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Objective: To compare the hearing screening results of two-step transient evoked otoacoustic emissions (TEOAE) and one-step automatic auditory brainstem response (AABR) in non-risk newborns, and to explore a more suitable hearing screening protocol for infants discharged within 48 h after birth in remote areas of China.

Methods: To analyze the age effect on pass rate for hearing screening, 2005 newborns were divided into three groups according to screening time after birth: <24, 24–48, and 48–72 h. All subjects received TEOAE + AABR test as first hearing screen, and those who failed in any test were rescreened with TEOAE + AABR at 6 weeks after birth. The first screening results of AABR and TEOAE were compared among the three groups. The results of two-step TEOAE screening and one-step AABR screening were compared for newborns who were discharged within 48 h. The time spent on screening was recorded for TEOAE and AABR.

Results: The pass rate of TEOAE and AABR increased significantly with the increase of first screening time (P < 0.05), and the false positive rate decreased significantly with the increase of first screening time (P < 0.05). The failure rate of first screening of AABR within 48 h was 7.31%, which was significantly lower than that of TEOAE (9.93%) (P < 0.05). The average time spent on AABR was 12.51 ± 6.36 min, which was significantly higher than that of TEOAE (4.05 ± 1.56 min, P < 0.05). The failure rate of TEOAE two-step screening was 1.59%, which was significantly lower than one-step AABR.

Conclusions: Compared with TEOAE, AABR screening within 48 h after birth can reduce the failure rate and false positive rate of first screening. However, compared with TEOAE two-step screening, one-step AABR screening has higher referral rate for audiological diagnosis. In remote areas of China, especially in hospitals with high delivery rate, one-step AABR screening is not feasible, and two-step TEOAE screening protocol is still applicable to UNHS screening as more and more infants discharged within 48 h after birth.
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INTRODUCTION

Due to the high incidence of neonatal hearing loss, congenital hearing loss has become the focus of health management department of countries all over the world. One ~3 among 1,000 healthy newborns and 2~4 among 100 high-risk neonates suffer from hearing loss as reported (1). The purpose of neonatal hearing screening is to reduce the negative effects of hearing loss on child's language, cognitive, social, emotional, and academic development through early detection (1).

The two important modes of neonatal hearing screening are high-risk neonatal hearing screening (HRNHS) and universal neonatal hearing screening (UNHS) (2). The first neonatal hearing screening program was developed in the 1960s to screen newborns at high risk of hearing loss (3). However, the importance of UNHS was recognized later as nearly half of newborns with congenital hearing loss are not from high-risk group (4). With the advancement and maturity of screening technology, UNHS has been established and implemented in many countries and regions. UNHS aims to screen all newborns no later than 1 month at age and provide comprehensive audiological evaluation for those who do not pass screening no later than 3 months of age. Infants diagnosed with hearing loss should receive appropriate intervention from health care and education professionals before 6 months of age (5, 6).

At present, two internationally recommended screening methods are otoacoustic emission (OAE) (7) and automatic auditory brainstem response (AABR) (8). Both methods will provide an objective result which shows “refer” or “pass” (2). OAE reflects the function of the cochlear outer hair cells, while ABR records the response from cochlea, auditory nerve and brainstem. For this reason, AABR will result in “refer” when screening infants with auditory neuropathy, whereas screening with OAEs will result in “pass” for the same baby (9). Therefore, AABR is recommended for high-risk newborns to detect auditory neuropathy (6). According to previous studies, the sensitivity of OAE was 90~95%, and the specificity was 89~91%; while the sensitivity of AABR was 100%, and the specificity was 96~98% (10–13). Compared with AABR screening, OAE is characterized by its simplicity and rapidity (2). Two-step OAE screening has been shown to be effective and is widely used in UNHS. However, there remains to be the problem of high false positive with OAE screening, especially for newborns within 48 h of birth (14). Despite being more expensive and taking longer to test, AABR has lower false positives and referral rates than OAE (7). One-step AABR screening has been reported to yield lower first-screening referral rates (1–4%) (15–18), which is lower than the recommended benchmark (<4%) for diagnostic hearing assessment (5). So it seems that one-step AABR screening protocol may be an effective screening model for UNHS. However, the referral rates for OAE and AABR screening in hospital-based settings in developing countries vary greatly (Philippines, TEOAE 10.3%, AABR 18.6%: Malaysia: DPOAE 49.9%, AABR 32.1%; South Africa: TEOAE 37.9%, AABR 16.7%) (2, 14, 19). As the improvement of obstetric technology, more and more babies will be discharged within 48 h after birth, especially in developing countries. Therefore, whether one-step AABR can be widely used in developing countries or even replace Two-step OAE is still questionable.

