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INTRODUCTION
Hearing loss is one of the most common 
congenital conditions, affecting approxi-
mately 1.7 infants per 1000.1 Among 
infants discharged from the neonatal 
intensive care unit (NICU), the incidence 
increases to 2 to 4 per 100.2 Universal new-
born hearing screening, first established in 
1990, aims to diagnose hearing loss early 
and initiate timely intervention.2 The Joint 
Committee on Infant Hearing (JCIH) 
recommends screening in all infants by 1 
month of age.2,3 Those who do not pass the 
initial screening should have subsequent 
testing by 3 months of age and, when 
applicable, intervention and amplification 
by 6 months of age – known as the 1-3-6 
guidelines.

Newborn hearing screening is typi-
cally performed using automated audi-
tory brainstem response (AABR) testing, 
auditory brainstem response (ABR) test-
ing, and/or otoacoustic emissions (OAE). 
AABR is a technique in which sounds 
are transmitted to the ear and resulting 
waveforms from the auditory pathway 

are recorded. As the test relies on delivering noise to elicit a 
waveform response, ambient noise may affect successful testing. 
Ideally, screening occurs in quiet environments and when the 
infant is very relaxed or asleep.

Several different types of nasal cannula continuous positive 
airway pressure (CPAP) exist, each with differing mechanisms 
that lead to very different ambient noise conditions for testing.4 

In bubble CPAP, a water column is used as a resistor to gener-
ate CPAP. High flow nasal cannula alters the flow rate of sup-
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Table. Screening Results by Type of Ventilatory Support and Environment

			   Screening Result  	

Condition	 Inconclusive	 Successful	 Unsuccessful	 Total

Bubble CPAP	 2	 1	 3	 6
	 Isolette	 0	 1	 2	 3
	 Open	 2	 0	 1	 3

Ventilator (intubated)	 2	 0	 0	 2
	 Isolette	 1	 0	 0	 1
	 Open	 1	 0	 0	 1

High flow nasal cannula	 3	 16	 0	 19
	  Isolette	 1	 2	 0	 3
	  Open	 2	 14	 0	 16

Nasal cannula	 0	 4	 0	 4
	  Isolette	 0	 0	 0	 0
 	 Open	 0	 4	 0	 4

Room air	 0	 4	 0	 4
	  Isolette	 0	 0	 0	 0
 	 Open	 0	 4	 0	 4

RAM Cannula	 0	 3	 1	 4
	 Isolette	 0	 1	 0	 1
	 Open	 0	 2	 1	 3

Ventilator (tracheostomy)	 1	 0	 0	 1
	 Isolette	 0	 0	 0	 0
 	 Open	 1	 0	 0	 1

Total	 8	 28	 4	 40

Abbreviation: CPAP, continuous positive airway pressure.
Individuals with open crib were more likely to have a successful result com-
pared to the isolette (Fisher exact = 0.02). Method of ventilation was related 
to test success (nasal cannula, high flow nasal cannula, and room air are best; 
bubble CPAP worst), Fischer exact = 0.001.

plemental air to generate positive end-expiratory pressure. The 
RAM Cannula delivery system is created using more flexible and 
softer material than conventional nasal prongs and is designed 
to decrease airflow resistance.5 In neurally adjusted ventilatory 
assist (NAVA) ventilation, a special nasogastric tube is used to 
detect electrical activity of the diaphragm and generate appropri-
ate breaths.4

NICUs and birthing hospitals typically delay screening until 
the infant reaches at least 37 weeks gestational age, is in room 
air, and placed in an open crib – frequently the day before or day 
of discharge. Infants who spend more than 5 days in the NICU 
may be at increased risk for hearing loss, and those discharged 
after a failed hearing screening are at a higher risk of being lost to 
follow-up. 

It was hypothesized that screening opportunities may be missed 
while an infant is hospitalized in the NICU. And given the limited 
literature on ideal screening conditions in this population, this 
study aimed to identify environmental and patient factors associ-
ated with successful ABR screening in the NICU.

METHODS
Over the course of 3 months beginning in August 2020, environ-
mental conditions and basic patient factors were recorded dur-
ing newborn hearing screening in a 70-bed, level IV NICU. All 
infants are required to undergo screening, and the 40 included in 
this study were deemed healthy enough to receive screening by 
their medical care team. Gestational ages of tested infants ranged 
from 28 weeks through 45 weeks, with a mean weight of 890 g 
to 3885 g.

AABR testing was conducted using the Natus ALGO 3i device. 
Each test ran for at least 10 minutes when applicable, with up to 3 
same-day attempts before classifying the test as successful, unsuc-
cessful, or inconclusive. A successful screening was defined as an 
AABR with good electrode impedance that ran to completion, 
regardless of the result. A unsuccessful screening included instances 
when too much artifact (eg, ambient or patient noise) prevented 
test completion. Screening was deemed inconclusive when elec-
trodes could not be placed in order to achieve low impedance, 
likely due to factors such as small head size or other interfering 
medical devices on the patient. Attempts to reduce ambient noise 
levels included quieting monitors and testing when no other staff 
or family members were present.

