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ABSTRACT

Background & objectives: Intravenous (IV) line insertion in neonates has always been a painful and disturbing
experience for the neonate as well as the operator. Various methods have been described by the researchers to
keep the neonates comfortable during this procedure. This study was conducted to compare the effect of listening
to white noise, lullabies, and nature sounds on pain during IV line insertion in the premature infants hospitalized in
the Neonatal Intensive Care Unit (NICU).

Methodology: In this clinical trial study, 110 premature infants admitted to the NICU were selected by the
convenience sampling method and were placed into four groups: e.g., lullaby, nature sound, white noise, and control
groups, with 4 blocks. Interventions: the pain of each infant was measured at three steps: before, during the
insertion of the intravenous line, and 5 minutes after it. The Neonatal Infant Pain Scale (NIPS) was used to measure
pain. The findings were analyzed with SPSS version 23 software. Non-parametric tests such as the Kruskal-Wallis
test, Chi-square test, and the Bonferroni post-hoc test were employed. A statistical significance level of P < 0.05 was
considered for all tests.

Results: The results showed that the pain during IV-line insertion in the white noise group was significantly less than
in the other groups, and significantly more in the control group than in the other groups. The pain in the nature
sound group was significantly lower than in the lullaby sound group. After 5 minutes of IV-line insertion in premature
infants, the pain level was the lowest in all groups. Pain in the control group was 4.34 times (P < 0.001), and in the
lullaby group was 0.87 times higher than white noise (P < 0.001); the nature sound was different from white noise.
It had no meaning. The results showed that the pain estimation of the four groups during the intervention was lower
than before. Also, the pain before the intervention was 0.75 times higher than 10 min after the intervention (P =
0.003).

Conclusion: Listening to white noise and the sounds of nature as one of the bio-behavioral solutions has an effect
on pain reduction during intravenous line insertion in neonates hospitalized in the NICU, and the application of these
simple and effective methods by the nurses working in the NICUs is recommended.

Abbreviations: NICU: Neonatal Intensive Care Unit, NIDCAP: Newborn Individualized Developmental Care and
Assessment Program, NIPS: Neonatal Infant Pain Scale, IV: Intravenous

Keywords: Critical care; Intravenous; Nature sound; Neonate; NIPS; Non-pharmacological; Pain; Premature infants;
Sound; White noise
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1. INTRODUCTION

The advancements in technology and medical care have
significantly increased the survival chances of
premature and severely ill infants.® This improvement
is largely attainable through the hospitalization of
newborns in specialized neonatal care units (NICU) and
the implementation of frequent diagnostic and
therapeutic procedures. Newborns admitted to NICUs
often undergo painful procedures.? Reports indicate that
infants born at 24 to 42 weeks of gestation, experience
an average of 98 painful procedures within the first 14
days of their life. In most cases, these painful
interventions  are  performed  without  the
implementation of pharmacological and non-
pharmacological pain relief measures for the
newborn.®5

Premature infants often experience heightened
sensitivity to pain due to their immature nervous
systems and physiological systems.® This sensitivity not
only complicates their immediate medical care but also
raises  concerns  about  potential  long-term
neurodevelopmental ~ consequences  related to
unrelieved procedural pain.” Consequently, there is a
pressing need for effective strategies that can alleviate
pain without resorting solely to pharmacological
interventions, which may carry risks of adverse side
effects in this vulnerable population.®

Nurses play a crucial role in managing pain and
providing comfort to premature neonates hospitalized
in the NICU, particularly during painful procedures
such as peripheral intravenous line insertion.® In recent
years, non-pharmacological interventions have
garnered considerable attention in the context of
neonatal pain management.1®! Among these, auditory
stimuli—such as white noise, lullabies, and nature
sounds—have been investigated for their potential
calming effects.”> White noise, characterized by a
consistent sound that masks other auditory stimuli, can
promote a sense of security and calm in infants,
reminiscent of the sounds they would have heard in
utero.’® Similarly, lullabies (Human sound), often
transmitted through maternal voices or recorded music,
have been shown to elicit positive emotional responses
and assist in emotional bonding, which can be
beneficial in a clinical setting.!*'® Nature sounds,
known for their natural rhythms and associations with
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tranquility, may further enhance relaxation and promote
a soothing environment for these infants.16:17

