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Background

Theﬁe were 3,932,181 births in the United States in 2013 and 11.39% of
these infaints were born prematurely, delivered before the 37" week of
gestation.lﬁ' Many of these infants presented with respiratory distress requiring
neonatal intensive care. An additional 25-30,000 infant were born to substance
abusing nﬁothers, requiring prolonged neenatal intensive care unit (NICU)
admission$ for the management of Neonatel Abstinence Syndrome, related to
substance Ewithd rawal.’

These populations of vulnerable neonaftes are at significantly higher risks of
sensory and neurodevelopmental delays when compared to normal full term
infants.’ Although the genesis of these delay$ are clearly multifactorial, a growing
body of evidence supports the theory that post-natal exposure to noise,
particularlil high frequency sounds, may play a significant role in these problems.*
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FIG 1. Sound attenuation of the
pregnant sheep uterus. From Ref [5].

The ‘acoustic environment in the NICU is radically different from that
experienced in the womb. Incubators, ventilators and cardiorespiratory monitors
all contain high frequency auditory alarms specn‘icaliy designed to optimally alert
NICU caregivers to critical changes in mfant conditions, and they do so with
astounding frequency. In fact, the concept of caregiver “monitor fatigue” has
entered the NICU lexicon and is the subject of current quality assurance efforts by
the Vermont Oxford Neonatal Network and others.” These adverse stimuli have
been shown to increase markers of neonatal stress, interfere with evolving

normal sleep patterns and potentlaily contribute to auditory and
neurodevelopmental deficits.*

As neonatal clinicians have become aware of the potential adverse effects
of noise |n the NICU, multiple interventions have been proposed in the past to
deal with thls issue. Acoustic monitors, visually alerting staff to high levels of
noise in the NICU, have been trialed with limited success.® Ear plugs have been
proposed end abandoned as ineffective and; problematic, given the anatomy of
the neonatal auditory canal and the non-frequency selective nature of their noise
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diminution.” A commercially available ear muff, the “MiniMuff” has been utilized
on a short term basis, but the adhesive used to fix the appliance to the skin can
rapidly lead to skin irritation, prompting the manufacture’s recommendation to
limit the use of the device to a maximum period of 24 hours.’® Another approach
to this problem has been the multi-million dollar redesign of NICU’s throughout
the country, in order to provide single patient rooms. There is controversial
evidence that such an approach leads to an increase, rather than a decrease in
neurodevelopmental delays, potentially related to relative “sensory

deprivation”.'* None of the previous proposed solutions to this issue have been

shown to be practical and/or effective.

Methods

Our proposed study is a phased pilot study to evaluate patient tolerance
and nursing ease-of-use of a novel hearing protection device to reduce exposure
to excessive noise among patients undergoing neonatal intensive care. The study
device has been engineered by NEATCAP, LLC, to provide a circumaural hearing
protector (“ear muff”) with a “low pass” filtering of sound, preferentially blocking
high frequency sounds while transmitting low frequency sounds such as a
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FIG 2. Human ear sensitivity to sound as a function of frequency, representative sound

attenuation of pregnant sheep uterus (see also FIG 1), and bench testing results of
headware device on preterm infant model.




The device employs a soft neoprene/nylon headband to fix the ear covers in
place, with multiple sizes of both the ear covers and headbands to accommodate
multiple sizes of infants. "> A patent for the device is pending. Recent Food
and Drug Administration rulings have waived a requirement for an Investigational
Device Exemption (“IDE”) for this type of device (see attached letter).

Phase 1
of the study will
entail a 60-
minute initial
size and fit
evaluation  of

FIG 3. NEATCAP prototype noise protection device on premature
infant model. illustrating circumaural ear covers. fabric band and

the device on a
convenience sample of 25 infants admitted to the NICU. The inclusion criteria for

the study include study initiation during the first two (2) weeks of NICU
hospitalization and written signed informed consent from the parents of the
study subjects. Exclusion criteria will include: age less than 12 hours, significant
cranial trauma noted on admission, congenital anomalies of the head and/or
neck, hemodynamic instability requiring pharmacologic intervention and a

recommendation by the attending neonatologist not to enroll the patient for any
reason.

In Phase 1, the device will be applied by a single trained senior neonatal
intensive care nurse with experience in recognizing distress in NICU patients.
Once proper fit of the device has been assured, it will be removed and a 30
minute “time out” interval will be employed. Baseline vital signs will then be
obtained (see attached data collection sheet), the device will be re-applied and
repeat vital signs will be obtained at 30- and 60-minute time periods. The device
will be removed after 60 minutes and a fourth set of vital signs will be obtained 30
minutes after device removal. The primary endpoint of the study will be the
absence of any device-related adverse events, including evidence of skin
discomfort or irritation at the site of device application, or significant sustained
changes in vital signs consistent with a stress response, as outlined in Table #1.




Table #1.

Slgnlflcant elevated stress is defined as persistence of | Sécondary  endpoints
any of the following in the absence of intrusive will include NEATCAP
manlpulatlons of the patient (e.g.: IV insertions, | Sizing options able to fit
nursing care procedures, etc.) based on the Cries | >90% of the target

Score for Pain Assessment:* population and a >80%
e Temperature: >0.6°F increase in temperature above positive response to a

baselme multi-question  ease-
o Resplretlon: > 20% increase in respirations per minute of-use questionnaire

above baseline completed by the

participating NICU staff

e Pulse: >20% increase in beats per minute above baseline
e Blood pressure: >20 mm Hg increase in systolic blood

pressure above baseline (see the attached
* Oximetry level: >5% pulse oximeter decrease below questionnaire). The
baseline data will be stored by

the Study Coordinator
and will undergo statistical analysis for repeated measures by T. Cooney, MS, with
subsequenﬁt review by the primary investigator and the device consultants. If no
specific neéative findings are identified, Phase 2 will begin.

Phase 2 will entail a 3-day evaluation of tolerance of the device, entailing a
total of three (3) eight-hour-long sessions of device use on three (3) consecutive
days. The study population will consist of a convenience sample of 25 neonates
with identical inclusion and exclusion criteria as outlined for Phase 1. After
obtaining baseline vital signs prior to each session, the bedside NICU nurse
assigned to the patient will apply the device under the supervision of the data
collection RN Temperature and blood pressure data will be obtained at 3 and 6
hours of deV|ce use and heart rate, resplratory rate and oxygen saturation levels
will be recorded every hour. The device W|ll be removed after eight hours, with
continued monltorlng of vital signs for another eight hours after device removal.
The prlmary endpoint of the study will be the absence of device-related adverse
events, mcludmg evidence of skin dlscomfort or irritation at the site of device
appllcatlor\, or sustained changes in vital signs consistent with a stress response,
as outlinefd in Table #1. Secondary endpoints will include a >80% positive
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response f:o a multi-question ease-of-use questionnaire by the bedside nurse
assigned to the patient and acceptance of the device by the patient’s parents, by
direct que$tioning by the principal investigatdr. Data for Phase 2 will be stored by

the Study

%Coordinator with statistical analysis for repeated measures by T.

Cooney, MS All data will be de-identified by the Study Coordinator prior to

analysis.

Risks/Benefits

The

potential study risks to subjects include skin discomfort, irritation or

pain at the site of device application and/or adverse changes in vital signs

associated

with device usage. The potential study benefits are to provide critical

data for the product development of an opt‘imally-designed circumaural hearing

protection

device for patients receiving neonatal intensive care. This pilot study

will potentially lead to a trial of sustained use of this device in the NICU.
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