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BRAINSTEM ABNORMALITIES IN 
NEONATES WITH NORMAL 
OTOACOUSTIC EMISSIONS 

Laszlo Stein, Ph.D.,1,3Kelly Tremblay, M.Sc.,1 Joseph Pasternak, M.D.,4 

Shilpi Banerjee, M.A.,1 Kari Lindemann, M.A.,1 and Nina Kraus, Ph.D.1,2,3 

There is growing awareness of a popu­
lation of pat ients whose hear ing deficit is 
cha rac t e r i zed by n o r m a l or n e a r - n o r m a l 
h e a r i n g sensitivity b u t r e d u c e d aud i to ry 
perceptual or speech processing skills. First 
described in the late 1970s and early 1980s 
as paradoxical findings because of absent or 
a b n o r m a l a u d i t o r y b r a i n s t e m r e s p o n s e 
(ABR) but present behavioral responses to 
sound, the d isorder has been referred to 
u n d e r a variety of names: central auditory 
dysfunction, brainstem auditory processing 
syndrome, auditory neural synchrony disor­
der, and most recently, auditory neuropathy 
(Berlin, Hood , Cecola, Jackson, & Szabo, 
1993; Davis & Hirsh, 1979; Kraus, McGee, 
Carrell , Ferre , & H o e p p n e r , 1993; Kraus, 
Ozdamar , Stein, & Reed, 1984; Sininger , 
Hood, Starr, Berlin, & Picton, 1995; Starr et 
al., 1991; Worthington & Peters, 1980). 

Davis and Hirsh (1979) and Worthing­
ton and Peters (1980) were among the first 
to report absent ABRs in patients with mea­
surable hea r ing . These pa t ients also had 
disproportionately poor speech recognition 
or comprehension abilities relative to their 

behavioral pu re tone thresholds. Kraus et 
al. (1984) desc r ibed seven pa t i en t s with 
a u d i o m e t r i c d a t a r a n g i n g f rom n o r m a l 
hearing to moderate impairment but either 
total absence of sound evoked bioelectric 
activity or evidence of ABR wave I or waves I 
or II only. Patients old enough for formal 
testing performed below age level on audi­
tory as compared to visual tasks. Five of the 
seven p a t i e n t s h a d a m e d i c a l h i s to ry of 
e i ther per inata l in t racranial h e m o r r h a g e , 
asphyxia, or hyperbilirubinemia: physiologi­
cal factors though t possible causes of dys­
function of the central auditory pathways. 
Kraus and colleagues suggested that absent 
ABRs or the selective loss of the later wave­
forms may resul t f rom d i s rup t ion at the 
level of the bra in stem of the neura l syn­
c h r o n y n e c e s s a r y for ABR g e n e r a t i o n . 
While essential for ABR generation, neural 
synchrony may n o t be necessary for the 
behavioral detection of acoustic events. 

More recently, Starr et al. (1991) report­
ed findings with an 11-year-old patient who 
presented with only a fluctuating, mild-to-
moderate hearing loss but poor word recog-

^rogram in Audiology and Hearing Science, Department of Communication Sciences and 
Disorders, and departments of Neurobiology and Physiology, Northwestern University. 

3Otolaryngology-Head & Neck Surgery, Northwestern University Medical School. 
4Division of Pediatric Neurology, Department of Pediatrics, Evanston Hospital and Department of 

Pediatrics and Neurology, Northwestern University Medical School. 
For reprints: Laszlo Stein, Ph.D., Northwestern University, 2299 N. Campus Drive, 

Evanston, IL 60208. 

Copyright © 1996 by Thieme Medical Publishers, Inc., 381 Park Avenue South, New York, NY 10016. 
All rights reserved. 197 

D
ow

nl
oa

de
d 

by
: N

or
th

w
es

te
rn

 U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



SEMINARS IN HEARING—VOLUME 17, NUMBER 2 MAY 1996 

nition ability and absent ABRs. The discrep­
ancy between behavioral and ABR findings 
prompted Starr and colleagues to carry out 
an extensive series of electrophysiological 
and psychoacoustic tests which revealed 
that while click-evoked otoacoustic emis­
sions and cochlear microphonics were pre­
sent, acoustic reflexes were absent and 
performance on temporally based psycho-
acoustic tests was poor. Also absent were a 
part icular set of auditory event-related 
potentials (ERPs) responsive to the tran­
sient features of acoustic signals. The loss of 
both temporally dependent auditory per­
ceptions and neural components of ERPs 
sensitive to temporal cues could be accounted 
for, according to Starr et al., by a defect at 
the eighth nerve or the synapse between the 
inner hair cell and the eight nerve (type I 
fiber synapses). Kraus et al. (1993) reported 
on an 18-year-old with subclinical hydro­
cephalus who presented with normal hear­
ing for pure tones and specific behavioral 
auditory processing deficits. A series of 
auditory event-related potentials suggested 
the brain stem as the site of the disorder. 
Electrophysiologic findings included a 
grossly abnormal ABR, selective impairment 
of the mismatch negativity (MMN), a corti­
cal event-related potential that reflects cen­
tral processing of small acoustic differences, 
but intact auditory middle, N1, P2, and 
P300 responses. Berlin et al. (1993) provided 
an additional dimension to physiological 
measures with patients who apparently lack 
cues regarding the temporal onset of sig­
nals by describing the absence of contralat­
eral suppression of otoacoustic emissions in 
two patients with normal to near-normal 
pure tone sensitivity in certain frequency 
regions, robust evoked otoacoustic emis­
sions, inordinately poor speech discrimina­
tion, and paradoxically absent middle ear 
muscle reflexes and ABRs. These authors 
hypothesized that absence of contralateral 
suppression is due to a form of central ner­
vous system dysfunction involving the affer­
ent-efferent feedback system, a condition 
they labeled as Type I afferent neuron dys­
function. In a recent review, Sininger, Hood, 
Starr, Berlin, and Picton (1995) summarized 

their current thinking on patients who pre­
sent with paradoxical behavioral and physi­
ological findings. They hypothesized that 
presence of normal otoacoustic emissions 
and cochlear microphonics but absence of 
auditory nerve action potentials (no ABR 
wave I) points to the synaptic junc t ion 
between the axon terminal of the inner hair 
cell and dendrite of the spiral ganglion neu­
ron, the dendrite itself, the spiral ganglion 
neurons themselves, or the axons of the spi­
ral ganglion neuron with the auditory nerve 
in their course to the brainstem or in some 
combination of the above as the possible 
site or sites of the abnormality. 

Apparent from these reviews is that 
many quest ions remain regard ing this 
disorder. Chief among them are the exact 
anatomic site or sites of the disorder, the 
possible etiologic factors, and the viability 
of therapy or educational intervention. 

