of the libdy the bending position. Arms
and legs are most bent toward the center of the,batich simulates the infants’
position in the womb. Infants feel warm, safe, lestartled and easily console
themselves which further results in easier ancebsteep.

This study required observation of infants’ slémhaviors, but the prone
position does not allow the infants’ behaviors ¢odbserved as required. Furthermore,
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the prone position affects infants’ hearing becauofmts have to turn their heads to
either side, so one of the ears was close to thfacgy thus resulting in different
hearing on each side. For these reasons, this sturdyged infants in the supine
position with the arms and legs bending towardddeter of the body, hands placed
near the mouth and cloths wrapped around the pmetefants’ bodies in order to

facilitate observation without any effects on thiants’ hearing.

3. Effect of heartbeat sound on preterm infants’ €ep duration

The sounds in the womb are usually the nistheeartbeat sounds, bowel
sound, blood circulation sound and uterine soutidgfavhich are soft sounds with
low frequency (Stanley et al, 1992). Among thesansds, the strongest rhythmic
sounds are the sounds of the beating heart as ldopdmped through the arteries
during the last trimester of pregnancy. Infant isailevelop to remember the sounds
of the maternal heartbeat and this memory remants after birth. Newborns can
become calm upon hearing heartbeat sounds, justegswere in the womb. This
indicates that infants in the womb also sleep tuighen hearing mothers’ heartbeat
sounds (Kobayashi, 1981).

Porcaro et al. (2006) studied the reactions o&ntd in the womb to
external sounds and mothers’ heartbeat sounds img hdegnetoencephalography
with 12 healthy pregnant mothers at 36-40 weekstag®nal age, finding that 8
infants were able to hear and respond to the leguency sounds of the mothers’
beating hearts.

Salk (1973) was the first person to study theot$fef heartbeat sounds on
infants after seeing a monkey in the zoo hold @bybon the left side of the chest for
40 times out of 42 observations with only two tineé$olding on the right side of the
chest. Next, a study was conducted in 255 rightdhdrand 32 left-handed mothers
with normal deliveries who stayed with their babiesmediately after birth. The
holding observation was done at 4 days’ postparamah the findings revealed that
83% of the right-handed mothers held babies ordheside of the chest or shoulder
whereas 32 left-handed mothers held babies orethsitle of the chest 78%. After the

observation, the researcher asked about the motleasons for holding their infants
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on the left side of the chest and found that masthers held their babies instinctively,
so this was a social behavior without any teachifigen the mothers held their babies
on the left side, the infants were close to thearks and heard their mothers’ heartbeat
sounds that had been familiar to them since the hyauo they stopped crying and
slept quietly (Kobayashi, 1981).

In addition, Salk studied the effects of heartbeainds on newborns by
allowing newborns to hear the recorded heartbeahd® of normal people. The
samples were newborns who had been separated fiemiothers since birth in the
Neonatal Intensive Care Units of hospitals in Newrk/consisting of 102 persons in
the experimental group and 112 persons in the alogtoup. The experimental group
heard recorded heartbeat sounds at 7-minute iseiMa30 minutes both daytime and
nighttime whereas the control group did not heargtund. Every infant was breastfed
every 4 hours and their symptoms were observed fhays. As for the experimental
group, heart rates of over 90 beats per minute Viemed to make infants feel
uncomfortable and more anxious. Moreover, whemthiates were over 120 beats per
minute along with unexpected loud noises in theirenment, the infants showed
tension e.g. little rest and more crying leadingnemative behaviors in the future.
Heart rates of 72 beats per minute, however, didnmake the infants feel stressed.
Thus, the researcher used a heart rate of 72 peatsinute at 85 dB, and observed
weight change, milk feeding and number of cryingutsp finding that 70% of the
infants hearing heartbeat sounds gained an aveifag@ grams in weight. As for the
control group without hearing heartbeat sound, 38%he infants gained an average
of 20 grams in weight. Milk feeding was no differen both groups with statistical
significance. Crying was found in 38% of the expemtal group and 60% of the
control group. The results of the experiment ingidathat heartbeat sounds can make
infants quiet as evidenced by reduced crying. Algtothere was no difference in the
milk feeding of both groups, the weight of the expental group was found to have
increased due to reduced crying which consumecclesg)y.

Additional findings show that infants in the wornleate and remember
relationships between heart rate and relaxationsTWwhen infants hear similar sounds
after birth, they recreate the relationship thegesienced in the womb. Some sounds

such as music, especially the rhythm of songs bgtiReen and Mozart, strongly
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resemble heartbeat sounds (Kobayashi, 1981; S8k3)1 and it is possible that
humans create music from the soul of the heartramdl that was a part of infant
memory. Therefore, the sounds of the maternal beatrtin the womb have been
selected as the origin of beautiful lullabies (Kydishi, 1981).

Schmidt et al. (1980) studied the effects ofrtiemat sounds on behavioral
responses and the cardiovascular system from semssonulation during preterm
infants’ sleep. The samples were 30 randomizedepretinfants consisting of 15
persons with sensory stimulation and 15 personsowit sensory stimulation.
Sensory stimulation, e.g. massage, environmentngeraents, and conversation,
began within 2 weeks after birth when the infartsld be moved from the incubator
and held in a rocking chair 3 times a day for 5sdayweek at 20 minutes per time.
Once the sensory stimulation was complete, therdecbheartbeat sounds was turned
on the following day. The preterm infants of bottoups were treated equally and
separated in a room with 60-watt light. They wéested after milk feeding at
lunchtime. The infants did not hear heartbeat dewturing the first day. During the
second day, however, the infants the heard recongedtbeat sounds of a normal
person with a heart rate of 72 beats per minute 4278 dB and a low frequency of
63-1,000 hertz. The infants heard the sound onleoEnvironmental sounds were
controlled at 60 dB and the sleep behaviors ofirifents were observed during quiet
sleep, active sleep, and transitional stage atriismiintervals for 1 hour by using the
assessment form adapted from Dreyfus-Bisac’s (19f@en for observing the sleep
of full term infants. The findings of the study ealed that during active sleep, only
infants without sensory stimulation who heard Hesat sounds responded to heart
rate. The infants in both groups who heard heartb@ands had less body movement
during active sleep. During quiet sleep, the soditinot affect the cardiovascular
system or body movement. In addition, heartbeabhd®@lso contributed to increased
sleep duration in both groups, while reducing acsleep and increasing quiet sleep
with statistical significance. In conclusion, héadt sounds applied during the first
hour of sleep strongly affect the sleep durationdyb movement and heart rate
response of preterm infants, thus resulting in teha or development more closely

resembling that of full term infants.
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From the above research findings, we can coecthdt heartbeat sounds
can make infants quiet, reduce crying and indueepslwhich contributes to brain
growth and good development in the future. Morepw&cording to the literature
review, the researcher found a few studies on tfeete of heartbeat sounds on the
sleep duration of preterm infants, even thoughethead not been any studies in
Thailand. Thusly, the researcher gained an intedest studying the effects of
heartbeat sounds on the sleep duration of pretefamts as a guideline for further

promoting sleep in preterm infants.
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CHAPTER 111
MATERIALSAND METHODS

This study employed a crossover-experimental desigred at comparing
the sleep duration of preterm infants while heatiegrtbeat sounds and not hearing
heartbeat sounds. The study was conducted with oméy sample group and every
patient was in the self-control group.