In the context of comparing the effects of listening to
white noise, lullabies, and nature sounds, nurses are
responsible for the implementation of these sound
interventions as part of a holistic approach to pain
management.'®1° They assess the individual needs of
each neonate and determine the most appropriate
auditory stimuli based on the infants' responses and
preferences. By utilizing soothing sounds, nurses can
help to create a calmer and more supportive
environment, which can potentially reduce the
perception of pain and anxiety during these invasive
procedures.?%2

Despite the promising rationale for using auditory
stimuli in pain management, the literature remains
fragmented and underexplored, particularly in regard to
the comparative efficacy of different sound types
during painful procedures.?? Existing studies tend to
focus on single modalities rather than conducting side-
by-side comparisons of white noise, lullabies, and
nature sounds in the context of procedural pain in
premature neonates.”® The lack of comprehensive
evidence regarding the direct effects of auditory stimuli
on pain perception in this unique population represents
a significant gap in the current body of knowledge.?
This study aimed to address this gap by comparing the
effects of listening to white noise, lullabies, and nature
sounds on pain during intravenous line insertion in
premature neonates hospitalized in a NICU.

2. METHODOLOGY

110 premature neonates participated in this study. This
study was a randomized clinical trial to assess the
effects of different auditory stimuli on pain perception
during intravenous line insertion in premature neonates.
Inclusion criteria were; Apgar score higher than five in
the fifth minute after birth, no receipt of analgesics
during iv line insertion and at least 3 hours prior,
absence of debilitating conditions and anatomical
defects of the limbs (arms and legs), absence of
underlying diseases and extensive surgeries causing
pain (such as abdominal surgeries, etc.), birth weight of
1000 grams or more, No have chest tube, have
experienced intravenous line insertion at least once
before starting study, Having a damaged IV line that
needs to be replaced, Attempts to insert an intravenous
line more than once were considered as an exclusion
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_ _ _ _ o warmer according to Newborn
Table 1: Scoring and interpretation for the NIPS Individualized Developmental Care and
Observatio | Score | interpretation Assessment Program (NIDCAP) guidelines,
n based on the selected envelope. The chosen
Eacial 0 Relaxed sound was played through two small
expression 1 Grimace speakers placed 20 centimeters from each
side of the neonate's head. The volume of the
Cry 0 No cry audio was set at approximately 45 decibels.
1 Whimper (mild moaning or intermittent) The researcher performed all venous
2 Vigorous crying or silent cry (based on cannulation of the neonates, while a
facial movements if intubated) colleague monitored the vital signs and
; responses of the neonates. Data were
Breathing 0 Relaxed .
pattern - — _ meticulously recorded by another colleague
Change in breathing (irregular, increased, who assessed pain with the NIPS scale
gagging, breath holding) (Table 1) at 3 time points: 5 min after
Arms 0 Relaxed listening to music (before intervention),
1 Flexed/extended (tense straight arms, rigid | during the 1V-line placement, and five min
and/or rapid extension) after its completion. It is worth noting that
these three individuals remained constant
Legs 0 Relaxed
- — throughout the study.
1 Flexed/extended (tense straight legs, rigid
and/or rapid extension) A standard 24-gauge IV catheter was used
State of 0 Sleeping/awake (quiet, peaceful, settled) for all 1Iv |_nsert|0ns..AII neona_tes |n_ 4
arousal . groups received routine care, including
1 Fussy (alert, restless, and thrashing) swaddling and the administration of a few
NIPS score 0-1: no pain; 2: mild pain; 3—4: moderate drops of 24% sucrose solution. In the control
interpretation pain; 5-7: severe pain group, an 1V line was inserted according to
Lawrence J., Alcock D., Kay J., McGrath P. J. The development of a tool to assess routine  practices  without  additional
neonatal pain. Journal of Pain and Symptom Management. 1991,6(3):p. 194. doi: interventions, and pain assessment was
10.1016/0885-3924(91)91127-U. conducted as mentioned earlier. After