It was the availability of ABR that pro­
vided an electrophysiological correlate to 
the behavioral findings of poor speech com­
prehension and normal hearing. The para­
doxical finding of normal or near-normal 
behavioral thresholds but absent or abnor­
mal ABRs provided objective electrophysio­
logical evidence suggesting a central auditory 
processing disorder rather than peripheral 
hearing loss as an explanation for the speech 
comprehension difficulties shown by some 
children and young adults. In the past, 
identification depended on whether the 
child demonstrated speech or language 
delay or learning problems in school and 
was old enough and capable of responding 
to behavioral pure-tone testing. Now with 
the availability of evoked otoacoustic emis­
sions (EOAE), it may be possible through 
objective physiological and electrophysiologi­
cal measures to identify the phenomenon 
in infants and determine what, if any, rela­
tionship such paradoxical findings have 
with the disorder seen in older children and 
young adults. Earlier identification could 
also prove invaluable in identifying possible 
causative factors as well as bringing attention 
to the critical issue of earlier intervention. 

In this article we describe findings with 
a series of four infants who on screening in 198 
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an infant special care nursery (ISCN) passed 
evoked o toacous t i c emiss ions b u t failed 
ABR, the hallmark signs in older chi ldren 
and young adults of some form of auditory 
nerve pathology, brainstem neuronopathy, 
or brainstem conduction defect. These para­
doxical findings were conf i rmed t h rough 
serial follow-up audiological testing after dis­
charge home . Follow-up testing, including 
pediatr ic neurological evaluations, contin­
ues and, al though some degree of normal­
ization or reversal of initial ABR abnormality 
a p p e a r s to have o c c u r r e d in two of t h e 
infants, ABR waveform morphology contin­
ues to be abnormal in the remain ing two 
infants, thereby increasing the possibility of 
a long-term rather than transient condition. 

METHOD 

Data on the four infants with paradoxi­
cal E O A E / A B R f i n d i n g s we r e p o r t o n 
derive from a l imited study cont rac ted to 
p r o v i d e d a t a o n t h e feasibil i ty of u s ing 
EOAE to s c r e e n in fan ts a d m i t t e d to an 
ISCN. Largely as a result of the recommen­
da t ions p u t for th in the N I H Consensus 
Statement on Early Identification of Hearing 
Impairment in Infants and Young Children 
( 1 9 9 3 ) , t h e Cl in ica l N e u r o p h y s i o l o g y 
Laboratory and the Division of Neonatology, 
Depa r tmen t of Pediatrics of the Evanston 
Hospital, a Northwestern University Medical 
School affiliated hospital, requested one of 
the present authors (L.K.S.) to develop data 
compar ing EOAE screening with the ABR 
tes t p r o t o c o l in use at t h e t i m e in t h e 
ISCN. It was during the course of this joint 
Evanston Hospital/Northwestern University 
ISCN hearing screening feasibility study that 
we first identif ied and were subsequent ly 
able to follow the four infants who showed 
paradoxical TEOAE/ABR screening results. 

ISCN SCREENING AND TESTING PROTOCOL 

TEOAE screening was carried out using 
the ILO88 system from Otodynamics Ltd. A 
detai led descript ion of this system can be 

f o u n d e l s e w h e r e (Bray 8c K e m p , 1987 ; 
Kemp 8c Ryan, 1993; Kemp, Ryan, 8c Bray, 
1990; V o h r , W h i t e , M a x o n , & J o h n s o n , 
1993. Only a brief descript ion of pa rame­
ters specific to our application will be given 
here . TEOAE stimuli consisted of 80 μsec 
c l icks d e l i v e r e d t h r o u g h t h e spec i a l l y 
designed infant p robe and associated cou­
pling cuffs supplied with the ILO88 system. 
T h e ILO88 QuickScreen m o d e was used 
with all infants . T h e Qu ickSc reen m o d e 
( K e m p 8c Ryan , 1993) was i n t r o d u c e d 
specifically for infant screening as an attempt 
to limit collection of TEOAE data below 1 
kHz by reduc ing the ILO88 adul t default 
setting from a 20 msec sweep time to 12.5 
msec (the latency of 500 Hz is 15 to 20 msec 
whereas most high frequency TEOAE energy 
is emitted within the first 5 msec after stim­
ulation) . TEOAE measures below 1 kHz are 
of ten o b s c u r e d by low-frequency in fan t 
physiological noise (breathing, sucking, and 
movemen t ) a n d since the i n t en t of mos t 
infant screening is to identify sensorineural 
loss, invariably a high-frequency loss, limit­
ing collection of EOAEs to the higher fre­
quencies where EOAEs are most robust, is 
clinically sound as well as more efficient. 

Hospital staff for medical-legal reasons 
preferred for the feasibility study adopt ion 
of a TEOAE screening protocol based on 
published data. Their specific concern cen­
tered on the question of what constituted a 
pass or a fail. Since the Rhode Island Hearing 
A s s e s s m e n t P r o j e c t (RIHAP) (Whi t e & 
Behrens, 1993) is by far the most extensive 
publ ished study on the use of otoacoustic 
emissions in infant screening, we adop ted 
the pass, partial pass, fail criteria out l ined 
by Vohr et al. (1993) for the RIHAP. Briefly, 
the RIHAP scoring of TEOAE results are 
defined as: Pass, a 3 dB signal to noise ratio 
(SNR) present at least halfway across each 
of the test frequency bands of 1 to 2, 2 to 3, 
and 3 to 4 kHz; Partial Pass, only one or two 
of the frequency bands shows a 3 dB SNR 
halfway across the frequency band; and Fail, 
no response in any of the frequency bands. 
Applying the RIHAP criteria yielded pass / 
partial pass/fail results with the 100 ISCN 
infants in our series virtually identical to the 199 
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pass/par t ia l pass/fail results originally pub­
l i shed by t h e RIHAP (Whi te & B e h r e n s , 
1993).* 

The Evanston Hospital ISCN is a Level 
III regional facility with approximately 300 
to 350 admissions annually. TEOAE screen­
ing was conducted in one of a suite of three 
special p rocedures / i so la t ion rooms of the 
ISCN complex where ambien t noise levels 
w e r e b e l o w t h o s e t h a t i n t e r f e r e d w i t h 
r eco rd ing TEOAEs. All TEOAE screening 
was c o n d u c t e d by l i c e n s e d a u d i o l o g i s t s 
exper ienced in EOAE or ABR infant hear­
ing s c r e e n i n g . ABR t e s t i ng of t h e ISCN 
infants was conduc ted by EEG technicians 
u n d e r the direction of the Clinical Neuro­
p h y s i o l o g y L a b o r a t o r y of t h e E v a n s t o n 
H o s p i t a l . T h e ABR p r o t o c o l e m p l o y e d 
required obtaining recordings for each ear 
at 40, 60, and 75 dB H L using a st imulus 
ra te of 1 1 / s e c . Infants were seda ted a n d 
t ranspor ted to the EEG Laboratory where 
t e s t i n g was c o n d u c t e d u s i n g a B io log ic 
Navigator uni t equ ipped with TDH-39 ear­
p h o n e s . T h e ABR results were r e a d on a 

rotat ing basis by one of three neurologists. 
TEOAE and ABR results no t in ag reemen t 
were r e fe r red for a r e p e a t EOAE in con­
j u n c t i o n with d iagnos t ic aud i to ry evoked 
response testing. 