Population and sampling

The population of this study comprised preterm ntgain the Newborn
Unit at Taksin Hospital under the Department of Mab Services, Bangkok
Metropolitan Administration.

The purposive sampling was based on following cate

1. Infants with 32-36 weeks’ gestational age basethe doctor’s Ballard
score.

2. Normal hearing tested by professional nurseateé Child Development
Unit, Taksin Hospital.

3. Stable condition without crisis based on ataitg diagnosis e.g. normal
respiration rate, heartbeat rate, body temperaindeoxygen saturation without apnea.

4. No requirement to be on oxygen.

5. No congenital disabilities or severe compbos e.g. infection, gastroenteritis,
pulmonary complications and seizures diagnoseddunctor.

6. No medications affecting sleep e.g. phenobarloyaihhydrate, methadone,
no maternal substance abuse or narcotic addictions.

7. Mothers or fathers who were willing to pagate in the study and able

to read and communicate in Thai.
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Sample size

The sample size was based on Cohen Statistical rPamadysis (Cohen,
1988) determining the significance level = .05 gaver of test = 80%. The effect
size was of .83 was obtained from a literature ewviof 10 studies by Standley
regarding the effects of music therapy on pretenfants (Standley, 2002). The
present study was a one-tailed test resultingsanaple size of 12.

Resear ch setting

The data collection took place at the Newborn Urdiksin Hospital under
the Department of Medical Services, Bangkok Methtgo Administration, with a
total of 30 beds. The Newborn Unit admits ill newlsy non-critically ill and semi-
critically ill preterm infants. The unit has adbiof 7 rooms: the first and second
rooms for ill newborns, a third room for infantstivPhototherapy, a fourth room for
preterm infants and infants requiring intensiveecar fifth room for preterm infants
waiting for weight measurement and ill newbornstingi for injections and under
observation before going back home with a sixth sexenth room for preterm infants
and ill newborns whose mothers are allowed to pi®wviighttime care. Preterm infants
stay in incubators covered with a cloth, are presidvith nursing care on schedule
and fed milk every 3 hours. There are no quiet figquovided in the Newborn Unit.
Rather, the unit is lit at all the times, contagimoisy medical equipment, air
conditioners, telephones and the sounds of workiaff. The staff members who care
for infants consist of professional nurses, peuti@ns, nursing assistants and patient
assistants. Mothers and fathers are allowed ta wisiine with schedules for milk
feedings at every 3 hours. The infants in this ptwdre selected from preterm infants

in the fifth, sixth and seventh rooms.

Protection of human subjects

Once the research proposal and research instruinattiseen approved by
the Human Research Ethics Committee of Ramathibfmdipital and the Bangkok
Metropolitan Administration, the researcher introéld herself, gave the parents of the
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samples some information about the research obgsctand procedures, requested
their cooperation with the research and informeal parents that the research was
aimed at having preterm infants hear heartbeatdsowthich tended to be beneficial
for preterm infants and were not harmful. Responsegiata were given as an
overview presentation. Patient names were notalied. Infants were provided with
close care during the study. In cases involving emyplications, apnea, or less than
90% of oxygen saturation, the infants received imdiate assistance from doctors or
nurses and were not be included in the samplesnBahad the right to participate or
withdraw from the study any time without being regd to provide a reason and the
parents were assured that such actions would fexttatny treatment for the preterm
infants. Once the parents had expressed willingtegarticipate in the study, they

were required to grant written consent by signiffgrimed consent forms.

Resear ch instrumentation

The research instrumentation for the present stodgisted of instruments
for the experiment and instruments for the dateectbn as described below:

1. Instruments for the Experiment

1.1 An instrument for measuring oxygen saturatiod heart
rate called “masimo” which had passed quality assesit by a medical equipment
testing company once a year and received maintentvice a year or according to
the life cycle. This instrument was used to assesgeliability of heart rate = £5%
and oxygen saturation = +2%. The same equipmenused throughout the study.

1.2 A C450H-1C model Drager infant incubator thatdh
passed quality assessment by a medical equipm&irigecompany once a year and
received maintenance twice a year or accordinghéolife cycle. This instrument
required a hood air temperature_of €elsius degrees and a patient probe temperature
of + 3 Celsius degrees. The same equipment was usedjtiout the study.

1.3 An instrument for measuring sound level callad
“Sound Level Meter Digicon DS 40 (dB)” which hadspad reliability testing by the

manufacturing company as scheduled.
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1.4 An instrument for measuring light inteépsicalled
“Digicon Lx 50 Lux Meter (Lux)” which had passedliability testing by the
manufacturing company as scheduled.

1.5 An MP3 player and Sony speaker for pigypreviously
recorded heartbeat sounds for 40 minutes. Theumsints were checked before use
and the same equipment was used throughout the. stud

1.6 The equipment for measuring hearing arag\ccuScreen
model TEOAE manufactured by GN Otometrics (Serial BB583) which had passed
guality assessment by a medical equipment tesbngpany once a year and received
maintenance twice a year or according to the kidec Additional quality assessment
was carried out by professional nurses in the ClMelvelopment Unit, Taksin
Hospital, preceding every use with each infant.

1.7 A Sony VDO camera, Model DCR-DVD810, wagcked
before use. The same equipment was used throuttestudy.

1.8 The heartbeat sounds of a normal pees®rrecorded
through a stethoscope from http://www.freesoundsamgplesViewSingle.php?id=
21409 and modified for equivalence to a heart 0&f&2 beats/minute, which was able
keep infants calm according to the findings ofshedy.

2. Instruments for the data collection includeel fibllowing:

2.1 Demographic data record comprising gendestational
age, post-conceptual age, birth weight, delivesatiment and current medications.

2.2 Record of the preterm infants’ sleep-avatates and a
manual on the evaluation of preterm infants’ slege behavior by Charastong,
(2001) adapted from the sleep-wake states evaludton of Pamaelee & Stern
(1972:200) recorded 6 sleep states of preterm tanfander the observation of the
researcher every 1 minute for 40 minutes as follows

Quiet sleep: Behaviors in this state included edbsyes, no eyelid
movement, constant breathing, abdominal muscle memwg no movement or slight
movement of the body and sometimes being startled.

Recorded symbol: ——o
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Active sleep: Behaviors in this state include etbgyes, eyelid movement,
no constant breathing, intercostal muscle movenasmd,arm/leg/head/torso or whole
body movement.

Recorded symbol:

Drowsy sleep: Behaviors in this state includevigegyes, closed eyes or
half opened eyes and no constant breathing witiitbiout body movement.
Recorded symbol: S\

Quiet alert: Behaviors in this state include opkrend staring eyes,
constant breathing, partial or no arm/leg/hand/foovement.
Recorded symbol: *--—--—--9

Active alert: Behaviors in this state include yuipened eyes, no constant
breathing and arm/leg/face/torso or whole body moa.

