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Abstract

Background: Universal newborn hearing screening (UNHS) has been widely adopted worldwide as a standard of
care because it enables the detection of congenital hearing loss early in life. Therefore, the concepts of regular meas-
urement of performance using pre-determined quality measures are recommended for continuous improvement of
the program. This study aimed to evaluate and update the performance of a UNHS program by measuring the recom-
mended quality measures between 2010 and 2019. A retrospective study analyzing data of 50569 babies screened
between January 2010 and December 2019 was performed. The pre-determined quality measures of coverage rate,

prevalence of 0.27%.

initial referral rate, return to follow-up rate, diagnosis rate, and age at diagnosis were measured.

Results: The average coverage rate was 95.5%, with all years achieving the recommended benchmark of >95%
except 2014 (91.8%) and 2019 (89.5%). Generally, the initial referral rate (10%) exceeded the benchmark of <4%. The
program only managed to reach the benchmark for initial referral rate in 2013, 2014, and 2015. Both quality indica-
tors for return to follow-up and diagnosis rates also did not meet the > 95% and > 90% standards, respectively. The
return to follow-up ranged from 62 to 72.7%, while the average diagnosis rate was 73.4% (60-100%). One hundred
thirty-seven infants were diagnosed with hearing loss at a median age of 3.8 months (£ 0.4 months), resulting in a

Conclusion: The findings demonstrated an excellent coverage rate but unsatisfactory performance for other quality
indicators. Hence, the current program needs to be revisited to remain relevant and effective.
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Background

Congenital hearing loss is one of the most common dis-
abilities, with a prevalence estimate at 1 to 3 healthy
newborns per 1000 lives and 2 to 4 per 100 in high-risk
infants [1]. The rapid improvement in technologies has
allowed congenital hearing loss to be detected early in life
through universal newborn hearing screening (UNHS).
In addition, UNHS has been demonstrated to be effective

*Correspondence: rafidahmazlan@ukm.edu.my

2 Center of Ear, Hearing and Speech, Faculty of Health Sciences, Universiti
Kebangsaan Malaysia, Jalan Raja Muda Abdul Aziz, 50300 Kuala Lumpur,
Malaysia

Full list of author information is available at the end of the article

@ Springer Open

in minimizing the deleterious impact on language, cog-
nitive, and psychosocial development of children diag-
nosed with congenital hearing loss [2]. Moreover, the
age of diagnosis has been lowered tremendously with
the introduction of this program. For example, the age
at diagnosis in Holte et al. [3] study ranged from 0.5 to
70 months. These positive outcomes have made UNHS a
standard practice of care all over the world.

To date, UNHS has been carried out in many countries
across the globe. For instance, 98.3% of 4 million infants
born in the United States of America received screening
through this program [4]. There have been no national
UNHS yet in Malaysia, but this program has been car-
ried out through public and private hospital initiatives.
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For public hospitals, 15 UNHS programs were offered in
2015 [5]. Hospital Canselori Tuanku Mukhriz (HCTM) is
among the few hospitals implementing UNHS since the
early 2000s [6, 7]. The program follows the Joint Commit-
tee on Infant Hearing (JCIH) guidelines to identify new-
borns with congenital hearing loss by the age of 3 months
and to initiate appropriate intervention by 6 months [8].
The guidelines also promote continuous quality measure-
ment to track the program’s performance. A few quality
indicators have been outlined in the guidelines, including
the coverage rate, initial referral rate, return to follow-
up rate, and age at diagnosis. In countries where UNHS
has been implemented, the coverage rate varied between
90.9% in China [9] and 99.8% in Singapore [10], while the
proportion of newborns referred for re-screening varied
between 0.6% and 37.9% [11]. Accordingly, two previ-
ous studies have been conducted to measure the perfor-
mance of the UNHS program at HCTM in the early years
of its implementation. Mukari et al. [6] measured the
program’s performance from April 2003 to February 2004
and found that all the measured quality indicators did
not meet the recommended benchmarks. For example,
the coverage was only 84.6%, and the average referral rate
was 12%. Abdullah et al. [12] revisited the program’s per-
formance from April 2003 to December 2005. Significant
improvements were observed in the program’s coverage
rate, initial referral rate and age of diagnosis. However,
their findings were still unsatisfactory when compared to
the JCIH guidelines.

