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Introduction

The worldwide incidence of bilateral hearing impairment
among newborns is of 1.5 to 3.3 per 1 thousand individua-
ls.1–4 Congenital and progressive hearing loss, including
cases that develop shortly after birth due to complications
like hypoxia or ototoxic therapies, can lead to delayed
speech development, mental and behavioral issues, and

reduced social and cognitive abilities as the child begins
schooling.5,6 Early identification of infant hearing im-
pairment before six months of age, coupled with the provi-
sion of intervention services within an average of two
months postdiagnosis, can significantly enhance cognitive
development compared to later identification.7 Newborn
hearing screening utilizing the transient evoked otoacoustic
emission (TEOAE) test has been implemented for nearly two
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Abstract Introduction Newborn hearing screenings must be completed within 48 hours of
birth.
Objective To determine the optimal timing for the first transient evoked otoacoustic
emissions (TEOAEs) test by comparing the referral rates of infants tested between
different time intervals.
Methods The present study was a retrospective cohort analysis of 2,713 newborns
who underwent TEOAE tests between February 2021 and June 2022. The infants were
categorized into groups according to the age at which they were tested: 12 to 24 hours,
25 to 36 hours, 37 to 48 hours, and> 48 hours.We compared referral rates across these
groups.
Results The overall referral rate for infants tested within 48 hours from birth was 53%,
significantly higher than the rate for those tested after 48 hours (46%, p¼0.001).
Notably, the highest referral rates were observed in neonates aged 25 to 36 hours.
However, no significant difference in referral rates was found for high-risk infants tested
either before or after 48 hours.
Conclusion Transient evoked otoacoustic emissions can be used to screen newborns’
hearing within 48 hours, but the high referral rate suggests that Thailand should add
automated auditory brainstem response (AABR) to its guidelines for hearing evaluation
if newborns leave the hospital before 48 hours.
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decades in certain Thai cities.1,8–10 The TEOAE test is an
effective screeningmethod as it is specific, inexpensive, non-
invasive, and does not require specialized neonatal exami-
nation skill.11,12

Since Thai newborns must be discharged within 48hours
after birth to minimize hospital costs, conducting hearing
screeningduring this period is crucial. However,whilehearing
screening can be performed after hospital discharge, some
parents may need to bring their infants for follow-up tests,
leading to delayed initial screenings.4 Furthermore, perform-
ing hearing screening within 48hours after birthmay lead to a
higher rateof test failure, necessitating repeat screenings. This,
in turn, increases the workload, costs, and stress for both
examiners and mothers.13 Several factors contribute to the
increased failure ratewithin this timeframe: residual amniotic
fluid in the ear canal, transient middle ear effusion commonly
seen in newborns, and the presence of vernix caseosa. These
temporary conditions can interfere with sound transmission
and test accuracy. Our study aims to determine the optimal
timing for administering the initial TEOAE hearing test to
newborns within the first 48hours after birth. The objective
was to identify the age at which hearing screening for new-
borns canbeconducted toachievea referral ratecomparable to
thatofnewbornsscreenedafter48hoursofbirth. Secondly,we
sought to investigate whether these trends differed for high-
risk and healthy neonates. The study compared the referral
rates of infantswho underwent hearing screening between12
and24hours, 25 and36hours, 37 and48hours, andmore than
48hours after birth. If this study establishes a window of
opportunity for thehearing screeningwithin thefirst 48hours
after birth that is equivalent to screening after 48hours,
conducting the test during that window can reduce the need
for retesting and the workload of examiners without
compromising the results.

Methods

Study Population
The present study was conducted at a tertiary hospital and
involved a retrospective cohort analysis of newborns who
were born or admitted as inpatients between February 2021
and June 2022. All neonates born during this period were
included in the study. Exclusion criteria comprised bilateral
atresia or stenosis of the external ear canal, parental refusal
to permit hearing testing, referral to another hospital, ab-
sence of hearing testing upon admission, or decedent status.
A newborn is considered high risk if there is an evaluated
likelihood ofdeveloping hearing loss. The Joint Committee on
Infant Hearing’s 2007 recommendations define infants at
risk for hearing loss as those requiring neonatal intensive
care for more than five days, including any of the following:
extracorporeal membrane oxygenation (ECMO), assisted
ventilation, exposure to ototoxic medications (gentamicin
and tobramycin) or loop diuretics (furosemide), or having
hyperbilirubinemia necessitating exchange transfusion irre-
spective of the length of stay.14 Data from both healthy and
high-risk newborns has been gathered for this study. The
study was approved by the internal Ethical Committee of

Research in Human Subjects with the Ref. nr.CR 0033.102/EC
588, which adheres to stringent ethical standards for re-
search involving human participants.