criterion. The NICU department of Sarem Hospital in
Tehran was the site where the research was conducted.
This hospital has a level 3 neonatal intensive care unit
(NICU) that includes 12 active NICU beds and 8 active
post-NICU beds.

The researcher, after obtaining the necessary
permissions (Ethical code: 1402-3-3-26639) to conduct
the study, explained the study objectives to the parents
and, following the acquisition of informed written
consent from both parents, enrolled the neonates in the
study. Participants were selected based on inclusion
criteria with a convenience method and randomly
assigned into four groups using 4-block randomization
method: Group A (lullaby), Group B (nature sounds),
Group C (white noise), and Group D (control group).
All 4-state modes were determined and placed in
envelopes. After selecting the neonates, the researcher
asked a mother to draw one envelope, thereby
determining the sequence of participant selection (for
example: A-D-C-B).

In the intervention groups, auditory stimuli (white
noise, lullabies, and nature sounds) were played from 5
min before the intravenous line insertion until 5 min
after the procedure. Neonates were positioned under a
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successful access, a small amount of fluid
was injected into the vein to confirm
patency, and the catheter was secured

2.1. Sample size

In this study, we chose the power of the test to be 80
(resulting in Z_ (1-B) =1.28) and the type I error to be 1
percent (Z_ (a/2) =2.58). Considering the effect size of
one sample required in the control group, it was
approximately 35 infants, and in each intervention
group. Considering a 10% probability of attrition, the
sample size was 38 in the control group and 24 in each
intervention group. Using 4-block sampling effectively
prevents the issue of unequal group sizes resulting from
random draw, because the randomization is constrained
within each block, ensuring balanced group assignment
across the entire sample.

The demographic information collected about the
neonates included gestational age, current age, gender,
weight, and height, Apgar scores at the 1st and 5th min
of admission, heart rate, respiratory rate, and blood
pressure. To assess pain, the Neonatal Infant Pain Scale
(NIPS), developed by Lawrence et al. (1993), was used.
NIPS is a behavioral scale applicable for assessing pain
in both term and preterm neonates.? The NIPS includes
six behavioral indicators (facial expression, crying,
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Table 2: Comparative demographic characteristics of premature infants hospitalized to the NICU

