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ABSTRACT

Introduction: The average noise level exposure inside Neonatal
Intensive Care Unit (NICU) is more than the recommended
guidelines. The source of noise exposure inside NICU is
multifactorial. There is need of studies to assess the noise levels
of respiratory equipment used inside the NICU.

Aim: To assess the noise levels of invasive versus non invasive
and respiratory support in preterm neonates admitted to
NICU.

Materials and Methods: This cross-sectional descriptive study
was donein NICU of a tertiary health care center of Sanjay Gandhi
Postgraduate Institute, Lucknow, Uttar Pradesh, India over one
year duration from December 2019 to December 2020. A sample
of 85 eligible neonates without major congenital anomalies (26-
36+6 weeks gestation) was enroled in this study after obtaining
informed consent from parents. The noise levels of Heated
Humidified High Flow Nasal Cannula (HHHFNC), Continuous
Positive Airway Pressure (CPAP), conventional ventilation and
High-Frequency Ventilation (HFV) were measured using a sound
level meter for a period of first 24 hours of life. The median
sound level from non invasive ventilation is compared with

INTRODUCTION

The foetus response to sound is observed as early as 26-28 weeks
of gestation [1]. But there is a difference in the level of sound
exposure between in-utero versus ex-utero environment, NICU. The
AAP recommends that the average sound level inside NICU should
not exceed 45 dB and the maximum level of transient sound not be
more than 65 dB [2]. Noise more than the recommended range can
produce changes in vital parameters, apnoea, hypoxia, hearing loss
and neurodevelopmental impairment [3,4]. But in most NICU, the
average sound level exposure is more than the suggested threshold
[5,6]. Hence, a consensus committee on design standards of NICU
(2020), suggested guidelines to reduce the noise level inside the
NICU [7].

The main obstacle against the successful implementation of these
guidelines is the multifactorial source of sound exposure inside
the NICU. According to published literature the sound exposure
inside modern incubators might be harmful and more than the
recommended standard [8]. The noise generated from HFNC and
CPAP have been found to be far more than the AAP recommendation
and less noisy devices were needed [9].
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invasive ventilation. The continuous variables were expressed
as median with range, while categorical data were expressed as
frequencies and percentages.

Results: A total of 85 neonates were enroled majority of
them were born in 32-34 weeks of gestation and were with
birth weight of 1501-2500 grams. The sound level exposure
of HHHFNC support was 56.1 dB (52.6-60 dB) from warmer
and 47.3 dB (44.6-50.8 dB) from the incubator. The median
sound level exposure per hour of bubble CPAP was 59 dB
(565.2-61.9 dB) with warmer and 51.4 dB (47-55 dB) with
incubator. The median sound level exposure per hour of the
conventional ventilator was 60 dB (57.4-63.9 dB) with warmer
and 53 dB (50.2-56.1 dB) with incubator. The median sound
level exposure per hour of high-frequency ventilator was 69.1
dB (66.3-71.8 dB) with warmer and 67.3 dB (66.2-68.9 dB)
with incubator.

Conclusion: Non invasive ventilation (HHHFNC and bubble
CPAP) was less noisy than invasive ventilation. The lowest
measured noise exposure was higher than the American
Academy of Paediatrics (AAP) recommendation of 45 dB, even
after isolation with physical barrier.

Most of these published studies were in-vitro and neonate mankind
was used in the methodology [10,11]. There is paucity of in-vivo
NICU studies among preterm neonates.

Hence, the aim of the present study was to assess the noise
exposure from invasive and non invasive respiratory support among
preterm neonates admitted in the NICU.

MATERIALS AND METHODS

This cross-sectional descriptive study was done in NICU of a tertiary
health care center of Sanjay Gandhi Postgraduate Institute, Lucknow,
Uttar Pradesh, India over one year duration from December 2019 to
December 2020. The study was approved by the Institutional Ethics
Committee (PGI/BE/44/2020).

Inclusion and Exclusion criteria: Neonates of gestational age
26-36+6 weeks of gestation requiring any kind of respiratory
support inside the NICU were enrolled in the study after obtaining
informed consent. Neonates with major congenital malformations
such as congenital heart diseases (duct dependant), organ
malformation, neural tube defects and major surgical conditions
were excluded.
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Procedure

The average admission of preterm neonates in our NICU was
100+20 per year and authors noted that 60% of these neonates
required non invasive ventilation and 40% required invasive
ventilation. All sequentially admitted neonates requiring respiratory
support were included. The recruited 85 neonates were divided
into two groups:

e |nvasive ventilation (35 neonates) and
e Non invasive ventilation (50 neonates).

