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4.11 Abstract 

Ann automated auditory brainstem response (ABR) method -the ALGO-1 Plus- has been 
developedd for hearing screening in healthy neonates. The aim of this study was to test 
thee validity of this automated ABR screening method in at-risk neonates in a neonatal 
intensivee care unit. Two hundred and fifty at-risk neonates were selected for screening 
accordingg to the criteria of the American Joint Committee on Infant Hearing. All 250 
neonatess were screened with the ALGO-1 Plus for bilateral hearing loss. When two 
consecutivee screenings pointed to bilateral hearing loss ("refer") further audiological 
investigationss were performed and where necessary therapeutic measures were taken. 
Alll children who "passed" the screening unilateral or bilateral enrolled in a nationwide 
behaviourall screening programme at the age of 9 months as well as in a 6-monthly 
followw up programme documenting speech and language development. 
AA total of 245 (98%) neonates passed the ALGO-1 screening, 230 (92%) at the first 
attemptt and 15 (6%) at the second attempt. Five (2%) were referred with bilateral 
hearingg loss. One of these died of congenital rubella shortly after screening and bilateral 
congenitall hearing loss of >35 dB was confirmed in the other 4. None of the infants who 
passedd the screening were discovered to have moderate to severe bilateral hearing loss 
(>400 dB) with behavioural screening (n-183/233) or at follow up (n=233/233). In this 

600 study, all at-risk neonates with bilateral congenital hearing loss were detected with 

ALGO-11 Plus screening. No false-negatives were discovered. 

Conclusion:: The ALGO-1 Plus infant hearing screener can be used as a valid automated 
ABR-screenerr to detect hearing loss in at-risk neonates in a neonatal intensive care 
setting. . 

4.22 Introduction 

Thee development of children with bilateral hearing impairment can be improved whit 

earlyy detection (<3 months) so that treatment can start before the age of 6 months.7,11,14 

Whenn this is taken into account, behavioural screening for hearing loss at the end of the 

1stt year (as carried out in many European countries) is rather late, but this was the best 

availablee screening method up to now. For the neonatal period, conventional auditory 

brainstemm response (ABR) is considered to be the most reliable method for assessment of 

thee hearing level.3,6 Despite the significant incidence (1 %-5%) of mild to severe senso-

rineurall hearing impairment in at-risk neonates,2 the conventional ABR method is not 

widelyy used for screening because it needs attendance and it is time-consuming. An 

automatedd ABR infant hearing screener (ALGO-1 Plus, Natus Medical Inc, San Carlos, 

California,, USA) is available now, for screening purposes. The sensitivity of this method is 
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reportedlyy 100%, with specificity at 97,6%, in term neonates, compared with the con-
ventionall ABR method.6'9'13 

Thee aim of this study was to test the use and validity of this automated ABR screener, in 
detectingg hearing loss in at-risk neonates in a neonatal intensive care setting. Detection 
off bilateral hearing loss was the goal of this study, because normal speech and language 
developmentt is still possible in cases of unilateral hearing loss. Follow up data from 
behaviourall screening methods, as well as from speech and language development, are 
presentedd to confirm the validity of the automated ABR screening method in this group. 

4.33 Subjects and Methods 

Newbornss admitted to the NICU of the Academic Medical Centre in Amsterdam between 
Julyy 1992 and December 1993 were eligible for entry into this study, provided they were 
att risk for hearing loss according to the criteria of the American Joint Committee on 
Infantt Hearing Screening (see Table 4).7 

Thee Academic Medical Centre serves a multi-cultural and multi-lingual population. 
Neonatess are often transferred from other hospitals, either post-natally to the NICU, or 
pre-natallyy to the obstetric ward. When intensive care is no longer necessary, the 

neonatess are transferred back to the referring hospital for high care and medium care 6\_ 
wheree they often stay for several weeks before being discharged home. 
Informedd parental consent was obtained for 250 of the 252 neonates eligible for entry 
intoo this study. The median gestational age of the 250 neonates was 30.0 weeks (range 
24-422 weeks). The median birth weight was 1350 g (range 570-4395 g). Most of these 
prematuree and/or dysmature neonates had signs of respiratory distress syndrome 
requiringg assisted ventilation, circulatory problems, hyperbilirubinaemia, neonatal 
infection,, asphyxia etc. 

Tablee 4 Risk criteria for hearing loss in the neonatal period according to 
thethe American Joint Committee on Infant Hearing. 

