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Results of the Sawanpracharak Newborn Hearing
Screening Program
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Objective To determine the prevalence of congenital hearing loss and evaluate the benefit of the
Sawanpracharak Newborn Hearing Screening Program.

Materials and methods A prospective descriptive study of congenital hearing loss was carried out
in 2,773 newborns using the Sawanpracharak Newborn Hearing Screening Program between Jan-
uary 2012 and March 2013. The results were based on the 2-screening test and transient-evoked
otoacoustic emission test (TEOAE) at <1 month and 3 months of age, and the newborn participants
were divided into two groups, “pass” and “refer”. Newborns who failed the second screening test
(“refer”) were assessed for hearing threshold, with auditory brainstem response (ABR) at 6 months
of age.

Results Two hundred and eleven of 2,773 (7.6%) newborns failed the first TEOAE and 63 of 1,831
(3.4%) failed the second, with 942 newborns lost to follow-up for the second screening. Fifty-one
of the 63 newborns (81%) were assessed for hearing loss with ABR (12 newborns were lost to
assessment). Finally, four and three newborns had bilateral and unilateral hearing loss, respec-
tively. All of them were at high risk of hearing impairment.

Conclusion The prevalence of congenital hearing loss was 2.5:1,000 and screening with 2-TEOAE
decreased missing “refer” cases that need confirmation of hearing status with ABR. Chiang Mai
Medical Journal 2015;54(2):81-8.
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Introduction

Congenital hearing loss (CHL) is a rela-
tively frequent problem. It is defined generally
as permanent, bilateral or unilateral and sen-
sory or conductive, and averages 30 decibels
or more in the frequency region important for
speech recognition. Children with permanent
congenital hearing loss (PCHL) have not only
increased difficulties with verbal and nonverbal

communication skills, but also increased be-
havioral problems, decreased psychosocial
well-being, and lower educational attainment
compared with children with normal hearing.
Depending on regions, the overall prevalence
of PCHL ranges from 0.7 to 4.2 per 1,000 live
births per annum('? is higher than prevalence in
newborns having hypothyroidism (1 in 4,000),
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phenylketonuria (1 in 15,000) and sickle cell
anemia®. In Thailand, the detection of neonatal
hearing impairment was 1.7 per 1,000 live
births™ and approximately 0.5 per 1,000 non-
intensive care unit newborns at Ramathibodi
Hospital and Rajavithi Hospital, respectively®.

Risk factors associated with PCHL include
several congenital syndromes, craniofacial ab-
normalities, family history of hereditary child-
hood sensorineural hearing loss, intrauterine
infections (TORCHS), low birth weight (<1,500
g), low Apgar score (0-4 at one minute or 0-6
at five minutes), hyperbilirubinemia (18 mg/
dL in term and 15 mg/dL in preterm), bacterial
meningitis, and ototoxic drug exposure (esp.
aminoglycosides). However, half of the infants
with PCHL have no identifiable risk factors.
Universal hearing screening for newborns has
been proposed since 1993 to enable early
detection and prompt intervention for infants
with PCHL in order to diminish associated
morbidity®.

The equipment used in many centers
world-wide for newborn hearing screening in-
cludes automated auditory brainstem response
(AABR), and both types of otoacoustic emission
(OAE): transient evoked otoacoustic emission
(TEOAE) and distortion product otoacoustic
emission (DPOAE).

A statement from the Joint Committee on
Infant Hearing 2000 (JCIH 2000) recommended
that all newborns be screened for hearing loss
by 1 month of age, have diagnostic follow-up
by 3 months, and receive appropriate inter-
vention services by 6 months of agel’..

Hearing screening programs should be
conducted using a validated protocol. Equip-
ment should be well maintained, personnel
thoroughly trained, and quality control pro-
grams put in place to reduce avoidable false-
positive test results. Programs should develop
protocols that ensure infants have positive
screening test results, and receive appropriate
audiologic evaluation and follow-up.

