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Abstract  :  Background :  P re te rm in fan t s  can  have  many  neuro log ica l
problems.  An enormous amount of  fetal  brain development occurs during
the last trimester of pregnancy. They include myelination, glial cell migration
and the development of a complex gyral  pattern.  The brain doesn’t  show
the  normal  g rowth  a f t e r  b i r th  in  p re te rm in fan t s .  Bra ins tem aud i to ry
evoked potentials  (BAEPs) are a noninvasive neurophysiologic  assessment
of  brains tem maturat ion in  babies .

Methods : BAEPs in 25 preterm and 25 full-term infants were considered
for the study. Infants having history of birth trauma, metabolic disorders
or  in t racrania l  infec t ion  were  excluded.  BAEP waveforms (absolute  and
interpeak latencies)  were recorded and analyzed.  Student  t  test  was used
to analyze the data  thus  acquired.

Results :  Analys is  of  da ta  revealed  a  s igni f icant  increase  in  la tency of
BAEP waveform V (P<0.05) .  Other  la tencies  and in terpeak la tencies  of
BAEP waveforms were  comparable .

Conclus ion :  The  p re te rm in fan t s  have  a  p ro longed  l a t ency  o f  BAEP
waveform V suggestive of  a  retarded myelination of  the central  auditory
pathway.  Thus BAEP could be a useful electrophysiological test to assess
neuronal  myel ina t ion  and  matura t ion  in  pre te rm infants .

Key words  : BAEPs cent ra l  nervous  sys tem fu l l - t e rm
m a t u r a t i o n p r e t e r m

INTRODUCTION

Preterm births are on the rise in today’s
stress filled world and are one of the major
causes of neonatal  mortali ty and morbidity.

Preterm infants  are  at  an increased r isk of
compl ica t ions ,  inc lud ing  d i sab i l i t i e s  and
impediments in physical  growth and mental
deve lopment .  A mi ld  hear ing  impai rment
ear ly  in  l i fe  can  s ign i f ican t ly  a f fec t  the
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normal development of speech and language,
i f  unde tec ted  for  more  than  s ix  months
(1) .  I t  i s  the re fore  very  impor tan t  tha t
premature  neona tes ,  who  a re  a t  r i sk  o f
hearing impairment, be evaluated during the
neonatal period (2, 3). The BAEP is the most
wide ly  used  and  accura te  t echnique  for
assess ing  hear ing  in  neona tes ,  bu t  the
BAEPs  need  to  be  recorded  a f te r  the
infan ts  have  reached  te rm and  before  3
months corrected age which is approximately
1  year  a f te r  b i r th .  Dur ing  the  p re te rm
period, the BAEPs are not reliable predictors
of  aud io log ica l  o r  neuro log ica l  seque lae
(2, 4).

Al though  the  neurona l  migra t ion  i s
complete by 20 weeks of gestational age, an
enormous  amount  o f  the  fe ta l  b ra in
development occurs during the last trimester
of  ges ta t ion ,  inc lud ing  myel ina t ion ,  g l i a l
ce l l  migra t ion  and  the  deve lopment  o f  a
complex  gyra l  pa t t e rn  (5 ) .  In  ex t remely
pre te rm infan ts ,  neona ta l  b ra in  in jury  and
interruption of the normal maturation of the
brain  resul t  in  funct ional  impairments  that
appear to manifest in the later life (6). The
brains of preterm babies do not develop as
well  as  those who are carr ied to ful l- term.
In preterm babies, a part of the brain doesn’t
show normal growth after birth. In fact some
parts  of  the preterm babies’  fe tal  brain do
not change from date of birth and even when
they reach what would have been a full-term
birth date (7). About 25 percent of extremely
pre te rm bab ies  p resen t  wi th  neuro log ica l
problems at 18 to 22 months, and 17 percent
wi l l  deve lop  cerebra l  pa l sy .  As  a  resu l t ,
preterm babies  of ten die  or  suffer  l i fe long
consequences  inc lud ing  cerebra l  pa l sy ,
chronic lung disease and hearing loss. These
neuro log ica l  impai rments  pos ing  l i fe long

threa t s  can  be  eva lua ted  in  these  p re te rm
infan ts  us ing  neurophys io log ic  t echniques ,
such as evoked potentials and event related
po ten t i a l s .