FOLLOW-UP TESTING 

Follow-up diagnostic EOAE and auditory 
evoked response testing was carried ou t at 
the Otoacoust ic Emissions Laboratory and 
Audi tory Neurosc ience Labora tory Nor th ­
western University Evanston. Transient and 
d i s t o r t i o n p r o d u c t o t o a c o u s t i c emis s ion 
(DPOAE) tes t ing ut i l ized the ILO 8 8 / 9 2 
system f rom O t o d y n a m i c s , L td . D P O A E 
measures were also obta ined using the Bio-
Logic Scout DPOAE system. Auditory brain­
stem a n d midd le latency response (MLR) 
measures were conducted using the Biologic 
Navigator. Sleep stages dur ing MLR testing 
were m o n i t o r e d us ing an on-l ine m e t h o d 
desc r ibed by McGee , Killion, R o s e n b e r g , 
and King (1993). 

RESULTS 

T h e four confirmed cases of paradoxi­
cal T E O A E / A B R s were ident i f ied f rom a 
consecutive series of 100 infants admit ted to 
the ISCN dur ing a 3-month per iod follow­
i n g a n i n i t i a l s e r i e s of p i l o t s t u d i e s . 
Recommenda t ions to the hospital medical 
staff r e g a r d i n g a h e a r i n g s c r e e n i n g p r o ­
g r a m for t h e ISCN w e r e b a s e d o n d a t a 
obta ined with this sample. 

Table 1 summarizes identifying infor­
mation, screening results, and follow-up test 
f i n d i n g s wi th t h e f o u r a d m i s s i o n s t h a t 
d e m o n s t r a t e d p a r a d o x i c a l E O A E / A B R 
results. All four of the infants were male and 
pre te rm (G.A. < 37 wk). O n e was te rmed a 
very low birthweight (VLBW) infant (< 1500 g) 
a n d two as low bir thweight (LBW) infants 
(< 2500 g) . T h e p r o m i n e n t medical condi­
tion in three of the four infants was hyper­
b i l i r u b i n e m i a ( d e t a i l e d b i r t h h i s t o ry is 
s u m m a r i z e d in T a b l e 3 a n d will b e dis­
cussed later) . 

*Maxon, White, Vohr, & Behrens (1993) reported 
on a sample of 1850 infants (16.4% NICU infants), a 
15% fail and a 12% partial pass rate on initial screen 
(27% had to be screened or tested a second time). 
Our data on 100 ISCN infants were 17% fail, 11% par­
tial pass for a total of 28% that required a second 
screening. Later we reexamined our data in terms of 
the partial pass category, which in fact meant a near 
30% fail rate since all partial pass infants had to be 
rescreened or referred for follow-up testing, and found 
that all of the TEOAE measures that were classed as 
partial pass were due to failure to meet the requisite 
SNR in the 1-2 kHz frequency band but that robust 
TEOAEs were present in the 2-3 and 3-4 kHz high fre­
quency bands. By reclassifying partial pass to pass, our 
fail rate dropped to 17%. Limiting the collection of 
EOAEs to a narrow-band from 2-4 kHz has been 
recently proposed by Brass, Watkins, & Kemp (1994) 
and Whitehead et al. (1995). In a recent article, 
Maxon, White, Behrens, & Vohr (1995) reported a 
fail rate of 9% in the NICU and a fail rate of 6% in 
the regular nursery, a significant improvement from 
the earlier results reported from the RIHAP. The 
improvement is attributed to the use of a two-stage 
screening protocol, modifications in ILO88 hardware 
and software, modifications in probe fit techniques, 
and the experience of the screeners. It is our under­
standing that the RIHAP recently did away with the 
partial pass category and a pass is now defined as a 
SNR of +6 dB over half of the two frequency bands 
2-3 and 3-4 kHz (White, 1995). 200 
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TABLE 1. Summary of Infant Data and Audiologic Test Results 

Name 

S.G. 

G.P. 

C.W. 

C.P. 

Sex 

M 

M 

M 

M 

GA 
(Whs) 

25 

35 

33 

34 

Infant Data 

Birth 
Weight 
(Gs) 

886 

2615 

2370 

2005 

Screening 

History EOAE 

RDS1 Pass bilaterally 
VLBW3 

Photo therapy 

RDS Pass bilaterally 
Hyperbi l i rubinemia 

Rh — 
Hyperbi l i rubinemia 
LBW2 

Rh Pass bilaterally 
Hyperbi l i rubinemia 
PVL4 

Results 

ABR 

Fail: abno rma l 

Fail: abno rma l 

Fail: abno rma l 

Fail: abnorma l 

EOAE 

Present bilaterally 

Present LE; 
absent RE 

Present bilaterally 

Present bilaterally 

Follow-Up Testing 

ABR 

Wave V 40 dBnHL; 
delayed III-V 

Delayed, decreased 

Delayed, decreased 

Wave V 50 dBnHL; 
delayed, decreased 

MLR 

Present : 10 d B n H L 

Present : 40 d B n H L 

Present : 40 d B n H l 

Present : 70 d B n H L 

1RDS: respiratory distress syndrome. 
2LBW: low bir th weight. 
3VLBW: very low bir th weight. 
4PVL: left frontal cystic periventricular leukomalacia. 

20
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ISCN SCREENING AND TEST RESULTS 

T E O A E s c r e e n i n g was c o m p l e t e d 
before discharge on three of the four infants 
l i s ted in T a b l e 1 a n d , a l t h o u g h T E O A E 
screening was no t done before discharge on 
the fou r th in fan t l is ted (C.W.) , TEOAEs 
were found to be present on follow-up at a 
co r rec t ed age of less t h a n 1 m o n t h , and , 
therefore , we might assume EOAEs would 
have been present at the time the screening 
TEOAE would have b e e n done . All of the 
TEOAE screening responses me t the origi­
nal RIHAP cri teria for pass (3 dB SNR at 
t h r e e f r equency b a n d s ) . ABR e m p l o y i n g 
t h e p r o t o c o l d e s c r i b e d ea r l i e r was d o n e 
before discharge on all four infants. All of 
the ABR records were j u d g e d fails by the 
reviewing n e u r o l o g i s t s . All were l a b e l e d 
"markedly abnormal" and characterized as: 
absent wave V at levels as high as 95 dB HL; 
possible wave I at 95 dB HL; possible wave I, 
III, and V at 85 dB HL but poor replicability; 
or questionable wave V at 85 dB HL. 