In 2006, Sawanpracharak Hospital report-
ed that 38 months was the age for detecting
hearing impairment, with a high incidence in
infants having low birth weight®. Until now,
there has been no government policy for uni-

versal screening of CHL in Thailand. This study
implemented the Sawanpracharak Hearing
Screening Program for newborns in 2009, with
the aim of determining the prevalence of con-
genital hearing loss, and evaluating the hear-
ing program for further improvement.

Materials and methods

This prospective study aimed to determine the
prevalence of hearing impairment at Sawanpracharak
Hospital. The newborns that enrolled had been deliv-
ered at Sawanpracharak Hospital, and were referred
from a nearby hospital for hearing screening from Jan-
uary 2012 to March 2013. The Sawanpracharak Hear-
ing Screening Program is a 2-step process adopted
from the JCIH 2000. The first step is the transient-
evoked otoacoustic emission test (TEOAE), performed
at 0-1 month, and followed-up at 3 months of life, with
results of the test categorized as “pass” or “refer”. The
second step is auditory brainstem response (ABR),
performed before 6 months of age in the “refer” group
of newborns in order to detect hearing level. TEOAE
for well-babies born at Sawanpracharak Hospital was
performed by well-trained nurses in a quiet room at the
postnatal ward. TEOAE and ABR for referred and sick
babies were tested by an audiologist in an audiological
testing room.

Data on the prenatal and neonatal period, hearing
loss risk factors, and hearing screening results were
collected for each of the enrolled children.

The protocol of this study was approved by the
Ethical Committee at Sawanpracharak Hospital. Each
parent of the enrolled infant was informed of the ben-
efits regarding detection and early treatment of CHL,
and the safety of testing.

Results

This study screened hearing in 2,773 new-
borns from January 2012 to March2013. There
were 2,633 babies born in Sawanpracharak
Hospital and 2,056 of them were screened.
The first Sawanpracharak screening rate was
78.1% (2,056/2,633). The remaining 717 new-
borns were referred for hearing screening and
medical care for sickness. Two hundred and
eleven of the 2,773 (7.7%) newborns failed the
initial screening at <1 month of age, and 1,831
(66.0%) were re-screened at 3 months of age,
with 63 (3.4%) of them failing the re-screen-
ing. Fifty-one infants who failed the TEOAE
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screening were evaluated for hearing status
by ABR at 6 months of age. Four and three in-
fants had bilateral and unilateral hearing loss,
respectively.

There were 3,624 ears screened in 2 ses-
sions of TEOAE. Of 3,367 ears that entered
the “pass” group in the first session, 3,312 and
55 entered the “pass” and “refer” group in the
second one (60:1), respectively. Of the 257
ears that entered the “refer” group in the first
session, 187 entered the “pass” group in the
second (2.7:1) (Table 3).

Significant risk factors that influence hear-
ing impairment are low birth weight, ototoxic
drug exposure, sepsis, time on ventilator of
over five days, congenital anomaly, and ge-
netic or familial hearing loss. Gestational age
and birth asphyxia might have a bad effect on
hearing outcome (Table 4 and 5).

All babies with impaired hearing were man-
aged with hearing aids, auditory rehabilitation,
or referred for further management.

Discussion

In Thailand, the government has no policy
for newborn hearing screening that detects
CHL early, but many academic hospitals and
some regional ones have an individualized
screening program. Sawanpracharak Hospital
is a tertiary care hospital located in the lower-
north of Thailand, which started implementing
newborn hearing screening in 2009. The prev-
alence of congenital hearing loss in this study
was 2.5 in 1,000 live births (7/2,773 infants),
with the screening rate being only 78.1% of in-
hospital newborns, which was lower than the
JICH 2000 guideline (>95% coverage)®. The
target of universal screening requires no more
than a 5-7% failure rate. The failure rate is
caused by limitation of personnel and equip-
ment, and many newborns are discharged at
weekends, when tests are available on only
weekdays. Another factor, such as announce-
ments of relevant hospital or government
policies, is also important in the success of
screening.