Control Rain Sound Lullaby Sound White Noise
(n =38) (n =24) (n =34) (n =25)
Gender Female 18 (47.4) 9 (37.5) 5 (20.8) 13 (50) X 2=5.596
Male 20 (52.6) 15 (62.5%) 19 (79.2) 12 (50) df=3
*P=0.133
Infant age Less than 7 29 (76.3) 15 (62.5) 10 (41.7) 14 (58.3) Kruskal-Wallis
(days) 7-14 7 (18.4) 9 (37.5) 14 (58.3) 8 (33.3) H=15.623
>14 2(5.3) 0 0 2(8.3) P<10.001
Max-Min 1-32 3-12 3-13 1-16
Mean +SD  4.49+0.04 6.04 + 2.49 7.25+2.64 6.42 +3.98
Weight (grams)  1000-1500 14 (36.8) 30 (4.2) 11 (45.8) 14 (58.3) Kruskal-Wallis
10002000 15 (39.5) 16 (66.7) 11 (45.8) 9 (37.5) H=17.444
= 2000 9(23.7) 7(29.1) 2(8.2) 1(4.2) P<1 0001
Mean +SD  1686.53 + 1828.63 + 1486.132 + 1460 + 371.80
432.29 258.81 3184.28
Max-Min 2500-1000 2320-1000 2000-1000 2500-1000
Cause of Respiratory 22 (57.9) 15 (62.5%) 14 (58.3) 12 (50) **P=0.109
Hospitalization o 10y 11 (28.9) 3(12.5) 2(823) 9 (37.5)
Cyanosis 5 (13.2) 6 (25) 8 (33/3) 3(12.5)
Number of Single 27 (71.1) 21 (87.5) 19 (79.2) 14 (5.83) X 2=5/870
Twins Twin 11 (38.9) 3(12.5) 5(20.8) 10 (41.7) df=3
*P=0.123
Apgar at 5 min Less than 7 10 (26.3) 24 (100) 24 (100) 8(33.3) Kruskal-Wallis
Total Lessthan7 28 (73.7) 0 (0) 0 (0) 16 (66.7) H=21/203
Morethan7 28 () 73.7% 0 0% P<70.001
Mean £ SD.  7/50 + 1/15 8.54 + 0.50 8.80 £ 0.65 7.25+1.02
Max-Min 6-9 8-9 7-9 6-9
Apgar at 9 min Lessthan 7 1(2.6) 24 (100) 24 (100) 37 (97.4) Kruskal-Wallis
More than7 37 (97.4) 0 (0) 0 (0) 0(0) H=17/322
Mean + SD.. 8.74 % 1.17 9.54 +0.50 9.21+ 0.50 8.54 +1.02 P<10.001
P < 0.05 is considered significant
arms, legs, and state of arousal) and one physiological
parameter (breathing pattern) used to evaluate and 3 R ES U LTS

estimate the intensity of pain. The total score of this tool
ranges from 0 to 7, with a higher score indicating
greater pain. A score of 0-2 is interpreted as mild or no
pain, a score of 3-4 as mild to moderate pain, and a
score of more than 4 as severe pain.

2.2. Statistical analysis

The research data were analyzed using SPSS software
version 23 after collection. For descriptive analysis of
the data, frequency distribution tables, means, and
standard deviations were utilized. Due to the non-
normality of the data, non-parametric tests such as the
Kruskal-Wallis test, Chi-square test, and the Bonferroni
post-hoc test were employed. A statistical significance
level of p < 0.05 was considered for all tests.
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The mean age and the mean weight of the infants in all
four groups are given in Table 2. The four groups
studied had statistically significant differences in terms
of infant age (P < 0.001), infant weight (P <0.001), and
Apgar scores at 5th (P < 0.001) and 9th (P < 0.001) min,
but no significant differences were observed between
other demographic variables of infants in the four
groups (P < 0.05) (Table 2).

The results of the Kolmogorov-Smirnov test showed
that the pain variable was not normal before the
intervention (P < 0.001), during the intervention (P <
0.001), and 10 min after the intervention (P < 0.001), so
nonparametric tests were used for analysis.
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Table 3: Estimated average pain of premature infants admitted to NICU in the groups

Group/Time Results of Bonferroni Post Hoc Tests

Groups  Control 491 +0.08 P (Control/ Nature Sound) < 0.001
Nature Sounds 1.45+0.10 P (Control/Lullaby) < 0.001
Lullaby Sound 213 +0.10 P (Co.ntroINVhlte noise) < 0.001
White Noi 0.40 £ 0.10 P (Rain sound/Lullaby) < 0.001
ite Noise T P (Nature sound/White noise) < 0.001
P (White noise/Lullaby) < 0.001
Time Before Intervention 2.80+0.08 P (Before/During) = 0.26
During Intervention 2.53+0.08 P (Before/10 min after) < 0.001
10 minutes after intervention 1.34+ 0.08 P (During/10 min after) < 0.001