In this study, we compared the effectiveness of TEOAE and AABR as first screening tool at different time after birth in non-risk newborns. In order to find a better screening protocol suitable for the newborns discharged within 48 h after birth, we compared the practicability of two-step TEOAE and one-step AABR screening modes.



METHODS


Participants

Participants in this study were healthy newborns without a history of NICU hospitalization born from October 2018 to February 2019 at the Liuzhou's Maternal and Child Health Care Hospital, which was a Tertiary Care Hospital in South China. A total of 2005 non-risk newborns were recruited into the study, of which 1015 (50.6%) were males and 990 (49.4%) were females. Demographical overview of the sample is provided in Table 1. All of the newborns were screened within 72 h after birth. The including criteria were newborns with gestational age ≥37 weeks and body weight ≥2,500 g. Newborns with any risk factors for hearing loss were excluded. The withdrawal criteria included neonatal or infantile mortality, parental refusal for hearing screening and foreigners. To further analyze the influence of age on the pass rate of hearing screening, the newborns were divided into three groups according to screening time after birth: <24, 24–48, and 48–72 h (Table 1). The study was approved by the Ethics Committee of Maternal and Child Health Care Hospital, and the parents of all newborns in the study signed written informed consent.


Table 1. Demographic data for 2005 non-risk infants.
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Screening and Diagnostic Procedures

Both TEOAE and AABR test were conducted as the first hearing screening protocol for all neonates before discharge from hospital. The ambient noise level of the maternity ward where the first screening was conducted was below 40 dB SPL. The time spent on TEOAE and AABR tests was recorded separately. Infants are screened while they are asleep or quiet. The ear canal of infants should be cleaned before screening. If both TEOAE and AABR test pass, it is defined as passing the hearing screening; if any one of them fails, it is defined as hearing screening failure.

The rescreening was conducted about 42 days later in a room with background noise <40 dB SPL. Both TEOAE and AABR test were performed. Passing standard was the same as primary screening. Infants who failed rescreening were scheduled for diagnostic evaluation at hearing diagnosis center within 3 months after birth. The hearing diagnostic methods include 1,000Hz acoustic immittance test, diagnostic DPOAE and ABR test. The hearing rescreening and hearing diagnostic tests were performed by professional audiologists and otolaryngologists. More details were showed in Figure 1.


[image: Figure 1]
FIGURE 1. Screening protocol.




Material and Apparatus

The TEOAE and AABR screening test were conducted with AccuScreen hearing-screening Instrument (Madsen-GN Otometrics, Taastrup, Denmark). For TEOAE test, the stimulus sound is a non-linear click sequence with a frequency range of 1.5 to 4 kHz, and its intensity is about 70–84 dB SPL. According to the response amplitude and signal-to-noise ratio, the device automatically determined whether the test results were “pass” or “refer.” For AABR test, three disposable electrodes were placed onto the baby's forehead, cheek, and neck before testing. The test can start only when the impedance between any two electrodes is no more than 12 kΩ. The stimulatory signals were clicks at an intensity of 35 dB nHL with a rate of approximately 55 Hz. The device automatically produced a result of “pass” or “refer” according to the infant's recorded reaction.

The Auditory Evoked Potentials system and ICS Chartr EP 200 instrument (Natus, Mundelein, IL, USA) were used for diagnostic ABR testing. The stimulatory signals were clicks with alternating polarity at a pulse width of 0.1 ms with a repetition rate of 19.3 ms. Disposable electrodes were attached to the forehead, ipsilateral mastoid and contralateral mastoid as recording electrodes, reference electrodes and ground electrodes, respectively. The impedance between any two electrodes was no more than 5 kΩ, and the bandpass filter was set at 100–3,000 Hz. For the air-conducted click ABR, a wave V reaction threshold of ≤ 30 dB nHL is regarded as normal ABR threshold, and a response threshold of ≥35 dB nHL was considered to be abnormal (20). Infants with hearing loss were further tested with a bone-conducted click stimulate to determine the type of hearing loss (conductive, sensorineural or mixed). A frequency-specific (toneburst 500, 1,000, 2,000, and 4,000Hz) ABR evaluation was conducted to determine the degree of hearing loss. The average hearing threshold (dB HL) was evaluated according to the threshold of toneburst 500, 1,000, 2,000, and 4,000Hz ABR. Hearing loss was classified into mild (26~40 dB), moderate (41 ~ 60 dB), severe (61~80 dB) and extremely severe(>80 dB).