 Family history of congenital sensorineural hearing impairment 
 Congenital perinatal infections (Syphilis, TORCH) 
 Craniofacial anomalies 
 Birth weight < 1500 g 
 Hyperbililrubinaemia exceeding a level needing exchange transfusion 
 Use of ototoxic medication in potential toxic dosis (e.g.: aminoglycosides, diurectis) 
 Bacterial meningitis 
 Severe birth asphyxia (Apgar < 4 at 1 min or < 6 at 5 min) 
 Mechanical ventilation > 4 days 
 Syndromes associated with sensorineural hearing loss 
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Automatedd ABR screening (ALGO-1 Plus) was performed in 250 neonates before transfer 
backk to the referring hospital. The screening was performed by three medical students 
withoutt special audiological background. The portable ALGO-1 Plus screener uses 35 dB 
nearr Hearing Level click stimuli, presented mono-aurally at a rate of 37 pulses/s. The 
clickss have an acoustic spectrum, which is flat from 750-5000 Hz. After artefact rejection 
forr ambient noise and myogenic activity, an internally programmed template-matching 
algorithmm measures ongoing EEG activity for the presence or absence of the ABR. This 
samplingg provides the use of a statistical test, the likelihood ratio. After reaching a 
likelihoodd ratio >160, the ALGO-1 Plus stops collecting data and displays a "pass" for the 
earr being tested.9,13 This indicates that the data collected were sufficient to discriminate 
betweenn the presence of a "response + noise", versus the presence f pure noise, or a 
"" no response" condition at better than the 99,80% level of confidence. 
Too avoid disturbance from myogenic activity screening took place whenever possible with 
thee neonate extubated, after feeding and during sleep. Noted were screening results, 
postnatall age, duration of procedure, and situation during screening (nasal continuous 
positivee airway pressure (CPAP) therapy, position in incubator or cot, disturbance from 
ambientt noise, or from routine technical equipment). 

Neonatess who did not pass the test for both ears were rescreened after 4 weeks or at 
term.. Those who did not pass the second automated ABR screening at least unilaterally 

622 were referred for conventional ABR and audiological evaluation. If hearing loss was 

confirmed,, early habititation was started (see Fig 7). 

Thosee who passed for screening unilateral or bilateral were enrolled in: 

1.. the 6-monthly follow up programme of the NICU, where reaction to sounds as well as 

speechh and language development were screened according to Egan and lllingworth1 

and, , 

2.. a nationwide behavioural hearing screening programme (Ewing, or CAPAS) at the age 

off 9 months4,10 in the well baby clinics. Infants who failed repeated behavioural 

hearingg screening were referred to an otorhinolaryngologist for further diagnostic 

investigations. . 

4 .44 Results 

NeonatalNeonatal screening with the automated ABR method 

Screeningg was possible in the incubator in the NICU, even during nasal CPAP oxygen 

therapy,, without disturbance from ambient noise or from technical equipment. One child 

neededd to be tested during artificial ventilation. Mean duration of the procedure was 25 

minn (SD 13.9), including preparation of the skin, the screening itself and cleaning the 

material.. The three students who performed the screening were also being trained in 
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regularr service during the programme. 

Thee first screening took place when the neonate had been extubated and in a stable 
circulatoryy condition, at a median postnatal age of 21 days (range 1-119 days). 
Off 250 neonates, 230 (92%) passed the screening and 20 had the result "refer" at first 
screening.. Two of these 20 neonates died, and 1 moved abroad, before a second ALGO-
11 Plus screening could be performed. In 17 (mean gestational age 27.9 weeks, mean 
birthh weight 1070 g), a second screening resulted in 15 "passes" and 2 "refers". 
AA total of 5 neonates (2%) did not pass either first or second screening. One of these five 
diedd from encephalomyopathy due to a respiratory chain disorder (cytochrome C oxidase 
dysfunction).. In this case conventional ABR confirmed a congenital hearing loss >35 dB. 
Anotherr child died from congenital rubella in the 3rd week of life. In this case conventio-
nall ABR could not be performed, but congenital hearing loss was highly probable. One 
otherr suffered from a severe form of bronchopulmonary dysplasia and laryngo-
tracheomalacia.. It was not possible to detect the hearing level with conventional ABR 
testingg in this infant. When behavioural distraction testing failed at the end of the 1st year 
off life, further audiological evaluation demonstrated a permanent mild hearing loss of 40 
dB.. Conventional ABR testing confirmed bilateral hearing loss of >35 dB in the remaining 
twoo infants of this group of five. These infants were enrolled in a therapeutic 
programme,, and fitted with hearing aids because of sensorineural hearing loss detected 
withh the ALGO-1 in the neonatal period. Fig 8 shows the results of the ALGO-1 
screening. . 

ALGOO 1 -Plus 

pass s refer r 

ALGOO 1 -Plus 

passs refer 

Diagnosticc ABR 

pass s refer r 

NICU-FOLLOWW UP (6 monthly) 
and d 

BEHAVIOURALL DISTRACTION 
SCREENINGG (9 months) 

AUDIOLOGICAL L 
EVALUATION N 
and/or r 
HABITATIONN (< 6 mo) 

Figg 7 FlowFlow chart ALGO- 7 Plus neonatal hearing screening 
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64 4 

77 dead 
55 moved 

Figg 8 Results of ALGO- Plus screening 

DistractionDistraction screening in the well baby clinics 
Off the 250 children who entered the study, 9 died before the age of 1 year and 5 were 
lostt to follow up. Three of the 250 had already been referred for audiological evaluation 
becausee of the results of the ALGO-1 neonatal screening. Although available to all, 
behaviourall distraction screening was performed in only 183 of the remaining 233 
childrenn (78,5%) of whom 161 (88%) passed. Twenty-two of 183 (12%) infants failed 
thee behavioural screening after repeated measurements. Sixteen of these 22 infants 
ultimatelyy turned out to have transient conductive hearing loss. The parents of 6 of these 
222 infants refused further diagnostic investigations. 

