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Introduction

Congenital hearing loss is one of
the most common infant deficits
hampering language development
and learning. The prevalence rate
is estimated to be 1-3/1000.1,2

Early diagnosis and timely inter-
vention can result in substantial
benefits.3-6 There has been a
world wide effort to promote uni-
versal newborn hearing screening.
Numerous modifications have
been made to protocols in dif -
ferent facilities and in different
countries.1,6-11 Though universal
newborn hearing screening is
widely implemented in developed
countries, its introduction in
developing countries may be less
straightforward. The healthcare

authorities of these countries have
to decide on their own priorities
in the light of demands for
the management of other life-
threatening diseases. The com -
petition for government funding
makes pre-paid newborn hearing
screening a choice for developing
countries.

The first hospital-based screen-
ing programme in Taiwan was
established in 1998, and the first
community-based screening pro-
gramme in 2002.12,13 The Health
Bureau of Taiwan has already
launched several projects to
enlighten both associated pro -
fessionals and the public about
the idea of newborn hearing
screening. However, as in some
developing countries, newborn

hearing screening in Taiwan is not
paid for by the National Health
Insurance (NHI) system, nor is it
mandated by law. Newborns
whose parents do not pay for the
test or who are delivered in medi -
cal facilities that do not offer
screening are not tested  for
hearing   loss. The health system in
Taiwan is composed of three
levels  of medical facilities – terti-
ary referral centres, hospitals and
clinics (by order of size and/or
integration). Data from the Health
Bureau of Taiwan shows that, in
2007, 17%, 52% and 31% of new-
borns in Taiwan were born in ter-
tiary referral centres, hospitals and
clinics, respectively. A national
investigation in 2002 revealed that
the percentage of medical facili-
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ties performing newborn hearing
screening was 63% of tertiary
referral centres and 17% of hospi-
tals. Most of the birthing facilities
running their own newborn
hearing  screening programmes
were either tertiary referral centres
or large hospitals. It is of para-
mount importance to persuade
hospitals and clinics to implement
screening and to educate parents
about the necessity of screening to
expand the coverage rate of
screening in Taiwan.13

We therefore initiated a pre-
paid community-based newborn
hearing screening programme in
Changhua County, Taiwan. Our
aim was to help obstetric hospitals
and clinics to establish a com -
munity-based newborn hearing
screening programme and to test
the feasibility of a pre-paid
screening model.

Patients and methods

From July 2005 to August 2008,
parents of newborns in the well
baby nursery (WBN) in Changhua
Christian Hospital (CCH) were
asked if they would be willing to
pay for newborn hearing screening.
The reasons for screening were
explained beforehand in the regu-
lar classes for mothers-to-be in
CCH. The pre-paid screening
model required the informed con-
sent of the parents to pay for the
test. Hearing screening was per-
formed during the hospital stay
after birth with an ALGO 3i
AABR (automated auditory brain-
stem response, Natus Medical
Inc., San Carlos, CA, USA). This
machine produced the screening
results “pass” or “refer”. The
average  hospital stay for a healthy
newborn is 2 to 3 days in Taiwan.
Infants who did not pass the initial
screening were re-tested on the

following morning during the
admission. Those infants dis-
charged with a “refer” result were
scheduled for re-screening at one
month of age. 

From July 2006 to August
2008, hospitals and clinics in
Changhua County were invited to
join our community-based newborn
hearing screening programme.
We offered screening personnel,
a portable ALGO 3i AABR, in -
formation about screening for
medical  professionals, fact sheets
for parents, and diagnosis and
management for referred babies
according to the requirements of
individual facilities. The screening
protocol was essentially the same
as that of CCH, except that the
initial  screening and re-screening
took place in each birthing facility.
Those who did not pass the re-
screening at one month of age
were referred to CCH for further
evaluation. The diagnostic work-
up reimbursed by the NHI, includ-
ing click auditory brainstem
response (ABR), auditory steady
state response (ASSR), and 1k Hz
tympanometry, were arranged
before three months of age.
Babies who were diagnosed with
bilateral permanent hearing loss
were fitted with hearing aids and
sent to specialised auditory units
for early intervention. Babies with
unilateral hearing loss were fol-
lowed up to monitor sequential
development. 

