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A B S T R A C T

U ltraso n o g rap h y  h as o p en ed  n ew  v istas for m edical sc ience. It o ffers  a  far b etter w ay o f  

s tudy ing  h um an  d ev e lo p m en t th an  w e have ev e r had  before. C rucia l d ec is io n s  can  be m ade 

o n  the basis  o f  fe ta l b io m etric  m easurem ents. T he b iom etric  m easu rem en ts  th a t arc u sed  as 

re ferences sh o u ld  be  p o p u la tio n  based . I f  tab les and  charts  tha t a re  u sed  fo r  fetal b iom etry  are 

deriv ed  from  a  d iffe ren t pop u la tio n , then they m ay m islead  the  o b ste tric ian s . A  fe tus m ay  be 

gen e tica lly  sm all fo r da te  bu t will ap p ear to  be g ro w th  restric ted  i f  a  tab le  d eriv ed  from  

an o th er race  is u sed , or it m ay  ap p ear to  be m acro so m ic  in the sam e w ay. M an y  stud ies in 

B ang ladesh  sh o w ed  th a t the  w estern  tab les tha t a re  used here  are  no t ap p ro p ria te  fo r B engalis 

and  o ften  g ive  w ro n g  in fo rm atio n  especia lly  in  the th ird  trim este r w h ich  can  lead to  w rong  

dec isions by the  ob ste tric ian s. P opu la tion  spec ific  n o m o g ram s shou ld  there fo re  be used. So 

w e  need to  p rep are  B ang ladesh i standards, 'f o  th is end  th is s tudy  w as designed .

SUBJECTS AND METHODS

T his s tudy  w as co n d u c ted  in  B ang ladesh  Institu te  o f  R esearch  an d  R eh ab ilita tio n  in D iabetes. 

E ndocrine  and  M etab o lic  D iso rders (B IR D F.M ). on co n secu tiv e  h ea lth y  g rav id  p a tien ts , who 

had  m et the  crite ria . T he su b jec ts  w ere B ang ladesh i B engalis, be lo n g in g  p red o m in an tly  to the 

m idd le  class. A  3 .5  M H z cu rv ilin ea r tran sd u cer w as used. S tandard  m eth o d s and  techn iques 

w ere  used  for the  u ltraso n o g rap h ic  m easu rem en ts o f  the  p aram eters . F eta l w e ig h ts  w ere 

estim ated  from  h ead  c ircu m feren ce , fem u r leng th  and  ab d o m in a l c ircu m fe ren ce  by using  the 

m odel gen era ted  by  H ad lo ck  and co lleag u es in 1985. A ccuracy  o f  e s tim ated  fetal w e ig h t was 

also  determ ined .

T he five  basic  p aram eters  o f  the fetuses, b iparietal d iam e te r (B P D ). head  circum ference 

(H C ). fem u r len g th  (F L ), ab d o m in a l c ircum ference  (A C ) and  e s tim ated  fe ta l w e ig h t (E FW ) 

and  th e ir ra tio s  w ere stud ied .
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RESULTS

A  to tal o f  1223 h ea lth y , g rav id  su b jec ts  w ere  included , from  13 to  40 w eek s gesta tio n a l age. 

S ize  charts w ere  p rep a red  o f  the  fou r m ain  m easu rem en ts  o f  th e  fe tus. G ro w th  p ro file  o f  

e s tim ated  fe ta l w e ig h t w as a lso  p roduced . T ab les  o f  o bserved  va lu es o f  the  param ete rs  w ere 

p rep ared  as a  fu n c tio n  o f  gesta tio n al age and  then  tab les  o f  es tim ated  v a lu es  w ere  p roduced  

a fte r fitting  m o d e ls  to  the  data. T h ese  tab les p ro v id ed  the  d is trib u tio n  o f  p a tien ts  in each 

w eek , m ean , 2  s tan d ard  d ev ia tio n s , and  3̂ *̂, 10"\ 5 0 ' \  90^ '̂ an d  9 7 “' pe rcen tiles . G raphs o f  

sca tte r d iag ram s w ith  p e rcen tile  cu rves su perim posed  o n  th em  and g rap h s  sh o w in g  goodness 

o f  lit o f  m o d e ls  an d  ex p ected  2 standard  dev ia tions w ere p rep ared . S im ilarly  tab les  o f  

o bserved  va lu es an d  es tim ated  va lu es o f  the ra tio s  F L /A C . H C /A C , F L /B P D . B PD /A C . 

F L /H C . w ere  a lso  p rep ared . G raphs o f  p ercen tile  cu rves su p erim p o sed  o n  sca tte r charts  and 

g raphs o f  go o d n ess o f  fit o f  ra tio s  w ere also  p roduced . L astly  tw o  tab les  an d  a  g raph  to  show  

accu racy  o f  e s tim ated  fe ta l w e ig h t w ere construc ted , b ased  on  th e  b irth  w eig h ts  o f  seventy  

th ree  infants.

CONCLUSION

T he a im s an d  o b jec tiv es  o f  the  study  w ere all m et. T ab les and  g rap h s  a s  m en tio n ed  above 

w ere p repared . T h ese  n o m o g ram s o f  fe ta l g row th  p ro file  w ere  p ro d u c ed  fo r the  firs t tim e in 

B ang ladesh  w ith  fitted  m odels. Fetal g row th  can  now  be fo llo w ed  m o re  re liab ly  by using 

B ang ladesh i s tandards. G ro w th  restric tion , g row th  acce lera tio n  an d  fe ta l sk e le ta l anom alies 

can  n o w  be d e tec ted  e a rlie r  and  accu ra te ly  to  im p art trea tm en t tim e ly  to  get the  b est possib le  

results.

T hese n o m o g ram s are  u n iq u e  fo r B ang ladesh i p o p u la tio n  because  o f  th e ir  d iffe ren t stature 

and  ch a rac te ris tic  socio - eco n o m ic  cond ition . T hese can be  used  a s  s tan d ard s  for B angladesh , 

till m ore such s tu d ies  are co n d u c tcd  on a broad based  pop u la tio n . C o m p u te r so ftw are  can 

a lso  be  p ro d u ced  to  install th ese  tab les and  graphs in the u ltraso u n d  m ach in es  so tha t g row th 

a ssessm en t o f  a fe tu s can  be  m ade based  on  a  B ang ladesh i study . T h e  fe tu s can  thus be  taken  

care o f  in the  b est p o ss ib le  w ay  so th a t a hea lthy , norm al in fan t is born . T h is  can  ensu re  to a 

g reat ex ten t a  hea lth y , w e ll g ro w n  adult. A s stud ies h av e  now  sh o w n  th a t a  g ro w th  restric ted  

fetus can  h av e  lo n g  term  p ro b lem s w ith  health , in te llec t and  p h y sica l g row th .
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INTRODUCTION

T he g ro w lh  an d  d ev e lo p m en t o f  fe tu s is one o f  the  m ost im p o rtan t issu es to  the  obste tric ian  

ca rin g  fo r the  w ell b e in g  o f  the  fe tus and  the  m other. T h a t is b ecau se  a  n o rm ally  g row ing  

fe tus w ith  its size  w ith in  the  norm al lim its  m eans few er co m p lica tio n s d u rin g  its  prenatal and 

postnatal stages. It a lso  m ean s  few er co m p lica tio n s  in its  in fan t and  ch ild h o o d  stages. N ot 

on ly  that, it a lso  m ean s a  hea lthy , in te lligen t and  w ell g row n adult.

1.1: STATEMENT OF THE PROBLEM

A ny k in d  o f  ab n o rm a lity  in  fe ta l g row th  w h e th e r g ro w th  restric tion  o r  g ro w th  acce lera tio n  is 

w orrisom e b ecau se  it is assoc ia ted  w ith  risk  o f  p renata l an d  postna ta l m o rb id ity  and 

m orta lity . P ren a ta l d iag n o sis  o f  th ese  co n d itio n s is there fo re  very  im p o rtan t to  the  physician  

co n cern ed  b ecau se  it can  h e lp  h im /h e r dec ide  no t on ly  the  tim e b u t a lso  the  m o d e o f  delivery. 

T h is  in  tu rn  red u ces the  risk .

T he p rob lem  tha t the  d o c to rs  face in B ang ladesh  is that, a ll the  g ro w th  charts  o f  fetal 

param eters  tha t a re  u sed  here  to  fo llow  fetal g row th  have been  g en e ra ted  by s tu d ies  on 

w estern  pop u la tio n . B ut th e ir sta tu re  is d iffe ren t from  B en g alis  and  so these charts  a re  not 

app ropria te  fo r th is  pop u la tio n . T herefo re  charts  p rep ared  o n  B ang ladesh i p o p u la tio n  are 

needed, in  o rd e r to  g u id e  the  ob ste tric ian s  fo r b e tte r m an ag em en t o f  p regnancy .

B ang ladesh  is a  d ev e lo p in g  co u n try , m aternal and  in fan t m o rta lity  ra te s  h e re  are  one o f  the 

h ighest in  the  w orld . T o  in \p rove th is g loom y situ a tio n  m aternal an ten a ta l ca re  is m andato ry . 

H ere u ltrasound  can  p lay  a  v ita l ro le , by help in g  the obste tric ian  in a ssessin g  the  g ro w th  o f  

the fe tus accurate ly .

T he use o f  u ltra so u n d  ev a lu a tio n  in  o b ste trics  p ro v id es the  p o ten tia l fo r im p ro v em en t in 

an tena ta l ca re  b y  a llo w in g  recogn ition  o f  ab n o rm alities  o f  da tes  an d  size  in utero . E arly
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u ltrasound  ex am in a tio n  befo re  2 0  m enstrual w eek s p ro v id es very  accu ra te  ch arac te riza tio n  o f  

the  m enstrual ag e  o f  th e  fe tu s (2  standard  d ev ia tio n s  =  ± lw e e k ) .  M ore recen tly  u ltrasound  

ev a lu a tio n  has b een  ap p lied  to  fetal size  in u tero  so that fe tuses th a t a re  sm all fo r gestational 

age o r large  fo r g esta tio n a l age  can  be  recogn ized  and  m an ag ed  ap p ro p ria te ly . It is a  w ell 

k now n  fac t th a t ac ro ss  d iffe ren t co m m u n ities  and  races, the  m easu rem en ts  an d  there fo re  the 

grow th  p ro file  vary . F o r th is reason , popu la tion  s tandards have b een  d ev e lo p ed  (H adlock . 

1994). T h e  id en tifica tio n  o f  in trau terine  grow th  restric tion  is o n e  o f  the  key  issues in 

an tena tal care. G ro w th  res tr ic tio n  is associa ted  w ith  ad v e rse  perina ta l o u tco m e an d  neonata l 

and  long-term  p ro b lem s (G ardosi e t al, 1998). A  sm all-fo r-g esta tio n al age baby m ay  be  sm all 

because o f  co n stitu tio n a l v a ria tio n  o r because  o f  path o lo g ica l cau ses  asso c ia ted  w ith  reduced 

in trau terine  g ro w th  (D e Jo n g  e t a l, 1999).

A s nu tritio n a l s ta tu s  o f  the  m ajo rity  o f  B ang ladesh i p o p u la tio n  is b e lo w  o p tim u m , there  is 

g rea te r risk  fo r the  fe tu s  to  be  g ro w th  restric ted  o r sm all fo r date . B ut i f  th e  ca lib ra tio n  is 

done b y  w este rn  tab le s  m o re  fe tuses w ill ap p ear to  be sm all th an  the  ac tua l n u m b er lead ing  to 

con fusion  in  d iag n o sis  and  m an ag em en t o f  such  cases.

A  fe tu s bo rn  at the  5 th  percen tile  fo r w eight tha t has reach ed  its  g en e tic  po ten tia l m ay  be 

sm all in  re la tio n  to  the  re fe ren ce  p o p u la tio n  bu t it is no t ac tua lly  g ro w th  re ta rd ed  (H adlock ,

1994). T h is  is the  p ro b lem  th a t the  ob ste tric ian s  and  so n o lo g is ts  o f  B an g lad esh  face w hen 

using  the  tab le s  based  o n  C au casian  popu lation .

T he a ssessm en t o f  th e  g ro w th  o f  fe tu s re liab ly  has lo n g  been  a  ch a llen g e  to  all w ho  ca re  for 

p regnan t w om en . C lin ica l p a ram ete rs  have som e value , b u t th ey  lack  the  necessary  

co n sis ten cy  to  p ro v id e  for op tim al perinatal care. W ith  recen t ad v an ces  in  d iagnostic  

im aging , fe ta l g ro w th  can  n o w  be assessed  w ith  h ig h  accu racy . B ut p o p u la tio n  based  charts 

are needed  fo r that.

1.2: PURPOSE OF THE STUDY

T he p u rpose  o f  th is  s tudy  is to p repare felal g row th  charts  and  tab les  o r fe ta l g row th  p ro files  

o f  B ang ladesh i p o p u la tio n  fo r accu ra te  assessm en t o f  fetal size  an d  g ro w th  in B angladesh. 

T his w ill be  do n e  based  o n  the  fe ta l b iom etry  o f  the five m ain  p aram ete rs , b iparie ta l d iam eter 

(B PD ), h ead  c ircu m feren ce  (H C ), fem u r length  (FL ), ab d o m in a l c ircu m feren ce  (A C ) and
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es tim ated  fe ta l w e ig h t (E F W ), by  u ltrasonography . N o m o g ram s o f  fe ta l ra tio s  w ill a lso  be 

generated . A ccu racy  o f  fe ta l w e igh t estim atio n  by u ltraso n o g rap h y  w ill a lso  be  de term ined  to 

sh o w  the  re liab ility  o f  u ltraso n o g rap h ic  m easurem ents.

I f  gesta tional age an d  fe ta l d ev e lo p m en t a re  to  be  es tim ated , m easu rem en ts  m u st be ob ta ined  

and  th en  com pared  w ith  local s tan d ard  values. O ne sh o u ld  m ake su re  to  u se  tab les  tha t are 

app ropria te  fo r o n e ’s p a tien ts  an d  no t derived  from  som e q u ite  d iffe ren t p o p u la tio n  (P alm er,

1995). N o rm a tiv e  v a lu es  m ust be  ev a lu a ted  to d e term in e  w h ich  a re  m o st ap p ro p ria te  fo r the 

p o p u la tio n  being  stud ied . I f  ap p ro p ria te  s tandards cannot be found , then  th ey  m u st be 

deve loped  (D e te r e t al. 1983). In one study  here, it w as fo u n d  th a t i f  the  w este rn  charts 

p rep ared  o n  C au casian  p o p u la tio n  are fo llow ed, the abdom inal c ircu m feren ce  m easu rem en ts 

even  in  no rm al B an g lad esh i fe tuses lagged  m u ch  behind  (by  2 o r  m ore w eek s) a fte r 33 w eeks 

gesta tional age an d  w o u ld  th e re fo re  ind icate  a  fa lse  low  g ro w th  ra te  (Q uddus, 2000). T here 

w as  a  d isc rep an cy  o f  1 2  to  26 m m  betw een  head  c ircu m feren ce  a t term  in d iffe ren t w estern  

stud ies an d  a  study  o n  B ang ladesh i p o p u la tio n  (Q uddus, 2006). C lin ica lly  s ign ifican t 

d iffe rence in  p red ic tin g  g esta tio n a l age b y  b iparie ta l d iam e te r ap p ea red  from  32 w eeks 

onw ards, by  2 to 3 w eeks (Q uddus. 2007). T herefo re  d iffe ren t s tu d ie s  conduc ted  here 

recom m ended  tha t s tu d ies  do n e  on B ang ladesh i p o p u la tio n  sh o u ld  be used  fo r re fe ren ce  in 

th is coun try  (Q u d d u s, 2 0 0 7 , 2006 , 2005 , 2004. 2002 , 2 0 0 0 , 1999; Q u d d u s and  K hatun , 2001; 

M oslem  e t al. 1996: B ala , 1991).

The so n o g rap h ic  g rov /th  p ro file  u sed  fo r iden tification  o f  g ro w th  re ta rd ed  fe tu ses  is equally  

usefu l in reco g n itio n  o f  grow th  acce lera ted  fe tuses (M adlock e t al, 1984). T herefore 

sonograph ic  e s tim ates  o f  fetal w e igh t also  help  in detec tion  o f  m acro so m ia  and  popu lation  

specific  fe ta l w e ig h t ch a rts  h e lp  in its ea rly  and  accu ra te  d e tec tio n  in p reg n an cy  fo r early  

m anagem ent.

O n fo llow ing  fe ta l g ro w th  p ro file  u sing  charts  and  g rap h s d eriv ed  from  stud ies on 

B ang ladesh i p o p u la tio n , w h en  any  d is tu rb an ce  is d etec ted  in fetal g row th , it w ill be m ore 

accurate . T rea tm en t can  be th en  g iven  to  im prove its birth  w e ig h t and  a lso  to  d e term in e  the 

app ropria te  tim e  an d  ro u te  o f  d e liv e ry -  norm al o r caesarian , so th a t the  bab y  can  be  taken  

care o f  in th e  b est po ssib le  w ay . to give it a chance to  a h ea lth y  n o rm al life. So tha t it does 

no t becom e a  liab ility  o n  its fam ily , society  and  the  country . A s  it is n o w  clea r tha t decreased  

w eigh t is asso c ia ted  w ith  increased  m o rta lity  and  m orb id ity  (P aul e t al, 1979; W arsof, 1977).
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T his in d ica tes  th a t an y  p ers is ten t g ro w th  abnorm ality  is s ig n ifican t and  sh o u ld  be treated  

v igorously . E arly  d e tec tio n  a llo w s early  trea tm en t and  thus m in im izes  d am ag e to  fe tus (D eter 

e ta l ,  1983).

B y u sin g  the  n o m o g ram s and  grow th  p rofile  ch arts  based  on  B an g lad esh i p o p u la tio n , doctors 

can find  o u t th e  g ro w th  percen tile  o f  the fe tu s m o re  accu ra te ly  an d  tim e ly  fo r p roper 

m anagem en t o f  the  fe tus.

1.3: ASSUMPTION

T he grow th  charts  tha t a re  u sed  in  B ang ladesh  are all o f  fo re ig n  o rig in . A s  th e  reference 

g roup  o f  p o p u la tio n  is d iffe ren t no t on ly  in size  and  s ta tu re  but a lso  in  socio -econom ic 

cond ition , so  w ill be  th e ir  fe ta l b iom etry  and grow th  charts. T h e re fo re  the  re feren ces m ay  no t 

be ap p ro p ria te  fo r B ang ladesh i popu lation .

T he p o p u la tio n  sp ec ific  n o m o g ram s generated  in th is s tudy  w ill im p ro v e  the  an tena ta l care o f  

B ang ladesh i fe tu ses  b y  the  o bste tric ians, w ho  have to re ly  h eav ily  o n  u ltrasound  

d e term in a tio n  o f  fe ta l size  an d  w eigh t in m any  cases.

1.4: HYPOTHESIS

T here  is a  g o o d  co -re la tio n  b e tw een  gestational age an d  fe ta l b io m etric  p a ram eters . F o r this 

reason  th ese  v ariab les  a rc  u sed  to  d e term in e  fetal size  and  g ro w th  in re la tio n  to  fetal age. 

Fetal size  and  g ro w th  is less  in B ang ladesh is  com pared  to the  C au casian s w h o se  tab les  are 

u sed  here. T h ere fo re  by m easu rem en t o f  the  five basic  p aram ete rs , b ip arie ta l d iam eter, head 

c ircum ference , fem u r len g th , abdom inal c ircum ference  an d  e s tim ated  fetal w e ig h t norm ative  

charts and  g rap h s need  to  be p rep ared  as popu la tion  spec ific  s tan d ard s . T h is  w ill go  a  long 

w ay fo r accu ra te  d e te rm in a tio n  o f  fe ta l size  and g ro w th  in B ang ladesh i p o p u la tio n  fo r their 

best p o ssib le  m an ag em en t an d  o p tim um  pregnancy  ou tcom e.
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AIMS AND OBJECTIVES

G row th  ch a rts  an d  tab le s  th a t a re  u sed  in  o u r coun try  o n  o u r p a tien ts  w ere  g en e ra ted  by 

s tu d ies  o n  w este rn  p o p u la tio n s . S in ce  w e b elong  to  a d iffe ren t ra ce  and  o u r s ize  and  sta tu re  is 

d iffe ren t from  the irs , so  o u r foeta l g row th  p ro file  is likely  to  be. T h e re fo re  th e  p resen t study 

w as  co n d u c ted  o n  o u r p o p u la tio n  w ith  the  fo llow ing  a im s an d  o b jectives.

2.1: GENERAL OBJECTIVE

T h e  o b jec tiv e  o f  th is  s tu d y  w as  to  estab lish  reference g ro w th  ch a rts  an d  tab les  o f  o u r ow n 

p o p u la tio n  b y  u ltraso n o g rap h y , as standards, to  fo llo w  the  g ro w th  o f  B ang ladesh i fe tuses and  

also  to  d e tec t the  ty p e  o f  fe ta l g ro w th  ab n o rm alities  a s  w ell as fe ta l sk e le ta l anom alies.

2.2: SPECIFIC OBJECTIVE

a. T o  co n stru c t fe ta l g ro w th  p ro file  charts and  tab les o f  e s tim ated  fetal w e ig h ts  (E F W ), from  

13 to  40  w eek s g esta tio n a l age.

b. T o  p ro d u ce  n o m o g ram s an d  grovrth ch arts  o f  fetal b ip arie ta l d iam e te r  (B P D ), head 

c ircu m feren ce  (H C ), fem u r leng th  (F L )an d  ab d o m in a l c ircu m feren ce  (A C ) m easurem ents

c. T o  p rep are  n o rm ativ e  ch a rts  an d  tab les  o f  F L /A C , H C /A C , F L /B P D , B P D /A C  and 

F L /H C  ratios.

d. T o  d e te rm in e  accu racy  o f  fetal w e igh t estim atio n  by u ltraso n o g rap h y  b y  co rre la tin g  it 

w ith  b irth  w eight.
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M any stud ies w ere  co n d u c ted  o n  ou r popu lation  an d  it w as fo u n d  th a t the  w estern  

n o m o g ram s w ere  no t ap p ro p ria te  fo r  o u r p o p u la tio n  and  g av e  in accu ra te  assessm en t o f  fetal 

g ro w th  e sp ec ia lly  in  th e  th ird  trim ester (Q uddus, 2006 , 1999; Q u d d u s  and  K hatun , 2001; 

M oslem  e t al, 1996; B ala , 1991).

T here  is co n sid erab le  in crease  in  p erin a ta l m orb id ity  and  m o rta lity  fo r  p re -te rm  o r post-term  

fe tuses an d  fo r  fe tu ses  b o rn  to o  sm all or too  large  fo r m en stru a l age (B a ttag lia  and  L ubcheno, 

1967). In  a  d ev e lo p in g  co u n try  like ours, m aternal m a ln u tritio n  an d  co n seq u en t low  birth  

w eigh t o f  th e  n eo n a te  is  qu ite  com m on. In  m any  such  cases a  tim e ly  an d  early  delivery  

becom es m an d ato ry . A  d isc rep an cy  o f  tw o  w eeks can  be critica l fo r th e  su rv ival o f  an  infant 

w ho  h as to be d e liv e red  early  b ecau se  o f  som e an tenatal co m p lica tio n  (P a lm er, 1995).

In  d ev e lo p ed  co u n trie s  they  h av e  fe ta l g row th  p ro files  o f  th e ir o w n  p o p u la tio n  w h ich  is 

m ain ly  C au casian . S in ce  w e b e lo n g  to  a  d iffe ren t race  o u r gene tic  g ro w th  po ten tia l is 

d iffe ren t from  the irs , a lso  o u r nu tritio n a l and  soc ioeconom ic  s ta tu s  is low er th an  theirs, so 

ou r fe ta l g ro w th  p ro file  m ay  also  be  d iffe ren t. T herefo re  th e ir p ro file  is n o t ap p licab le  here.

It h as  b eco m e o b v io u s th a t d iffe ren t p o p u la tio n s  show  co n sid erab le  v a ria tio n s  in  th e ir b irth  

w eigh t ch arac te ris tic s . T h e  A b erd een  b irth -w e ig h t data , w h en  ap p lied  to  th e  G lasg o w  

p o p u la tio n  fo r  ex am p le , su g g est th a t su b stan tia lly  m o re  bab ies a re  sm all-fo r-d a tes  th an  if  

local, G lasg o w  d eriv ed  fig u res  are u sed  (F orbes an d  S m alls , 1983). A n o th e r s tudy  found  that 

it is a lm o st in v a lid  to  u se  the  standard  estim ated  fe ta l w e igh t (E F W ) g ro w th  cu rv es  w hen 

p lo tting  the  fe ta l g ro w th  o f  a  co n stitu tio n a lly  sm all e thn ic  g roup , as A sians. A  fe tu s cou ld  be 

labeled  as sm all fo r  g esta tio n a l age w h ereas  its  size  m ig h t be  to ta lly  ap p ro p ria te  fo r its 

h eritage  (R o sen b e rg  an d  C h erv en ak , 1995).

Such a  s tu d y  o n  ou r p o p u la tio n  is there fo re  lo n g  o v e r due, to  h e lp  the  o b ste tric ian s  p rov ide 

p ro p e r m an ag em en t tim e ly  to  im prove the  g ro w th  ra te  an d  th e re fo re  the  b irth  w e ig h t o f  the  

fe tuses, w h ich  is im p era tiv e  fo r  th e ir w ell being.

It is th e  d u ty  o f  the  so n o lo g ists  to  help  the  c lin ic ian  d e term in e  w h ich  fe tu ses  a re  sm all 

because o f  in trau te rin e  g ro w th  restric lion , so th a t ap p ro p ria te  m an ag em en t m ay  o p tim ize  

fe ta l o u tco m e (H ad lo ck , 1994). F o r th is, ev a lu a tio n  o f  g ro w th  p ro file  w o u ld  be  req u ired  i f  

in trau terin e  g ro w th  re s tr ic tio n  in  all its  fo rm s w ere  to  be  d e tec ted  (D e te r e t a l, 1982). Sm all 

for d a tes  o r  sm all fo r g esta tio n a l age  are  bab ies w ith  b irth  w eig h ts  u n d e r the  1 0 '̂ ’ p ercen tile
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fo r the  gesta tional age a t w h ich  they  are delivered . Ideally , th e  ch a rt u sed  to  d ec id e  tha t they 

are  sm all shou ld  be d eriv ed  from  the p o p u la tio n  being  studied .

T he p ro b lem s o f  lo w  b irth  w eigh t and in trau terine  g ro w th  res tr ic tio n  are m ore acu te  in a 

d ev e lo p in g  co u n try  like B an g lad esh  th an  in  the  deve loped  ones. So a  stu d y  o f  th is  k in d  will 

be help fu l for the  fu tu re  g e n e ra tio n 's  hea lth  and  well being.

M ore fe tu ses  w ill ap p ea r to  be g ro w th  restric ted  than  the  ac tu a l n u m b er, i f  B angladesh i 

s tandard  m easu rem en ts  are n o t u sed  here. B ecause B en g ali fe tu ses  co u ld  be  sm alle r from  

w estern  o n es  d u e  to  o th er fac to rs like racial, m aternal n u tritio n , p a rity  and  ch ild  bearin g  age. 

T he u ltim ate  o b jec tiv e  w as. to  de tec t fetal g ro w th  ab n o rm a litie s  as w ell a s  fe ta l skeletal 

anom alies, b y  u sin g  p o p u la tio n  spec ific  standards. T h ese  n o m o g ram s an d  g ro w th  profile 

charts  w o u ld  be usefu l to  bo th  the  obste tric ians and  so n o log ists  w ho  w o u ld  be  ab le  to  p red ic t 

m ore accu ra te ly  the  g ro w th  and  the w e ig h t o f  the  fetuses. T h ere fo re  th e  m an ag em en t and 

trea tm en t o f  bo th  the  g ro w th  restric ted  and  grow th  acce le ra ted  fe tu ses  and  their fo llow -up  

w ill b eco m e m ore accu ra te  and  reliable .
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REVIEW OF LITERATURE

3.1: INTRODUCTION «& HISTORICAL BACKGROUND

T he in tro d u ctio n  o f  so n o g rap h y  to  obste trics  by  Ian D o n a ld  an d  co lleag u es  in  1958 is now  

regarded  as one o f  th e  m ajo r m iles to n es  o f  m o d em  m ed icine . F o r th e  firs t tim e it becam e 

p o ss ib le  to  o b ta in  in fo rm atio n  ab o u t the  fe tu s an d  its  en v iro n m en t d irec tly  w ith  a  n on invasive  

d iag n o stic  p ro ced u re  co n sid ered  safe  ev en  w hen  used  rep ea ted ly  (Jo h n so n , 1998). T he 1980s 

w as an  am az in g  d ecad e  fo r fe ta l sonography. D u rin g  th a t d ecad e , rea l tim e  sonography  

becam e the  s tan d ard  m o d a lity , co lo r D o p p le r w as in tro d u ced , and  in tracav ita ry  tran sd u cers  

becam e av a ilab le  fo r general clin ical p ractice. T h ese  n ew  to o ls , in  th o se  10 years, have g iven  

m o re  in fo rm atio n  ab o u t th e  d ev e lo p m en t o f  h um an  fe tu s th an  h ad  b ee n  av a ilab le  d u rin g  the 

re st o f  h u m an  h is to ry  (D u B o se , 1996).

A ccura te  a scerta in m en t o f  fe ta l size  an d  g ro w th  in  bo th  no rm al an d  ab n o rm al p regnan t 

w o m en  is o f  p rim e  c lin ica l im portance . A s the  effec ts  o f  m atern a l d isease  o n  fetal 

d ev e lo p m en t an d  th e  p en a lties  o f  p rem atu rity  becom e m o re  c lea rly  u n d ers to o d , precise 

m easu rem en t o f  fe ta l s ize  in re la tio n  to  m aturity  w ill a ssu m e  in creasin g  im portance . 

U ltraso n o g rap h ic  cep h a lo m etry  h as show n  a  h ig h  degree  o f  accu racy  in  fo recastin g  fetal 

m atu rity  and  w e ig h t (H e ilm an  e t a l, 1967). F o r th is  reaso n  n o w ad ay s  assessm en t o f  fetal 

g row th  by  u ltraso n o g rap h y  in  re la tio n  to  m enstrua l age is an  in d isp en sab le  p a r t o f  m aternal 

an tena tal care.

I f  gesta tional age an d  fe ta l d ev e lo p m en t are to  be  estim ated , m easu rem en ts  m u st be ob ta ined  

and  th en  co m p ared  w ith  local s tandard  va lu es (P alm er, 1995). F eta l g ro w th  p ro b lem s are  a  

serious cau se  o f  p erin a ta l m o rta lity  an d  m o rb id ity  in  cu rren t o b ste tric  p rac tice , the 

und erstan d in g  o f  th e  b io lo g y  o f  in tra -u te rine  g ro w th  rem ains in co m p le te . T h ere  a re  both  

g row th  p ro m o tin g  an d  re stra in in g  factors, m ost o f  w h ich  are  u n d e r so m e fo rm  o f  genetic
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con tro l. T h is  is co m p lica ted  b y  ex trin sic  fac to rs  w h ich  m ay  in c lu d e  m aternal n u trition , 

in fec tio n  an d  h ab its  such  as sm o k in g  and  a lcoho l abuse  (W hittle  2001).

A  m ajo r a im  o f  an ten a ta l ca re  is to  detect the  fe tu s w hose  g ro w th  d ev ia te s  from  a  norm al 

pattern . T h is  is v ery  im p o rtan t to  the  obste tric ian  because  o f  the  co m p lica tio n s as fo llow s: 

F etuses tha t h av e  ex cess iv e  grow th  ra tes cau se  d ifficu lties  w ith  de livery . T he h ead  o f  a  large 

baby  m ay  n o t b e  ab le  to  pass th rough  its  m o th er’s p e lv is  (cep h a lo p e lv ic  d isp ro p o rtio n ) or i f  

the  head  is d e liv e red  th e  sh o u ld ers  m ay  get stuck  (sh o u ld er dystocia). D isp ro p o rtio n  causes 

long  pa in fu l lab o rs  th a t co m m o n ly  end  in  caesarian  section . T he fe tu s m ay  su ffe r from  lack o f  

o x y g en  (fetal d is tress) o r m ay  be  su b jec t to  a  d ifficu lt in strum en tal d e liv e ry  w ith  associa ted  

b irth  traum a. S h o u ld e r d y sto c ia  m ay  resu lt in  the  baby  d y in g  d u rin g  d e livery  o r being  

d e liv ered  w ith  p ara ly s is  o f  the  nerves to  h s face and  arm s. B reech  p re sen ta tio n  in  large 

fe tuses m ay  m ean  th a t the  bab y  is d e liv ered  a s  far a s  its  head , th en  g e ts  s tuck  resu lting  in 

severe b irth  a sp h y x ia  and  trau m a  o r dea th  (P a tric ia  and  P earce , 1992).

A  study  rep o rted  th a t p erin a ta l dea th  ra te  w as n early  e ig h t tim es h ig h e r th an  tha t in  th e ir to tal 

s tudy  p o p u la tio n  w h en  the  w e ig h t w as b etw een  the  1 0 ‘̂  an d  p e rcen tile s  an d  n early  2 0  

tim es h ig h e r w h e n  the  w e ig h t fell b e lo w  the  3^“̂ percen tile  (S co tt an d  U sher, 1966). T h e  m ost 

com m on  d efin itio n  o f  in trau terin e  g ro w th  re s tr ic tio n  (lU G R ) is th a t a  fe tu s is g row th 

restric ted  i f  its  w e ig h t is  b e lo w  the  lO"’ percen tile  fo r g esta tio n a l age (R eed  and  

D roegm ueller, 1983; D o u b ile t and  B enson . 1990). T he cu rren t W H O  c rite ria  fo r lo w  b irth  

w eigh t is a  w e ig h t less th an  2 ,5 0 0 g  (5 lb, 8  oz) or b e lo w  th e  10̂ *' p e rcen tile  fo r gesta tional age. 

Fetal g ro w th  an d  b irth  w e ig h t a re  su b jec t to  a  v arie ty  o f  in flu en ces, w h ich  include 

p h y sio log ica l and  p a th o lo g ica l factors. P hysio log ica l v a riab les , su ch  as m atern a l s ta tu re  and 

parity  a ffec t b irth  w e ig h t an d  fe ta l grovrth. S m allness d efin ed  b y  in d iv id u a lly  ad justed , 

cu sto m ized  cen tiles  h a s  been  fo u n d  to  re flec t patho log ical p reg n an cy  o u tco m es b e tte r th an  an 

unad justed , p o p u la tio n -sp ec ific  standard  (D e Jo n g  et al, 1998).

T he co m p lica tio n s asso c ia ted  w ith  lU G R  are  w ell know n . A m o n g  th e  a id s  u sed  in the 

an tena ta l m o n ito rin g  o f  p o ten tia lly  g ro w th  re tarded  fe tuses, th e  d iag n o stic  u ltraso u n d  has 

been  show n  to  b e  o f  v a lu e  in  m ak in g  a  p o sitiv e  d iag n o sis . A  n u m b er o f  au th o rs  have 

d escrib ed  th e ir  re su lts , e ith er by serial u ltrason ic  m easu rem en ts  o f  fe ta l b ip arie ta l d iam eter 

(B P D ) to  d e tec t ab n o rm a l g ro w th  patterns o r by  a  s ing le  m easu rem en t, to  es tim ate  w e ig h t and
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to  screen  fo r lU G R . T he incidence o f  lU G R  in  the  to ta l o b ste tric  p o p u la tio n  is app rox im ate ly  

5 % (W ittm a n n  e t al, 1979).

T he ea rlies t an d  the  m o st basic  m eth o d  for s tudy ing  fe ta l g ro w th  w as  b y  co n stru c tin g  a  table 

or graph  from  the  m easu rem en ts  o f  a  g roup  o f  norm al fe tuses. T h ese  g rap h s an d  tab le s  show  

h o w  rap id ly  a  p a ram e te r ch an g es w ith  tim e, and  the  d a ta  in  the  g rap h s  a re  k n o w n  as g row th  

curves. B asica lly , th ree  to o ls  a re  av a ilab le  fo r estim atin g  th e  size  o f  a  fe tu s from  sonograph ic 

m easu rem en ts: the  tab le , th e  graph , an d  the reg ress io n  fo rm ula , w ith  th e  ad d itio n al too l o f  

ra tio  to  com p are  th e  re la tiv e  s ize  o f  one p aram eter w ith  th a t o f  ano ther.

A  w o m an ’s rep o rted  la s t no rm al m enstrual perio d  (L M P ) is u sed  to  estim ate  g esta tio n a l age. 

L M P  is  u sed  o n ly  fo r  the  d ate  rep o rted  by  a  w o m an  as th e  firs t d ay  o f  h e r la s t m enstrual 

period . O th er m ean s, su ch  as so n o g rap h ic  fe ta l m easu rem en ts , b e ta -h C G  lev e ls , m u ltip le  fetal 

p a ram ete r av e rag e  age , G IF T  (g am ete-in tra fa llo p ian  tran sfer) d a tes, an d  o th ers , are a lso  used 

to  d e term in e  g esta tio n a l age. O p tim al m enstrual h isto ries a re  p re sen t w h en  the  p atien t has a 

ce rta in  last norm al p erio d  (p referab ly  reco rded  o n  a  ca lendar), re g u la r m en ses , no  ex p o su re  to 

o ra l co n tracep tiv es, an d  n o  un u su al b leeding.

S onograph ic  s tu d ies  d es ig n ed  to  eva lua te  fe ta l g ro w th  re ly  o n  c ro ss-sec tio n a l ev a lu a tio n  o f  a 

large n u m b er o f  p a tien ts  w ith  k now n  dates o f  the b eg in n in g  o f  the  last norm al m enstrual 

perio d  and  n o  co m p o u n d in g  variab les in  the  m enstrual h is to ry  to  q u es tio n  its  valid ity . 

R o sav ik  an d  F ish b u m e  (1989) d em onstra ted  th a t su ch  p o p u la tio n s  a re  eq u iv a len t to 

p opu la tions w ith  k n o w n  co n cep tio n  dates fo r s tu d ies  o f  th is  ty p e . M o st s tu d ies  a lso  elim inate  

m u ltip le  g esta tio n  an d  th o se  w ith  a  h is to ry  tha t m ig h t ad v e rse ly  a ffec t fe ta l g row th . In a 

p roperly  d esig n ed  c ro ss-sec tio n a l an a ly sis  o f  any  fe ta l b io m etric  p a ram ete r, m easu rem en ts  are 

m ade in a  large  n u m b er o f  fe tu ses  even ly  d is trib u ted  o v e r the  en tire  ran g e  o f  m enstrual ages, 

w ith  each  fe tu s b e in g  m easu red  o n ly  once in  gesta tion ; the  la te r  p o in t is im p o rtan t in  avo id ing  

b ias in  v ariab ility  estim ates. T he d a ta  is then  an a ly zed  u sin g  re g ress io n  ana lysis.

E stim atio n  o f  the  fe ta l w e ig h t, on  its ow n and  in  re la tio n  to  gesta tio n a l age , can  in fluence 

ob ste tric  m an ag em en t d ec is io n s  co n cern in g  the  tim in g  an d  ro u te  o f  de livery . E arly  delivery  

m ay  b en e fit a  fe tu s th a t is sm all fo r d a tes  (SFD ). S uch  a  fe tu s m ay  be in ad eq u a te ly  supp lied  

b y  its p lacen ta  w ith  o x y g en  and  n u trien ts  an d  m ay  th ere fo re  d o  b e tte r in  the  ca re  o f  a 

n eo n a to lo g is t th an  in u tero . W hen  the  fe tus is large, cesarean  sec tio n  m ay  be p re ferred  rou te 

o f  de livery , p a rticu la rly  in  p reg n an cies co m p lica ted  by  m atern a l d iabe tes. In  v iew  o f  these
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co n sid era tio n s, fe ta l m easu rem en ts  shou ld  be a  co m p o n en t o f  ev ery  o b ste tric  sonogram  

(A IU M , 2003). T h e  ra te  o f  in crease  in  the  size  o f  a  fe tus is a  re liab le  in d ica to r o f  its  s ta te  o f  

health . A  d iab e tic  w o m a n 's  fe tu s m ay  gain  w eigh t too  fast an d  h av e  d ifficu lty  in  delivery ; 

hydrops fe ta lis  an d  o th e r p ro b lem s are  also  possib le . In tw in  g esta tio n s, o n e  o r b o th  tw ins 

m ay  in crease  in  size  to o  slow ly  and  req u ire  c lo se  m o n ito rin g  to  d e te rm in e  the  o p tim u m  tim e 

and  m eth o d  o f  d e liv e ry  (D u B o se , 1996).