In conclusion, these studies’ results are more than a
decade old and using data gathered within a short-term
period that did not allow for the assessments of trends or
changes over time. Moreover, a change in the screening
protocol, from three-step to two-step, has been imple-
mented following the finding from the 2008 study [12].
To date, there have been no studies conducted after the
change in protocol. Given that the protocol has been
using for several years, there is a need to update the qual-
ity indicators and monitor the progress of the program
with a more extended study period. This comprehen-
sive evaluation will help HCTM identify the program’s
strengths and weaknesses to achieve the set benchmarks.
Therefore, this study aimed to assess the performance
of the HCTM program over 10 years and determine
whether it meets the recommended international
benchmarks.

Methods

A retrospective study design was employed to review the
screening results from infants born in HCTM between
January 2010 and December 2019. This study was
approved by Research Ethics Committee of Universiti
Kebangsaan Malaysia (UKM PPI/111/8/JEP-2021-041).
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The research was conducted ethically, with all study pro-
cedures being performed in accordance with the require-
ments of the World Medical Association’s Declaration of
Helsinki. Written informed consent was obtained from
each participant/patient for study participation and data
publication.

Hearing screening procedure

The program used a two-stage screening protocol to
screen babies born at the facility using Transient Evoked
Otoacoustic Emissions (TEOAE) and Automated Audi-
tory Brainstem Response (AABR). Trained nurses and
medical technologists conducted inpatient TEOAE
screening on healthy newborns in the post-natal ward
and neonatal intensive care unit (NICU). The screening
was performed either in a room within the maternity
ward or at the mother’s bedside. All healthy neonates
were screened within 24 h after birth, while NICU babies
received screening depending on their health status.
Newborns were screened only once in the first stage with
two attempts per ear. Those who failed the initial TEOAE
screening were given an appointment within 2 weeks for
an outpatient AABR re-screening at the Ear, Nose, and
Throat (ENT) Clinic before discharge. Babies who passed
the AABR re-screening were discharged, while those
with failed results were scheduled to undergo a diagnos-
tic ABR at the Audiology Unit. Figure 1 show the hearing
screening protocol at HCTM.

Data management

The program collected hearing screening data (e.g.,
demographic information, number of babies born, date of
initial screening and rescreening, initial and re-screening
results, and date of diagnosis) every month and stored in
the Microsoft Excel file by year of the birth cohort. The
screening personnel filled out the hearing screening data,
and the audiologists monitored the database. The audiol-
ogists emailed the database with a secure password to the
research team. The database uses registration numbers to
protect patient information, privacy, and confidentiality.

Statistical analysis

Generally, the analysis involved calculating percentages
for all the quality indicators and compared these with
JCIH guidelines. The median and standard deviation
were also computed. Microsoft Excel was used to organ-
ize and perform the data analysis. Each month’s hearing
screening data were extracted from the database and crit-
ically analysed to compute quality indicators of coverage
rate, initial referral rate, return for follow-up rate, diag-
nosis rate, and age at diagnosis. The prevalence of hear-
ing loss over the 10 years was also established. Table 1
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1* Stage Screening ‘ 1 TEOAE screening within 24
hours after birth

/ N

Pass both ears Refer in one or both ears

Discharge from the hearing
screening program

2" Stage Screening v
Outpatient AABR screening
within two weeks at ENT Clinic

Pass both ears Refer in one or both ears
Discharge from the hearing Refer to audiologist for
screening program diagnostic evaluation
Normal hearing Confirm hearing
loss
Intervention

Fig. 1 The hearing screening proposal at HCTM

Table 1 Quality indicators, formulae, and recommended benchmarks used in the study

Quality indicator Formula Benchmark
Coverage rate Number of infants screened within 1 month = Total live birth >95%
Initial referral rate Number of infants who fail first screening =+ Total number of infants screened <4%
within 1T month
Return for follow-up rate Number of infants return for rescreening <+ Total number of babies failed first >95%
screening
Diagnosis rate Number of infants who completed comprehensive evaluation by 3 months of ~ >90%

age - Total number of infants completed diagnosis

Age at diagnosis The corrected age at the time of completing the diagnostic audiology assess- 3 months
ment
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shows the formulae used in computing each quality indi-
cator together with its recommended benchmarks.

