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Abstract
In 1997, the American Academy of Pediatrics (AAP) recommended that the sound levels be limited to less than 45 dB in a
Neonatal Intensive Care Unit (NICU). Follow-up studies of growing premature infants show high incidence of neurodevelopmental
problems, including hearing loss. This is an observational study to assess the sound levels that a neonate can be potentially exposed
to during the transport in a closed incubator from the delivery room to NICU. Sound levels were measured using a dosimeter. A
continuous recording of sound decibels was made with the time stamped, at nine predetermined specific points during the transit.
In addition to preparatory runs, sound levels for ten separate consecutive runs were measured to account for the variations in the
extraneous environmental noise. All ten runs had decibels above 45 decibels. The lowest average dB level recorded during the run
was 56.2 and the highest average was at 88.7. The highest levels occurred when the incubator was moved into and out of the elevator
(81.5 dB and 83.5 dB respectively). Our study suggests that a neonate has the potential to experience higher than recommended
sound levels during the transit from the delivery room to the Neonatal ICU. Newly acquired data can help to further modify the
transport incubator, by adopting various technological advances noted in other industries, and in different environments.

Introduction
In 1997, the American Academy of Pediatrics (AAP) [1]
recommended that the sound levels be limited to less than 45 dB in
a Neonatal Intensive Care Unit (NICU) on A-weighted scale (dBA).
Several preventive and therapeutic modalities that evolved during
the last few decades have resulted in a dramatic improvement,
in the survival rate of premature infants [2,3]. Follow-up studies
of these growing premature infants show high incidence of
neurodevelopmental problems, including hearing loss [4,5]. Noise
in the NICU has the potential to contribute to hearing impairments,
sleep disturbance, somatic effects, and developmental problems
in preterm infants. NICU environment, including unprotected
exposure to excessive sound is considered as a potential cause
for the hearing loss5. The adverse effects of exposure to sound
levels during the neonatal transport from a referring hospital to
a perinatal center by ground or by air were previously studied
[6,7]. We are not aware of any study that assessed the sound levels
that a neonate can be potentially exposed to during the transit in
a transport incubator, from the delivery room to NICU. This is an
observational study, to assess the sound levels that a neonate can
Copyright © All rights are reserved by Raja Nandyal.

be potentially exposed to during the transport in a closed incubator
from the delivery room to NICU.

Methods

Sound levels in an actual transport incubator (Airborne 185A+,
Life Support Systems) which is always used for the transport of highrisk neonates from the delivery room to the NICU at our perinatal
center, were measured. We used a dosimeter (Reed C-322 Sound
Level Meter and Data Logger, 30 to 130 dB range, 0.1 dB graduation,
+/- 1.5 dB Accuracy). It was placed within the incubator with the
doors closed during the transit, from the delivery room on the 4th
floor to a semiprivate room in a Level IV Neonatal ICU, located
on 7th floor. No neonate was placed in the incubator. During the
incubator runs, the study team tried to imitate the usual pace that
is used when a neonate is being transported from the delivery room
to NICU. A continuous recording of sound decibels was made with
the time stamped, at nine predetermined specific points during
the transit. Those were the start, initial closing of the transport
incubator door, bump in the hallway, door to the elevators, moving
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equipment on top of incubator, entering the elevator, exiting the
elevator, NICU entrance door, and the stop at the NICU. In addition
to preparatory runs, sound levels for ten separate consecutive runs
were measured to account for the variations in the extraneous
environmental noise. The study was done on a Sunday, because of
the team’s availability and the team did not want to interfere with
the busy schedule of the weekdays.
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Results
As reflected in the graph (Figure 1), all ten runs had decibels
above 45 decibels. Transport time from the delivery room to NICU
averaged 2.5 minutes. The lowest average dB level recorded during
the run was 56.2 and the highest average was at 88.7. The highest
levels occurred when the incubator was moved into and out of the
elevator (81.5 dB and 83.5 dB respectively).

Figure 1: Ten consecutive runs- color coded. X- axis depicts time stamped, at nine predetermined specific points during the
transit. Y- axis shows sound levels in dBA.

Discussion
National Center for Environmental Health [8] established a fact,
that exposure to loud sound has the potential to cause hearing loss.
And there is ample evidence to say that when a preterm infant, a
compromised neonate, or even a normal term newborn, when
exposed to excessive sound levels, it may result in adverse outcome
[5,9,10]. Often, intensive care environments, especially of NICUs,
are filled with extraneous noise coming from medical staff rounds,
presentations, and other healthcare professional discussions. Other
sources include sound generated by NICU equipment, monitor
alarms, ventilators, beepers, cell phones, and even closure of the
doors, to which preterm infants are potentially vulnerable [5,11,12].
The crying of an infant can be a signiﬁcant source of noise, as loud
sounds tend to be ampliﬁed within the incubator [11,12]. Darcy
et al. [13] found that the ‘hourly mean sound levels in each NICU
ranged from 53.9 dB to 60.6 dB, with no statistically significant
difference between noise levels recorded on day shift versus night
shift, and no statistically significant difference among sites. Their
data contradicted nurses’ perception that the day shift generates

more noise due to various day time activities, than that of the night
shift. Our study showed that the highest sound levels occurred
when the incubator was moved into and out of the elevator (81.5 dB
and 83.5 dB respectively). Those levels were very close to 85 dBA.
Sound levels of 80 to 89 dB were noted in heavy traffic, window
air conditioner, noisy restaurant, and with power lawn mower. And
it was reported that sound levels above 85 dB are harmful [14].
Recent comparative study [15] of 3 modes of neonatal incubators,
concluded that ‘a preterm infant in an incubator is exposed to
noise levels clearly exceeding international recommendations.
This assessment included observation in all 3 neonatal incubators.
Committee to Establish Recommended Standards for Newborn
ICU Design [16], published their guidelines in 2013, which helped
several hospitals in the design of modern NICUs. Still, several
published studies showed that frequently, neonates are exposed to
higher sound levels than those recommended by the AAP1. One such
study done by Aita [17], showed that in the former open ward NICU,
mean sound levels ranged from 54 to 61 dBA, and were consistently
(100%) above the recommended hourly level of 45 dBA, whereas
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mean levels in their newer NICU ranged from 47 to 51 dBA and
exceeded 45 dBA no more than 75% of the time. Recently, Restin
et al. [18] commented that the fan inside the incubator, generates
noise in the frequency range of 1.3–1.5 kHz with a weighted sound
pressure level (SPL) of 40.5 dB(A). Even though the incubator
narrows the transmitted frequency spectrum of sound entering
the incubator to lower frequencies, it does not significantly reduce
the transient noises, such as alarms or the opening and closing of
cabinet doors.

Conclusion

Our study suggests that a neonate has the potential to
experience higher than recommended sound levels during the
transit from the delivery room to the Neonatal ICU. Obviously,
there was no neonatal experience in this study, as it was primarily
conducted as a pilot study. The information we collected can be
used to test the existing sound barriers with larger ‘n’ and duplicate
the study without human participation. Newly acquired data can
help to further modify the transport incubator, by adopting various
successful technological advances noted in other industries, and in
different environments. The results can be analysed and then select
the best modification which is optimal for the neonatal transport.
In addition to decreasing noise level, the researcher needs to
consider other aspects of the transport, the accessibility to the
neonate during the transport for procedures (positive pressure
ventilation, administration of medication), electronic monitoring,
visibility, temperature control, easy transferability etc. Ideally,
neuro developmental follow up studies will add to the value of such
studies.
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