T he u se  o f  m u ltip le  m easu rem en ts  is im p o rtan t w h en  one co n sid ers  sev era l p o in ts . It is no t 

u n co m m o n  fo r no rm al fe tu ses  to  have m easu rem en ts  th a t are ab o v e  o r b e lo w  th e  expected  

m ean  v a lu e  a t a  g iv en  age an d  th ese  d iffe rences are n o t a lw ay s in the  sam e d irec tio n . A n d  the 

p rocess o f  p lan e  se lec tio n  o f  the  fetal head , ab d o m en , an d  fem u r a llo w s a  de ta iled  lo o k  at 

im portan t an a to m ic  stru c tu res an d , there fo re , fac ilita tes d e tec tio n  o f  ab n o rm alitie s  in those 

areas (F illy  an d  H ad lo ck , 2000). T he re la tive d iffe ren ces in  the  d is trib u tio n s a re  g rea te r for 

body  p aram eters  th an  fo r  c ran ia l param eters; b o th  in crease  w ith  tim e. T h e  d is trib u tio n s fo r the 

c ran ia l p a ram ete rs  a re  ap p ro x im a te ly  3 to 5%  o f  the  age , w h e reas  the  body  p aram eter 

res id u a ls  a re  ap p ro x im a te ly  7%  to  10%  o f  the  age. T h e  b o d y  p a ram ete rs  thus are 

ap p ro x im ate ly  tw ice  as v ariab le  as those  o f  the  head  (D u B o se , 1996).

It h as b eco m e ap p aren t th a t d iffe ren t p o p u la tio n s  sh o w  v a ria tio n s  in th e ir  b irth  w eigh ts. A part 

from  d efin in g  a  no rm al p o p u la tio n , im portan t facto rs  tha t in flu en ce  b irth  w e ig h t include birth  

order, paren ta l h e ig h t (p a rticu la rly  the  m o th e r 's ) , an d  e th n ic  g roup . S tu d ies  in S ingapore , 

a llo w  the  co m p ariso n  o f  tliree d iffe ren t e thn ic  g roups liv in g  u n d er s im ila r circum stances, 

sh o w  c lea r d iffe ren ces  in  b irth  w eigh t d istribu tion . S ocia l an d  eco n o m ic  sta tu s rem a in s  an 

im portan t in flu en ce  on p erin a ta l ou tcom e, and  fe ta l g ro w th  in  p articu la r; the  reaso n s fo r this 

m ay be p artly  n u tritio n a l o r re la ted  to  hab its such  as sm oking . T h e  e ffec t o f  d ie t is d ifficu lt to 

assess, bu t the  s ta rv a tio n  o f  w o m en  d u rin g  the  D u tch  fam in e  an d  the  s ieg e  o f  L en ing rad  

du ring  the  S econd  W o rld  W ar caused  a  sign ifican t in crease  in  the  n u m b er o f  S F D  babies 

(W hittle , 2001).

3.2: GESTATIONAL AGE ASSESSMENT

T he true  m easu re  o f  age is the  n u m b er o f  d ay s  sin ce  co n cep tio n , te rm ed  con cep tu a l age. 

H isto rically , p reg n an c ies  w ere  d a ted  b y  the  n u m b er o f  d ay s  sin ce  th e  f irs t d ay  o f  the  last

11
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m enstrual p e rio d  (L M P ), te rm ed  m enstrual age. T he term  m o st o ften  used  to  d ate  p regnancies 

is gesta tio n a l age  (G A ). In  2 8 -d ay  cycles, gesta tio n a l age an d  m en stru a l age are  equal 

(B enson  an d  D o u b ile t, 2005). T o  assess fe ta l g ro w th  g esta tio n al age  assessm en t in  the  1̂ ‘ 

trim ester o r befo re  2 0  w eek s  (w ) g esta tio n  is very  im portan t. T h is  can  be do n e  accu ra te ly  by 

u ltraso n o g rap h y  (U S G ). S on o g rap h ic  es tim ates  o f  age b e fo re  2 0 w  g esta tio n  are h ighly  

re liab le  fo r p reg n an cy  dating. It rep resen ts  the  m o st accu ra te  sc ien tific  in fo rm ation  

estab lish ing  th e  m en stru a l age (F illy  and  H adlock , 2000). It can  be  e s tim a ted  as fo llow s:

1. B y  d e tec tio n  o f  a  g esta tio n a l sac at 3 to  5 w eek  o f  gesta tion . G esta tio n a l sac d iam eter 

y ie lds an  accu racy  o f  o n ly  ± 2  to  3w eek  in  90%  o f  cases (H o h le r, 1984).

2. T he c ro w n  rum p  len g th  (C R L ) is the  m o st accu ra te  so n o g rap h ic  tech n iq u e  for

estab lish in g  g esta tio n a l age up  to  the  1 1"’ w eek . T h e  accu racy  is ±5 days w ith  a  95%

co n fid en ce  in terva l (C l)  (S abbagha  et al, 1982).

3. In th e  seco n d  trim es te r  B PD  is m ost w idely  accep ted  fo r es tim atin g  gesta tio n al age. 

B etw een  17 an d  2 6  w eek  gesta tional age  the  p red ic tiv e  v a lu e  is ±11 d ay s  (95%  C l) 

(S ab b ag h a  e t al, 1982).

In  cases o f  lU G R  cau sed  b y  a sp h y x ia  o r reduced  u te ro -p lacen ta l b lo o d  flow , cen tra liza tio n  o f  

fe ta l c ircu la tio n  o ccu rs , th u s  p re se rv in g  b lood  flow  to  the  b ra in  a t th e  ex p en se  o f  th e  trunk  

(C am pbell, 1976). T h e re fo re  B P D  is a ffec ted  less th an  ab d o m in a l c ircu m feren ce  (A C ) and 

can  be  used  fo r g esta tio n a l age de term ination . A  s ing le  B P D  m easu rem en t w as m ore 

p red ic tiv e  o f  e s tim a tio n  o f  co n fin em en t th an  an  op tim al m en stru a l h is to ry  (C am pbell et al, 

1977). T h a t is w h y  d a tin g  b y  U ltraso n o g rap h y  (U S G ) is n o w  w id e ly  an d  read ily  accep ted  by 

obstetricians.

A  study fo u n d  th a t in  B an g lad esh i p o p u la tio n  the  gesta tional ag e  b y  L M P  an d  U ltrasound  (by 

using  w este rn  tab les) co rre la tes  v ery  w ell up to  18w. F rom  19-36w , g esta tio n a l age b y  B PD  

and fem u r len g th  (F L ) a re  s im ila r th o u g h  a  w eek  sm alle r th an  th e  L M P  age . B u t a fte r 36w  FL

age is c lo se r to  th e  m en stru a l age th an  the  B P D  age is. So a fte r 3 6 w , i f  w e  u se  the  w estern

charts  FL  age sh o u ld  ra th e r be  p re ferred  as it is c lo ser to  the  L M P  ag e  (Q u d d u s, 1999). By 

com posite  g esta tio n a l age e s tim ated  by u h ra so n o g rap h y  u sin g  B P D , F L  an d  A C , 83%  w ere 

c lo ser to  L M P  age . C o m p o site  gesta tional age  w as m o re  re liab le  th an  th a t o f  ind iv idual 

p a ram ete r like  B P D  (3 7 .5 3 % ), FL  (74 .92% ) and  A C  (54 .3% ) (B isw as e t a l, 2006).

F ig .l sh o w s a  fu ll te rm  h u m an  fetus.

12
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F igure  sh o w in g  a  fu ll-te rm  h u m an  fe tus in  u terus, p lacen ta , am n io n , ch o rio n , um bilica l 
chord , ce rv ix , v ag in a  (W illiam s, ed ., 1995).

Fig. N o: 1

3.3: BIPARIETAL DIAMETER

T he b iparie ta l d iam e te r (B P D ) o f  the  h ead  is o n e  o f  the  firs t fe ta l so n o g rap h ic  m easurem ents. 

It is a lso  o n e  o f  the  e a s ie s t an d  m ost accu ra te , i f  the  head  is n o rm ally  shaped . T h e  B PD  is not 

a very  re liab le  p red ic to r o f  lU G R  for m an y  reasons. T h e  firs t is the  ‘h ea d  sp a rin g ' theory . 

T h is  is asso c ia ted  w ith  asy m m etric  lU G R . Fetal b lood  is sh u n ted  aw a y  from  o th e r vital 

o rgans to  n o u rish  the  fe ta l b ra in , g iv ing  the  fe tus an  ap p ro p ria te  B P D  (± ls ta n d a rd  d ev ia tion ) 

(S D ) fo r th e  g esta tio n a l age. T h e  second  p ro b lem  is the  a lte ra tio n  in  the  fe ta l h ead  shape 

secondary  to  o lig o h y d ram n io s , o ften  assoc ia ted  w ith  lU G R . D o lich o cep h a ly  can  lead  to 

u n d erestim a tio n  o f  fe ta l w eigh t, and  b rach y cep h a ly  can  lead to  o v e r  es tim atio n  o f  fetal 

w eight. H ead  c ircu m fe ren ce  (H C ) m easu rem en t is a  m o re  co n sis ten t param eter, bu t a

13
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co m b in atio n  o f  all g ro w th  param eters  shou ld  be  used  (B P D , H C , A C , an d  F L ) w hen 

d iagnosing  a  fe ta l g ro w th  d iscrep an cy  (R o sen b erg  an d  C h erv en ak , 1995). T h ird ly  although  

an  easy  m easu rem en t to  m ak e , th e  B PD  b ecom es in creasin g ly  in accu ra te  in  the  la te r w eeks 

o f  p reg n an cy , ju s t  w h e n  th e  assessm en t o f  g row th  m ay  be m ost im portan t. F ina lly  th e  spread 

o f  norm al B P D  s ize  b eco m es very  w id e  a fte r 32w , ag a in  red u c in g  the  v a lu e  o f  the  m ethod  as 

m eans o f  id en tify in g  a  sm all fe tu s  (W hittle , 2001).

It w as n o ted  th a t by em p lo y in g  seria l cep h alo m etry  and  sep a ra tin g  fe tu ses  in to  three 

p ercen tile  g row th  p a tte rn s, it becom es possib le  to  p red ic t fe ta l ag e  from  so n ar B P D  w ith 

g reater p rec is io n . A lso  it is suggestive  th a t a  fall from  the  B P D  g ro w th  p a tte rn  is m o re  likely 

to  lead  to  sm all n eo n a tes , som e o f  w hom  m ay b e frank ly , g ro w th  re ta rded . T h is  s tudy  also 

sh o w s tha t 9 5 %  o f  fe tu ses  w h o se  so n ar B PD  read in g s co n sis ten tly  fall ab o v e  the  75"’ 

p ercen tile , have a  b irth  w e ig h t in  ex cess  o f  3 0 0 0 g  - w ith  tw o  th ird s  o f  th ese  fe tu ses  w eig h in g  

o v er th e  50**’ b irth  w e ig h t p ercen tile  (S ab b ag h a  e t al, 1976).

In ce rta in  c ircu m stan ces  (e .g ., rup tu red  m em branes, b reech  p resen ta tio n s, an d  m ultip le  

gesta tio n s) shape  ch an g es  in  the  fe ta l head  m ay  lead  to  erro rs. T he tw o  m o st freq u en tly  noted 

ah e ra tio n s  in h ead  sh ap e  are  do lich o cep h aly  and  b rach y cep h aly . C ep h a lic  in d ex  is u sed  to 

a ssess  the  h ead  shape . T h e  ran g e  o f  norm al is 75%  to  85% . > 8 5 %  su g g es ts  b rach y cep h aly  

an d  < 75%  su g g ests  d o lico cep h a ly  (Jean ty  an d  R om ero , 1984).

A  co m p ariso n  o f  s tu d ies  sh o w ed  tha t B PD  varies w ith  race. In  v a rio u s  B an g lad esh i (Q uddus, 

2005; M o slem  et al, 1996; B ala , 1991) and  w este rn  s tu d ies  th e  d iffe ren ce  w as o f  2 -5m m  at 

te rm (H a d Io c k  e t al. 1982; S h ep ard  and  F illy . 1982).

M aternal ex p o su re  to  to b acco  sm o k e  in early  p reg n an cy , a s  m easu red  b y  se ru m  cotin ine 

co n cen tra tio n  a t  2 0 -2 4 w  o f  gesta tio n , ad v erse ly  a ffec ts  fe ta l B P D . P rev en tiv e  m easu res need 

to  be u n d ertak en  to  en co u rag e  p reg n an t w om en  to  stop  sm o k in g  an d  av o id  p assiv e  exposure 

to  tobacco  sm o k e  from  th e  very  b eg in n in g  o f  p reg n an cy  (H an k e  e t a l, 2004).

3.4: HEAD CIRCUMFERENCE

A lth o u g h  re p ro d u c ib ility  o f  head  c ircu m feren ce  (H C ) is n o t a s  p rec ise  a s  th a t o f  b iparie ta l 

cep h alo m etry , th e  ad v an tag es o f  u sing  the  c ircu m feren ce  m easu rem en t o u tw eig h s  th is  sm all 

loss o f  p rec is io n  (C am p b e ll and  T hom as, 1977). P renata l co m p ress io n  o f  th e  fe ta l skull is

14
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com m on . It o ccu rs  m o re  o ften  in  fe ta l m alp resen ta tio n , such  a s  b reech , o r  in  co n d itio n s  o f  

in trau terine  crow ding , such  as m u ltip le  p regnancies. T h e  fe ta l sku ll can  also  be  com pressed  

in  vertex  p resen ta tio n s w ith o u t any  obv ious reaso n  o r as a  re su lt o f  an  asso c ia ted  u terine 

abnorm ality  (H oh le r, 1984). H C  is less a ffec ted  th an  B PD  by h ea d  co m p ressio n . B ecause  the 

B P D  can  be  m is le ad in g  in  cases w ith  head  shape ch an g es (H ad lo ck  e t a l, 1981) the  H C  is 

the  m easu rem en t o f  ch o ice  fo r ev a lu a tio n  o f  h ea d  g ro w th  in  u te ro  (H ad lo ck  e t a l, 1982).

A  n u m b er o f  g ro u p s h av e  p ro d u ced  charts  o f  H C  ag a in st gesta tio n al age: the  tw o  m ost o ften  

used  are  very  s im ila r (H ad lo ck  et a l, 1982; D eter e t al, 1982). B oth  sh o w  th a t changes in 

H C , like B P D , ten d  to  ta il o f f  tow ards term , bu t the  S D  are  m u ch  sm alle r, so  the  likelihood  

o f  iden tify ing  th e  lU G R  m ay  be h igher. In ad d ition  H C  is m u ch  less d ep en d en t on  head  

shape. H ow ever, all h ead  m easu rem en ts  b eco m e h ard er to  p erfo rm  in  late  p reg n an cy , and  the  

b ra in -sp arin g  a ffec t in  g ro w th  restr ic tio n  affec ts bo th  H C  and  B P D  (W h ittle , 2001).

H ead  c ircu m feren ce  varies w ith  race , at term  there  w as a  d isc rep an cy  o f  I2 -2 6 m m , betw een  

the  w este rn  (H ad lo ck  a t al, 1982; D eter, 1982) and  B ang ladesh i s tu d ies  (Q uddus, 2006). 

H ead  c ircu m i^ ren ce  a lso  varies w ith  sex. S ta tistica lly  sig n ifican t b u t lo w  levels  o f  H C  sexual 

d im o rp h ism  are p re sen t in  early  life. O n  av e rag e  m ales  h av e  H C  ab o u t 2 %  larger than 

fem ales o f  co m p arab le  fem u r/b o d y  leng th  (Jo ffe  e t al, 2005).

A  h igh ly  sig n ifican t asso c ia tio n  b etw een  sm all H C  and  m aternal sm o k in g  w as found . M ore 

a la ra iin g  w as th a t g iv en  a  ce rta in  level o f  lU G R , infan ts o f  sm o k in g  m o th ers  w ere  at an 

increased  risk  o f  sm all H C  co m p ared  to  in fan ts o f  n o n -sm o k in g  m o th ers . M aterna l sm oking  

during  p reg n an cy  affec ts  bra in  d ev e lo p m en t n eg a tiv e ly  (K allen , 2000).

B irth  w eigh t, b ir th  leng th , and  H C  w ere  s ig n ifican tly  g rea te r am o n g  in fan ts  bo rn  to  w om en  

w ho  u sed  no d rugs, co m p ared  w ith  w om en w ith  any  cocaine, op ia te , a lco h o l, tobacco , or 

m ariju an a  u se  d u rin g  p reg n an cy . T ob acco  affec ts  b irth  w e ig h t (d e fic it o f  23 2 g ), length  

(deficit o f  0 .8cm ) an d  H C  (d e fic it o f  0 .7cm ), w h ereas co ca in e  affec ts  b ir th  w e ig h t (d e fic it o f  

2 50g) and  h ead  size  (d e fic it o f  0 .9 8 cm ) (S hankaran  e t al, 2004).

3.5: FEMUR LENGTH

T he u se  o f  re a l-tim e  u ltra so u n d  has becom e universal. It a llo w s fa st re lia b le  d e term in a tio n  o f  

g esta tional age a s  w ell as fe ta l size  and  g ro w th  assessm en t. B ecau se  o f  its s ize, v isib ility , and
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ease  o f  m easu rem en t, th e  fem u r is generally  p re ferred  o v er th e  o th e r long  bones. It u sually  

lies 30  to  70 d eg rees  to  the  lo n g  ax is  o f  the  body. L ike o th e r p a ram ete rs  its  variab ility  

increases as the  p reg n an cy  advances.

F em ur len g th  (F L ) h e lps in  the  assessm en t o f  fe ta l g ro w th  b y  g iv in g  an  accu ra te  gestational 

age. T h e  95%  co n fid en ce  lim its  for th is  from  12 to 2 3 w  g esta tio n  w o u ld  ap p ea r to  b e  even  

m o re  accu ra te  th an  p red ic tio n s m ad e  from  the  m easu rem en ts  o f  th e  B P D  (O ’B rien  e t al, 

1981). F eta l lo n g  b o n es h av e  the  d isad v an tag e  o f  a  la rg e r v aria tio n  th an  the  cranial 

p aram eters . T he FL  an d  hum era l leng th  a re  particu la rly  re liab le  b ecau se  th ey  are  easy  to 

locate. It can  also  be u sed  to  d e tec t deve lopm en ta l anom alies, th o u g h  som e an o m alies  o f  the 

ex trem ities  d o  n o t m an ife st until the  2 5 ”' w eek  (D uB ose, 1996).

In  any  ro u tin e  o b ste tric  ev a lu a tio n , the  F L  is u sually  the  on ly  lo n g  b o n e  m easu red , bu t if  

there  is a  2 w  o r lo n g e r d iffe ren ce  b etw een  FL  and  all the  o th e r b io m etric  p a ram eters , all fetal 

long  b o n es sh o u ld  b e  m easu red  an d  a  ta rg e ted  ex am in a tio n  o f  the  fe ta l ana to m y  sh o u ld  be 

perfo rm ed . A n  a sso c ia tio n  w as fo u n d  b etw een  sho rten ed  fem u r an d  h u m eru s leng ths and 

trisom y  21 (B e n a c e r ra f  e t a l, 1991). D w arfism  an d  co n stitu tio n a l h ered ita ry  g ro w th  factors 

are also  a  p o ss ib ility  (R o sen b erg  and  C hervenak , 1995). F L  sh o rten in g  in  th e  second 

trim este r ap p ears  to  be a  usefu l screen in g  p aram eter fo r fe ta l D o w n ’s sy n d ro m e in  a  T hai 

p o p u la tio n  (T an n iran d o rn  e t al, 2001). U sin g  in stitu tio n -sp ec if ic  FL  w as  m o re  effic ien t in 

screen ing  fo r D o w n ’s sy n d ro m e th an  pub lish ed  expected  FL  (B o rg id a  e t al, 2003).

T he use o f  F L  in  th e  e s tim a tio n  o f  fe ta l g ro w th  is lim ited , a lth o u g h  it h as  b een  co m b in ed  w ith 

o th er m easu rem en ts  to  estim ate  fetal size  (W hittle , 2001). T ran sv ag in a l F L  m easu rem en t is 

easy  to  p e rfo rm  b e tw een  10 an d  16w  o f  gestation . T h e  h ig h  d eg ree  o f  in tra- an d  in ter

observ er rep eatab ility  in d ica tes  it to  be a  rep ro d u c ib le  m ethod  (R o sa ti e t al, 2004).

T he d iag n o sis  o f  sm all fo r gesta tional age (S G A ) fe tu ses , b ased  o n  u ltraso u n d  AC 

m easu rem en t o f  < 1 0  cen tile , w as m ade 9w  (ran g e  5 -14 ) a fte r the  fin d in g  o f  a  sh o rt FL. H a lf  

o f  th ese  cases a lso  d ev e lo p ed  p re -ec lam p sia  (T odros e t al, 20 0 4 ). In p reg n an t ado lescen ts 

w ith  age o f  15.9 ±  l . l y ,  fe ta l fem u r leng th  w as  s ig n ifican tly  lo w er w ith  co n su m p tio n  o f  <2 

serv ings o f  d a iry  p ro d u c ts /d ay  as it m ay  n eg a tiv e ly  a ffec t fe ta l b o n e  d ev e lo p m en t by  lim iting 

the am oun t o f  ca lc iu m  p ro v id ed  to  the  fe tus (C hang  e t al, 2003).

L ess-th an -ex p ected  FL  w as n o ted  am ong  the fe tuses o f  A s ian  m o th ers , and  g rea te r than 

expected  FL  w ere  n o ted  am o n g  the  fe tuses o f  b lack  m o th ers , co m p ared  w ith  fem urs o f
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fe tuses o f  w h ite  m others. T he im p lica tio n s fo r the  u se  o f  fe ta l F L  as  a  co m p o n en t o f  the 

genetic  so n o g ram  in p a tien ts  o f  v ario u s  races req u ire  fu rther s tudy  (S h ip p  e t a l, 2001). At 

4 0 w  the  m ean  fe ta l FL  in  B ang ladesh  is 7 3m m  w h ereas it is 7 7m m  in  cau casian  popu la tion  

(H ad lo ck  e t a l, 1984). T h e  m ean  is 4 m m  sm aller here, a t te rm  (Q u d d u s and  B eg u m , 2004). 

B one  len g th  m ay  a lso  be  co m p ared  w ith  g esta tio n a l age o r B PD . A  fem o ra l o r  hum eral 

m easu rem en t can  be  co n sid ered  no rm al i f  it fa lls  w ith in  2 S D  o f  th e  m ean . It is p roportional 

to  th e  B P D  i f  tha t m easu rem en t fa lls  w ith in  2S D  o f  the  m ean  B PD . A  F L  is sho rt i f  it is 

> 2S D  b e lo w  th e  m ean . A  skele ta l d y sp lasia  is likely  o n ly  i f  th e  F L  is 5 m m  sm alle r than  2SD  

b e lo w  the  m ean  (P a lm er, 1995). S m ok ing  w as asso c ia ted  w ith  a  red u c tio n  in fe ta l F L  (/?=

0 .005) an d  A C  as w ell a s  b irth  w eight, len g th  and H C  bu t n o t sk in  fo ld  th ick n ess , suggesting  

sm ok ing  re su lts  in  a  red u c tio n  in  o rgan  size  and  fu n c tio n  (P rin g le  e t al, 2005).

3.6: ABDOMINAL CIRCUMFERENCE

A bdom inal c ircu m feren ce  (A C ) is usefu l as a  p a ram ete r to  a ssess  fe ta l size. It is n o t very 

p red ic tiv e  o f  gesta tio n a l age. It is p ro b ab ly  the  sing le m o st v a lu ab le  b io m etric  p a ram ete r used 

in  assessin g  fe ta l g row th . 4  o f  4  m acrosom ic fe tuses w ere p red ic ted  w h en  a  ch an g e  in  A C  

w as g reater than  o r eq u a l to  1 .2 cm  a  w eek  be tw een  the  32"^ an d  39'^’ w eek s o f  p regnancy  

(<4000g). 17 o u t o f  21 (8 1 % ) o f  the  fe tuses w ith  b irth  w eig h ts  b e tw e en  4 0 0 0 g  an d  4499g, 

an d  5 ou t o f  6  (8 3 % ) w h o se  w eigh t exceeded  4500g . W hen  the  ab d o m in a l g ro w th  w as less 

than  1 .2cm /w  (b e tw een  3 2  an d  39w ), no rm al fe ta l g ro w th  w as co rrec tly  id en tified  in  89.1%  

o f  cases (L an d o n  e t a l, 1989). A n  abdom inal c ircu m feren ce  less th an  5'^ percen tile  is 

abnorm al an d  su g g ests  lU G R  (P alm er, 1995).

In 1975, C am pbell an d  W ilk en  first described  th e  use o f  th e  fe ta l A C  in  p red ic tin g  fetal 

w eight. T he A C  is very  u se fu l in  m o n ito rin g  norm al fe ta l g ro w th  an d  d e tec tin g  fe ta l g row th 

d istu rbances, su ch  as lU G R  and  m acrosom ia , a lso  iso im m u n iza tio n . T h e  A C  m ay  change 

shape w ith  fe ta l b rea th in g  ac tiv ity , tran sd u cer co m p ressio n , in trau te rin e  c ro w d in g  as in 

m u ltip le  p reg n an cies o r o lig o h y d ram n io s  o r seco n d ary  to  fe ta l p o s itio n , as in  breech 

p resen tation . W h en  d isc rep an c ies  do  o ccu r in  A C  m easu rem en ts , m u ltip le  m easurem ents 

shou ld  be  tak en  and  av e rag ed  to  ensu re  accu racy  (R o sen b erg  and  C h erv en ak , 1995).
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A bdom inal c ircu m fe ren ce  is usefu l fo r assessin g  p ro p o rtio n a lity  an d  re la tiv e  size . Fat fe tuses 

have large  A C , an d  th in  fe tuses have sm aller A C . It is a  fac to r in  m o st reg ress io n  form ulas 

for estim atin g  fe ta l w e ig h t. M any  d isease  fac to rs  can  a ffec t the  ab d o m in a l c ircu m feren ce  and 

liver size  (W illiam so n  and  W illiam son , 1992).

T he A C  is u n d o u b ted ly  the  best index  w ith  w h ich  to  a ssess  b o th  fe ta l s ize  an d  grow th 

because  th e  m easu rem en t is taken  a t the  level o f  the  fe ta l liver, w h ich  co n stitu te s  ab o u t 4%  o f  

the  to tal fe ta l w e ig h t and  w h ich  s tead ily  increases in  size  w ith  g esta tio n a l age . T ab u la r  data 

for no rm al v a lu es  o f  fetal g ro w th  an d  gesta tional age su g g es t a  fa irly  lin ear grow th  

th roughou t, in  co n tra s t to  head  m easu rem en ts, a lthough  the  S D  w id en s to w ard s term . In 

con trast to  the  b ra in , liv e r g row th  seem s very  sen sitiv e  to  red u c tio n  in  th e  su p p ly  o f  nu trients 

and  so  p ro v id es  a  p o ten tia lly  usefu l m ark er o f  in trau terin e  s ta rv a tio n . T h u s  an  asym m etrica l 

pattern  o f  g ro w th  re s tr ic tio n  d ev e lo p s because  o f  co n tin u in g  h ead  g ro w th  w ith  little  o r  no 

increase  in ab d o m in a l g irth , lead ing  to  a  h ig h  H C /A C  ra tio . T h is  is m o re  o ften  observed  

w hen  lU G R  h as a  v ascu la r o r  u te ro p lacen ta l basis  (W h ittle , 2001).

B y using  u m b ilica l v e in  a s  a  re feren ce  po in t the  re p ro d u c ib ility  o f  A C  m easu rem en t is 

im proved; the  m ean  S D  o f  th ree  independen t fe ta l A C  m easu rem en ts  is 2 .9 5 m m  (C am pbell, 

1976) w h ich  rep resen ts  an accep tab le  2%  error. In add ition , sec tio n s  a t th e  level o f  the 

um bilica l v e in  and  fe ta l liv e r w ould  seem  to  be p articu la rly  ap p ro p ria te  in  s tu d ies  on the  SFD  

fe tuses (C am pbell and  T h o m as, 1977).

O f  the  fou r b asic  u ltraso u n d  m easu rem en ts, A C  h as the  largest v a riab ility  (H ill, e t al, 1992). 

T h is  is p a r tly  a ttrib u ted  to  the  fac t tha t A C  is  m o re  acu te ly  a ffec ted  b y  g ro w th  d istu rbances 

than  the o th e r basic  p aram eters . O f  th e  fo u r reco m m en d ed  m easu rem en ts , A C  is the  m ost 

d ifficu lt to  ob ta in . D ep le tio n  o f  h ep a tic  g lycogen  an d  su b cu tan eo u s fa t s to res  in lU G R  fetuses 

lead to  an  ea rly  d ec rease  in fetai A C , m ak ing  th is  p aram ete r an  ea rly  and  sen sitiv e  p red ic to r 

o f  asym m etrica l lU G R  (C am pbell and  T hom as, 1977; H ad lo ck  e t a l. 1983).

In  lU G R  the  fe ta l liv e r is o n e  o f  the  m o st severe ly  a ffec ted  b o d y  o rg a n s , w h ich  a lters the 

fetal A C  (C rane and  K o p ta , 1979). T h e  fetal A C  is the  m o st sen s itiv e  m easu rem en t for 

p red ic ting  lU G R , w h ich  is asso c ia ted  w ith  increased  risk  o f  in trap a rtu m  fe ta l d istress . A  

single m easu re  o f  the  fe ta l A C  m ade w ith in  one w eek  p rio r to  d e liv e ry  is su p erio r to  an 

assessm en t o f  g ro w th  ra te  o f  fe ta l A C  in  the  th ird  trim este r in  d isc rim in a tin g  p a tien ts  w ho 

requ ire  cesa rean  sec tio n  fo r fe ta l d istress  (W illiam s an d  N w eb u b e , 2001).

18
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T he sim p lest w ay  to  sc reen  for SG A  w ith  u ltrasound  is by  m easu rem en t o f  the  fe ta l A C  at 

3 2 -3 6 w  gesta tion . T h is  w ill d e tec t ap p ro x im ate ly  85%  o f  S G A  fe tu ses . A n y  fe tu s w ith  an  AC 

o f  less th an  2 5 cm  a t 32w , 2 9 cm  a t 34w  o r 30 .5cm  at 36w  sh o u ld  h av e  the  H C  m easu red  and 

H C : A C  ra tio  ca lcu la ted . T h e  fe tu s sh o u ld  then  be  m easu red  se ria lly  (P a tric ia  an d  P earce, 

1992). In  fe ta l g ro w th  re stric tio n , reduction  is m ore p ro n o u n ced  fo r h ep a tic  v o lu m e th an  for 

h ead  o r u p p e r A C ; h ep a tic  v o lu m e is a  b e tte r d isc rim in a to r th an  H C  (B o ito  e t a l, 2002). 

In trapartum  u ltra so n o g rap h ic  ev a lu a tio n  o f  A C  fo r su sp ec ted  m acro so m ic  b ab ies  in  early  

lab o r is an  easy , p ra c tica l m ethod  tha t shou ld  be adop ted  in  d ec is io n  m ak in g  (A l-ln an y  el al, 

2001). In  a  s tu d y  to  d e te rm in e  i f  A C  can  iden tify  m acro so m ia  (> 4000g) a t o r b ey o n d  3 7 w , it 

w as found  tha t A C  is s ligh tly  usefu l in  detec ting  m acro so m ia  am o n g  te rm  partu rien ts . AC 

> 350m m  can  id en tify  m acro so m ic  fe tuses {H enrichs e t a l, 2003).

T he tech n iq u e  o f  m easu rem en t is im portan t in th e  a ssessm en t o f  ab d o m in a l c ircum ference  

size  (T am ura e t a l, 1986). T h e  m easu rem en ts ob ta in ed  by d irec t m easu rem en t a ro u n d  the 

c ircum ference  w e re  co n sis ten tly  (by ab o u t 3 .5% ) g rea te r th an  th o se  o b ta in ed  by deriva tion  

from  m easu rem en t o f  th e  abdom inal d iam eters  (C h itty  e t a l, 1994). N eg a tiv e  p red ic tio n  o f  

large  b irth  w e ig h t is m o re  accu ra te  th an  p ositive  p red ic tion , A t 3''^ trim este r so n o g rap h y  w ith  

m aternal d iab e te s , the  A C  p ercen tile  is po ten tia lly  usefu l an d  sh o u ld  be  ro u tin e ly  repo rted  

(H o lcom b e t a l, 20 0 0 ). F eta l h y p erin su lin ism  is a  s tro n g  p red ic to r fo r ex c ess iv e  g ro w th  and  

fe topa thy  in  p reg n an c ies  co m p lica ted  by  d iabetes. A C  >75'*' p e rcen tile  d e te rm in ed  by  a  third 

trim este r u ltraso u n d  ex am in a tio n  m ay  d isc rim in a te  b e tw een  p reg n an c ie s  a t  low  versus high 

risk  o f  am n io tic  flu id  (A F ) in su lin  > 1 6  m icroU /m l. T h is  A F  in su lin  co ncen tra tion  is 

asso c ia ted  w ith  co n sid e rab le  neonata l an d  long  term  m o rb id ity  (S c h a e fe r-G ra f  e t al, 2003). 

A bdom inal c ircu m fe ren ce  ra tio  w as a  good  p red ic to r o f  tw in  b irth  w e ig h t d isco rd an ce  at any 

g esta tional age . A n  A C  ra tio  c u to ff  o f  0 .93 y ie lded  a  sen sitiv ity  and  sp ec if ic ity  o f  61%  and 

84% , re sp ec tiv e ly  (K lam  e t a l, 2005). T ransverse  ce reb e lla r d iam e te r/A C  (T C D /A C ) ratio  

rem ain ed  co n stan t in  seco n d  h a lf  o f  p reg n an cy . C o rre la tio n  co e ffic ien t w as found  to be 

sta tis tica lly  s ig n ifican t, r =  0 .98 , p<  0 .0001 . C ases  w ith  lU G R  can  be d iag n o sed  i f  local 

n o m o g ram s can  be  p rep a red  fo r d iffe ren t etlin ic g roups (M alik  e t al, 2006).

A  n u m b er o f  o th e r fetal s tru c tu res  can  be im aged  and  m easu red  fo r  fe ta l s ize  an d  age 

estim ation , like o cc ip ito -fro n ta l d iam eter, lateral cereb ral v en tric le s , T C D , in tra-o rb ita l 

d iam eter, ex tra -o rb ita l d iam eter, in ter-o rb ita l and  b in o cu la r d istance , c ran ia l vo lum e, coronal
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H C . 3D  B P D  co rrec tio n , sp ine , m an d ib u la r leng th , liver, k id n ey  len g th  an d  d iam eter, renal 

pelv ic  d iam eter, h u m eru s , rad iu s , u lna, finger, tib ia , fibu la , fo o t, m etacarp a l leng th , th igh  

c ircu m feren ce , c lav ic le  leng th , fe ta l nasal bone, and  so ft t is su e s  a t v a rio u s  p laces o n  the 

fetus. T he ce reb e llu m  d o es  n o t seem  to  be a ffec ted  by  lU G R  (W h ittle , 2001), Fetal nasal 

bo n e  leng th  (N B L ) an d  B P D  a re  linearly  re la ted  in  the  seco n d  trim ester. Fetal N B L  in  the  

K orean  p o p u la tio n  is sh o rte r th an  C aucasian  and  A frican - A m erican s  (S h in  e t a l, 2006).

3.7: ESTIMATED FETAL WEIGHT

D istu rb an ces o f  fe ta l g ro w th - in trau terine  g ro w th  re s tr ic tio n  (lU G R ) an d  m acro so m ia- are 

associa ted  w ith  in creased  risk  o f  perina ta l m orb id ity  an d  m orta lity . P rena ta l d iagnosis  o f  

th ese  co n d itio n s can  a id  in  d ec is io n  m ak in g  co n cern in g  th e  tim in g  an d  ro u te  o f  delivery , 

th e reb y  red u c in g  p erin a ta l risk  (D o u b ile t e t a l, 2000).

Fetal w e ig h t h as  b een  th e  p rim ary  p aram eter u sed  in  iden tify ing  in fan ts  w ith  lU G R  (D eter et 

al, 1982; B ard , 1970) an d  it is w ell k now n  that the  ou tco m e o f  th e  p reg n an cy  is re la ted  to  the 

w e ig h t o f  the  fe tu s (P au l e t a l, 1979). F or these reaso n s e s tim a tin g  fe ta l w e ig h t from  

param ete rs  d e te rm in ed  by  u ltraso u n d  h as  been  the  o b jec tiv e  o f  a  g rea t m an y  investiga tions 

(D e te r e t a l, 1981).

It h as  b eco m e o b v io u s th a t d iffe ren t p o p u la tio n s  show  co n sid e rab le  v a ria tio n s  in  th e ir  b irth  

w eigh t ch arac te ris tic s . T he A b erd een  b irth -w eig h t data , w hen  ap p lied  to  th e  G lasgow  

p o p u la tio n , su g g est th a t su b stan tia lly  m o re  bab ies a re  SFD  th an  i f  loca l, G lasg o w  derived  

figures a re  u sed  (F o rb es  an d  S m alls , 1983). S im ilarly  B an g lad esh i p o p u la tio n  s tu d ies  found 

E F W  at te rm  to  b e , 0 .2  to  0.8 kg  less th an  w este rn  s tu d ies  (Q u d d u s, 2002 ; Q u d d u s and 

K hatun , 2001 ; M iah , e t al, 1998). B o th  p a ren ts’ races a re  im p o rtan t d e te rm in an ts  o f  birth  

w eigh t and  fe ta l g ro w th  am o n g  tw in  p regnancies, w ith  g rea te r m ate rn a l in flu en ce  than 

paternal in fluence (T an  e t  al, 2004).

T he m ost re liab le  E F W  fo rm u las  in co rporate  all fe ta l p a ram eters , su ch  as H C , A C  and FL. 

T h is  is im p o rtan t b ecau se  an  o v e r all reduction  in  the size  and  m ass o f  th ese  p aram eters  g ives 

a  below - no rm al E F W . A n  ab n o rm ally  low  w e ig h t o f  th e  fe tu s is u su a lly  o b serv ed  a fte r the 

A C  an d  head: b o d y  ra tio  have b eco m e abnorm al (P alm er, 1995).
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T he estim atio n  o f  fe ta l w e ig h t invo lves erro rs o f  up to  160g/kg  o f  feta! w eigh t. F o rm ulae  that 

inv o lv e  the  m easu rem en t o f  tw o fetal p aram eters  a re  ab o u t 5 %  m o re  accu ra te  th an  those 

w h ich  invo lve  o n ly  o n e  param eter, w h ils t the  ad d itio n  o f  a  th ird  p a ram ete r im proves the 

estim atio n  b y  ab o u t a  fu r th e r 1% (P atric ia  an d  P earce, 1992). O verall, accu racy  o f  fetal 

w e igh t p red ic tio n  im p ro v es w ith  increasing  n u m b er o f  b o d y  p arts  u p  to  th ree . N o  further 

im p ro v em en t is ach iev ed  by ad d in g  a  fou rth  o r  fifth  body  p art to  the  fo rm ula . P red icted  

w eigh t w ill fall w ith in  15%  to  18%  o f  the  actual w e igh t in  9 5 %  o f  cases , w h en  m easurem ents 

o f  fe ta l h ead , ab d o m en  an d  fem u r are  u sed  (B en so n  an d  D o u b ile t, 2 0 0 5 ). F o r th ese  reasons 

the  3 param eters  H C , A C  and FL  w ere used  to  es tim ate  fe ta l w e ig h t in  th is  study.

P rio r to  the  av a ilab ility  o f  u ltraso u n d , m anual ex am in a tio n  o f  the  m atern a l ab d o m en  w as  the 

on ly  ap p ro ach  th a t co u ld  be  u sed  to  estim ate  fe ta l size. P hysical ex am in a tio n  p ro v id es  o n ly  a 

ro u g h  ap p ro x im a tio n  o f  fe ta l w e ig h t because  the  p a lp a ted  d im en sio n s  o f  the  u te ru s  are 

a ffec ted  b y  sev era l facto rs o th e r than  fe ta l size. T hese a re  am n io tic  flu id  v o lu m e, p lacen tal 

bu lk , p resen ce  o f  fib ro id s  an d  m aternal o b esity  (B en so n  &  D o u b ile t, 1998).