Standard demographic data noted during the screening included 
age, sex, and weight in grams. Test conditions included isolette 
crib, open crib, continuous positive airway pressure (CPAP), bub-
ble CPAP, high-flow nasal cannula, nasal cannula, room air, NAVA 
ventilation,  and tracheostomy ventilation. 

Standard descriptive statistics and Fishers exact tests were used 
to study the sample population. The study was deemed exempt by 
the Institutional Review Board. 

RESULTS
Forty infants in the NICU were enrolled in this pilot study; 
20 were female (50%). Of the cohort, 29 (73%) infants were 
screened successfully. The earliest gestational age at which a suc-
cessful screen was performed was 33 weeks and 5 days. The mean 
gestational age of successfully screened infants was 33.68 weeks 
(SD, 4.67), compared with 28.17 weeks (SD, 5.51) in the unsuc-
cessful group (P = .005). Mean weight in the successful group was 
2314.9 g (SD, 790.2), compared with 2256.4 (SD, 1012.9 g) in 
the unsuccessful group (P = .424). However, successful screenings 
were obtained in infants weighing as little as 1800 g.

Of the 29 infants screened successfully, 16 (55%) were on high 
flow nasal cannula (HFNC), 4 (14%) were on nasal cannula, 3 
(10%) were on RAM CPAP, and 1 (3%) was on bubble CPAP 
(P = .03). Screening was inconclusive for infants who were intu-
bated or had a tracheostomy. 

Three infants who were screened were ventilated. Ventilation 
method was related to screening success, with HFNC and room 
air yielding the best results, and bubble CPAP the worst (Fisher 
exact test = 0.0001). All 4 infants < 36 weeks gestation who were 
screened in room air were screened successfully. A summary of 
screening results by ventilatory condition is presented in the Table.
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Environment:
Isolette or open crib

Ventilatory Support:
Nasal cannula

High flow nasal cannula

Weight:
1800 g

Figure. Proposed Automated Auditory Brainstem Response Screening Criteria

Age:
34 weeks

Of 8 screens attempted in the isolette crib, 4 were successful 
(50%). Infants in open cribs were more likely to be screened suc-
cessfully than those in isolettes (Fisher exact test = 0.02). 

DISCUSSION
Newborn hearing screening is a very important aspect of early 
pediatric care, though environmental and patient factors that 
affect screening success have not been well studied. Certain risk 
factors, such as prematurity, prolonged mechanical ventilation, 
low birth weight, and NICU stays longer than 5 days increase 
the likelihood of hearing loss. Identifying environmental condi-
tions that support successful screening may enable earlier inter-
vention.6 

In this study, we found that successful screening can be per-
formed in infants with a variety of methods of supplemental 
oxygenation delivery, especially for those using a nasal cannula 
and HFNC. It is important to note that there were no differ-
ences noted regarding gender. A proposed screening algorithm for 
infants is included in the Figure.

A variety of factors contributed to the inconclusive results. 
Often, inability to adequately apply the forehead and/or the neck 
electrodes due to the ventilation system in place led to poor elec-
trode impedance. Ventilated infants consistently produced high 
artifact levels, preventing test completion. In one of these infants, 
the machine defaulted in a non-physiological noise interference 
message. Using a volume control ventilator, the ALGO machine 
noise was low, but infant noise was high; thus, the screening was 
inconclusive. Testing of infants on HFNC in an open crib was 
deemed inconclusive after the machine failed to run 3 times. This 
infant was 39 weeks gestation and approximately 3000 g, but the 
flow rate > 5 liters of HFNC was a higher flow rate of supplemen-
tal air than other neonates in the study. Attempts were made to 
eliminate all other sources of noise during the screening, but the 
higher flow of oxygen likely was responsible for the failed AABR. 
The ALGO equipment also would not run for an infant in an 
isolette and on a ventilator, likely due to the noise from the ven-
tilator. Testing was most successful when an infant was quiet and 
asleep, though screening was possible if the infant was awake but 
quiet. Level of infant arousal was generally unrelated to successful 
screening, with both sleeping and quiet but awake infants yielding 
inconclusive results. 

Limitations
There are limitations to this study. It was performed at a single 
institution NICU with a relatively small sample size. Infants with 
low or very low birth weight did not have enough skin surface 
area to adequately place electrodes as intended by the equipment 
manufacturer. Presence of syndromes was not controlled for and 
may have affected screening results. Future areas of study include 
expanding the sample size and confirming screening ABR findings 
with confirmatory ABR in the form of a diagnostic ABR. 

CONCLUSIONS
Newborn AABR screening can be successfully performed in NICU 
infants receiving supplemental oxygen and in various crib configu-
rations. Screening is feasible at younger gestational ages than typi-
cally practiced, with successful tests obtained in infants as early as 
33 weeks and weighing ≥1800 g. High-flow nasal cannula and 
nasal cannula support screening success, while invasive ventilation 
remains a barrier.

Early detection of hearing loss improves outcomes and sup-
ports adherence to JCIH 1-3-6 guidelines. Earlier screening in the 
NICU may reduce loss to follow-up and facilitate timely interven-
tion for affected infants.
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