Instrumentation
The TEOAE test in the present study was conducted utilizing
the Sentiero model (PATH medical GmbH, Germering,
Germany). The process entailed placing a tiny probe into the
newborn’s ear canal to stimulate sound and record the re-
sponsewith a delicate microphone. In the presence of healthy
cochlea, theouterhair cells respondbyemitting a sound that is
detected by the microphone. A trained nurse performed the
screening in silence for less than 10minutes. The equipment
underwent automatic calibration before commencing the
evaluation, and upon completion, the screening initiated.

The TEOAE test assessed frequency bands at 1,000, 2,000,
3,000, and 4,000Hz. A pass criterion was defined as a signal-
to-noise ratio (SNR) of � 6dB in at least three out of the four
frequency bands. These criteriawere uniformly applied to all
infants’ data. The test took place in a quiet room within the
maternityward,with ambient noise levelsmaintained below
50dB sound pressure level. In cases of initial referral, imme-
diate retesting was conducted to reduce false positives
caused by transient factors such as probe placement or
environmental noise.

The results were then displayed as either “pass” or “refer.”
Bilateral “pass” responses in newborns were regarded as
indicators of normal hearing, while infants who responded
with a unilateral or bilateral “refer” were forwarded to
the second-level screening.

Data Management and Analysis
Medical records of all infants were reviewed for the present
study. The medical data, including hearing screening results,
were extracted manually from electronic medical records by
a trained research assistant using a standardized data collec-
tion form. The extracted data were then independently
verified by a second researcher to ensure accuracy. This
process was applied consistently across all patient records
included in the study.

Data collected included general characteristics, hearing
loss risk factors, timing, and results of the first hearing test.
The newborns were categorized into 4 groups based on the
age at which they underwent the initial TEOAE screening: 12
to 24 hours, 25 to 36hours, 37 to 48 hours, and more than
48hours after birth. The data were analyzed using the t-,
Ranksum, and Chi-squared tests. A p-value of<0.05 was
considered statistically significant.

Results

During the study period from February 2021 to June 2022, a
total of 5,756 newborns were delivered at the hospital.
Among them, 3,230 underwent TEOAE tests prior to dis-
charge, while 2,526 were discharged without testing but
were scheduled for screening at the outpatient department.
The records were incomplete for 517 of the 3,230 screened
newborns, leaving 2,713 newborns for analysis (►Fig. 1).
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The initial hearing screening for the newborns had an
average age of 105.2�222.3hours, ranging from 15 to
3,264hours, and a median age of 38hours (interquartile range
[IQR:] 29–70hours). Approximately 67.9% of the newborns
underwent hearing screening within 48hours of birth, with
56.1% being screened between 25 and 48hours. Only 12%
underwent theirfirsthearing screeningafter aweek (►Table 1).

The 2,713 newborns were categorized into four age
groups according to the intervals at which hearing screening
were conducted: 12 to 24hours, more than 24 to 36 hours,

more than 36 to 48hours, and more than 48hours
(►Table 2). The majority of screenings were performed on
infants who had been alive for 25 to 36 hours (976 infants)
and those who had been alive for more than 48hours (870
infants). Regarding gender, initial hearing screenings were
conducted on two infants of unknown gender between the
ages of more than 24 to 36 hours and more than 36 to
48 hours. Males underwent more screenings than females,
particularly at ages above 48hours. Newborns screened
before 48 hours of age did not have an appearance, pulse,
grimace, activity, and respiration (APGAR) score of 6, 5, and 3
cases at 1minute, 5minutes, and 10minutes, respectively.
There are significant differences in the distribution of APGAR
scores at 1, 5, and 10minutes, (p<0.001). All 144 (100%)
newborns under 34 weeks gestation were screened for
hearing after 48 hours. Significant differences were found
in the categories of gestational age (p<0.001).

A total of 917 infants, or 33.8% overall, were categorized as
“yes” for the high risk of hearing loss, while 1,788 infants, or
65.9% overall, were classified as having “No” risk. The results
indicate a statistically significant difference (p<0.001) be-
tween the screening age and all newborns. Interestingly,
compared to infantswithout risk who are screened at a lower
rate of 24.7%, infants at risk of hearing loss are screenedmore
frequently (75.2%) at ages>48hours (►Table 2).