The  c l in ica l  neuro log ica l  eva lua t ion  i s
d i f f i cu l t  in  p re te rm infan ts .  Evoked
potent ia ls  provide  an object ive  measure  of
the  CNS func t ion  and  thus  can  be  an
important adjunct to the clinical examination
and a means to follow up brain growth and
matura t ion  in  p re te rm infan ts .  Bra ins tem
audi to ry  evoked  po ten t ia l  (BAEPs)  a re
noninvasive  e lect rophysiological  recordings
and  form an  ob jec t ive  neurophys io log ic
assessment  o f  aud i to ry  pa thway and
brainstem maturat ion in  babies .  BAEPs are
obta ined in  response  to  repet i t ive  audi tory
s t imul i  and  can  be  recorded  f rom the
peripheral  and central  parts  of  the nervous
system. BAEP recording is done to evaluate
hearing in preterm infants and to study the
neuro logic  matura t ion  and  in tegr i ty  of  the
auditory pathway by comparing the latencies
of the waveforms with that of the full-term
babies .

BAEPs ref lect  the conduction along the
auditory brainstem pathway. A recognisable
BAEP can be recorded in preterm infants of
28-32 weeks of gestational age (8). The BAEP
waveform in  neona tes  i s  compr i sed  of
3  iden t i f i ab le  waves  ( I ,  I I I ,  and  V) .
Electrophysiological  data in preterm infants
have  shown tha t  wave  I  i s  genera ted
peripherally in the auditory nerve. Wave III
re f lec t s  the  f i r ing  of  axons  ex i t ing  the
cochlear  nuclear  complex  in  the  bra ins tem.
Wave V primarily reflects an action potential
genera ted  by  axons  f rom the  la te ra l
lemniscus  a t  a  more  ros t ra l  b ra ins tem
location (9).
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Neurosc iences ,  M.  S .  Ramaiah  Medica l
Col lege  and  Hospi ta l  f rom January  2006
to  June  2008 .  In fan ts  wi th  a  h i s to ry  o f
c ran iofac ia l  anomal ies ,  chromosomal
d isorders ,  TORCH ( toxoplasmos is ,  o ther
in fec t ions ,  rube l la ,  cy tomegalov i rus
infec t ion ,  and  herpes  s implex)  in fec t ion  a t
b i r th ,  b i r th  t rauma,  metabol ic  d isorders  or
in t racrania l  in fec t ions  were  exc luded  f rom
the  s tudy .  Al l  the  in fan ts  underwent
audiologist evaluations to exclude those with
a l te red  hear ing .  In formed wr i t t en  consen t
was obtained from the parents/guardians of
all  infants.  The study was approved by the
ins t i tu te’s  e th ics  commit tee .

P r o c e d u r e s :

BAEPs  were  recorded  us ing  Nihon
Kohden  Neuropack  (MEB 2200  Vers ion
03.02) .  The  procedure  was  done  in  supine
posture on the bed in a semi-darkened room,
after  a  feeding and majori ty of  the infants
received sedat ion wi th  promethazine oral ly
of  dose  0 .5  mg/kg  bodyweight .  E lec t rode
plac ing ,  nomencla ture  and  methodology of
BAEP recordings were according to Chiappa
(1990) (12). The electrodes were arranged on
the  mas to id  ( re fe rence) ,  mid l ine  on  h igh
forehead or crown of the head (active), and
shoulder  (ground).

Record ings  were  ob ta ined  us ing  s i lver
cup electrodes f i l led with contact  gel .  The
skin surface was prepared with abrasive gel,
e lectrodes f ixed and secured with adhesive
p las te r s .  At  a l l  r ecord ing  s i t es ,  e lec t rode
impedance  was  kep t  be low 5W.  BAEP
recording  was performed on each ear  using
80  dBHL c l icks  o f  a l t e rna t ing  po la r i ty
presented monaurally. Broad band clicks are
the  on ly  s t imul i  fo r  in fan ts  and  the  c l i ck

