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B R I E F  R E P O R T

Normal neonatal brainstem audiometry in preterm infants 
predicted normal hearing later in childhood

Preterm infants have an increased risk of hearing loss1 and should be 
thoroughly evaluated during the neonatal period. At Turku University 
Hospital, all infants born very preterm (VPT) at ≤32 weeks, and/or 
with very low birthweight (VLBW) of ≤1500 g, are examined using 
brainstem auditory evoked potential and brainstem audiometry (BA) 
recordings near term age. Click-evoked BA has been found to cor-
relate well with later hearing levels examined with pure-tone audi-
ometry, but studies have included very few premature infants.2

We investigated associations between neonatal BA and pure-
tone audiometry results in all VLBW and/or VPT babies, born at the 
Hospital from 2002 to 2006 when they were around 5 years of age.

Infants who underwent neonatal BA recording and had later 
pure-tone audiometry results were included. Their BA was recorded 
at the hospital using eight-channel Viking IV equipment (Nicolet 
Biomedical Instruments), with broadband rarefaction click stimuli 
delivered through tubal insert earphones to each ear. The first stim-
ulus intensity was at 35 dB normalised hearing level (nHL), with a fre-
quency of 33.3 Hz and masking white noise in the contralateral ear. 
If necessary, the intensity was increased to 65 dB nHL, in increments 
of 10 dB nHL, until waves III and V were recognisable. At the time of 
the study, the lowest stimulation screening level for BA was 35 dB 
nHL.3 BA was considered abnormal if wave III or wave V was seen at 
45 dB nHL or higher in either ear. Otoscopy was conducted before 
the recordings. A pure-tone screening audiometry was conducted 
on both ears, at 20 dB hearing level (HL) at a primary healthcare cen-
tre or at the hospital. Pure-tone averages (PTA) over the frequencies 
of 500, 1000, 2000 and 4000 Hz were calculated. A PTA0.5–4 kHz was 
considered normal if the level was 0–25 dB HL bilaterally and abnor-
mal if above 25 dB HL in one or both ears. The 25 dB HL limit was 
recommended by the World Health Organization as the threshold 
for normal hearing when the data were being collected.4 It is also 
a reasonable screening level to identify children who need hear-
ing rehabilitation.5 Statistical analyses were carried out using SPSS 
Statistics, version 26 (IBM Corp). The study was approved by the 
local Hospital Ethics Review Committee in 2016 (46/1801/2016).

This study comprised 117 VPT and/or VLBW infants with a BA 
conducted at a corrected mean age of 1 month and PTA0.5–4 kHz results 
at a mean age of 5 years (Table 1). All the children with normal BA 
also had normal PTA0.5–4 kHz results. Five children had both abnormal 
BA and PTA0.5–4 kHz. A further 24 children had an abnormal BA, but 
normal PTA0.5–4 kHz. According to McNemar's test, the proportion of 
abnormal results was higher in the BA than in pure-tone audiometry 
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Abbreviations: BA, brainstem audiometry; HL, hearing level; nHL, normalised hearing level; PTA, pure-tone average; VLBW, very low birthweight; VPT, very preterm.

TA B L E  1  Clinical characteristics of 117 children in the study 
group.

Boys, n (%) 65 (56)

At birth

Weight, grams, median (IQR), range 1220 (885–1417.5), 
560–2120

≤1500 g, n (%) 99 (85)

Gestational age, weeks, median (IQR), 
range

29 (27–31), 23–35

≤32 weeks, n (%) 101 (86)

≤1500 g and/or ≤32 weeks, n (%) 117 (100)

Small for gestational age, n (%) 34 (29)

BA recordings

Corrected age (months) at the time of 
BA recordings, median (IQR), range

1.0 (0.2–1.1), −1.0 to 
6.6

Abnormal BAa, n (%) 29 (25)

Pure-tone audiometry

Age (years) at the time of audiometry, 
median (IQR), range

5.0 (5.0–5.2), 4.0–7.8

Abnormal audiometryb, n (%) 5 (4)

Hearing loss diagnosis, n (%) 6 (5)

Abbreviation: IQR, interquartile range.
aBA was considered abnormal if wave III or wave V was seen at 45 dB 
nHL or higher in the right and/or left ear.
bPure-tone audiometry was considered abnormal if the PTA0.5–4 kHz was 
over 25 dB HL in the right and/or left ear.
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measurements (p < 0.0001). The sensitivity and negative predictive 
value of neonatal BA were both 100% for later hearing ability. The 
specificity was 79%, and the positive predictive value was 17%.