Recorded symbol: -
Crying: Behaviors in this state include openedlosed eyes, no constant

breathing, faster chest movement, whole body mowéred muscle tension.
Recorded symbol: \/\/\/

The results were interpreted from VDO. After reling quiet sleep, active
sleep, drowsy sleep, quiet alert, active alert@yahg states with the symbols every 1
minute, the sleep duration of each state was dlaila minutes.

2.3 Light and sound intensity records were dong& atinutes
before the experiment and at thé"2finute of the experiment in order to control light
not to exceed 600 Lux and sound not to exceed 58 dB

2.4 Heart rate records were done every 1 minuteoxggen
saturation and every 10 minutes for respiratioagat

Validation
Content validity and reliability were tested faeferm infants’ sleep-wake
states records and manual on the evaluation ofnpneihfants’ sleep-wake behavior as

follows:
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1. Content Validity

The researcher used preterm infants’ sleepewstlte records and the
manual on evaluating preterm infants’ sleep-wakbakm®r of Charastong (2001)
which had been validated by a panel of 5 expemspeising 2 experienced nurses in
the Neonatal Intensive Care Unit, 1 doctor spemdliin neonatal care, 1 nurse
experienced in preterm infants, and 1 nurse expegi in the NICU (Charastong,
2001).

2. Reliability

The researcher and expert cooperatively obgeand evaluated the sleep
behaviors of the preterm infants, recorded theildetd each sleep state of the 10
preterm infants in the form every single minutesf@ening the reliability test before
starting the research by using Polit and Hungldosmula (Polit & Hungler,
1999:233).

Inter-rater reliability = Number afreements

Number of agreements + disagreement
In this study, the reliability calculated bye researcher and expert was
equal to 0.90

Data collection

The researcher collected the data as follows:

1. The research proposal and research instrumeats submitted for
consideration by the Human Research Ethics Comesittd Ramathibodi Hospital
and the Bangkok Metropolitan Administration.

2. After receiving approval from the Committethee researcher submitted
the letter from the Faculty of Graduate Studieshidal University, to the Director of
Taksin Hospital to request permission for collegtiata.

3. The researcher met with Head of the Newbanit td provide details
on the data collection.

4. The researcher explored the patient rosgegrds of preterm infants
and mothers from the labor records at the Newbart, Taksin Hospital.
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5. Next, the samples meeting the inclusive catevere purposively
selected.

6. Hearing tests were done by professional surse the Child
Development Unit, Taksin Hospital. Cases involvihgaring test failure were
excluded from the samples.

7. The researcher met with the mothers of thmp$es in order to
introduce herself, explain the research objectaed processes, ask for cooperation
with data collection, and requesting the mothersigo informed consent forms when
they agreed to participate in the study.

8. The researcher filled in the demographic detard.

9. The sequence of experimental methods was nalgdselected: hearing
heartbeat sounds (Experimental stage), or notrgpaeartbeat sounds (Control stage)
by 2 equal lots for drawing, namely “A: Heartbeaifi¢” and “B: None/Heartbeat”.
Then sampling without replacement was done by weroed persons.

10. Each infant participated in both stages. Thelse finished one stage
from 7:30-8:10 pm would enter the other stage dytie same period of the next day,
so they had some rest, received nursing care aslglgd to prevent the transfer of any

effects from the first experiment to the next expent.

Pre-experimental period

The researcher and expert conducted a pilot studgr go actual
experimentation by studying a sample group of fipeeterm infants with
characteristics and environments similar to thedystu The researcher and expert
encountered obstacles and problems in conductirkg résearch, therefore, the
researcher and expert jointly solved problems amted schedules for working,
checking equipment and arranging the environmentniplementation as principles
or guidelines for the control of time and enviromnhas specified prior to actual

experimentation in order to prevent errors andifate the experiment.
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Experimental method

The experimental method consisted of the followZrgjages:
Experimental stagéHearing heartbeat sounds)

1. The researcher prepared equipment for theystmdluding oxygen
saturation and heart rate measurement instrumemtglP3 player, a speaker, recorded
heartbeat sounds, a VDO camera, a sound level medea light intensity meter.

2. The researcher prepared a room for the swittysound levels lower
than 58 dB and light intensity not exceeding 60@.Lu

3. The preterm infants were placed in a sepaoam, or the door of the
room was closed during the study, wearing diapeh wpecial absorption to reduce
interruption from excretion.

4. The oxygen saturation and heart rate measuntemstruments were
attached to one of the infants’ feet for symptorsasbation. The sound level of the
oxygen saturation measurement instrument was géetainimum level. In cases of
abnormal oxygen saturation or heart rate, the stualy immediately stopped and the
abnormality was reported the doctor. These infargse helped and excluded from
the study.

5. According to the treatment plan, milk feedingswoffered 1 hour and
30 minutes before the experiment to prevent vompitand choking during the
experiment. The infants were arranged in the supasition with a blanket rolled around
them similar to the womb and so behaviors andrgeaduld be conveniently observed.

6. The operation of the MP3 player was checkeddoording heartbeat
sounds and set near the ear with a sound levetxusteding 58 dB; heartbeat sound
level was controlled by the MP3 player at 58 dB méeer the study was conducted
with each infant.

7. The VDO camera was installed to record thepslgake behaviors of
the infants.

8. Light intensity and sound was measured at Butes before the
experiment and during the 2@ninute of the experiment. The measured values wer
recorded in the form.

9. VDO began in order to observe the sleep behsnand the heartbeat
sounds from the MP3 player was turned on.
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10. Data was recorded in the form during the siwdy heart rate/oxygen
saturation every minute, respiration rate for orieute every 10 minutes for a total
period of 40 minutes. The sleep-wake behaviordefpreterm infants were recorded
after finishing the VDO recording. The sleep-wakates from the VDO camera were
interpreted minute-by-minute in the record of thretgrm infants’ sleep-wake states
for the entire 40-minute period.

11. The record was continued if the infants wexala®, moved or cried
and able to stop by themselves. If, however, tfenis were unable to stop crying, the
record-taking was suspended in order to consolenfaats who were then evaluated
the next day. In cases of less than 90% oxygenatatn, infants required assistance
and were excluded from the study.

12. A poster saying “Please do not disturb dutirgstudy” was posted on
the door. However, in cases of unintentional distnce from the environment e.qg.
loud noises, lights turned on or door opening,stely was suspended and continued
the next day.

Control Stagé€Not hearing heartbeat sounds)

This stage contained the same practices as treximyxgntal stage, but the

MP3 player was eliminated from Step 9 and the pmet@fants were not allowed to

hear heartbeat sounds. The infants’ sleep behawiems recorded and observed.
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Record light and sound level

l

Turn on or No Heartbeat Sound
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Figure2 Study Process
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Data analysis

The researcher analyzed the data with the a compuovgram used for
statistical analysis:

1. The demographic data of the samples was arthlyme frequency
distribution, percentage, mean and standard dewiati

2. Quiet sleep, active sleep and sleep duratere wnterpreted in terms of
the minutes and percentage of each sleep state.

3. The mean sleep durations were compared wtelrifhg heartbeat
sounds and not hearing heartbeat sounds with tleXdén Signed-rank test.