Stud ies  on  the  b ra in  matura t ion  us ing
BAEPs in preterm and full-term infants have
shown conf l ic t ing  ev idences  regard ing  the
de layed  neuro log ic  matura t ion  and  i t s
predictabi l i ty  in the preterm babies (2,  10,
11) .  As  observed  in  these  s tud ies ,  the
latencies of BAEP waveforms were delayed
in  pre te rm infan ts  and  tha t  p rematur i ty
i t se l f  could  a f fec t  these  la tenc ies  (2 ,  10) .
Pre term bi r th  a l so  has  a  s igni f icant  e f fec t
on the neurologic maturation and experience
p lays  a  c ruc ia l  ro le  in  the  deve lopmenta l
process.  This conceives the probabili ty that
extra-uterine exposure to the environmental
s t imul i  in  the  p re te rm could  exer t  some
effects on the maturation of the developing
human bra in  (11) .  Th is  impl ica tes  tha t
BAEPs recorded in the premature period (at
b i r th  in  a  pre te rm infant )  a re  not  re l iab le
predictors of audiological/neuronal maturation.
Hence ,  the  p resen t  s tudy  compares  the
neurologic  matura t ion  in  pre term and fu l l -
t e rm infan ts  a t  one  year  o f  ex t ra  u te r ine
age by recording BAEPs.

METHODS

BAEP da ta  of  25  pre te rm and  25  fu l l -
term infants  (50 subjects)  of  one year  age
were  compared .  The  pre te rm infan ts  were
those born before 37 weeks of gestation and
were referred from the Paediatric department
for assessment of auditory functioning. The
full-term infants were recruited from among
those  a t t end ing  the  Paed ia t r i c  depar tment
for  rou t ine  immuniza t ion  and  f rom the
genera l  popula t ion .  The  in fan ts  were
s tud ied  a t  one  year  o f  the i r  ex t ra  u te r ine
age  to  compare  the  neuro log ic  matura t ion
in  the  p re te rm and  fu l l - t e rm infan ts  and
a lso  to  assess  any  impai rment .  The  da ta
was  acqui red  in  the  Depar tment  o f
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in tens i ty  should  be  ca l ib ra ted  re la t ive  to
normal hearing thresholds in the laboratories.
The repetition rate of the stimulus was at a
ra te  o f  10 /sec .  A to ta l  o f  2000  evoked
responses  were  recorded  and  averaged  for
two t r i a l s  each  ( to  assess  reproduc ib i l i ty )
from the right and left ear. The earphone is
to be held above the ear, because the weight
of  the earphone can col lapse the ear  canal
in  p re te rm infan ts .  Broadband  pass  f i l t e r s
at 10 to 2500 Hz, restrictive filtering of 100-
3000 Hz.  The  ana lys i s  t ime  was  10  msec .
Samples  con tamina ted  wi th  a r t i fac t s  were
auto discarded.

The  abso lu te  mean  la tenc ies  o f  BAEP
waveforms I ,  III ,  V and interpeak latencies
I-III,  III-V, I-V were measured.

Stat i s t i ca l  ana lys i s  (13 ,  14) :

Two tailed independent student t test has
been  used  to  f ind  the  s ign i f icance  in
la tenc ies  o f  BAEP waveforms  and  the
in te rpeak  la tenc ies  be tween  the  2  g roups .
Paired Student t  test  has been used to find
the  s ign i f icance  of  l a tenc ies  o f  BAEP
waveforms wi th in  each group and between
right  and lef t  ear .

Stat i s t i ca l  so f tware :  The  s ta t i s t i ca l  so f tware
namely SPSS 11.0 and Systat 8.0 were used
for  the  analys is  of  the  data  and Microsof t
word and Excel have been used to generate
t ab le s .

RESULTS

This  comparat ive s tudy consis ted of  25
preterm and 25 full-term infants.  The mean
ges ta t ional  age  of  pre term infants  a t  b i r th
were  35±2 weeks .  BAEP parameters  –

Waveform I, III, V latencies, I-III, III-V, I-V
inter -peak la tencies  recorded and averaged
from the two groups were compared.

Figs. 1 and 2 show BAEP waveforms in
the full term and preterm infants respectively
after right and left  ear stimulation with the
mark ing  of  the  prominent  waves  I ,  I I I ,  V
m a r k e d .

The mean latency of  BAEP waveform I
in  the  pre te rm infan ts  was  1 .45±0.23  ms ,
1 .40±0.37  ms and in  the  te rm infants  was
1.36±0.34 ms, 1.45±0.20 ms for the right and
lef t  ears  respect ively .  (Table-I ) .  The mean
latency of BAEP waveform III in the preterm
infants was 3.82±0.83 ms, 3.74±0.90 ms and
in  the  te rm infan ts  was  3 .83±0.85  ms ,
3 .82±0.84  ms  for  the  r igh t  and  le f t  ea rs
respectively (Table-I).