We found that BA was a sensitive method for hearing screening 
in preterm infants due to the perfect negative predictive value in this 
study. None of the neonates with a normal neonatal BA threshold of 
≤35 dB nHL showed a subsequent abnormal PTA0.5–4 kHz threshold of 
>25 dB HL. However, an abnormal neonatal BA did not necessarily 
predict abnormal hearing in a later pure-tone audiometry test. This 
finding was supported by previous studies, where a click-evoked 
BA tended to overestimate the severity of hearing loss.2 In preterm 
infants, this can be due to ongoing auditory maturation during the 
neonatal period. In addition, middle ear effusion can cause transitory 
hearing loss, leading to BA abnormalities, and affect positive predic-
tive values. Nonetheless, the vulnerability of these high-risk neo-
nates to late-onset or progressive hearing loss should be considered.2

In conclusion, neonatal click-evoked BA was associated with later 
PTA0.5–4 kHz in preterm infants and showed excellent sensitivity and a 
negative predictive value, which is a prerequisite for a reliable screen-
ing method. Prospective follow-up studies are needed on larger 
preterm cohorts, using BA and subsequent hearing tests. This would 
help to determine the age at which early BA findings would optimally 
predict later hearing deficiencies and enable early interventions.

FUNDING INFORMATION
This work is funded by the Arvo and Lea Ylppö Foundation, the 
Foundation for Paediatric Research, Finland, The Finnish Medical 
Foundation, the Turku University Foundation, Signe and Ane 
Gyllenberg Foundation and EVO state funding to Turku University 
Hospital.

CONFLIC T OF INTERE S T S TATEMENT
None.

Jaana Antinmaa1,2

Satu K. Jääskeläinen1

Jaakko Salonen3

Mari Koivisto4

Helena Lapinleimu5

1Department of Clinical Neurophysiology, Turku University 
Hospital and University of Turku, Turku, Finland

2Department of Paediatric Neurology, Tampere University 
Hospital, Tampere, Finland

3Department of Otorhinolaryngology, Turku University Hospital, 
Turku, Finland

4Department of Biostatistics, Faculty of Medicine, University of 
Turku, Turku, Finland

5Department of Paediatrics and Adolescent Medicine, Turku 
University Hospital and University of Turku, Turku, Finland

Correspondence
Jaana Antinmaa, Department of Clinical Neurophysiology, 

University of Turku, PO Box 52, 20521 Turku, Finland.
Email: jaana.antinmaa@utu.fi

Satu K. Jääskeläinen and Jaakko Salonen contributed equally as 
co-senior authors. 

ORCID
Jaana Antinmaa   https://orcid.org/0000-0002-6991-0892 

R E FE R E N C E S
	 1.	 van Dommelen P, Verkerk PH, van Straaten HLM. Hearing loss by 

week of gestation and birth weight in very preterm neonates. J 
Pediatr. 2015;166(4):840-843. doi:10.1016/j.jpeds.2014.12.041

	 2.	 Baldwin M, Watkin P. Predicting the degree of hearing loss using 
click auditory brainstem response in babies referred from newborn 
hearing screening. Ear Hear. 2013;34(3):361-369. doi:10.1097/
AUD.0b013e3182728b88

	 3.	 Saranto J, Lapinleimu H, Kärpijoki E-L, Matomäki J, Björkqvist M, 
Jääskeläinen SK. Reference values for neonatal BAEP and BA re-
cordings using tubal insert phones. Early Hum Dev. 2016;103:113-
118. doi:10.1016/j.earlhumdev.2016.08.001

	 4.	 Olusanya BO, Davis AC, Hoffman HJ. Hearing loss grades and the 
international classification of functioning, disability and health. 
Bull World Health Organ. 2019;97(10):725-728. doi:10.2471/
BLT.19.230367

	 5.	 McCreery RW, Walker EA, Stiles DJ, Spratford M, Oleson JJ, 
Lewis DE. Audibility-based hearing aid fitting criteria for chil-
dren with mild bilateral hearing loss. Lang Speech Hear Serv Sch. 
2020;51(1):55-67. doi:10.1044/2019_LSHSS-OCHL-19-0021

 16512227, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apa.16860 by U

niversity of T
urku, W

iley O
nline L

ibrary on [22/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:
https://orcid.org/0000-0002-6991-0892
mailto:jaana.antinmaa@utu.fi
https://orcid.org/0000-0002-6991-0892
https://orcid.org/0000-0002-6991-0892
https://doi.org//10.1016/j.jpeds.2014.12.041
https://doi.org//10.1097/AUD.0b013e3182728b88
https://doi.org//10.1097/AUD.0b013e3182728b88
https://doi.org//10.1016/j.earlhumdev.2016.08.001
https://doi.org//10.2471/BLT.19.230367
https://doi.org//10.2471/BLT.19.230367
https://doi.org//10.1044/2019_LSHSS-OCHL-19-0021

	Normal neonatal brainstem audiometry in preterm infants predicted normal hearing later in childhood
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