Results

Overall results of the screening process

Results of the hearing screening tests from 2010 to 2019
are summarised in Table 2. During the study period,
a total of 52798 babies were born alive at HCTM, and
50633 (95.9%) received hearing screening within 1 month
of age. Specifically, 46056 (91%) and 4577 (9%) healthy
newborns and NICU babies received the initial screen-
ing. Of the 50633 newborns, 90.3% (45734) passed the
screening, and 10% (4897) failed the initial TEOAE
screening. Throughout the 10 years, only 3223 (65.8%)
returned for the outpatient re-screening with AABR and
432 (13.4%) failed in the second stage screening using
AABR. Only 163 completed the comprehensive assess-
ments, and 137 (0.27%) of the 50633 were diagnosed
within 3 months of age.

Quality indicators across the years
Table 3 presents the quality indicators measured for each
year from 2010 to 2019.

Coverage rate

The coverage rate refers to the percentage of newborns
who completed the initial screening within 1 month of
age. As shown in Table 3, the coverage rate ranged from

Table 2 Summary of hearing screening results from 2010 to 2019

Page 4 of 8

89.5 to 97.8%. Generally, the coverage rate during the
study period achieved the minimum benchmark of 95%
for all years except in 2014 (91.8%) and 2019 (89.5%).

Initial referral rate

The initial referral rate is defined as the percentage of
newborns who failed the initial test in either one or both
ears. Table 2 shows that the initial referral rate showed
a declining trend from 2010 to 2012 and met the JCIH
benchmark of less than 4% in 2013 (2.3%), 2014 (2.9%),
and 2015 (2.9%). However, the proportion exceeded the
benchmark and showed an increasing pattern for the last
three assessment years.

Return for follow-up rate

The return for follow-up rate is the proportion of new-
borns attending the out-patient re-screening using AABR
within 4 weeks of the referral or by 44 weeks gestational
age for premature babies. The return to follow-up rate
fluctuated throughout the study period, ranging from
61.3 to 76.7% and never surpassing the benchmark of
95%. Within the study period, 1674 newborns did not
attend the scheduled re-screening resulting in an overall
loss to follow-up rate of 34.2%.

Diagnosis rate
Diagnosis rate refers to the percentage of newborns
who completed the confirmation of hearing status by

Hearing screening result 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Total live births 5837 6050 5706 5316 5557 6313 5709 4273 4014 4023
Number of infants screened by 1 month 5701 5881 5567 5105 5102 6174 5627 4045 3829 3602
Number of infants passed first screening 4483 5156 4999 4989 4950 5998 5247 3599 3431 2882
Number of infants failed first screening 1218 725 568 116 150 176 380 446 398 720
Number of infants returned for re-screening 771 459 343 81 93 128 233 342 275 498
Number of infants passed re-screening 678 407 321 62 57 72 193 305 255 447
Number of infants failed re-screening 93 52 22 19 36 56 40 37 20 51
Number of infants completed diagnostic evaluation 31 20 12 11 17 13 15 17 7 20
Number of infants completed evaluation within 3 months 6 7 2 4 2 3 3 2 1 1
Table 3 Quality indicators from 2010 to 2019

Quality indicator JCIH Benchmark 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Coverage rate (%) >95% 97.7 97.2 97.6 96.0 91.8 97.8 98.6 94.7 954 89.5
Initial referral rate (%) <4% 214 123 10.2 23 23 29 6.8 11.0 104 20.0
Return for follow-up rate (%) >95% 63.3 633 604 69.8 62.0 727 613 76.7 69.1 69.2
Diagnosis rate (%) >90% 194 350 16.7 364 1.8 23.1 20.0 118 14.3 5.0
Age at diagnosis (months) 3 49 38 44 4.0 37 45 36 39 38 37
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3 months of age. Of 163 infants who participated in the
diagnostic assessments, only 31 (19%) received evalu-
ation within 3 months of age. The diagnosis rate for
these 31 infants ranged from 5 to 36.4%. The diagnosis
rate showed a decreasing pattern over the study period,
with none achieving the recommended standard. Two
hundred and eighty-six infants did not attend the diag-
nostic assessment, resulting in a 66.2% loss to diagnostic
follow-up.

Age at diagnosis

Age at diagnosis is defined as the infant’s corrected age
when completing the diagnostic audiology assessment.
One hundred and thirty-seven infants were diagnosed
with hearing loss. The overall median age was 3.9 months
(£0.4), ranging from 3.7 to 4.9 months and exceeding the
recommended 3-month benchmark. However, the age at
diagnosis showed a decreasing trend over the 10 years.
Of 137 infants, 45 and 92 were confirmed to have unilat-
eral and bilateral hearing loss, respectively.