Results

During the study period, one terti-
ary referral centre (CCH), four
hospitals and five clinics joined
the newborn hearing screening
programme. The duration of par-
ticipation ranged from 5 months
to 37 months. Of the 12,901 WBN
newborns born in facilities where

tests were performed during this
period, 7,139 (55.3%) were
screened for hearing loss. One
hundred and five (1.47%) babies
did not pass the in-patient
screening  and were re-screened at
one month of age. Forty (0.56%)
babies who were referred from the
re-screening were sent for diag-
nostic work-up and six of them
failed to show up. Three of the
six babies lost to the study were
bi lateral referrals. The overall fol-
low-up rate for re-screening and
diagnostic work-up was 94.3%
(99/105). Eleven babies with bilat-
eral hearing loss and eight babies
with unilateral hearing loss were
diagnosed. The incidence of bilat-
eral hearing loss in our pro-
gramme was 1.5/1000. After cor-
recting for the missing six babies,
the positive predictive rates of
referral in our screening pro-
gramme were 19.2% (19/99) at
discharge and 55.9% (19/34) one
month later.

Twenty medical facilities
 provide a maternity service with
neonatal care in Changhua
County. Four of them are capable
of, or already perform, newborn
hearing screening. Ten (50%) of
the rest were enrolled in our pro-
gramme and an estimated 70% of
infants born in Changhua County
gained access to our newborn
hearing screening programme.
Nearly 40% of the babies born in
Changhua County have been
screened since 2008. One tertiary
referral centre, three hospitals and
three clinics that had been per-
forming hearing screening for
more than 12 months were chosen
to compare the results of newborn
hearing screening (Table 1). The
screening rates were 60.76%,
56.54% and 47.23% for the terti-
ary referral centre, hospitals and
clinics respectively. There was a
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significant difference (p < 0.0001)
in the chi-square test for trend,
meaning that the screening rates
descended in the order of tertiary
referral centre, hospital and clinic.
The referral rates at discharge
were 1.6%, 1.28% and 1.44% (p =
0.5611) respectively. There was
no significant difference in refer-
ral rates at discharge between dif-
ferent levels of birthing facilities.

Discussion

Most babies are born in hospitals
and clinics in Taiwan. It is there-
fore definitely not enough in terms
of coverage to launch a newborn
hearing screening programme
without the participation of hospi-
tals and clinics. Often, doctors in
charge of the screening are oto-
laryngologists or paediatricians.
Otolaryngologists are familiar
with hearing screening and paedi-
atricians are familiar with new-
born screening. It would be ideal
to combine the two professions in
newborn hearing screening, which
is usually the case in most tertiary
referral centres, as well as in large
general hospitals in Taiwan. At
CCH, the paediatricians are in
charge of the targeted hearing
diagnosis of babies in neonatal
intensive care units (NICU) and
otolaryngologists provide hearing

screening for babies in WBN.
Obstetric hospitals and clinics on
the other hand might need support
with the implementation of
screening.10 The expense of setting
up and maintaining single-
 facility-based programmes and
handling the referred infants are
problems for these hospitals and
clinics. We organised a coordi -
nated screening team to reduce
the budget with shared resources,
both in personnel and equipment.
We also arranged for further
 evaluation and management for
the babies referred. In this way,
we helped 50% of hospitals and
clinics in Changhua County to
link to the chain of screening,
diagnosis and intervention of
babies with congenital hearing
loss to build a community-based
screening programme. 

About 55% of parents who
were informed of the necessity
of newborn hearing screening
through our programme paid for
the tests. The screening rate was
not satisfactory, but is comparable
with other pay-for-test models in
Taiwan.13 The pre-paid model
allowed our screening programme
to work independently of govern-
ment funding or private donations
at the expense of equality for all
newborns. The epidemiological
data and experience learned from

this pre-paid model could also be
of help for nationwide universal
screening in the future. It is a
 compromise and a temporary way
of providing screening in Taiwan
until we have a better alternative.
It might also be applicable to other
developing countries.14-16 The
screening rates in our programme
were in accordance with the levels
of medical facilities, with the
highest being in tertiary referral
centre and the lowest in clinics.
We presumed that this was
because the parents who chose the
upper levels of medical services
were more prepared to pay extra
money for additional services not
covered by the NHI. Since fewer
than 20% of the infants were born
in tertiary referral centres and the
screening rate was lowest in
clinics , hospitals should be the
main target of action for increasing
the coverage rate of our model.