4. The mean quiet sleep times were compared wWiahkring heartbeat
sounds and not hearing heartbeat sounds with Paiest

5. The mean active sleep times were comparedewigbring heartbeat

sounds and not hearing heartbeat sounds with ptaiesd.
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CHAPTER IV
RESULTS

This study was to explore the effects of heartlseands on sleep duration
in preterm infants by employing a crossover-expental design aimed at comparing
the sleep duration of preterm infants between peoionot hearing heartbeat sounds
and periods of hearing heartbeat sounds. The siady conducted with only one
sample group numbering 12 persons and every patiastin the self-control group.
The research findings are presented in table fortin @escriptions consisting of the
following three parts:

Part 1: Demographic data of the sample

Part 2: Sleep duration of preterm infants whae lmearing heartbeat sounds
and while hearing heartbeat sounds

Part 3: Hypothesis testing

Part 1. Demographic data of the samples

The demographic data for the sample in this stodjuded gender, age,
gestational age, post-conceptual age, birth weagldat delivery method. The data is
presented in terms of frequency, percentage, mimfmaximum, mean and standard

deviation as shown in Table 1.
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Table 1 Frequency, percentage, mean, standard detien for the samples’
Demographic Data (n = 12)

Demographic data Number (persons) Percentage
Gender
Male 5 41.67
Female 7 58.33

Gestational Age (weeks) (Min = 33, Max = 36, Mean = 35.33, S.D. = .89)
32-34 1 8.33
>34-36 11 91.67

Post-conceptual Age (days) (Min = .09, Max = 4, Mean = 1.62, S.D. = 1.40)
<1-2 9 75
3-4 3 25

Birth Weight (grams) (Min = 1,960, Max = 2,480, Mean = 2,240.83, S.[162)
1,500-2,000 1 8.33
2,001-2,499 11 91.67

Delivery Method
Normal labor 10 83.33

Caesarean Section 2 16.67

According to Table 1, the samples consisted ofrf2nits. Most of these
(7) were females (58.33%) whereas 5 of the infargee males (41.67%). Nearly all
of the infants had more than 34-36 weeks' gestati@ge and 11 of the infants
weighed between 2,001-2,499 grams (with the sammbets in both groups
equivalent to 91.67%). The mean gestational ageagasl to 35.33 weeks (S.D. =
.89) with the youngest age at 33 weeks and thesblalge at 36 weeks. The preterm
infants’ mean weight was equal to 2,240.83 grand.(S 162) with the lowest weight
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at 1,960 grams and the highest weight at 2,480 graknmajority of 75% of the
sample had less than 1-2 days’ post-conceptualithean mean post-conceptual age
of 1.62 days (S.D. = 1.40) where the youngest age ®hours and the oldest age was
4 days. Most of the mothers (10) had delivered aginval birth with normal labor
whereas 2 of the mothers had had Caesarean Sections

Part 2: Sleep duration of preterm infants while nothearing heartbeat
sounds and while hearing heartbeat sounds

The sleep durations of the preterm infants werepared in terms of NHB
(No heartbeat sounds) and HB (Heartbeat soundshglguiet sleep, active sleep,
drowsy sleep, quiet alert, active alert and cryingile total sleep was determined by

using descriptive statistics as shown in Tables®23

Table 2 Minimum-maximum, mean, standard deviationand percentage of sleep
duration between NHB (No heartbeat sounds) and HB Heartbeat
sounds) (n=12)

Sleep-wake Min-Max Mean S.D. Percentage
states
(Minutes)  NHB  HB NHB HB NHB HB NHB HB

Sleep Duration 9-40  38.50-40 34.17 39.79 8.84 .45 85.42 99.48
Quiet Sleep 0-26 1-27 7.67 15.25 6.64 8.09 19.17 38.13
Active Sleep 9-39  13-39 26.50 24.54 8.79 8.18 66.25 61.35

Drowsy Sleep 0-1050 0-1.50 3.58 A7 3.89 .44 8.95 42

Quiet Alert  0-950 0-0 1.08 .00 2.74 .00 270 O
Active Alert 01200 0-0 1.17 .00 3.46 .00 293 O
Crying 0-0 0-.50 .00 .04 .00 .14 0 0.1

HB = Heartbeat sounds
NHB = No heartbeat sounds
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Table 2 reveals that the sleep duration duringHBeperiod was longer
than the sleep duration during the NHB period. iean sleep duration was equal to
39.79 minutes (S.D. = .45) with the shortest ti88&50 minutes and the longest time
at 40 minutes for a total of 99.48% in total sleegke states. When sleep duration was
categorized into quiet sleep and active sleepjriean quiet sleep for the HB period
was found to equal 15.25 minutes (S.D. = 8.09) Wwiscequivalent to 38.13% longer
than the mean quiet sleep during the NHB periodaktpu7.67 minutes (S.D. = 6.64)
or an equivalent of 19.17%. During the NHB perithet minimum sleep duration was
no quiet sleep whereas the maximum quiet sleeptidoravas equal to 26 minutes.
During the HB period, the minimum duration for quseep was equal to 1 minute
whereas the maximum was equal to 27 minutes. Howelkie mean active sleep
duration for HB was equal to 24.54 minutes (S.08.18), an equivalent of 61.35%,
which was shorter than the NHB period where the nmaetive sleep was equal to
26.50 minutes (S.D. = 8.79) or equivalent to 66.2%%hile hearing heartbeat sounds,
the minimum duration for active sleep was equd3oninutes whereas the maximum
was equal to 39 minutes. While not hearing heattbeands, the minimum duration
of active sleep was equal to 9 minutes whereamtitémum was equal to 39 minutes.
Additional findings on the means obtained during MHB period were as follows:
3.58 minutes for drowsy sleep (S.D. = 3.89) eqeinalto 8.95%, 1.08 minutes for
quiet alert (S.D. = 2.74) equivalent to 2.7%, artd’Iminutes for active alert (S.D. =
3.46) equivalent to 2.93, thus representing a higiatuie than during HB. Although
there was no quiet alert or active alert sleep tcmwavhile hearing heartbeat sounds,

crying was equal to 30 seconds (S.D. = .14) wisadquivalent to 0.1%.
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Table 3 Minimum-maximum, mean, and percentage of get Sleep, active sleep
and sleep duration during NHB and HB (n = 12)

Slee . Percentage of Percentage
P Min-Max Min-Max Mean of sleep

Duration

(Minutes) NHB  HB NHB HB NHB HB NHB HB

gIUiet 0-26 1-27 0-65 250-67.50 7.67 1525 2245 38.33
eep

Aflﬂive 9-39 13-39 22509750 32509750 2650 2454 7755 61.67
sleep

Slee_p 9-40 38-40 2250-100 95-100 34.17 39.79 100 100
duration

Table 3 reveals the mean sleep duration duringdd&jual 39.79 minutes
with the mean quiet sleep at 15.25 minutes which aguivalent to 38.33% of sleep
duration (Min = 2.5%, Max = 67.5%), representingigher value than during NHB.
While not hearing heartbeat sounds, the mean dieeation was equal to 34.17
minutes with a mean quiet sleep of 7.67 minutekwhivas equivalent to 22.45% of
sleep duration (Min = 0%, Max = 65%). While hearingartbeat sounds, the mean
active sleep was equal to 24.54 minutes which wpsvalent to 61.67% of sleep
duration (Min = 32.5%, Max = 97.5%), representinpwaer value while not hearing
heartbeat sounds. During NHB, the mean active ske&p equal to 26.50 minutes
which was equivalent to 77.55% of sleep duratiom(M22.5%, Max = 97.5%).
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Table 4 Minimum-maximum, mean, standard deviation,and difference testing

of sound and light before and during the experimen{n=12)

Environ- Before (n=12) During (n=12)

ment _ _ 4 p
Min-Max Mean S.D. Min-Max Mean S.D.