In order to reduce the noise interference from NICU environment,
the enroled neonates were isolated inside the NICU by physical
barriers (incubators/curtains/well-spaced beds). The measured
median basal noise level was 33 dB (30-35 dB) when unoccupied or
vacant (measured before routine NICU fumigation), due to acoustic
properties of enclosed study place inside NICU.

The noise exposure of enroled neonates was continuously monitored
using sound level meter (TSL-06SPD, Tunix corporation, India) for
a total duration of 24 hours, with same settings for all neonates
(A/C weighted frequency measurements, the accuracy of +1.5 dB
and resolution of 0.1 dB). The sound meter was placed on an open
neonatal warmer or incubator with the microphone suspended
5-10 inches above the neonate's head. Care was taken to minimise
the effect of vibration due to surrounding equipment. Twenty-four
discrete sound decibels were measured on hourly basis. The
median sound decibel per hour for 24 hours was included in the
data analysis. Staff nurses were trained on the proper measurement
to ensure uniformity in data collection. The collected data was
cross-checked with the data stored in the internal memory of the
sound level meter.

The neonates enroled in the study were treated according to the unit
protocol [12]. The neonates were treated by Doctorate of Medicine
(DM) Senior residents (Neonatology) in consultation with faculties of
the department. We use open care system, double-walled incubator,
HHHFNC (Fisher&Paykel), bubble CPAP (Babypap, Fanem model),
ventilator (Acutronic, Fabian model) and high-frequency ventilator
(Stephanie, Sophie) for neonatal care. The ventilator parameters
varied according to the neonate’s respiratory requirement. Data
on gestational age, weight, and gender were recorded for each
neonate at the time of enrolment.

STATISTICAL ANALYSIS

Statistical analysis was done using Statistical Package for Social
Sciences version 19.0 (SPSS Inc., Chicago, IL). The continuous
variables were expressed as mean with standard deviation, while
categorical data were expressed as frequencies and percentage.

RESULTS

Strobe chart showing the enrolment [Table/Fig-1]. The baseline
parameters were shown in [Table/Fig-2]. Most of the enroled
neonates were 32-34 weeks of gestation and birth weight of 1501-
2500 grams.

The median sound levels measured were shown in [Table/Fig-3].
Among the 85 neonates enroled in the study, the median sound level
exposure was 56.1 dB (562.6-60 dB) from warmer with HHHFNC
support and 47.3 dB (44.6-50.8 dB) from the incubator with HHHFNC
support. The median sound level exposure per hour was 59 dB (55.2-
61.9 dB) from bubble CPAP with warmer, 60 dB (57.4-63.9 dB) from
the conventional ventilator with warmer and 69.1 dB (66.3-71.8 dB)
from the high-frequency ventilator with warmer. The median sound
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level exposure per hour was 51.4 dB (47-55 dB) from bubble CPAP
with incubator, 53 dB (50.2-56.1 dB) from conventional ventilator with
incubator and 67.3 dB (66.2-68.9 dB) from high-frequency ventilator
with incubator.

‘ Assessed for eligibility (90) ‘

‘ Excluded (5)

-Congenital malformations (5)

v
Enroled (85)

Non invasive ventilation (50) Invasive ventilation (35)

Warmer and HHHFNC (10) ‘Warmer and Ventilation (15)
Warmer and CPAP (15) ‘Warmer and HFV (5)

Incubator and HHFNC (8) Incubator and Ventilation (12)

Incubator and CPAP (17) Incubator and HFV (3)

[Table/Fig-1]: Strobe chart.

Characteristics | n (%)
Gender

Male 56 (65.8%)
Female 29 (34.1%)
Gestational age (in weeks)

26-27+6 7 (8.2%)
28-29+6 11 (12.9%)
30-31+6 16 (18.8%)
32-33+6 30 (35.2%)
34-36+6 21 (24.7%)
Birth weight (in grams)

<800 1(1.1%)
801-1000 5 (5.8%)
1001-1250 17 (20%)
1251-1500 21 (24.7%)
1501-2500 31 (36.4%)
>2501 10 (11.7%)

[Table/Fig-2]: Baseline parameters.