The overall referral rate for infants tested within 48hours
was 53%, significantly higher than the rate for those tested
after 48 hours (46%, p¼0.001). However, referred rates for all
newborns vary across different screening age intervals. The
highest referred rate is observed in the screening age group
between 25 and 36 hours (56.2%), while the lowest referred
rate is found for screening age>48hours (46.2%). For high-
risk newborns, referred rates do not show a significant
difference among different screening age intervals. Referred
rates for normal newborns also exhibit variation across
different screening age intervals, with the highest referred
rate observed in the screening age group between 25 and
36 hours (56.2%). There is a statistically significant difference
among screening age groups (p¼0.006) (►Table 3).

►Table 4 presents TEOAE tests results, highlighting var-
iations in referral rates based on the age at which newborns
were screened. For overall newborns, referral rates for those
screened within 12 to 24 hours and within 37 to 48hours
showedno significant difference compared to those screened
after 48 hours (p¼0.134 and p¼0.323 respectively). How-
ever, therewas a statistically significant difference in referral
rates between newborns aged between 25 and 36hours and
those screened after 48 hours (p<0.001).

Among the 4 age groups, the referral rate was notably
higher for ages between 25 and 36hours. Nevertheless,
among high-risk hearing loss infants, no significant differ-
ence in referral rates was observed between those aged
between 25 and 36hours and those screened after 48 hours
(p¼0.086). In contrast, a significant difference in referral
rateswas found between normal newborns aged between 25
and 36hours and those screened after 48hours (p¼0.001).
Finally, no difference in referral rates was found between

Table 1 Age distribution of newborns at the first transient
evoked otoacoustic emission (TEOAE) screening

Age at first screening for TEOAE N (%)

� 12 hours 0 (0.0)

13–24 hours (day 1) 321 (11.8)

25–48 hours (days 1–2) 1,522 (56.1)

49–72 hours (days 2–3) 257 (9.5)

73–96 hours (days 3–4) 115 (4.2)

97–120 hours (days 4–5) 81 (3.0)

121–144 hours (days 5–6) 55 (2.0)

145–168 hours (days 6–7) 38 (1.4)

167–720 hours (days 7–30) 259 (9.6)

721–1,440 hours (days 30–60) 51 (1.9)

> 1,441 hours (>60 days) 14 (0.5)

Total 2,713 (100)

Fig. 1 Flow diagram of newborn recruitment and transient evoked
otoacoustic emission screening process.
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newborns screened between 37 and 48hours and those
screened after 48 hours, both in normal and high-risk groups
(p¼0.118 and 0.573 respectively) (►Table 4).

Discussion

The study identified significant variations in referral rates
among different age groups of newborns. This research

aimed to determine the optimal time for newborn hearing
screening within the first 48hours. A primary objective was
to enhance healthcare practices by evaluating referral rates
and differences between high-risk and healthy neonates.
Although overall referral rates were higher for infants tested
within 48hours, high-risk infants showed no significant
differences across age categories. This indicates hearing
screening is beneficial for high-risk populations regardless

Table 2 Newborn characteristics on transient evoked otoacoustic emission screening across age intervals

Characteristics N Age at screening (hours) p-value

12–24 > 24–36 > 36–48 > 48

Total number of screenings 2,713 321 (11.8) 976 (36.0) 546 (20.1) 870 (32.1) N/A

Sex

Male 1,464 158 (49.2) 471 (48.3) 286 (52.5) 549 (63.1) < 0.001�

Female 1,247 163 (50.8) 504 (51.7) 259 (47.5) 321 (36.9)

Ambiguous 2 0 (0) 1 (0.1) 1 (0.2) 0 (0)

APGAR score at 1minute

0–3 45 0 (0) 0 (0) 0 (0) 45(5.2) < 0.001�

4–5 51 1 (0.3) 5 (0.5) 3 (0.6) 42 (4.8)

6–7 191 9 (2.8) 26 (2.7) 16 (2.9) 140 (16.1)

8–10 2,412 311 (96.9) 943 (96.6) 523 (95.8) 635 (73.0)

Missing 14 0 (0) 2 (0.2) 4 (0.7) 8 (0.9)

APGAR score at 5minutes

0–3 10 0 (0) 0 (0) 0 (0) 10 (1.1) < 0.001�

4–5 20 0 (0) 0 (0) 0 (0) 20 (2.3)

6–7 66 1 (0.3) 4 (0.4) 2 (0.4) 59 (6.8)

8–10 2,608 320 (99.7) 969 (99.3) 542 (99.2) 777 (89.3)

Missing 9 0(0) 3 (0.3) 2 (0.4) 4 (0.5)