Statistical Methods

Statistical analyses were performed using SPSS 22.0. Descriptive analysis was used to show basic trends in demographical variables and screening results. Chi-square test and paired T-test were used to determine significance of differences between the two screening technologies. A p < 0.05 was taken to be a significant difference.




RESULTS

One hundred eighty nine (9.4%) failed TEOAE or AABR tests on one or both ears for the first screening among the 2005 newborns recruited for the study (Table 1). Thirty five infants did not participate in the second screening. A rescreening was performed in 154 infants. Twenty eight (1.4%) infants failed the TEOAE or AABR tests on one or both ears and were recommended for audiological diagnosis. Seven newborns were not diagnosed because of their parents' refusal. Twelve (0.6%) newborns were diagnosed with hearing loss. Among them, 4 (33.3%) were unilateral hearing loss and 8 (66.7%) were bilateral hearing loss. The degree of hearing loss was 3 (25%) mild hearing loss, 4 (33.3%) moderate hearing loss, 4 (33.3%) severe hearing loss, and 1 (8.3%) extremely severe hearing loss. For hearing loss types, there were 4 (33.3%) conductive hearing loss, 6 (50%) sensorineural hearing loss, and 2 (16.7%) mixed hearing loss.

The first screening pass rate of AABR test (93.77%) was higher than TEOAE test (91.22%) (Table 2). The pass rates of TEOAE and AABR tests among three groups were compared (Table 3). With the increase of age, the pass rates of TEOAE and AABR improved significantly (p < 0.05). The highest pass rate for both TEOAE and AABR were between the age of 48–72 h.


Table 2. The pass and failure rates (n/%) of first screening in 2005 neonates during the first screening.
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Table 3. The pass rates (n/%) of first TEOAE and AABR screening in 2005 neonates as a function of age.
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The prevalence of hearing loss among three groups which were screened at different time after birth were compared (Table 4). No significant statistical difference was found among the three groups (χ2 = 2.007, p = 0.367).


Table 4. Prevalence of hearing loss of newborns screened at different time.
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The failure rates and false-positive rates of TEOAE and AABR tests among three groups were compared (Table 5). Both TEOAE and AABR failure rate and false-positive rate decreased significantly with increasing age (p < 0.05). The group screened between the age of 48–72 h had the lowest failure rate and false-positive rate for both TEOAE and AABR tests. For each group, the failure rate and false-positive rate with AABR were significantly lower than that with TEOAE (p < 0.05).


Table 5. The failure rate and false-positive rate of the first screening at different time.
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Figure 2 shows the average testing time of TEOAE and AABR. It was obvious that AABR test (12.51 ± 6.36 min) cost more time than TEOAE (4.05 ± 1.56 min) (p < 0.001).


[image: Figure 2]
FIGURE 2. The average testing time of TEOAE and AABR. Error bars indicate one standard deviation (***p < 0.001, Paired T-test).


To compare the screening effectiveness of two-step TEOAE and one-step AABR for infants discharged within 48 h, we listed the results of the two modes, respectively (Table 6). The differences between the two screening protocols are statistically significant (p < 0.05) in all the variables chosen, except for the number of hearing loss cases diagnosed and positive hearing loss predictive value with each procedure. The failure rate of the first screening with AABR was significantly lower than that with TEOAE (p < 0.05), but higher than the failure rate of the second screening with TEOAE (p < 0.01). The rate of false positives for the first screening phase was 6.57% with AABR, which was significantly lower than 9.18% with TEOAE (p < 0.05), and was significantly higher than 0.83% for the false positive rates of second screening with TEOAE (p < 0.01).