S onograph ic  m easu rem en ts  o f  fe ta l body  p arts  p ro v id e  a  d irec t w ay  o f  a ssessin g  fe ta l size. 

N u m ero u s fo rm u las  h av e  b een  p u b lish ed  for estim atin g  fe ta l w e ig h t from  o n e  o r m o re  o f  the 

fo llow ing  fe ta l b o d y  m easu rem en ts:

Plead (B P D  o r H C ), A b d o m en  (ab d o m in a l d iam eters  o r A C ), an d  F em u r (F L ) (C am pbell and  

W ilk in  1975; W arso f. 1977; S hepard  e t a l ,  1982).

A C  m ay  be  am o n g  th e  m o s t sen sitiv e  ind icato rs o f  im p en d in g  lU G R  (D e te r e t al, 1983). A 

substan tia l lite ra tu re  in d ica tes  tha t m easu rem en t o f  A C  w ith  B PD  p ro v id es  the  b est e stim ates 

o f  fetal w e ig h t (D e te r e t al, 1981), T he m ost w idely  u sed  fo rm u lae  w e re  gen era ted  by 

Shepard , e t al u sin g  th e  B PD  and  A C  p lus those  o f  H ad lock . e t al u sin g  the  FL  and  A C  

(W a rso f  e t a l, 1977). M ore recen tly  the la te r have rev ised  th e ir fo rm u la  an d  in troduced  their 

fo rm ula  o f  u s in g  B P D , A C  an d  FL  (H ad lo ck  et al, 1985). S h ep ard  et a l 's ,  p red ic tio n  h as  an 

accu racy  o f  ± 2 0 %  (S hepard  e t al, 1982), T he fo rm u la  does n o t take  in to  co n sid era tio n  HC 

and FL. w h ich  co n trib u te  to  fetal m ass. It a lso  ignores th a t B P D  can  b e  a lte red  because  o f  

norm al v aria tio n s in h ead  shape . T h ese  v aria tio n s can  o ccu r in  a sso c ia tio n  w ith  

o ligohydram nios, w h ich  m ay  be found w ith  lU G R  (R o sen b erg  an d  C h erv en ak , 1995). 

H ad lock  e t al u se  th ree  b asic  m easu rem en ts: H C , A C  and  F L  (H ad lo ck  e t al, 1985). T he use
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o f  H C  in stead  o f  B PD  h as  im proved  the  p red ic tiv e  value  to  ±  15% . T h a t is w h y  th is  fo rm ula  

w as used  in th is  s tudy  to  estim ate  fetal w eight.

O th er m easu rem en ts  u se  su ch  as, th igh  c ircu m feren ce  (V im zileo  e t a l. 1987), an d  fo rm ulas 

fo r  th ree -d im en sio n a l (3 -D ) so n o g rap h y  (L ee e t al, 20 0 1 ), an d  3 -D  m ag n etic  resonance 

im ag in g  (M R I) h av e  a lso  b een  p u b lish ed  (U o tila  e t al, 2000).

A  w eigh t b e tw een  10'^ and  90 ‘̂  percen tiles  is gen era lly  co n sid ered  to  be ap p ro p ria te  for 

gesta tional age . W h en  it fa lls  o u ts id e  th is range, the  d iag n o sis  o f  sm all o r  large-fo r- 

gesta tional age fe tu s is suggested . M ed ian  fe ta l w e igh t/w eek  in c reases  p ro g ressiv e ly  until 

36w  o f  gesta tion , reach in g  a  m ax im um  ra te  o f  220 g /w  (B re n n e r e t a l, 1976). A fte r 36w . the 

ra te  o f  w e ig h t gain  s tead ily  d ecreases  in  the norm al fe tu s (B enson  an d  D o u b ile t, 2005).

T he so n o g rap h ic  g ro w th  p ro file  u sed  fo r iden tifica tion  o f  g ro w th  re ta rd ed  fe tu ses  is equally  

usefu l in  the  reco g n itio n  o f  the  g ro w lh  acce lera ted  fe tu s (H ad lo ck  e t a l, 1984). S onograph ic 

e s tim ates  o f  fe ta l w e ig h t w o u ld  ap p ear to  be a  natural too l fo r th e  d e tec tio n  o f  m acro so m ia  

and  th e  d ev e lo p m en t o f  an  in -u tero  fetal w e ig h t cu rv e  sh o u ld  a llo w  d iag n o sis  early  in 

p regnancy  (H ad lo ck , 1994). B ren n e r et al (1976) and  H ad lock  e t al (1 9 8 5 ) have p repared  

prenatal fe ta l w e ig h t ch a rts  o f  C au casian  pop u la tio n . A  d eriv a tiv e  sem i-quan tita tive  

app roach  can  a lso  b e  used . lU G R  can  be d iagnosed  w ith  co n fid en ce  w h en  th e  E F W  is  < 6 '*’ 

cen tile  fo r g esta tio n a l age an d  can  be exc luded  w hen  the  E F W  is >20'*' cen tile . W h en  the 

E F W  is b etw een  6 '’’ and  20'^ cen tiles , the  fe tu s is likely  to  be lU G R  i f  there  is 

o lig o h y d ram n io s o r m aternal h y p erten sio n  and  is likely  to  be  norm al i f  am nio tic  flu id  is 

norm al to  e lev a ted  an d  th e  m o th er is n o rm otensive  (B en so n  e t a l. 1990).

F eta l g ro w th  is a sse sse d  b y  seria l so n o g ram s, track in g  e s tim ated  fe ta l w e igh t an d  w eight 

percen tile . Fetal w e ig h t gain  s ig n ifican tly  below  the  norm  o f  100 to  2 0 0 g /w  in  the  third 

trim ester o r a  fa llin g  w e ig h t percen tile  is w orrisom e (H ad lo ck  e t a l. 1991).

3.8: RATIOS DETERMINED

T o assess fetal size , ra tio  is a  co m m o n  too l. It is u sed  to co m p are  re la tiv e  s ize  o f  one 

p aram eter w ith  ano ther. T h e  gen era lly  accep ted  w isdom  is tha t ra tio s  are the  b est m ethod  for 

ev a lu a tin g  the  p ro p o rtio n s  o f  a  fetus. R atios, a lso  ca lled  an  index , h av e  no un it because  they 

cancel o u t a lg eb ra ica lly . P ercen tag es a re  ra tio s  m u ltip lied  by  100, ex p ress in g  th e  num era to r
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as a  percen tag e  o f  th e  d en o m in a to r. R atios a re  sensitive  to  ch an g es  in  th e  re la tiv e  size  o f  the 

tw o p aram eters . H o w ev er, because  the  various p aram eters  o f  th e  fe ta l b o d y  u su a lly  g ro w  at 

d iffe ren t ra tes, a  tab le  o r g raph  m u st be  u sed  to  d e term in e  i f  an y  p articu la r ra tio  is 

ap p ropria te  a t  a  p a r tic u la r  lim e in  the  p reg n an cy  (S okal an d  R oh lf, 1981). W hen  a  p articu lar 

ra tio  is ab n o rm a l, th e  n u m era to r o r the  d en o m in a to r is abnorm al. I f  a  ra tio  is large  fo r  the 

fe ta l age , th en  it m u st be d e te rm in ed  i f  the  n u m era to r is too  large , o r  d en o m in a to r is too 

sm all, o r  i f  b o th  a re  o n ly  m o d era te ly  large  and sm all, resp ec tiv e ly . I f  the  ra tio  is to o  sm all, 

the  co n d itio n s  a re  rev ersed . It is a lso  po ssib le  tha t bo th  n u m era to r an d  d en o m in a to r m ay  be 

abnorm al in  th e  sam e  d irec tio n , bo th  to o  large  o r b o th  too  sm all, re su ltin g  in a  no rm al ratio. 

3 .8a: F E M U R  L E N G T H / A B D O M IN A L  C IR C U M F E R E N C E

T he fem oral ra tio s  a re  th e  m ost co n stan t a fte r 2 0 w  gesta tio n a l ag e  (D u B o se , 1996). I f  A C  is 

to  be used  in  age es tim ate , one m ust ex am in e  the  re la tio n sh ip  b e tw een  F L  an d  A C  (FL /A C ). 

I f  th is  ra tio  is lo w , o n e  sh o u ld  av o id  u sin g  A C  because  o f  p o ss ib le  m acro so m ia ; an d  i f  it is 

h igh  one sh o u ld  av o id  u sin g  A C  because o f  p o ssib le  lU G R  (H ad lo ck  e t a l, 1983). T h is  is a 

tim e-in d ep en d en t p ro p o rtio n a lity  index. It w as ab le  to  p red ic t on ly  63%  m acro so m ic  fe tuses 

(H ad lock  e t a l, 1985), w h ich  sh o w s th a t th is ra tio  h as  a  lim ited  c lin ica l app lica tion .

A n  e leva ted  F L /A C  ra tio  h as  a  low  p o sitiv e  p red ic tiv e  value; the  lik e lih o o d  o f  lU G R  is no 

m ore than  20%  w h en  th is  c rite ria  is p o sitiv e  (D o u b ile t e t a l. 2000).

3 .8b: H E A D  C IR C U M F E R E N C E / A B D O M IN A L  C IR C U M F E R E N C E  

T he head: body  ra tio  is ca lcu la ted  b y  d iv id ing  the  H C  by the  A C  (H C /A C ). M alfo rm ations 

m ay ch an g e  th e  s ize  o f  th e  h ead  o r abdom en . W ith  no rm al an a to m y , th e  head : b o d y  ra tio  can 

be  co n sid ered  n o rm al i f  it lie s  b e tw een  5''’ and  9 5*  cen tiles  fo r the  gesta tio n al age. T he ratio  

determ ines w h e th e r the  g ro w th  re tardation  is sym m etrica l o r  asy m m etrica l. I f  the  fe tus is 

sm all an d  the  ra tio  is n o rm al, the  fe tus is sym m etrica lly  g ro w th  re ta rded . I f  th e  A C  or w eight 

is low  an d  the  ra tio  is e lev a ted  (>95'^ percen tile), th e re  is a sy m m etrica l g ro w th  re tardation . 

A sy m m etrica l lU G R  is e a s ie r  to  d iag n o se  than  sym m etrica l lU G R  (P a lm er, 1995).

T he ra tio  th a t is  m ost o ften  u sed  in fetal U SG  is the  C am pbell an d  T h o m as’ (1 9 7 7 ) H C /A C  

ra tio  to  de tec t lU G R  in  cases o f  u terop lacen ta l in su ffic iency . F o r each  g esta tio n al age  the 

ra tio  is a ss ig n ed  w ith  SD . In an  ap p ro p ria te-fo r-g esta tio n a l-ag e  p reg n an cy  th e  ra tio  decreases 

a s  the  g esta tio n  in creases . In  lU G R , w ith  the  loss o f  su b cu tan eo u s  tis su e  and  fat, the  ratio  

increases. T h e  H C /A C  ra tio  is a t least 2 S D  ab o v e  the  m ean  in ap p ro x im a te ly  70%  o f  fe tuses
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afTected w ith  asy m m etric  lU G R . T h e  H C /A C  ra tio  Is no t very  u se fu l in  p red ic tin g  sym m etric  

lU G R , a s  th e  fe ta l h ead  an d  ab d o m en  are equally  sm all (R o sen b erg  an d  C hervenak , 1995). 

C rane and  K o p ta  (1 9 7 9 ) a lso  fo u n d  H C /A C  ra tio  to be h igh ly  p red ic tiv e  o f  lU G R .

D isco rdan t tw in s w ith  H C /A C  asy m m etry  have an  increased  risk  o f  m o rb id ity . In  th e  absence 

o f  asy m m etry , o u tco m es are  co m p arab le  am ong  d isco rd an t and  co rd an t tw in s (D ashe , e t al,

2000). A t each  v is it th e  A C  an d  H C  sh o u ld  be  m easu red , the  H C /A C  ra tio  ca lcu la ted , an d  all 

th ree  sh o u ld  be p lo tted  o n  charts. In th is  fash ion  d ev ia tio n s from  ex p ec ted  g ro w th  pa tte rns 

can  be reco g n ized  (P a tric ia  an d  P earce, 1992). T h is  ra tio  w o rk s v e ry  w e ll fo r the  assessm en t 

o f  re la tiv e  fe ta l size  a s  fa t fe tu ses  have fat abdom ens. T he skull is n o rm al in  m o st cases and 

the H C  includes o n ly  the  sk u ll, n o t the  scalp , w h ich  m ay  b e  a ffec ted  by fat (D u B o se , 1996). 

Fetal H C  m easu rem en t w as u sed  w hen  d e te rm in in g  the  ra tio  b e tw een  h ead  an d  body  because 

the  B PD  is on ly  a  s in g le  d im en sio n  o f  the  head and  is freq u en tly  n o t tru ly  rep resen ta tiv e  o f  

the  to tal fe ta l h ead  an d  b ra in  size . H C  m easu rem en t is m o re  rep resen ta tiv e  o f  b ra in  s ize  and 

th is  is su p p o rted  by o u r find ing  th a t norm al w eigh t d o lich o cep h a lic  fe tu ses  have HC 

m easu rem en ts  w ith in  no rm al ran g e  (C am pbell an d  T h o m as, 1977).

T he b est c rite rio n  fo r lU G R  is  th e  H C /A C  ra tio , w ith  a  p o s itiv e  p red ic tiv e  v a lu e  o f  62% , but 

lU G R  ca im ot be  d iag n o sed  w ith  co n fid en ce  because  3 8 %  o f  fe tu ses  w ill n o t b e  grow th  

restric ted  (B en so n  an d  D o u b ile t, 2005). T he m easu rem en t o f  b o th  H C  an d  A C  a llo w  the 

independen t a sse ssm en t o f  h ead  an d  abdom inal g ro w th  w h ich  d iffe rs  u n d e r c ircu m stan ces o f  

vascu la r o r  p lacen ta l failiu-e a s  head  grovrth is m ain ta in ed  fo r so m e tim e  w h ile  abdom inal 

g ro w th  s lo w s o r ev en  ceases . C ausing  the  H C /A C  ra tio  to  rise  m ak in g  it p o ss ib le  to  iden tify  

the  tru ly  g ro w th  re s tr ic ted  fe tu s  from  a  sing le s tu d y  (W h ittle , 2001). N o rm a lly  the  ra tio  falls 

w ith  in creasin g  g esta tio n a l age and  is equal to  o n e  a t 3 6 w  (P a tric ia  an d  P earce, 1992).

3.8c: F E M U R  L E N G T H / B IP A R IE T A L  D IA M E T E R

T hese are m ost usefu l to  eva lua te  th e  no rm alcy  o f  the  lo n g  bones. F eta l h ea d  shape  sh o u ld  be 

nom ial. S h o rt s ta tu re  in creases  a  w o m a n 's  risk  o f  h av in g  an  abnorm al FL ; B PD  ratio  

(F L /B P D ) a t la te r g esta tio n a l ages. T h is  find ing  in d ica tes  th a t risk  a sse ssm en t o f  fetal 

D o w n ’s  sy n d ro m e fo r su ch  p a tien ts  m ig h t be  in accu ra te  (P ie rce  e t a l, 2001).

3.8d: B IP A R IE T A L  D IA M E T E R / A B D O M IN A L  C IR C U M F E R E N C E  

A  n u m b er o f  so n o g rap h ic  param eters  besides E F W  have a lso  b een  p ro p o sed  to  p red ic t large 

fo r gesta tio n a l age (L G A ) and  m acrosom ia : m easu rem en ts  o f  a  n u m b er o f  fe ta l parts , like
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feta! abdom en  an d  h ead , a lso  ra iio s  o f  body  parts, such  as th e  F L /A C  an d  B P D /A C . T he 

p o sitiv e  p red ic tiv e  v a lu e  o f  m ost o f  th ese  param eters  fo r d iag n o sis  o f  L G A  in  d iabe tic  and  

n ond iabetic  m o th ers  h av e  p ro v en  to  be o n ly  m odera te ly  h igh . In  g en era l, the  positive 

p red ic tive  v a lu es  a re  co n sid erab ly  h ig h er in  d iab e tic  m o th e rs  co m p ared  w ith  nond iabetic  

m o thers (D o u b ile t e t al, 20 0 0 ). A s  there  is m ore asy m m etry  in  fe tu ses  o f  d iab e tic  m others. 

3 .8e: F E M U R  L E N G T H / H E A D  C IR C U M F E R E N C E

T h is ratio  sh o u ld  be  m o re  usefu l to  eva lua te  the  n o rm alcy  o f  lo n g  b o n es a s  it is independen t 

o f  head  shape. B P D  can  v ary  due to  b rach y cep h aly  and  do lico cep h aly . T herefo re  F L /B P D  

m ay  n o t be  so  re liab le  in  such  cases to  a ssess  n o rm alcy  o f  lo n g  bo n es. F L /H C  is m ore 

reliable ,

3.9: FETAL GROWTH

O ne o f  the  ea rlies t in v estig a tio n s into the  clin ical im p o rtan ce  o f  lU G R  o ccu rred  m o re  than  

th ree  decades ago  w h en  L u b ch en co  first p lo tted  neonata l b irth  w e ig h ts  ag a in s t gesta tional 

age  at de livery . T h e ir  an a ly s is  rev ealed  increased  p erin a ta l m o rb id ity  and  m o rta lity  in infan ts 

w ith  b irth  w eig h ts  < 1 0 ‘’’ p ercen tile  fo r g esta tio n al age (L u b ch en co  e t  al, 1963). A bnorm ally  

sm all fe tu ses  h av e  a  re la tiv e ly  p o o r p rognosis  because  som e o f  the  cau ses  o f  su b n o rm al size, 

such as in ad eq u a te  su p p ly  o f  o x y g en  an d  n u trien ts  th ro u g h  the  p lacen ta , ch rom osom al 

anom alies, an d  in fec tio n s, ad v erse ly  a ffec t fe ta l ou tco m e (R eed  an d  D ro eg m u elle r, 1983). 

O bste tric  d iag n o sis  o f  lU G R , based  on U S  an d  m enstrua! age  and  su b seq u en t b irth  w eight, 

co rre la ted  b e tte r w ith  ad v e rse  o u tco m e and  w ith  p rem a tu re  de livery . A n ten a ta l d iag n o sis  o f  

lU G R  m ay  be m o re  accu ra te  th an  one tha t w as based  o n  n eo n a ta l a sse ssm en t o f  gestational 

age and  b irth  w e ig h t (L ack m an  e t a!, 2001). A dverse  o u tco m e w as see n  o n ly  w hen  the 

an tenatal d iag n o sis  o f  lU G R  w as  ac tua lly  assoc ia ted  w ith  a  co n firm ed  n eo n a ta l d iagnosis  o f  

SG A . P o o r in trau te rin e  g ro w th  u p  to  3 2 w  w as asso c ia ted  w ith  in c reased  m o rta lity  and  w ith 

serious m o rb id itie s  o ften  asso c ia ted  w ith  adverse  long  term  p ro b lem s (T h o m as e t al, 2004).

A  com plete  ev a lu a tio n  o f  fe ta l g ro w th  w ill requ ire  m easu rem en t o f  B P D , H C , A C  and  FL. 

C om parison  o f  fe ta l size  an d  gesta tional age can  p ro v id e  a  v a lu ab le  in d ica to r o f  lU G R . 

D u rin g  th e  firs t ro u tin e  scan  U S  age is defined  based  on  C R L , h ea d  m easu rem en t and  FL. 

U sin g  the  B P D  a lo n e , ab o u t 60%  o f  g row th -re ta rded  fe tu ses  w ill be  detec ted . U sin g  the AC 

as w ell as o th e r m easu rem en ts , the  sensitiv ity  increases to  70 -80% . T ab le s  u sed  to  estim ate 

gesta tional age , fe ta l w e ig h t o r  d ev e lo p m en t m u st be ap p ro p ria te  fo r  th e  socia l g ro u p  o f  the
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patien t (P a lm er, 1995). F eta l g ro w th  is a  dyn am ic  p rocess, th e re fo re  seria l U S  m easu rem en ts 

are  requ ired  to  m easu re  a  g ro w th  ra te  (W hittle , 2001).

W h en  several ex am in a tio n s  have been  perfo rm ed , fe ta l g ro w th  can  b e  d ep ic ted  g raph ica lly  

by  m ean s o f  a  tren d  p lo t, o r g ro w th  curve. O ne fo rm  o f  g ro w th  cu rv e  p lo ts  th e  E F W  versus 

gesta tional age , w ith  th e  cu rv e  o f  the  fe tus su p erim p o sed  on lines d ep ic tin g  1 0 '^, 50*^ an d  90'^ 

cen tiles. A n  a lte rn a tiv e  m o d e o f  d isp lay  p lo ts  the  E F W  cen tile  v e rsu s  gesta tio n a l age. In  th is, 

th e  g raph  fo r a  n o rm a lly  g ro w in g  fe tus w ill be  a  h o rizon ta l line  (B en so n  an d  D o u b ile t, 2005). 

F etal g rovrth  re s tr ic tio n  is  one o f  the  m ost ch a llen g in g  ob ste tric  p rob lem s. D ue  to  con fusing  

term in o lo g y , th ere  is lack  o f  un ifo rm  d iagnostic  c rh cria . A t p resen t m o s t au thors do not 

d is tin g u ish  b e tw een  th e  te rm s ‘sm all fo r gesta tio n a l a g e ’ (S G A ) an d  ‘in trau te rin e  grow th  

re s tr ic tio n ' ( lU G R ). T h ese  tw o  c lin ica l en titie s  a re  n o t th e  sam e. T h e  te rm  ‘S G A ’ sh o u ld  be  

used fo r an  in fan t w ho  has fa iled  to  ach ieve a  w e ig h t th resh o ld  (10'^ cen tile). C o n v erse ly  an 

lU G R  in fan t has, b y  d e fin itio n  no t reached  h is/her gene tic  g ro w th  p o ten tia l d u e  to  an  in su lt in 

u tero . It im p lies  a  p a th o lo g ica l process. C lin ic ians ten d  to  m an ag e  b o th  co n d itio n s  in  the 

sam e w ay  b y  d e liv e rin g  a ffec ted  cases, o ften  by e lec tiv e  caesa rean  sec tio n  and  o ften  

p rem atu rely . T h is  s tra teg y  rep resen ts  an  o v er trea tm en t (B am b erg  an d  K alache , 2004).

T he ra te  o f  g ro w th  o f  fe tu s a n d  its  b irth  w eigh t is g en e tic a lly  d e te rm in e d  b u t is m od ified  by 

en v iro n m en ta l fac to rs . T h e  c lo sest assoc ia tions w ith  b irth  w e ig h t a re  m aternal w e igh t a t the 

start o f  the  p reg n an cy  an d  m o th e r’s ow n b irth  w eight, ivlost fe tus sh o w  a  dec line  in grow th 

afte r 38w . T h e  ‘fa ll o f f  in  g ro w th  is  re la ted  to  the  o v era ll w e ig h t o f  th e  i i t t e r ’ an d  the 

dec line  is d em o n stra ted  o n ce  litte r w eigh t ach iev es 3 .2kg . T h u s  it o ccu rs  a t 3 8 w  in sing le ton , 

30w  in tw ins, 2 7 w  in trip le ts  an d  26w  in q u ad ru p le ts  (P a tric ia  an d  P earce , 1992).

L ow  b irth  w e ig h t in c lu d es  tw o  path o lo g ica l co n d itio n s an d  o n e  n o rm al cond ition . The 

norm al co n d itio n  re fe rs  to  the  h ea lth y  b u t co n stitu tio n a lly  sm all baby . T he p a tho log ic  

cond itions in c lu d e  p re te rm  d e liv ered  an d  lU G R . A cco rd in g  to  the  d efin itio n  o f  lU G R  as a 

b irth  w e ig h t <10"’ cen tile , th e  incidence o f  lU G R  shou ld  be  10% , O ne th ird  h av e  tru e  lU G R , 

an d  the  rem a in in g  tw o  th ird s  a re  co n stitu tio n a lly  sm all. S om e au th o rs  ap p ly  the  te rm  “sm all 

fo r gesta tio n al ag e”  to  th e  la te r g roup  o f  in fan ts  (V an d en b o sch e  an d  K irch n er, 1998).

Fetal g ro w th  is the  en d  p ro d u c t o f  a  v arie ty  o f  genetic , m atern a l, fe ta l an d  p lacen ta l factors. 

M aternal size  is  a  d o m in an t d e te rm in an t o f  fe ta l w eight. S p ec ific  n u trien ts  an d  their 

ava ilab ility  m od ify  g en e tica lly  de term ined  m etab o lic  an d  tran sfe r sy stem s. H o rm o n es and
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gro w th  facto rs o f  m atern a l, fe tal, and  p lacen ta l o rig in  reg u la te  n u trien t tran sfe r and  fetal 

o rgan  dev e lo p m en t. F e ta l d ev e lo p m en t is de term ined  b y  dyn am ic  in te rac tio n s  b e tw een  all o f  

these facto rs (S acks, 2004). P rim ary  p lacen ta l in su ffic ien cy  is a  d iag n o sis  o f  ex c lu sio n , by 

ru ling  o u t the  o th e r causes. It is the  m ost co m m o n  cau se  o f  lU G R  (D o u b ile t e t  a l, 2000).

Fetal g ro w th  restr ic tio n  rem ains an  im p o rtan t p rob lem  and  it seem s lik e ly  th a t ab o u t 25%  o f  

bab ies w h o  w e ig h  less th an  2 .5 k g  at b irth  and  w ho  con tribu te  to the  p erin a ta l m o rta lity  are 

in fac t g ro w th  restric ted . In  ad d itio n  bab ies w ho  surv ive and  w ho  are  sev e re ly  grow th  

restric ted  a re  o v e r-rep resen ted  am ong  ch ild ren  w ho d ev e lo p  lo n g  te rm  h and icap  (W hittle ,

2001). T h e  fe tu s is u n iq u ely  v u ln erab le , as it m ust re ly  fo r its nu tritio n a l su pport on  the 

v ascu la r su p p ly  to  th e  u te ru s  an d  o n  th e  function  o f  the  p lacen ta  (C lap p  e t  a l, 1980). P lacen ta  

m ay  m o d u la te  fe ta l g row th , n o t o n ly  by  changes in  n u trien t su p p ly  b u t a lso  th rough  the 

sec rc tion  o f  g ro w th -co n tro llin g  substances (H ay, 1989),

In  o rder to  a ssess  fetal g ro w th  the  age o f  the  fe tus m ust be  accu ra te ly  e s tab lish ed  before 24 

w eek  gesta tion . A n y  fe ta l o rgan  o r p a rt o f  the  fe ta l body  tha t can  be  m easu red  seria lly  can 

have its  grovrth ra te  s tu d ied  b u t in norm al fe tuses w e  are  on ly  in te re sted  in  g ro w th  ra tes o f  

the  head  an d  ab d o m en  (P a tric ia  an d  P earce. 1992).

N u m ero u s g ro w th  cu rv es  a re  av a ilab le , the  one ch o sen  m ust be  ap p ro p ria te  fo r the 

population . S y m m etric  lU G R  can n o t be d iagnosed  in  a  s ing le  ex am in a tio n . T h e  in terval 

g ro w th  can  be  p lo tted  o n  a  g raph  to  show  grow th  sequence. E th n ic ity , p rev io u s obste tric  

h isto ry , p a tern a l s ize, fe ta l gender, an d  the  resu lts  o f  te s ts  o f  fe ta l w e ll-b e in g  m ust be 

co n sid ered  befo re  lU G R  is d iag n o sed  ra th e r than  a  h ea lth y  S G A . A  stu d y  w ith  U S confirm ed  

dates sh o w ed  th a t in ad d itio n  to  gesta tion  and  gender, m atern a l w e ig h t a t firs t v isit, height, 

ethn ic g roup , and  p arity  w ere sign ifican t d e term in an ts  o f  b irth  w eigh t. C o rrec tio n  factors 

w ere en tered  in to  a  co m p u te r p ro g ram  to  ad just the  no rm al b irth  w e ig h t percen tile  lim its. 

W ith  ad justed  cen tile s  they  fo u n d  tha t 2 8 %  bab ies th a t co n v en tio n a lly  fit th e  c rite ria  for SG A  

and 22%  o f  th o se  w h o  w ere  L G A  w ere  in fact w ith in  no rm al lim its. C o n v erse ly , 24%  and 

26%  iden tified  as sm all o r  large, respectively , w ith  ad ju sted  cen tile s  w ere  m issed  by 

conven tiona l u n ad ju sted  cen tile  assessm en t (G ardosi e t al, 1992).

G rovrth an a ly sis  req u ires  tw o  o r  m ore stud ies. lU G R  tends to  be  p ro g ress iv e , an d  i f  the  A C  is 

app ro ach in g  -2 S D  in  the  seco n d  trim ester, then  tha t A C  ag e  m ay  be b e lo w  -2 S D  n e a r term . 

T h is  is  n o t a  hard  an d  fast ru le  because  o th e r p ro cesses  m ay  a ffec t the  A C  b y  cau sin g  liver
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en larg em en t (D u B o se , 1996). F eta l size  assessm en t is a  com p lex  issue . F eta l g row th  analysis 

requ ires an  early  d a tin g  sonogram  fo llow ed  b y  a  second  fo r g ro w th  eva lua tion . W hen  any  

abnorm ality  is su sp ec ted , D opp ler, c lose o bserva tion  (b iophysica l p ro file ) , and  fo llow -up  

stud ies to  m o n ito r grovrth are adv ised  (D uB ose, 1996). S o n o g rap h y  is  usefu l fo r  d iagnosing  

lU G R  an d  ev a lu a tin g  an d  m o n ito rin g  the  fe tu s a fte r lU G R  h as b een  d iag n o sed  (D o u b ile t et 

al, 2000). T he D o p p le r f in d in g  w ith  the  g rea tes t im pact o n  p reg n an cy  m an ag em en t is absent 

o r  rev ersed  en d -d iasto lic  flow  in  the um bilica l arte ry  (F o u ro n  e t a l, 1993),

L o w er m atern a l w e ig h t a t  the  first an tena ta l v is it w as asso c ia ted  w ith  a  s ig n ifican tly  sm aller 

p lacen ta l v o lu m e a t 17 an d  2 0 w  gesta tion  (p < 0 .002  an d  < 0 .0001). M aterna l w e igh t gain  w as 

d irec tly  re la ted  to  fe ta l an th ro p o m etry  (A C , H C , FL  and  B P D ) (T h am e  e t al, 2004). 

In trau te rine  g ro w th  re s tr ic tio n  is d esc rib ed  as a  dec reased  ra te  o f  fe ta l g row th . lU G R  

co m p lica tes 3%  to  7 %  o f  all p reg n an cies (H ad lo ck  e t al, 1984). It is o ften  d ifficu lt to 

d iffe ren tia te  the  fe tu s th a t is co n stitu tio n a lly  sm all from  o n e  th a t is g ro w th  restric ted . lU G R  

bab ies are a t a  g rea te r risk  o f  an tep a rtu m  death , perina ta l asp h y x ia , n eo n a ta l m o rb id ity , and 

later d ev e lo p m en ta l p ro b lem s. M o rta lity  is increased  6  to  10 fo ld . B efo re  ab n o rm a l grow th 

can  be d iag n o sed  it is n ecessa ry  to  accu ra te ly  d e term in e  the  g esta tio n a l age . In  th e  prenatal 

perio d  an  accu ra te  L M P  o r a  firs t tr im este r US can  be  used. I f  the  firs t tr im es te r  U S  w as no t 

perfo rm ed , th en  in  th e  o r 3̂ *̂ tr im este r the  standard  B P D , H C , A C  an d  FL  sh o u ld  b e  used 

in  co n ju n c tio n  w ith  o th e r  te s ts  o f  fe ta l w ell b e in g  (e.g. B io p h y sica l p ro file  an d  fe ta l D o p p ler 

velocim etry ). A n  ea rly  d iag n o sis  o f  lU G R  an d  c lo se  fe ta l m o n ito rin g  is o f  s ig n ifican t help  in 

m anag ing  lU G R  (R o sen b e rg  and C hervenak , 1995).

3 .9a: G R O W T H  R E S T R IC T E D  O R  SM A L L  F O R  D A T E  F E T U S  (S F D )

B ab ies a re  sm all b ec au se  th ey  are bo rn  too  so o n  (p re term ) o r too  ligh t in  w e ig h t (S F D ) or 

bo th . M any  o f  the  p ro b lem s o f  th ese  co n d itio n s overlap . In g en e ra l S F D  in fan ts  can  be 

d iv id ed  in to  tw o  g roups: sym m etrica l and  asym m etrica l. T h e  d iffe ren tia tio n  b e tw een  these 

tw o  is im p o rtan t b ecau se  they  have d iffe ren t cau ses  and  d iffe ren t p ro g n o sis , and  requ ire  

d ifferen t m anagem ent.

A n  an tena ta l d iag n o sis  o f  lU G R  in general co rre la tes w ell w ith  the  sam e adverse  ou tcom es 

th a t n eo n a ta l d iag n o sis  o f  S G A  o r a  standard  d efin itio n  o f  b ir th  w e ig h t less th an  the  lO"' 

percen tile  fo r  g esta tio n a l age. T h u s, ob ste tric ian s  can  m o re  safe ly  m ak e  th e ir  d ec isio n s o n  the 

basis o f  in fo rm atio n  p re sen ted  in  th is  an d  o th er s im ila r s tu d ies  u sin g  n eo n a ta l d efin itio n s  o f
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lU G R /S G A . S im ila rly  th is  in fo rm atio n  is v ita l to  the  n eo n a to lo g is ts . It can  a lso  im prove 

clin ical co u n se lin g  and  d ec is io n  m ak in g  in th ese  critica l s itu a tio n s  (G arite  e t a l, 2004). 

G esta tiona l age at o n se t o f  grovrth restric tion  is m o re  im p o rtan t than  the  cau se  in  p ro d u c in g  a 

sym m etric  v e rsu s  an  a sy m m etric  fe tus. N eonata l m o rb id ity  and  m o rta lity  ra te s  w ere  h ig h e r in 

sym m etric  lU G R  (L in  e t a l, 1998). T he overall p rev alen ce  o f  lU G R  m u st b e  10% , b ecau se  it 

includes all fe tu ses  w h o se  w e ig h t fa lls  <10"’ cen tile . B u t it is  n o t un ifo rm . In  h ea lth y  an d  well 

n ourished  p o p u la tio n , lU G R  occurs in 3 -5%  o f  p a tien ts . In  w o m en  o f  h y p erten sio n  or 

p rev io u s lU G R  fe tus, th e  p rev a len ce  rises  to  25%  o r h ig h e r (S im o n  e t a l, 1990).

A ccura te  an tena ta l d iag n o sis  o ffers the best o p portun ity  to  red u ce  the  com plications 

assoc ia ted  w ith  lU G R . lU G R  fe tu ses  have a  fou r to  e ig h t fo ld  in c reased  risk  o f  perinatal 

m orta lity  (S eeds, 1984). D o p p le r U S G  and  b iophysical p ro file  s tra tify  lU G R  fe tuses into risk  

ca tegories, b u t th e ir  re su lts  d o  n o t sh o w  a  co n sis ten t re la tio n sh ip  w ith  e a c h  o ther. F u rth er 

research  is w arran ted  to  in v estig a te  h o w  they  are b est co m b in ed  (B asch a t e t  al, 2006).

I. S Y M M E T R IC A L  S M A L L  F O R  G E S T A T IO N A L  A G E  (S G A )

S ym m etrical g ro w th  re s tr ic tio n  o r low  p ro file  fe tuses a re  p e rfec t m in ia tu res , in  th a t they  are 

co rrec tly  p ro p o rtio n ed  b u t a re  sm all. In  m ost cases th ey  rep resen t the  lo w er en d  o f  the  norm al 

range, i.e . th ey  are  g en e tic a lly  d e te rm in ed  to  be sm all an d  a re  n o t ab n o rm a l. H ow ever, som e 

w ill be  sm all b ecau se  o f  ch ro m o so m al, in fec tive  o r  en v iro n m en ta l fac to rs  tha t ex e rt an 

in fluence early  in  p reg n an cy  and  there fo re  b eco m e app aren t early , G ro w th  is <5'*’ centile 

bo th  fo r H C  an d  A C , so th e  H C /A C  ra tio  rem ains w ith in  the  no rm al range . S ym m etric  SG A  

o r g ro w th  re ta rd a tio n  is ch a rac te rized  by a  fetus tha t is sm all in  all p h y sica l param ete rs  (e.g. 

B PD , H C , A C  an d  F L ) th is  is u sually  the  resu lt o f  a  sev e re  in su lt in  th e  firs t trim ester 

(S abbagha, 1984). In m an y  ca ses  th e  spec ific  cau se  o f  lU G R  c a n n o t be  determ ined . 

R eg ard le ss  o f  th e  e tio lo g y  th ey  h av e  a  p o o r p rognosis. T h e ir  m o rta lity  is fo u r to  e ig h t tim es 

tha t o f  n o n -IU G R  fe tu se s  (L o ck w o o d  and  W einer, 1986). M ajo rity  o f  th ese  w ill be norm al 

bu t it is very  im p o rtan t th a t the  abnorm al bab ies be  d e tec ted  a s  soon  as possib le . Poten tia l 

p ro b lem s asso c ia ted  w ith  sym m etrica l SG A  are; reduced  in te llec t and  learn ing  ab ility , short 

s tatu re, an d  in c reased  in c id en ce  o f  d ea th  in  the  firs t y ea r (P a tric ia  an d  P earce , 1992).

II. A S Y M M E T R IC A L  S M A L L  F O R  G E S T A T IO N A L  A G E  (S G A )

T h is  is the  m o re  co m m o n  varie ty  and  occu rs in  m ost cases o f  p rim ary  o r  secondary  p lacen tal 

insufficiency . In  asy m m etrica l g row th  re ta rd a tio n -  la te  g ro w th  d ece le ra tio n , the  fetal insu lts
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occur la te r in  g esta tio n  (a fte r  the  32'''* w eek) w h en  fa t ac cu m u la tio n  sh o u ld  be  the  greatest. 

T he A C  w ill be  s ig n ifican tly  low er th an  norm al and  the  head : b o d y  ra tio  w ill a lso  be 

abnorm al. S uch  g ro w th  re ta rd a tio n  re su lts  from  p lacen ta l in su ffic ien cy  in  m o th e rs  w ith  p re 

ec lam psia , ed em a , p ro te in u ria  an d  hypertension . T he p ro g n o sis  fo r  th e  fe tu s is im p ro v ed  by 

adequate  m a te rn a l tre a tm e n t (P a lm er, 1995).

It shou ld  be  n o ted  th a t lU G R  fe tuses have been  bo rn  to  m o th e rs  w ho  have no h ig h  risk  

factors, so all p reg n an c ies  u n d erg o in g  U S  ex am in a tio n s  sh o u ld  be  ev a lu a ted  fo r lU G R . 

A sym m etric  lU G R  is ch a rac te rized  b y  an appropria te  B PD  and  H C  w ith  a  d isp ro p o rtio n ate ly  

sm all A C . T h is  re in fo rce s  th e  ‘b ra in  sp arin g  e ffec t’. T he B P D  an d  H C  m ay  b e  sligh tly  

sm aller, b u t th is  u sually  d o es  n o t h ap p en  un til the  la te  trim es te r  (R o sen b erg  and 

C hervenak , 1995). T h is  fo rm  o f  lU G R  usually  beg ins in  la te  2"̂ * o r ea rly  3'̂ '* trim ester.

T h ese  in fan ts  a re  lo n g  an d  th in . T h ey  h av e  a  h ead  size  ap p ro p ria te  fo r  g esta tio n a l age  but 

have w asted  b o d ies , as th o u g h  th ey  h av e  b een  starved . T he p lacen ta  su p p lies  the  fe tu s w ith  

n o u rish m en t and  oxy g en , an d  rem o v es w astes. W hen  the  p lacen ta  b eg in s  to  fail, its  ab ility  to 

supp ly  n o u rish m en t d ec lin es  b e fo re  its ab ility  to su p p ly  oxygen . D e tec tin g  fa ilu re  in  grow th 

is an  early  w a rn in g  th a t the  o x y g en  su p p ly  to  the  fe tus w ill d ec lin e  in the  n ea r future.