APGAR score at 10minutes

0–3 2 0 (0) 0 (0) 0 (0) 2 (0.3) < 0.001�

4–5 12 0 (0) 0 (0) 0 (0) 12 (1.4)

6–7 37 0 (0) 1 (0.1) 1 (0.2) 35 (4.0)

8–10 2,643 321 (100) 975 (99.9) 542 (99.3) 805 (92.5)

Missing 19 0 (0) 0 (0) 3 (0.5) 16 (1.8)

Gestational age (week, day)

< 34 weeks 144 0 (0) 0 (0) 0 (0) 144(16.6) < 0.001�

34–35 weeks, 6 days 133 6 (1.9) 9 (0.9) 10 (1.8) 108 (12.4)

36–37 weeks, 6 days 509 55 (17.1) 172 (17.6) 108 (19.8) 174 (20.0)

38–39 weeks, 6 days 1,484 198 (61.7) 608 (62.3) 352 (64.5) 326 (37.5)

� 40 weeks 441 62 (19.3) 187 (19.2) 75 (13.7) 117 (13.4)

Missing 2 0 (0) 0 (0) 1 (0.2) 1 (0.1)

High-risk of hearing loss

No 1,788 284 (88.5) 853 (87.4) 436 (79.8) 215 (24.7) < 0.001�

Yes 917 37 (11.5) 117 (12.0) 109 (2.0) 654 (75.2)

Missing 8 0 (0) 6 (0.6) 1 (0.2) 1 (0.1)

Abbreviations: APGAR, appearance, pulse, grimace, activity, and respiration; N/A, not available.
Notes: The data represents the number (%) of infants in each characteristic subgroup screened at different age intervals. �Statistically significant.
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of timing. No significant differences were found between
newborns screened within 12 to 24hours or beyond 36 to
48 hours compared to those over 48 hours. A significant
difference was observed between healthy newborns aged
25 to 36 hours and those over 48 hours. Thus, determining
the optimal timing for hearing screening is complex due to
varying referral rates.

Using data from 2,713 newborn screenings, this study
evaluated screening effectiveness at various intervals before
and after 48hours. The diverse population included 1,788
healthy newborns and 917 high-risk infants. This study,
extending beyond previous research,8,9 aligns with Thai-
land’s healthcare policy emphasizing shorter hospital stays
and reduced costs. It highlights theflexibility of hearing tests
for high-risk infants during the first 12 to 48 hours, adding
valuable insights to neonatal care practices.

Our results revealed a significantly higher referral rate in
the group screened in less than 48hours compared to the
average of 4% reported inprevious research.15–17 Thepresence
of amnioticfluid remnants in thenewborns’middle ears could
explain the higher than average referral rate due to false
positives during early screening.18,19 Referral rates can be
influenced by probe size, software options, external ear con-
dition during screening, and baby management.16 A prior
study found that delaying the first TEOAE in neonates until
they are at least 48hours old reduces the referral rate.17,20,21

The irregularities in referral rates after 48hours warrant
examining potential reasons, such as differences in screening
procedures, demographic traits, or the specific healthcare

setting of our study.22 Additionally, variations in examiner
proficiency, equipmentcalibration, or thefrequencyof specific
risk factors could account for the higher refer rate. Further
investigation of these variables is necessary to understand this
incongruity. The screening results for newborns under
48hours and over 48hours varied, consistent with findings
fromother studies,17 showing recurring trends in thenewborn
hearing test outcomes. More research is necessary to under-
stand these variations and their implications.

Referral rates for healthy neonates between 25 and
36hours and after 48hours differed, while rates for those
between 12 and 24hours and 37 and 48hours did not.
Several factors can contribute to this. Hearing screening is
affected by noise in the examination room, the mother’s
prenatal medication exposure, and examiner expertise.23

Before discharged within 48hours, newborns undergo vari-
ous assessments, including blood tests and oxygen satura-
tion tests. Most screening occurs between 25 and 36hours
after birth. Hearing screeners, who are nurses working in the
ward, often perform multiple screening tasks simultaneous-
ly. This can lead to infants having trouble falling asleep,
becoming restless, crying, or making noise disturbances
during their own or other infants’ examinations.