FOLLOW-UP TEST RESULTS 

Table 2 provides a summary descr ip­
tion of the ABR and MLR threshold results 

obta ined with each child and the corrected 
or gestational age (GA) at the time the fol­
low-up tests were conduc ted . EOAE, ABR, 
and MLR testing was conducted u n d e r seda­
tion (chloral hydrate) . Infant S.G. was seen 
for follow-up test ing at 3.6 mos cor rec ted 
age; G.P. at 2 mos, 5 mos, and 9 mos correct­
ed age; C.W. at < 1 mo and 4 mos corrected 
age; and C.P. < 1 m o and 3.6 mos corrected 
age . TEOAEs, a n d also DPOAEs in some 
cases, were ob ta ined for each ear with all 
four infants . F igure 1 shows the DPOAE 
records obtained with infant G.P. using the 
I L 0 9 2 (top record) and the Bio-logic Scout 
(lower r ecord ) systems. This infant failed 
TEOAE screening in the left ear at 5 months 
of age bu t passed at 9 months . T h e fail was 
a t t r i bu t ed to an ear canal obs t ruc t ion or 
middle ear condit ion based on the finding 
by the child's pediatrician of ce rumen and 
an o p a q u e t y m p a n i c m e m b r a n e t h e day 
before o u r tes t ing. I m m i t t a n c e m e a s u r e s 
could no t be completed. 

ABR test results r ecorded pr ior to dis­
charge from the ISCN with infant S.G., the 
VLBW child, were r epo r t ed as absen t—no 
recognizable or reproduc ib le waveforms— 
to click stimuli presented at 85 dB nHL. O n 
follow-up ABR testing at a corrected age of 
3.6 mos. , wave I was clearly identifiable to 

TABLE 2. Summary of ABR and MLR Findings at Follow-Up 

Name 

S.G. 

G.P. 

C.W. 

C.P. 

Age (Months) and Description 

(3.6 mo) ABR: Wave V at 40 dB nHL, delayed III-V 
MLR: 10 db nHL 

Impression: Improvement when compared to ISCN ABR results. Abnormal waveform morphology and 
latency suggest disruption of neural synchrony. 
(2.0 mo) ABR: Wave I, delayed decreased later components 

MLR: 40 dB nHL 
(5.0 mo) ABR: Wave I, delayed decreased later components 

MLR: 40 db nHL 
(9.0 mo) ABR: Wave I, delayed decreased later components 
Impression: Disruption of neural synchrony. 
(< 1 mo) ABR: Wave I, delayed decreased later components 

MLR: 20 dB nHL atypical and delayed 
(4.0 mo) ABR: Wave I delayed decreased later components 

MLR: 40 db nHL 
Impression: ABR and MLR responses abnormal indicating auditory brainstem and thalamo-cortical 
pathway involvement. 
(< 1 mo) ABR: Wave V 50 dB nHL 

MLR: 70 db nHL 
(3.6 mo) ABR: Wave V 50 dB nHL 

MLR: 70 dB nHL 
Impression: Improvement noted in responses from rostral brainstem areas. 202 
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BRAINSTEM ABNORMALITIES—STEIN ET AL. 

Figure 1. Distortion product otoacoustic emission records obtained with infant G.P. at age 9 months. Upper 
record obtained using the ILO 98 system; lower record obtained using the Bio-logic Scout system. Note the pres­
ence of low-frequency physiologic noise beginning at 1,000-1,500 Hz in this sedated infant. 

an 80 dB nHL click stimulus and waves III 
and V to a click stimulus at 40 dB nHL, but 
absolute latencies for waves III and V were 
delayed. The presence of waves I, III, and V 
appears to represent reversal or improve­
ment over the initial ABR records obtained 
prior to discharge from the ISCN. An MLR 

to click stimuli presented at 10 dB nHL is 
consistent with functional thalamo-cortical 
pathway neural activity and good hearing 
sensitivity. The ABR records obtained prior 
to discharge from the ISCN for the remain­
ing three infants were also reported as 
either absent wave V or at best, a possible 203 
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wave I and a poorly identified prolonged 
wave V response with poor replicability or 
reproducibility to click stimuli at intensity 
levels up to 95 dB nHL. Follow-up ABR and 
MLR tests with infant C.P. conducted at less 
than 1 month of age and at age 3.6 months 
yielded wave V responses in both ears at 50 
dB nHL. Again, as with infant S.G., identifi­
able wave V responses at 50 dB nHL repre­
sent what appears to be reversal of initial 
findings. Further follow-up testing should 
confirm whether infants S.G. and C.P. 
demonstrate the reversal of the "central" 
ABR abnormality associated with some high 
risk infants (Stockard & Stockard, 1981; 
Stockard, Stockard, Kleinberg, & Westmore­
land, 1983). 

In contrast , infants C.W. and G.P. 
failed to show the reversals in ABR record­
ings seen in the records of infants S.G. and 
C.P. In addition to abnormal ABR record­
ings, MLR findings obtained with infant 
C.W. were judged atypical suggesting possi­
ble involvement of the thalamo-cortical 
auditory pathway. ABRs recorded for infants 
G.P. and C.W. were characterized by a high 
amplitude cochlear microphonic (CM) and 
possible wave I, possible wave II but absent, 
delayed, or decreased in amplitude later 
components. The ABR records of infant G.P. 
are compared at corrected ages 5 mos and 9 
mos in Figure 2. The two waveforms shown 
in each record are replications obtained at 
an intensity level of 80 dB nHL. Presence of 
waves I and II of normal latency would be 
strong evidence of neural response from 
the distal and proximal (brainstem) portion 
of the eighth nerve, in turn, presumptive 
evidence of cochlear function. In addition, 
it is sometimes possible to identify a cochlear 
microphonic (CM) in the ABR recording as 
an onset response preceding wave I. Since 
the CM is a receptor potential generated 
within the cochlea, mainly the outer hair 
cells, and follows the waveform of the stimu­
lus, reversing the polarity of the stimulus 
from condensation to rarefaction or rare­
faction to condensation should reverse the 
polarity (upward or downward deflection) 
of the response. Also, latency of wave I may 
shift slightly with increased stimulus rates 

whereas CM will not. Verification of a CM 
response would be additional evidence of 
cochlear activity. In Figure 2, the wave 
immediately following onset of the stimulus 
is presumed to be the CM response because 
switching from a condensation to a rarefac­
tion click produced a reversal of the polarity 
of the waveform. Figure 2 also illustrates 
the difficulty an examiner may face when 
trying to j udge whether there is a real 
change in the ABR record over time; i.e., is 
there evidence of a change in neural response 
with the implication of a more favorable 
prognosis? 

