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Fourteen of 100 unselected pat ients  in an intensive care nursery were found 
by the  auditory brainstem evoked response (ABR) method t o  suffer  s ign i f i can t  
hearing loss ;  of these 8 were ultimately discharged home. Analysis of the 100 
c l in ica l  records iden t i f i ed  9 r i sk  factors  of which most, l i k e  low Apgar 
scores,  a re  already known (Table I ) .  However, neonatal asphyxia appeared t o  be 
associated with hearing loss  only when repeated episodes of acidosis  accompan- 
ied i t  (Table 111). We conclude tha t  the  ABR readily iden t i f i e s  the hard-of- 
hearing premature and estimates the type and amount of his  peripheral hearing 
loss ,  and tha t  physiological events associated with prolonged perfuslon of the 
cochlea wlth blood low in  pH may be the most common cause of hearing disorder 
in  t h i s  group. 

SPECULATION 

Since t h i s  study points t o  the consequences of postnatal acidosis  as an im- 
portant f ac to r  in producing damage t o  the cochlea, i t  reraises  the old ques- 
t ion of the r e l a t ive  roles  played by hypoxia and low pH in  producing the  i r r e -  
versible  brain damage tha t  can occur a t  and near bir th.  The s t a t i s t i c  sugges- 
t ing  tha t  nearly 10 per cent of the babies discharged from an intensive care 
nursery su f fe r  an i r r eve r s ib le  peripheral hearing loss  may surprise  and dismay 
neonatologists, and needs in any event t o  be validated by s tudies  on s imi la r  
populations. Whether these losses are  permanent, furthermore, can only be se t -  
t l e d  by appropriate follow-up studies .  

FOR INCLUSION IN TABLE OF CONTENTS 

About 10 percent of the graduates of an intensive care nursery show peri-  
pheral hearing disorder. The c l in ica l  h i s to r i e s  of those affected show fre-  
quent bouts of acidosis  a t  and a f t e r  bir th.  

INTRODUCTION 

The factors  tha t  place neonates at-r isk fo r  hearing loss  have been l i s t e d  
(e .g. ,  13)  and can be c l a s s i f i ed  under th ree  ma'or headings: genetic disorders ,  
of which the re  a re  a t  l e a s t  60 d i f f e ren t  types t16) ;  maternal infection (e.g., 
rubel la ,  toxoplasmosis, syph i l i s :  14);  and a long l i s t  of peri-and postnatal 
s t a t e s  and events such as rematurity, infect ion,  hypoxia, drugs and hyper- 
bilirubinemia (e.g., 3,8,9!. At the present time, most of the newborns f a l -  
l i ng  in to  these categories - and hence the ones most l ike ly  t o  su f fe r  hearing 
loss  - are isolated in  the  infant  intensive care nursery (ICN) a t  large hos- 
p i t a l  centers because of t h e i r  obvious congenital anomalies, very small s i z e ,  
unusually low Apgar scores,  his tory of infect ion,  e t c .  The actual incidence 
of s ign i f i can t  hearing loss  in such babies has been estimated a t  around 1:20 
(22). 

In a companion paper (7)  we have reported our t e s t s  on 108 ICN pat ients  us- 
ing the  auditory brainstem response (ABR), a new physiological method fo r  ev- 
aluat in the  audiological and neurological s t a tus  of in fan t s ,  children and 
adults  ?see 6,20 f o r  reviews). In t h i s  group, 18 were found t o  have audiolog- 
i ca l  disorder ,  neurological disorder,. o r  both. In the present paper we deal 
with a subpopulation of tha t  group consisting of 100 babies representing 97% 
of the ICN population during a 5-month period. Our primary aim was t o  iden- 
t i f y  every baby with a hearing loss  and t o  specify i t s  magnitude and type 
(conductive, sensorineural ,  cen t ra l ) ;  t he rea f t e r  we examined the c l in ica l  his-  
t o r i e s  of the  en t i r e  group in an attempt t o  uncover the otonoxious r isk-  
factors  and arrange them in order of importance. 

METHODS 

As described previously in  de ta i l  (7)  the ABR was computer-extracted from 
the EEG recorded through conventional electrodes attached t o  the vertex and 
mastoid. Stimuli were cl icks delivered monaurally through an earphone taped 
over the ear .  The infants  were a l l  t e s t ed  by the same person, about 30 mins. 
post-feeding and while they were in natural s leep.  