Discussion

This study analyses the performance of the UNHS
program conducted by a university hospital over the
10 years. The performance was measured using quality
indicators which include the (1) coverage rate, (2) initial
referral rate, (3) return to follow-up rate, (4) diagnosis
rate, and (5) age at diagnosis.

Coverage rate

In general, the screening coverage was consistently high.
The coverage rate averaging 95.5% for 2010-2019 met
the recommended benchmark and aligned with other
published studies [13, 14]. The high coverage rate indi-
cates that the parents and the screeners accept the pro-
gram. This high coverage rate is attributed to two main
factors. First, the cost of the hearing screening is part of
the maternity package and is covered by general health
insurance. The screening fee covered by the third parties
also plays a crucial role in increasing the coverage rate
of the program in Taipei City, Taiwan [15] and Italy [16].
The second factor is associated with having dedicated
personnel to conduct the screening. Within 10 years, 15
personnel were assigned by the hospital to conduct the
testing and document the screening results, where each
personnel carried out the duty for 2 years. These person-
nel attended the training courses and were supervised by
the audiologists before allowing them to screen indepen-
dently. The audiologists also gave refresher training to
ensure the retention of knowledge and skill of the per-
sonnel. The approach of having dedicated personnel have
also been found to contribute to a high coverage rate in
community clinics in South Africa [15]. Frederichs et al.
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[17] demonstrated a lower coverage rate (22.5%) in clin-
ics with non-permanent screening staff than facilities
with dedicated personnel (74.6—-84.7%). Although the
coverage rate of the program was consistently high over
10 years, the program failed to reach the benchmark in
2014 and 2019. The main reason for the drop could be
the change of dedicated screening personnel from March
onwards for 2019. It could be possible that the new per-
sonnel required extra time to learn and adapt to the new
responsibility. For 2014, the TEOAE screening tool used
to screen healthy newborns broke down intermittently
from January to June. When these unexpected events
happened, the personnel had to discontinue the screen
and most likely missed testing the babies because they
had been discharged from the hospital.

Initial referral rate
Generally, referral rates of 4% or higher were recorded
throughout the study period. The overall referral rate of
10% in this study vary considerably from other countries
such as South Africa (37.9%) [11], Uganda (43.3%) [18],
and Brazil (30%) [19]. The most likely reason for the high
referral rates in the present study comes from healthy
babies. The TEOAE screening for this population was
usually completed within 12—-24 h after birth due to early
hospital discharge [12]. Detailed analysis showed that
85.6% of 4897 newborns who failed the initial screening
test were from the healthy infant group. Van Dyak et al.
[11] also faced a similar problem where healthy new-
borns in South Africa are typically discharged from the
hospitals between 6 and 24 h after birth. In their study,
the TEOAE refer rate for ears screened within 24 h after
birth was 55%. It is known that the high initial referral
rate among newborns who were screened with TEOAE
before 48 h after birth is attributed to the presence of
vernix in the newborn’s external ear canal. Findings by
Kumari and Rangasayee [20] further supported this
claim, who reported that the vernix is still present in 35.4%
of healthy newborns aged less than 24 h. The vernix causes
transient conductive auditory dysfunction and interferes
with TEOAE screening yielding false positive results.
One of the suggestions to resolve the high referral rate
issue is probably considering using AABR for in-patient
screening. A few studies demonstrated that AABR
screening effectively reduces the initial referral rate in
programs where early discharge for healthy newborns
is unavoidable. In their study, Clarke, Igbal, and Mitch-
ell [21] found that using AABR in the initial screening
significantly reduced referral rate than TEOAE (3.7% vs
33.3%). Another suggestion is delaying the screening until
near the time of discharge. Lupoli et al. [19] reported that
delaying the screen by 1 h resulted in a decrease in the
failure rate by 5%.
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Return for follow up rate

The return for follow-up rates in the present study is far
from achieving the recommended benchmark of 95%
and more. The UNHS programs in Italy [16], China [22],
and Turkey [23] also exhibited similar findings. The low
return to follow-up would threaten the program’s effec-
tiveness as it increases the number of missing babies with
congenital hearing loss. A poor return for follow-up rate
in the present study indicates that the direct booking of
re-screening appointments by personnel at the point of
screen completion and providing a brochure about com-
municative and educational risks of hearing impairment
before babies are discharged were inadequate. One strat-
egy that can be used to improve this quality indicator is
to empower personnel to conduct parents counselling at
the time of screening on the importance of the follow-up
and the consequences of undetected or late detection of
hearing loss in children. Another strategy is for the pro-
gram to be proactive in contacting parents using phone
calls, emails, or phone messages to remind parents about
the re-screening appointment. Having efficient data
management and tracking system capable of minimizing
documentation loss has been proven to help improve the
return for follow-up rate [24].