In the USA, about 95% of all newborns are
screened for hearing loss shortly after birth,
but only about half of them actually receive
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Table 1. General characteristic of newborns factors
and maternal factors

Characteristic Number (%)  Average+SD
Sex
Male 1,533 (55.3)
Female 1,240 (44.7)
Birth weight (grams)
<1,500 103 (3.7)
1,500-2,500 587 (21.3) 2,864.2+657.6
>2,500 2,071 (75.0)
Gestational age
(weeks)
<37 676 (24.7) 37.5+2.7
37-40 1,913 (69.8)
>40 151 (5.5)
Maternal age (years)
<20 692 (29.2)
20-34 1,654 (58.2) 24.5+8.6
34-39 265 (9.7)
>40 78 (2.9)

Table 2. Results of newborn hearing screening at 0-1
month of age

Results Number (%)
Pass both ears 2,562 (92.4)
Pass one ear 94 (3.4)
Refer both ears 117 (4.2)

Table 3. Relationship between the result of OAE of the
first and second time

First OAE (ears)

Pass Refer Total

Second OAE Pass 3,312 187 3,499
(ears) Refer 55 70 125

Total 3,367 257 3,624

recommended hearing evaluation. The re-
mainder are “lost to the system” and one-
third of confirmed hearing losses do not have
any intervention®'?. This study had 34%
(942/2,773) of its newborns lost to the first
follow-up at 3 months, and 19% (12/63) after
6 months testing with ABR. The parents con-
cerned about hearing status were familiar with
the hearing test process, and their confidence
in hospital personnel was an important factor
in improving the success rate of the screen-
ing program. The personnel and location for
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Table 4. Results of newborn hearing screening at 0-1 month of age and maternal factors

*

Pass both ears Pass one ear Refer both ears p

Gestational age (weeks)

<37 593 (23.4) 34 (37.4) 49 (42.6)

37-39 1,802 (71.1) 50 (54.9) 61 (53.0)

240 139 (5.5) 7(7.7) 0 (0) 0.001
Maternal age (years)

<20 718 (28.9) 33 (36.3) 34 (30.6)

20-34 1,451 (58.4) 50 (54.9) 65 (58.6)

34-39 244 (9.8) 7(7.7) 9(8.1)

>40 74 (2.9) 1(1.1) 2(2.7) 0.229
Type of delivery

Normal delivery 1,389 (54.9) 47 (5.1) 58 (50.5)

Forceps extraction 3(0.1) 0(0) 0 (0)

Vacuum extraction 96 (3.8) 10 (10.9) 2(1.7)

Cesarean section 1,044 (41.2) 35 (38.0) 55 (47.8) 0.267

*Kruskal-Wallis test

Table 5. Results of newborn hearing screening at 0-1 month of age and newborn factors

*

Pass both ears Pass one ear Refer both ears p
Birth Weight (grams)
<1,500 83 (3.3) 10 (10.8) 10 (8.5)
1,500-2,500 514 (20.1) 26 (27.9) 47 (40.2)
>2500 1,954 (76.6) 57 (61.3) 60 (51.3) <0.001
Ototoxic drugs exposure
No 2,034 (79.8) 58 (62.4) 75 (65.2)
Yes 514 (20.2) 35 (37.6) 40 (34.8) <0.001
Septicemia/Sepsis
No 2,446 (95.9) 85 (91.4) 97 (84.3) <0.001
Yes 102 (4.0) 8 (8.6) 18 (15.7)
Ventilator used
No 2,450 (96.2) 87 (93.5) 102 (88.7)
Yes 98 (3.8) 6 (6.5) 13 (11.3) <0.001
Anomaly
No 2,476 (97.2) 83 (89.2) 97 (84.4)
Yes 72 (2.8) 10 (10.8) 18 (15.6) <0.001
Genetic/Familial deafness
No 2,546 (99.9) 93 (100) 111 (96.5)
Yes 2(0.1) 0(0) 4 (3.5) <0.001
Apgar’s score**
Normal 2,467 (97.1) 82 (92.5) 107 (93.0)
Abnormal 74 (2.9) 7(7.5) 8 (7.0) 0.003
Intrauterine infection
No 2,535 (99.5) 90 (96.8) 115 (100)
Yes 13 (0.5) 3(3.2) 0 (0) 0.514
Meningitis
No 2,545 (99.9) 93 (100) 115 (100)
Yes 3(0.1) 0 (0) 0 (0) 0.927