Tablee 5 Sensitivity, specificity and predictive values after 
thethe first and second ALGO- screening 

Sensitivity y 

Specitivity y 

Positivee predictive value 
Negativee predictive value 

First t 
ALGO-1 1 
screening g 

100 0 
94 4 

25 5 

100 0 

(%) ) 

Second d 
ALGO-1 1 
screeningg (%) 

100 0 

100 0 

100 0 
100 0 
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FollowFollow up In the NICU programme 
Alll 233 infants were enrolled in the foilow-up programme of the NICU for at-risk 
neonates.. There were no cases where moderate, severe, or profound (>40 dB) bilateral 
hearingg loss was suspected. Speech and language development were adequate in all 
infants,, according to the method of Egan and lllingworth.1 

Whenn compared with the combined results of the behavioural screening method in the 
welll baby clinics and the normal speech and language development in the NICU follow 
upp programme, the ALGO-1 Plus screening has a sensitivity for congenital sensorineural 
hearingg loss of 100% (n=5). The specificity after the first screening was 94%, after a 
repeatt screening at term 100% (n=233). The positive predictive value was 25% after the 
firstt attempt, and in this study 100% after the second screening. The negative predictive 
valuee was 100% {Table 5). 

Inn this at-risk group, 4 neonates had moderate to severe bilateral hearing loss. In one 
otherr child congenital hearing loss was very probable. Therefore, the incidence of 
bilaterall congenital sensorineural hearing loss was 2%. All were detected with ALGO-1 
Pluss screening. Three of the five children with bilateral congenital hearing loss were still 
alivee at the age of 1 year. 

4.55 Discussion 65 

Neonatall hearing screening is very desirable for at risk infants (Table 4) in whom the 1 %-
5%% incidence of sensorineural hearing loss is tenfold the incidence in the general 
population.2'6,7,, For logistical reasons it may be necessary to perform screening before the 
neonatee is transferred from the NICU to the referring hospital. At transfer most of the at 
riskk neonates are preterm, and may still be in an incubator with or without nasal CPAP 
oxygenn therapy. This study shows that a major advantage of the ALGO-1 Plus hearing 
screenerr is the possibility of testing under NICU conditions, without disturbance by 
ambientt noise. 

Thee reliability of the automated ALGO-1 Plus hearing screener compared with 
conventionall ABR detection in the neonatal period, has been proven in several 
studies.6'9'13 3 

Inn this study, follow up data on at-risk neonates, selected according to the AJCH criteria 
confirmedd the validity of the ALGO-1 Plus hearing screener. Although transient evoked 
otoacousticc emissions have been advocated recently as a first stage technique for 
universall healthy newborn hearing screening,8 several problems have to be solved to 
makee this technique suitable for at risk neonates and for use under NICU conditions.5 

Ourr study confirmed the suboptimal cover of the behavioural screening programme 
(78,8%).10,155 Even after being repeatedly referred for behavioural screening, the parents 
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off 6 of the 22 referrals refused further diagnostic investigations. In contrast, the neonatal 
hearingg screening was accepted by most parents. 

Whenn compared with the results of behavioural hearing screening at the age of 1 year 
andd with the results on hearing, speech and language development at further follow up, 
thee specificity of the ALGO-1 Plus test was 94% after the first attempt and 100% after a 
repeatt screening. Maturation phenomena of the central nervous system may be 
responsiblee for this difference. The click-evoked ABR typically appears during the 27th 

weekk of gestation, but may occur as early as the 25th week. Development of the infant 
ABRR is usually complete by the 2nd year of life.12 The small group of children who failed at 
thee first screening had a median gestational age of 27 weeks, and the first screening was 
performedd within 3 weeks of birth. Probably, the ABR of the very preterm neonate 
cannott be compared with the algorithm of the standard ABR, based on data of 30 
normallyy hearing term neonates. To avoid disappointing attempts when screening 
pretermm neonates, it is advised to wait until the neonate is in a stable condition and has 
reachedd the post-conceptional age of 30 weeks. 

AA sensitivity of 100% means that none of the children who passed the ALGO-1 Plus 
screeningg has a moderate to severe sensorineural hearing loss at follow up. For screening 
purposess this high sensitivity is important, especially when combined with a high 
specificity.. All children with a bilateral sensorineural hearing loss were detected in the 

^66 neonatal period with the ALGO-1 Plus screener, but further investigations are necessary 
too confirm the high sensitivity with confidence. 
Earlyy detection of hearing loss and early habilitation is important for the development of 
thee child with bilateral hearing impairment. The ALGO-1 Plus infant hearing screener can 
bee used in the neonatal intensive care unit as an automated ABR screener to detect 
hearingg loss in at-risk neonates. Our follow up data confirm the validity of this safe and 
simplee screening method. 
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