F etuses th a t h av e  little  o r no g ly co g en  sto res a re  those  th a t a re  p re te rm  o r a re  asym m etrica lly  

sm all. In the  case  o f  p re te rm  in fan ts , labor occu rs befo re  the  fe tu s h as  co m p le ted  its  s to res  o f  

g lycogen . In  asy m m etrica lly  sm all in fan ts  the  fe tus h as u sed  its  s to res  o f  g ly co g en  to  a llow  

its  b ra in  to  g row . I f  d e liv e red  befo re  they  b eco m e sho rt o f  o x y g en  th en  th ey  ex h ib it ‘catch  

u p ’ g ro w th  and  are  a s  w e ll g ro w n  and  in te llec tu a lly  ab le  a s  ap p ro p ria te ly  g ro w n  babies. 

In itia lly  g ro w th  o f  H C  co n tin u es , re flec ted  in  a  rise  in H C :A C  ra tio . E v en tu a lly  the  H C  stops 

g row ing . G ro w th  o f  A C  slow s 2 -3 w  before tha t o f  the  H C , an d  ev en tu a lly  stops. A s  tim ely  

delivery  w ill p rev en t p e rin a ta l dea th  and  h an d icap , ca refu l m o n ito r in g  is necessary . P o ten tia l 

p ro b lem s asso c ia ted  w ith  asym m etrica l S G A  are: one h a lf  o f  in fan ts  su ffe r serio u s sho rt or 

long  term  m o rb id ity , s till b irth , an tena ta l and  p erin a ta l asp h y x ia , lead in g  to  cereb ral palsy 

an d /o r m a jo r m en tal h an d icap , h y pog lycem ia , hypo th erm ia , h y p o ca lcaem ia , po lycy them ia, 

p rem atu re  de livery , m eco n iu m  asp ira tio n  p n eu m o n ia  (P a tric ia  an d  P earce , 1992).

L ong term  m o rb id ity  in  the  lU G R  bab ies include s ta tis tica lly  s ig n ifican t ex cess  o f  learn ing  

and  p sy ch o m o to r p ro b lem s (F itzh ard in g e  et al, 1978). M o re  recen tly  it h as  b een  found  th a t 

there  is an  ap p a ren t in c rease  in  the  risk  o f  d ev e lo p in g  h y p erten s io n  an d  d iab e te s  in  la te r  life
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(B arker, 1992). T h e re fo re  th e  id en tifica tio n  o f  the  SFD  fe tu ses  h a s  an  im p o rtan t im pact on  

perinatal m o rta lity  an d  m o rb id ity  in cu rren t ob ste tric  p ractice.

Ideally , a ll p reg n an t w o m en  sh o u ld  have fetal g ro w th  m o n ito red  by  m easu rem en ts  o f  H C  and  

A C  ev ery  4  w eek s, or m o re  frequen tly  i f  g ro w th  d ev ia tes from  ex p ec ted  lines. T his is 

obv iously  n o t feasib le  fo r all w om en . T herefo re  seria l m easu rem en ts  can  be  d one  in  w om en  

a t ‘h ig h  r is k ' o f  h av in g  sm all o r large  fe tus. T h ey  are:

1. M aterna l w e ig h t less th a n  10'^ cen tilc  fo r h e ig h t (o r u n d e r 4 5  k g  a s  a  ro u g h  guide).

2 . P rev io u s in fan t w as S G A  o r p o o r m aternal w e ig h t gain.

3. M aterna l v ascu la r d isease - essen tia! hy p erten sio n , p reg n an cy -in d u ced  hypertension , 

d iab etes m ellitu s , co llag en  disorders,

4 . M aterna l ca rd iac  d isease  th a t is sev ere  en o u g h  to  c au se  p o ly cy th aem ia .

5. H eav y  sm o k ers , a lco h o lic s  an d  d ru g  addicts.

6 . W o m en  w ith  sick le  cell d isease .

7. W o m en  w ith  recu rren t an tepartum  hem o rrh ag e  o r u te rin e  anom aly ,

8 . W o m en  w ith  ra ised  m aternal serum  a lp h a  fe to -p ro te in  (M S A F P ) b u t a  s tructu ra lly  

no rm al fe tu s (P a tric ia  an d  P earce, 1992) and  fe ta l fac to rs  are:

1. C h ro m o so m al d iso rd ers , e sp ec ia lly  triso m ies  13 an d  18.

2 . In fec tio n s- v ira l like ru b e lla , cy to m eg a lo v iru s  etc.

3. N o n -ch ro m o so m al syndrom es.

4 . M u ltip le  p regnancy ,

5. B irth  order.

S evere d am ag e  re su lts  in  sp o n tan eo u s ab o rtio n , b u t o ccasio n a lly  th e  p reg n an cy  su rv ives to 

term , w hen  the  d is tu rb an ce  m ay  m an ife st i ts e lf  as g ro w th  re s tr ic tio n  (W h ittle , 2001). 

In trau terine  grovvth res tr ic tio n  is a lso  assoc ia ted  w ith  p o o r p o stn a ta l g row th . T h e  m ajo rity  o f  

ch ild ren  w ith  lU G R  d em o n stra te  ca tch -u p  g ro w th  in the  first 2 y ea rs  o f  life. T hose w ho 

d o n 't ,  have a  h ig h  risk  o f  lo n g -te rm  grow th  p rob lem s. T here  is ev id en ce  o f  im paired  grow th 

h o rm o n e ac tiv ity  in  lU G R  w h o  h av e  persisten t p o o r g ro w th  in th e  p o stn a ta l p e rio d  (Y anney  

an d  M arlow , 20 0 4 ). T h e  im portance  o f  estab lish in g  the  d iag n o sis  in th is  g ro u p  is underlined  

by the  fac t tha t w h en  p erin a ta l loss o ccu rs  it is m u ch  m o re  likely  to  re su lt in a  still b irth  

ra ther th an  a  n eo n a ta l d ea th  (W hitfie ld , 1986).
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C om pared  w ith  the  o th e r op tio n s, b io p h y sica l p ro file  w as the  b est s tra teg y  to  guide 

p hysic ians o n  th e  tim in g  o f  th e  deH very o f  the  lU G R  fe tu s (O d ib o  e t a l, 2 0 0 4 ). D o p p ler US 

h as  show n  th a t in fe tu se s  w ith  asym m etric  lU G R , v ascu la r re s is tan ce  in creases  in  the  ao rta  

an d  um bilica l a ite ry  an d  d ecreases  in fetal m id d le -ce reb ra l arte ry . In c rea sed  vascu la r 

resistance is re flec ted  b y  an  in c reased  S ysto lic /D iasto lic  (S /D ) ra tio  o r p u lsa tillity  index . A  

ra tio  o f  > 3 .0  in  th e  u m b ilica l a rte ry  afte r 3 0 w  is abnorm al (S ch u im an  e t al, 1984), In  the  

u m b ilica l c ircu la tio n , e lev a ted  resistance cau sin g  ab sen t o r  rev e rsed  en d -d iasto lic  flow  

velocity  w av efo rm s are  asso c ia ted  w ith  h ig h  ra te s  o f  m o rb id ity  an d  m ortaU ty (R oche lson  et 

al, 1987).

T he S G A  fe tu s w h h  an  in c reased  um bilica l arte ry  S /D  ra tio  is a t m u ch  h ig h e r risk  fo r poor 

perinatal o u tco m e th an  a  sm all fe tu s w ith  a  no rm al ra tio  (T ru d in g e r e t  a l, 1985). D o p p ler can  

p lay  usefu l ro le  in  d e te rm in in g  the p rognosis  o f  fe tus w ith  lU G R . ‘R ev ersed  d iasto lic  flo w ' 

in  the  um bilica l a rte ry  ca rrie s  a  g rave p rognosis , an d  ’absen t d ias to lic  f lo w ' o r  an  ‘elevated  

S /D  ra tio ’ is asso c ia ted  w ith  p o o r p rognosis , includ ing  increased  lik e lih o o d  o f  fe ta l d istress  in 

labor, ad m iss io n  to  th e  in ten siv e  ca re  un it, and  perinatal m o rta lity  (R eu w er e t al, 1987). 

In trau te rine  g ro w th  re s tr ic tio n  can  be d iag n o sed  m o st accu ra te ly  b y  u s in g  a  co m b in a tio n  o f  

th ree  param eters: E F W  cen tile , am nio tic  flu id  v o lu m e, an d  m atern a l b lo o d  p ressu re  

(D oub ile t e t al, 2 0 0 0 ), u s in g  the  d efin itio n  o f  h y p erten sio n  d u rin g  p reg n an cy  as a  d iasto h c  

p ressu re  o f  a t least 9 0 m m  H g  o r a  systo lic  p ressu re  o f  a t least 140m m  H g  o r a  rise  in  the 

fo rm er o f  a t lea s t 15m m  H g  o r in  the  la te r o f  a t least 3 0m m  H g  (R o b erts , 1994). U S  featu res 

to  be  fo llo w ed  a lso  in c lu d e  b io p h y sica l p ro file  sco re  an d  u m b ilica l a rte ry  D oppler. A 

w o rsen in g  tren d  in  o n e  o r m o re  o f  these featu res sh o u ld  p ro m p t co n sid era tio n  o f  early  

delivery  (B en so n  an d  D o u b ile t, 2005).

In  general, D o p p le r c r ite ria  a re  no t as good  as n o n -D o p p le r S o n o g rap h ic  c rite ria  for lU G R  

(B enson  and  D o u b ile t, 1998). lU G R  fe tuses have in c reased  risk  o f  p erin a ta l m o rta lity , o f  

those  w ho  surv ive  50%  h av e  sig n ifican t sho rt or long- te rm  m o rb id ity  (D o u b ile t e t al, 2000). 

3 .9b; G R O W T H  A C C E L A R A T E D  FE T U S  O R  M A C R Q S O M IA

S onograph ic  e s tim a tio n  o f  fe ta l w e igh t to  d e term in e  m acro so m ia  is o f  value . L arge for 

gesta tional age  (L G A ) is an o th er te rm  ap p lied  to  a  large  fe tu s o r  neona te . L G A  is m ost o ften  

defined  as a  w e ig h t ab o v e  the  9 0 ‘'' percen tile  for gesta tio n a l age  (D o u b ile t e t al, 2000).
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C urren tly  av a ilab le  fo rm u las  to  es tim ate  fetal w e igh t assu m e  a  u n ifo rm  d en sity  o f  tissue  

(B ern ste in  an d  C a ta lan o , 1992). B ecause fat tissu e  is less d en se  th an  lean  body  m ass, it can 

be  hypo thesized  th a t U S  estim atio n  o f  fetal w e igh t p articu la rly  in  d iab e tic  m o th ers  is the 

conseq u en ce  o f  an  e lev a ted  p ro p o rtio n  o f  body  fat. W eig h t es tim atio n  h as p o sitiv e  p red ic tive  

va lu es o f  up  to  51 %  fo r L G A  an d  67%  fo r m acro so m ia  (B enson  an d  D o u b ile t, 2005).

10%  o f  a ll in fan ts  h av e  b irth  w e ig h ts  > 9 0 “' cen tile  for G A  an d  a re  co n sid e red  L G A  infants. 

8 %  to  10%  h av e  b irth  w eig h ts  > 40 0 0 g , and  are c lassified  a s  m acro so m ic . A ccurate  

S onograph ic  p red ic tio n  o f  m acro so m ia  is invaluab le  to  th e  o b s te tric ian  in  m an ag in g  and 

d e livering  the  fe tus. M acro so m ia  w as 1.2 to  2 tim es m o re  freq u en t th an  the  no rm al in  w om en 

w ho  are  m u ltip a ro u s , > 3 5  y ea rs , have a  p re -p reg n an cy  w e ig h t > 7 0 k g , h av e  a  p o s t date 

p regnancy , o r h av e  a  h is to ry  o f  L G A  fetus (B o y d  et a!, 1983),

M acrosom ia is a lso  a  co m m o n  resu lt o f  poorly  co n tro lled  m aternal d iab e te s  m ellitus. T he 

frequency  o f  m acro so m ia  in  th e  o ffsp rin g  o f  m o thers w ith  d iab e te s  ran g es from  2 5 %  to  45%) 

(L an d o n  e t  a l, 1989) v ersu s  8 %  to  10%  am o n g  n o n d iab e tic  m o th e rs  (M in tz  an d  L andon, 

1988). M acro so m ic  in fan ts  o f  in su lin -d ep en d en t d iabe tic  m o th ers  a re  usually  h eav y  an d  show  

a  ch a rac te ris tic  o rg an o m eg a ly . In ad d itio n  to ad ip o se  tissu e , th e  liver, h ea rt an d  ad renals  are 

increased  in  s ize  (M o rris, 1984). T here  is increased  fat an d  m u scle  m ass, lead in g  to  increase  

in size  o f  fe ta l ab d o m en  and  sho u ld ers . A s a  resu lt they  are  a t a  g rea te r risk  fo r co m p lica tio n s 

during  lab o r th an  is a  fe tu s o f  s im ila r w e igh t o f  a  n o n -d iab e tic  m o th er (G ro ss  e t al, 1987).

N o t all in fan ts  o f  d iab e tic  m o th ers  a re  overg ro w n ; those  w ith  sev e re  v ascu la r d isease  m ay 

have lU G R . F eta l ab d o m in a l fa t layer o f  > 5 m m  w as the  m ost usefu l p red ic to r o f  m acrosom ia 

a t term . A n  A C  >90'*’ p e rcen tile , how ever, h ad  a b e tte r sensitiv ity . T h e  u se fu ln ess  o f  routine 

fetal abdom inal fa t lay er m easu rem en t in the ea rly  th ird  trim este r in  the  m an ag em en t o f  

d iabe tic  p reg n an c ie s  is w o rth y  o f  fu rther ev a lu a tio n  (B eth u n e  an d  B ell, 2003).

T he m acrosom ic fe tu s h as an  increased  incidence o f  m o rb id ity  an d  m o rta lity  as a  resu lt o f  

head an d  sh o u ld e r in ju ries and  co rd  com pression , S h o u ld e r d y sto c ia , c lav icu la r fracture, 

facial an d  b rach ia l p lex u s  palsy , m econ ium  asp ira tio n , p erin a ta l asp h y x ia , neonata l 

h y p o g ly cem ia , an d  o th e r m etab o lic  com plications are s ig n ifican tly  in c reased  in  m acrosom ic 

p reg n an c ies  (G o ld itch  an d  K irk m an , 1978). T he incidence o f  m ac ro so m ia  increased  from

1.7%  at 36w  to  2 1 %  a t 4 2 w  (B o y d  e t al. 1983), W om en  w ith  U S  d iag n o sis  o f  a L G A  fetus 

m ore frequen tly  rece iv ed  ep id u ra l an e s th e s ia  an d  had  m o re  ce sa re an  d e liv e rie s  (L ev in e  e t al,

Dhaka University Institutional Repository



1992). F e tu ses  o f  in su lin -d ep en d en t and  gesta tional d iabe tic  m o th e rs  a re  ex p o sed  to  h igh  

levels o f  g lu co se  th ro u g h o u t p reg n an cy  and  so  p ro d u ce  ex cess  insu lin . T h is  leads to 

overg row th  o f  fe ta l tru n k  an d  ab d o m in a l o rgans, w h ile  the  h ead  an d  b ra in  g ro w  a t a  norm al 

rate. U S m easu rem en ts  o f  fe tu ses  o f  d iab e tic  m o thers d em o n stra te  acce le ra ted  g ro w th  o f  the 

fetal tho rax  an d  ab d o m en  b eg in n in g  b etw een  28  and  3 2 w  gesta tion . L G A  o ccu rs  in  2 5 -42%  

and m acro so m ia  in  10-50%  o f  infan ts o f  d iabetic  m o thers  (L an d o n  e t a l, 1989). I f  vag inal 

delivery  is co n tra in d ica ted  fo r the  m acro so m ic  fe tuses o f  d iab e tic  m o th ers , the  E F W  should  

b e  tak en  into acco u n t w h e n  se lec tin g  the  rou te o f  de liv ery  (B en so n  an d  D o u b ile t, 2005).

L arge fe tuses e sp ec ia lly  th o se  w e ig h in g  > 40 0 0 g , a re  a t in c reased  risk  fo r perinatal 

com plications. T h ese  are  g rea tes t fo r large  fe tu ses  o f  d iab e tic  m o th ers , an d  m o st o ccu r a s  a 

re su lt o f  a ttem p ted  v ag in a l de livery . A ntenata l U S  d iag n o sis  o f  large  fe tu s can  p rom pt 

cesarean  sec tion , p rev en tin g  th ese  com plications. T he m o st accu ra te  U S ap p ro ach  to 

d iag n o sis  o f  m acro so m ia  is v ia  E FW . A n  E F W  > 4 0 0 0 g  sh o u ld  p ro m p t cesa rean  delivery , 

esp ec ia lly  i f  the  m o th e r is d iabe tic  (D o u b ile t e t al, 2000). W hen  the  E F W  is > 9 0 “’ cen tile , 

L G A  can  be  d iag n o sed  w ith  g rea te r co n fid en ce  in  the  p resen ce  o f  p o ly h y d ram n io s .

A  large A C  (>90"’ cen tile ) o r  a  fe tu s w ith  acce lera ted  g ro w th  sh o u ld  su g g est the  p o ssib ility  o f  

m aternal d iabe tes m ellitus. M o re  so  i f  there  is associa ted  p o ly h y d ram n io s  (am n io tic  co lum n 

o f  > 8 cm ) and  a  la rg e  (> 4 cm  th ick ) p lacen ta . E x cessiv e  g row th , e sp ec ia lly  i f  ac co m p an ied  by 

p o ly h y d ram n io s, su g g es ts  p o o r con tro l o f  m aternal d iabetes.

3.10: VARIABILITY

T he v ariab ility  o f  fe ta l p a ram eters  increases as p reg n an cy  ad v an ces . T he in crease  in 

variab ility  is u n d o u b ted ly  fo r th e  m ost p a rt due to  actual d iffe ren ces  in  fe ta l size , because  it 

has b een  d em o n stra ted  co n sis ten tly  in  p o p u la tio n s w ith  op tim a l m en stru a l h isto ries, w ith  

k now n  d a tes  o f  co n cep tio n , an d  in w h o m  age w as  estab lish ed  early  in  p reg n an cy  by  u se  o f  

C R L  m easu rem en t. T h e  reaso n  fo r variab ility  o f  fetal b io m etry  is th e  g en e tic  v a ria tio n  in 

actual fetal size  a s  p reg n an cy  ad v an ces and . to  a  lesser ex ten t, the  m easu rem en t errors 

associa ted  w ith  th e ir  u se  (F illy  and  H adlock , 2000).

3.11: ACCURACY

T he accu racy  o f  w e ig h t p red ic tio n  fo rm ula  is de term ined  b y  a sse ss in g  h o w  w ell the  fo rm ula 

w orks in a  g roup  o f  fe tu se s  scan n ed  c lo se  to  delivery . A n  im p o rtan t m easu re  o f  a  fo rm u la ’s
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p erfo rm an ce  is  its 95%  co n fid en ce  in terval (C l). I f  the 95%  C l is ± 1 8 % , th en  the E F W  will 

fall w ith in  18%  o f  the  ac tua l w e ig h t in  95%  o f  cases, an d  th e  e rro r w ill be g rea te r th an  18% 

in  only  5 %  o f  cases. T he accu racy  o f  w e igh t p red ic tio n  fo rm u las  im p ro v es a s  th e  n u m b er o f  

m easu red  body  p a rts  in creases  up  to  th ree , ach iev in g  g rea tes t accu racy  w h e n  m easu rem en ts 

o f  th e  head , ab d o m en  an d  fem u r are  u sed . T here  is no  ap p a ren t im p ro v em en t by add ing  the 

th ig h  c ircu m feren ce  as a  4'*’ m easu rem en t, n o r is there  p ro v en  b en e fit from  using  3D  U S G  or 

M R I. E v en  w h en  based  o n  m easu rem en ts  o f  the  h ead , ab d o m en  an d  fem ur, so n o g rap h ic  

w eigh t p red ic tio n  h as  a  ra th e r w ide 95%  C l o f  at least ± 15% . B ased  o n  th e  A C  and e ith e r the 

head  or fem ur, th e  ran g e  is a t least ± 1 6 %  to  ±  18%  (B enson  an d  D o u b ile t, 2005).

T he accu racy  o f  S o n o g rap h ic  m easu rem en ts  has been  q u estio n ed , as a  co n seq u en ce  o f  large 

in te ro b serv er v a ria tio n s  (S arm an d al e t al, 1989). O ne  p o in t h o w e v e r is th a t th e  AC 

m easu rem en t h as  th e  g rea tes t in te ro b serv er and  in trao b serv er v a r ia b ility  o f  all m easurem ents 

repo rted  in the  lite ra tu re  (H ad lock , 1994) and  it is an  im p o rtan t p a rt o f  all th e  E F W  form ulas. 

A ccu racy  ap p ears  to  be  less in  fe tuses th a t w e igh  less th an  1000 g ram s th a n  in  la rg e r fe tuses 

(T ow nsend  e t al, 1988). W eig h t p red ic tion  is less accu ra te  in  d iab e tic  th a n  in  non-d iabetic  

m others. In  d iab e tics, w ith  m easu rem en ts  o f  h ead , ab d o m en  an d  fem ur, 9 5 %  C l is o f  ±24% , 

w h ereas  it is ± 1 5 %  in  Ihe g en era l p o p u la tio n  (H ad lo ck  et al, 1985).

In a  s tudy  ca lcu la ted  w eig h ts  from  a  90 -sec  s in g le -sh o t fast sp in -ech o  sequence M R  

acqu isition  w ith  8 -m m - th ick  s lices  in the  ax ia l p lan e  at te rm  w ere  b e tte r  th an  U S G  estim ates 

b y  H ad lo ck ’s  fo rm u la  (H assib i e t al, 2004). B reech  bab ies w e ig h in g  > 4 k g  a t b irth  have 3-6  

tim es the  p erin a ta l m o rta lity  ra te o f  b reech  bab ies w e ig h in g  2 .5 -4kg ; h en ce  the  n eed  fo r an 

accu ra te  fe ta l w e ig h t es tim ate  in  la te  p regnancy , e sp ec ia lly  in  p a tien ts  w ith  breech 

p resen ta tio n s  (P a tric ia  and  P earce, 1992).

A  study  co n d u c ted  h ere  d em o n stra ted  tha t re liab le  e s tim ates  o f  fe ta l w e ig h t can  be  m ad e  by 

U S G , to  h e lp  th e  O b ste tric ian s  in th e  p ro p e r m anagem en t o f  a  case. T h e  m ean  percen tage 

erro r in E F W  w ith  B P D /A C  fo rm u la  w as found  to be -2 .5 %  (Q u d d u s an d  K h atu n , 2001).

3.12: AMNIOTIC FLUID EVALUATION

T he asso c ia tio n  b e tw een  lU G R  an d  d ecreased  am nio tic  flu id  (o lig o h y d ram n io s) is w ell 

recogn ized . O lig o h y d ram n io s  h as  also  been  assoc ia ted  w ith  fe ta l ren a l an o m alies , rup tu re  o f  

in trau terine  m em b ran es, an d  the  p o std a te  p regnancy . A m n io tic  flu id  in d ex  (A F I) is used to
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eva lua te  and  q u an tify  am n io tic  flu id  v o lum e (A FV ) d u rin g  the  co u rse  o f  a  p regnancy . 

N o rm al value  o f  th e  sum  o f  fo u r q uadran ts  o r  A FI, is 8  to  22cm , d ec rea sed  is less th an  5cm , 

increased  is g rea te r th a n  2 2 cm  (P h e lan  e t al, 1987). T he “ey e b a ll tech n iq u e”  is a lso  quite 

accep tab le . It is a  su b jec tiv e  su rv ey  to  eva lua te  th e  o v era ll am o u n t o f  A F V  and is p ro b ab ly  

th e  m ost co m m o n ly  u sed  m ethod . H alpern  h as defined  o lig o h y d ram n io s  as o ccu rrin g  w hen  

the  la rg e s t vertica l p o ck e t is < 3cm , w h ereas M ann ing  rep o rted  < lc m  to  be  true  

o lig o h y d ram n io s  (H a lp ern  e t al, 1985; M an n in g  e t al, 1981). In  the  p re sen ce  o f  

o lig o h y d ram n io s , ca re  sh o u ld  be  tak en  w h en  ev a lu a tin g  th e  fe ta l g ro w th  p aram eters , since 

they  can  be  co m p ressed . T h is m ay  a lte r the EFW .

A m nio tic  flu id  v o lu m e  sh o u ld  p ro v id e  d irec t ev idence o f  p a th o lo g ica l g ro w th  re s tric tio n , as 

the  p rod u c tio n  o f  am n io tic  flu id  is red u ced  in  the  p resen ce  o f  e ith e r v a scu la r o r  p lacen tal 

defic iency . M o st s tu d ies  su g g est th a t p regnancy  ou tco m e is  im p a ired  w h en  th e  A F V  is 

reduced , and  th e  p erin a ta l m o rta lity  rises sharp ly  (W h ittle , 20 0 1 ). T h ere  is a  re la tionsh ip  

b e tw een  feta! s ize  and  A F V . In  p articu la r, the  p rev alen ce  o f  p o ly h y d ram n io s  is h ig h e r in 

p reg n an c ies  o f  n o n d iab e tic  m o th ers  w ith  L G A  fetus th an  w ith  a  n on  L G A  fe tus and  the 

p rev alen ce  o f  o lig o h y d ram n io s  is low er (B enson  e t al, 1991).

A  study found  tha t th e re  w as  no sign ifican t re la tio n sh ip  b e tw een  th e  A F I an d  E F W  (r =  0.08; 

p=  ,10) o v er all. In  p reg n an c ies  w ith  fem ale  fe tuses, the  A F I w as  p o s itiv e ly  asso c ia ted  w ith  

E F W  cen tile  b e fo re  3 8 w , a t 3 8 w  o r later. A  p o sitiv e  re la tio n sh ip  b e tw een  th e  A F I and  E F W  

cen tile  in  p reg n an c ies  w ith  m ale  fe tuses w as n o ted  o n ly  a t 3 8 w  o r  la te r  (P em i e t al, 2004).

In  B ang ladesh , a t 16w  gesta tio n a l age th e  m ean  (2S D ) A F I w as  fo u n d  to  b e  11.1 cm  (±4cm ) 

and  a t 4 0 w  it w as 11 .7cm  (± 8 cm ), m ax im u m  A FI w as 18cm  (± 7 cm ) a t 2 3 w  gesta tio n al age 

(Q uddus and  R ash id , 2005). N orm al A F I in  B an g lad esh  w as  found  to  co rre la te  w ell w ith  the 

A FI found  o n  the  C au cas ian  pop u la tio n . O n ly  the  m ax im u m  A F I w as  18.1cm  in  th is  study 

w hereas it w as  14 .7cm  in  th e ir  study , a t 2 4 w  o f  g esta tio n  (Q uddus, 2006).

3.13: BODY MASS INDEX (BMI)

In  T ech. R ep. S eries N o . 7 24  (F A O / W H O / U N U - 1985 E nergy  and  P ro te in  requ irem en t), it 

has b een  m en tio n ed  th a t the  desired  body  m ass in d ex  (B M I) fo r M ale  and  F em ale  sh o u ld  be 

20 .1 -25  and  18.7- 23 .8  resp ec tiv e ly . B M I below  these levels  h as  b een  co n sid ered  as suffering  

from  ch ro n ic  en e rg y  d efic ien cy  and  B M I > 28 .6  in  fem ale  an d  > 3 0  in  m ale  as obese.
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W hen d ea lin g  w ith  d ev e lo p in g  coun tries, it is su g g ested  th a t the  lo w er lim it o f  “n o rm ality ” 

fo r in d iv id u a ls  o f  2 0  is to o  h ig h  and  a  lim it o f  18.5 has th e re fo re  been  p ro p o sed  on the  basis 

o f  the  usual d is trib u tio n  o f  ad u lt w e ig h ts  (W H O , 2003). R ela tiv e  to  w o m en  w ith  a  norm al 

p re -p reg n an cy  B M I, u n d erw eig h t w om en  (B M I < 1 8 .5 ) w ere  m ore likely  to  h av e  a  g row th  

restric ted  fe tu s  (D o h erty  e t al, 2006).

3.14: SAFETY OF ULTRASONOGRAPHY

A lthough  u ltraso u n d  can  p ro d u ce  perm anen t d am ag e to tissue  d irec tly  at h ig h  en e rg ies  and 

reversib le  d am ag e  at so m ew h a t lo w er energ ies, the  d an g er is o b v ia ted  in  the  u se  o f  

d iagnostic  u ltraso u n d  b y  the  u se  o f  pu lsed  so und  a t energy  levels sev era l hun d red  lim es 

low er than  th o se  n ecessa ry  to  p ro d u ce  m in im al tem p era tu re  rise  in  tissu e  (H eilm an  e t al. 

1967). S unden  has ca rried  o u t a  series  o f  carefu l ex p e rim en ts  o n  p reg n an t an d  n on-p regnan t 

rats. W ith  the  in ten sitie s  em p lo y ed  in  u ltrasound  m ach in es  he  co u ld  n e ith e r d am ag e m aternal 

tissu e , n o r p ro v o k e  ab o rtio n  o r dam age to the  n ew b o rn  ra t (S u n d en , 1964). F o o d  and  drug 

ad m in is tra tio n  g u id e lin es  (U S A ) state tha t the  spatia l pealc-tem poral av erag e  in tensity  

(S P T A , a  un it u sed  to  m easu re  u ltrasound  in tensity ) h as to  be less than  94 m W /cm ^ in situ. 

M o st co m m erc ia l eq u ip m en ts  use variab le  acoustic  o u tp u ts  b e tw een  I an d  46 m W /cm ^.

3.1S: SAMPLE SIZE IN A STUDY

T echn ically , the  sam p le  size  sh o u ld  be large en o u g h  to  p ro v id e  a  co n fid cn ce  in terval (C l) o f  

desired  w id th  (95 o u t o f  100% ). It is ca lled  95%  CL I f  the  sam p le  s ize  covers 95%  C l. the 

sam p le  is said  to  be p rec ise  and  rep resen ta tive . T hus p rec is io n  d ep en d s  on the size  o f  a 

sam ple. W hen  the  sam p le  size  is 30  o r m ore, th e ir m ean  v a lu e  w ill be c lo se r to  each  o ther 

and  also  w ill be  ad jacen t to  the  p o p u la tio n  m ean and  co v e rs  9 5 %  C l. T h ere fo re  to get p recise 

sam ple size , the  n u m b er o f  su b jec ts  shou ld  no t be less than  30. A ny  in fo rm atio n  ob ta in ed  on 

30 sub jects, co u ld  be co n sid ered  as the  rep resen ta tiv e  sam ple. H o w ev er, g rea te r is the  sam ple 

size , m ore is the  p rec is io n  o f  the  study  and desired  in fo rm ation  re p resen tin g  th e  popu lation  

can be ob ta ined . B u t th en , in  general it is m u ch  b e tte r to  increase  th e  accu racy  o f  data 

co ilec tion  th an  to  in crease  sam p le  size  a fte r a  ce rta in  po in t. T h e  m ain  o b jec tiv e  o f  sam pling  

is to  get m ax im u m  in fo rm atio n  abou t the  popu lation  w ith  m in im u m  effo rt and  w ith  m in im um  

reso u rce  (C h o w d h u ry , 2002).
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SUBJECTS AND METHODS

SUBJECTS 

4.1: PLACE AND DURATION

T h is re search  w o rk  w as carried  ou t in the  R ad io logy  &  Im ag in g  d ep a rtm en t in  co llaboration  

w ith  the  d ep a rtm en t o f  O b ste trics  an d  G y n eco lo g y  o f  B an g lad esh  In s titu te  o f  R esearch  and 

R eh ab ilita tio n  in  D iab e tes , E n d o crin e  and  M etabo lic  D iso rd ers (B IR D E M ), located  in  the  

capital city  o f  D h ak a , in  B angladesh .

T he study  w as  co n d u c ted  o v e r a  p erio d , s ta rting  from  D ecem b er 2 0 0 4  to  N o v e m b e r 2 0 0 T  

4.2: STUDY DESIGN

T h is w as a  p ro sp ec tiv e , c ro ss  sec tional study , o f  co n secu tiv e ly  scan n ed  hea lth y , g rav id  

w om en . T h ere fo re  each  p a tien t w as included  once on ly  in  the  study . A s  it is recom m ended  

tha t cross sec tional d a ta  sh o u ld  be  used to  deve lop  re feren ce  cen tile s  fo r fe ta l size  (A ltm an  

an d  C h itty , 1994).

T h e  ca lcu la tion  o f  re fe re n ce  cen tiles  w as  based  o n  s ing le  o b se rv a tio n s  as tha t w as  the  usual 

clin ical p ractice . T h e  s tu d y  p o p u la tio n  w as hom ogenous.

T o  d e term in e  th e  accu racy  o f  es tim ated  fe ta l w eigh t, the  co m p ariso n  w as  m ad e  afte r 

co llec ting  the  b irth  w e ig h ts  o f  the  fe tuses d e liv e red  w ith in  72 ho u rs  o f  th e  last u ltrasound  

scan.
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4.3: SAMPLE SIZE AND SAMPLING TECHNIQUE

4.3a: SAMPLE SIZE AND SAMPLING TECHNIQUE TO PREPARE 

NOMOGRAMS:

H ealthy  g rav id  w o m en , w h o  m et the  criteria , w ere inck id ed  in  th e  study . T h e  da ta  w as 

co llec ted  irre sp ec tiv e  o f  age an d  soc io -econom ic  status. T he p a tien ts  w ere  re fe rred  by 

ob ste tric ian s  from  h o sp ita ls , c lin ics  and  from  p riv a te  p rac tice  se ttings. T h is  s tudy  and  the  

sta tis tica l an a ly sis  w ere  ca rried  o u t o n  a  c ro ss  sec tio n  o f  co n secu tiv e ly  scanned  w om en. 

E very  m em b er o f  th e  so c ie ty  th e re fo re  had  an  equal chance o f  b e in g  rep resen ted .

B y fo llo w in g  th e  s tan d ard  sam p le  size  estim atio n  fo rm ula , th e  sam p le  size  fo r th is  s tudy  

cam e to  768.

W e co n sid ered  grovrth  re s tr ic ted  am ong  the  study  p o p u la tio n  w as  50% .

T hat is, p  (p rev a len ce  ra te ) =  0 .5 . W e also  co n sid ered  th e  level o f  s ig n ifican ce  5%  a t 95%  

confidence  lim it an d  th en  the  value  o f  d  (stan d ard  e rro r) = 0.05 

U sing  the  s tan d ard  sam p le  size  es tim atio n  fo rm ula  n  =  z  p  a

d^

w here  n =  n u m b er (sam p le  size),

z  =  the  standard  no rm al dev ia te , u sually  se t a t 1.96 a t 5%  leve l w h ich  co rresp o n d s to  95%  

co n fid en ce  level, 

p  =  p rev alen ce  ra te  o r a ssu m ed  targe t p roportion  = 0.5 

d  =  the  d eg ree  o f  accu racy  lev el con sid ered  as 5%  =  0.05 

q = l - p = l - 0 . 5  =  0.5 

n =  ('1.96')^ X 0.5  X 0.5 

(0.05)^

-  0 .9 6 0 4  ^  0 .0025 

= 384.16

So th e  sam p le  size  (n) =  384.

T o  co v er th e  d esig n  effec t, the  sam p le  can  be  doub led , so the  sam p le  size  in  th is  study 

=  3 8 4 x 2  =  768

S ince th is  w as a  p o p u la tio n  stu d y  to  create  no rm ative  charts  the  s tu d y  sam p le  w as  increased. 

In o rd e r to  get ex trem es o f  p ercen tiles  g rea te r size  o f  sam p le  g ives b e tte r  resu lt and  m ore
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accuracy . T h e  la rg e r the  sam p le  size  the  g reater p rec is io n  the  re su ltin g  cen tiles  w ill have. 

B ecause a tten tio n  is co n cen tra ted  o n  the  ta ils  o f  the  d is trib u tio n  (the  ex trem e  v alu es), several 

hun d red  o b serv a tio n s a re  necessary  to  get reasonab le  e s tim ates  o f  ex trem e cen tiles . B ut tim e 

constra in t is a lso  to  be  considered .

4.3b: SAMPLE SIZE AND SAMPLING TECHNIQUE TO DETERMINE THE 

ACCURACY OF ESTIMATED FETAL WEIGHT BY ULTRASOUND:

T he sam p le  size  h as  b een  d e te rm in ed  to  m easu re  a  g iv en  p ro p o rtio n  w ith  a  g iv en  d eg ree  o f  

accu racy  at a  g iv en  lev e l o f  sta tis tica l s ign ificance by  u sin g  th e  fo llo w in g  fo rm ula.

To d e term in e  th e  sam p le  size, the  fo rm u la  u sed  w as; o  -

W here,

n=  T h e  d esired  sam p le  size.

Z =  T he s tan d ard  no rm al d ev ia te , usually  set at 1.96 a t 5%  lev e l w h ich  co rresp o n d s 

to  95%  co n fid en ce  level;

The assumed target proportion is p to have a particular characteristics 

and q = 1-p, Here p = 0.05 

p - P
S u p p o s e , ---------- is the  re la tiv e  e rro r o f  estim ate , p  is to  be  to le ra ted  w ith  P , as p ro p o rtio n  in

P

the  p o p u la tio n  an d  d  is the  d eg ree  o f  accu racy  level co n sid e red  as 5% . T h e  degree  o f  

accu racy  d , w h ich  w as  assu m ed  =  0.05

P u ttin g  the  va lu es in  the  ab o v e  eq u a tio n  the sam p le  size  n  is e s tim ated  as

3 .8 4 x 0 .0 5 x 0 .9 5  ^  9 9

0 .0 5 '

So the  sam p le  size  (n ) =  73 

4.4: SAMPLE SELECTION

O nly  o n e  scan  o f  each  fe tu s w as included  in  the  study. W h en  a  p a tien t w as scan n ed  m ore 

than  once b e tw een  13 to  4 0  w eeks o f  h e r p regnancy , h e r firs t scan  w as  o n ly  included .
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A ll s tudy  su b jec ts  w ere  B engalis , re s id in g  in  D h ak a  and  th e  ad jo in in g  areas  but b e lo n g in g  to 

d iffe ren t d is tric ts  o f  B ang ladesh . C aucasians, M o n g o ls  (C h in ese , Jap an ese  an d  triba l peop le) 

an d  o th er e thn ic  g roups w ere  exc luded .

I. INCLUSION CRITERIA:

1. S u b jec ts , w h o  w ere  su re  o f  th e ir last m en stru a l p e rio d  (L M P ) dates, had  

re g u la r 28±  2  days m enstrual cy c les  and  n o  un u su al b leed ing .

2. P a tien ts  w ho  rep o rted  here  w ith  a  p rev io u s u ltra so u n d  scan  do n e  b efo re  20 

w eek s gesta tio n a l age w h ich  confirm ed  the  g esta tio n a l age w ith in  2  s tandard  

d ev ia tio n s  (7  to  lO days).

3. S in g le to n  p regnancy .

4 . N o  o ra l co n tracep tiv e  tak en  3 m o n th s p rio r to  concep tion .

II. EXCLUSION CRITERIA:

1. M aterna l m alnu trition  w ith  a  B M I o f  less th an  18.5.

2. A n y  m a jo r  m atern a l system ic  d isease  w h ich  is likely  to  affec t the  g ro w th  o f  the 

fe tu s, like  h y p erten tio n  req u irin g  trea tm en t, d iab e te s  m ellitu s , gestational 

d iab e te s , im p aired  g lucose  to lerance, and  ca rd iac  o r renal d isease ,

3. H isto ry  o f  to b acco  o r su b stan ce  abuse.

4. E thn ic  g roups like fo reigners and  tribal peop le.

5. U te rin e  an o m aly  o r large  fibro ids.

6 . B ad  o b ste tric  h isto ry .

7. C o n g en ita l fe ta l anom alies.

8 . R liesus (R h) incom patib ility .

9. O ligo  an d  po ly h y d ram n io s.

10. W h en  the  h ead  shape w as n o t op tim um .

11. U ltraso n ic  ev a lu a tio n  w as co n sid ered  in ad eq u a te  i f  an y  o f  the  fetal 

m easu rem en ts  co u ld  n o t be  ob ta in ed  and  the  p a tien t w as  ex c lu d ed  from  the 

study.
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4.5: ETHICAL CONSIDERATION

4.5a: APPROVAL

T he research  p ro toco l w as ap p ro v ed  by  the  In dependen i R ev iew  B o ard  (IR B ) and  by the 

Institu tional E th ical R esea rch  C o m m ittee  (E R C ) o f  B IR D EM .