RESULTS 

A. ABR Audiometry 

1. Infants with normal hearing. 

Figure 1 shows ABRs derived from l e f t  and r igh t  ea r  stimulation of a pre- 
mature infant .  This baby i s  considered t o  be audiologically and neurologi- 
ca l ly  normal because, as discussed in our previous paper ( 7 ) ,  the 60 dB stimu- 
lus t o  each ea r  yielded an ABR whose wave V latency was normal fo r  age, and 
the 30 dB st imuli  successfully evoked recognizable responses b i l a t e ra l ly .  In 
the 100 infants  of t h i s  se r i e s  86 (125 ea r s )  f u l f i l l e d  these c r i t e r i a  fo r  nor- 
mal hearing. 

The latency of wave V decreases, as Fig. 1 shows, when stimulus in tens i ty  
increases. The plot  of t h i s  relat ionship,  the so-called in tens i ty  s e r i e s ,  i s  
shown in Fig. 2 along with s imilar  plots  fo r  normal adul ts  and infants  a t  d i f -  
f e ren t  ages. These curves provide the norms against  which the in tens i ty  se r i e s  
from a given pat ient  i s  t o  be compared. As we shal l  short ly see the infant  
with s ign i f i can t  hearing loss ,  l i k e  the adu l t ,  produces a wave V latency curve 
tha t  deviates in  cha rac te r i s t i c  ways from tha t  expected a t  his  age. 

2. Infants with hearing loss .  

The 14 pat ients  (28 ea r s )  who fa i l ed  t o  meet the ABR c r i t e r i a  fo r  normal 
hearing consisted of 11 prematures, 2 newborns and one aged 18 months. These 
pat ients  f a l l  i n to  the following categories defined in  our previous report  (7). 

Group I: 3 infants  who produced no ABR t o  c l i cks  a t  a level of 90 dB, the 
l imi t  of our apparatus. Two died within a few days of b i r th  while the  t h i r d  
was ultimatelv discharaed in aood heal th.  We c las s i fv  these infants  as  havinq 
a hearing 10s; of a t  l e a s t  90-d8 a t  the time of t e s t . -  

Group 111: 2 infants  wlth ABR responses permitting a diagnosis of both 
audiological and neurological disorder. 

Group IV: 9 infants  neurologically normal by ABR but with elevated audi- 
tory threshold. 

The in tens i ty  se r i e s '  of the 11 babies of Groups I11 and IV a re  plot ted in 
Fia. 3. Two abnormal features  in  these curves provide the diaqnost ic  audiolog- 
i c i1  information. F i r s t ,  in a l l  cases the threshold ABR appears a t  an inten-. 
s i t y  of 40 dB o r  higher instead of a t  the 15-25 dB level estimated as normal 
fo r  infants  of 35 wks g.a. and older  (7,21,24); on t h i s  basis  a hearing loss  of 
the order  of a t  l e a s t  20 dB existed in  the "best" ears  in  the QrouD. Second, 
the pat ient  curves deviate  from those of infants  of comparable-age', being 
e i t h e r  somewhat displaced t o  the r igh t  (2 cases ) ,  o r  showing a very s teep s lope 
a t  in t ens i t i e s  near an elevated threshold (9  cases). These deviations a re  
known t o  character ize conductive and sensorineural hearlng loss ,  respect ively,  
in adul ts  whose losses have been establ ished by conventional audiometric pro- 
cedures (10 26). On t h i s  basis we consider 9 of the 11 infants  t o  s u f f e r  sen- 
sorineural iosses  varying between about 45 and 75 dB in  magnitude ( r e , t h e  
threshold fo r  adu l t s ) ,  and 2 t o  show a small conductive loss  approaching 40 dB. 

B. The High-Risk Factors fo r  Hearinq Loss in  Newborns 

1. Identifying the  factors .  

The e f f o r t  t o  ident ify the c l in ica l  factors  predisposing f o r  these hearing 
losses began with a search through the charts  of the  affected babies fo r  prob- 
able  o r  l ike ly  causes. This search yielded the nine categories of apparently 
relevant information shown a t  the  l e f t  of Table I ;  i t  includes weight and ges- 
t a t iona l  age a t  b i r th ,  Apgar scores a t  1 and 5 mins., acidosis ,  ototoxic 
damage, various signs of central  nervous system disorder ,  t he  number of days on 
as s i s t ed  vent i la t ion,  and visfble  evidence of congenital malformation. Appro- 
p r i a t e  subdivisions of these nine categories  were then establ ished as  a l so  
shown in Table I ,  and the number of normal and abnormal infants  f a l l i n g  in to  
each category was tabulated. To decide whether a pa r t i cu la r  subdivision repre- 
sented a s ign i f i can t  high-risk f ac to r  in  the  c l in ica l  his tory the following ar- 
b i t r a ry  ru le  was applied: a r i s k  f ac to r  i s  iden t i f i ed  when the number of 
babies with abnormal ABRs exceeds o r  approxtmates the number of normals. In 
t h i s  way, 9 r i sk  factors  and 3 possible ones were extracted as  indicated in  the  
r igh t  hand column of Table I. 