Table 3 summarizes the pre- and peri­
natal history of the four infants. As expect­
ed with infants requiring admission to an 
ISCN, each presented with a number of 
medical conditions, some of which have 

TABLE 3. Summary of Medical History 

Name 

S.G. 

G.P. 

C.W. 

C.P. 

15-year-old mother, little prenatal care 
C-section 
GA 25 wks Birthweight 885 g Apgar 5/8 
RDS 
Peak bilirubin level: 4.9 mg/dL 
Phototherapy 5 days 
(ampicillin and gentamycin) 

39-year-old mother; gestational diabetes 
GA 35 wks Birthweight 2615 g Apgar 8/8 
Respiratory distress (assisted ventilation—no 
apnea) 
Hyperbilirubinemia: peak bilirubin levels 
14.9 mg/dL 
Phototherapy 5 days 
Direct hyperbilirubinemia: 12.2 mg/dL 
(day 7) 15.2 mg/dL (day 8) 

28-year-old mother: Rhesus hemolytic 
disease 

Antenatal transfusion 
C-section 
GA 33 wks Birthweight 2370 g Apgar 8/8 
Bilirubin level: 7.2 mg/dL (2 hrs age), 
15.5 mg/dL (42 hrs age) 
Exchange transfusion 
(ampicillin and gentamycin) 

34-year-old mother Rh sensitization 
(intrauterine transfusion) 
GA 34 wks Birthweight 2005 g Apgar 7/9 
Moderate RDS 
Peak bilirubin level 12.4 mg/dL (4th day) 
Phototherapy 4 days 
Bilirubin level 15.9 mg/dL 
Exchange transfusion 

GA: gestational age. 
RDS: respiratory distress syndrome. 204 
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AGE: 5mos LE 

LATENCY 2.00 ius/div 

LATENCY OFFSET - . 80 ms 

AGE: 9mos LE 

LATENCY 2 . 0 0 m s / d i v 

LATENCY OFFSET - . 80 ms 

Figure 2. Auditory brainstem response record obtained with infant G.P. at corrected age 5 months (upper 
record) and at corrected age 9 months (lower record). Stimulus latency offset is .8 msec. The cochlear micro­
phonic (CM) can be seen occurring immediately after stimulus onset. 

been variously associated with neurodevel-
opmental disorders including hearing loss. 
All four infants were preterm; one had a left 
frontal cystic periventricular leukomalacia 
detected by ultrasound at 3 weeks of age; 
two were low birthweight, one very low 
birthweight; three were diagnosed as having 
a respiratory distress syndrome, two received 
ampicillin and gentamicin, and three had 

hyperbilirubinemia necessitating either 
exchange transfusion or phototherapy. By 
strict definition, the only indicators associated 
with sensorineural and/or conductive hear­
ing loss for use with neonates birth to 28 
days listed in the Joint Committee on Infant 
Hearing 1994 Position Statement (American 
Academy of Pediatrics, 1995) were: birth 
weight less than 1,500 grams (infant S.G.), 205 
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possible o to toxic aminoglycoside (infants 
S.G. a n d C.W.) , a n d h y p e r b i l i r u b i n e m i a 
r e q u i r i n g e x c h a n g e t rans fus ion ( infants 
C.W. and C.P.). A third infant (G.P.), also 
diagnosed with hyperbilirubinemia, received 
a 5-day c o u r s e of p h o t o t h e r a p y b u t n o 
e x c h a n g e t ransfus ion . T h e fou r th in fan t 
(S.G.) also received a 5-day course of pho­
to therapy for what was apparen t ly j u d g e d 
"physiological" j a u n d i c e , usually a ben ign 
and self-limited condit ion. 

DISCUSSION 

O u r f i n d i n g of n o r m a l o t o a c o u s t i c 
emissions and abnormal brainstem responses 
in neona tes has b e e n r epo r t ed previously. 
Vohr et al. (1993) in a footnote stated: 

A rare exception is the infant with a normal­
ly functioning cochlea and damage along 
the cranial nerve VIII pathway ( re t ro-
cochlear or central). Such an infant may 
have normal evoked otoacoustic emissions, 
but an abnormal brainstem response and 
may show what appears to be sensitivity loss 
on behavioral measures, (p. 62) 

Norton (1993) reported evaluating eight 
children in whom ABR was ei ther absent or 
present only at 80 or 90 dB n H L and who 
h a d g o o d T E O A E s . I n f o r m a t i o n as to 
w h e t h e r any of t h e c h i l d r e n h a d b e e n 
screened by ABR or EOAE at bir th was no t 
given b u t it is poss ib le t h a t c o m p a r a b l e 
A B R / T E O A E f ind ings w o u l d have b e e n 
o b t a i n e d h a d n e o n a t a l s c r e e n i n g b e e n 
done . O n e child was described as a p re te rm 
(34 wk GA) male who was in an NICU for 8 
weeks because of resp i ra tory distress syn­
drome, hyponatremia, and hyperbilirubine­
mia. At 10 mon ths of age, the infant failed 
an ABR test (no identifiable wave V at 80 dB 
nHL, possible wave I at 60 dB n H L ) . When 
tested at 13 mon ths of age, he presented as 
an alert and engaging infant with delayed 
m o t o r d e v e l o p m e n t , mi ld ce reb ra l palsy, 
and inconsistent responses to auditory stim­
uli. No ABR was observed at 90 dB n H L in 
e i ther ear; however, robus t TEOAEs were 
recorded for both ears. At approximately 14 

m o n t h s of age , re l iab le sound-f ie ld VRA 
responses were obta ined at 20 to 25 dB HL 
for band-pass noise (500, IK, 2kHz) and 4 
kHz tone-pips. H e was enrol led in a parent-
infant p r o g r a m for hear ing- impai red chil­
d r e n a n d receiving audi tory t r a in ing a n d 
speech a n d l anguage s t imulat ion. N o r t o n 
(1993) concluded that "the full implication 
of severely elevated ABR thresholds or absent 
ABR in the presence of robust TEOAEs will 
only become evident after we have followed 
these chi ldren for several years" (p. 70). 

Ident i f icat ion t h r o u g h the c o m b i n e d 
use of EOAE and ABR of what appears to 
be normal per iphera l bu t impaired central 
auditory function in at-risk newborns raises 
a n u m b e r of ques t ions . O u r observat ions 
address two, at least in par t . First, can we 
begin to identify prena ta l or neona ta l fac­
tors that could possibly place newborns at 
risk for the condition? Second, is an absent 
o r e l e v a t e d t h r e s h o l d ABR a n d p r e s e n t 
EOAE an early sign of some form of perma­
n e n t eighth nerve neuropa thy or brainstem 
conduc t ion defect descr ibed in o lder chil­
dren and young adults or simply a reversible 
"central" ABR abnormality? 