* Kruskal-Wallis test, **Apgar’s score: normal means >0-4 at 1-minute or 0-6 at 5-minute
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Newborn 0-1month
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Newborn 0-1month

Born in Sawanpracharak Referred
n = 2,056 n=717
1% TEOAE
n=2,773 cases
I |
Pass Refer
n = 2,656 n=117

Loss
2" TEOAE n =942
3 month- aged
n=1,831
Pass Refer
n=1,768 n=63
[
' |
ABR Loss
n=>51 n=12
| |
Normal Unilateral HL Bilateral HL
n =44 n=3 n=4 Figure 1. Flow chart indicating process
of Sawanpracharak newborn hearing
screening.

testing may have impact on this study. If the
test is performed for the first time by an audi-
ologist or a physician in the audiometric room,
errors in the test might be reduced and out-
comes improved successfully. Other methods
may involve improvement of the appointment
system, such as fast track OAE/ABR, and call-
ing every newborn to follow up on their test.
This study screened the enrolled newborns
using 2-TEOAE in order to reduce errors in the
test and evaluate the benefit of this program.

The total loss to the system was 954 of 2,773
cases (34.4%), which was a high rate of loss.
Therefore, this study could not conclude that
a second OAE would decrease the errors in a
test, but a higher rate of “pass” was noticed in
the case of 2 times testing in the second OAE,
especially when the first OAE had a 60 times
chance of a “pass” compared to the 2.7 times
chance of “refer’. The false positives in the
first TEOAE were 2.7 after rescreening, due to
a more reliable method when testing older in-
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fants!"l. The fluid and debris in external audito-
ry meatus should be clear, which enhances a
good response to OAE, especially when test-
ing in newborns aged less than 24 hoursl. In
hospitals that have no universal newborn
hearing screening, JCIH 2000 suggests screen-
ing newborns with high risk of hearing loss for
up to 28 days!”. Delayed OAE at 3 months of
life may gain benefit when testing “refer” cases,
especially in detecting hearing loss in high risk
groups. This study showed a CHL prevalence
of 2.5:1,000, which was higher than that at
Ramathibodi Hospital (1.7:1,000)®. The overall
prevalence of mild to profound hearing loss
was 1.6-6/1,000 live births, and that increased
to 2.5-10% among high risk infants!'. Some
cases of referred newborns had one or more
risks of hearing loss, such as use of aminogly-
cosides, low birth weight, hyperbilirubinemia
and sepsis. Therefore, these babies should be
screened as high risk newborns and not given
universal screening. Many mechanisms may
facilitate newborns with hearing screening, in-
cluding hearing screening programs, educat-
ing parents, fast track screening and a good
referral system.

This study showed that the total referral
rate was 7.6% (211/2,773) and unilateral re-
ferral rate 3.4% (94 cases). Many studies have
not mentioned unilateral or bilateral “pass” or
“refer”. Some studies included unilateral re-
ferral outcome, within the passing outcome,
because unilateral hearing loss had smaller
impact on speech development?'2, This study
had newborns with unilateral hearing loss at
1:1,000 (3/2,773), which was in the range of
the literature that reported unilateral hearing
loss at 0.8 to 2.7:1,000 newbornsl!'314,

Children with unilateral hearing loss make
more errors in sound location, and have more
difficulty with speech discrimination in noisy
places. At school, a poor signal-to-noise ratio
can mask a teacher’s voice, and so children
with unilateral hearing loss appear to have
increased grade failures® that create a need
for additional educational assistance and per-
ceived behavioral issues in the classroom!'2.
Newborns with unilateral “refer” should be
managed with a similar protocol to those with

bilateral “refer”.