4.5b: CONSENT

W ell in fo rm ed  w ritten  co n sen t w as ob ta in ed  from  the  p a tien ts  befo re  scan , for in c lu d in g  in 

the  study . A  co p y  o f  it is a ttach ed  in  the  append ix , page xiii.

4.5c: SAFETY

A lthough  u ltraso n o g rap h y  is in use for a  long  tim e no  ad v e rse  a ffec t h as  b een  found on the 

p atien t o r the  fe tus. So it is n o w  con sid ered  safe for clin ical use w ith  the  m o d em  m ach ines.

4.6: SOCIAL CLASS

T he socia l c lass sy stem  used  in th is s tudy  w as p repared  by the  d ep a rtm en t o f  E p idem io logy  

and  B iosta tis tics  o f  B IR D E M . It d iv ides the p o p u la tio n  in fou r c la sse s  a s  fo llow s:

P oor o r  destitu te : F am ily  ea rn in g  is m arg in a lly  low  and  s ta rv a tio n  is avo ided  by loan or 

o thers help  (re la tive , n e ig h b o u r, governm en t, N G O ).

L ow er: F am ily  ea rn in g  is ad eq u ate  for food  but no t for o th e r  p rim ary  ex p en ses  (house, 

c lo thes, hea lth ) and  are  fo rced  to  sell artic les  fo r them .

M iddle: F am ily  ea rn in g  ex c eed s  the  p rim ary  ex p en ses  an d  sav in g  en a b le s  to  bu y  land.

U pper: F am ily  ea rn in g  is at least m ore th an  d oub le  the  p rim ary  expenses.

4.7: METHODOLOGY

4 .7 a :  O n en try , all p a tien ts  underw en t a  co m p le te  fetal so n o g rap h ic  ex am in a tio n  includ ing  

m easu rem en ts o f  th e  fe ta l b iparie ta l d iam ete r (B P D ). head c ircu m fe ren ce  (H C ), fem ur length  

(PL ), and  abdom inal c ircu m feren ce  (A C ), u sing  standard  m eth o d o lo g y . M easu rem en ts  w ere 

m ade by e lec tro n ic  ca lipe rs. O n ly  one m easu rem en t w as tak en  o f  each  variable. 

M easu rem en ts w ere  reco rd ed  on  spec ifically  designed  d a ta  shee ts  an d  en tered  into a 

com pu ter a t a  la te r  date . A t the  tim e o f  d a ta  ana lysis  any  o u tly in g  va lu es w ere  rechecked  for
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tran sc rip tio n  erro rs. T h e  few  rem ain in g  ou tlie rs w ere n o t ex c lu d ed  from  the  analysis. U sing  

m easu rem en ts from  p o o r im ag es o r im ages tha t d ep ic ted  fe ta l an o m alies  w as  avo ided . T he 

estim ated  fe ta l w e ig h t (E F W ) w as com pu ted  b y  using  H adlock. an d  c o lle a g u e ’s fo rm ula 

(1985), in  g ram s. A ll the  fe ta l b io m etric  m easu rem en ts  w ere  tak en  by  the  s tu d en t h e rse lf

4.7b: DESCRIPTION OF THE INSTRUMENT & TRANSDUCER 

A ll S onograph ic  m easu rem en ts  w ere  m ade by using  rea l-tim e  U ltraso n o g rap h y  and  

e lec tron ic  ca lipe rs. U ltra so u n d  system  em ployed  w as T o sh ib a  (T o sb ee) o f  Japan , A  3.5 

m eg ah ertz  (M H z) cu rv ilin ea r tran sd u cer w as used. E lec tro n ic  track b a ll ca lip e rs  capab le  o f  

m easu rin g  up  to  1 m m  w ere  used  for all linear an d  c ircu m feren tia l m easurem ents. 

C ircum ference m easu rem en ts  w ere m ade by  ca lipers th a t o p en  to  o u tlin e  the  c ircum ference. 

T he fo rm ula  is b u ilt in to  the  u ltraso u n d  m ach ine . It is an  ap p ro x im a tio n  to  th e  circum ference 

o f  an  ellipse.

B irth  w eig h ts  o f  in fan ts  w ere  m easu red  in  gram s b y  an  an a lo g u e  ‘B ab y  sc a le ’ o f  Japan .

4.7c: PATIENT’S PREPARATION & EXAMINATION PROCEDURE

I. P A T IE N T ’S P R E P A R A T IO N :

•  N o  p rep ara tio n  w as  need ed  excep t o p tim ally  fu ll b lad d er in  ea rly  p regnancies.

II. E X A M IN A T IO N  P R O C E D U R E ;

•  P o s i t i o n  o f  P a t i e n t -

P atien t w as la id  in  a  sup ine  p o sitio n  o n  a  firm  bed . H e r ab d o m en  w as ex p o sed  u p  to  the 

sym physis  p u b is  and  gel w as ap p lied  on the  low er p art o f  h e r  ab d o m en  w h ich  w as  to  be 

scanned . T h e  tran sd u c e r w as thus coup led  to  the  ab d o m en  b y  a  co a tin g  o f  gel.

•  G a i n  S e t t i n g  -

G ain  w as  ad ju s ted  to  get th e  best po ssib le  im ages.

4.7d: RECORD

T he find ings w e re  reco rd ed  in  p red esig n ed  C ase R ecord  F orm s (C R F ). A  copy  o f  it is 

a ttached  in the  append ix .
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4.7e; TEST FOR HYPOTHESIS

C O R R E L A T IO N  C O -E F F IC IE N T  (R ) T E ST :

T h is te s t w as do n e  to  see the  d eg ree  o f  re la tio n sh ip  b e tw een  tw o  v a riab le s , w h en  one variab le  

w as d ep en d en t on  th e  o th e r, su ch  as gesta tio n al age and  B PD . T h e  q u ality  o f  the  fit o f  the 

equ a tio n  w as  m easu red  b y  the  co e ffic ien t o f  m u ltip le  co rre la tio n , R, o r b y  the  square  o f  this 

value (the  co e ffic ien t o f  d e term in a tio n , R'). T he be tte r th e  co rre la tio n , th e  c lo se r these 

coeffic ien ts  w ere  to  1. P aram eters  th a t co rre la ted  very  w ell h ad  / ? 'v a lu es  in  th e  0 .90  to  0 .99  

range. A m ong  the  cu rv es  w ith  a  h ig h  R  value , the  m ost ap p ro p ria te  o n e  w as  th e  cu rv e  w ith 

the low est o rder. A ccu racy  o f  es tim ated  fe ta l w e igh t (E F W ) w as  d e te rm in ed  b y  using  a  t-test 

fo r p a ired  tw o -sam p le  m ean s  b e tw een  H ad lo ck ’s w e ig h t s tan d a rd s  an d  the  b ir th  w eights.

4.8: OUT COME VARIABLES/ STUDY PARAMETERS

T he v ariab les  tha t w ere  stud ied  inc lu d ed  fetal b io m etric  m easu rem en ts  o f  B P D , H C , FL and 

A C . A ll m easu rem en ts  w ere  ob ta in ed  in m illim eters  (m m ). F e ta l w e ig h t w as  es tim ated  from  

H C , FL  an d  A C  m easu rem en ts . D a ta  w ere  p resen ted  as m ean  w ith  2  s tan d ard  d ev ia tio n s (±  2 

S D ) and  3̂ '*, 10̂ **, 50'*’, 9 0 ‘̂  and  97th  percen tiles  o f  th e  o b serv ed  v a lu e s  a n d  es tim ated  values. 

T h is  g ives a  95%  C o n fid en ce  In terval (C l). T h e  d a ta  w as an a ly zed  b y  p o ly n o m ia l regression  

analysis to  g ive  it th e  fo rm  o f  a  g raph  o r a  curve. T h e  fitted  m o d e ls  w ere  su p erim p o sed  on 

sca tte r d iag ram s to  see  th e ir goodness o f  fit. T h e  size  ch a rts  d e riv ed  from  these 

m easu rem en ts  re fe r  to  ex ac t p o stm en stru a l age in  w eek s an d  days. T h e  ch a rts  a re  based  on 

cross sec tional d a ta  an d  sh o u ld  be  used  on ly  fo r  a ssessin g  size. S eria l m easu rem en ts  m ay 

sh o w  in creasin g  o r d ec rea s in g  cen tile s  fo r a  fe tus o v e r tim e.

I. DEMOGRAPHIC VARIABLES:

A ge, lo ca tio n , soc io  eco n o m ic  s tra ta , p arity , heigh t, w eigh t, B M I, h em o g lo b in .

II. INDEPENDENT VARIABLES:

•  G esta tio n a l age.

•  B irth  w e ig h t o f  the  infan ts.
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T he g esta tio n a l ag e  fo r  each  fe tu s w as  ca lcu la ted  to  the  n earest 10'*’ o f  a  w eek  o n  th e  basis  o f  

the  p a tien ts  last n o rm al m en stru a l period . F o r ex am p le , i f  the  fe ta l age ca lcu la ted  o n  the  basis 

o f  the  last m enstrual p e rio d  w as  39  w eeks 3 days, it w as reco rd ed  a s  39 .4  w eeks.

III. DEPENDENT VARIABLES:

U ltraso n o g rap h ic  m easu rem en ts  o f  B PD , H C , FL , A C  and  es tim a ted  fe ta l w e ig h t (E FW ), 

a lso  F L /A C , H C /A C , F L / B P D . B PD /A C  and F L /H C  ratios.

4.8a: BIPARIETAL DIAMETER

F irst, the  lie  o f  th e  fe tu s  w as  d e te rm in ed  and  th en  the  lo n g itu d in a l ax is  found . A  strong  

m id lin e  ech o  in th e  fe ta l h ead  w as dem onstra ted . T h en  th e  tran sd u ce r w as  ro ta ted  th rough  

90° un til a  tran sv e rse  ax ia l sec tio n  o f  the  fe ta l head  w as ob ta ined . T h e  co rrec t p lane o f  

sec tion  d em o n stra ted  the  fo llo w in g  features:

a ) O val sh ap ed  h ead . T h e  ca lv a ria  w as  sm ooth  and  sym m etric  b ila te ra lly

b) F a lx  ce reb ri an te rio rly  a n d  posterio rly  on ly .

c ) T he cav u m  sep tu m  p e llu c id u m , an terio rly  in the  m id lin e  (It is an  an ech o ic  flu id  filled  box 

like  structu re , lo ca ted  an te rio r to tha lam us in  the  m id line).

d) C ho ro id  p lex u s in  th e  atrium  o f  each  lateral ventric le .

e) P a ired  T h a lam ic  n u c le i (A  d iam o n d  shaped  s tru c tu re , w h ich  is d iv id ed  eq u a lly  by  a 

h y p erech o ic  line  o r  s lit, th e  th ird  ven tric le ) (C am pbell an d  T h o m as, 1977).

B PD  is the  w id est fe ta l head  d iam eter a t rig h t ang les to  the  m id -lin e . It w as  ea s ie r  to  get th is 

sec tio n  in  o cc ip ito -tran sv erse  p o s itio n  o f  fe ta l h ead , no t p o ss ib le  in  d irec t o cc ip ito -an te rio r or 

po sterio r p o sitio n . A fte r  freez in g  the  im age, the  ca lip e rs  w ere  p o s itio n ed  in o u te r  edge o f  

near ca lv aria l w all to  in n er ed g e  o f  far ca lv aria l w all (o u te r to  in n er) o r  from  lead ing -edge to 

lead ing-edge. T h e  tran sd u ce r w as p erp en d icu lar to  th e  parie ta l bones. T h e  in stru m en t w as  set 

a t m ed ium  gain  so  the  p arie ta l bones w ere n o t m o re  than  3 m m  in  th ick n ess  (H ad lock , 1994). 

Soft tissu e  o v e r th e  skull w as not included . I f  the  fe tus w as early  fo r B P D  m easu rem en t w ith  

p ro p e r lan d m ark s, B PD  w as o b ta in ed  by  includ ing : A  sm o o th  sy m m etrica l head , v isib le 

ch o ro id  p lex u s a n d  a  w e ll d e fin ed  m id lin e  echo  th a t w as  equal d is tan ce  from  b o th  parietal 

b o n es (Jean ty  &  R o m ero , 1984).

T he u ltrasound  im age o f  the  p lan e  o f  m easu rem en t o f  B PD  is g iv en  in  the  ap p en d ix , F ig . 2.
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4.8b: HEAD CIRCUMFERENCE

T he aim  o f  the  tech n iq u e  w as to  o b ta in  a  h o rizon ta l sec tio n  o f  fe ta l h ead  w h ich  in c lu d ed  both  

the  b iparie ta l d iam e te r (co ronal p lane) and  the  o cc ip ita l- fro n ta l d iam e te r (sag g ita l p lane).

T h e  p ro ced u re  w as  id en tica l to  tha t d esc rib ed  fo r the  m easu rem en t o f  fe ta l B PD . T ransverse  

scans w ere  m ad e  so th a t a  h o rizon ta l sec tion  o f  the  fe ta l h ead  w as  o b ta in ed ; th is w as 

recogn ized  b y  the  ap p earan ce  o f  the  m id -line  echo . T he tran sd u c e r w as  ro ta ted  un til the  head 

w as ovo id  an d  th ird  v en tric le  w as  d etec ted  in th e  m id -lin e , o n e -th ird  o f  th e  d is tan ce  from  the  

syncipu t. T h is  en su red  th a t th e  o cc ip ito -fro n ta l H C  sec tio n  h ad  b een  ach ieved .

T he co rrec t p lan e  o f  sec tio n  w as th ro u g h  the  th ird  v en tric le  an d  th a lam i in  th e  cen tral 

p o sitio n  o f  the  b ra in  (a s  w ith  the B P D ), and  the  cav u m  sep ti p e llu c id i w as v isib le  in the 

an terio r p o rtio n  o f  th e  b ra in  (C am pbell and  T hom as, 1977). T h e  ca lv a riu m  w as sm o o th  and 

sym m etric  b ila te ra lly . A fte r  the  p ro p e r p lan e  o f  sec tio n  w as o b ta in ed , the  ca lip e rs  w ere 

po sitio n ed  at the  o u te r  ed g es o f  the  n ea r and  far ca lv aria l w alls . T h e  eq u ip m en t th en  a llow ed  

a  co m p u ter- gen era ted  e llip se  to  fit to  the  ca lvaria l m arg in s  o r  o p en  to  the  o u tlin e  o f  the  fetal 

head. T he e llip se  ad eq u a te ly  es tim ated  the  head  p erim e te r ev en  w h en  it w as n o t en tire ly  

im aged. T o  o b ta in  an  ac cu ra te  H C  m easu rem en t, 60%  to  70%  o f  th e  sku ll o u tlin e  shou ld  be 

d isp layed  o n  the  sc reen  (H o b b in s e t a l, 1983). It w as m ade ce rta in  tha t th e  e llip se  fitted  to 

the  ca lvarium  an d  n o t to  the  sk in  o f  the  scalp.

Fig. 3 in the  ap p en d ix  g iv es  u ltra so u n d  im age p lan e  fo r the  m easu rem en t o f  HC.

4.8c: FEMUR LENGTH

F irst the  lie  o f  th e  fe tu s w as  de term ined . T he tran sd u cer w as  th en  p laced  a t rig h t an g les  to  the 

fetal sp ine  an d  passed  d o w n  th e  fe tus to the caudal end. W h en  th e  fem u r w as located , the 

tran sd u cer w as  ro ta ted  th ro u g h  30  to  45 d eg rees  to w ard s fe ta l ab d o m en  un til th e  fu ll length  

o f  th e  fem o ra l d iap h y sis  w as  ob ta ined . B o th  ends o f  the  fe m u r w e re  c lea rly  v isua lized  and  

the  gain w as reduced . T h e  tran sd u ce r w as th en  a lig n ed  a lo n g  the  lo n g  ax is  o f  the  bone , w ith  

the  beam  ex ac tly  p e rp en d icu la r  to  the shaft. T h e  m easu red  en d s  o f  the  b o n e  w ere b lu n t and  

no t po in ted . B o th  the  so ft tissu e s  o f  th e  bu tto ck  and  knee jo in t  sh o u ld  be  seen , w h ich  avoids 

tangen tial sec tio n  o f  the  bone. W h en  a  c lea r im age o f  the  fem u r w as  o b ta in ed , the  im age w as 

frozen  and  w ith  m u ltid irec tio n a l e lec tro n ic  ca lipe rs, the  ca lc ified  p o rtio n  w as m easured . 

U n d er estim atio n  m ay  re su h  from  a  tangen tia l sec tio n  o r in co rrec t p lan e  o rien ta tio n  and  not
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o b tain ing  the  fu ll len g th  o f  the  bone. O ver m easu rem en t co u ld  be cau sed  by su perim position  

o f  the  o ss ifica tio n  cen te rs  o f  the  ileum  o r isch ium  o r i f  the  k n ee  w as sem i-flex ed  by tib io 

fib u lar co m p lex , o r  i f  the  head  o r d ista l ep ip h y sis  w as in c lu d ed  o r  b y  h ig h  g a in  se tting , w hen  

th e  bo n e  got th ick en ed . T h e  a im  w as a  fem u r w h ich  w as  fin e ly  o u tlin ed  an d  had  c lear-cu t 

ends. D iag n o stic  u ltra so u n d  im ages, the  ca lc ified  p o rtio n  o f  th e  b o n e  (p rim ary  o ssifica tio n  

cen te rs) from  th e  p ro x im al to  d is ta l m etaphysis. O nly  the  o ss ified  p o rtio n s  o f  the  d iaphyses 

and  m etap h y sis  w e re  m easu red . T h e  ca rtilag in o u s en d s  o f  th e  fem u r w ere  ex c lu d ed  (O ’B rien 

e t al, 1981). A fte r 32 w eek s , the d ista l fem ora! ep ip h y sis  w as  v isu a lized  bu t no t inc lu d ed  in 

the  m easu rem en t. T he m easu rem en ts  also  d id  n o t in c lu d e  artifac tu a l ech o es such  as the 

‘d ista l fem oral p o in t ',  w h ich  w ere  ech o es from  cartilag inous m ate ria l b ey o n d  the  ends o f  the 

d iaphyses. In c lu d in g  it s ig n ifican tly  o v e r m easu red  the  fem ur. F em u r w as  m easu red  from  the 

m ajo r tro ch an ter; fem o ra l head  w as no t taken  in to  acco u n t ev en  w h e n  it w as  v isib le . O n ly  the 

leng th  o f  d iap h y sis , w h ich  ca s te  aco u stic  shadow , w as m easu red . M ild  b o w in g  o f  the  fem u r 

w as  o b serv ed  from  ab o u t 18 w eek s gesta tion  (Q u een an  e t a l, 1980). A  s tra ig h t m easu rem en t 

from  o n e  end  o f  th e  d iap h y ses  to  th e  o th e r w as m ad e, d is reg a rd in g  th e  cu rvatu re .

F ig . 4 , in  the  ap p en d ix , g iv es  u ltrasound  im age p lan e  fo r  th e  m easu rem en t o f  FL.

4.8d: ABDOMINAL CIRCUMFERENCE

Fetal ab d o m in a l c ircu m feren ce  (A C ) w as m easu red  a t the  p o sitio n  w h ere  the  transverse  

d iam ete r o f  the  liv e r  w as  the  g reatest. T h is  w as d e te rm in ed  so n o g rap h ica lly  a s  the  position  

w here the  rig h t an d  le ft p o rta l v e in s  w ere  con tinuous w ith  one ano ther. S om e re fe r to  th is 

ana tom ic co n flu en ce  o f  the  in trahepatic  porta l ve ins as ‘the  h o ck ey  s tic k ’, o r  J-shape. 

S econd , the  ap p ea ran ce  o f  th e  lo w er rib s w as sym m etric . F in a lly , the  sh o rtes t leng th  o f  the 

um bilica l seg m en t o f  the  left p o rta l v e in  w as dep ic ted , w ith  the  fe ta l s to m ach  rep resen tin g  a  

secondary  lan d m ark  (H ad lo ck , 1994). A fte r th is  p lan e  o f  sec tio n  w as  fro zen  o n  th e  screen, 

the  e llip se  w as  fitted  to  th e  o u ter sk in  edge. I f  the  e llip se  m arg in  w as  m is tak en ly  fitted  to  the 

rib , it w o u ld  s ig n ifican tly  u n d er m easu re  the  A C  and have an  e ffec t o n  th e  w e ig h t estim ate. 

E x cessiv e  p ressu re  w ith  the  tran sd u cer w as avo ided  b ecau se  it d is to rted  the  shape o f  the 

abdom en . T he fe ta l A C  w as  m easu red  o n  a transverse  sec tio n  th ro u g h  the  fe ta l ab d o m en  as 

described  b y  C am pbell and  W ilk in  (1975). A  sec tio n  w h ich  w as  a s  c lo se  as possib le  to 

c ircu la r w as  o b ta in ed , tak in g  ca re  to  iden tify  the  sp ine  and  d escen d in g  ao rta  po sterio rly  and
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the  s tom ach  b ubb le  in  th e  sam e p lane. I f  th e  k id n ey s w ere  p resen t, the  sec tio n  w as  to o  low  or 

an g led  im p ro p erly  (S an d e rs , 1984), so it w as correc ted .

T h is c ircu m feren ce  co u ld  be  traced  along  its o u ter m arg in  w ith  a  m ap  m easu re r o r  e lec tron ic  

d ig itizer, o r  b y  u sin g  the  an te rio -p o ste rio r and  transverse  d iam ete rs  m easu red  o u te r to  outer. 

In th is  s tu d y  the  la te r m e th o d  w as  used , in w h ich  e lec tron ic  e llip se  ca lip e rs  th a t opened  to  the 

o u tlin e , m easu red  the  p erim e te r o f  the  fe ta l abdom en . M o st o f  th e  m o d ern  g en e ra tio n  o f  

u ltraso u n d  m ach in es  u se  th is  m ethod . W ith  th is  facility  the  c ircu m feren ce  w as  d eriv ed  from  

the  tw o  m ax im u m  d iam ete rs  o f  the  ellipse.

F ig  5, in  the  ap p en d ix , g ives u ltrasound  im age p lane fo r the  m easu rem en t o f  AC.

4.7e: ESTIMATED FETAL WEIGHT

T he fe ta l w e ig h t w as  e s tim ated  at d iffe ren t s tages o f  gesta tio n , an d  a  ch a rt w as  p repared  to 

o b ta in  g ro w th  p ro file  o f  the  p ren ata l stage. T h e  es tim ated  fetal w e ig h t w as  co m p u ted  a t the 

tim e o f  u ltraso u n d  scan  by  u s in g  the  fo rm ula  based  on  m easu rem en ts  o f  h ead  c ircum ference , 

fem ur leng th  and  ab d o m in a l c ircu m feren ce  in co m b in a tio n  (H ad lo ck  e t a l. 1985).

T he d a ta  th u s  co llec ted  w as  an a ly zed  by  reg ressio n  an a ly sis  to  co n stru c t p red ic tiv e  cu rv es  for 

fe ta l w eight. T he m o d el w as su p erim p o sed  o n  a  sca tte r d iag ram  to  see  its  go o d n ess o f  fit.

4.8f: RATIOS DETERMINED

T ab les  and  g rap h s o f  th e  m ean  and  95 p ercen t co n fid en ce  lim its  o f  the  fo llo w in g  fetal ra tios 

w ere p repared .

a. F em ur len g th / A b d o m in a l c ircu m feren ce  (F L /A C ).

b . H ead  c ircu m fe ren ce / A b d o m in a l c ircum ference  (H C /A C ).

c. F em ur len g th / B ip a rie ta l d iam e te r (F L / B PD ).

d. B iparietal d iam e te r/ A b d o m in a l c ircum ference  (B P D /A C ).

e. F em ur len g th / H ead  c ircu m feren ce  (F L /H C ).

4.8g: ESTIMATED FETAL WEIGHT ACCURACY

E stim ated  fe ta l w e ig h ts  (E F W ) w ere  exp ressed  in  g ram s. C a lcu la ted  e s tim a ted  fe ta l w e igh ts 

w ere  co m p ared  w ith  b ir th  w e ig h ts  o f  the  in fan ts to  d e te rm in e  the  accu racy  o f  th is  m ethod  o f  

estim ation . E F W  w ere  d eriv ed  from  m easu rem en ts o f  H C , FL  an d  A C . O nce  inc lu d ed  in the
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study , no p a tien t w as  ex c lu d ed  la te r on. A fte r co llec tin g  the  b irth  w e ig h ts  o f  th e  fe tuses 

de liv ered  w ith in  72 h o u rs  o f  the  last u ltrasound  scan , the  co m p ariso n  w as  m ad e . A d justm en t 

for days w as  n o t m ade. T h e  in fan ts ' b irth  w eig h ts  w ere o b ta in ed  w ith in  h a l f  h o u r o f  delivery  

and  w ere  m easu red  on an  ana logue  scale . T h e  b irth  w eig h ts  w e re  co llec ted  from  the  labor 

room  o f  O b ste trics  &  G y n eco lo g y  d ep a rtm en t o f  B IR D E M  H o sp ita l. P a ired  t  te s t w as  used 

for co m p ariso n  o f  th e  m ean  E F W  an d  b irth  w e ig h t in the  p o p u la tio n  exam ined .

4.9: PROCEDURE OF DATA COLLECTION

DATA COLLECTION INSTRUMENT:

a. Q uestionnaires:

P red esig n ed  s tru c tu red  q u estio n n a ire  w ere  used . It h ad  sec tio n s  o n - h istory , 

so c io eco n o m ic  s tra ta  and  clin ical in fo rm ation .

b. C ase  reco rd  fo rm s (C R F )/ O b ste tric  U ltrasound  report.

T h ese  fo rm s w ere  filled  up  a fte r all th e  fo u r basic  m easu rem en ts  w e re  tak en  by 

u ltraso u n d  scan  an d  th e  fe ta l w eigh ts w ere  d ed u ced  by th e  m ach ine .

Q uestionnaires an d  C R F  w ere  used  to  co llec t in fo rm atio n  an d  fo r reco rd in g  th e  find ings. To 

d e term in e  the  n u tritio n a l s ta te  o f  the  patien t. B ody  m ass in d ex  (B M I) w as  ca lcu la ted  by 

d iv id ing  m aternal w e ig h t in the  first trim ester in  kg by  square  o f  h e r  h e ig h t in m eter. A  BM I 

o f  18,5 w as  tak en  as the  cut-ofT  p o in t o f  ch ro n ic  en e rg y  d e fic ien cy  (W H O , 2 0 0 3 ). Fetuses 

w ere  ex c lu d ed  i f  th e  p reg n an cy  w as ex p o sed  to  factors k n o w n  to  in flu en ce  fe ta l g row th 

p atho log ically . H is to ry  w as  tak en  an d  p hysical ex am in a tio n  w as  do n e  b y  th e  stu d en t h e rs e lf  

T h en  in fo rm ed  co n sen t w as  ob ta in ed  and  u ltraso u n d  scan  w as  done. F eta l B io m etry  an d  fetal 

w eigh ts w ere  d e te rm in ed  b y  U ltraso n o g rap h ic  m easu rem en ts . T h e  fo llo w in g  m easurem ents 

w ere carried  ou t: b iparie ta l d iam eter, h ead  c ircu m feren ce , fem u r len g th  an d  abdom inal 

c ircum ference . T h e  m easu rem en ts  w e re  tak en  acco rd in g  to  s tan d ard  tech n iq u es  and  w ere 

carried  o u t by  th e  stu d en t herself.
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4.10: PROCEDURE OF DATA ANALYSIS (STATISTICAL ANALYSIS)

S ta tis tica l an a ly sis  w as ca rried  o u t w itli S ta tistica l p ack ag e  fo r S ocial S c ien ce  (S P S S ) for 

W indow s (v e rs io n l2 , SPS S  Inc.); E xcel (O ffice  p rem iu m  2 0 0 0 , M icro so ft C o rp o ra tio n ) w as 

used  to  fit seco n d  o rd e r cu rv es  th ro u g h  the  se lec ted  d a ta  p o in ts  an d  to  p lo t g raphs.

T he m ean  an d  cen tile s  w ere  es tim ated  a fte r p o ly n o m ia l reg ress io n  (c u b ic  o r  quadra tic ) 

m odels  w ere  fitted  fo r m ean  an d  standard  d ev ia tio n  (S D ) sep a ra te ly  a s  fu n c tio n s o f  

gestational age in  ex ac t w eek s from  last m enstrual period . R efe ren ce  cen tile s  sh o u ld  change 

sm ooth ly  w ith  g esta tio n , an d  th ey  shou ld  be a  good  fit to  the  data . H ere  in  a lm o st a ll cases 

the  linear-cub ic  m o d el g av e  an  exce llen t fit to  the  m ean. F o r all s im p le  m easu rem en ts  th e  SD  

increased  in  a  lin ear fash ion . T h e  percen tiles , m ean  an d  th e  2 S D  w ere  ca lcu la ted  fo r  B PD , 

H C , FL  an d  A C  from  13 to  4 0  w eek s o f  g esta tio n  based  o n  the  a ssu m p tio n  th a t a t each 

gesta tional age  th e  m easu rem en ts  had  a  norm al d istribu tion . T he re la tio n sh ip  b e tw een  the 

m ean  o f  each  m easu rem en t an d  gesta tional age w as  m o d e led  by  frac tio n a l p o ly n o m ia l. T he 

sta tis tica l m eth o d s  used  w ere as d esc rib ed  by A ltm an  an d  g av e  p ro p e r a tten tio n  to  the 

ch an g in g  v ariab ility  w ith  increasing  gesta tio n a l age and  the  g o o d n ess  o f  fit o f  the  m odels 

o b ta in ed  w as ca re fu lly  assessed  (A ltm an  and  C h itty  1994). T h e  co rre la tio n  coeffic ien t 

b e tw een  a  d ep en d en t v a riab le , h e re  B PD , H C , FL  an d  A C , its e s tim a te  w as  ca lcu la ted  from  

po lynom ia l o r  cu rv ilin ea r reg ressio n . T h is  co e ffic ien t o f  co rre la tio n  is  k n o w n  as the 

co effic ien t o f  m u ltip le  co rre la tio n s, deno ted  b y  R^. T h e  la rg e r v a lu e  o f  in d ica tes  a  c loser 

ag reem en t o r re la tio n sh ip  b e tw een  the  dependen t and  in d ep en d en t v ariab le . T h e  variab ility  

w as ex p ressed  a s  ± 2 S D , w h ich  sh o u ld  be ap p licab le  to  9 5 %  o f  the  fe tu ses  in  a  norm al 

popu lation . 5 %  o f  th e  tim e es tim a tes  w ere  o u ts id e  th is  range.

1. M odeling  the  m ean :

T he m ean  w as  m o d e led  by fitting  a  po lynom ia l reg ressio n  m o d el to  the  ra w  data . A  quadratic  

o r cub ic  cu rv e  g av e  a  g o o d  fit to  the  data. T he linear- cu b ic  m o d el, g iv en  by,

Y = b Q  + h \ X + b 2 X ^ ,  w here  X  is gesta tio n al age an d  Y  is the  m easu rem en t, seem ed  to 

w o rk  w ell. T h e  m odel ch o sen  w as  the  sim p lest tha t g av e  a  g o o d  fit to  th e  data.

2 . C alcu la tin g  res id u a ls : T h e  d iffe ren ces  o r  res id u a ls  b e tw een  th e  o b se rv ed  va lu es and  the 

fitted  line w ere  ca lcu la ted . T h e  res id u a ls  w ere  p lo tted  ag a in st g esta tio n a l age to  show  i f  and 

how  the  v ariab ility  ch an g es w ith  gestation .
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3. M odeling  the  variab ility :

T lie s tandard  d ev ia tio n  vvas also  m od eled  as a fu n c tio n  o f  gesta tion . P o ly n o m ial reg ression  

w as  u sed  to  m o d el th e  S D  as  a  func tion  o f  gestation . SD  w as u sed  fo r each  co m p le ted  w eek  

o f  g esta tio n , w h ich  w as reg ressed  o n  the  m ean  age in  each  g roup . T h e  v a lu e s  ± 2 S D  w ere 

su perim posed  o n  th e  re sid u a l p lo t to  see h o w  w ell the  S D  h as b een  m odeled . T he reg ression  

analysis to  es tim ate  th e  m ean  stric tly  to o k  into acco u n t o f  any  in c rease  in  SD  w ith  gestation .

4. C h eck in g  th e  g o o d n ess  o f  fit o f  the  m odels:

T he s tan d ard  ap p ro ach  to  a ssessin g  the  goodness o f  fit o f  a  reg ress io n  m odel is to  ca lcu la te  

the  sta tis tic  R^, w h ich  rep resen ts  the  p ro p o rtio n  o f  v ariab ility  in  the  d a ta  ex p la in ed  by the  

m odel.

5. D eriv in g  th e  cen tiles:

A fte r th e  req u ired  cen tiles  h av e  b een  ca lcu la ted  th ey  w e re  su p e rim p o sed  o n  a  sca tte r d iagram  

o f  the o b serv a tio n s as a  final check  o f  the  fit. 10^^, 50*'', 90'*’ an d  97'^ cen tiles  w ere 

derived  fo r the  m easu rem en ts . S ta tistica l m eth o d s w ere  used  w h ich  g av e  p ro p e r atten tion  to 

the  ch an g in g  v ariab ility  w ith  in creasin g  gesta tion  (A ltm an  an d  C h itty , 1994).

6 . E stim ated  fe ta l w eigh t:

R eg ressio n  an a ly sis  w as  used  to  eva lua te  the  re la tio n sh ip  b e tw een  E F W  in  g ram s and 

m enstrual age  in  w eek s. T h e  m o d e ls  te s ted  inc lu d ed  bo th  log  an d  n o n -lo g  fu n c tio n s o f  E F W  

on m enstrual age , m en stru a l age squared , and  m enstrual age  cubed . T o  be inc lu d ed  in the 

equa tion , the  co e ffic ien t fo r each  variab le  had to  be s ta tis tica lly  s ig n ific an t a t th e  0.5 level. 

T h e  op tim a l m o d el w as  ch o sen  o n  th e  basis  o f  the  largest co e ffic ien t o f  d e te rm in a tio n  (R^) 

an d  the sm alles t SD  and  by  in sp ec tio n  o f  the  residuals  fo r u n ifo n n ity  o f  variance. T h is  m odel 

w as used to  ca lcu la te  p red ic ted  norm al w eigh t v a lu es  b e tw een  13 an d  40w . A  log 

tran sfo rm atio n  red u ced  h e tero se lasric ity  o f  the  E FW . A n  ad d iu o n a l advan tage  o f  th e  log 

transfo rm ation  w as  th a t the  slope  coeffic ien t m easu red  the  e la s tic ity  o f  d ep en d en t w ith  

respect to  in d ep en d en t, th a t is, the  p ercen tag e  ch an g e  in  d ep en d en t fo r  a  p e rcen tag e  ch an g e  in 

independen t. D iffe ren ce  w ere  con sid ered  statisrically  sig n ifican t i f  p <  0 .05 a n d p <  0 .001.

7. C o m p ariso n  s tu d y  o f  E F W  w ith  B irth  w eight;

Paired  t- te s t w as  u sed  to  com p are  E F W  an d  b irth  w e ig h t to  d e te rm in e  th e  accu racy  o f  EFW , 

M ean  v a lu es  an d  ± S D  w ere  ca lcu la ted . (M ultip le ) reg ressio n  an a ly s is  an d  S tu d e n t 's  paired  / 

te s t w as used  fo r s ta tis tica l analysis.
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OBSERVATIONS AND RESULTS

In  1223 g rav id  w o m en  all th e  so n o g rap h ic  m easu rem en ts  w ere  p o ss ib le  an d  the  c rite ria  

satisfied , to  be in c lu d ed  in  the  study. 73 in fan ts  w ere  a lso  in c lu d ed  fo r  accu racy  study  o f  

e s tim ated  fe ta l w e ig h t. T h e  d em o g rap h ic  ch a rac te ris tic s  o f  the  s tu d y  p o p u la tio n  w ere  as 

fo llow s. V a riab les  a re  sh o w n  as 95%  co n fid en ce  in terval (C l).

M ean  m atern a l age  w as  26 .95  (± 4 .49 ) w ith  a  m in im u m  age o f  17 an d  m ax im u m  age o f  40 

y ears; 93 .9 %  p a tien ts  w e re  b e tw een  2 0  to  35 years  age. It w as  p red o m in an tly  a  m id d le  class 

po p u la tio n , as p o o r/ d es titu te  p a tien ts  do no t go to  th e  d o cto rs  o r h o sp ita ls  fo r an tena ta l care 

in  ou r coun try . 9 6 .9 %  w ere  from  m id d le  class, 0 .8%  b e lo n g ed  to  lo w er c la ss  and  2 .3 %  w ere 

from  u p p e r c lass. 9 3 .6 %  w ere  from  u rban  and  6 .4%  from  ru ra l areas. 54 .7 %  w ere  p rim ipara  

and 45 .3 %  w ere  m u ltip a ra . M ean  p arity  w as 0 .6  (± 0 .78). 32 .8  %  w ere  p ara  one, 10.9%  w ere 

o f  p a ra  tw o , 1%  w ere  o f  p a ra  th ree , 0 .3%  w ere  o f  p a ra  fo u r an d  0 .3  %  w ere  o f  p a ra  five. 

B ody  m ass  in d ex  (B M I) w as  used  to  d e term in e  th e  n u tritio n a l sta tu s. 18.5 w as taken  as the 

c u to ff  value  (W H O , 2 0 0 3 ). M ean  B M I w as  found  to  be  23 .67  (± 3 .4 ) (9 5 %  C l o f  18.7-31.2). 

M ean  m a te rn a l h e ig h t w as  156.73 (± 5 .1 )cm  (95%  C l o f  148-167) an d  m ean  m aternal w e igh t 

in the  f irs t tr im es te r  w as  57 .92  (± 9 .2 )k g  (95%  C l o f  43 .8 -78 ). M ean  h em o g lo b in  p e rcen t w as

11.13 (± 1 .0 8 )g /d l (9 5 %  C l o f  9-13).

P aram eters M ean SD R ange 95%C1

M atern a l age(y r) 26.95 4.49 17-40 20-36

M at. H e ig h t (cm ) 155.3 5.11 146-173 148-167

M at. W eig h t (K g) 56.2 9.2 40-90 4 3 .8 -78

B M I 23.67 3.40 18.5-37 1 8 .7 -3 1 .2

H em o g lo b in (g /d l) 11.13 1,079 8-14.1 9-13

P arity 0 . 6 0.78 0-5 0 - 2
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N o m o g ram s co m p ris in g  the  th ird , ten th , fiftie th , n in e tie th  an d  n in e ty -sev en th  cen tiles , 

co v e rin g  the  p e rio d  o f  g esta tio n  from  13 to  40 w eeks, w ere  co n stru c ted  from  all o f  the 

m easu rem en ts  d a ta  fo r  each  o f  th e  5 ind iv idua l param eters: b ip arie ta l d iam e te r (B P D ), head 

c ircu m feren ce  (H C ), fem u r leng th  (F L ), abdom inal c ircu m feren ce  (A C ), an d  e s tim a ted  fetal 

w e igh t (E F W ). It co v e red  9 5 %  o f  the  popu lation . G rap h  1, g ives th e  p a rity  o f  th e  p a tien ts  and 

G raph  2 , g ives th e  sam p le  size  an d  its  d is trib u tio n  in  each  w eek  from  13 to  40  w eeks 

gesta tional age . In  th e  p re sen t s tu d y  the  sex  o f  the  fe tu s w as n o t co n sid ered . 

PERCENTILES FOR SIZE

R esu lts  w ere ex p ressed  a s  3 '“’, 10'^, 50 ‘̂ , 90'*' an d  9 7 “'' p e rcen tiles , m ean  and  2  standard  

dev ia tions (S D ) o f  o b se rv ed  data . T h en  the  m ean  w as e s tim ated  b y  re g ress io n  analysis  and  

linear, q u ad ra tic  o r cu b ic  m o d e ls  w ere  fitted  based  o n  P o ly n o m ia l re g ress io n  m odels w ere 

fitted  sep a ra te ly  to  the  m ean  an d  S D  as a  fu n c tio n  o f  g esta tio n a l age . L in ea r cub ic  and  

quadratic  m o d e ls  g av e  ex ce llen t fit to  the  m ean.