The high coverage rate due to early screening can also
contribute to poor return for follow-up rate because
vernix causes many babies to fail the initial screening
tests. In all referral cases, the hearing screening person-
nel will inform about the vernix causing the failure and
how this substance will naturally disappear from the
babies’ ear canal after a few days or weeks. It is possible
that the parents did not think that this condition was
serious and therefore decided not to bring their babies
back for rescreening. To overcome this problem, the pro-
gram could perhaps consider making a second effort to
re-screen babies who did not pass the initial screening
close to discharge. Another suggestion is to align the re-
screening with routine immunization visits, like the pro-
gram in South Africa [25].

Diagnosis rate

The program did not achieve >90% follow-up diagnostic
testing by 3 months, as recommended by JCIH guide-
lines. The low overall rate of 3-month follow-up (19.3%)
obtained in the present study is also shown in Bussé et al.
[24], where only 33 of the 10.925 infants (0.3%) com-
pleted the full diagnostic assessment. The low referral
rate to a full diagnostic assessment in the present study
could be linked to the high number of infants lost to
follow-up in the initial screening (34.2%). Additionally,
26 out of 163 infants (16%) were diagnosed with normal
hearing. These false positive cases might interfere and
delay the diagnosis of hearing loss of the present study. It
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is also possible that parents did not attend the diagnostic
evaluation because they could not afford to pay the test
fees and expenses to come for the diagnostic appoint-
ment. For instance, an ABR diagnostic test cost is Ring-
git Malaysia (RM) 100 (approximately USD 24), which is
much higher than the re-screening (roughly USD 8). This
issue might add an economic burden to parents as gen-
eral health insurance does not cover the test fees. Provid-
ing financial support to parents as practised in Taiwan
[15] might help improve parental compliance to attend
the diagnostic assessments.

Age at diagnosis

The median age at diagnosis (3.9 months) obtained in
the present study was a month later than the recom-
mended benchmark. It is important to note that the age
at diagnosis in the present study was obtained from ABR
threshold results without information on the type of loss.
Therefore, the prevalence of 2.71 per 1000 newborns (137
of 50663) obtained in the present study includes all types
of hearing loss, bilateral, or unilateral. These findings are
consistent with studies in developed countries that report
1-3 cases of childhood hearing loss per 1000 live birth
[1]. In other programs, such as in Bavaria, Germany, the
prevalence of hearing loss only includes those with bilat-
eral hearing loss [26]. Unilateral referrals were included
in the present study because they can also negatively
impact the children’s developmental and educational out-
comes [27]. The present’s study actual prevalence of hear-
ing loss in the present study could be much higher due to
the low follow-up rate of the re-screening and diagnostic
tests. The late diagnosis in the present could have been
affected by a false positive case identified in 26 infants,
which increased the waiting list for diagnostic assess-
ments. Another source of delay in diagnosis was prema-
ture babies who only came to the diagnostic evaluation
after being declared stable by the paediatricians. In the
present study, the longest time taken to diagnose a pre-
mature baby was 32 months. The presence of middle ear
effusion which requires several visits to doctors could
also affect the age at diagnosis of the present study.

Limitations

The main limitation faced in this study was due to the
insufficient documentation in the database. For exam-
ple, we could not determine the prevalence of permanent
childhood hearing loss because the type of hearing loss is
not in the data management system. Similarly, the age of
intervention and number of infants who elect amplifica-
tion are also not available. This information was recorded
in the babies’ file and needed to be extracted manually. In
addition, data in the present study originated from a sin-
gle institution, limiting the result’s generalisability.
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Conclusions

This study was successful in meeting the recommended
benchmark of the coverage rate. However, the num-
ber of newborns who did not attend the follow-ups
remains too high and jeopardizes the entire program’s
effectiveness. Identifying the root cause and strategies
to improve this particular quality indicator are urgently
needed so that the program can meet the recom-
mended benchmarks and the goals of early screening
and intervention of childhood hearing loss.
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