O n the ques t ion of possible causative 
factors, the occur rence of hyperbil i rubine­
mia requir ing exchange transfusion or pho­
totherapy in three of the four infants in our 
series, the apparen t need for photo therapy 
with t he four th infant , t o g e t h e r with the 
several n o t a t i o n s in t he l i t e r a tu r e of the 
occurrence of hyperbi l i rubinemia in infants 
and chi ldren who demonst ra te paradoxical 
audiological findings, raises the possibility 
of an association between hyperbi l i rubine­
mia and the occurrence of this special form 
of h e a r i n g i m p a i r m e n t in p r e t e r m a n d 
LBW infants. Severe sensorineural hear ing 
loss and central nervous system deficits such 
as choreoathe to t ic cerebral palsy, seizures, 
a n d m e n t a l r e t a r d a t i o n were at o n e t ime 
relatively c o m m o n sequelae of hyperbiliru­
b i n e m i a . C u r r e n t m e d i c a l m a n a g e m e n t , 
however, inc lud ing exchange transfusions 
in cases of hemolyt ic disease (Rh or ABO 
b l o o d i n c o m p a t i b i l i t y b e t w e e n fetal r e d 
b l o o d cells a n d m a t e r n a l a n t i b o d y ) a n d 
photo therapy has significantly reduced the 206 
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occurrence and severity of bilirubin encepha­
lopathy (kernicterus) in term infants. Less 
well u n d e r s t o o d , however , are the toxic 
effects of low and moderate levels of biliru­
bin on the central nervous system of prema­
ture and LBW infants. 

Bi l i rubin (l i terally r e d bi le , a b l o o d 
waste produc t ) is formed from the break­
d o w n of h e m o g l o b i n m o l e c u l e s . Newly 
formed bil irubin binds to serum a lbumin 
and is carried to the liver where it is conju­
gated (combined) with o ther molecules to 
form a detoxified product that is excreted 
in the bile. An es t imated 60% of heal thy 
term infants for the first few days of postna­
tal life have an increase or accumulation of 
unconjuga ted bil irubin, so-called "physio­
logic" jaundice , until liver and bowel func­
tions ma tu re sufficiently for i n d e p e n d e n t 
c o n j u g a t i o n a n d e x c r e t i o n of b i l i r ub in . 
Most newborns develop visible j aundice at 
serum bil irubin levels of 7-8 m g / d L with 
the bi l i rubin level usually peak ing by the 
th i rd or four th pos tna ta l day. In heal thy 
term infants, the statistical uppe r limit for 
unconjugated bilirubin levels approximates 
13-15 m g / d L while bil irubin levels above 
20 m g / d L may pose some risk of hyper­
bil i rubinemia, usually defined as bilirubin 
toxicity or neonatal j aundice with possible 
p a t h o l o g i c a l o u t c o m e ( C a s h o r e , 1993) . 
Phototherapy reduces jaundice and hyper­
bil irubinemia and should be considered if 
the bi l i rubin level exceeds 12-17 m g / d L 
a n d r e c o m m e n d e d if the b i l i rub in level 
exceeds 15-20 m g / d L on the second or 
third postnatal day (American Academy of 
Pediatrics, 1994). Unconjuga ted bil irubin 
in the skin absorbs light energy and is con­
verted to an isometric water soluble form 
tha t t h e n can be exc re t ed by the kidney 
without conjugation. Exchange transfusion 
is r e commended if intensive phototherapy 
fails and if the bilirubin level exceeds 20-25 
m g / d L ; exchange transfusion and intensive 
p h o t o t h e r a p y a r e r e c o m m e n d e d if t h e 
bilirubin level exceeds 25-30 m g / d L on the 
second or th i rd pos tnata l day (American 
Academy of Pediatrics, 1994). 

In premature and LBW infants the risk 
of kernicterus and pe rmanen t sequelae may 

be m u c h h igher at se rum bil i rubin levels 
below those t h o u g h t to be safe for t e r m 
in f an t s . A p o s t m o r t e m s tudy ( G a r t n e r , 
Snyder, Chabon, & Bernstein, 1970) found 
in 9 of 14 LBW infants with peak bilirubin 
levels r a n g i n g f rom 9.4 to 15.6 m g / d L 
pathologic evidence of kernicterus,, namely 
yellow staining and necrosis of brain cells 
of nuclei of the lower brainstem and thala­
mus . T h e u n e x p e c t e d o c c u r r e n c e of ker­
nicterus in some premature infants (a control 
group without pathological evidence of ker­
nicterus had peak bilirubin levels ranging 
from 8.8 to 17.2 m g / d L ) at what had been 
thought to be low bilirubin levels, the possi­
ble role of anoxia in the etiology of ker­
nicterus, and the possibility that undetected 
ke rn i c t e rus cou ld c o n t r i b u t e n e u r o l o g i c 
abnormalities that become evident later in 
life, are among the major questions raised 
by this study that are still being investigated. 
A m o r e r e c e n t a n d larger study (Ahdab-
Barmada & Moossy, 1984) identif ied ker­
nicterus in 97 of 630 (approximately 15%) 
of autopsied neonates . Mean bilirubin lev­
els ranged from 6.5 m g / d L in the group at 
GA 2 0 - 2 4 weeks to 13.9 m g / d L in t h e 
37-40 week GA group. The topography of 
the selective neurona l damage in the pre­
mature infants with low levels of bilirubin 
and kernicterus was similar to that found in 
n e w b o r n s with h i g h levels of b i l i r u b i n . 
Ahdab-Barmuda and Moossy concluded that 
although prematurity and asphyxia are con­
ditions that appear to potentiate kernicterus 
in neonates with low levels of serum biliru­
bin, clinical correlates and predictive indices 
remain to be defined. Efforts to determine 
whether bilirubin alone can cause hear ing 
impairment or if additional factors such as 
asphyxia p lace ce r t a in p r e t e r m or LBW 
infants at higher risk include studies utilizing 
the Gunn rat animal model (Shapiro, 1994; 
Silver, Kapilulnik, & Sohmer, 1995). The Gunn 
rat has an autosomal, recessive inability to 
convert toxic to nontoxic bilirubin. A possi­
ble contributory effect of asphyxia on neona­
tal j a u n d i c e in the G u n n rat has recent ly 
been reported by Silver et al. (1995). 