S catter d iag ram s w ith  s tan d ard  d ev ia tio n s  w ere  used  to  co m p are  b e tw een  o b serv ed  and  fitted  

3"^, iÔ *', 5 0 '\  90“’ an d  9 ? “’ cen tiles  p lo tted  in  g raph . F o r  B P D , H C , F L , and  A C  

m easu rem en ts lin ear- cu b ic  an d  qu ad ra tic  m odels w ere fitted  to  th e  m ean  an d  lin ea r m odels 

to  the  SD . A ll th e  m o d e ls  w ere  ex ce llen t fits  to  the  data. T h e  o b se rv ed  m ean , 2 S D  and  

cen tiles  fo r ex ac t w eek s  o f  g esta tio n  are  show n  in  T ab les  I, III, V , V II, IX  and  the  estim ated  

m ean , 2 S D  an d  cen tiles  fo r  exac t w eeks o f  gesta tion  are sh o w n  in  T ab le s  II, IV , V I, V III, X. 

M odels th a t w ere  fitted  are  g iv en  in the  appendix .

G raphs 3 , 5, 7, 9 , 11 sh o w  th e  raw  d a ta  fo r each  p a ram ete r’s m easu rem en ts  w ith  th e  3'* ,̂ 10“’, 

50'^, 9 0 “’ and  9 7 “* p e rcen tile  cu rv es  superim posed . G rap h s 4, 6 , 8 , 10, 12, sh o w  the  p lo ts  o f  

the  stan d ard ized  re s id u a ls  ag a in s t gestation . T he p lo ts  sh o w  th a t th e  d a ta  m eets  the 

assum ptions w ell. S im ila rly  T ab les  X I, X III, X V , X V II, X IX  g iv e  o b se rv ed  cen tile  va lues o f  

the  5 ra tio s  an d  T ab le s  X II, X IV , X V I, X V III, X X  g ive e s tim ated  3 '^  10’̂  50"^, 90"' an d  9l'*' 

cen tiles , m ean  and  2 S D  p rep a red  by  reg ressio n  an a ly sis  o f  the  5 ra tio s. G rap h s 13 to  22 w ere 

co n stru c ted  to  sh o w  th e  p e rcen tile  cu rves fitted  o n  the  sca tte r d iag ram  o f  th e  raw  d a ta  o f  the 

5 ra tio s  and  s tan d ard  d ev ia tio n  scores. F ina lly  tab le s  X X I, X X II an d  g ra p h  23 , a re  p resen ted  

to  show  the  accu racy  o f  E F W . A ll the  reg ressio n  eq u a tio n s  a re  g iv en  in  th e  A ppend ix .
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p arity

parity

G raph  1: P arity  o f  p a tien ts  in  percentage. R an g e  0  to  5

Sample size

Distribution of observations in each week

Std. Dev = 7.59 

Mean = 28.1 

N = 1223.00

■o -0 O O 0 o o o o o o -o -o -o

G e a s ta t io n a l a g e  (w e e k s )

G raph  2: D istribu tion  o f  da ta  in  each w eek  o f  gestation .
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5.1: BIPARIETAL DIAMETER

T ab le  I sh o w s su m m ary  o f  m easu rem en ts  o f  fe ta l b iparie ta l d iam e te r (B P D ) (m m ) as a 

func tion  o f  g esta tio n a l age. It g ives th e  o bserved  values. T o ta l n u m b er o f  p a tien ts  w as  1223. 

T he tab le  g ives the  n u m b er o f  observ atio n s  in each  w eek , from  13 to  4 0  w eek s gesta tional 

age and  3^‘', lO"', 50'^, 9 0 ‘̂  an d  97"' percen tiles  o f  b ip arie ta l d iam e te r a t  each  w eek  o f  

gestation . It a lso  g ives th e  m ean  an d  2 s tan d ard  d ev ia tio n s (± 2 S D ) o f  th e  o b serv ed  values. At 

13 w eeks g esta tio n a l age m ean  B P D  w as 2 3m m  (±  3m m ) (2S D ), a t 36  w eek s it w as  8 6 .8 m m  

(8 .3 m m ) an d  a t 4 0  w eek s  it w as  9 1 m m  (±  6 m m ). T ab le  II sh o w s th e  f itted  3 '“’, 10*, 5 0 '^  90* 

an d  9 7*  p ercen tiles  o f  fe ta l b iparie ta l d iam ete r (m m ) w ith  95%  co n fid en ce  in terva l (C l), It 

also  g ives e s tim ated  m ean  an d  2  standard  d ev ia tio n s (2 S D ) o f  the  data . A t 13 w eeks 

gesta tio n a l age m ean  B P D  w as 2 4m m  (±  4m m ) (2S D ), a t 36  w eek s  it w as  88 .1m m  (±  7m m ) 

an d  at 40  w eek s it w as  9 2 m m  (±  8 m m ). T he co e ffic ien t o f  m u ltip le  co rre la tio n  =  0 .977 

(p< .001), w h ich  in d ica tes  a  good  co rre la tio n  b e tw een  the  tw o  variab les.

T here  w as  g radual in crease  o f  2 s tan d ard  d ev ia tio n s to w ard s te rm , from  4 m m  to  8 m m .

G raph  3 sh o w s ra w  d a ta  fo r  b ip arie ta l d iam ete r w ith  fitted  3̂ *̂, 10*, 50* , 9 0*  an d  9 7 *  centile 

cu rves su p e rim p o sed  o n  it and  in  G raph  4, the  v a lu es  ± 2  s tan d ard  d ev ia tio n s  are 

su p erim p o sed  o n  th e  re sid u a l p lo t to see h o w  w ell th e  s tan d ard  d ev ia tio n  h as  b een  m odeled . 

P lo t o f  s tan d ard  d ev ia tio n  sco re  (stan d ard ized  resid u a ls) ag a in st g esta tio n a l age  fo r b iparie ta l 

d iam eter, sh o w s ex p e c ted  2  s tan d ard  dev iations.
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Summary o f measurement o f Fetal Biparietal diam eter (observed)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th

Mean
(mm)

2SD
(mm)

13 15 20.3 21.3 23.3 25.3 26,3 23.3 3.2
14 27 22.9 24.1 26.6 29.1 30,3 26.6 3.9
15 32 25,8 27,1 30.0 32.9 34,2 30.0 4.5
16 34 28.3 30,1 34.0 37.9 39,7 34.0 6.1
17 27 33.3 34,6 37.4 40.2 41,5 37.4 4.4
18 42 36.4 37,9 41.1 44.3 45.8 41.1 5.0
19 34 39.7 41.1 44.1 47.1 48.5 44.1 4.7
20 38 42.6 44.0 47.1 50.2 51.6 47.1 4.8
21 43 45.3 46.7 49.8 52.9 54,3 49.8 4.8
22 45 48.5 49.9 52,8 55.7 57,1 52.8 4.6
23 39 51,5 52.9 56,0 59.1 60,5 56.0 4.8
24 36 53.1 55.0 59,1 63.2 65,1 59.1 6.4
25 42 57,0 58.6 62.1 65,6 67,2 62.1 5.4
26 46 59,6 61.3 65.1 68,9 70,6 65.1 5.9
27 44 51,2 63.1 67.3 71.5 73,4 67.3 6.5
28 49 64,2 66.1 70.2 74,3 76,2 70.2 6.4
29 50 67.5 69.3 73.0 76,7 78,5 73.0 5.8
30 51 69.9 71.7 75.6 79,5 81,3 75.6 6.1
31 52 70.9 73.1 77,6 82,1 84.3 77.6 7.1
32 50 73.5 75.5 79.8 84.1 86.1 79.8 6.7
33 55 77.3 78.9 82,4 85,9 87.5 82.4 5.4
34 56 79.4 81.2 84,9 88.6 90,4 84.9 5.8
35 59 79.7 81.7 86.1 90.5 92,5 86.1 6.8
36 57 79.0 81.5 86.8 92.1 94.6 86.8 8.3
37 54 81.4 83.7 88.6 93.5 95,8 88.6 7.7
38 56 82.5 84.6 89.0 93.4 95,5 89.0 6.9
39 55 82,4 84.8 89.9 95.0 97,4 89.9 8,0
40 35 84.9 86 7 90.7 94.7 96.5 90.7 6.2

T ab le  I: S u m m ary  o f  m easu rem en ts  o f  fe ta l b iparie ta l d iam e te r (m m ).O b serv ed  values. 

T o ta l ( n ) =  1223.
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Fitted Centiles o f Fetal Biparietal diam eter (estimated)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th

Mean
(mm)

2SD
(mm)

13 15 21.2 22.2 24.2 26.2 27.2 24.2 4.1
14 27 23.5 24.7 27.2 29.7 30.9 27.2 4,2
15 32 26.1 27.4 30.3 33.2 34.5 30.3 4.3
16 34 28.1 29.9 33.8 37.7 39.5 33.8 4.5
17 27 33.4 34.7 37.5 40.3 41.6 37.5 4.6
18 42 35.6 37.1 40,3 43.5 45.0 40.3 4 .7
19 34 39.3 40.7 43.7 46.7 48.1 43.7 4,9
20 38 42.1 43.5 46.6 49.7 51.1 46.6 5.0
21 43 45.7 47.1 50,2 53.3 54.7 50.2 5.1
22 45 49.0 50,4 53,3 56.2 57.6 53.3 5.2
23 39 52.2 53.6 56.7 59.8 61.2 56.7 5.4
24 36 53.6 55.5 59.6 63.7 65.6 59.6 5.5
25 42 57.5 59.1 62.6 66.1 67.7 62.6 5.6
26 46 60.1 61.8 65.6 69,4 71.1 65.6 5.7
27 44 62.1 64.0 68.2 72.4 74.3 68.2 5.9
28 49 64.9 66.8 70.9 75.0 76.9 70.9 6 .0

29 50 68.2 70.0 73.7 77.4 79.2 73.7 6.1

30 51 70.6 72.4 76.3 80.2 82.0 76.3 6.3
31 52 71.8 74.0 78.5 83.0 85.2 78.5 6.4
32 50 74.5 76.5 80,8 85.1 87.1 80.8 6.5
33 55 77.6 79.2 82.7 86.2 87.8 82.7 6 .6

34 56 79.4 81.2 84.9 88.6 90.4 84.9 6.8
35 59 80.2 82.2 86.6 91.0 93.0 86.6 6,9
36 57 80.3 82.8 88.1 93.4 95.9 88,1 7.0
37 54 82.2 84.5 89.4 94.3 96,6 89.4 7.1
38 56 84.0 86,1 90.5 94,9 97.0 90.5 7.3
39 55 84.0 86.4 91.5 96.6 99.0 91.5 7.4
40 35 86.5 88.3 92.3 96.3 98.1 92.3 7.5

T ab le  II; F itted  p e rcen tile s  o f  fe ta l b iparie ta l d iam e te r (m m ). E stim a ted  values.
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G raph  3: R aw  d a ta  fo r b ip a rie ta l d iam ete r w ith  fitted  50'*', 90'^’ an d  97'^ percen tiles.

20 30

L e n g th  o f  g a ta t io n  (w eeks)

Graph 4: A ssessm ent o f  goodness o f  fit o f  m odel for fetal biparietal diam eter. Plot o f

standard deviation score against gestational age, show ing expected 2SD.
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T ab le  111 sh o w s su m m ary  o f  m easu rem en ts  o f  fe ta l head  c ircu m fe ren ce  (H C ) (m m ). It g ives 

the  observed  v alues. A  to ta l o f  1223 observ a tio n s  w ere  m ad e. 3'”'̂ , 10 '’’, 5 0 '“’, 90**̂  an d  97* 

p ercen tiles  an d  th e  m e a n  an d  ± 2  s tan d ard  d ev ia tio n s  (2 S D ) o f  h ea d  c ircu m feren ce  a t each 

w eek  o f  g esta tio n  w e re  ca lcu la ted  from  the  ra w  data . A t 13 w eek s g esta tio n a l age  m ean  head  

c ircu m feren ce  w as 8 6 .1 m m  (±  12m m ) (2S D ), at 36  w eek s it w as 3 1 7 .0 m m  (2 5 .3 m m ) and  at 

40  w eeks it w as  3 3 0 .2 m m  (±  2 3 .3m m ). T ab le  IV  sh o w s fitted  cen tile s  o f  fe ta l head  

c ircu m feren ce  m easu rem en ts . T he fitted  3̂ '̂ , 10 '^  50"^, 90̂ ** an d  9 7 “’ cen tiles  o f  fetal head  

c ircum ference , th a t is, 95%  co n fid en ce  in terval (C l)  a re  g iven . It a lso  g ives es tim ated  m ean 

and  2 s tan d ard  d ev ia tio n s  o f  th e  data . A t 13 w eek s gesta tio n al age m ean  H C  w as  89 .5m m  (±  

12.1m m ) (2 S D ), a t 36  w eek s  it w as 320 .6 m m  (23 .2 m m ) an d  a t  4 0  w eek s  it w as  3 3 4 .6 m m  (± 

2 5 .1m m ). T h e  co e ffic ien t o f  m u ltip le  co rre la tion , = 0 .981 {p< .00}), w h ich  in d ica tes  a 

good  co rre la tio n  b e tw een  the  tw o  variab les.

T here  w as g radual in crease  o f  2 s tan d ard  d ev ia tio n s  tow ards te rm , fro m  12.1 to  25 .1m m . 

G rap h  5 show s raw  d a ta  fo r fe ta l h ead  c ircu m feren ce  w ith  f itted  3 ’̂‘‘, 10'^, 5 0 “', 9 0 ““ an d  9 7 “’ 

percen tile  cu rv es  su p e rim p o sed  o n  it. It g ives 95%  co n fid en ce  in te rv a l an d  G rap h  6  show s 

assessm en t o f  g o o d n ess  o f  fit o f  m odel fo r s tandard  d ev ia tio n  o f  h ead  c ircu m feren ce . P lo t o f  

s tandard  d ev ia tio n  sco re  ag a in s t gesta tio n a l age fo r h ead  c ircu m feren ce , sh o w s ex p ected  2  

standard  dev ia tions.

5.2: HEAD CIRCUMFERENCE
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Summary o f measurement o f Fetal Head C ircum ference (observed)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90‘*̂ 97th

Mean
(mm)

2SD
(mm)

13 15 77 79 84 97 86.1 12.0
14 27 83 89 100 106 98.5 14,0
15 32 97 101 110 122 111.0 14.3
16 34 98 115 124 136 144 124.4 17.8
17 27 131 132 138 149 138.7 13.3
18 42 136 140 152 163 168 151.8 16.1
19 34 144 150 164 175 185 163.1 178
20 38 156 163 174 187 188 174.4 16.1
21 43 167 175 185 194 196 183.9 14.1
22 45 183 187 196 207 208 196.7 14.2
23 39 194 198 208 219 222 208,4 15.8
24 36 200 207 218 231 237 218.7 18.6
25 42 214 221 229 241 246 229.8 16.4
26 46 208 232 241 250 257 240.1 19.0
27 44 229 238 249 264 271 249.1 19.3
28 49 233 246 258 270 276 258.7 19.8
29 50 243 250 266 281 283 266.9 21.1
30 51 261 265 276 291 299 277,8 19.9
31 52 263 270 285 300 310 284.7 22.3
32 50 267 276 292 311 317 293.1 25.1
33 55 284 289 300 315 322 301.3 19,0
34 56 288 295 309 322 327 308.5 19,9
35 59 286 300 315 329 332 313.6 22.3
36 57 294 304 316 333 351 317.0 25.3
37 54 303 310 323 338 345 322.7 21.4
38 56 301 306 325 339 347 324.1 23.3
39 55 296 306 325 343 356 325.7 28.3
4 0 35 298 313 333 344 346 330.2 23.3

T ab le  III: S u m m ary  o f  m easu rem en ts  o f  fe ta l head  c ircu m feren ce  (m m ).O b serv ed  values. 

T otal =  1223.
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Fitted Gentiles o f Fetal Head C ircum ference (estimated)

Weeks of 
qestation(w)

No. of 
fetuses 3rd 10th 50th 90th 97th

Mean
(mm)

2SD
(mm)

13 15 78.1 81.8 89,5 97,2 100,9 89.5 12,1
14 27 87.7 91,4 99.4 107.4 111.2 99,4 12,5
15 32 99.2 103,0 111.3 119,6 123,4 111.3 12,9
16 34 112.0 116,1 124.7 133,3 137,4 124.7 13,5
17 27 125.7 129,9 138.9 147,9 152,1 138.9 14,0
18 42 135.9 140.2 149.4 158,6 162,9 149.4 14,4
19 34 148.1 152,6 162,1 171,6 176,1 162.1 14,9
20 38 158.6 163,2 173,0 182,8 187,4 173.0 15,3
21 43 171.3 176,0 186,2 196,4 201,1 186,2 15,9
22 45 182.2 187,1 197.6 208,1 213.0 197.6 16.4
23 39 194,1 199,2 210,0 220,8 225,9 210,0 16,9
24 36 203.8 209,0 220,1 231.2 236.4 220,1 17,3
25 42 214,4 219,7 231,1 242.5 247.8 231,1 17.8
26 46 224.7 230,2 241,9 253.6 259.1 241,9 18,3
27 44 233.5 239.2 251,2 263,2 268.9 251.2 18.8
28 49 242.7 248.4 260,8 273,2 278.9 260.8 19,3
29 50 252.0 257,9 270,5 283,1 289.0 270,5 19.7
30 51 260.8 266,9 279.9 292.9 299.0 279,9 20,3
31 52 267,9 274.2 287,4 300,6 306.9 287,4 20,7
32 50 275.4 281,7 295,3 308,9 315.2 295,3 21,2
33 55 281.8 288.3 302,1 315,9 322.4 302,1 21,6
34 56 288,6 295,3 309.5 323,7 330,4 309,5 22,2
35 59 294,1 300.9 315,4 329,9 336.7 315,4 22,7
36 57 298,8 305.8 320,6 335,4 342.4 320,6 23,2
37 54 302,8 309,9 325,0 340,1 347.2 325,0 23,6
38 56 306.0 313,3 328.7 344,1 351.4 328,7 24,1
39 55 308,8 316,2 331.9 347,6 355.0 331,9 24,6
40 35 311,0 318,5 334,6 350,7 358.2 334,6 25,1

T ab le  IV: F itted  p e rcen tile s  o f  fe ta l h ead  c ircu m feren ce  (m m ). E stim a ted  values.

61

Dhaka University Institutional Repository



Length o f gestation  (w eeks)

ird in U ' n n th _____ i r^-jihG rap h  5: R aw  d a ta  o f  fe ta l h ead  c ircu m feren ce  w ith  fitted  3 ”̂ , 10 50 90 an d  97  cen tiles.

-4.0
10 20 30

Length o f gestation (weeks)

40

G raph 6: A ssessm ent o f  fit o f  m odel for fetal head circum ference: P lo t o f  standard deviation

score against gestational age, show ing expected 2SD.
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T ab le  V  sh o w s su m m ary  o f  m easu rem en ts  o f  o b serv ed  v a lu es  o f  fe ta l fem u r len g th  (FL ) 

(m m ), as a  fu n c tio n  o f  gesta tio n al age. T otal n u m b er o f  p a tien ts  w as  1223. It sh o w s the 

n u m b er o f  o b se rv a tio n s  in each  w eek  o f  g esta tio n  an d  the  3"^, 10'*’, 50^^, 90*’’ an d  9?" ' 

percen tiles , m ean  an d  ±  2  s tan d ard  d ev ia tio n s (2S D ) o f  fem u r len g th  a t each  w eek. A t 13 

w eeks g esta tio n al ag e  m ean  F L  w as 11.3m m  (±  1.6) (2 S D ), a t  3 6  w eek s i t  w as 67 .3m m  

(5 .2 m m ) an d  a t 4 0  w eek s  it w as  7 3 ,2 m m  (±  5.1m m ).

T ab le  V I g ives fitted  e s tim a ted  va lu es o f  3̂ *̂, lO"', 50'^, 90"' an d  97'^ cen tile s  o f  fe ta l fem ur 

leng th  a t each  w eek  o f  g es ta tio n  and  also  the  m ean  an d  2  s tan d ard  d ev ia tio n s  o f  the  data. A t 

13 w eeks g esta tio n a l age m ean  fem u r leng th  w as  10 .6m m  (±  3 .4 m m ) (2S D ), a t 36  w eeks it 

w as  6 7 .8 m m  (5 .4 m m ) an d  a t 40  w eeks it w as 73 .2  m m  (±  5 .8m m ). T he co effic ien t o f  

m u h ip le  co rre la tio n , = 0 .982  (p< .001), w h ich  in d ica tes  a  g o o d  co rre la tio n  b e tw een  the 

tw o  variab les.

T here  w as  g radual in c rease  o f  2  s tan d ard  d ev ia tio n s  to w ard s te rm , from  3 .4 m m  to  5 .8m m . 

G raph  7 sh o w s ra w  d a ta  o f  fem u r len g th  w ith  fitted  3'* ,̂ 10“’, 50*^, 90*’’ an d  97'^ p ercen tile  

cu rves su p erim p o sed  o n  it. It show s 95%  confidence  lev e l an d  G rap h  8  sh o w s a ssessm en t o f  

go o d n ess o f  fit o f  m o d el fo r s tan d ard  dev ia tions o f  fem u r leng th . P lo t o f  standard  dev ia tio n  

score ag a in s t g esta tio n a l ag e  fo r fem u r leng th , sh o w s ex p ec ted  2  s tan d ard  dev ia tions.

5.3: FEMUR LENGTH
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Summary o f measurement o f Fetal Femur length (observed)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th

Mean
(mm)

2SD
(mm)

13 15 10.0 10.0 12.0 12,0 11.3 1,6
14 27 11.0 11,8 14.0 16,0 14.0 3 .5
15 32 11.0 13,3 17,0 18,7 16.5 4 .3
16 34 14.1 16,5 20,0 23.0 25,0 20.1 4 .9
17 27 20.0 22,0 24,0 27,2 24.2 3.8
18 42 23.3 24,0 26,0 29.0 30,7 26.5 3 .6
19 34 26.0 26,5 30,0 32,0 34,0 30.0 3.8
20 38 28.2 29,9 32,0 35,1 37,8 32.1 4,4
21 43 29.3 32,0 35,0 38,6 39,7 35.4 4.7
22 45 33.4 35,0 38,0 40,0 41,0 37.8 4.0
23 39 38.2 39,0 41,0 43,0 46.6 41.2 3.5
24 36 40.0 40,0 43,0 45.0 45,9 42.8 3.6
25 42 42,0 43,0 46,5 49.0 49,0 46.2 4.0
26 4 6 38.8 45.0 48,0 51,3 53,6 48.0 5.7
27 44 44.7 47.5 50,0 53,0 54,0 50.3 4,0
28 49 48.0 51.0 53.0 56,0 57,0 53.0 4.2
29 50 50.1 52.0 54.5 58,0 60.0 54.9 4.9
30 51 51,8 54,2 57,0 59,0 61.3 57.0 4,4
31 52 51.8 55,3 59,5 63,0 64.8 59.3 6 .4
32 50 54,5 58,0 60,5 65,0 66.0 60.9 5,4
33 55 57,0 60,0 63,0 66.4 69.0 63.0 5.1
34 56 57,7 62,0 65,0 68.0 70.0 65.2 5,2
35 59 59,4 62,0 67,0 69,0 71.0 66.4 5,6
36 57 61,0 64,8 67,0 71.0 72.3 67.3 5,2
37 54 63.0 65,0 70,0 73,0 74.0 69.5 5.7
38 56 64,7 66,0 71,0 74.3 77.0 70.7 5.8
39 55 64,7 67,0 72,0 74.4 76.0 71.0 5.6
40 35 68,1 69,6 73,0 76.0 77.9 73.2 5.1

TableV ; Sum m ary o f  m easurem ents o f  fetal fem ur length (m m ). O bserved values. 

Total =  1223.
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Fitted Centiles o f Femur length (estimated)

Weeks of 
qestation(w)

No. of 
fetuses 3rd 10th 50th 90th 97th

Mean
(mm)

2SD
(mm)

13 15 7 4 8.4 10.6 12.8 13.8 10.6 3.4
14 27 10.4 11.5 13.7 15.9 170 13.7 3.5
15 32 13.6 147 16.9 19,1 20.2 16.9 3.5
16 34 17.0 18.1 20.4 22.7 23.8 20.4 3.6
17 27 20.4 21.6 24 26.4 27.6 24.0 3.8
18 42 23.0 24.2 26.6 29.0 30.2 26.6 3.8
19 34 26.0 27.2 29.7 32.2 33.4 29.7 3.9
20 38 28.5 29.7 32.3 34.9 36,1 32.3 4.0
21 43 31.5 32.8 35.4 38,0 39.3 35.4 4.1
22 45 34.3 35.5 38.2 40.9 42.1 38.2 4.2
23 39 37.0 38.2 41 43.8 45.0 41.0 4.3
24 36 39.3 40.6 43.4 46,2 47.5 43.4 4.4
25 42 41.8 43.1 45.9 48.7 50.0 45.9 4,4
26 46 44.2 45.5 48.4 51.3 52.6 48.4 4 5
27 44 46.2 47.6 50.5 53.4 54.8 50.5 4 6
28 49 48.3 49.7 52.7 55.7 57.1 52.7 4,7
29 50 50.5 51.9 55 58.1 59.5 55.0 4,8
30 51 52.6 54.1 57.2 60.3 61.8 57.2 4 9
31 52 54.3 55.8 59 62.2 63.7 59.0 5,0
32 50 56,2 57.7 61 643 65.8 61.0 5.1
33 55 57.8 59.4 62.7 66.0 67.6 62.7 5.2
34 56 59.6 61.2 64.6 68.0 69.6 64.6 5.3
35 59 61.3 62.9 66,3 69.7 71.3 66.3 5.3
36 57 62.7 64.3 67.8 71,3 72.9 67.8 54
37 54 64.0 65.7 69,2 72.7 74.4 69,2 5.5
38 56 65.2 66.9 70,5 741 75.8 70,5 5.6
39 55 66.4 68.2 71,8 75.4 772 71.8 5.7
40 35 67.7 69.5 73,2 76,9 78.7 73.2 5.8

T ab le  V I: F itted  p e rcen tile s  o f  fe ta l fem u r len g th  (m m ). E stim a ted  values.
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10 14 18 22 26 30 34 38 42

Leng th  o f g e s ta t io n  (w eeks)

G rap h  7: R aw  d a ta  fo r fe ta l fem u r len g th  w ith  fitted  S'"*, lO"’, 50'*’, 90"' an d  97 '" p ercen tiles7ih

20 30

Leng th  o f  g a ta tio n  (w eeks)

Graph 8: A ssessm ent o f  goodness o f  fit o f  m odels fo r fetal fem ur length. P lo t o f  standard

deviation score against gestational age, show ing expected 2SD.
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T ab le  V II sh o w s su m m ary  o f  m easu rem em s o f  the  o b serv ed  v a lu e s  o f  fe ta l abdom inal 

c ircu m feren ce  (A C ) (m m ). T o ta l n u m b er o f  su b jec ts  w as  1223. It g iv es  the  n u m b er o f  

observ atio n s  arid th e  cen tiles , m ean  an d  2 s tan d ard  d ev ia tio n s  (2 S D ) o f  abdom inal 

c ircu m feren ce  a t  each  w eek  o f  gestation . A t 13 w eek s g esta tio n a l age  m ean  abdom inal 

c ircu m feren ce  w as  6 6 m m  (±  6 .5m m ), a t 36  w eek s it w as  3 0 5 .7 m m  (37 .0 m m ) and  a t 40  

w eeks it w as  3 2 7 .2 m m  (±  33 .8m m ).

T ab le  V III g iv es  fitted  p e rcen tile s  o f  es tim ated  v a lu es  o f  fe ta l ab d o m in a l c ircu m feren ce . It 

a lso  g ives e s tim ated  m ean  an d  2 s tan d ard  d ev ia tio n s o f  the  data. A t 13 w eek s  gesta tio n a l age 

m ean  ab d o m in a l c ircu m feren ce  w as 71 .7m m  (±  8 .5m m ), at 36  w  it w as 3 0 4 .6 m m  (31 .5m m ) 

and  a t 4 0 w  it w as  3 3 1 .9 m m  (±  35 .5m m ). T h ese  a re  th e  e s tim ated  v a lu es  a fte r fitting  the 

m odel. T he co e ffic ien t o f  m u ltip le  co rre la tion , = 0 .9 7 0 , (p <  .001), w h ich  in d ica tes  a  good  

co rre la tio n  b e tw een  th e  tw o  variab les.

T here  w as g radual in c rease  o f  s tan d ard  d ev ia tio n s to w ard s te rm , from  8 .5m m  to  35 .5m m . 

T he body  p a ram ete r is ap p ro x im a te ly  tw ice  as v ariab le  as th o se  o f  the  head . G raph  9  show s 

raw  d a ta  o f  ab d o m in a l c ircu m feren ce  w ith  fitted  3 '“*, 1 0 '^, 50*^, 9 0 ‘*’ an d  97'^ percen tiles  

su perim posed  o n  it. It co v e rs  95%  o f  the  pop u la tio n , th e re fo re  in  5 %  o f  ca ses  th e  v a lu es  w ill 

be ou tside  th is  ran g e  a n d  G rap h  10 show s assessm en t o f  g o o d n ess  o f  f it o f  m o d e ls  fo r fetal 

abdom inal c ircu m feren ce . P lo t o f  standard  d ev ia tio n  sco re  ag a in s t g esta tio n a l age , show s 

ex p ected  2  s tan d ard  d ev ia tio n s.

5.4: ABDOMINAL CIRCUMFERENCE
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Summary o f measurem ent o f Fetal Abdom inal circum ference (observed)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th

Mean
(mm)

2SD
(mm)

13 15 62 62 65 71 66.0 6.5
14 27 70 72 81 89 80.9 11.5
15 32 71 79 89 97 89.2 13.8
16 34 75 88 102 111 120 100.9 18.0
17 27 101 103 114 125 114,9 15.6
18 42 105 112 125 134 137 123.8 16.0
19 34 120 122 138 150 157 137.3 19.7
20 38 124 136 149 158 167 147,2 18.5
21 43 139 146 158 167 171 156.8 16.4
22 45 150 153 165 183 189 166,9 20,9
23 39 164 169 179 192 197 179.7 17,0
24 36 150 172 184 200 210 185,0 22,6
25 42 182 186 200 208 216 198,7 16,0
2 6 46 179 200 213 226 236 212,3 237
27 44 191 207 217 233 235 217,9 20.5
28 49 210 214 231 244 257 230.1 24,3
29 50 215 225 243 260 271 241.6 25,1
30 51 222 232 251 270 281 250.5 29,0

31 52 219 237 258 276 288 257.5 30.8
32 50 246 251 268 289 299 269.9 27.8
33 55 252 259 277 295 302 277.7 26.2

34 56 254 271 292 307 320 289.8 30.7

35 59 258 270 294 314 332 293,2 33.9

36 57 271 281 307 332 352 305.7 37.0
37 54 286 291 314 335 345 313.7 31.0
38 56 274 290 320 343 352 317.3 38.2

39 55 274 293 322 347 363 321.7 43.2
40 35 282 303 329 345 360 327.2 33.8

T ableV II: S um m ary  o f  m easu rem en ts  o f  fe ta l ab d o m in a l c ircu m fe ren ce  (m m ). O bserved  

values. T o ta l =  1223.
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Fitted Gentiles o f Fetal Abdom inal C ircum ference (estimated)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th

Mean
(mm)

2SD
(mm)

13 15 63.7 66.3 71,7 77,1 79,7 71.7 8,5
14 27 71.3 74.0 80,0 86,0 887 80.0 9.3
15 32 80.3 83,4 90,0 96,6 99,7 90.0 10.3
16 34 90.9 94.3 101,5 108.7 112.1 101.5 11.3
17 27 102.3 106.0 114.0 122.0 125.8 114.0 12.5
18 42 110.7 114.7 123.2 131,7 135.7 123.2 13.3
19 34 121.3 125.5 134,7 143,9 148,1 134.7 14.3
20 38 130.2 134.8 144,5 154,2 158,8 144.5 15.2
21 43 141.5 146.4 156,8 167,2 172,1 156.8 16.3
22 45 151.3 156.5 167,6 178,7 183,9 167.6 17.3
23 39 162.1 167.6 179,4 191,2 196,7 179,4 18.4
24 36 171.2 176,9 189,3 201,7 207,4 189,3 19.3
25 42 181.1 187,2 200,2 213,2 219,3 200,2 20,3
26 46 191.1 197,5 211,2 224,9 231,3 211,2 21,4
27 44 199.8 206,5 220.8 235,1 241.8 220,8 22,3
28 49 209.0 216.0 231.0 246,0 253.0 231,0 23.4

29 50 218.8 226,1 241.7 257,3 264,6 241.7 24.4

30 51 228.1 235,8 252,1 268,4 276,1 252.1 25,5

31 52 236.0 243,9 260,8 277,7 285,6 260.8 26,4

32 50 244.6 252.9 270,4 287,9 296,2 270.4 27.4
33 55 252.1 260,6 278,8 297,0 305,5 278,8 28,4
34 56 260.8 269,6 288,5 307,4 316,2 288,5 29.5
35 59 268.1 2773 296,8 316,3 325,5 296,8 30.5
36 57 275.0 284.4 304,6 324,8 334,2 304,6 31.5
37 54 281.2 291.0 311,7 332,4 342,2 311,7 32.4
38 56 287.1 297.1 318,4 339,7 349,7 318,4 33.3
39 55 292.7 302,9 324,9 346.9 357.1 324,9 34.3
40 35 298.5 309,2 331,9 354.6 365.3 331,9 35.5

T ab le  V III: F itted  p e rcen tile s  o f  fe ta l abdom inal c ircu m feren ce  (m m ). E stim a ted  values.
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Length o f gesta tion  (w eeks)

G rap h  9: R aw  d a ta  fo r  fe ta l ab d o m in a l c ircum ference  w ith  fitted  3"^, 10 '̂’, 5 0 “’ 9 0 “’ an d  97'^ 

percentiles.

O 0 ° o

10 20 30

Length of gestation (weeks)

40

Graph 10: A ssessm ent o f  fit o f  m odel for A C plotted: Plot o f  standard deviation score

against gestational age, show ing expected 2SD.

70

Dhaka University Institutional Repository



T able IX  sh o w s su m m ary  o f  m easu rem en ts  o f  o b serv ed  v a lu es  o f  e s tim ated  fe ta l w eigh t 

(E F W ) (g). T o ta l n u m b er o f  su b jec ts  w as 1223. A t 13 w eek s  g esta tio n a l age m ean  estim ated  

fe ta l w e ig h t w as 7 2 .3g (±  6 .6 g) (2S D ), at 36  w eeks it w as  2 5 0 9 .8g  (6 8 7 g ) an d  at 4 0  w eek s  it 

w as 3 0 9 5 .Og (± 7 0 2 .8 g ). T h ese  a re  th e  o b serv ed  v a lu es  o f  the  ra w  d a ta . It g iv es  the  n u m b er o f  

o b serv a tio n s an d  th e  p e rcen tiles , m ean  and  2  s tan d ard  d ev ia tio n s  (2 S D ) a t each  w eek  o f  

gesta tion  from  13 to 4 0  w eek s. T h e  in crease  o f  E F W  a t 3'* ,̂ lO"’, 50'^, 9 0 “̂  an d  9 7*  cen tiles  w as 

s lo w  u p  to  26'*' w eek  o f  gesta tion . T h ereafte r a  linear g ro w th  ra te  w as  o b se rv ed  u p  to  te rm  or 

4 0  w eek s gesta tio n a l age . T h ere  w as g radual in crease  o f  s tan d ard  d ev ia tio n s  tow ards term  

sh o w in g  in creas in g  d isp e rs io n  o f  d a ta  to w ard s term .

T ab le  X  g ives fitted  p e rcen tile s  o f  es tim ated  v a lu es  o f  e s tim ated  fe ta l w e ig h t (g). U a lso  g ives 

es tim ated  m ean  an d  2  s tan d ard  d ev ia tio n s o f  the  data. T h e  o p tim a l m o d el fo r es tim ated  fetal 

w e igh t w as  a  natu ra l lo g  m o d el o f  w eigh t in  g ram s o n  m en stru a l age (in  w eek s) an d  m enstrual 

age  squared . A t 13 w eek s  gesta tio n a l age m ean  es tim ated  fe ta l w e ig h t w as  76 .9 g  (±  18.7g), at 

36 w eeks it w as  2 5 1 5 g  (4 3 1 .3 g ) an d  at 4 0  w eeks it w as  3 1 3 1 .5 g  (±  749. Ig ). T he co effic ien t o f  

m u ltip le  co rre la tio n , R ^ = 0 .9 8 8 , (p< .OOJ), w h ich  in d ica tes  a  g o o d  co rre la tio n  b etw een  the  

tw o  variab les.

T here  w as g rad u al in c rease  o f  2 standard  d ev ia tio n s  to w ard s te rm , fro m  18.7g  to  7 4 9 .Ig .

G rap h  11 sh o w s ra w  d a ta  o f  es tim ated  fetal w e ig h t w ith  fitted  3'̂ *, 10'*’, 50'*', 90’*’ and  97''’ 

p ercen tile  cu rv es  su p e rim p o sed  o n  it. It g ives 95%  co n fid en ce  level an d  in  G rap h  12 the  values 

±  2  s tan d ard  d ev ia tio n s  is su p erim p o sed  o n  the  residua l p lo t to  see  h o w  w ell th e  standard  

d ev ia tio n  h as  b ee n  m o d e led . P lo t o f  s tan d ard  d ev ia tio n  sco res  (s tan d a rd ized  re sid u a ls) ag a in st 

gesta tional age fo r  e s tim ated  fe ta l w e ig h t, show s ex p ec ted  2  s tan d ard  d ev ia tio n s .

5.5: ESTIMATED FETAL WEIGHT
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Summ ary o f measurement o f Estimated Fetal W eight (observed)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th

Mean
(gm)

2SD
(gm)

13 15 68 69 71 78 72.3 6.6
14 27 77 81 94 107 93.4 18.8
15 32 81 98 113 132 112.7 26.6
16 34 90 112 150 166 186 143.4 40.8
17 27 144 157 185 208 183.7 35.6
18 42 176 195 215 255 273 221.3 46.7
19 34 216 227 278 320 337 279.2 69.3
20 38 235 270 330 393 411 326.7 83.8
21 43 310 326 387 450 468 389.6 85.8
22 45 385 399 445 545 583 459.6 112,2
23 39 480 496 560 635 713 560.8 105.8
24 36 446 531 615 722 794 618.1 140.9
25 42 624 673 752 842 894 749.3 130.8
26 46 572 764 876 1005 1043 878.5 200.5
27 44 783 816 962 1118 1153 968.0 192.8
2 8 49 861 975 1123 1274 1392 1127.9 245.0
29 50 1033 1096 1296 1489 1595 1276.8 281.2
30 51 1081 1227 1438 1641 1899 1440.1 362.4
31 52 1042 1283 1602 1876 2058 1590.2 451.3
32 50 1398 1496 1749 2064 2253 1781.1 432.2
33 55 1578 1670 1958 2240 2380 1958.4 407.7
34 56 1605 1889 2186 2499 2703 2198.4 487.4
35 59 1671 1891 2328 2575 2933 2305.4 598.4
36 57 1952 2065 2454 3040 3304 2509.8 687.0
37 54 2159 2379 2695 3144 3353 2729.3 589.4
38 56 2039 2295 2848 3198 3557 2824.6 710.7
39 55 2091 2395 2966 3406 3611 2912.1 798.4
40 35 2200 2596 3079 3536 3762 3095,0 702.8

T ab le  IX : S u m m ary  o f  e s tim ated  fe ta l w e igh t (gm ). O b serv ed  values. 

