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Abstrac t  :  Aud i to ry  evoked  po ten t i a l  r e sponses  were  r ecorded  in  20
chronic malnourished children in age group 3–6 years and in 20 healthy
age  and  sex  matched  con t ro l s  us ing  an  5200  Neuropack  p lus  (  Nihon
Koden ,  Japan)  evoked  po ten t i a l  r ecorde r .  The  abso lu te  peak  l a t enc ies ,
in te r  peak  la tenc ies  and  ampl i tude  of  waves  I -V of  bra ins tem audi tory
evoked  po ten t i a l s  (BAEPs)  were  ana lyzed .  The  mid  l a t ency  responses
(MLRs) were also studied in these children. Malnutrition was characterized
by  s tun t ing ,  which  ind ica ted  chron ic i ty  o f  nu t r i t iona l  depr iva t ion .  The
chi ldren  wi th  chronic  Prote in  energy malnut r i t ion  (PEM) had prolonged
peak latencies of waves I, II, III and IV. The interpeak latencies I-III and
III-V were also prolonged. The amplitude of wave I and V did not show
any s igni f icant  d i f fe rence  as  compared  to  cont ro ls .  The  middle  la tency
responses  were  no t  s ign i f i can t ly  d i f fe ren t  f rom the  con t ro l s .  Thus
malnu t r i t ion  a f fec t s  the  pe r iphera l  deve lopmenta l  p rocess  o f  aud i to ry
pathways only in the brainstem and the central thalamocortical projections
of  these  pa thways  a re  spared .
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reg ions  dur ing  ch i ldhood  (2–5  years )  (1 ) .
Neuropharmologica l  s tud ies  have  shown
changes  in  b ra in  neura l  recep tor  func t ion
resulting from early episode of malnutrition
(2) .  The age and range of  these long term
effects of malnutrition may be much greater
and  the  min imal  amount  o f  malnut r i t ion
necessary  to  p roduce  these  long  te rm
al te ra t ions  a re  unknown (3) .  Malnu t r i t ion
imposed during early l i fe  not  only reduces
the  growth  of  the  b ra in  bu t  a l so  l eaves
i t  pe rmanent ly  smal le r  in  s ize ,  the
phenomenon first observed in rats (4). A few
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INTRODUCTION

Prote in  energy  malnu t r i t ion  i s  a
pa tho log ica l  condi t ion  a r i s ing  f rom
coinc identa l  lack  of  vary ing  propor t ion  of
pro te in  and  ca lor ies  occur r ing  mos t
frequently in infants and children. The effect
of  malnu t r i t ion  on  bra in  deve lopment
depends  on  dura t ion ,  type  and  sever i ty  of
malnutrit ion. Previous study has shown that
malnu t r i t ion  a f fec t s  the  deve lopmenta l
process  in  ros t ra l  (pontomesencephal ic )  in
infancy and in the caudal  (medullopontine)
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ear l ier  s tudies  have shown that  conduct ion
in  the  per iphera l  nerves  i s  a f fec ted  in
protein energy malnutrition (5, 6). It appears
that long duration of continuous PEM slows
or arrest the process of myelination thereby
preven t ing  the  increase  in  ca l iber
of  myel ina ted  nerve  f ibers .  Per ina ta l
undernu t r i t ion  in  ra t s  p roduce  severe
re ta rda t ion  of  f iber  g rowth  in  ca l iber  in
sciat ic  nerve,  spinal  roots  and optic  nerve.
Since  the  ear ly  waves  form the  per iphera l
par t  o f  aud i to ry  pa thway,  and  nerve
conduc t ion  ve loc i ty  i s  re la ted  more  to
d iameter  than  in te rnoda l  l eng th  of  nerve
fibers (7). The conventional view, supported
by  p ioneer ing  work  us ing  DNA as  an
indicator of  brain growth was that  brain is
most  vulnerable  to  malnutr i t ion dur ing the
cr i t i ca l  pe r iod  of  b ra in  g rowth  and
deve lopment .  Severa l  g roups  have  s tud ied
the  EEG which  genera l ly  demons t ra tes
nonspecif ic  abnormali ty of  diffuse slowing.
The  Computed  Tomography  (CT)  shows
cerebra l  a t rophy ,  which  reso lves  upon
nut r i t iona l  rehabi l i ta t ion .  Cerebra l  a t rophy
is also demonstrated by Magnetic Resonance
Imaging  (MRI) .  This  s tudy  was  there fore
designed to provide an electrophysiological
ev idence  of  deve lopmenta l  abnormal i t i es
imposed  by  pro longed  malnut r i t ion
specif ical ly  on audi tory pathways in  brain.
This study also included MLR, a parameter
of  evoked  po ten t ia l s  which  was  no t
incorporated in previous studies (2), to assess
the  funct ional  in tegr i ty  of  Thalamocor t ica l
project ion which represent  the  centra l  par t
o f  aud i to ry  pa thway,  dur ing  pro longed
m a l n u t r i t i o n .

