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Abstract :  Microcephaly implies a reduced occipito-frontal  circumference
(< 2 Standard Deviation of normal) and therefore a small brain size, which
is usually associated with different neurodeficit.  Intactness of the auditory
pathway in microcephalic as well as normal children was assessed by Brain
s tem Evoked  Response  Audiomet ry  (BERA)  to  loca te  the  exac t  s i t e  o f
l e s ion  resu l t ing  in  the  aud i to ry  impa i rment ,  so  tha t  appropr ia t e  ea r ly
rehab i l i t a t ive  measures  can  be  t aken .  The  s tudy  revea led  tha t  abso lu te
peak  l a t ency  o f  wave  V,  in t e r  peak  l a t enc ies  o f  I I I–V and  I–V were
significantly higher (P- value <0.05 in each case) in microcephalics than the
normal  ch i ld ren .  Audi to ry  impa i rment  in  mic rocepha ly  i s  a  common
neurodef ic i t  t ha t  can  be  au then t i ca l ly  a s sessed  by  BERA.  The  hea r ing
impai rment  in  microcepha l ics  i s  mos t ly  due  to  insuf f ic iency  of  cen t ra l
components  o f  audi tory  pa thway a t  the  leve l  o f  b ra ins tem,  func t ion  of
peripheral  s t ructures  being almost  within normal  l imit .
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INTRODUCTION

Microcepha ly  denotes  a  s t ruc tura l
anomaly  of  head  where  occ ip i to -  f ron ta l
circumference (OFC) of a subject falls below
the mean head circumference of that specific
age  and  gender  by  two or  more  s tandard
deviations (SD) (1).  Microcephaly implies a
smal l  b ra in  s ize  and  warns  the  resu l tan t
neurological impairment. Hearing impairment

is one of the major clinical presentations in
microcepha l ics  as  ev idenced  by  Amer ican
Academy of Neurology (2). So it is pertinent
to  assess  the  neurona l  in tegr i ty  in  the
auditory path way among the microcephalics
not  only  to  have  an  idea  about  the  extent
of  neurodef ic i t  bu t  a l so  to  ins t i tu te
rehab i l i t a t ive  measures  fo r  those  ch i ld ren
at the earliest.  Brain stem Evoked Response
Audiometry (BERA) is  an object ive electro
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Exc lus ion  c r i t e r ia :  Subjec t s  wi th  any
assoc ia ted  cause  of  neurodef ic i t  (b i r th
trauma, cerebral palsy, exposure to any CNS
depressan t  e tc . )  were  exc luded  f rom the
s tudy .

Recording  o f  bra in  s tem evoked  response
a u d i o m e t r y

After  se lec t ing  the  sub jec t s  ( th rough
proper history and clinical examination), they
were subjected to BERA testing according to
s tandard  techn iques  (4 )  on  RMS EMG EP
MARK-II  machine  manufac tured  by  RMS
RECORDERS and  MEDICARE SYSTEM,
Chandigarh .  The  da ta  was  s to red  for
s ta t is t ica l  analys is .

Procedure  in  br ie f

Recording of BERA was carried out in a
qu ie t  and  d imly  l i t  room wi th  sub jec t  in
sup ine  pos i t ion .  Res t less  and  i r r i t ab le
children were given oral  promethazine (0.5
mg/kg  body  weigh t )  fo r  seda t ion  before
tes t ing .  Sur face  e lec t rodes  were  p laced  a t
the vertex (Cz), both ear lobes (Ai and Ac)
and forehead (ground) .  Monoaural  audi tory
st imulus consist ing of  rarefact ion cl icks of
100 μ  second  square  pu lse  were  de l ivered
through an electrically shielded earphone at
a rate of 11.1/second. Contralateral ear was
masked with pure white noise 40 deci  Bell
(dB) below that of the BERA stimulus. A band
pass of  10–3000 Hz was used to f i l ter  out
undesirable  frequencies  in  the surrounding.
Responses  to  4000  c l ick  presen ta t ions
were  averaged for  10 mil l i  second (msec) .
Waveforms  ob ta ined  a t  60  dB above  the
sensa t ion  th resho ld  fo r  tha t  ea r  were
recorded for  analysis .

d iagnos t ic  t es t  fo r  the  assessment  o f
neuronal integrity in the auditory path way,
which  i s  espec ia l ly  impor tan t  in  young
chi ldren  where  pa t ien t ’ s  coopera t ion  of ten
remains  a t  a  min imum.  BERA is  a  non-
invas ive  t echnique  where  a  se r ies  o f
po ten t ia l s  a re  genera ted  cor responding
to a sequential  activation of different parts
of  the  aud i to ry  pa thway s ta r t ing  f rom
the  per iphera l  pa r t  ( coch lear  nerve)  up
to  the  b ra ins tem ( in fe r io r  co l l i cu lus )
within 10 millisecond after acoustic stimulus
(3).