The absence of a statistically significant variation in the
referral rates of high-risk infants can be attributed to several
factors. Primarily, the shared high-risk status of these groups
suggests a common susceptibility to hearing-related issues.
Since these infants are already at an increased risk of
developing hearing impairments due to various risk factors,

Table 4 Comparison of referral rates for newborn transient evoked otoacoustic emission screening among different age groups
relative to screening after 48 hours

Referral rate Age at screening (hours)

12–24 > 48 p-value > 24–36 > 48 p-value > 36–48 > 48 p-value

All newborns 164/321
(51.1)

402/870
(46.2)

0.134 548/976
(56.2)

402/870
(46.2)

< 0.001� 267/546
(48.9)

402/870
(46.2)

0.323

High- risk
newborns

19/37
(51.4)

307/654
(46.9)

0.601 65/117
(55.6)

307/654
(46.9)

0.086 48/109
(44.0)

307/654
(46.9)

0.573

Normal
newborns

145/284
(51.1)

94/215
(43.7)

0.104 479/853
(56.2)

94/215
(43.7)

0.001� 219/436
(50.2)

94/215
(43.7)

0.118

Notes: The data displays the number of infants referred to transient evoked otoacoustic emission /total infants screened (%) within each subgroup.
�Statistically significant.

Table 3 Newborn referral rates on transient evoked otoacoustic emission hearing screening across different age intervals

Referral rate Age at screening (hours) p-value

All age 12–24 > 24–36 > 36–48 > 48

All newborns 1,381/2,713
(50.9)

164/321
(51.1)

548/976
(56.2)

267/546
(48.9)

402/870
(46.2)

< 0.001�

High-risk newborns 439/917
(47.9)

19/37
(51.3)

65/117
(55.6)

48/109
(44.0)

307/654
(46.9)

0.282

Normal newborns 937/1,788
(52.4)

145/284
(51.0)

479/853
(56.2)

219/436 (50.2) 94/215
(43.7)

0.006�

Notes: The data displays the number of infants referred to transient evoked otoacoustic emission /total infants screened (%) within each subgroup.
�Statistically significant.
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screeningwithin thefirst 48hoursmay not significantly alter
their referral rates. Overall, the lack of a notable variation in
referral rates among high-risk infant groups underscores the
importance of examining risk factors in influencing neonatal
hearing outcomes.

The referral rates in this study for newborn hearing
screening before and after 48 hours are comparable to those
in other studies.16,24,25 As newborns age, referral rates
decrease, likely due to the resolution of middle ear fluid
and debriswithin thefirst fewdays of life. The groupwith the
most significant referral rate difference were healthy new-
borns aged 25 to 36hours. Infants screened within 48hours
from birth are more likely to fail the initial test and require
retesting, increasing the staff workload, reexamination cost,
and mother’s anxiety. While published referral rates ranged
from 1.3 to 39%,24 this study’s single TEOAE test referral rate
was as high as 50.9%. The results of neonatal hearing screen-
ing are influenced by the ambient noise level and the
technical competence of the TEOAE.

Assessing the hearing of babies inThailandwithin thefirst
48 hours from birth is highly challenging. To address the high
referral rates found in this study, strategies need to be
developed. It is recommended that the first TEOAE newborn
hearing screening test be conducted on infants older than 48
to 72hours to lower the referral rate. For neonates under
24 hours old with fluid-filled ears, the referral rate can reach
up to 20%.24 However, if the assessment is performed after
24 hours, the referral rate drops to less than 5%.26 All babies
undergo a TEOAE assessment, and those who fail receive
a second TEOAE assessment. Infants who do not pass
the second evaluation are diagnosed with an Automated
Auditory Brainstem Response (AABR) test. The final decision
and diagnosis are based on traditional auditory brainstem
response (ABR) results, and infantswith hearing loss received
hearing and speech therapy.

The conclusions of the present study should be interpreted
with caution due to inherent limitations. Firstly, out of 3,230
screened newborns, 517 had incomplete data. Although un-
fortunate, this necessitates careful interpretationof the overall
results, as biases could have been introduced. However, the
remaining 2,713 newborns with complete data still repre-
sented a large and diverse sample, making substantial bias
unlikely. Secondly, the results cannot bebroadlyapplieddue to
the single-center design in Thailand. The specific healthcare
setting and local context may not reflect larger populations or
various clinical settings. While this limits the generalizability
of the results, the study site was a large tertiary care hospital
with a high volume of births, providing relevant insights for
similar hospital contexts within Thailand.

Another potential limitation was the 16-month study
period, which could have been affected by unaccounted for
changes in screening procedures, equipment calibration, or
personnel. However, the hospital follows standardized uni-
versal newborn hearing screening protocols that are rou-
tinely audited, reducing the likelihood of systematic
variations during the study timeframe. Additionally, while
the risk stratification criteria adhered to accepted clinical
guidelines, they may not have captured all potential risk

factors for hearing impairment. A more detailed risk classifi-
cation system could offer deeper insights into optimal
screening timelines for various risk subgroups. Finally, the
study focused solely on initial screening outcomes and
referral rates, lacking long-term audiology follow-up data
to confirm true versus false positive. Future studies with
follow-up diagnostic assessments are necessary to validate
screening performance across different age intervals.