The results of the mixed ANOVA test on the data with
repeated measures revealed significant effects for group
(P <0.001, F = 476.533), time (P < 0.001, F = 85.248),
and the interaction effect of time and group (P < 0.001,
F =28.771). As shown in Table 2, the estimated mean
pain during the three time points assessed in the white
noise group was significantly lower than in the other
groups, while in the control group, it was significantly
higher than in the other groups (P < 0.001). The pain
level in the nature sounds group was significantly lower
than in the lullaby sound group (P < 0.001). The results
also indicated that the pain estimates in all four groups
during the intervention period were lower than those
before the intervention (P = 0.026). The pain of infants
five minutes after the intervention was significantly
lower compared to during the intervention (P < 0.001)
and also significantly lower than before the intervention
(P < 0.001). It is worth noting that for conducting the
mixed ANOVA test with data from two-way repeated
measures, the variables of infants' age, weight, 5-
minute Apgar score, and 9-minute Apgar score were
controlled as confounding variables (Table 2).

The pain levels of premature infants in the control
group were 4.34 times higher (P < 0.001), and in the

lullaby sound group, they were 0.87 times higher than
in the white noise group (P < 0.001). There was no
significant difference between the nature sounds and
white noise. The pain before the intervention was 0.75
times higher than five minutes after the intervention (P
=0.003) (Table 3).

The results of the mixed analysis of variance test in two-
way repeated measures data showed that the effects of
group (P < 0.001, F=476.533), time (P < 0.001,
F=85.248), and the interaction effect of time and group
(P <0.001, F=28.771) were significant. As can be seen
in Graph 1, the average pain estimate at the three times
studied was significantly lower in the white noise group
than in the other groups and significantly higher in the
control group than in the other groups (P < 0.001).

The pain level in the nature sounds group was
significantly lower than in the lullaby group (P <
0.001). The results also showed that the pain estimates
of the four groups during the intervention were lower
than before (P = 0.026). The pain of the infants was
significantly lower 5 min after the intervention than
during the intervention (P < 0.001) and before the
intervention (P < 0.001). It should be noted that in order

to perform the mixed

analysis of variance test

Table 4: The effect of intervention on pain in premature infants admitted to NICU in  two-way repeated
Effect Parameter Confidence Interval measures  data, the
variables of infant age,
Group Control 4.34 4.01-4.67 <0.001 infant  weight, ~ 5-min
Effect Apgar and 9-min Apgar
Nature sounds 0.16 0.01-0.31 0.504 were controlled as

Lullaby sound 0.87 0.54-1.20 <0.001 confounding variables.
White Noise Baseline The pain level of
Time Effect Before intervention  0.75 0.36-1.13 0.003 premature infants in the
During intervention  0.45 0.25-0.65 0.067 control group was 4.34
: : times (P < 0.001) and
10 minutes after Baseline 0.87 times higher in the

int ti ) .

intervention lullaby sound than in the
P < 0.05 is considered significant white noise (P < 0.001)
www.apicareonline.com 611 Open access attribution (CC BY-NC 4.0)
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and there was no significant difference between the
nature sound and the white noise. Also, the pain before
the intervention was 0.75 times higher than 5 min after
the intervention (P = 0.003) (Table 3).

The group and time effects of pain on the neonates are
given in Table 4.

4. DISCUSSION

The results of the current study show that the average
pain levels of the infants decreased during and after the
intervention. However, in the control group, the pain
during the intervention significantly increased
compared to before, and 5 min after the intervention, it
remained higher than prior to the intervention. Based on
the results of our study, infants exposed to all three
types of sounds experienced less pain compared to the
control group at the three time points—before, during,
and 5 min after the IV placement. It can be concluded
that listening to lullabies, white noise, and nature
sounds effectively reduces the pain of the participating
infants. In various studies, the effect of these three types
of sounds has been examined separately with a control
group. In studies, the positive effect of lullaby on
reducing pain in infants and children during invasive
procedures such as vaccination,?” reducing anxiety, and
a sense of closeness between mother and infant.
Fancourt and Perkins (2018) have shown in a study
consistent with the present study, that there was a
significant difference between the control and
experimental groups, indicating the effect of the
mother's voice on reducing pain in infants during
arterial blood sampling.? In another study on the effect
of lullaby with the mother's voice on physiological
responses, following endotracheal tube suction in
premature infants, they concluded that lullaby in the
mother's voice in caring for premature infants can have
a significant effect on the physiological responses of
infants and the level of pain.?® Another study showed
that lullabies played during invasive interventions for
premature infants reduced pain scores. which was
consistent with the results of the present study.%
Previous studies also showed that the mother's voice
produced similar results.3!-33