MATERIALS AND METHODS

The study was conducted in the clinical
neurophysiology laboratory of department of
Physiology, UCMS and GTB hospital, Delhi.
Ind ia .  20  normal  sub jec t s  and  20  chron ic

malnour i shed  ch i ld ren  in  age  group  3–6
years  were  rec ru i ted  on  the  bas i s  o f
an thropomet r ica l  parameters  inc lud ing
height,  weight,  and mid arm circumference.
Es t imat ion  of  hemoglobin  and  se rum
albumin was  done us ing s tandard  k i t s .

Selection criteria : A measure of ‘height
for age’ and ‘weight for age’ were used as
selection criteria. A drop in Ht to age   ratio
points to a chronic malnourished condition-
s tun t ing ,  a  low Wt  for  age  wi th  normal
height  indicates  an acute  condit ion-wast ing
or weight loss. A low height for age can be
taken  as  one  tha t  i s  1  s tandard  dev ia t ion
(SD) below the median height for age of the
re fe rence  popula t ion  g iven  by  Nat iona l
Cente r  For  Hea l th  S ta t i s t i cs  (NCHS)  (8) ,
conversely a high height for age is more than
1 SD above the  median Ht  for  age  of  the
re fe rence  popula t ion .  The  same pr inc ip le
appl ies  to  the  other  indicator ,  Wt for  age.
Those wi th  in  1  SD were  taken as  normal
hea l thy  cont ro ls .

Exc lus ion  c r i t e r ia :  A thorough  h i s to ry
and physical  examinat ion was done to rule
out  genet ic ,  visceral  and endocrinal  causes
of  shor t  s ta tu re .  Chi ld ren  wi th  any  ear
pathology were excluded. An informed consent
was taken from all  the subjects.  A baseline
record ing  BAEPs  and  MLRs was  taken  in
all children. A comparison was done between
control  and s tudy group using Tukey test .

Measurement  Pro toco ls :  BAEPs  –
Subjec t s  were  ly ing  comfor tab ly  in  a
rec l in ing  bed  wi th  the i r  eyes  c losed  and
comple te ly  re laxed .  Apprehens ive  ch i ld ren
were given promethzine in dose Of 0.5 mg/
kg  body  weigh t  o ra l ly .  The  sub jec t s  were
informed about  the procedure.  BAEPs were
recorded  us ing  s tandard  techniques  (9 .10) .
Cl ick  s t imul i  (average  count  2048)  o f
in tens i ty  70  dB above  the  normal  hear ing
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th reshold ,  a t  the  ra te  o f  10 /s  and  0 .1  ms
dura t ion  were  p resen ted  to  each  ear
independent ly .  The  o ther  ea r  was  masked
by pure white noise –40dBHL. These clicks
were  genera ted  by  pass ings  0 .1  ms square
pulses through the shielded headphones with
a l te rna t ing  po la r i ty .  The  ac t ive  (+ve)
e lec t rode  was  p laced  over  ver tex  (Cz) ,
re fe rence  e lec t rode  was  p laced  a t  the  ea r
lobules separately (A1, A2) and the ground
e lec t rodes  on  the  fo rehead .  The  sk in  to
electrode impedance was kept below 5 Kohm.
The signal picked up by these electrodes was
f i l tered,  ampl i f ied ,  averaged and displayed
on  the  sc reen  of  Neuropack  5200  p lus
poten t ia l  recorder  (Nihon  Kohden ,  Japan) .
Absolute  peak la tencies  of  waves  I  and V
and interpeak latencies I-III, III-V, l-V were
recorded for  each ear  separately .

MLRs :  Same procedure  was  repea ted
with the same electrodes and with the same
la tency  range  be tween  10–50  ms .
Al te rna t ing  ra re fac t ion  and  condensa t ion
c l icks  were  genera ted  by  an  acous t ic
st imulator  with the durat ion of  0.1 ms and
in te rs t imulus  in te rva l  o f  70  ms  de l ivered
through  the  headphones  monaura l ly /
binaurally at the intensity 60dBHL (8). With
the stimulus rate 0.5 Hz, total of 256 stimuli
were  g iven and evoked responses  of  these
were recorded.  Latency of  each component
wave MLRs i.e. N0, P0, Na, Pa, Nb, Pb was
ca lcu la ted .  Compar i son  be tween  the  two
groups was done using a Tukey test  at  5%
level of significance.

R E S U L T S

The  mean  and  the  s tandard  dev ia t ions
of  abso lu te  peak  la tency  and  in te rpeak
latency in milliseconds of BAEPs are shown
in Table I. A significant prolongation in the
absolute peak latencies of waves I to IV was
observed in the study group as compared to
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to the controls. The values of the components
of MLR are given in Table II.