Additionally, a key limitation of the current study is the
lack of detailed frequency-specific data for referred tests.
This information could have provided insights into which
frequency bands were most affected, valuable for under-
standing the nature of early referrals and refining screening
protocols. The equipment used in the study, designed for
clinical screening rather than detailed research analysis,
limited our ability to gather this data. Future studies could
address this by using more advanced TEOAE equipment
capable of providing frequency-specific data, or by incorpo-
rating additional diagnostic tests such as AABR for more
comprehensive audiological profiles.

Despite these limitations, the current study provides
important considerations for refining newborn hearing
screening practices and guidelines tailored to the Thai
healthcare context. The goal was to optimize the timing of
the first screening step, making these first-line screening
performancemetrics directly relevant. The large sample size,
standardized screening protocols, and well-defined objec-
tives still offer valuable evidence to guide timing recom-
mendations for newborn hearing screening within the first
48 hours of life. Further multi-center studies with compre-
hensive follow-up are warranted to validate and expand
these findings.

Congenital hearing loss is not immediately noticeable at
birth. Most children with hereditary hearing loss are born to
parentswith normal hearing and no health conditions or risk
factors for hearing loss.27 Failure to detect hearing loss in
newborns early can negatively impact children’s academic
progress, growth, and language and speech development.14

More efficient hearing screening needs to be promoted in
Thailand. Although congenital hypothyroidism and phenyl-
ketonuria (PKU) are less common than hereditary hearing
loss, neonatal screening for these disorders has advanced. In
Thailand, the prevalence of PKU and congenital hypothyroid-
ism is 0.3 per 100 thousand28 and 1.69 per 10 thousand live
births,29 respectively. Combining TEOAE screening with
AABR is an approach to reduce referral rates for neonatal
hearing screening.30,31 Although AABR is not yet included in
the neonatal screening program at the study hospital, it is
less affected by transient conductive pathology than TEOAE
screening. Automated Auditory Brainstem Response screen-
ing is more costly as it takes longer and uses more resour-
ces.20However, it produces fewer false positives, has a lower
referral rate, and results in fewer infants being lost to follow-
up. Therefore, AABR is considered superior to TEOAE for
universal newborn hearing screening.31–33 Thailand should
revise its guidelines to include additional tools like AABR to
evaluate hearing if the newborn must leave the hospital
before 48 hours.
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Conclusion

The findings underscore the complexities of implementing
universal newborn hearing screening within the 48-hour post-
partum window commonly practiced in Thailand. Screening
newborns for hearing losswithin 48hours after birth is feasible,
but the timing significantly impacts outcomes. According to the
results of the present study, the optimal periods for conducting
the initial TEOAE screening are either 12 to 24hours or 37 to
48hours postdelivery, as these intervals yielded referral rates
comparable to those screened beyond 48hours. However, the
24-to-36-hourwindowshould likely be avoideddue to elevated
referral rates observed during this period. Further research is
needed to optimize screening protocols for Thailand, particu-
larly for high-risk infants who might benefit from earlier
screening within the 48-hour window.

Authors’ Contributions
CC, data curation, formal analysis, methodology, project
administration, supervision, validation, and writing—
original draft. CC and AR, conceptualization, writing—
review & editing, and approval of the final manuscript.

Funding
The authors declare that they did not receive financial
support from agencies in the public, private or non-profit
sectors to conduct the present study.

Conflict of Interests
The authors have no conflict of interests to declare.

Acknowledgments
The authors would like to thank Dr. Patcharee Ruangwon-
groj, from the Department of Physical Medicine and Reha-
bilitation, Chiangrai Prachanukroh Hospital, Thailand, for
her help with the statistical analysis.