Thereby  BERA record ing  no t  on ly
eva lua tes  the  func t iona l  in tegr i ty  o f  sub
cortical auditory pathway, but also suggests
about  the  p robable  s i t e  o f  l es ion .  In  our
present study, BERA was done in a group of
microcephal ic  and age-sex matched normal
ch i ld ren  to  compare  the  in tac tness  o f  the
auditory pathway which may be an important
component of overall  diagnostic work-up in
subjects  with microcephaly.

MATERIALS AND METHODS

Study  was  conduc ted  a t  the
Neurophys io logy  un i t  o f  the  Dept .  o f
Physiology, MGIMS, Sevagram on 12 children
with microcephaly and 20 age sex matched
otherwise  hea l thy  ch i ld ren  wi th  normal
occip i to  f ronta l  c i rcumference  and wi thout
any clinical neurodeficit. All the examinations
(both Physical  and electro diagnostic)  were
done with informed consent  f rom the legal
guard ians  o f  the  sub jec t s  and  as  per
the  permiss ion  of  Ins t i tu t iona l  E th ics
Committee.  Relevant  history was taken and
clinical  examination was done according to
s t ruc tured  format .



378 Das   e t  a l Ind ian  J  Phys io l  Pharmaco l  2010 ;  54(4 )

Parameters  s tudied

BERA threshold  for  each  ear  wi th
absolute  peak latencies  of  waves I ,  I I I ,  V,
inter peak latencies of I–III, III–V, I–V wave
forms  and  V:I  ra t io  were  cons idered  f rom
the  record ing  for  the  compar i son  among
microcephal ic  and age-sex matched normal
ch i ld ren .

Stat i s t i ca l  ca lcu la t ion

Signi f icance  of  d i f fe rence  in  the  mean
va lues  o f  d i f fe ren t  parameters  in  the  two
groups was assessed by Student’s “t” test and
the  P-va lue  < 0 .05  was  cons idered  to  be
significant. All the values were expressed as
means±1  SD.  Ca lcu la t ions  were  done
us ing  STATA-10 and Microsof t  Excel  sof t
w a r e .

RESULTS

Tota l  32  sub jec t s  were  inves t iga ted ,
among which 12 were microcephalic and 20
were heal thy control .  Ages  of  the  subjects
were in a range of 6 months to 6years. The
phys ica l  parameters  [age  of  p resen ta t ion ,
weight,  height,  Body Mass Index (BMI)] of
normal as well as microcephalic children are
depicted in Table I .  The findings of BERA
recording (as  mean±1 SD) are  tabulated in
Table II .

TABLE I : Phys ica l  pa ramete r s  in  normal  and  mic rocepha l i c s .  Va lues  a re  Mean±SD.

Group  o f Age  o f  presen ta t ion Body  we igh t H e i g h t B M I
c h i l d r e n ( in  years ) ( in  kg) ( in  cm) (wt in kg/height in meter2)

C o n t r o l 3 . 1 5± 2 . 4 8 13 .58± 5 . 6 7 84 .12± 17 .26 18 .68± 2 .1

Mic rocepha l i c 2 . 8 8± 2 . 1 6 7 . 9 2± 5 . 1 5 7 2 . 5± 19 .97 12 .81± 1 . 8 7

Among all these latency values, absolute
peak latency of wave V, inter peak latencies
of  I I I–V and  I–V were  found  to  be
s ign i f ican t ly  lower  in  normal  g roup  than
microcephalics (P- value <0.05 in each case).
Average amplitude ratio of V: I though not
statistically significant (P- value >0.05), was
found  to  be  lower  in  microcepha l ics  than
their  normal  counterpart  (Figs.  1  and 2) .

TABLE I I : Mean  va lues  o f  the  BERA paramete r s
in  mic rocepha l i c s  and  the i r  age  gender
matched  con t ro l s .

S l . P a r a m e t e r M i c r o c e p h a l i c s C o n t r o l
N o . s t u d i e d

1. Average BERA 54± 17.76* dB 31± 3.16 dB
threshold

2. Absolute peak 6.14± 0.75* 5.1± 0.25
latencies for m s e c m s e c

wave V
3. Absolute peak 2.02± 0.64* 1.6± 0.15

latencies for m s e c m s e c
wave I

4. Absolute peak 4.2± 0.6* 3.59± 0.24
latencies for m s e c m s e c

wave III
5. Inter peak 2.19± 0.59* 1.97± 0.19

latencies for m s e c m s e c
I–III

6. Inter peak 1.88± 0.21* 1.55± 0.18
latencies for m s e c m s e c

III–V
7. Inter peak 4.07± 0.76* 3.5± 0.2

latencies m s e c m s e c
of I–V

8. V: I ratio 1.69± 0.19 2.35± 1.6

*P<0 .05 ,  compared  wi th  con t ro l .
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Fig .  1 : Trac ing  showing  BERA record ing  o f  a  normal  hea l thy  ch i ld  o f  4  yea r s .