All the  items included in t h i s  l i s t ,  except fo r  the f ac to r  acidosis ,  a re  
e i t h e r  known o r  suspected r isk-factors  fo r  hearing loss .  By "acidosis" we 
mean a blood pH measurement of 7.25 o r  below within an hour o r  two of b t r th ,  
and/or en t r i e s  in the baby's chart  showing t h a t  on 2 o r  m r e  days during t r e a t -  
ment blood pH sank below 7.25. 

Table I1 l i s t s  the  r i sk  factors  found in  t h e  c l in ica l  records of the babies 
with abnormal ABRs. Infants  1 and 2 in the Table showed only congenital c l e f t  
palate  abnormalities; one was deaf t o  the  90 dB signal  while the other  did not 
reSD0nd below about 55 dB. A t h i r d  baby with c l e f t  palate  a l so  had low Apgar 
sco'res; h i s  hearing loss  was of the  conductive type amounting t o  about 40 dB. 
Three r t sk  factors  (asphyxia, acidosis ,  coma) were involved in  2 cases of which 
one gave no response from e l t h e r  ea r  a t  90 dB and died within 48 hours while 
the  other  had a sensortneural lo s s  of about 40-45 dB. The baby f o r  whom 4 fac- 
to r s  a re  l i s t e d  suffered an intracranial  hemorrhage; the  ABR iden t i f i ed  impair- 
ed conduction through the  brainstem and a 60 dB sensortneural type of loss .  
f i v e  r l s k  f ac to r s  were involved f o r  one pat ient  who gave no responses t o  c l i cks  
below 80 dB. Six r i sk  factors  can be l i s t e d  f o r  2 babies, one with a mild sen- 
sortneural  l o s s  by ABR, the  other  with a mild conductive loss  and a prolonged 
I-Y interval  ( indicat ing neurological disorder)  in  additton. Seven r i sk  fac- 
t o r s  characterized t h e  h i s to r i e s  o f  5 babies, one of whom showed only wave I 
and hence was a l so  a neurological case; the sensorineural hearing loss  present 
was moderate in  one and severe in  four. As already s t a t e d ,  the  ABR threshold 
and in tens i ty  s e r i e s  f o r  each of these babies i s  d o t t e d  in  Fig. 3. 

Further examination of Table I1 o f fe r s  suggestions about the r e l a t ive  impor- 
tance of t h e  r t sk  factors  themselves. Infants  with c l e f t  palate  a r e  obviously 
a t  high r i s k ,  a f a c t  already c lea r ly  s t a t ed  in the l i t e r a t u r e  (1,11,16). The 
fac to r s  most frequent1 represented in  the  t ab le  a re  low Apgar scores (11 cases)  
and acidosis  (10 casesf, t he re  being 2 infants  f o r  whom these alone (along with 
a comatose s t a t e  undoubtedly secondary t o  them) a r e  iden t i f i ed .  Eight in  t h i s  
asphyxiated group were born very prematurely; s i x  of them presented with cardio- 
vascular anomalies, s i x  developed the RDS syndrome and 2 suffered in t r ac ran ia l  
hemorrhages. One asphyxiated baby showed c l e f t  palate  anomalies, a r i sk  f ac to r  
which alone can account f o r  the hearing loss .  

Since low Apgar score appears most frequently in Table 11, hypoxia mw be 
the  most important of the perinatal  factors  predisposing f o r  hearing loss .  
Table 111, however, suggests t h i s  may not be so. Table 111 contains a l l  of the 
22 babies in our sample with unusually low Apgar scores measured a t  b i r th .  Of 
these,  11,  o r  only half  of them, showed hearing loss  by ABR. Those with hear- 
ing loss  differed from those without mainly in  the  pH history during treatment. 
I f  blood pH below 7.25 was recorded on several occasions, hearing loss  was 
l tke ly .  I f  pH had even t r ans ien t ly  dropped below 7.21 on 2 o r  more days, hear- 
ing loss  was highly l ike ly .  This suggests t h a t  hypoxia a t  b i r th  was not the  
main cause of the  hearlng losses found; instead,  infants  showed impaired 
auditory function when the hypoxia-related acidosts  persis ted f o r  a prolonged 
period a t  b i r th ,  and/or when several periods of severe acidosis  appeared post- 
natal ly during treatment. 