References
1 PoonualW, NavacharoenN, Kangsanarak J, NamwongpromS. Risk

factors for hearing loss in infants under universal hearing screen-
ing program in Northern Thailand. J Multidiscip Healthc 2015;
9:1–5. Doi: 10.2147/JMDH.S92818

2 Wroblewska-Seniuk K, Greczka G, Dabrowski P, SzyfterW,Mazela
J. The results of newborn hearing screening bymeans of transient
otoacoustic emissions - has anything changed over 10 years? Int J
Pediatr Otorhinolaryngol 2017;96:4–10. Doi: 10.1016/j.ijporl.
2017.02.021

3 WenjinW, Xiangrong T, Yun L, et al. Neonatal hearing screening in
remote areas of China: a comparison between rural and urban
populations. J Int Med Res 2018;46(02):637–651. Doi: 10.1177/
0300060517706643

4 HsuHC, Lee FP, HuangHM. Results of a 1-year government-funded
newborn hearing screening program in Taiwan. Laryngoscope
2013;123(05):1275–1278. Doi: 10.1002/lary.23713

5 Pimperton H, Kennedy CR. The impact of early identification
of permanent childhood hearing impairment on speech and
language outcomes. Arch Dis Child 2012;97(07):648–653. Doi:
10.1136/archdischild-2011-301501

6 Lieu JE. Speech-language and educational consequences of uni-
lateral hearing loss in children. Arch Otolaryngol Head Neck Surg
2004;130(05):524–530. Doi: 10.1001/archotol.130.5.524

7 Yoshinaga-Itano C. Benefits of early intervention for childrenwith
hearing loss. Otolaryngol Clin North Am1999;32(06):1089–1102.
Doi: 10.1016/s0030-6665(05)70196-1

8 Khaimook W, Chayarpham S, Dissaneevate S. The high-risk neo-
natal hearing screening program in Songklanagarind Hospital. J
Med Assoc Thai 2008;91(07):1038–1042(In eng)

9 Tungvachirakul V, Boonmee S, Nualmoosik T, et al. Newborn
hearing screening at Rajavithi Hospital, Thailand: hearing loss
in infants not admitting in intensive care unit. J Med Assoc Thai
2011;94(Suppl 2):S108–S112(In eng)

10 Chouyboonchum T, Tiravanitchakul R, Mongkalanatakul N.
RPremkraisorn V. Newborn hearing screening in Ramathibodi
hospital. Rama Med J 2015;38(03):197–208

11 Watkin PM. Neonatal otoacoustic emission screening and the
identification of deafness. Arch Dis Child Fetal Neonatal Ed 1996;
74(01):F16–F25. Doi: 10.1136/fn.74.1.f16

12 Yousefi J, Ajalloueyan M, Amirsalari S, Hassanali Fard M. The
specificity and sensitivity of transient otoacustic emission in
neonatal hearing screening compared with diagnostic test of
auditory brain stem response in tehran hospitals. Iran J Pediatr
2013;23(02):199–204(In eng)

13 Stein LK. Factors influencing the efficacy of universal newborn
hearing screening. Pediatr Clin North Am 1999;46(01):95–105.
Doi: 10.1016/s0031-3955(05)70084-5

14 American Academy of Pediatrics, Joint Committee on Infant
Hearing. Year 2007 position statement: Principles and guidelines
for early hearing detection and intervention programs. Pediatrics
2007;120(04):898–921. Doi: 10.1542/peds.2007-2333

15 Lupoli LdaM, Garcia L, Anastasio AR, Fontana AC. Time after birth
in relation to failure rate in newborn hearing screening. Int J
Pediatr Otorhinolaryngol 2013;77(06):932–935. Doi: 10.1016/j.
ijporl.2013.03.010

16 Maxon AB, White KR, Culpepper B, Vohr BR. Maintaining accept-
ably low referral rates in TEOAE-based newborn hearing screen-
ing programs. J Commun Disord 1997;30(06):457–475. Doi:
10.1016/s0021-9924(97)00030-0

17 Smolkin T, Awawdeh S, Blazer S, Mick O,Makhoul IR. Delayed first
otoacoustic emissions test decreases failure on neonatal hearing
screening after caesarean delivery. Acta Paediatr 2013;102(05):
e194–e199. Doi: 10.1111/apa.12175

18 Berninger E,Westling B. Outcomeof a universal newbornhearing-
screening programme based on multiple transient-evoked otoa-
coustic emissions and clinical brainstem response audiometry.
Acta Otolaryngol 2011;131(07):728–739. Doi: 10.3109/000164
89.2011.554440

19 Erenberg A, Lemons J, Sia C, Trunkel D, Ziring P. Newborn and
infant hearing loss: detection and intervention.American Academy
of Pediatrics. Task Force on Newborn and Infant Hearing,
1998-1999. Pediatrics 1999;103(02):527–530. Doi: 10.1542/
peds.103.2.527

20 Ngui LX, Tang IP, Prepageran N, Lai ZW. Comparison of distortion
product otoacoustic emission (DPOAE) and automated auditory
brainstem response (AABR) for neonatal hearing screening in a
hospital with high delivery rate. Int J Pediatr Otorhinolaryngol
2019;120:184–188. Doi: 10.1016/j.ijporl.2019.02.045