(SNOI-TS? 41.50-46.50 45.57 1.31  41.60-46.10 45.39 1.25 -1.603 .109°

Sound s

(HB) 58-58 58 .00 57.30-584057.84 .294 -1.827 .068'

Light 55-72 56.83 4.84 55-72  56.83 4.84 .000 1.00
"p>.05

Table 4 reveals the mean environment sounds atrutes before the
experiment to equal 45.57 dB (S.D. = 1.31, Min =54dB, and Max = 46.5 dB).
During the 28 minute of the experiment, the mean sound was equ&8.39 dB (S.D.
= 1.25, Min = 41.6 dB, Max = 46.1 dB). The mean lieartbeat sounds at 5 minutes
before the experiment was equal to 58 dB (S.DO=Min and Max = 58 dB). During
the 20" minute of the experiment, the mean for heartbeahds was equal to 57.84
dB (S.D. = .294, Min = 57.3 dB, Max = 58.4 dB). htgduring the NHB and HB
period could be controlled at the same level betord after the experiment with a
mean value of 56.83 Lux (S.D. = 4.84, Min = 55 Liax = 72 Lux). When testing
the difference between sound and light before amthg the experiment by using the
Wilcoxon Signed-rank test, sound and light leved$obe and during the experiment
were found to not differ with statistical signifieee (z = -1.603, -1.827, .000, p > .05).

Part 3 - Hypothesis testing

The comparison between the sleep duration of pretefants during the
NHB and HB periods was made through the testingledp duration differences by
using the Wilcoxon Signed-rank test. The data fribre experiment came from a
dependent population and acquired through two @batiens of sleep behaviors in the

same infant. Every infant was in the self-contrabup. Each infant was an
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independent variable with a nominal level of meament and two switching values.
The dependent variable was sleep duration withrdmal level of measurement and
non-normal distribution (Appendix C) according teetassumption of Wilcoxon
Signed-rank test (Rojplakorn-Guse, and Ruecha, :2B88®) as shown in Table 5. The
difference testing of the mean quiet sleep andriadieep met the assumption of the t-
test, followed by the Paired t-test. The testirguhs are shown in Tables 6 and 7.

Hypothesis 1 - The sleep duration of preterm infarg will be longer
while hearing heartbeat sounds than while not heang heartbeat sounds.
The difference testing of the sleep duration oteara infants during NHB

and HB was made by using the Wilcoxon Signed-rask t

Table 5 Median test of sleep duration during NHB ad HB (n = 12)

Sleep NHB HB
Duration

. z  p (one-tail)
(Minutes) Min-max Mean S.D. MinMax Mean S.D.

Sleep

Duration 9-40 3342 8.84 38.50-40 39.79 .45 -2.49 .007*

*p<.01

Table 5 reveals the data analysis for the 12 isfariiere the mean sleep
duration during HB was equal to 39.79 minutes (S:D45, Min = 38.50 minutes,
Max = 40 minutes). This was longer than the meagpsduration during NHB which
was equal to 33.42 minutes (S.D. = 8.84, Min = %wutes, Max = 40 minutes).
According to the difference testing of sleep dumatduring NHB and HB by the
Wilcoxon Signed-rank test, the sleep duration efpheterm infants was longer during
HB than NHB with statistical significance (z = -9, < .01).

Hypothesis 2 — The quiet sleep of preterm infants Wbe longer while
hearing heartbeats sound than while not hearing hetbeat sounds.
The comparison of the means for quiet sleep duNht8 and HB was

made by t-test.
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Table 6 Comparison of the mean quiet sleep during NHB and HB (n = 12)

Quiet sleep Mean S.D. D S t p (one-tail)
No Heartbeat 767 664
Heartbeat 15.25 8.09 -7.58 9.15 -2.87 .008*
*p<.01

Table 6 reveals the data analysis of the 12 infants where the mean quiet
sleep duration during NHB was equa to 7.67 (S.D. = 6.64), the mean quiet sleep
duration during HB was equal to 15.25 (S.D. = 8.09) and the mean quiet Sleep
difference during NHB and HB was equal to -7.58 (S.D. = 9.15). Comparison of the
mean quiet seep difference during NHB and HB showed that quiet sleep during HB
was found to be longer than during NHB with statistical significance (t =-2.87, p < .01).

Hypothesis 3 — The active sleep of preterm infants will be shorter
while hearing heartbeat sounds than while not hearing heartbeat sounds.

The comparison of the mean active sleep during NHB and HB was made
by t-test.

Table 7 Comparison of the mean active sleep during NHB and HB (n=12)

Active Sleep Mean S.D. D SB t p (one-tail)
No Heartbeat 2650 879
Heartbeat o454 818 196 791 857 .205™
" p>.05

Table 7 revedls the data analysis of the 12 infants where the mean active
sleep during NHB was equal to 26.50 (S.D. = 8.79), the mean active sleep during HB
was equal to 24.54 (S.D. = 8.18) and the mean active sleep difference during NHB and
HB was equal to 1.96 (S.D. = 7.91). Comparison of the mean active sleep difference
during NHB and HB and active sleep during HB and NHB show no difference with
statistical significance (t =.857, p > .05).
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Heart Rate, Respiration Rate and Oxygen Saturation

According to the findings, the heart rate, respiration rate and oxygen
saturation met the assumption of the t-test. Next, the difference testing of the mean
heart rate, respiration rate and oxygen saturation was done by using paired t-test. The
testing results are shown in Table 8.

Table 8 Comparison of the mean heart rate, respiration rate and oxygen
saturation during NHB and HB (n = 12)

Mean S.D
D S_ t p (one-tail)

O

NHB HB NHB HB

HR  127.85 126.55 884 698 131 756 .598 281™
RR 3794 3417 623 705 -377 742 -176 .053™
SO, 9658 97.62 192 129 -104 158 -2276 .022*

"p>.05*p<.05

Table 8 reveals the mean heart rate of the preterm infants during NHB to
equal 127.85 beats/minute (S.D. = 8.84), while the mean heart rate of infants during
HB was equal to 126.55 beats/minute (S.D. = 6.98) and the mean heart rate difference
during NHB and HB was equal to 1.31 (S.D. = 7.56). Comparison of the mean heart
rate difference during NHB and HB show no difference in the heart rate during HB
and NHB with statistical significance (t = .598, p > .05).