T otal =  1223.
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Fitted Centiles o f Estimated Fetal W eight (estimated)

W e e k s  o f  
g e s ta t io n  (w )

N o . o f  
fe tu s e s 3 rd 1 0 th 5 0 th 9 0 ‘^ 9 7 th

M e a n
(g m )

2 S D
(g m )

13 15 6 8 . 1 70.9 76.9 82.9 85.7 76-9 18.7
14 27 82.3 85.5 92.2 98.9 1 0 2 . 1 92.2 2 1 . 0

15 32 103.2 106.7 114.3 121.9 125.4 114,3 23.6
16 34 131.1 135.2 144 152.8 156.9 144,0 274
17 27 168.7 173.5 183.7 193.9 198.7 183,7 32.0
18 42 201.3 206.7 218.1 229.5 234.9 218,1 35.7
19 34 248.6 254.8 268 281.2 287.4 268,0 41.3

2 0 38 296.1 303.1 318.1 333.1 340,1 318.1 46,8
2 1 43 363.9 372.1 389.5 406.9 415.1 389.5 54,4
2 2 45 432.9 442.3 462.3 482.3 491,7 462.3 62,5
23 39 520.9 531.7 554.8 577.9 588,7 554.8 72.2
24 36 603.2 615.6 641.9 6 6 8 , 2 680.6 641.9 82.3
25 42 705.0 719.1 749.3 779,5 793,6 749.3 94.3
26 46 821.0 8373 872.1 906,9 923.2 872.1 108.8
27 44 932.9 951.4 991 1030.6 1049.1 991.0 123,6
28 49 1063.0 1084.2 1129.4 1174,6 1195.8 1129.4 141,3
29 50 1 2 1 0 . 2 1234.7 1287 1339.3 1363.8 1287.0 163,3
30 51 1279.5 1336.3 14576 1578.9 1635.7 1457.6 189,5
31 52 1408.1 1472.4 1609.7 1747.0 1811.3 1609.7 214,5
32 50 1557.4 1631.5 1789.6 1947.7 2 0 2 1 . 8 1789.6 247.0
33 55 1692.9 1777.2 1957.2 2137.2 2221.5 1957.2 281,2
34 56 1851.4 1949.7 2159.6 2369,5 2467.8 2159.6 327,9
35 59 1985.4 2098.2 2338.8 2579,4 2692.2 2338.8 376,0
36 57 2109.6 2239.0 2515 2791.0 2920.4 2515.0 431.3
37 54 2214.9 2362.2 2676.3 2990.4 3137,7 2676.3 490.8
38 56 2303.6 2471.2 2828.7 3186.2 3353.8 2828.7 558.6
39 55 2376.3 2568.6 2978,7 3388.8 3581.1 29787 640.8
4 0 35 2427.3 2652.1 3131.5 3610.9 3835,7 3131.5 749.1

T ab le  X; F itted  p e rcen tile s  o f  es tim ated  feta! w e igh t (gm ). E stim a ted  values.
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Leng th  o f g e s ta t io n  (w eeks)

ird ir tih  cn ih  nn ih  p. m 'hG rap h  11: R aw  d a ta  o f  e s tim ated  fe ta l w e igh t w ith  fitted  3'^, 10 , 50  . 90  &  97  cen tiles.
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G raph 12; A ssessm ent o f  fit o f  m odel for estim ated feta! w eight plotted; Plot o f  standard

deviation score against gestational age.
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Summ ary o f measurement o f FL/AC ratio (observed)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th Mean 2SD

13 15 0.15 0.15 0.17 0.19 0.17 0.03
14 27 0.14 0.15 0.17 0.20 0.17 0.04
15 32 0.14 0.15 0.19 0.22 0.18 0.04
16 34 0.16 0.18 0.20 0.23 0.24 0,20 0.04
17 27 0.19 0.19 0.21 0.24 0.21 0.04
18 42 0.18 0.19 0.21 0.24 0.26 0.21 0.03
19 34 0.19 0.20 0,22 0.24 0.26 0.22 0,03
20 38 0.19 0.20 0.22 0.23 0.25 0.22 0.02
21 43 0.19 0.20 0.23 0.24 0.25 0.23 0.03
22 45 0.19 0.21 0.23 0.25 0,26 0.23 0.03
23 39 0.21 0.22 0.23 0.25 0.26 0.23 0.02
24 36 0.21 0.21 0.23 0.25 0.27 0.23 0.03
25 42 0.21 0.22 0.23 0.25 0,26 0.23 0,02
2 6 46 0.19 0.21 0.22 0,25 0.26 0.23 0.03
2 7 44 0.21 0.21 0.23 0.25 0.27 0.23 0.03
28 49 0,21 0.22 0.23 0.25 0.26 0.23 0.02
29 50 0.20 0.21 0.23 0.24 0.26 0.23 0.03

30 51 0.21 0.21 0.23 0.24 0.26 0,23 0.02
31 52 0.21 0.22 0.23 0,24 0.25 0.23 0.02
32 50 0.20 0,21 0.23 0.24 0.26 0.23 0.02

33 55 0.20 0.21 0.23 0.24 0.26 0.23 0.02
34 56 0.20 0.21 0.22 0,24 0.25 0.23 0,03
35 59 0.20 0.21 0,23 0.24 0.25 0.23 0.02
36 57 0.19 0,20 0.22 0.24 0.25 0.22 0.02
37 54 0.19 0.21 0.22 0,24 0.25 0.22 0.03
38 56 0.20 0.21 0.22 0,24 0.25 0.22 0.03
39 55 0.19 0.20 0.22 0.24 0.25 0.22 0.03
4 0 35 0.21 0.21 0.22 0.24 0,25 0.22 0,02

T ab le  X I; S u m m ary  o f  m easu rem en t o f  fem u r len g th /ab d o m in al c ircu m fe ren ce  (F L /A C ) 

ratio . O b serv ed  values. T o ta l =  1223.
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Fitted Centiles o f FL/AC ratio (estimated)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th IVIean 2SD

13 15 0.17 0,18 0.20 0.22 0.23 0,20 0.03
14 27 0.18 0,19 0.20 0.22 0.23 0,20 0,03
15 32 0.18 0.19 0.21 0.23 0.24 0.21 0.03
16 34 0,19 0.20 0.22 0.24 0.25 0.22 0,03
17 27 0.20 0.20 0.22 0.24 0.25 0.22 0.03
18 42 0.20 0.20 0,22 0.24 0.25 0.22 0.03
19 34 0.20 0.20 0.22 0.24 0.25 0,22 0.03
20 38 0.20 0.20 0,22 0.24 0.25 0.22 0.03
21 43 0.20 0.20 0.22 0.24 0.25 0.22 0.03
2 2 45 0,20 0.20 0.22 0.24 0.25 0.22 0.03
23 39 0,20 0.20 0.22 0.24 0.25 0.22 0,03
24 36 0.20 0.20 0.22 0,24 0.25 0.22 0.03
25 42 0.20 0.20 0.22 0.24 0.25 0.22 0.03
26 46 0.20 0.20 0.22 0.24 0.25 0,22 0.03
27 44 0.20 0.20 0.22 0.24 0.25 0.22 0.03
28 49 0.20 0.20 0,22 0.24 0.25 0.22 0,03
29 50 0.20 0.20 0.22 0,24 0.25 0.22 0.03
30 51 0.20 0.21 0.23 0.25 0.26 0.23 0.03
31 52 0.20 0.21 0.23 0.25 0.26 0.23 0-03

32 50 0.21 0.22 0.23 0.25 0,25 0.23 0.02

33 55 0.21 0.22 0.23 0.25 0.25 0.23 0.02
34 56 0,21 0.22 0.23 0.25 0.25 0.23 0,02

35 59 0,21 0.22 0.23 0,25 0.25 0.23 0.02
36 57 0.21 0.22 0.23 0,25 0.25 0.23 0.02
37 54 0.21 0.22 0.23 0.25 0,25 0,23 0.02
38 56 0.22 0.23 0.24 0.26 0.26 0.24 0.02

39 55 0.22 0.23 0.24 0.26 0.26 0.24 0.02
40 35 0.22 0.23 0.24 0.26 0.26 0.24 0.02

Table XII: F itted  cen tile s  o f  fem u r len g th /ab d o m in al c ircu m feren ce  (F L /A C ) ra tio . E stim ated  

values.
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G raph  13: R aw  d a ta  fo r  fe m u r len g th /ab d o m in al c ircu m feren ce  (F L /A C ) ra tio  w ith  fitted  
10“*, 50"' 90"’ an d  9 7 ^  percen tiles .
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G raph 14: A ssessm ent o f  fit o f  m odel for FL/A C plotted: Plot o f  standard deviation score

against gestational age, show ing expected 2SD,
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5.6b: HEAD CIRCUMFERENCE/ABDOMINAL CIRCUMFERENCE 
(HC/AC) RATIO

Table X III g ives su m m ary  o f  m easu rem en ts o f  head  c ircu m feren ce /ab d o m in a l c ircum ference  

(H C /A C ) ra tio . It g ives the  n u m b er o f  cases in each  w eek  o f  g esta tio n , percen tiles , m ean  and 

2 standard  d ev ia tio n s  (2S D ) o f  the  observed  values. A t 13 w eek s g esta tio n a l age m ean 

H C /A C  w as 1.31 (±  0 .2 0 ). at 36  w eeks it w as 1.04 (±  0 .10) an d  at 40  w eek s it w as 1.01 (± 

0.08).

T able X IV  g ives fitted  p ercen tiles  o f  head  c ircu m feren ce /ab d o m in a l c ircu m feren ce  ralio . It 

g ives the  es tim ated  v a lu es  o f  3'̂ *, lO"', 5 0 “' 90"' and  97 ''' p ercen tiles  an d  the  m ean  w ith  2 

standard  d ev ia tio n s  o f  the  data. A t 13 w eeks gesta tio n a l age m ean  head 

c ircu m feren ce /ab d o m in a l c ircu m feren ce  ra lio  w as 1.25 (±  0 .15), at 36  w eeks it w as 1.03 (± 

0 .09) an d  a t 40  w eek s it w as 0 .99 (±  0 .08). T he co e ffic ien t o f  m u ltip le  co rre la tio n  = 0 .598, 

ip<  .001). R ange o f  the  ra tio  w as 1.3 to  1.

2  standard  d ev ia tio n s  o f  th e  ra tio  ranged  from  ±  0,15 to  ±  0,08.

G raph  15 sh o w s the  raw  d a ta  for head c ircu m feren ce /ab d o m in a l c ircu m feren ce  w ith  fitted  

3̂ **, 10‘'\  50“’ 90"' an d  9?" ' p ercen tile  boundaries su p erim p o sed  o n  it. H ead

c ircu m feren ce /ab d o m in al c ircu m fcren ce  ratio  sh o w s h ig h er v a lu es  in  th e  ea rly  stage o f  

gesta tion  an d  la te r th e  v a lu es  com e d o w n  as the  p reg n an cy  p ro g resses . In th e  tab le  the  m ean 

ra tio  is in  1; 1 re la tio n sh ip  a t 39  w eeks o f  gestation . It co v e rs  95%  o f  th e  population .

G raph  16 show s assessm en t o f  go o d n ess o f  lit o f  m odel for s tan d ard  d ev ia tio n s  o f  head 

c ircu m feren ce /ab d o m in a l c ircu m feren ce  ratio . It g ives a  p lo t o f  s tan d ard  dev ia tion  scorc 

ag a in st gesta tio n a l age , an d  sh o w s expected  2  s tandard  dev ia tions.
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Summary o f measurement o f HC/AC ratio (observed)

Weeks of 
qestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th Mean 2SD

13 15 1.18 1.19 1.28 1.48 1.31 0,20
14 27 1.06 1.08 1.25 1.31 1,22 0,15
15 32 1.12 1.14 1.24 1.41 1,25 0,18
16 34 1,11 1.14 1.23 1,35 1.42 1,24 0,16
17 27 1.04 1.12 1.22 1.31 1,21 0.14
18 42 1.13 1.14 1.23 1.33 1.44 1,23 0,14
19 34 1.07 1,11 1.19 1,27 1.28 1.19 0.11
20 38 1.09 1.11 1.18 1.25 1.31 1.19 0,11
21 43 1.03 1,11 1.17 1,25 1.32 1,18 0.12
22 45 1.08 1,11 1.19 1.24 1.26 1,18 0.10
23 39 1,03 1.09 1,16 1.23 1.28 1,16 0.11
24 36 1.10 1.11 1.18 1.26 1.43 1,18 0.13

25 42 1.06 1.09 1.16 1.22 1.27 1,16 0.10

26 46 1.03 1.05 1.13 1.21 1.23 1.13 0.10
27 44 1.06 1.08 1,14 1.20 1.29 1.14 0.10

28 49 1.01 1.05 1.13 1.21 1.25 1,13 0.12

29 50 0.97 1.05 1.10 1,17 1.23 1,11 0.11
30 51 1.01 1.04 1.12 1.19 1.23 1,11 0.11

31 52 0.97 1.03 1,12 1.17 1,22 1.11 0,11
32 50 1.02 1.02 1.09 1.15 1.19 1.09 0.10

33 55 0.99 1.03 1.08 1.15 1.18 1.09 0.10
34 56 0,98 1.01 1.07 1.12 1,17 1,07 0.09
35 59 0.94 1.01 1.08 1.14 1,16 1.07 0.11
36 57 0.93 0.97 1.03 1.11 1,12 1,04 0.10
37 54 0.94 0.97 1,03 1.09 1,12 1.03 0.09
38 56 0,91 0.96 1,02 1.10 1,15 1,02 0,11
39 55 0.90 0,96 1.00 1.10 1,14 1.02 0.11
40 35 0.91 0.94 1.01 1.07 1.09 1.01 0.08

T ab le  X III: S u m m ary  o f  m easu rem en t o f  h ea d  c irc u m feren ce /ab d o m in a l c ircum ference  

(H C /A C ) ra tio . O b serv ed  v alues. T o ta l =  1223.
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Fitted Gentiles o f HC/AC ratio (estimated)

Weeks of 
gestation(w)

No. of 
fetuses 3rd 10th 50th 90th 97th Mean 2SD

13 15 1.11 1.15 1.25 1.35 1.39 1.25 0.15

14 27 1.11 1.15 1,25 1.35 1.39 1.25 0.15

15 32 1.10 1.14 1.24 1.34 1.38 1.24 0.15

16 34 1,10 1.14 1.23 1.32 1,36 1.23 0,14

17 27 1.08 1.12 1,21 1.30 1.34 1.21 0,14

18 42 1.08 1.12 1.21 1,30 1.34 1.21 0.14

19 34 1,07 1.11 1,20 1.29 1.33 1.20 0.14

20 38 1.07 1.11 1.19 1.27 1.31 1.19 0,13

21 43 1.06 1.10 1.18 1.26 1,30 1.18 0,13

22 45 1.05 1.09 1.17 1.25 1.29 1.17 0,13

23 39 1.04 1.08 1.16 1.24 1.28 1.16 0,13

24 36 1.04 1.07 1.15 1.23 1.26 1.15 0,12

25 42 1.03 1.06 1.14 1.22 1.25 1.14 0,12

26 46 1.02 1.05 1.13 1.21 1.24 1.13 0.12

27 44 1.01 1,04 1.12 1.20 1.23 1.12 0,12

28 49 1,01 1,04 1.11 1.18 1.21 1.11 0,11

29 50 1.00 1.03 1.10 1.17 1,20 1.10 0,11

30 51 0.99 1.02 1.09 1.16 1.19 1.09 0,11

31 52 0.98 1.01 1.08 1.15 1,18 1.08 0,11

32 50 0.98 1.01 1.07 1.13 1.16 1.07 0,10

3 3 55 0.97 1.00 1.06 1.12 1,15 1.06 0,10

34 56 0,96 0.99 1.05 1.11 1.14 1.05 0.10

35 59 0.95 0,98 1.04 1.10 1.13 1.04 0,10

36 57 0.95 0.97 1.03 1,09 1.11 1,03 0,09

37 54 0.94 0.96 1.02 1,08 1.10 1,02 0.09

38 56 0.93 0.95 1.01 1.07 1.09 1.01 0,09

39 55 0.92 0.94 1.00 1.06 1.08 1.00 0.09

40 35 0.91 0.94 0.99 1.04 1.07 0.99 0,08

T ab le  X IV ; F itted  p ercen tiles  o f  h ead  c ircu m feren ce /ab d o m in a l c ircu m feren ce  (H C /A C ) 

ratio . E stim ated  values.
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L e n g th  o f  g e s ta tio n  (w e e k s )

G raph  15: R aw  d a ta  fo r h ea d  c ircu m feren ce /ab d o m in a l c ircu m fe ren ce  (H C /A C ) w ith  fitted
3^“, 10*, 50"' 90“' and  9 ? “’ percen tiles .
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Graph 16: A ssessm ent o f  fit o f  m odel for HC/AC; Plot o f  standard deviation score

against gestational age, show ing expected 2SD.
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5.6c: FEMUR LENGTH/ BIPARIETAL DIAMETER (FL/BPD) RATIO

T ab le  X V  g ives su m m ary  o f  m easu rem en t o f  fem u r len g th /b ip a rie ta l d iam e te r (F L /B P D ) 

ratio . It g ives the  n u m b er o f  ca ses  in  each  w eek  o f  gesta tion , an d  p e rcen tiles , m ean  an d  2 

s tan d ard  d ev ia tio n s  (2 S D ) o f  the  o b serv ed  values. A t 13 w eek s g esta tio n a l age  m ean  FL /B P D  

w as 0 .49 (±  0 .08), a t 36  w eek s  it w as  0 .78 (±  0 ,07) and  a t 40  w eek s  h  w as  0.81 (±  0.06).

T ab le  X V I g ives fitted  p ercen tiles  o f  fem u r len g th /b ip arie ta l d iam e te r ra tio . It g ives the 

estim ated  v a lu es  o f  3’’'*, 1 0 '“’, 50'^ 90"’ and  9 7 “’ p ercen tiles  an d  th e  m ean  w ith  2  s tandard  

dev ia tions o f  the  data . A t 13 w eek s gesta tional age m ean  F L /B P D  w as 0 .5 0  (±  O.IO), a t 36w  

it w as 0 .79  (±  0 .07) an d  a t 4 0  w eeks it w as 0.83 (±  0 .06). T h e  co e ffic ien t o f  m u ltip le  

co rre la tio n  = 0 .7 3 6 , (p< .001). T h e  range o f  the  ra tio  is  5 to  8  an d  2  s tan d ard  d ev ia tio n s  o f  

the  ra tio  ran g ed  f r o m ±  0 . 1 0  to  ±  0.06.

A t 13 w eek s it is 5 an d  a t 4 0  w eek s it is 8  (T ab le  X V I). G rap h  17 sh o w s the  ra w  d a ta  for 

fem u r len g th /b ip a rie ta l d iam ete r w ith  fitted  3^‘‘, 1 0 ‘' \  50"’ 9 0 ”’ and  97^^ percen tile  lines 

su p erim p o sed  o n  it an d  G rap h  18 sh o w s the  va lu es ±  2  s tan d ard  d ev ia tio n s  su p erim p o sed  on  

the  residua l p lo t to  see h o w  w ell the  s tan d ard  d ev ia tio n s h as  b ee n  m odeled .

T he v a lu es  o f  the  ra tio  a re  lo w er in the  early  p art o f  g es ta tio n  a n d  la ter th ey  g radually  

increase. It co v e rs  9 5 %  o f  th e  popu lation .
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Summary o f measurement o f FU BPD ratio (observed)

Weeks of 
g e s ta t io n  (w )

No. o f 
fetuses 3 rd 10th 50th 90th 97th M e a n 2SD

13 15 0,42 0.42 0,50 0,55 0.4 9 0.08
14 27 0,41 0.45 0,52 0.63 0,53 0 . 1 2

15 32 0,42 0.48 0,55 0.64 0,55 0.13
16 34 0,46 0.51 0.59 0,67 0,70 0,59 0 , 1 1

17 27 0,57 0.59 0,64 0,74 0,65 0 , 1 1

18 42 0,55 0.59 0,64 0,71 0,74 0.65 0,09

19 34 0,58 0.62 0,67 0,76 0,78 0 . 6 8 0 , 1 0

20 38 0,62 0.64 0 , 6 8 0.73 0,76 0 . 6 8 0.07

21 43 0,60 0.65 0,72 0.77 0,77 0,71 0.09

22 45 0,61 0 . 6 8 0,72 0.78 0,81 0,72 0.08

23 39 0 . 6 6 0.67 0,74 0.80 0.83 0,74 0.08

24 36 0.65 0.67 0,72 0.78 0.80 0,73 0.07

25 42 0 . 6 8 0.69 0.74 0,80 0,83 0,74 0.07

26 46 0.62 0.70 0,74 0,79 0.81 0,74 0.08

27 44 0.67 0.70 0.75 0,80 0.82 0.75 0.08

28 49 0.67 0.72 0.75 0,82 0.84 0.76 0.08

29 50 0 . 6 6 0.71 0.76 0.81 0.83 0.75 0.08

30 51 0,69 0.71 0,75 0,81 0.83 0.76 0.07

31 52 0,70 0.71 0,77 0,82 0 , 8 6 0.76 0,08

32 50 0,71 0.72 0,76 0.81 0.84 0.76 0.07

33 55 0,70 0.72 0,77 0.81 0.83 0.77 0.06

34 56 0,70 0.73 0,77 0.81 0.82 0.77 0.06

35 59 0,69 0.73 0.77 0.82 0 . 8 6 0,77 0.08

36 57 0.70 0.73 0.77 0.83 0.84 0,78 0,07

37 54 0.70 0.73 078 0,85 0.89 0,79 0.09

38 56 0.73 0.75 0.79 0,84 0 . 8 8 0.79 0.07

39 55 0.71 0.74 0.79 0,84 0.85 0.79 0.07

40 35 0.76 0.77 0.81 0,85 0 . 8 8 0.81 0.06

Table XV: Sum m ary o f  m easurem ent o f  fem ur length/biparietal d iam eter (FL/B PD ) ratio. 

O bserved values. T otai=  1223.
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Fitted Gentiles o f FL/BPD ratio (estimated)

Weeks of 
gestation (w)

No. o f 
fetuses 3rd 10th 50th 90‘^ 97‘^ Mean 2SD

13 15 0.40 0,43 0,50 0,56 0.59 0.50 0.10
14 27 0.43 0.46 0.53 0,59 0.62 0.53 0.10
15 32 0,47 0.50 0,56 0,63 0.66 0.56 0.10
16 34 0.51 0.54 0,60 0,66 0.69 0.60 0.10
17 27 0.54 0.57 0.63 0,70 0.73 0,63 0.10
18 42 0.57 0,60 0,65 0.71 0.74 0,65 0.09
19 34 0.59 0.62 0.68 0.73 0.76 0,68 0.09
20 38 0.61 0,64 0,69 0.75 0.78 0,69 0.09
21 43 0.63 0,65 0,71 0.77 0.80 0.71 0.09
22 45 0.64 0,67 0,72 0.78 0.81 0,72 0.09
23 39 0.65 0,68 0,74 0.79 0.82 0,74 0.09
24 36 0.66 0.69 0,74 0.80 0.83 0,74 0.09
25 42 0.68 0.70 0.75 0.80 0.83 0,75 0.08
26 46 0,68 0,71 0,76 0,81 0.83 0,76 0.08
27 44 0.69 0,71 0,76 0,81 0.84 0,76 0.08
28 49 0.69 0,71 0,76 0.82 0.84 0,76 0.08
29 50 0.69 0.72 0.77 0.82 0.84 0.77 0.08
30 51 0.69 0,72 0,77 0.82 0.85 0,77 0.08
31 52 0.70 0,72 0,77 0.82 0.85 0,77 0.08
32 50 0.71 0.73 0,77 0.82 0.84 0,77 0.07
33 55 0.71 0,73 0,78 0.82 0.84 0,78 0.07
34 56 0.71 0,74 0,78 0.82 0.85 0,78 0.07
35 59 0,72 0,74 0,78 0.83 0.85 0,78 0.07
36 57 0.72 0,74 0,79 0.83 0.85 0,79 0.07
37 54 0,73 0,75 0.80 0.84 0.86 0.80 0,07
38 56 0,75 0,76 0,80 0.84 0.86 0,80 0.06
39 55 0,76 0.77 0,81 0.85 0.87 0,81 0.06
40 35 0,77 0,79 0,83 0.87 0.88 0.83 0.06

T ab le  X V I: F itted  p e rcen tile s  o f  fem u r len g th /b ip arie ta l d iam e te r  (F L /B P D ) ra tio . E stim ated  

values.
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G raph  17: R aw  d a ta  fo r  fem u r len g th / b iparie ta l d iam ete r (F L /B P D ) ra tio  w ith  fitted  10*, 
50'^ 90'*' and  9 7 “’ percen tiles .
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G raph  18: A ssessm en t o f  fit o f  m odel fo r es tim ated  F L /B P D  p lo tted : P lo t o f  standard  

d ev ia tio n  sco re  ag a in s t g esta tio n a l age , sh o w in g  ex p ected  2SD .
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5.6d: BIPARIETAL DIAMETER/ABDOMINAL CIRCUMFERENCE  

(BPD/AC) RATIO

T ab le  X V II g ives su m m ary  o f  m easu rem en t o f  b ip arie ta l d iam ete r/ab d o m in a l c ircum ference  

(B P D /A C ) ra tio . It g iv es  the  n u m b er o f  cases in  each  w eek  o f  gesta tio n , an d  percen tiles , 

m ean  an d  2 s tan d ard  d ev ia tio n s  (2S D ) o f  th e  o b serv ed  values. A t 13 w eek s  gesta tio n a l age 

m ean  B P D /A C  w as  0 .35  (±  0 .05m m ), a t 36  w eeks it w as 0 .28  (±  0 .0 3 ) an d  a t 4 0 w  it w as 0 .28 

(±  0 .03), th ese  a re  o b se rv ed  v a lu es  o f  the  raw  data.

T ab le  X V III g iv es  fitted  p ercen tiles  o f  b iparie ta l d iam ete r/ab d o m in a l c ircu m feren ce  ratio . It 

g ives the  e s tim ated  v a lu es  o f  3'* ,̂ lO"’, 50'*’, 90'*' an d  97'^ cen tile s  an d  the  m ean  w ith  2 

standard  d ev ia tio n s  o f  th e  data . A t 13 w eek s gesta tional age m ean  B P D /A C  w as 0 .34m m  (± 

0 .0 4 m m ), a t 36  w eek s it w as  0 .2 9  (±  0 .03 ) an d  a t 4 0 w  it w as  0 .2 8  (±  0 .0 2 ), e s tim ated  values 

a fte r fitting  the  m o d el. T h e  co e ffic ien t o f  m u ltip le  co rre la tio n  0 .5 1 9 , (p < .001). R an g e  o f  

the  ra tio  is 34  to  28 o r 31±  3 and  2 standard  d ev ia tio n s o f  th e  ra tio  ran g ed  from  ±  0 .04  to  ±  

0 .02 .

G rap h  19 sh o w s th e  ra w  d a ta  fo r b iparie ta l d iam ete r/ab d o m in a l c ircu m fe ren ce  w ith  fitted  3'^, 

10*, 50*** 90*^ and  97'*' percen tile  lim its  su perim posed  o n  it. T h e  v a lu es  a re  h ig h e r in  th e  early  

part o f  gesta tion  an d  then  g radually  decrease  in the  la te r part. It is o f  9 5 %  co n fid en ce  level 

and  G raph  20 sh o w s a sse ssm en t o f  go o d n ess o f  fit o f  m o d el fo r s tan d ard  d ev ia tio n s o f  

b iparie ta l d iam e te r / ab d o m in a l c ircu m feren ce : P lo t o f  s tan d ard  d ev ia tio n  sco re  ag a in st 

gesta tional age , sh o w in g  ex p ected  2  s tandard  dev iations.
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Summ ary o f measurement o f BPD/AC ratio (observed)

Weeks of 
aestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th Mean 2SD

13 15 0.31 0.32 0.35 0.40 0.35 0.05
14 27 0.29 0.30 0,33 0.36 0,33 0.04
15 32 0.29 0.31 0,34 0.37 0,34 0.05
16 34 0,30 0.31 0,34 0.37 0.39 0,34 0.04
17 27 0.27 0.29 0,33 0.36 0.33 0.05
18 42 0.31 0.31 0,33 0.37 0.40 0,33 0.04

19 34 0.28 0.30 0,32 0.35 0.35 0,32 0.03
20 38 029 0.30 0,32 0.34 0.36 0.32 0.03
21 43 0.29 0.30 0,32 0.34 0,36 0.32 0.03
22 45 0.28 0.30 0.32 0.34 0,35 0.32 0.03

23 39 0.27 0.30 0,31 0.34 0,35 0.31 0.03

24 36 0.28 0.30 0.32 0.34 0,38 0.32 0.04
25 42 0.28 0.29 0.31 0.33 0,34 0,31 0.03
26 46 0.28 0.29 0.31 0.33 0,34 0,31 0.03
27 44 0.28 0.29 0.31 0,33 0,35 0,31 0.03
28 49 0.27 0.28 0.30 0.33 0.34 0,31 0.03
29 50 0,27 0.28 0.30 0,32 0.33 0.30 0.03
30 51 0.27 0.28 0.30 0.33 0.33 0.30 0.03

31 52 0,26 0.28 0.30 0.32 0,34 0,30 0.03
32 50 0,27 0.28 0.30 0.31 0,32 0.30 0.02
33 55 0,27 0.28 0,30 0.32 0,32 0.30 0.03
34 56 0.27 0.28 0.29 0.31 0,32 0.29 0.03
35 59 0.26 0.27 0.30 0.32 0,32 0.29 0.03
36 57 0.26 0.27 0.28 0.31 0,31 0.28 0.03

37 54 0.26 0,27 0.28 0.30 0,31 0.28 0.02

38 56 0.25 0.26 0.28 0.30 0.31 0.28 0.03
39 55 0.24 0,26 0.28 0,30 0,31 0.28 0.04

40 35 0.25 0.26 0.28 0,30 0.31 0.28 0.03

T ab le  X V II: S u m m ary  o f  m easu rem en t o f  b iparie ta l d iam e te r/ab d o m in a l c ircum ference  

(B P D /A C ) ra tio . O b serv ed  values.
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Fitted Centiles o f BPD/AC ratio (estimated)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th Mean 2SD

13 15 0,30 0,31 0.34 0,36 0,38 0.34 0,04

14 27 0.30 0.31 0.34 0.36 0,37 0.34 0,04

15 32 0.30 0,31 0.33 0.36 0,37 0.33 0,04

16 34 0.29 0.31 0.33 0.36 0.37 0.33 0.04

17 27 0.29 0.30 0,33 0.36 0.37 0.33 0.04

18 42 0,29 0.30 0.33 0.35 0.37 0,33 0.04

19 34 0.29 0,30 0.33 0.35 0.36 0,33 0.04

2 0 38 0,29 0,30 0,32 0.35 0.36 0,32 0.04

21 43 0.28 0,30 0.32 0.35 0.36 0,32 0.04

2 2 45 0,28 0,29 0.32 0.34 0.36 0,32 0.04

23 39 0,29 0,30 0.32 0.34 0.34 0.32 0.03

24 36 0,29 0.29 0.31 0,33 0.34 0.31 0.03

25 42 0,28 0.29 0.31 0,33 0.34 0.31 0.03

26 46 0.28 0,29 0.31 0,33 0.34 0.31 0.03

27 44 0.28 0,29 0.31 0,33 0.34 0,31 0.03

28 49 0.28 0,29 0.30 0.32 0.33 0,30 0.03

29 50 0.27 0,28 0,30 0.32 0.33 0,30 0.03

30 51 0.27 0,28 0,30 0.32 0.33 0.30 0,03

31 52 0.27 0.28 0,30 0.32 0.33 0.30 0,03

32 50 0.27 0,28 0.30 0,31 0,32 0.30 0,03

33 55 0.27 0.27 0.29 0.31 0,32 0.29 0,03

34 56 0.26 0.27 0.29 0,31 0,32 0.29 0.03

35 59 0.26 0.27 0,29 0,31 0,32 0.29 0.03

36 57 0.26 0.27 0.29 0,31 0,31 0,29 0.03

37 54 0,26 0.26 0.28 0,30 0.31 0,28 0.03

38 56 0,25 0.26 0,28 0.30 0.31 0,28 0.03

39 55 0,25 0.26 0,28 0.30 0.31 0,28 0.03

40 35 0,26 0.26 0,28 0,29 0.30 0.28 0.02

T ab le  X V III: F itted  p e rcen tile s  o f  b iparie ta l d iam ete r/ab d o m in a l c ircu m fe ren ce  (B P D /A C ) 

ratio . E stim a ted  v alues.
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G raph 19: R aw  data  fo r biparietal diam eter/abdom inal circum ference (B PD /A C ) ratio with
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Graph 20; A ssessm ent o f  fit o f  m odel for BPD /A C plotted: Plot o f  standard  deviation score

against gestational age, show ing expected 2SD.
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5.6e: FEMUR LENGTH/ HEAD CIRCUMFERENCE (FL/HC) RATIO

T able X IX  g ives su m m ary  o f  m easu rem en ts o f  fem u r leng th /head  c ircu m feren ce  (F L /H C ) 

ratio. It g ives th e  to ta l n u m b er o f  cases in eacli w eek  o f  g esta tio n , pe rcen tiles , m ean  and  2 

standard  d ev ia tio n s  (2S D ) o f  the  o bserved  values. A t 13 w eek s g esta tio n a l age m ean  fem ur 

leng th /head  c ircu m feren ce  ra tio  w as 0.13 (±  0 .03), at 36  w eeks it w as  0.21 (±  0 .02 ) an d  at 40  

w eeks it w as 0 .22 (±  0 .01).

T able X X  g ives fitted  p ercen tiles  o f  fem u r leng th /head  c ircu m fe ren ce  ratio . It g ives the 

estim ated  va lu es o f  3̂ '*. lO"'. 5 0 '\  90"’ and 97* percen tilcs  an d  the  m ean  w ith  2  standard  

d ev ia tions o f  the  data. A t 13 w eeks gestational age m ean fem u r len g th /h ead  c ircum ference  

ratio  w as 0 .14  (±  0 .0 3 ), a t 36  w eek s it w as 0 .22 (± 0 .02) and  a t 40  w eek s it w as 0 .23 (±  0.02). 

R ange o f  ra tio  w as from  14 to  23. T he co effic ien t o f  m u ltip le  co rre la tio n s  /?  ̂ =  0 .776 , (p<  

.0 0 1 ).

2 standard  d ev ia tio n s  o f  the  fitted  tab le  ranged  from  ± 0.03 to ±  0.02.

G raph  21 sh o w s the  raw  d a ta  fo r fem u r length /head  c ircu m feren ce  ra tio  w ith  fitted  10'’’, 

50"', 9 0 '’’ and  97̂ ** p e rcen tile  cu rv es  superim p o sed  on it. T he va lues o f  the  ra tio  increase  a s  the 

p reg n an cy  p rog resses. It g ives 95%  confidence  in terval (9 5 %  C l).

G raph 22 sh o w s assessm en t o f  go o d n ess o f  fit o f  m odel for s tan d ard  d ev ia tio n s  o f  fem ur 

length /head  c ircu m feren ce  ratio . U g ives a p lo t o f  standard  d ev ia tio n  sco re  ag a in st gestational 

age. and  sh o w s ex p ec ted  2 standard  dev iations.
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Summ ary o f measurement o f FL/HC ratio (observed)

Weeks of 
gestation (w)

No. o f 
fetuses 3rd 10th 50th 90th 97th IVIean 2SD

13 15 0.11 0.11 0,13 0.15 0.13 0.03
14 27 0.11 0.12 0,14 0.17 0.14 0.04
15 32 0.11 0.13 0,15 0.17 0.15 0.03
16 34 0.13 0.14 0,17 0.18 0.19 0.16 0.03
17 27 0.15 0.16 0,17 0.20 0.17 0.03
18 42 0.15 0.16 0,18 0.19 0.20 0.17 0.02
19 34 0.16 0.17 0,18 0.20 0.22 0.18 0.03
20 38 0.17 0.17 0,18 0.20 0.20 0.18 0,02
21 43 0.16 0.18 0.19 0.20 0.23 0.19 0.02
22 45 0.17 0.18 0.19 0.20 0.22 0.19 0.02
23 39 0.18 0.18 0,20 0.21 0.22 0.20 0.02
24 36 0.18 0,18 0,20 0.21 0.21 0.20 0.02
25 42 0.19 0.19 0.20 0.21 0,22 0.20 0.02
26 46 0.17 0.19 0.20 0.21 0,22 0.20 0.02
27 44 0.18 0.19 0.20 0.21 0.22 0.20 0.02
28 49 0.18 0.20 0.20 0.22 0.23 0.20 0.02
29 50 0.19 0,19 0.21 0,22 0.23 0.21 0.02
30 51 0.19 0.19 0.21 0.22 0.22 0.21 0.02
31 52 0.19 0,20 0.21 0.22 0.23 0,21 0.02
32 50 0.19 0,19 0.21 0.22 0.23 0.21 0.02
33 55 0.19 0,20 0,21 0.22 0.23 0.21 0.02
34 56 0.19 0,20 0,21 0.22 0.23 0.21 0.02
35 59 0.19 0,20 0,21 0.23 0.23 0.21 0.02
36 57 0.19 0.20 0,21 0.22 0.23 0.21 0.02
37 54 0.20 0,20 0,21 0.23 0.24 0.22 0.02
38 56 0.20 0,21 0.22 0.23 0.24 0.22 0.02
39 55 0.20 0,21 0.22 0.23 0.23 0.22 0.02
40 35 0.21 0.21 0.22 0.23 0.24 0.22 0.01

T ab le  X IX : S u m m ary  o f  m easu rem en t o f  fem u r leng th /head  c ircu m fe ren ce  (F L /H C ) ratio. 

O b serv ed  v alues. T o ta l =  1223.
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Fitted Gentiles o f FUHC ratio (estimated)

Weeks of 
gestation (w)

No. of 
fetuses 3rd 10th 50th 90th 97th Mean 2SD

13 15 0.11 0.12 0.14 0,16 0.17 0.14 0.03
14 27 0.12 0.13 0,15 0.17 0.18 0.15 0.03
15 32 0.13 0.14 0,16 0.18 0.19 0.16 0.03
16 34 0.14 0.15 0,17 0.19 0.20 0.17 0.03
17 27 0.15 0.16 0,18 0.20 0.21 0,18 0.03
18 42 0.15 0.16 0.18 0.20 0.21 0.18 0.03
19 34 0.16 0.17 0.19 0.21 0.22 0,19 0.03
20 38 0.16 0,17 0,19 0.21 0.22 0.19 0.03
21 43 0,18 0.19 0.2 0.21 0.22 0.20 0.02
22 45 0.18 0.19 0.2 0.21 0.22 0.20 0.02
23 39 0.19 0.20 0,21 0.22 0.23 0.21 0.02
24 36 0.19 0.20 0.21 0.22 0.23 0.21 0.02
25 42 0.19 0.20 0.21 0.22 0.23 0.21 0.02

26 46 0.19 0.20 0.21 0.22 0.23 0.21 0.02

27 44 0.20 0.21 0.22 0,23 0.24 0.22 0.02

28 49 0.20 0.21 0.22 0.23 0.24 0.22 0.02

29 50 0.20 0.21 0.22 0.23 0.24 0.22 0.02

30 51 0.20 0.21 0.22 0,23 0.24 0.22 0,02
31 52 0.20 0.21 0.22 0,23 0.24 0.22 0.02

32 50 0.20 0.21 0.22 0.23 0,24 0.22 0.02

33 55 0.20 0.21 0.22 0.23 0.24 0.22 0.02
34 56 0,20 0.21 0.22 0.23 0.24 0.22 0.02

35 59 0.20 0.21 0,22 0.23 0.24 0.22 0.02

36 57 0,20 0,21 0.22 0.23 0.24 0.22 0.02

37 54 0,21 0.22 0.23 0.24 0.25 0.23 0.02

38 56 0,21 0.22 0.23 0.24 0.25 0.23 0.02

39 55 0,21 0,22 0.23 0.24 0.25 0.23 0.02

40 35 0.21 0.22 0.23 0.24 0,25 0.23 0.02

T ab le  X X : F itted  p e rcen tile s  o f  fem u r leng th /head  c ircu m feren ce  (F L /H C ) ra tio . E stim ated  

values.
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G raph  21: R aw  d a ta  fo r fem u r leng th /head  c ircu m feren ce  (F L /H C ) ra tio  w itfi f itted  3'̂ '̂ , 10* ,̂ 
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G rap h  22: A ssessm em  o f  fit o f  m odel fo r F L /H C  p lo tted : P lo t o f  s tan d ard  d ev ia tio n  score 

ag a in st g esta tio n a l ag e , sh o w in g  ex p ec ted  2SD .
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5.7: ACCURACY OF ESTIMATED FETAL WEIGHT

A  to tal o f  73 in fan ts  w e re  inc lu d ed  in the  an a ly sis  to  d e te rm in e  the  accu racy  o f  estim ated  

fetal w e ig h t (E F W ). T h e  m ean  in terval from  u ltrasound  ex am in a tio n  to  d e liv e ry  w as 1.59 

(1 S D =  1,15) days, w ith  a  ran g e  o f  0 to 3 days. Fetal w e igh t es tim atio n  w as do n e  by  H ad lock  

e t a l’s fo rm ula  o f  H C /F L /A C  (1985). W ith  th is m ethod , th e re  w as a  g o o d  co rre la tio n  betw een 

E F W  and b irth  w e ig h t (B W ) o v e r the full ran g e  o f  b irth  w eigh ts. M ean  g esta tio n a l age  at 

e stim atio n  o f  fetal w e ig h t w as 37 ,4  (S D =  1.98) w eeks an d  ran g e  w as  32 to  41 w eek s (T able 

X X II). T he reg ressio n  line  in G rap h  23, rep resen ted  by  E F W =  0 .8 7 9 6  x  B W =  2 7 4 .86g {R' = 

0.9243), w as n o t s ig n ifican tly  d iffe ren t from  the  line o f  identity .