The result of the 0-1 month test was “re-
fer” at a high rate of 7.6%, which might include
high-risk newborns and well-babies. In 2005,
S. Korres reported a 1.9% referral rate in well-
babies and 17% in high-risk groupsP®. The
second OAE was carried out in older infants,
who had more chance of a “pass” (Table 3). It
was reported that OAE has a high false posi-
tive rate (15%) at the first screening on day-1,
which is reduced by about 50% with each re-
test. Vohr et al reported an increasing “pass”
rate in OAE results from tests before and after
24 hours!".

Screening with 2-TEOAE may decrease
missing “refer” cases that need confirmation of
hearing status by ABR, and this should be
applied to babies at risk of hearing loss, in-
cluding the unilateral “refer” group, which is
followed throughout childhood. Although a
false positive screening test may lead to pa-
rental misunderstanding and anxiety, some in-
fants had delayed onset of hearing loss. JCIH
estimated that 2% of children with permanent
hearing loss by 12 months of age had normal
hearing at birth. Others reported that nearly
5% of children with permanent hearing loss at
the time of entering school had already passed
the newborn hearing screening test. Periodic
monitoring should be carried out for 3 years in
infants with risk indicators such as prematurity,
low birth weight, ototoxic drug exposure, sep-
sis, time on a ventilator of more than 5-days,
congenital anomaly, and familial hearing loss.

Newborns with respiratory failure that need
a ventilator for more than 5 days may de-
crease oxygenation and perfusion of the
cochlear, which develop in the first 2-4 years
of life. Over recent years, the number of hy-
perbilirubinemia cases has decreased, due to
early detection and double phototherapy treat-
ment. This disease has selective damage to
the brainstem auditory nuclei, and also may
damage the auditory nerve and spiral ganglion
cells, called “auditory neuropathy”'5'®l, Physi-
cians suggest detection of hearing loss from
auditory neuropathy in high-risk newborns,
even when passing OAE.
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Gentamicin and amikacin were the most
frequent ototoxic drugs used in this study.
Aminoglycosides have selective toxicity to
the cochlear, and produce irreversible hearing
loss by causing hair cell death. The damage
affects high-frequency hearing initially and
progresses towards lower frequencies. The
toxicity correlates with duration of exposure,
and rising peak and trough concentration, con-
current loop diuretics or vancomycin, underly-
ing states, and previous exposure to aminogly-
cosides!™. Physicians who recognize these
outcomes should lower the rate of hearing im-
pairment caused by these ototoxic drugs.

This study found six babies with genetic or
familial deafness, but four of them were “refer”
cases in both ears. Only one baby was con-
firmed by ABR to have severe sensorineural
hearing loss. Familial history of CHL was the
most common risk factor (75%) and the sec-
ond most common was congenital anomalies
in the well-baby group®. While ototoxic drugs
were the most common factor among the
neonate in intensive care unit, other common
factors associated with hearing loss were me-
chanical ventilator >24 hours, gestational age
<32 weeks, and birth weight <1,500 gramst®!,
Newborns with familial deafness or known ge-
netic hearing loss should be followed through-
out childhood.

Conclusion

The prevalence of congenital hearing loss at
Sawanpracharak Hospital was 2.5:1,000. The
Sawanpracharak Newborn Hearing Screening
Program with 2-TEOAE decreased missing
“refer” cases, which need confirmation by ABR.
This program may be applied for delayed test-
ing in newborns and babies at risk of hearing
loss, including unilateral loss. Familial deaf-
ness, congenital anomalies and use of ototox-
ic drugs were the most significant risk factors
from this study.
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