The mean respiration rate of the infants during NHB was higher than
during HB which was equal to 37.94 times/minute (S.D. = 6.23), and 34.17
times/minute (S.D. = 7.05) respectively. The mean respiration rate difference was
equal to -3.77 (S.D. = 7.42). Comparison of the mean respiration rate difference and
respiration rate during HB and NHB show no difference with statistical significance
(t=-1.76, p > .05).

The mean oxygen saturation during NHB was equal to 96.58 % (S.D. = 1.92)
and the mean oxygen saturation during HB was equal to 97.62 % (S.D. = 1.29). The
mean oxygen saturation difference during NHB and HB was equal to -1.04 (S.D. =
1.58). Comparison of the mean oxygen saturation difference during NHB and HB
show the oxygen saturation during HB to be higher than during NHB with statistical
significance (t = -2.276, p < .05).
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CHAPTER YV
DISCUSSION

This study aimed to explore the sleep duratiopreterm infantsvhile not
hearing heartbeat sounds and hearing heartbeadsdime study was conducted with
only one sample groupnd every patient was in the self-control group. &lthe
samples were 12 preterm infants admitted to theldemvUnit, Taksin Hospital under
the Department of Medical Services, Bangkok Methtgno Administration. The

discussion is based on the research objectivebygrathesis as follows:

Demographic data of the samples
The samples comprised a total of 12 infants cormgifemales (58.3%)

and males (41.7%). Most of the samples (91.7%) desfational ages of more than
34-36 weeks where the mean gestational age wa8 8&8ks featuring obvious and
complete quiet sleep (Sheldon, 2002) with a corepia@hge of noticeable sleep states.
The birth weights ranged from 2,001 to 2,499 gravita a mean weight of 2,240.83
grams. For the most part, conceptual age was lems 1-2 days with a mean
conceptual age of 1.62 days equivalent to 75%. tRermost part, (83.3%) the

mothers had vaginal deliveries with normal labor.

Hypothesistesting

Hypothesis1: The sleep duration of preterm infants will be longer while hearing
heartbeat sound than while not hearing heartbeat sound.

Hypothesis2: The quiet sleep of preterm infants will be longer while hearing

heartbeat sound than while not hearing heartbeat sound.
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In this study, the preterm infants heard the eifectecorded heartbeat
sounds of a normal person with a heart rate ofée&dsminute (Liu et al., 2008; Salk,
1973) and a non-hazardous sound level not exce&@niB (American Academy of
Pediatrics, 1974) for 40 minutes in order to enghe2whole sleep states of infants
(Gardner & Lubchenco, 1998) and protect infantsnfgiress (Neal & Lindeke, 2008).
The environment was arranged similarly to the wobBiing the experimental stage,
the preterm infants stayed in the incubator covevéll a cloth in a separate room
with dim lighting at a mean intensity of 56.83 Lamd a mean sound level of 57.92 dB
(before the experiment = 58.0 dB; during the expent = 57.84 dB). During the
control stage, the preterm infants did not heartbeat sounds, but the environment
was controlled the same as during the experimestégle: The mean light intensity
was 56.83 Lux, the mean sound in the incubator4%a48 dB (before the experiment
= 45.57 dB; during the experiment = 45.39 dB) asashin Table 4.

The experimental results showed that the mearp sleeation and quiet
sleep while hearing heartbeat sounds was longer Widle not hearing heartbeat
sounds (Table 5 and 6). While hearing heartbeatdmuhe mean sleep duration was
39.79 minutes and the mean quiet sleep was 15.2utes. While not hearing
heartbeat sounds, the mean sleep duration was 88mM@es, and the mean quiet sleep
was 7.67 minutes. Furthermore, drowsy sleep wasvilkile hearing heartbeat sounds
with a mean duration of 0.17 minutes and a meaatiur of 3.58 minutes while not
hearing heartbeat sounds. No quiet/active aled fesand while hearing heartbeat
sounds, and only on crying case was found for anndemation of .04 minutes as an
immediate sound at the beginning made when thentirdeartled and changed from
sleep to alert and crying states (Lund, 2003; Tho&,dJran, 2007; Zahr & Balian,
1995). While not hearing heartbeat sounds, theseneacrying state, but an alert state
was found at a mean duration of 1.08 minutes faetqalert and a mean of 1.17
minutes for active alert. No alert state was fouvitile hearing heartbeat sounds
because heartbeat sounds had been a familiar rmb®wond since in the womb.
Accordingly, the study of Porcaro et al. (2006) w@tbonagnetoencephalographic
assessment on infants’ feedback to the soundseaf mhothers’s heart beating and
conducted with 12 healthy mothers who had givethlio infants with gestational

ages of 36-40 weeks revealed that 8 out of 12 iafarere able to respond to the
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sounds of their mother’s heartbeat (Porcaro e2@06). This sound was embedded in
their memories until after birth and was able tbrcghe infants during their alert or
crying states (Liu et al., 2008; Lowdermilk & Perg006).

Upon comparison of the differences, the sleep thradand mean quiet
sleep of the preterm infants while hearing heattilseands was found to be longer
than while not hearing heartbeat sounds with sigdissignificance (p < .01) as shown
in Tables 5 and 6. These findings support Hypotheseand 2 which might be
explained in that the heartbeat sound recordinyiged was able to comfort the
preterm infants as the sound was rhythmic, stredtusoft, repetitive, within a low
frequency range, harmonious, within a limited dymamange and familiar to the
infants, thus leading to tranquility and earlieeeg) states (Gardner & Lubchenco,
1998; Glass, 2005) while also sustaining long quktep and reflecting more
developed central nervous systems in the infardsr{®lt et al., 1980). The sounds of
a beating heart are similar to music (Neal & LingleR008) and enter the ear
structures through hair cells, changing into eneagy electric currents transmitted
along the auditory nerves to the limbic system sg=llting in increased release of
serotonin and stimulation of the pituitary glandrébease endorphin, thus leading to
better relaxation and longer sleep. In additionesth hormones affected the
parasympathetic nervous system contributing tolesthleart and respiration rates.
Accordingly, the study of Salk (1973) stated theambeat sounds were able to make
infants feel calm, reduce crying and gain weigha assult of better sleep. Moreover,
the growth hormone released during quiet sleepeldelipcrease infants’ weight.
Similarly, the study of Schmidt et al. (1980) assérthat heartbeat sounds highly
influenced sleep duration, increasing sleep dumaticeducing active sleep and
increasing quiet sleep with statistical significanc