Median with range
Respiratory support n (%) (dB)
Non invasive ventilation
Warmer and HHHFNC 10 (12%) 56.1 (52.6-60)
Incubator and HHHFNC 8 (9%) 47.3 (44.6-50.8)
Warmer and CPAP 15 (18%) 59 (565.2-61.9)
Incubator and CPAP 17 (20%) 51.4 (47-55)
Invasive ventilation
Warmer and conventional ventilation | 15 (18%) 60.6 (57.4-63.9)
Incubator and conventional ventilation | 12 (14%) 53 (60.2-56.1)
Warmer and HFV 5 (6%) 69.1 (66.3-71.8)
Incubator and HFV 3 (3%) 67.3 (66.2-68.9)

[Table/Fig-3]: Sound exposure of neonates with various levels of
supportive care.

HHHFNC: Heated humidified high flow nasal cannula; CPAP: Continuous positive
airway pressure; HFV: High frequency ventilator

DISCUSSION

In this descriptive study, authors assessed the noise levels of
various respiratory supports used in NICU. The median decibel
sound noted in the first 24 hours of life was used for comparison.
The sound measurement inside NICU is affected by multiple factors
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[13]. The lowest possible sound was generated from non invasive
ventilation support using HHHFNC. The highest possible sound
was generated from invasive ventilation support using HFV. The
respiratory care using incubators was associated with reduced
sound when compared to the open care system.

The authors noted that measured sound level was more than the
AAP recommendation of 45 dB. Matook SA et al., measured the
sound levels inside NICU and noted that the average sound levels
were more than 45 dB almost all parts of the day [14]. In another
study by Krueger C et al.,, measured sound levels at multiple
locations inside NICU were never below the recommendation range
[15]. Hence, the elevated sound levels are a major concern among
most NICU across the world. The exposure to sound levels is not
uniform for all neonates admitted in NICU.

Heated Humidified Cannula and CPAP are the major non invasive
respiratory support inside NICU. In this study, the median sound
range from HHFNC devices was 47.3 dB with incubator and 56.1
dB with open care system. Roberts CT et al., compared the sound
levels between HHFNC and CPAP devices across various gas flows.
HHFNC was noted to be less noisy in the study compared to CPAP
[16]. Another in-vitro study by Kénig K et al., showed HHFNC was
noisier than CPAP devices. Vapotherm HFNC generated the highest
noise levels, measuring 81.2-91.4 dB with increasing flow. Fisher
and Paykel HFNC noise levels were between 78.8 and 81.2 dB.
The CPAP device generated the lowest noise levels between 73.9
and 77.4 dB [9]. Hence, the major determination of noise generated
from non invasive respiratory support was the gas flows and the
pressure generated by the devices. High flow cannula and CPAP at
low flow rates generated the low noise levels inside NICU.

In the present study, the median sound levels of CPAP was 59 dB
(warmer) and 51 dB (incubator) respectively. Kirchner L et al., studied
the noise levels between continuous flow and constant flow CPAP
devices. Conventional CPAP generators (55 dB) work more quietly
than the currently available jet CPAP generators (83 dB) [17]. The
higher flow rates in the CPAP devices were the major source of noise
generation [10]. Surenthiran SS et al., noted that sound measured
at postnasal spaces of neonates with CPAP at high flows were
more than conventional ventilator [18]. The high sound measured at
postnasal space was associated with cochlear damage.

In this study the HFV with warmer (69.1 dB) and with incubator (67.3
dB) was noisier among the respiratory support used inside NICU.
Goldstein J et al., compared the noise generated from different high
frequency ventilators. The Drager ventilator was the quietest with
average sound of 49.8+0.49 dB [19]. The observed difference was
due to the bench study type and the ventilator settings between the
studies. Noise levels were highest for the SensorMedics and the
Babylog (70 dB and 62 dB, respectively) [20].

The sound exposure of respiratory support devices with the incubator
was less than that of the open care system. The median sound level
exposure per hour was 51.4 dB (47-55 dB) from bubble CPAP with
incubator, 53 dB (50.2-56.1 dB) from conventional ventilator with
incubator and 67.3 dB (66.2-68.9 dB) from HFV with incubator.
Parra J et al., noted that the sound inside the incubators was more
than the room (+8 dBA) [21]. The sound levels inside incubators
were affected by the sound frequency and the motor characteristics
[22]. Monson BB et al., noted that low frequency sounds were louder
inside incubators when compared to the high frequency sounds
[28]. The presence of sound absorbing panels was associated with
reduced reverberating effects within incubators [24].
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In this study, it was observed that noise exposure inside NICU was
more than the recommendation. Non invasive ventilation support
(HHFENC) was less noisy when compared to invasive ventilation.
Quality improvement initiatives have significantly reduced the basal
noise levels of NICU [25]. The alteration of the NICU acoustic
environment such as sound absorbing walls and windows was
associated with reduction in baseline noise levels inside NICU [26].
The use of earmuffs among preterm neonates was associated
with reduced behavioural changes in the neonates and increased
the sleep duration [27,28]. Hence, infant ICU should develop and
maintain a program of noise control and abatement in order to
operate within the recommended permissible noise criteria [29].