The screening tool chosen –
otoacoustic emission (OAE) or
AABR – depends on the needs of
each programme. OAE is cheaper
and less time-consuming but it has
a higher false-positive rate, and
the possibility of false-negative
results by missing auditory neu-
ropathy/dys-synchrony has caused
concern.12,13,17-19 Screening with
OAE should also take place at
least 36 hours after birth to reduce

Table 1

Results of newborn hearing screening in different levels of birthing facilities

* P < 0.0001 by the chi-square test and P < 0.0001 by trend test.
** P = 0.5611 by the chi-square test.

Number of
infants screened

Screening rate* Referral rate
at discharge**

Number of infants
with hearing loss

Number of
infants 

lost to follow-upbilateral unilateral

Tertiary referral centre 3881 60.76% 1.6% 7 2 4

Hospital 1721 56.54% 1.28% 3 4 2

Clinic 1391 47.23% 1.44% 1 2 0

Total 6993 56.5% 1.49% 11 8 6
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the referral rate.12 We chose
AABR as our screening tool since
the short hospital stay of new-
borns in Taiwan makes efficient
screening with OAE difficult. This
is especially true in community-
based screening where the
screenings  are not done every day
because of the sharing of re -
sources between different medical
facilities. Screeners are often
forced to screen babies at less than
optimal times. In our programme,
initial screenings were usually
conducted less than 24 hours after
delivery, and the referral rate at
discharge was less than 2% in all
3 levels of birthing facilities. The
overall referral rate was 1.47% at
discharge and 0.56% one month
later, which concurs with other
studies using AABR and the
recommendations  of the American
Academy of Pediatrics.7,20-22 The
cost of confirming hearing loss in
screening programmes with OAE
alone, OAE followed by AABR,
or AABR alone varies in different
programmes.21 However, parents
have to pay more for AABR than
OAE in a pre-paid model. This is a
financial burden for parents and
explains at least part of our un -
satisfactory screening rates.

It is not an easy task to get par-
ents to bring their babies back for
the follow-up visit. Six out of
40 babies in need of diagnostic
work-up were lost to follow-up.
Three of the six were lost early in
our programme when the audiolo-
gists, rather than the screeners,
contacted the families for follow-
up. Our screeners are now respon-
sible for each baby they screen,
from screening to explaining the
results and scheduling re-screening
one month later. Knowing that the
screeners will be involved in the
whole process, the parents put
more trust in them. When an

infant is referred, mutual contact
between the birthing facility and
diagnostic centre is highly valued.
Double checking from both sides
to make sure the infant is properly
followed up is vital to prevent loss
to follow-up. However, it is the
screener’s responsibility to
encourage the parents to attend as
scheduled. Minimising the need
for follow-up by using AABR to
reduce the numbers of babies
referred is also fundamental to
fewer cases being lost to follow-
up. It was estimated that at least 1
of our 6 losses might have had
bilateral hearing loss requiring
early intervention. The loss of
each baby in need of intervention
is a major loss in any hearing
screening programme. We passed
the data of the cases that were lost
to follow-up to the Early
Intervention Plan of the Health
Promotion Section of Changhua
County Public Health Bureau for
further monitoring. However, it is
a Taiwanese tradition for a preg-
nant woman to return to the house
of her biological parents after
delivery and to stay there for one
month for a “healthful rest”. The
baby often returns home with the
mother at about one month of age,
which makes follow-up even more
challenging. A national surveil-
lance and tracking data system
could be a solution to this
 problem.

Conclusions

Newborn hearing screening is
important in giving babies with
hearing loss opportunities for bet-
ter development. Our programme
demonstrates that a pre-paid
model using AABR is feasible at
all levels of medical facilities in
Changhua County, Taiwan. Pre-
paid community-based screening

might be an option for developing
countries in the implementation
of universal newborn hearing
screening.
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