21 Korres SG, Balatsouras DG, Nikolopoulos T, Korres GS, Ferekidis E.
Making universal newborn hearing screening a success. Int J
Pediatr Otorhinolaryngol 2006;70(02):241–246. Doi: 10.1016/j.
ijporl.2005.06.010

22 De Ceulaer G, Daemers K, Van Driessche K, et al. Neonatal hearing
screening with transient evoked otoacoustic emissions: a learn-
ing curve. Audiology 1999;38(06):296–302. Doi: 10.3109/0020
6099909073039

23 Farahani F, Hamidi Nahrani M, Seifrabiei MA, Emadi M. The Effect
of Mode of Delivery and Hospital Type on Newborn Hearing
Screening Results Using Otoacoustic Emissions: Based on Screen-
ing Age. Indian J Otolaryngol Head Neck Surg 2017;69(01):1–5.
Doi: 10.1007/s12070-016-0967-3

International Archives of Otorhinolaryngology Vol. 29 No. 3/2025 © 2025. The Author(s).

Newborn Hearing Screening within 48 Hours Cheepcharoenrat and Rerkasem 7



24 Akinpelu OV, Peleva E, Funnell WR, Daniel SJ. Otoacoustic emis-
sions in newborn hearing screening: a systematic review of the
effects of different protocols on test outcomes. Int J Pediatr
Otorhinolaryngol 2014;78(05):711–717. Doi: 10.1016/j.
ijporl.2014.01.021

25 Korres S, Nikolopoulos T, Ferekidis E, Gotzamanoglou Z, Georgiou
A, Balatsouras DG. Otoacoustic emissions in universal hearing
screening: which day after birth should we examine the new-
borns? ORL J Otorhinolaryngol Relat Spec 2003;65(04):199–201.
Doi: 10.1159/000073114

26 Madden C, Rutter M, Hilbert L, Greinwald JH Jr, Choo DI. Clinical
and audiological features in auditory neuropathy. Arch Otolar-
yngol Head Neck Surg 2002;128(09):1026–1030. Doi: 10.1001/
archotol.128.9.1026

27 Rajadurai VS, Yip WY, Lim JSC, et al. Evolution and expansion of
newborn screening programmes in Singapore. Singapore. Med J
(Ft Sam Houst, Tex) 2021;62(1, Suppl)S26–S35. Doi: 10.11622/
smedj.2021073

28 Pangkanon S, Charoensiriwatana W, Janejai N, Boonwanich W,
Chaisomchit S. Detection of phenylketonuria by the newborn
screening program inThailand. Southeast Asian J TropMed Public
Health 2009;40(03):525–529(In eng)

29 Jaruratanasirikul S, Piriyaphan J, Saengkaew T, Janjindamai W,
Sriplung H. The etiologies and incidences of congenital hypothy-
roidism before and after neonatal TSH screening program imple-
mentation: a study in southern Thailand. J Pediatr Endocrinol
Metab 2018;31(06):609–617. Doi: 10.1515/jpem-2017-0340

30 Gabbard SA, Northern JL, Yoshinaga-Itano C. Hearing screening in
newbornsunder24hoursofage. SeminHear1999;20(04):291–305

31 Benito-Orejas JI, Ramírez B, Morais D, Almaraz A, Fernández-
Calvo JL. Comparison of two-step transient evoked otoacoustic
emissions (TEOAE) and automated auditory brainstem response
(AABR) for universal newborn hearing screening programs. Int J
Pediatr Otorhinolaryngol 2008;72(08):1193–1201. Doi: 10.1016/
j.ijporl.2008.04.011

32 vanDykM, SwanepoelW,Hall JW III. OutcomeswithOAE andAABR
screening in the first 48 h–Implications for newborn hearing
screening in developing countries. Int J Pediatr Otorhinolaryngol
2015;79(07):1034–1040. Doi: 10.1016/j.ijporl.2015.04.021

33 Shang Y, HaoW, Gao Z, Xu C, Ru Y, Ni D. An effective compromise
between cost and referral rate: A sequential hearing screening
protocol using TEOAEs and AABRs for healthy newborns. Int J
Pediatr Otorhinolaryngol 2016;91:141–145. Doi: 10.1016/j.
ijporl.2016.10.025

International Archives of Otorhinolaryngology Vol. 29 No. 3/2025 © 2025. The Author(s).

Newborn Hearing Screening within 48 Hours Cheepcharoenrat and Rerkasem8