The noise levels of various respiratory equipments used inside NICU
was compared. But other sources of sound/noise inside NICU were
not considered in the study. The reproducibility of the data will be
affected by multiple considerations in the methodology [30].

Limitation(s)
The effect of soundlevel on mortality and morbidity was not commented
on due to the limited sample size and multiple confounders.

CONCLUSION(S)

Non invasive ventilation (HHHFNC and bubble CPAP) was less noisy
than invasive ventilation. The lowest measured noise exposure was
higher than the AAP recommendation of 45 dB, even after isolation
with physical barrier. Further studies involving large sample size,
correlation to the outcome and long term follow-up of preterm
neonates are needed.

REFERENCES

[11 Hepper PG, Shahidullah BS. Development of fetal hearing. Arch Dis
Child Fetal Neonatal Ed. 1994;71(2):F81-87.

[2] Committee on Environmental Health. Noise: A hazard for the fetus and
newborn. Pediatrics. 1997;100(4):724-27.

[8] Peng N-H, Bachman J, Jenkins R, Chen C-H, Chang Y-C, Chang
Y-S, Wang T-M (2013). Relationships between environmental stressors
and stress biobehavioral responses of preterm infants in NICU.
Advances in Neonatal Care, 13(5S), S2-S10. https://doi.org/10.1097/
ANC.0000000000000023

[4] Aly HA, Ahmed AM. Effect of noise on neonatal vital data and behavior
in NICU. Clin Med Diagn. 2016;6(1):01-06.

[6] Darcy AE, Hancock LE, Ware EJ. A descriptive study of noise in
the neonatal intensive care unit: ambient levels and perceptions of
contributing factors. Adv Neonatal Care Off J Natl Assoc Neonatal
Nurses. 2008;8(3):S16-26.

[6] Graven SN. Sound and the developing infant in the NICU: conclusions
and recommendations for care. J Perinatol Off J Calif Perinat Assoc.
2000;20(8 Pt 2):588-98.

[71 White RD, Consensus Committee on Recommended Design
Standards for Advanced Neonatal Care. Recommended standards for
newborn ICU design, 9th edition. J Perinatol Off J Calif Perinat Assoc.
2020;40(Suppl 1):2-4.

[8] Marik PE, Fuller C, Levitov A, Moll E. Neonatal incubators: a toxic sound
environment for the preterm infant?*. Pediatr Crit Care Med J Soc Crit
Care Med World Fed Pediatr Intensive Crit Care Soc. 2012;13(6):685-89.

[9] Konig K, Stock EL, Jarvis M. Noise levels of neonatal high-flow nasal
cannula devices--an in-vitro study. Neonatology. 2013;103:264-67.

[10] Karam O, Donatiello C, Van Lancker E, Chritin V, Pfister RE,
Rimensberger PC. Noise levels during nCPAP are flow-dependent
but not device-dependent. Arch Dis Child Fetal Neonatal Ed.
2008;93(2):F132-34.

[11] Kazemizadeh Gol MA, Black A, Sidman J. Bone conduction noise
exposure via ventilators in the neonatal intensive care unit. The
Laryngoscope. 2015;125(10):2388-92.

[12] New Born Baby [Internet]. [cited 2023 Feb 15]. Available from: https://
www.newbornwhocc.org/clinical_proto.html

[13] Byers JF, Waugh WR, Lowman LB. Sound level exposure of high-
risk infants in different environmental conditions. Neonatal Netw NN.
2006;25(1):25-32.



. Prabha Verma et al., Noise Levels of Respiratory Support Used in NICU

www.ijnmr.net .

[14] Matook SA, Sullivan MC, Salisbury A, Miller RJ, Lester BM. Variations of [23] Monson BB, Rock J, Cull M, Soloveychik V. Neonatal intensive care
NICU sound by location and time of day. Neonatal Netw NN. 2010;29 unit incubators reduce language and noise levels more than the womb.
(2):87-95. J Perinatol Off J Calif Perinat Assoc. 2020;40(4):600-06.