D I S C U S S I O N

The present  s tudy has revealed changes
in  abso lu te  and  in te rpeak  la tenc ies  o f
Bra ins tem audi to ry  evoked  po ten t ia l s  in
Prote in  energy malnut r i t ion  (PEM).  A few
perv ious  s tud ies  have  a l so  repor ted  a
s ign i f ican t  reduc t ion  of  nerve  conduc t ion
velocity in children with PEM(1). The neural
conduc t ion  in  aud i to ry  pa thways  in  the
bra ins tem in  the  PEM chi ld ren  i s
s ign i f ican t ly  d i f fe ren t  f rom those  wi thout
deficiency, indicating that the deficiency has
cont r ibu ted  to  a l t e red  neura l  conduc t ion .
The absolute latencies of  waves l-V in the
present study for the control group and the
study group are shown in table 1, which are
similar to the latencies reported in an earlier
s tudy conducted by Tandon et  a l  (2) ,  with
malnour i shed  ch i ld ren  showing  abso lu te
la tenc ies  o f  waves  I -V as  1 .72 ± 9.18  ms ,
2 .63 ± 0.15  ms ,  3 .84 ± 0.17  ms ,  5 .00 ± 0.21
ms, 5.91 ± 0.29 ms. In this study the children
who a re  malnour i shed  and  show a  he igh t
def ic i t  r epresen t ing  chron ic i ty  o f  PEM
exhib i t  a  s ign i f ican t  inc rease  in  abso lu te
latencies of the early waves except wave V
of  BAEPs.  The ear l ier  s tudies  on audi tory
evoked potentials by Tandon et al (1989) on
96 malnourished children under six years of
age showed abnormal interpeak latencies in
32  ch i ld ren  (33 .3%)  and  8  ch i ld ren  had
abnormal  morphology  charac te r ized  by
absent  wave pat terns .  I t  was observed that
the  malnu t r i t ion  a f fec ted  the  deve lopment
process in the rostral  (pontomesencephalic)

TABLE II : Value of MLRs in control and malnourished groups.

Group N o Po N a P a N b P b

Control 11.69± 0.83 16.85± 2.38 22.33± 4.95 31.23± 6.19 37.25± 5.99 41.94± 4.79
Study 11.62± 0.72 16.48± 2.26 24.53± 2.14 31.76± 3.10 37.30± 2.94 44.11± 1.99

the control group. No significant difference
was found in the amplitudes of waves V and
I  in  the  s tudy  group  as  compared  to  the
control group. No significant difference was
found in the latency of the components No
to Pb MLR in the study group as compared
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pa thway in  in fancy  and  the  cauda l
(medul lopont ine)  regions  dur ing chi ldhood.
But  in  p rev ious  s tudy  no  s ign i f ican t
d i f fe rence  in  abso lu te  l a tenc ies  in  th ree
grades  o f  malnu t r i t ion  was  observed
ca tegor ized  on  the  bas i s  weigh t  fo r  age ,
sugges t ing  tha t  in  the  p resen t  s tudy  the
increased  absolu te  la tenc ies  a re  re la ted  to
the  chronic i ty  o f  PEM.  Thus  e f fec t  o f
malnut r i t ion  on  BAEPs  depends  on  the
duration,  type and severi ty of  malnutri t ion.
It appears that a long duration of PEM slows
or arrest  the process of  myelinat ion in the
per iphera l  ne rves  thereby  preven t ing  the
increase in caliber of myelinated fibers (9).
S ince  the  ear ly  waves  form the  per iphera l
part of the auditory pathway, and the nerve
conduc t ion  ve loc i ty  i s  re la ted  to  d iamete r
ra ther  than  in te rnoda l  l ength  of  the  nerve
fibers, this study suggest that PEM from an
ear ly  s tage poss ibly”  beginning per inata l ly
leads  to  pers i s tence  of  smal l  d iameter
myelinated nerve fibers and the presence of
segmenta l  demyel ina t ion  and  improper
remyel ina t ion .  Thus  PEM seems  to  be

responsible for reduced conduction velocity
in  chron ic  malnu t r i t ion .  The  var ious
in te rpeak  la tenc ies  re f lec t  deve lopmenta l
changes in the time sequence of’ myelination
and mycl in  composi t ion along the audi tory
pa thway.  Neurohis to log ica l  ev idence  of
improper  myel ina t ion  and  smal l  ca l iber
nerve fibers as a cause of abnormal BAEPs
in  PEM s t i l l  needs  to  be  demons t ra ted
s ince  BAEPs  have  l imi ta t ions  in  the i r
in terpre ta t ion as  the i r  abnormal i ty  can not
separate inadequacy of  axonal ,  dendri t ic  or
synapt ic  even ts .  Thus  the  ce l lu la r  o r
intercellular events occurring during chronic
PEM a t  the  s i t es  o f  genera t ion  of  these
waves  in  the  b ra ins tem cannot  be
determined. The middle latency components
of  aud i to ry  evoked  responses  re f lec t
thalamocortical projections having generators
in the primary cortex of  the temporal  lobe
and  seem to  be  res i s tan t  to  malnu t r i t ion
effects .  Whether  th is  i s  permanent  damage
or is reversible with nutritional rehabili tation
remains  to  be  inves t igated .
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