Hypothesis3: The active deep of preterm infants will be shorter while hearing
heartbeat sound than while not hearing heartbeat sound.
The findings of this study revealed that activeeplevas slightly shorter
than while hearing heartbeat sounds than while heatring heartbeat sounds. The
mean duration for active sleep while hearing heatbsounds was 24.54 minutes

which was equivalent to 61.35% of the total slegkavstates as shown in Table 2 and
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61.67% of the sleep duration time as shown in T8bl€he mean duration for active
sleep while not hearing heartbeat sounds was 26iB0tes which was equivalent to
66.25% of the total sleep-wake states as shownaleT2 and 77.55% of the sleep
duration time as shown in Table 3. However, a campa of the difference between
the mean active sleep duration while hearing arichearing heartbeat sounds showed
the mean active sleep duration to be shorter wiabring heartbeat sounds than while
not hearing heartbeat sounds without statistioghicance (p > .05) as shown in
Table 7. Normally, the active sleep of full ternfaints accounts for 50-55% of the
total sleep-wake states (Gardner & Lubchenco, 199&ssakunachai, 2008), but
preterm infants’ brain function is not completelgveéloped, so they have more active
sleep accounting for 80% of sleep duration (Gardiadrubchenco, 1998; Papalia,
Olds, & Feldman, 1999; Peirano et al., 2003) whéchn outstanding state of preterm
infants’ sleep cycles (Vandenberg, 2007). Thidss an essential state of newborns as
they are stimulated by the environment, develojir theural networks and circulate
oxygen to their eyes through their rapid eye movdneading to vitreous flow (Berk,
2006). In this study, infants in both stages weraraged in environments similar to
the womb or in a quiet hour where the infants’\aesleep could be reduced at a .05
level of statistical significance according to thidy of Nakklinkul, (2003) and
Sudsaneha, (2005). Accordingly, the findings os thiudy revealed that the active
sleep of preterm infants in both the experimentde and control stage accounted for
61.35-66.25% which was less than the normal slegfenqms of the preterm infants
having active sleep at 80%. In this study, thers wa difference between the active
sleep in the experimental group and the controlugrbecause the infants were
arranged in similar environments leading to simsBéep patterns. The difference,
however, was that the infants had more drowsy slgeiet alert and active alert states
while not hearing heartbeat sounds than while hgareartbeat sounds. No quiet alert
or active alert was found while hearing heartbeainds. The findings of the study
indicated that heartbeat sounds were able to chémpteterm infants. None of the
preterm infants were found in the alert state whaaring heartbeat sounds which led

to earlier and longer active sleep and quiet sleep.
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Heart Rate, Respiration Rate and Oxygen Saturation

Heartrate was slightly different in the experimental aswhtrol stages.
The mean heart rate while hearing heartbeat sowads126.55 beats/minute, which
was lower than while not hearing heartbeat sourfistwwas equivalent to a mean of
127.85 beats/minute as shown in Table 8. Compaddhe mean heart rate of the
preterm infants while hearing heartbeat sounds @wid hearing heartbeat sounds
revealed that the heart rate of infants was loweiteahearing heartbeat sounds than
while not hearing heartbeat sounds without statiésignificance (p > .05) as shown
in Table 8. The mean heart rate of the pretermnisfat both the control and
experimental stages was not much different becho#ie stages provided the same
quiet hour with controlled light and sound, so thiants curled up in the incubator
covered with a cloth which contributed to betted donger quiet sleep according to
the study of Nakklinkul and Sudsaneha (Nakklink@D03; Sudsaneha, 2005).
Therefore, the heart rates of the preterm infargsevno different in the experimental
and control stages as shown in Table 8. The tuet enhanced infants’ quiet sleep.
Although the mean heart rate of the preterm infavds not different, the heart rate
while hearing heartbeat sounds was more stabls, rkpresenting better quiet sleep
(Holditch-Davis, 1993). During quiet sleep, the gsympathetic nervous system had
greater function which led to the lowest heart anid blood pressure within 24 hours
with a low and stable metabolic state (Vasiknar&903). Accordingly, the study of
Schmidt et al. (1980) stated that heartbeat soulisot affect the cardiovascular
system or body movement of infants during quietsle

Similarly, the respirationate during the experimental and control stages of
the present study were slightly different. The messpiration rate while not hearing
heartbeat sounds was equal to 37.94 times/minutzesk the mean respiration rate
while hearing heartbeat sounds was equal to 34ihéstminute. The study of
Brazelton on infants’ sleep behavior (Brazelton94)9 found that infants had
abdominal breathing that was deep, slow and condtaing quiet sleep with a mean
rate of 36 times/minute. Hence, the present strelyealed the infants’ mean
respiration rate to be 34.17 times/minute which Vess than 36 times/minute while
hearing heartbeat sounds to represent their qleep.sDuring active sleep, most

infants have diaphragmatic breathing, other regpiyanuscles are more relaxed and



Somijit Wannakhow Discussion / 56

breathing is shallow, fast and not constant whieads to reduction of alveolar
ventilation, minute ventilation and tidal volumes well as frequent central apnea. In
addition, breathing responses to carbon dioxideeotmations send these values to the
lowest level (Vasiknanon, 2003; Holditch-Davis, 32During quiet sleeghe infants
bodies respond better to low blood oxygen and lhegkls of carbon dioxide in the
blood by increasing minute ventilation than duriagtive sleep, (Kuptanon and
Preutipan, 2006) thus resulting in constant bregthHowever, comparison of the
mean respiration rate of infants while hearing aathearing heartbeat sounds reveals
their respiration rate while hearing heartbeat ggitn be lower than while not hearing
heartbeat sounds without statistical significanpe>( .05) as shown in Table 8,
possibly because both the experimental and costagles were arranged in the same
quiet hour leading to similar respiration rate. Héer, respiration rate while hearing
heartbeat sounds were lower and more stable, #puegenting better quiet sleep.

The mean oxygen saturation was 97.62% while hedreagtbeat sounds
and 96.58% while not hearing heartbeat sounds. padson of the differences in the
mean oxygen saturation revealed that infants’ omygaturation while hearing
heartbeat sounds was higher than while not hedrgagtbeat sounds with statistical
significance (p < .05) as shown in Table 8. The m&aygen saturation while hearing
heartbeat sounds was mostly higher and more stabjeecially during quiet sleep
because infants in this state hardly have body mewe, require low energy and low
oxygen consumption (Brown, 2009). In addition, oaggsaturation while hearing
heartbeat sounds was more stable than while noingeleartbeat sounds due to the
relationships between active sleep and apnea.rRrétéants are predisposed to apnea
during this state, so their oxygen saturation bexodecreased and unstable as a result
of hypoventilation and lower end respiratory lunglume than during quiet sleep
(Holditch-Davis, 1993; Lehtonen & Martin, 2004). 8 findings of this study revealed
that oxygen saturation was found to be lower ars$ Istable while not hearing
heartbeat sounds, thus representing more activep shhile not hearing heartbeat
sounds and better quiet sleep while hearing heatrmeinds.