DISCUSSION 

According t o  t h i s  study the ABR method can re l i ab ly  ident ify hearing- 
impaired infants  in  the ICN. The method uncovered a t o t a l  of 14 in the  popula- 
t ion  of 100 t e s t ed ;  of these 8 were subsequently discharged how. Using t h i s  
l a t t e r  group only, an 8 percent estimate f o r  the  incidence of peripheral hear- 
ing loss  in  such a population seems reasonable; t h i s  resembles the 5 per cent  
est imate arrived a t  in a s imi la r  study (22). Evidently, somewhere between 1:10 
and 1:20 of the babies discharged from a typical intensive care uni t  may leave 
f o r  home with a s ign i f i can t  peripheral hearing loss .  These losses appear t o  be 
permanent, as judged from the r e t e s t s  done on about half  of the babies in our 
s e r i e s ,  but t h i s  conclusion needs confirmation. 

The losses found included 12 of the sensorineural type, i .e . .  disorders  
within the cochlea, and 2 involving the  conductive apparatus. In magnitude the  
threshold elevat ions varied from about 40 dB ( r e  adu l t )  t o  beyond 90 dB. The 
prevalence of sensorineural loss  in  babies asphyxiated a t  b i r th  has already 
been noted (8,9) but i t s  presence in 2 of the 3 c l e f t -pa la t e  pat ients  i s  no t , in  
accord with Bess e t  a l .  (1)  who reported mostly conductive losses in such ch l l -  
dren. Impedance GdGmetry on our 2 cases, however, cleared them both fo r  mid- 
d le  ea r  disorder. 



M O S ~  of the g r i sk  factors ident if ied i n  t h i s  study have already been recog- 2. Brand, M.M. and Bignami, A. The e f fec t s  of chronic hypoxia on the neonatal 
nized. Certain other  well-known factors .  however. do not aooear in our l i s t  and i n f a n t i l e  brain. Brain 92: 233-254, (1969). 
and t h e i r  absence i s  eas i ly  explained: o;r sample'did not cbntain, fo r  example, 
a baby whose parents were deaf, whose mother had had a rubel la  infect ion o r  who 
himself was hyperbilirubinemic. (Parenthet ical ly,  the ABR has iden t i f i ed  hear- 
ing loss  due t o  each of these factors  in our ICN during the past several years) .  
Thus our l i s t  i s  not exhaustive with respect t o  factors  t h a t  place an infant  
a t - r i sk  fo r  hearing loss;  i t  gives only those factors  extractable from the his-  
to r i e s  of t h i s  pa r t i cu la r  sample of 100 babies. 

The reject ion of ototoxic drugs as  a r i sk  f ac to r  (Table I )  requires an ex- 
planation. We do not of course question t h a t  such drugs a t  high blood levels  
f o r  prolonged periods wil l  produce cochlear damage. In t h i s  study, however, 65 
pat ients  received substant ial  quan t i t i e s  of one o r  more of them (gentanlycin, 
ampici l l in ,  pen ic i l l in ,  kananlycin) but only 11 displayed hearing loss .  Further- 
more, every baby who required assis ted vent i la t ion and/or perfusions rout inely 
received one o r  more of the  potent ial ly  ototoxic drugs, often for  protracted 
periods; out of the 23 o r  24 who received comparably large amounts fo r  compar- 
able  times, however, only about half  showed hearing loss  by nBR, and in every 
instance a t  l e a s t  one other  r i sk  f ac to r  (e .g. ,  acidosis)  was a l so  avai lable  as 
an explanation. To exclude ototoxic drugs with cer tainty would require data 
about renal clearances, blood levels  of drug, e t c . ,  which unfortunately a re  un- 
avai lable  f o r  these babies. Nevertheless, our somewhat subject ive evidence i s  
not compatible with the idea tha t  the  ototoxic drugs administered t o  t h i s  group 
was an important f ac to r  in producing t h e i r  hearing losses. 
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Fig. 1. ABRs recorded from a normal infant  of 34 wks gestat ional  age. Each 
t racing represented the average of 2000 responses t o  c l i ck  stimuli a t  the indi-  
cated in tens i ty ;  two tracings were obtained a t  each intensi ty and superimposed. 
Wave V i s  located ( V )  in the 80 dB records and i t s  latency i s  given f o r  the 60 
dB responses. Both l e f t  and r igh t  e a r  monaural stimulation y ie ld  s imi la r  re- 
sponses a t  a l l  stimulus levels  including 30 dB ( r e  adul t  threshold fo r  the  
c l i ck ) .  The two ABRs a t  the bottom of the  f igure ( ca l ib ra t ion :  lower r igh t )  
compare the s leep and waking records. 
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Fig. 2. Normal la tency-intensi ty curves for  adul ts  and for  premature infants  
of various ages ( so l id  c i r c l e s ) .  The wave V la tencies  measured on the record- 
ings of Fig. 1 a re  given by open c i r c l e s .  
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Fig. 3. Latency-intensity curves f o r  11 o f  the i n fan ts  w i t h  hearing loss. Nor- 
mal curve f o r  the age ind icated i s  shown by dashed l i n e .  Number on t r a c i n g  
i den t i f i es  baby i n  Tables I 1  and 111. L e f t  and r i g h t  ear  losses were approxi- 
mately equal i n  a l l  cases; curves g ive mean values f o r  the 2 ears. 