Thus  the  mean  pa t te rn  of  abso lu te
latencies of BAEP waveforms - I and III from
right and left  ears did not show significant
difference between the two groups - preterm

T A B L E I I : Comparison of Mean Pattern of Inter-
peak Latency of BAEP waveforms between
the  Pre te rm and  Fu l l -Term groups .

I n t e r - p e a k P
Latency (ms) E a r P r e t e r m Full-Term value
(Mean±SD)

I–III Right 2.47±0.31a 2.57±0.43a 0.367
Left 2.35±0.55a 2.50±0.30a 0.427

III–V Right 2.22±0.93a 2.13±0.92a 0.742
Left 2.27±0.95a 2.09±0.96a 0.541

I–V Right 4.60±0.36a 4.53±0.48a 0.613
Left 4.45±0.98a 4.44±0.32a 0.957

S u p e r s c r i p t s
1 . Compar i son  wi th  in  each  g roup  –  Righ t  vs

L e f t
i . Iden t i ca l  Supersc r ip t s  ( a  vs  a )  a re  non-

s ign i f i can t  (P>0 .05)
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in fan ts  and  fu l l  t e rm infan ts  (P>0 .05) .
(Table-I) .  This  suggests  that  the peripheral
neuronal  matur i ty  of  the  audi tory  pa thway
is complete in both the groups.

The mean latency of BAEP waveform V
in  the  pre te rm infan ts  was  6 .18±0.34  ms ,
6 .11±0.33  ms and in  the  te rm infants  was
5.92±0.42 ms, 5.88±0.38 ms for the right and

left  ears respectively (Table-I).

Thus the mean pattern of absolute latency
of  BAEP waveform V was  s ign i f ican t ly
pro longed  in  the  p re te rm infan ts  than  the
fu l l  t e rm infan ts  (P<0 .05)  (Table - I ) .  Th is
i s  p robably  sugges t ive  o f  the  neurona l
immaturi ty  of  the central  audi tory pathway
in  pre te rm infan ts .

F ig .  1 : BAEP waveforms  in  the  fu l l - t e rm in fan t s .
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The  in te r -peak  la tency  I - I I I  in  the
preterm infants was 2.47±0.31 ms, 2.35±0.55
ms and in  the  te rm infants  was  2 .57±0.43
ms, 2.50±0.30 ms for the right and left ears
respec t ive ly .  (Tab le - I I ) .  The  in te r -peak
la tency  I I I -V in  the  p re te rm infan ts  was
2.22±0.93 ms, 2.27±0.95 ms and in the term
infants was 2.13±0.92 ms, 2.09±0.96 ms for
the right and left  ears respectively.  (Table-

Fig .  2 : BAEP waveforms  in  p re te rm in fan t s .

II). The inter-peak latency I-V in the preterm
infants was 4.60±0.36 ms, 4.45±0.98 ms and
in  the  te rm infan ts  was  4 .53±0.48  ms ,
4 .44±0.32  ms  for  the  r igh t  and  le f t  ea rs
respectively (Table-II).

Thus the inter-peak latencies - I-III, III-
V and I-V did not show significant difference
between the two groups (P>0.05) (Table-II)
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sugges t ing  a  comparab le  nerve  conduc t ion
velocity.

DISCUSSION

BAEP parameters  were  recorded  and
compared in  the  pre term and the  fu l l - term
infants.  The BAEPs from the right and left
ears within the same group were comparable
with no significant  difference.  BAEPs from
both  ea rs  were  recorded  to  unders tand  i f
there was any difference in the audiological
matura t ion  and  func t ion  be tween  the  two
e a r s .

Routinely a five component BAEP wave
is  recorded  and  measured :  waves  I  and  I I
arise from the distal and rostral portions of
the  e ighth  nerve ,  respect ively;  wave I I I  i s
from the pons and waves IV and V are from
the midbrain.  A recognisable BAEP can be
recorded in preterm infants of 28-32 weeks
in  ges ta t ional  age  (8 ,  15) ,  cons is t ing  of  a

series of three major waves (i.e., I, III, and
V).  The neural  generators for  Waves I  and
I I I  in  humans  a re  the  aud i to ry  nerve  and
cochlear nucleus, respectively. The generator
for Wave V is  the termination of the f iber
t rac t  o f  the  l a te ra l  l emniscus  (16) .  The
absolute latencies of BAEP waves and their
in te r -peak  la tenc ies  progress ive ly  decrease
over the course of neurological development
(17) .  The  BAEPs undergoes  rap id  changes
and development in the first 4 days of life in
a full-term infant (18).