ABR has proven to be one of the chief 
means in clinically establishing the vulnera- 207 
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bility of the auditory brainstem to ker-
nicterus and in identifying so-called soft 
signs of neurobehavioral changes attribut­
able to low or moderate levels of bilirubin 
in preterm or LBW infants. Chisin, Perlman, 
and Sohmer (1979) were among the first to 
provide evidence for damage to the auditory 
nerve while the cochlea was spared in cases 
of hearing loss following neonatal hyper­
bilirubinemia by recording a response from 
the cochlear hair cells (the cochlear micro­
phonic) in 13 patients with histories of 
neonatal hyperbilirubinemia and in whom 
no neural response from the auditory nerve 
and brainstem could be recorded by ABR. 
At the time of examination, the subjects, 
ranging in age from 9 months to 22 years, 
all had behavioral evidence of a moderate 
to severe hearing loss suggesting that "hear­
ing loss" following neonatal hyperbiliru­
binemia is permanent. Also, all had relatively 
high bilirubin levels ranging from 16 to 
42.5 mg/dL. Later studies, however, of full-
term neonates with hyperbilirubinemia due 
to hemolytic disease found that abnormal 
ABR findings (an absent wave IV-V or a 
prolonged I-V interpeak latency associated 
with increased brainstem conduction time) 
usually resolved, suggesting that bilirubin 
toxicity was a transitory condition (Gupta, 
Hans, & Anand, 1990; Nakamura et al , 1985; 
Nwaesei, VanAerder, Boyden, & Perlman, 
1984; Perlman et al., 1983). In some infants 
ABR wave changes appeared to be rapidly 
reversible after exchange transfusion. 
Wennberg, Alhfors, Bickers, McMurtry, and 
Shetter (1982) noted by serial ABRs a reversal 
of apparent total deafness during exchange 
transfusion. De Vries, Lary, Whitelaw, and 
Dubowitz (1987) also recorded serial ABRs 
in infants with elevated bilirubin levels, not­
ing that two infants had normal ABRs despite 
high bilirubin levels and that although some 
improvement in ABR amplitude immediately 
following exchange transfusion was observed 
in one infant, in three of four infants in 
whom some recovery was noted, an absent or 
very poor wave I at 60 and 40 dB was still evi­
dent at 6 months of age. 

While there is evidence from ABR find­
ings that acute brainstem bilirubin toxicity 

may be transient or reversible through 
exchange transfusion or phototherapy, sev­
eral recent studies have documented long-
term neurodevelopmental handicapping 
conditions in preterm or LBW children 
with low or mode ra t e b i l i rubin levels. 
Neurodevelopmental outcome at 2 years of 
age in 831 preterm or small-for-gestational 
age infants with hyperbilirubinemia, docu­
mented as part of a prospective national 
survey conducted in the Netherlands, showed 
that 10.7% had what were termed minor 
handicaps (developmental quotient between 
80-90 and /o r mild cerebral palsy and /o r 
slight hearing defects and/or mild retino­
pathy) and 5.4% a major handicap (devel­
opmental quot ient less than 80 a n d / o r 
severe cerebral palsy and/or severe hearing 
defects and/or severe retinopathy) (van de 
Bor, van Zeben-van der Aa, Verloove-Van-
horick, Brand, & Ruys, 1989). Although 
audiological examinations were only done 
when clinically indicated, thus possibly miss­
ing minor hearing defects, hearing defects 
were found in 3.5% of the children with 
bilirubin levels in the 5.9-8.7 mg/dL range, 
3.6% in the 8.8-11.6 m g / d L range, and 
4.1% in the 11.7-14.6 mg/dL range. 

In an editorial review, Newman and 
Maisels (1989) listed among the strengths 
of the van de Borg et al. study the large 
sample size, 100% follow-up of surviving 
children, inclusion of children who received 
treatment of hyperbilirubinemia with pho­
totherapy a n d / o r exchange transfusion, 
and consideration of possible confounding 
variables including intracranial hemor­
rhage. Weaknesses noted include whether 
the so-called minor handicaps noted at a 
corrected age of 2 years will be present or 
less obvious by 4 to 7 years of age, that the 
measures of intracranial hemorrhage were 
crude, and that the bilirubin determina­
tions were performed only when there was 
clinical indication. Newman and Maisels 
also pointed out that in evaluating the 
apparent association between bilirubin and 
brain damage observed in the van de Bor et 
al. study, it is critical to ask whether the 
association is real. If so, is it causal? And if 
causal, what should be done? Newman and 208 
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Maisels summarized that the evidence pre­
sented by the van de Bor et al. study is not 
overwhelming, but it does suggest a causal 
r e l a t i o n s h i p be tween m a x i m a l b i l i rub in 
c o n c e n t r a t i o n a n d n e u r o d e v e l o p m e n t a l 
ou t come , a l though the magn i tude of the 
effect may be small. To the question of ther­
apeu t i c r e c o m m e n d a t i o n s , Newman a n d 
Maisel replied that nothing much should be 
done because the van de Bor study did not 
p rov ide e n o u g h ev idence to c o n c l u d e a 
strong association between maximal biliru­
bin concen t r a t ion a n d neuro log ic handi ­
cap, and that in o ther studies, association 
has not been consistent. They also pointed 
out that there is no evidence that reduced 
maximal bilirubin concentrat ion would also 
reduce the incidence of neurologic handi­
cap. Newman and Maisels concluded with 
the recommendat ion that the observations 
of van de Bor et al. be confirmed with addi­
tional observational studies. 

Vohr (1990), in a review article, out­
lined evidence for the use of ABR measures, 
infant cry analysis, and behavioral assess­
men t scales for the identification of the sub­
tle or soft neurobehavioral or neurosensory 
possibly long-term effects of low and moder­
ate levels of bilirubin in term and pre term 
neona tes . ABR measures with a cohor t of 
50 term infants showed that wave I was nor­
mal b u t t ha t wave III a n d the i n t e r p e a k 
latency (IPL) of waves I—III are sensitive to 
modera te levels of bilirubin, defined as 10 
to 20 m g / d L . For t h e e n t i r e c o h o r t of 
infants, bilirubin levels correlated with pro­
longation of the latency of waves III, V, and 
the IPL of waves I—III and I-V. Correlation 
analysis also showed an interactive relation­
ship a m o n g the ABR, cry, and behavioral 
findings suggesting a diffuse effect of biliru­
bin on the brainstem. Vohr recommended 
further studies be conducted to identify the 
risk of lower levels of b i l i rubin , the safe 
duration of exposure, and whether reversals 
in clinical findings occur in premature and 
LBW infants relative to neurobehavioral or 
neurosensory disorders. 