TABLE I 

GESTATI ONAL 

AGE AT 

BIRTH (WKS) 

CLINICAL DATA 

WEIGHT 

AT 

BIRTH (GMS) 

TESTED BY ABR 
ABNORMAL 

AUDIO- NEURO- 
TOTAL NORMAL LOGICAL~ LOGICAL 

RISK 
FACTOR? 

26-30 

39-42 

2 3  15 6 2 

2 0  18 2 

APGAR SCORES 

AT 115 MINS 

POST-NATAL 

YES 

31-34 

BLOOD pH 1 <7.25 

NEUROLOGICAL 

STATUS 

27 25 1(2) 

< 1000 

~ 5 1 6  

,617 

-37.26 

I DRUGS 

9 2 6 1 I YES 

OTOTOXIC I NO 1 35 3 1  O(2) 2 1 
17  7 9 1 

I I 

YES 1 6 5  5 4  11 

NORMAL 1 8 2  7 9  2 ( 3 )  I I 

22 11 9(10)  1 

7 8  75 O(2)  1 

8 3  79 O(3)  1 

YES 

BRAIN HAEM 

SEIZURES 

YES 

DEEP COMA 1 10  4 6 I YES 

8 3 3 2 

RESPIRATORY 
DISTRESS 
SYNDROME- 
DAYS ON 
VENTILATION 

YES 

1-5 DAYS 

STATUS EPIL  

NONE 

9 6 1 2 

2 0 2 

8 9  8 0  6(9)  

< I  

1-10 

,I1 

Number i n  p a r e n t h e s i s  adds i n f a n t s  w i t h  c r a n i o f a c i a l  m a l f o r m a t i o n .  

PERHAPS 

PERHAPS 

CONGENITAL 

MALFOMTION 

27 25 O(2) 

6 3  59 2(3)  1 

10 2 7 1 YES 

CARDIAC 

FACE 

TRIS-18 

NONE 

9 3 5 1 

7 4 3 

1 0 1 

8 3  79 3 1 

YES 

YES 

PERHAPS 



TABLE I 1  

Risk f a c t o r s  ( l e f t  colunm) associated w i t h  abnormal 
ABRs f o r  the  14 i n f a n t s  i d e n t i f i e d  i n  t h i s  study 

TABLE 111 

Blood pH measurements on the low-Apgar babies i n  the present study 

a. If blood pH was recorded w i th in  an hour o r  two of b i r t h ,  and if below 7.25, + i s  
entered; i f  above 7.25, 0. 

b. I f  chart records 2 o r  more instances o f  the pH indicated on 2 o r  more t r e a t m n t  
days, + i s  entered. 

c. Baby died w i th in  a few days. 

Copyright O 1980 International Pediatric Research Foundation, Inc. 
003 1-3998/80/ 1402-159$02.00/0 

HEARING NORMAL BY ABR 

Printed in U.S.A. 

Apgar 
(1/5mins) 

1/3 
1/3 
1/5 
2/6 
216 
2/9 
3/4 
3/5 
3/6 
2/6 
2/7 

HEARING LOSS BY ABR 

Baby 
Number 

3 
4 
5c 
6 
7 
8 
9 

10 
11 
12C 
14 

pH Measured 

Apgar 

3/5 
1/3 
0/2 
2/5 
0/0 
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2/3 
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2/5 
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+ 
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0 
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+ 
0 
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