Table 6. Results of hearing screening with TEOAE and AABR of neonates discharged within 48 h after birth.
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DISCUSSION

Hearing loss in early childhood can impede the children's speech, language and cognitive development, causing adverse effects on social, emotional and academic development with increasing social cost (2). UNHS has been implemented in countries all over the world to detect neonates with congenital hearing loss early and provide appropriate interventions in time. Therefore, it is extremely important to find a convenient and effective screening protocol to identify precisely all newborns with hearing loss (21). With the improvement of obstetric technology, more and more babies will be discharged within 48 h after birth. This study mainly explored the effectiveness of TEOAE and AABR as first screening tool at different time after birth in non-risk newborns and compared the practicability of two-step TEOAE and one-step AABR screening methods for infants discharged with 48 h after birth.

The first screening pass rate of AABR was significantly higher than that of OAE, with a difference of 2.6%, which means that 26 more babies per 1,000 newborns will not be able to pass the first screening with OAE compared to AABR, which demonstrated lower AABR referral rates that is similar with other reports (2, 14, 19). OAE screening records the sound energy emitted by the active movement of the inner ear and outer hair cells to evaluate cochlear function (22). The result of OAE screening is susceptible to the function of middle ear and external ear, especially the former (23). AABR records the electrical response of the auditory brainstem after acoustic stimulation, which is much less affected by middle and external ear functioning than TEOAE. This may explain for the lower positive rate of AABR screening compared with TEOAE.

For prevalence of hearing loss, we found that age had no significant effect on it, indicating that the first screening time will not affect the final diagnosis rate of hearing loss. In addition, our research shows that the first screening pass rate of TEOAE and AABR is significantly related to the screening time, and the pass rate increases as the newborns get older. As Benito Orejas said, the reason maybe that debris in the ear canal significantly reduced and the transient middle ear effusion resolved on the second day after birth (18). For the same reason, Gabbard and Doyle recommended OAE screening 48 h after birth (14, 24). In addition, the false positive rate of initial screening with TEOAE in each group is significantly higher than that of AABR, indicating that AABR is less affected by external and middle ear conditions, which seems to be a better choice for those countries where mother and babies can be discharged within 48 h after birth.

However, in the selection of neonatal hearing screening program, we should consider the sensitivity and accuracy of screening tool, as well as its feasibility. We found the average test time of AABR is about three times that of TEOAE. The OAE test is usually faster than the AABR test, even though the time it takes may vary depending on the machine used (2, 14). It is a challenge for hospitals with high delivery rate to perform AABR screening for every neonate. On the other hand, the hearing screening program need to adapt to the current situation of shorter discharge time after birth. Therefore, we compared the applicability of two-step TEOAE and AABR alone screening programs within 48 h after birth. The first screening failure rate (9.93%) and the rescreening failure rate (1.59%) of TEOAE test were similar to those of some other reports (18, 25), which meet the referral rate requirements for hearing diagnosis (5). The results showed that two-step TEOAE screening was suitable for newborn hearing screening within 48 h after birth. Compared with TEOAE, the failure rate (7.31%) of one-step AABR screening was significantly lower. However, this result was higher than 2.6% in Benito-Orejas et al. (18). The reason may be that the technicians in remote areas of developing countries are not proficient enough. In addition, due to high delivery rate, a large number of newborns need to be screened so it is impossible to wait until the neonates are well-asleep before testing. The result of AABR screening will be more susceptible to the newborn's status given that AABR screening costs more time than TEOAE. Therefore, the referral rate of one-step AABR was too high, which could not meet the referral requirements for diagnostic audiology examinations (4%). This further demonstrated the importance of audiology education and training, which helps to reduce the false positive rate of hearing screening and reduce the economic burden of hearing diagnosis. Although AABR has the advantages of lower failure rate and screening for auditory neuropathy compared with OAE, it has higher requirements for the testing environment, the testing status of the newborn, the testing time, and the testing personnel (7, 9). It is necessary to train and assess the qualifications of technicians before performing AABR test. For developing countries, especially China, due to the large differences in medical resources between regions, AABR technology needs to be verified on a large scale before its application. In a word, at present hearing screening protocol of one-step AABR cannot replace two-step TEOAE in terms of time cost and referral rate.



CONCLUSION

From above all, we can conclude that the failure rate and false-positive rate of first hearing screening decreased significantly with increasing screening time. Though AABR has lower failure rate and false positive rate of first screening than TEOAE, one-step AABR screening can't meet the referral rate requirements for diagnostic audiology evaluation due to its relatively high failure rate. For Developing countries or regions, especially in hospitals with a high delivery rate, two-step TEOAE screening protocol is still applicable to UNHS for newborns discharged within 48 h after birth.
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