In conclusion, the findings of this study revealbat heartbeat sounds
could enable preterm infants to increase sleeptidarand quiet sleep, while reducing

drowsy sleep without alert state, but with no diéfece in their active sleep.
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CHAPTER VI
CONCLUSION AND RECOMMENDATIONS

This study employed a crossover-experimental desigorder to explore
the effects of heartbeat sounds on the sleep darafipreterm infants. The study was
conducted with only one sample group which sen®db@h an experimental group
and a control group. The purposive sampling wadezhiout based on the selection
criteria set by selecting from 12 preterm infamstihhe Newborn Unit at Taksin
Hospital during March — June of 2010. The selectiateria were as follows: 32-36
weeks’ gestational age based on the Ballard soorejal hearing, stable condition, no
requirement to be on oxygen, no congenital dissslior severe complications, no
medications affecting sleep, no serious conditiand parents who were willing to
participate in the study. After the research prapbsad been approved by the Human
Research Ethics Committees of Ramathibodi Hospitdl the Bangkok Metropolitan
Administration, the researcher met with the Direeiod Head of the Newborn Unit at
Taksin Hospital to provide details regarding theadapllection and to explore infants’
names and histories for further selection. Nehe, researchessked for cooperation
from the parents in the data collection of the damapd requested written consent by
obtaining signatures in informed consent forms.

The researcher filled in the demographic datarceemd the experiment
was divided into 2 stages. All of the selected ntdaparticipated in both stages. The
sampling was performed by non-related persons wdterchined the sequence of
experimental/control stages, i.e. A: Heartbeat/Namel B: None/Heartbeat. The
period where heartbeat sounds were heard was fleximental stage and the period
where heartbeat sounds were not heard was theot@tage.The environments of
both stages were arranged similarly to the womlbeeg in an incubator located in a
separate room, displaying a poster in front of tb@m which said, “Please do not
disturb during the study”, covering the incubatattma cloth, controlling light not to

exceed 600 Lux, controlling sound not to exceedBg8arranging infants in the supine
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position, attaching an oxygen saturation measurisgjument to one of infants’ feet.
During the experimental stage, the infants werewadd to hear recorded heartbeat
sounds. VDO recordings during infants’ sleep wexeied out for 40 minutes in both
stages. The researcher observed and recordedlsdepiors, oxygen saturation and
heart rate every 1 minute in addition to respiratiate every 10 minutes. If the infants
were awake, moved or cried and could stop by themseor were unintentionally
disturbed by the environmerthe record was suspended and continued the next day
In cases involving less than 90% oxygen saturatioa,infants were provided with
assistance and excluded from the study. Reseastiunmentation consisted of 2 types
i.e. instruments for the experiment and instrumémtshe data collection. Instruments
for the experiment included instruments for meagumxygen saturation and heart
rate, instruments for measuring sound level, imsémnts for measuring light intensity,
the MP3 player and speaker, equipment for measiméaging, VDO camera and the
heartbeat sounds of a normal person with a hetrtofa72 beats/minute. Instruments
for the data collection included the demographitadacord, preterm infants’ sleep-
wake states record and a manual on evaluationretenm infants’ sleep-wake
behavior by Charastong (2001) as adapted froml#epsvake states evaluation form
of Pamaelee & Stern (1972) validated by 5 expdristhis study, the reliability
calculated by the researcher and experts was ¢gua®0. In addition, the record of
oxygen saturation, heart rate and respiration ved¢ee also calculated. The data
analysis carried out by using descriptive statistRaired t-test and Wilcoxon Signed-

rank Test.

Theresearch findings are as follows:

1. The sleep duration of the preterm infants while rimga heartbeat
sounds was longer than while not hearing heartmatds with statistical significance
(p <.01).

2. The quiet sleep of the preterm infants while hephieartbeat sounds
was longer than while not hearing heartbeat sounitls statistical significance
(p <.01).
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3. The active sleep of the preterm infants while heaand not hearing
heartbeat sounds were no different with statissaatificance (p > .05).

4. The heart rate of the preterm infants while heammgl not hearing
heartbeat sounds were no different with statissaaiificance (p > .05).

5. The respiration rate of the preterm infants whaarding and not hearing
heartbeat sounds were no different with statissaatificance (p > .05).

6. The oxygen saturation of the preterm infants whiéaring heartbeat
sounds was higher than while not hearing hearmatds with statistical significance
(p < .05).

Resear ch limitations

1. The researcher could not select infants with gestat ages of less than
32 weeks as some infants were unable to pass thbedest, despite their developed
auditory structure which was similar to adults’ mowy processing but needed to wait
for retesting.

2. The findings of this study can be applied only tewdorn Units that

arrange the same environment as in this study.

Recommendations

Nursing practice

Nurses who provide care for preterm infants canement the practice of
providing heartbeat sounds for preterm infantsradpuguiet hours in order to promote
their sleep, thus leading to better growth andreénervous system development.

Nursing education

Knowledge on the promotion of preterm infants’ plegake development
by heartbeat sounds for enhancing longer sleegidarshould be included in nursing
courses so nursing students will have knowledge anderstanding along with
nursing practice for properly promoting sleep iatprm infants’.



Somijit Wannakhow Conclusion and Recommendations / 60

Nursing administration

The findings of this study can be submitted to thenagement of the
Newborn Unit so it can be used for planning nurgmmgctices and organizing the
Newborn Unit’s structure in terms of light and sducontrol with heartbeat sound
application that would affect the preterm infanggowth and nervous system

development, eventually resulting in their fututelbty of life.

Theresearch findings suggest the following for nursing resear ch:

1. Additional studies on various factors, such asnhfaeight and length
of stay in the hospital when heartbeat soundsuaned on for the infants to hear.

2. Studies on other sounds affecting preterm infaglep, such as music,
mothers’ voice, percussion instruments, etc.

3. More of the same study with full term infants.

4. More of the same study in other Newborn Units farrenextensive
references.

5. Increased samples in the study for greater coveybgeeterm infants.
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APPENDIX C

Histogram

Std. Dev = 8.84
Mean = 33.4
N = 12.00
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Ethics Commitiee
‘ For
Researches Involving Hurnan Subjects, the Bangkok Metropolitan Administration

Title of Project : Effect of Heartbeat Sound on Sleep

Duration of Preterm Infants

Registered Number : 023.53
Principal investigator : Miss Somjit Wannakhow
Name of Institution : Tak Sin Hospital

The aforementioned project has been reviewed and approved by Ethics
Committee for Researches involving Human Subjects, based on the Declaration of

Helsinki.

.............. o reetriaieeen..... Chairman
{Mir. Pirapong Saicheua)
Deputy Permanent Secretary for BMA

DATE OF APPROVAL ..~ 9. MAR.. 2010



Fac. of Grad. Studies, Mahidol Univ.

NAME

DATE OF BIRTH

PLACE OF BIRTH

INSTITUTIONSATTENDED

RESEARCH GRANTS

POSITION & OFFICE

M.N.S. (Pediatric Nursing) / 87

BIOGRAPHY

Miss Somjit Wannakhow

8 April 1972

Roi-et, Thailand

Kuakarun College of Nursing; 1991-1995
Bachelor of Nursing Science
Mahidol University; 2008-2010:
Master of Nursing Science
(Pediatric Nursing)

Thisthesisis partially supported by
Graduate Styudies of Mahidol
University Alumni Association

543 Taksin Hospital, Bangkok, Thailand
Position: Registered Nurse