Other studies have shown that musical sounds have a
positive effect on reducing pain during invasive
procedures in infants.3% Studies on the effects of
nature sounds are very few, and most studies have
considered the above sounds as sounds of musical
types. In a study consistent with the present study,
which used nature sounds, the results showed that
nature sounds are an effective non-pharmacological
method for reducing pain, reducing crying time, and
improving vital signs. The sound of nature is a
monotonous sound that consists of different

www.apicareonline.com

612

Sounds and pain in premature neonates

environmental sounds with different frequencies, such
as wind blowing through trees, waterfalls, rain, or ocean
waves. It is a whispering and constantly monotonous
sound, so it resembles the sound of a mother's womb. It
has been proven that babies are influenced and calmed
by the mother's heartbeat before birth and are calmed
by hearing this familiar sound and rhythm after birth.%

Studies on the effect of white noise on infant pain have
been based on the premise that white noise is a familiar
sound for infants, and most studies have shown a
positive effect of white noise on pain and a sense of
calm in infants.!3%":% The effect of white noise in
shortening the period of adaptation of infants to the
outside world during the postpartum period has been
investigated.®® White noise is a uniform auditory
stimulus without rapid changes in intensity and is
usually similar to nature sounds such as the sea or rain.
When exposed to white noise in the womb, the infant
can hear its mother's heartbeat, blood flow in large
vessels, and the sounds of uterine and digestive tract
movements.*” Since premature infants are familiar with
these sounds, white noise therapy may be more
effective in reducing pain symptoms. Several studies
have investigated the effects of auditory stimuli such as
white noise on premature infants. The results showed a
reduction in stress and unstable vital signs, improved
physiological ~ function, and  neurobehavioral
development in premature infants.

According to the results of the present study, the
average pain estimate at the three times studied was
significantly lower in the white noise group than in the
other groups, and significantly higher in the control
group than in the other groups. The pain in the nature
sound group was significantly lower than in the lullaby
sound group. Few previous studies reported no
significant effect of white noise during other
procedures, such as heel lancet and pain after surgery.*
These discrepancies may be related to differences in
procedure type, intervention methods, or pain
assessment tools. Our study demonstrated that, among
the auditory interventions, white noise was notably
more effective in reducing pain levels during and after
the intravenous line placement when compared to the
control group. This aligns with existing literature that
suggests white noise may create a soothing auditory
backdrop that masks disruptive environmental sounds,
promoting a sense of security and comfort in infants.
While lullabies and nature sound also contributed to
pain alleviation, white noise demonstrated a more
pronounced effectiveness in our results. Further
exploration of different types of white noise (e.g.,
varying frequencies or volumes) could provide
additional insights into optimizing its use for pain relief.
Incorporating white noise machines into neonatal care
could be a straightforward and cost-effective strategy to
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improve comfort for premature infants during invasive
procedures.

5. LIMITATIONS

As with any study, the findings are subject to
limitations, such as the small sample size and the
specific conditions under which the study was
conducted. Future research should consider a larger
cohort and varied NICU settings to examine the broader
applicability of these findings.

6. CONCLUSION

In conclusion, our study highlights that white noise is a
particularly  effective auditory intervention for
managing pain in premature infants, offering a practical
approach for clinicians in the NICU. By integrating
white noise into routine care, healthcare professionals
can enhance the comfort and emotional well-being of
these vulnerable patients, further contributing to
improved health outcomes. Continued research into the
diverse applications of auditory stimuli in neonatal care
will be essential for optimizing pain management
strategies.
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