Clearly, the question of a possible rela­
t ionsh ip or associat ion be tween low a n d 
moderate elevations of serum bilirubin and 

the development of subtle or soft signs of 
neurodeve lopmenta l hand icapp ing condi­
tions remains controversial. Observational 
studies can best be described as marked by 
i n c o n s i s t e n c i e s . F u r t h e r m o r e , f i n d i n g s 
inc lud ing data from p o s t m o r t e m studies, 
obta ined on infants pr ior to 1982 are sus­
pect because of the known relationship of 
benzyl alcohol to kernicterus, intraventricu­
lar hemor rhage , and mortality in p re t e rm 
infants. In 1982, an illness marked by gasping 
respirations, metabolic acidosis, neurologic 
de ter iora t ion , hematologic abnormal i t ies , 
a n d d e a t h was d e s c r i b e d a m o n g sma l l 
pre term infants who received large cumula­
tive a m o u n t s of fluid c o n t a i n i n g benzyl 
alcohol (an agent to inhibit the growth or 
multiplication of bacteria) to flush intravas­
cular catheters. Unfortunately, the cumula­
tive dose inadvertently dispensed to small 
p re te rm infants in an estimated one third 
or more neonatal intensive care units could 
e x c e e d the r e c o m m e n d e d safe l imi t for 
adults. With the discontinuation of the use 
of benzyl alcohol in nurseries, a significant 
decrease was noted in the incidence of ker­
nicterus, intraventricular hemorrhage , and 
death. Jardine and Rogers (1989) repor ted 
t h a t whi le t he i n c i d e n c e of k e r n i c t e r u s 
a m o n g p r e t e r m infants in t he i r n u r s e r y 
averaged 2 5 - 3 1 % prior to the withdrawal of 
benzyl alcohol, kernicterus abruptly disap­
peared after its withdrawal. Benzyl alcohol, 
r a t h e r t han modera te - leve l e levat ions in 
serum bilirubin levels, may have been the 
principal unrecognized factor in the devel­
o p m e n t of ke rn i c t e ru s in many p r e t e r m 
infants prior to 1992. 

While the factors influencing bilirubin 
toxicity in newborns , particularly p r e t e rm 
infants, are complex and n o t comple te ly 
understood, it may be possible using neuro-
physiological measures to develop new cri­
teria for the t reatment of neonatal jaundice 
in infants with relatively low or m o d e r a t e 
serum bilirubin levels. T h e goal would be 
the forecast ing a n d aver t ing of b i l i rubin 
neurotoxicity, thus reducing the potent ia l 
for central nervous system damage. Perlman 
a n d F r a n k (1988) sugges t ed t h a t "finer 
tools" such as ABR, visual and somatosensory 209 

D
ow

nl
oa

de
d 

by
: N

or
th

w
es

te
rn

 U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



SEMINARS IN HEARING—VOLUME 17, NUMBER 2 MAY 1996 

event-re la ted po ten t ia l s , cry analysis, a n d 
m a g n e t i c r e s o n a n c e i m a g i n g may p r o v e 
useful as ei ther predictors of kernicterus or 
as outcomes with which biochemical predic­
tors can be correlated. 

CONCLUSIONS 

O u r data suggest a possible association 
between the objective findings of absent or 
abnormal ABR and present EOAEs and the 
occurrence of hyperbil irubinemia or low or 
modera te levels of bil irubin in p re t e rm or 
otherwise at-risk infants. T h e ques t ion of 
w h e t h e r t h e s e f i n d i n g s p r e s e n t in t h e 
neona ta l pe r iod are markers of long-term 
neurodevelopmenta l or neurosensory hand­
icapping condit ions remains open . Clearly, 
it will be necessary to follow infants tha t 
p r e s e n t d u r i n g the n e o n a t a l p e r i o d with 
absent or elevated ABR and present EOAEs 
t h r o u g h t h e i r s c h o o l yea r s in o r d e r to 
answer questions raised by our findings and 
those of several o ther studies about the rela­
t ionship between low and mode ra t e levels 
of bi l i rubin and some form of hea r ing or 
auditory hand icapp ing deficit. Establishing 
a relationship between our observations on 
n e o n a t e s a n d an audi tory nerve or brain­
s tem c o n d u c t i o n deficit cha rac te r i zed by 
normal or near-normal hear ing thresholds 
and severely reduced auditory perceptual or 
speech processing skills will require , ideally, 
pe r i od i c assessments tha t i n c l u d e behav­
ioral audiological testing with emphasis on 
special ized forms of audi tory a n d speech 
discr iminat ion measures , neurophysiologi-
cal testing incorporat ing ABR, MLR and the 
late audi tory event-related potent ia ls , and 
s t anda rd i zed d e v e l o p m e n t a l speech , lan­
guage , and lea rn ing measures . Addi t ional 
s tud ies a re n e e d e d to a d d r e s s q u e s t i o n s 
abou t the possible con t r ibu to ry effects of 

o t h e r cond i t ions or factors, asphyxia a n d 
a m i n o g l y c o s i d e s as p r i m e e x a m p l e s , o n 
bilirubin neurotoxicity in neonates . 

T h e p o s s i b l e a s s o c i a t i o n b e t w e e n a 
screening ABR fail and an EOAE pass and 
the audi tory process ing deficits tha t have 
b e e n d o c u m e n t e d in school-age ch i ld ren 
a n d y o u n g adu l t s ra ises q u e s t i o n s a b o u t 
w h e t h e r EOAE, as r e c o m m e n d e d in t h e 
N I H Consensus S ta tement (1993) , should 
be universally employed as the initial screen­
ing tool when screening infants in a special 
care nursery. In our limited sample, the four 
ISCN infants would n o t have b e e n ident i­
fied if EOAE screening had been the initial 
screening procedure . All would have passed, 
an ABR would no t have been ordered , and 
t h e pos s ib l e a u d i t o r y n e r v e o r a u d i t o r y 
b r a i n s t e m c o n d u c t i o n a b n o r m a l i t y n o t 
de tec t ed . T h e p ro toco l tha t r e c o m m e n d s 
EOAE as the initial screening m e t h o d with 
ABR follow-up for fails may be effective and 
economical with a well-baby popula t ion bu t 
may no t be for the at-risk ISCN populat ion. 
T h e question is whether the purpose of the 
screen is to identify cochlear (sensory) or 
bo th cochlear and re t rococh lea r (neura l ) 
hear ing impai rment . Programs engaged in 
or p l ann ing a hea r ing screening p r o g r a m 
with an ISCN populat ion should give serious 
cons ide r a t i on to us ing the ABR intensi ty 
series protocol out l ined by Galambos et al. 
(1994). This proven protocol requires that 
an estimate of threshold be obtained imme­
diately if the infant fails an initial 60 dB n H L 
or 30 dB n H L test in ei ther ear. To this we 
would a d d EOAE tes t ing at t he t ime the 
ABR threshold series is done . In this way, an 
es t imate of t h r e s h o l d for each ea r a l o n g 
with test results suggesting ei ther per iphera l 
(cochlear) or central (neural) impa i rmen t 
can be en te red into the hospital record and 
plans made for follow-up services. 
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