F ig .  2 : Trac ing  showing  BERA record ing  o f  a  mic rocepha l i c  ch i ld  o f  4  yea r s .

as per the finding of Rajab A et al (6).

However,  i r respect ive of  the et iological
background  overa l l  pa tho log ica l  p rocesses
involved  in  microcepha ly  a re  defec t ive
neurona l  p ro l i fe ra t ion ,  d i f fe ren t ia t ion  or
excess  neurona l  dea th  in  the  deve lop ing
brain. There by, an overall small sized brain
may lack  d i f fe ren t  neurona l  c i rcu i t ry  and
thus may be associated with agenesis of optic
pa thway,  absence  of  aud i to ry  pa thway,
absence  of  pars  compac ta  o f  subs tan t ia
nigra,  hypoplasia of  the cerebellum and i ts
connections etc as per the opinion of Fabian
VA et al (7). In our present study significantly
h igher  th reshold  for  BERA a long  wi th
pro longed  abso lu te  l a tency  of  wave  V in
microcephal ics  than  the i r  age  sex  matched
normal counterparts indicate developemental
anomaly in the auditory path way especially
in the region of brain stem in the first group.

DISCUSSION

Microcephaly is a common developmental
defec t  tha t  can  have  e i ther  p rena ta l  o r
postnatal onset. It is anatomically, clinically
and et iological ly  a  heterogeneous disorder .
Helmers S suggested that it  may have large
spec t rum of  p resen ta t ions ,  inher i t ance
pa t te rn ,  l i f e  span  expec tancy ,  degree  o f
psychomotor  abnormal i t i es  and  var ie ty  o f
assoc ia ted  anomal ies  inc lud ing  var ious
inborn errors  of  metabolism (4) .  According
to him it  may present with normal cerebral
cortical thickness, normal or mildly disrupted
gyral pattern, mild developmental delay and
moderate mental  retardations (as in case of
microcephaly vera)  (4).  At the other end of
the  spec t rum Amish  le tha l  microcepha ly
presents  with extreme degree of  small  s ize
of  the  bra in  (<6  SD of  normal ) .  Af fec ted
children are unresponsive to light and sound



380 Das   e t  a l Ind ian  J  Phys io l  Pharmaco l  2010 ;  54(4 )

As the origin of wave IV and V are from the
lateral lemniscus of upper pons and inferior
colliculi  of the midbrain respectively,  these
components of BERA are the earliest  to be
absen t  in  the  pa t ien t s  wi th  l es ions  o f  the
mid  pons ,  ros t ra l  pons  and  mesencephalon
as opined by Legatt AD (8).

S ign i f ican t ly  p ro longed  in te rpeak
la tenc ies  o f  I I I–V and  I–V in  the
microcephal ics  in  the present  s tudy fur ther
sugges t  matura t iona l  de lay  in  the  cen t ra l
components  o f  aud i to ry  pa th  way .  Mos t
per iphera l  s t ruc tures  o f  aud i to ry  t rac t  a re
well myelinated with complete anatomic and
phys io log ic  matura t ion  by  the  f i r s t  few
weeks  of  b i r th  where  as  myel ina t ion  and
synaptogenes i s  o f  the  cen t ra l  aud i to ry
component  begin  between 26 to  30 weeks .
Therefore ,  developmental  fa i lure  of  central
auditory components  due to any et iological
background  dur ing  tha t  per iod  may  be
assoc ia ted  wi th  fu l ly  deve loped  per iphera l
auditory structures as  per  Mishra UK et  al
(3).

Comparatively unaffected absolute latency
of  wave  I  and  in te rpeak  la tency  of  I - I I I
(assoc ia ted  wi th  aud i to ry  pa thway f rom
acoust ic  nerve to  super ior  ol ivary complex
of  pons)  supports  the  per ipheral  to  centra l
matura t iona l  pa t te rn  o f  aud i to ry  t rac t .
Lower  V:I amplitude ratio in microcephalics,
though not  s tat is t ical ly s ignif icant  (may be
due  to  smal le r  sample  s ize ) ,  h igh l igh ts
further that, developmental failure of central
auditory neurons is the most likely cause of
hearing impairment  in  microcephal ics .  This
corroborates the findings of Mangunatmadja
I  e t  a l ,  2003 (1) .  Therefore ,  present  s tudy
points towards the fact that in microcephaly
audi to ry  impai rment  i s  a  common
neurodeficit that may be objectively assessed
by  BERA and  the  mos t  p robable  cause  i s
deficiency of the central auditory component
in the region of the brain stem. Thus, BERA
seems to be an authentic tool for the auditory
evaluation in microcephalics which can help
the  c l in ic ians  to  p lan  proper  rehabi l i ta t ive
measures  to  t ack le  re la ted  handicap  a t  an
ear ly  s tage .
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