[15] Krueger C, Wall S, Parker L, Nealis R. Elevated sound levels within a  [24] Bellieni CV, Buonocore G, Pinto |, Stacchini N, Cordelli DM, Bagnoli F.
busy NICU. Neonatal Netw NN. 2005;24(6):33-37. Use of sound-absorbing panel to reduce noisy incubator reverberating

[16] Roberts CT, Dawson JA, Alquoka E, Carew PJ, Donath SM, Davis PG, effects. Biol Neonate. 2003:84(4):293-96.
etal. Are high flow nasal cannulae noisier than bubble CPAP for preterm  [25] Ahamed MF, Campbell D, Horan S, Rosen O. Noise reduction in the
infants’? Arch Dis Child Fetal Neonatal Ed. 2014;99(4):F291-95. neonatal intensive care unit: a quality improvement initiative. Am J Med

[17] K|rphner L, Wald M, Jeltlgr V, Pollak A. In-vitro comparison of Qual Off J Am Coll Med Qual. 2018;33(2):177-84.
noise levels produced by different CPAP generators. Neonatology. [26] Aita M, Robins S, Charbonneau L, Doray-Demers P, Feeley N.

[18] ég:jn‘sh(i)r;(r? )é%?;/ll(i?grlaham K, May J, Chant T, Emmerson AJB, Newton gor.nparLi]ng Iighttaln gggszlzveészggfiée and after a NICU change of
VE. Noise levels within the ear and post-nasal space in neonates in 1,y Kii'izm P?k::sar;nN Raﬁjbér)/i GodarziZ, Karimi A. The effectiveness
intensive care. Arch Dis Child Fetal Neonatal Ed. 2003;88(4):F315-18. ' ’ . .’ L o

[19] Goldstein J, Laliberte A, Keszler M. Ambient noise production by high- .Of earmuffs on The phyS|loIog|c and behavioral stability in_ preterm
frequency neonatal ventilators. J Pediatr. 2019;204:157-61. infants. Int ‘J Ped@r Otorhinolaryngol. 201 7;?8:43_47' .

[20] Hoehn T, Busch A, Krause MF. Comparison of noise levels caused by [28] Duran R, Giftdemir NA, ,OZbek U\{, Berberoglu U, Durankus F, SUt N
four different neonatal high-frequency ventilators. Intensive Care Med. et al. The .EﬁeCtS of no'se_ reduction 'F’V earmuffs on the.phyS|oIog|c
2000;26(1):84-87. and behavioral responses in very low birth weight preterm infants. Int J

[21] Parra J, de Suremain A, Berme Audeoud F, Ego A, Debilon T. Pediatr Otorhinolaryngol. 2012;76(10):1490-93.

Sound levels in a neonatal intensive care unit significantly exceeded ~ [29] Chawla S, Barach P, Dwaihy M, Kamat D, Shankaran S, Panaitescu
recommendations, especially inside incubators. Acta Paediatr Oslo B, et al. A targeted noise reduction observational study for reducing
Nor 1992. 2017;106(12):1909-14. noise in a neonatal intensive unit. J Perinatol Off J Calif Perinat Assoc.

[22] Restin T, Gaspar M, Bassler D, Kurtcuoglu V, Scholkmann F, Haslbeck 2017,37(9):1060-64.

FB. Newborn incubators do not protect from high noise levels in [30] Singh D, Fusch G. Investigating noise exposure to newborn infants

the neonatal intensive care unit and are relevant noise sources by
themselves. Child Basel Switz. 2021;8(8):704.

from respiratory support: methodological considerations. Cureus.
2021;13(11):e19353.

PARTICULARS OF CONTRIBUTORS:
Senior Resident, Department of Neonatology, SGPGIMS, Lucknow, Uttar Pradesh, India.
2. Assistant Professor, Department of Pediatrics and Neonatology, JIPMER Karaikal, Pondicherry, India.
3. Senior Professor and Head, Department of Neonatology, HIMS, Dehradun, Uttarakhand, India.

1.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Vasanthan Tanigasalam,

9, Fourth Cross Street, Dr. Radhakrishnan Nagar, Karaikal, Puducherry, India.
E-mail: vasanthan2k@jipmer@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:

None

e Was Ethics Committee Approval obtained for this study? Yes

PLAGIARISM CHECKING METHODS: Vantetal]

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Jan 20, 2023
e Manual Googling: Mar 06, 2023
e iThenticate Software: Mar 08, 2023 (6%)

Date of Submission: Jan 10, 2023
Date of Peer Review: Feb 04, 2023

Date of Acceptance: Mar 09, 2023
Date of Publishing: Jun 30, 2023

e Was informed consent obtained from the subjects involved in the study? Yes

* For any images presented appropriate consent has been obtained from the subjects. NA

Indian Journal of Neonatal Medicine and Research. 2023 Apr, Vol-11(2): PO25-P0O28


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