The  mean  abso lu te  l a tenc ies  o f  BAEP
waveforms, I and III did not show significant
difference between the two groups. The mean
absolute latency of BAEP waveform V was
significantly prolonged in the preterm infants
than  the  fu l l - t e rm infan ts .  The  la te r
component  ( i . e . ,  Wave  V)  undergoes  more
marked changes in latency at full term than
the most peripheral components (i.e.,  Waves
I  and  I I I ) .  Th is  i s  due  to  the  ea r l i e r
maturation of the peripheral nervous system
re la t ive  to  the  l a te r  matur ing  cen t ra l
aud i to ry  pa thways  (19) .  The  pro longed
la tency  of  the  BAEP waveform V in  the
preterm reflect a probable incomplete neural
myel ina t ion  of  the  f ibers  in  the  aud i to ry
pa thway,  reduced  axon  d iameter ,  and
immaturity in synaptic function (20, 21, 22).
This  observa t ion  re f lec t s  a  de layed
maturat ion of  the  centra l  audi tory pathway
and supports the earlier findings that BAEP
waveforms latencies are delayed in preterm
infants due to the prematurity itself (2, 10).
At the same time, there is no denial of the
possibility of experience playing a crucial role
in the developmental process (11).  There is
a  probable  necess i ty  of  a  much pro longed
per iod  of  ex t ra -u te r ine  exposure  to  the
envi ronmenta l  s t imul i  in  the  p re te rm to

TABLE I : Compar i son  of  Mean  La tency  of
BAEP waveforms  be tween  the
Pre te rm and  Fu l l - Term groups.

Latency (ms) E a r P r e t e r m Full-Term P
(Mean±SD) va lue

I Right 1.45±0.23a 1.36±0.34a 0.306
Left 1.40±0.37a 1.45±0.20a 0.500

III Right 3.82±0.83a 3.83±0.85a 0.976
Left 3.74±0.90a 3.82±0.84a 0.767

V Right 6.18±0.34a 5.92±0.42a 0.020*
Left 6.11±0.33a 5.88±0.38a 0.030*

S u p e r s c r i p t s
1 . Compar i son  wi th  in  each  g roup  –  Righ t  vs

L e f t
i . Iden t i ca l  Supersc r ip t s  ( a  vs  a )  a re  non-

s ign i f i can t  (P>0 .05)
2 . Comparison between groups -  Preterm vs Full-

T e r m
i . *deno tes  s ign i f i can t  (P<0 .05)
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exert some effect on the maturation process.

The inter-peak latencies (I-III,  III-V and
I -V)  did  no t  show s ign i f ican t  d i f fe rence
be tween  the  two groups  re f lec t ing  a
comparable nerve conduction velocity among
the two groups.

The myelinat ion of  the central  audi tory
pa thway fo l lows  tha t  o f  the  per iphera l
auditory pathway. The prolonged latency of
BAEP waveform V observed in the present
s tudy is  probably  suggest ive  of  a  re tarded
myelination of the central auditory pathway.
This  could par t ia l ly  be responsible  for  the
differences found between preterm and ful l
term infants  (23).

The major l imitation of the study is  i ts
c ross - sec t iona l  na ture .  A prospec t ive
longi tud ina l  s tudy  wi th  a  l a rger  sample
would  be  benef ic ia l  to  know about  the
changes  happening  and  a l so  to  s tudy  the
duration when the preterm brain maturation
probably  ca tches  up  wi th  tha t  o f  the  fu l l

t e rm babies .  Appl ica t ion  of  BAEP and
other  evoked potentials  may also be useful
in  the  moni tor ing the  benef ic ia l  ef fects  of
the  t rea tment  modal i t i es  in  such  pre te rm
in fan t s .

C o n c l u s i o n s :

The  pre te rm infan ts  have  a  p ro longed
latency of BAEP waveform V suggestive of a
retarded myelination of the central  auditory
pa thway.  Thus  BAEP could  be  a  usefu l
electrophysiological  tes t  to  assess  neuronal
myel ina t ion  and matura t ion  in  the  pre term
in fan t s .
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