W ith  H a d lo c k 's  fo rm u la , th e  m ean  E FW  w as 2 7 53 .4  (±  716 .4 )g , an d  ran g e  w as 1200- 4184g. 

It w as n o t s ig n ifican tly  d iffe ren t from  the m ean  actual b irth  w e ig h t o f  2 8 1 7 .9  (±  7 8 3 .0)g. T he 

actual birth  w eig h ts  ran g ed  from  1200 to  4500g. T he m ean  E F W  w as 6 5g  less  th an  the  m ean 

b irth  w eight. A  good  co rre la tio n  w as found  b etw een  es tim ated  fetal w e ig h t u sing  H C /FL /A C  

fo rm ula  and  actual b irth  w e ig h t ( r  = 0.961).

T he m ean  ab so lu te  d iffe ren ce  b e tw een  E F W  and birth  w eigh t w as, -64 .5  (±  218 .5 ) (95%  C l 

o f  the  d iffe ren ce  w as -116 .19  to -12 .7g) and  the m ean re la tiv e  d iffe ren ce  o r the m ean 

percen tag e  erro r o f  fe ta l w e ig h t estim ation  [iOO (E F W - B W )/ B W ] w as -1 .4  (±  7 .6) %  (T able 

X X I).

G raph  23, sh o w s co rre la tio n  b etw een  estim ated  fetal w e igh t and  b irth  w e ig h t, by the  m ethod 

o f  H ad lock  an d  co lleag u es  (c irc les  and  dashed  lines). T he u nbroken  line rep resen ts  identity. 

N ull h y p o th esis  co n sid e red  E FW  and BW  as equal. P aired  t-tes t w as perfo rm ed  to  com pare  

the  E F W  and B W . T h e  ca lcu la ted  p  value w as > .05 , hence the  d iffe ren ce  w as no t sign ificant. 

T he h y p o th esis  m ay  be accep ted  at 95%  C l. In  o th er w o rd s th e re  w as no  sta tis tica lly  

sign ifican t d iffe ren ce  b e tw een  es tim ated  fetal w eight an d  the  actual b irth  w eight. 

A C C U R A C Y

U sing  S tu d e n t 's  t- te s t fo r paired  tw o-sam ple  m eans, b etw een  es tim ated  fe ta l w e igh t and  the 

b irth  w eigh t no  s ig n ifican t d iffe rence  w as found  be tw een  the  tw o ( r  =  0 .9 6 1 . n =  73),
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V A R IA B L E S F IN D IN G S

T ota l n u m b er o f  in fan ts  (n) 73
G esta tiona l age  (w eek s) 37.4  ± 2 .0

B irth  w e ig h t (g) 281 7 .9  ±  783.0

E stim ated  fe ta l w e ig h t (g) 275 3 .4  ± 7 1 6 .4

E F W - B W  (g) -64 .5  ± 2 1 8 .5

100(E FW - B W )/B W  (% ) -1 .4  ± 7 .6
C orre la tion  co e ffic ien t ( r ) 0.961

p>  0 .05 

/j<  0.001

T ab le  X X I: D iffe ren c es  b e tw een  es tim ated  fe ta l w e ig h t (E F W ) an d  b irth  w e ig h t (B W ). 

V a lu es  are  m ean  a n d  S tan d ard  d ev ia tio n  (±  SD).

V ariab les n M in im um M ax M ean SD

E stim ated  fe ta l w e ig h t (g) 73 1200 4184 2753 .42 716 ,4

B irth  w e ig h t (g) 1200 4500 2817 .89 783 .0 4

G esta tiona l ag e  (w eeks) 32 41 37.42 1.98

G ro w th  percen tile 3 97 50.19 22 .80

G ap  o f  days 0 3 1.59 1.15

T ab le  X X II: D esc rip tiv e  S ta tistics.

G rap h  23 : C o rre la tio n  b e tw een  es tim ated  fe ta l w e igh t an d  b irth  w e ig h t, b y  the  m ethod  o f  

H ad lo ck  an d  co lleag u es (c irc les  and  d ash ed  lines). T h e  u n b ro k en  line  rep resen ts  identity . 

n= 73.
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DISCUSSION

6.1: DISCUSSION

A ccura te  a sse ssm en t o f  feta! size  an d  grow th  is o f  u tm o st c lin ica l im p o rtan ce , b o th  in  norm al 

and  ab n o rm al p reg n an c ies . T he effec ts  o f  m aternal d iseases  o n  fe ta l d ev e lo p m en t an d  the 

p ro b lem s asso c ia ted  w ith  p rem atu rity  and  g ro w th  re s tr ic tio n  are  b e in g  m o re  c learly  

un d ers to o d  n o w  an d  so  th e  p rec ise  m easu rem en t o f  fe ta l size  in  re la tio n  to  m en stru a l ag e  is 

g a in ing  m o re  im portance .

D iag n o stic  u ltra so u n d  h a s  b een  used in  o b ste trics  fo r n early  35 years. It is gen era lly  

con sid ered  safe  b u t s till th e re  is co n tin u o u s study  an d  re sea rch  to  co n firm  th is . It is a  v ery  

im p o rtan t tech n iq u e  fo r  ex am in in g  p reg n an t w o m en  an d  can  b e  used  w h en  c lin ically  

in d ica ted  a t an y  tim e  d u rin g  p reg n an cy  (P alm er 1995).

L itera tu re  is  frau g h t w ith  n o m o g ram s o f  d iffe ren t fe ta l p a ram ete rs , b u t th ey  h av e  all been  

gen era ted  b y  s tu d ies  on w este rn  pop u la tio n . C au casian s are  d iffe ren t from  u s n o t o n ly  in  th e ir 

size  and  s ta tu re  b u t a lso  in  th e ir  soc io -econom ic  co n d itio n . T h ere fo re  s tu d ie s  w ere  conducted  

to  see i f  th o se  ch a rts  w ere  su itab le  fo r u s o r n o t an d  it w as  fo u n d  th a t th ey  w ere  n o t (Q uddus, 

2006 , 2005 , 2004 , 2 0 0 2 , 2 0 0 0 , 1999; Q u d d u s an d  K h atu n , 2 0 0 1 ; M o slem  e t a l, 1996; B ala, 

1991). In  th is  s tu d y  fe ta l g ro w th  ch a rts  w ere  th e re fo re  co n stru c ted  from  o u r ow n popu lation . 

T h is  s tu d y  p ro d u c ed  fo r  the  firs t tim e in B ang ladesh , fe ta l s ize  ch a rts  w h ich  changed  

sm o o th ly  w ith  g es ta tio n a l age . T ab les  o f  m easu rem en ts  an d  p e rcen tile  ch a rts  fo r  B P D , H C , 

FL, A C , E F W  an d  th e ir  ra tio s  d eriv ed  from  a  sam p le  o f  1223 p a tien ts  w e re  p re sen ted  here. 

SPSS p ro g ram  in  co m p u te r so ftw are  w as  u sed  fo r d a ta  en try  an d  ana lysis.

U n til recen tly  it w as  d ifficu lt to  m o n ito r the  d ev e lo p m en t o f  fe tu s d u rin g  p reg n an cy . Real 

tim e u ltraso n o g rap h y  is  a  n o n  invasive  m ethod  w h ich  h as  m ad e  th is  possib le . L ei and  W en 

so u g h t to  co n stru c t u ltra so n o g ra p h y - b ased  g ro w th  cu rv es  in  C h in ese  p o p u la tio n . T hey  found
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tha t a ll fe ta l g ro w th  m easu res  increased  w ith  gesta tio n al ag e , w h e reas  the  ra tio s  e ith er 

decreased  o r rem a in ed  co n stan t. B PD  an d  cereb ral h em isp h eric  w id th  w e re  h ig h er a t early  

gesta tional ages, w h e reas  F L , th o rac ic  c ircu m feren ce  an d  A C  w ere  lo w er in  la te r gesta tions, 

in  th e ir s tu d y  th an  in  p rev io u s stud ies. T h ey  co n c lu d ed  th a t a  d iffe ren t s tan d ard  o f  

u ltra so n o g ra p h y -b ase d  fe ta l g ro w th  is need ed  fo r d iffe ren t p o p u la tio n s  {Lei an d  W en , 1998). 

In  the  last 10 y ea rs  the  q u a lity  o f  the  u ltraso u n d  h as  im p ro v ed  rem ark ab ly  reg ard in g  its 

reso lu tio n  an d  m easu rem en t techn iques. Im p ro v em en t o f  m e th o d o lo g ie s  and  statistica l 

ana lysis  an d  co n sid e ra tio n  o f  ch an g e  in  v ariab ility  w ith  g esta tio n  an d  p resen ta tio n  o f  sca tte r 

d iag ram s o f  th e  d a ta  w ith  fitted  cen tiles  superim p o sed  co n trib u ted  in  d ev e lo p m en t o f  good 

quality  fe ta l size  charts .

A s the  re fe ren ce  fe ta l s ize  ch arts  p resen ted  here  are fo r the  no rm al fe tu se s , ex c lu s io n  o f  

fe tuses w ith  co n g en ita l ab n o rm a lity  w as  ju s tif ied . F e tuses fo u n d  to  b e  large  fo r d ate  and  

sm all fo r d ate  (S F D ) w e re  n o t ex c lu d ed  in  th is  study. A s m ate rn a l d isease s  (d iab e tes  m ellitus, 

gesta tional d iab e te s , h y p e rten s io n  an d  renal d iseases) m ay  in flu en c e  fe ta l g ro w th , th e se  w ere 

reaso n ab le  ex c lu s io n  crite ria . N o n -p a th o lo g ica l d e te rm in an ts  o f  fe ta l s ize  a re  gesta tional 

du ra tion , fe ta l g en d er, a n d  m atern a l he ig h t, w eigh t, age  an d  p arity . F e tu ses  w ere  exc luded  

on ly  i f  th e  p reg n an cy  w a s  ex p o sed  to  facto rs  k now n  to  in flu en ce  fe ta l g ro w th  p atho log ically . 

A ll observ atio n s  w e re  co llec ted  p rospec tive ly  from  a  c ro ss-sec tio n a l p o p u la tio n . S ta tistica l 

m ethods w ere  u sed  w h ich  gave p ro p e r a tten tion  to  th e  ch an g in g  v ariab ility  w ith  increasing  

gesta tion , and  th e  g o o d n ess  o f  fit o f  the  m o d e ls  o b ta in ed , w ere  ca re fu lly  asse ssed  a s  A ltm an  

an d  C h itty  (1 9 9 4 ) d esc rib ed  in  th e ir study.

F irst, the  o b serv ed  10̂ **, 5 0 “’, 90'*’ an d  97^ '̂ cen tiles  a n d  th e  m ean  an d  s tan d ard  d ev ia tio n s 

(S D ) a t  each  w eek  o f  g es ta tio n  fo r a ll five  p aram eters  (B P D , H C , F L , A C  an d  E F W ) and  

th e ir ra tio s  w e re  p re p a re d  from  th e  raw  data. T o  co n stru c t fe ta l s ize  ch a rts  w ith  sm o o th  lines, 

m odels  w ere  th en  fitted . T h e  m ean  and  2 S D  w ere  e s tim ated  a t e a c h  g esta tio n a l ag e  an d  the 

3^“*, lO"’, 50*’’, 90*'’ and  9 7 “’ cen tile s  w ere ca lcu la ted . It co v e red  9 5 %  o f  th e  pop u la tio n . In  5%  

o f  cases th e  v a lu e s  w e re  o u ts id e  th is  ran g e  i.e. it is o f  95%  co n fid e n ce  in terva l (C l).

T h e  m ean  w e re  e s tim a ted  b y  p o ly n o m ia l reg ressio n , linear, cu b ic  o r  q u ad ra tic  m odels, T his 

app roach  w as  b ased  on the  s tro n g  assu m p tio n  th a t a t each  g esta tio n a l age  th e  d a ta  cam e from  

a  p o p u la tio n  w ith  a  no rm al d is trib u tio n . A fte r th e  requ ired  cen tile s  w e re  ca lcu la ted  th ey  w ere 

su perim posed  o n  sca tte r d iag ram s o f  the  observ atio n s  as a  final ch e ck  o f  th e  fit. T he
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co e ffic ien t o f  m u ltip le  co rre la tio n s (Jf^) o f  ail p a ram eters  sh o w ed  h ig h  value . H igh  value 

in d ica tes  a  g o o d  co rre la tio n  b etw een  the  tw o  v ariab les , th e  in d ep en d en t an d  the  dependen t. 

A lthough  th ese  re su lts  h av e  som e s im ilarity  w ith  w este rn  p u b lish ed  d a ta , a  com para tive ly  

low er ra te  o f  fe ta l g ro w th  a f te r  37  w eeks o f  g esta tio n  in  cases o f  B P D , H C , F L , and  A C  w as 

revealed . W este rn  s tu d ies  fo u n d  lo w er ra te o f  o n ly  B PD  an d  H C  g ro w th  a f te r  38  w eek s, bu t 

n o t in  F L  an d  A C  g row th .

N ear term  all th e  p a ram ete rs  w e re  fo u n d  to  be  sm alle r th an  th e  w e ste rn  o n es  a s  w as assum ed . 

T herefo re  p o p u la tio n  sp ec ific  n o m o g ram s co n stru c ted  in  th is  s tu d y  a re  m o re  ap p ro p ria te  fo r 

B ang ladesh i fe tuses.

L inear, q u ad ra tic  an d  cu b ic  m o d e ls  gave good  fit to  the  data . G o o d n ess  o f  fit o f  S D  and 

stan d ard ized  re s id u a ls  w ere  g iv en  in  G raphs. T here  w as  a  g radual in c rease  o f  v a riab ility  as 

p reg n an cy  ad v an ced . C h itty  an d  A ltm an ’s s tu d y  a lso  sh o w ed  s im ila r  p a tte rn  o f  in crease  o f  

th ese  p a ram eters  w ith  in creas in g  gesta tio n a l age  (C h itty  e t a l, 1994). B u t th e  p a tte rn  o f  

ch an g es in  m easu rem en ts  w ere  d iffe ren t from  H ad lo ck  e t al, th e ir cen tile s  w ere  m u ch  w ider 

apart in  ea rly  p reg n an cy  an d  n arro w er at te rm  (H ad lo ck  e t a l, 1982).

In th is  s tu d y , th e re  w a s  o n e  o u tlie r  a t 28‘*‘ w eek  o f  g esta tio n , b u t it w a s  n o t ex c lu d ed  from  the 

study. It w as a  tran s ito ry  g ro w th  re s tr ic tio n  phase , a s  in  su b seq u en t scan s o f  th e  sam e fe tus 

the  g ro w th  w as  n o rm al. T h is  w as  there fo re  th e  resu lt o f  in s tab ility  in  the  co n tro l system  

regu la ting  feta! g ro w th  (D e te r  e t a l, 1983).

A s fe ta l b io m etry  an d  fe ta l w e ig h t ch arts  ob ta in ed  from  th is  s tudy  w e re  d iffe ren t from  the 

in d u stria lized  co u n trie s  it sh o u ld  be  m o re  ap p ro p ria te  to  u se  fe ta l ch a rts  o rig in a ted  from  our 

o w n  p o p u la tio n  w ith  its  ch a rac te ris tic  so c io eco n o m ic  an d  g en e tic  b ack g ro u n d  an d  g ro w th  

po ten tia l. A  la rg e  n u m b er o f  u n ex p la in ed  in trau terin e  fe ta l d ea th s  in  B an g lad esh  m ay  be 

associa ted  w ith  S F D  an d  in trau terin e  g ro w th  restr ic tio n  ( lU G R ) w h ich  rem ain ed  

und iagnosed . Fetal b io m etry  fo r  m o n ito rin g  fe ta l g ro w th  can  p re v en t b o th  perina ta l m orta lity  

an d  m o rb id ity  b y  tim e ly  d iag n o sis  o f  lU G R  and  S F D  fe tuses. F u rth e r s tu d y  w ith  a  larger 

sam p le  s ize  is a lso  n ecessa ry  co v e rin g  the  low  risk  p o p u la tio n  to  co n s tru c t ch a rts  o f  fe ta l size 

(A sh ra fu n n esa  e t  a l, 2003).

N o rm al ran g es o f  B P D , H C , F L  an d  A C  w ere  es tab lish ed  from  lo n g itu d in a l d a ta  o f  sing le ton  

p reg n an c ies  o f  A rab ian  m others. It is suggested  th a t a  n o rm o g ram  o f  “ fe ta l g ro w th ”  is o f  less
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variance than  ab so lu te  m easu rem en ts  and  cou ld  be m o re  usefu l in  the  ea rly  id en tifica tio n  o f  

g ro w th  ab n o rm a litie s  th a n  ab so lu te  fe ta l m easu rem en ts  (N asra t, 1997).

O ne study  in  S in g ap o re  fo u n d  th a t th o u g h  H ad lo ck ’s fo rm u la  w as o rig in a lly  d eriv ed  from  an  

A m erican  p o p u la tio n , it w as  eq u a lly  usefu l in so u th -east A s ian  p o p u la tio n  (V en k at e t al, 

2001). A ltitu d e  in flu en ces  u ltraso n ic  fe ta l b io m etric  m easu rem en ts  as see n  in  a  s tu d y  in  Peru  

w h ich  su g g ested  th a t a t h ig h  altitude , all fetal b iom etry  m easu rem en ts  fo llo w  a  low er 

tra jec to ry  th an  a t s e a  leve l. S p ecific  b iom etry  ch a rts  sh o u ld  th e re fo re  b e  u sed  fo r obste tric  

u ltraso u n d  a t h ig h  a ltitu d e  (K ram p l e t a l, 2000). O vera ll 7 4 %  o f  3 d im en sio n a l (3D ) B PD  

m easu rem en ts  w e re  w ith in  1m m  o f  the  2  d im en sio n al (2 D ) m easu rem en ts , an d  6 4 %  o f  3D  

FL  m easu rem en ts  w ere  w ith in  1m m  o f  the  2D  m easu rem en ts  (B e n a c e rra f  e t  al, 2006).

6.1a: BIPARIETAL DIAMETER

In  th e  p re sen t s tu d y  f irs t th e  o bserved  va lu es w ere  d e te rm in ed  b y  an a ly s is  o f  th e  raw  data. A t 

13 w eek s (w ) g esta tio n a l ag e , m ean  b iparie ta l d iam e te r (B P D ) (o u te r-in n er) w as  23m m  

(± 3m m ) (2S D ) an d  a t 4 0 w  it w as  9 1m m  (± 6 m m ). T h en  es tim ated  v a lu e s  w ere  d eriv ed  afte r 

fitting  th e  m o d e l, an d  a t  13w  gesta tio n a l ag e , m ean  B PD  w as fo u n d  to  b e  2 4 m m  (± 4 m m ) and 

at 4 0 w  it w as 9 2 m m  (± 8 m m ), w ith  a  95%  C l o f  87  to  98 m m . T h e  co e ffic ien t o f  m u ltip le  

co rre la tio n  =  0 .9 7 7 , in d ica ted  a  g o o d  co rre la tio n  b e tw een  th e  tw o  v a riab le s , gesta tional 

age an d  B PD . T h e  h ead  ex h ib ited  a  g rea te r in crease  in  v ariab ility  a f te r  ap p ro x im a te ly  29 

w eeks. T h ere  w a s  g rad u a l in c rease  o f  2 S D  to w ard s te rm , from  4 m m  to  8 m m , show ing  

in creasin g  d isp ers io n  o f  B P D  tow ards term .

F irst the  v a lu es  ± 2 S D  w ere  su p erim p o sed  on  the  residual p lo t to  see h o w  w ell the  S D  had  

been  m odeled . P lo t o f  s tan d ard  d ev ia tio n  sco res  (s tan d a rd ized  re s id u a ls) ag a in s t gesta tional 

age fo r B P D , sh o w ed  ex p ec ted  2SD . L inear m odel w as  fitted  to  th e  SD . It w as  sim ila r to 

C hitty  an d  co -w o rk e r’s  s tu d y  (1994). T h en  3̂ *̂ , 10^’, 50"’, 90 ''’ an d  97 ''’ p ercen tile  cu rves 

derived  b y  fittin g  a  m o d el w e re  su p erim p o sed  o n  the  raw  d a ta  o f  1223 sub jects. T h ere  w as a 

g radual in crease  o f  B P D  cen tiles  u p  to  37^'' w eek  o f  gesta tio n ; th e re a fte r  a  s lo w er g ro w th  rate 

w as noted . T h e  p o ly n o m ia l reg ress io n  linear- cub ic  m o d el sh o w ed  a  g o o d  f it  to  the  m ean . It 

a lso  sh o w ed  th a t th e re  w as  increased  d isp ers io n  o f  d a ta  an d  th e  c e n tile  cu rv es  as the 

p reg n an cy  p ro g ressed . T h is  w as  n o t found  in  th e  s tu d ies  w h ich  d id  n o t fo llo w  the  p roper 

m eth o d o lo g y  (C h itty  e t al, 1994).
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O ne B ang ladesh i s tu d y  fo u n d  th a t a t 2 8 w  g esta tio n al age m ean  B P D  w as  7 2 m m  and  a t 4 0 w  it 

w as 95m m  (B isw as, e t  al, 2006). In  an o th er s tudy  w ith  g es ta tio n a l age  a s  the  d ep en d en t 

v ariab le  2 3 m m  in d ica ted  13w  (± 7d) (2S D ) an d  9 2m m  in d ica ted  4 0 w  (± 2 1 d ) (Q u d d u s, 2005). 

A  study  h ere  fo u n d  th a t a t 18w  m ean  B PD  w as  4 1 m m  (± 3m m ) an d  a t 4 0 w  it w as  90m m  

(± 4m m ). L o w er g ro w th  ra te s  w ere  found  in  B P D  m easu rem en ts  a f te r  3 8 w  o f  gestation . 

(A sh ra fu n n essa , e t a l, 20 0 3 ). In  yet an o th er s tudy  at 13w  g esta tio n a l ag e  m ean  B P D  w as 

23m m  (± 2 m m ) an d  a t 4 0 w  it w as  9 1m m  (± 3 m m ) (Q uddus, 2002).

A  study  h ere , fo u n d  B P D  o f  9 3m m  ( ± l lm m )  a t  3 8 w  (M o slem , e t a l, 1996) w h ereas  

C am p b ell an d  N e w m an  rep o rted  96m m  (1971). A n o th er s tu d y  h ere , fo im d  th a t th e  fe ta l B PD  

w as 1 to  2 w  sm alle r fo r  th e  da te  in co m p ariso n  to fe tu s from  d ev e lo p ed  co u n tries. A t 15w  

g esta tio n al ag e  B P D  w as  2 4 m m  (± 2 m m ) and  a t 4 0 w  it w as  9 3 m m  (± 8 m m ) (B ala , 1991).

A  study  in  o u r co u n try  fo u n d  th a t B P D  m easu rem en ts  in c reased  g rad u a lly  from  13 to  2 8 w  at 

th e  ra te  o f  3 m m /w , th en  fro m  2 8  to  33 w eek s it in c reased  b y  ab o u t 2 m m /w , th e re a fte r  up  to 

4 0 w  the  in crease  w as  a b o u t Im m /w . It w as  9 2 m m  a t 4 0  an d  41 w  (Q u d d u s  a n d  C how dhury , 

2004). In  th is  s tu d y  a lso  th e  ra te  o f  in crease  ta iled  o f f  as p reg n an cy  advanced .

In  an  In d ian  study  a t 13w  gesta tio n a l age  m ean  B P D  w as  2 3 m m  (± 3 m m ) an d  a t 4 0 w  it w as 

90m m  (± 3 m m ) (O b se rv ed  v a lu es) and  a fte r fittin g  a  m o d el, a t 13w  g esta tio n a l age  m ean  

B P D  w as 2 3 m m  an d  a t 4 0 w  it w as  95m m  (E stim ated  v a lu es) (R a jan , e t a l, 2001).

In  tw o  Jap an ese  stu d ies , a t 12w  m ean  B P D  w as  2 Im m  (± 4 m m ) (2 S D ) a n d  a t 4 0  w  it w as 

94m m  (± 8 m m ) (O sak a  U n iv ers ity ) and  in the  o th e r s tudy  2 0 m m  in d ica ted  12w  (± 7d) (2S D ) 

an d  9 5 m m  in d ica ted  4 0 w  (± 2 5 d ) (T okyo  U niversity ).

In  a  W este rn  s tu d y , a t 13w  g esta tio n  m ean  B P D  w as 2 2 m m  (± 3 m m ) (2 S D ) a n d  a t 4 0 w  it w as 

95m m  (± 9 m m ) (O b se rv ed  v a lu es), an d  b y  fittin g  m odel, a t  I3 w  B P D  w as  2 2 m m  (± 4 m m ) and 

a t 4 0 w  it w as  9 5 m m  (± 8 m m ) (E stim a ted  v a lu es) (C h itty  e t  a l, 1994). In  an o th e r s tu d y  2 4m m  

pred ic ted  13w  (± 8 d ) (2 S D ) an d  9 9m m  p red ic ted  4 0 w  (± 3 0 d ) (H an sm an n  e t a l, 1985).

A  s tu d y  fo u n d  th a t a t  14w  gesta tio n al age m ean  B P D  w as 2 7 m m  an d  a t 4 0 w  it w as 9 5m m  

(O b serv ed  v a lu es) an d  b y  tak in g  g esta tio n al age as d ep en d en t v ariab le  2 0 m m  p red ic ted  12w  

(± 6 d ) (2S D ) an d  9 6 m m  p red ic ted  4 0 w  (± 2 5 d ) (H ad lock  e t a l, 1982). In S h ep ard  and  F illy ’s 

s tu d y  (1 9 8 2 ) a t I4 w  g es ta tio n a l age m ean  B P D  w as 2 8 m m  an d  a t 4 0 w  it w as  97m m , an d  in 

an o th er s tudy  a t 14w  m ean  B PD  w as  2 6 m m  an d  a t 4 0 w  it w as  9 5 m m  (K u rtz  e t al, 1980). In
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one o f  th e  ea rlie s t s tu d ies  2 4 m m  ind icated  13w  (± 7 d ) (2 S D ) an d  100m m  ind icated  40w

(± 21d) (C am pbell e t a l ,  1977).

V arious s tu d ies  sh o w ed  th a t in the  early  2"'  ̂ trim ester all th e  B an g lad esh i, Ind ian , Jap an ese  

an d  W este rn  m easu rem en ts  w ere  the  sam e b u t a s  p reg n an cy  p ro g ressed  th e re  w as 

d iscrep an cy  b e tw een  d iffe ren t races. A t te rm  the  B PD  values o f  the  p re se n t s tu d y  w as  sim ilar 

to  o th er B an g lad esh i s tu d ies  ex cep t from  B isw as, el al w h o se  fin d in g  w as sim ila r to  the 

Jap an ese  stu d ies . It co u ld  be  d u e  to  m easu rem en t o r m e th o d o lo g y  error. T h e  o b serv ed  value  

o f  Ind ian  stu d y  w as  s im ila r  to  th is  s tudy  a t term . A t te rm , Jap a n ese  B P D  w as a  little  b ig g e r 

by  2  to  3m m  b u t w e ste rn  v a lu es  w ere  m u ch  b ig g er th an  o u rs  b y  4  to  8 m m .

M oslem  e l a l, ex c lu d ed  fe tu ses  w h o se  g ro w th  fell b e lo w  lO"’ p e rcen tile  an d  H ad lo ck , e t a! 

exc luded  from  th e ir an a ly sis  all fe tu ses  o u ts id e  m ean  ± 2 S D . A ltm an  an d  C h itty  (1 9 9 4 ) do  no t 

co n sid e r su ch  ex c lu s io n s  ju s tif ie d . C am pbell an d  N ew m an  (1 9 7 1 ) u sed  a  d iaso n o g rap h  static  

B -scanner an d  o u te r-o u te r B P D  m easu rem en ts , th ey  ex c lu d ed  b ab ies  d e liv e red  befo re  39w  

and  th o se  w h o se  w e ig h t w as  less  th an  S'*’ percen tile  fo r  4 0 w  g esta tio n . A lso  th e ir study 

included  m u ltip le  m easu rem en ts  o n  m an y  fe tuses. A ll th ese  fac to rs  can  a ffec t the  re su ltin g  

m ean  an d  SD . T h is  an d  C h itty  e t a l 's  (1 9 9 4 ) da ta  show ed  a  w id en in g  to w ard s  te rm  because 

o f  the  in crease  in  v aria b ility  w ith  in creasin g  gestation .

A  study  in  A u s tra lia  d id  n o t sh o w  an y  sta tis tica l o r c lin ica lly  im p o rtan t d iffe ren ce  in B PD , 

A C  an d  FL  o f  A b o rig in a l a n d  C au casian  fe tuses. T h ey  co n c lu d ed  th a t th e re  is n o  reaso n  to  

u se  sep ara te  fe ta l g ro w th  ch a rts  w h en  ex am in in g  A b o rig in a l fe ta l g rovrth  (H u m p h rey  and  

H o lzheim er, 2000). B u t o th e r s tu d ies  show  tha t e th n ic ity  in flu en ces  u ltra so n ic  fe ta l b iom etric  

m easu rem en ts. A  p ro sp ec tiv e  s tu d y  in  T eh ran  in  Iran  sh o w ed  th a t Iran ian  fe tu ses  had  sm aller 

B P D  and sh o rte r F L  m easu rem en ts  in  co m p ariso n  w ith  W este rn  s tu d ies  (p  < 0 .0 5 ) (B eig i and  

Z arrin , 20 0 0 ). A  s tu d y  in  T an zan ia  deno tes tha t tab les  from  in d u stria lized  co u n trie s  re la ting  

gesta tional age  to  so n o g rap h ica lly  m easu red  B PD  are  n o t ap p licab le  fo r p reg n an c ies  in 

dev e lo p in g  co u n trie s  (G u tk n ech t, 1998).

6.1b; HEAD CIRCUMFERENCE

F irst, an a ly sis  o f  the  ra w  d a ta  o f  fe ta l head  c ircu m feren ce  (H C ) m easu rem en ts  w as d one  to 

d e te rm in e  th e  o b se rv ed  v alues. A t 13w  gesta tio n a l ag e  m ean  H C  w as  8 6 m m  (± 1 2 m m ) (2SD ) 

and  a t 4 0 w  it w as  3 3 0 m m  (± 23m m ). T h en  the  e s tim ated  v a lu es  w ere  d e riv e d  a fte r fittin g  the
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m odel an d  a t 13w  g esta tio n a l age m ean  H C  w as  9 0m m  (± 1 2 m m ) (2 S D ) an d  a t  4 0 w  it w as 

3 3 5 m m  (± 2 5 m m ), w ith  a  9 5 %  C l o f  311 to  358m m . T h e  co e ffic ien t o f  m u ltip le  co rre la tion , 

= 0 .981 . w as  s ta tis tica lly  sign ifican t.

A ssessm en t o f  g o o d n ess  o f  f it  o f  the  m odel fo r SD  o f  fe ta l H C  w as  sh o w n  in a  g raph . It w as 

s im ila r to  C h itty  a n d  co -w o rk e r’s  s tu d y  (1994). T he 3 ‘̂‘, 10*'’, 50*’’, 90'*' an d  97'*' percen tile  

cu rv es  d eriv ed  b y  fittin g  the  m odel w ere  su p erim p o sed  o n  th e  sca tte r  d iag ram  o f  the  raw  

data. P o ly n o m ia l reg ress io n  cu b ic  m odel show ed  a  good  fit to  th e  data . T h e re  w as  a  g radual 

increase  o f  the  H C  m easu rem en ts  up  to 3 7 '’’ w  o f  gesta tion  th e re a fte r  th e  g ro w th  w as  slow er. 

It a lso  show ed  tha t th e re  w as  increased  d isp ers io n  o f  d a ta  an d  the  o u te r  cen tiles  a s  the 

p reg n an cy  ad v an ced . T h is  w as  no t found  in  th e  s tu d ies  w h ich  d id  n o t fo llo w  th e  p ro p e r 

m eth o d o lo g y  an d  s tu d y  d es ig n  {C hitty  e t  al, 1994).

In  o n e  B an g lad esh i s tu d y  a l  14w  g esta tio n  H C  w as  found  to  be 9 8 m m  (± 5 m m ) and  a t  4 0 w  it 

w as 3 3 3 m m  (± I3 m m ) (Q u d d u s, 2006). In  an o th er s tudy  a t I3 w  H C  w as  8 7m m  (± I3 m m ) 

(2S D ) and  a t  4 0 w  it w as  3 30  m m  (± 23m m ) (E stim ated  v a lu es), R^= 0 .9 8 0 . In  the  sam e study  

w ith  gesta tio n al ag e  a s  d ep e n d en t v ariab le  85m m  pred ic ted  14w  (± 0 .4 w ) (2 S D ) a n d  340m m  

pred ic ted  4 0 w  (± 3 w ) (E stim ated  v a lu es), ^  = 0 .9 6 6  (Q u d d u s a n d  R ash id , 20 0 6 ). In  a  th ird  

study  a t 13w  H C  w as  8 6 m m  (± 5 m m ) an d  a t 4 0 w  it w as 3 3 3 m m  (± 1 3 m m ) (Q u d d u s , 2004).

In a  s tudy  in  B an g lad esh , the  H C  g radually  increased  w ith  m en stru a l ag e  a t the  ra te  o f  

13m m /w  to  3 m m /w  a t  term . T h e  2 S D  a lso  increased  from  ± 1 0 m m  to  ± 2 6 m m  a t term . A t 13w  

th e  H C  w as 8 6 m m  (± 1 0 m m ), a t 2 0 w  it w as  175m m  (± 1 5 m m ), a t 3 8 w  it w as  327m m  

(± 2 6 m m ) an d  a t 4 0 w  it w as  3 3 3 m m  (± 26m m ) (Q uddus, 20 0 4 ). A  w e ste rn  s tu d y  a lso  found  

tha t th e  grovvth ra te  o f  H C  tap ered  o f f  as the  gesta tio n al age increased , A t 12-13w  it is 1.6 

(± .2 ) (2S D ) cm /w  an d  a t  39- 4 0 w  it is 0 .4  (± .3 ) cm /w  (D eter e t al, 1982). T h is  sh o w s th a t the 

rate o f  in crease  in  b o th  B an g lad esh i an d  W este rn  s tu d ies  d ec lin e s  a s  th e  p reg n an cy  advances. 

In  an  Ind ian  s tu d y , a t  I3 w  g esta tio n a l age H C  w as  9 1 m m  (± 8 m m ) an d  a t  4 0 w  it w as  329m m  

(± 20m m ) (O b se rv ed  v a lu es) and  afte r fittin g  m odel, at 13 w  H C  w as  8 4m m  an d  a t 4 0 w  it w as 

343m m  (E stim ated  v a lu es) (R ajan  e t a l, 2001).

In  d iffe ren t W este rn  s tu d ies , a t 13w H C  w as 84m m  (± 1 4 m m ) (2 S D ) an d  a t  4 0 w  it w as 342 

m m  (±3 8 m m ) (O b se rv ed  v a lu es) and  b y  estim atin g  v a lu es , a t  I3 w  m ean  H C  w as  8 2m m  (±  

I4 m m ) an d  a t 4 0 w  it w as  344m m  (± 26m m ) (C h itty  e t a l, 1994). In  an o th e r series a t 14w 

m ean  H C  w as 9 7 m m  (± 6 m m ) and  at 4 0 w  it w as 3 4 6 m m  (± 2 0 m m ) (H ad lo ck  e t al, 1984). In
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a  study w ith  g esta tio n a l age  a s  d ep en d en t variab le , 106m m  p red ic ted  14w  (± 8 d) (2 S D ) and  

349m m  p red ic ted  4 0 w  (± 35d) (H an sm an n  e t al, 1985).

A t 13w g esta tio n a l ag e  H C  w as  8 9m m  (± 1 9 m m ) (2S D ) an d  a t  4 0 w  it w as 3 4 5 m m  (± 1 9 m m ), 

and  by  es tim ated  v a lu es  a n d  tak in g  gesta tional age  a s  d ep e n d en t v a riab le , 8 0m m  pred ic ted  

12w .3d (± 9 d ) (2 S D ) an d  3 5 0 m m  in d ica ted  4 0 w  (± 24d) (H ad lo ck  e t al, 1982). In D e te r 's  

study , a t  13w  H C  w as 8 7 m m  (± 1 5 m m ) (2S D ) and  a t  4 0 w  it w as  3 5 9 m m  (± 2 5 m m ) (D e te r e t 

al, 1982) an d  in  a  very  ea rly  study  115m m  pred ic ted  14w (± IO d) (2 S D ) an d  3 4 5 m m  ind icated  

4 0 w  (± 3 5d) (C am p b ell e t a l ,  1977).

H ere a lso  lik e  B P D , all s tu d ies  sh o w ed  tha t a t in  th e  early  2"“* trim es te r  a ll th e  local, Ind ian , 

and  w este rn  m easu rem en ts  w ere  s im ila r b u t a s  p reg n an cy  p ro g ressed  th e re  w as  d iscrep an cy  

b etw een  d iffe ren t races . T h e  o bserved  va lu es o f  the  o th e r B an g lad esh i an d  Ind ian  studies 

w ere sim ila r to  th is  s tu d y  a t term  b u t w este rn  va lu es o f  H C  w ere  m u ch  b ig g e r th an  o u rs  w ith  

a  d iffe ren ce  o f  16 to  2 4 m m  a t term . T h is  w as  because  o f  th e  d iffe ren ce  in  s ize  an d  sta tu re  

b etw een  th e  su b -co n tin en ta l p eo p le  and  the  w este rn  p eop le . T h e  so c io -eco n o m ic  cond itions 

o f  these g ro u p s are  a lso  v e ry  d iffe ren t to  m ake an  im p ac t o n  the  fe ta l size.

T h e  tech n iq u e  is im p o rtan t in  the  m easu rem en t o f  H C . T h e  m easu rem en ts  o b ta in ed  by d irec t 

m easu rem en t a ro u n d  th e  c ircu m feren ce  w ere  co n sis ten tly  (b y  ab o u t 1 % ) m o re  th an  those 

o b ta in ed  b y  d e riv a tio n  from  th e  B P D  (o u te r-o u te r) and  o cc ip ito -fro n ta l d iam e te rs  (C h itty  et 

a l, 1994). W h en  u s in g  a  n o m o g ram  sam e m eth o d  sh o u ld  be u sed  a s  th e  a u th o r  did.

P red ic ted  red u c tio n  in  b ir th  w eigh t a t an  increase  o f  ex p o su re  to  fin e  p a rtic le s  from  10-50 

m icrog/m ^ w as  140.3g. T h e  co rresp o n d in g  p red ic ted  red u c tio n  o f  b irth  len g th  w o u ld  be  1cm, 

and  o f  H C , 0 .5cm . T h e  stu d y  p ro v id es  n ew  an d  co n v in c in g  ep id em io lo g ic  ev id en ce  th a t h igh  

personal ex p o su re  to  fine  p artic le s  is asso c ia ted  w ith  ad v e rse  e ffec ts  o n  d ev e lo p in g  fetus 

(Jed ry ch o w sk i e t a l, 20 0 4 ). T h ree  years  o f  g ro w th  h o rm o n e trea tm en t in d u ced  a  grow th  

re su ltin g  in  a  n o rm a liza tio n  o f  h e ig h t an d  o th e r an th ro p o m e tric  m easu rem en ts , in c lu d in g  H C , 

in co n tra s t to  u n trea ted  S F D  co n tro l su b jec ts  (A ren d s e t al, 2004).

6.1c: FEMUR LENGTH

In  th is  s tudy  firs t the  su m m ary  o f  th e  raw  d a ta  w as g iven . A t 13w  g esta tio n a l age  m ean  FL  

w as 11m m  (± 2 m m ) (2 S D ) an d  a t 4 0 w  it w as 7 3m m  (± 5 m m ) (O b se rv ed  values). T hen  

an o th er tab le  o f  e s tim a te d  v a lu es  w as  p rep ared  a f te r  fittin g  the  m o d e l a n d  a t  13w  gestational
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age m ean  FL  w as  11m m  (± 3 m m ) (2S D ) an d  at 4 0 w  it w as 73 m m  (± 6 m m ), w ith  95%  C l o f  

6 8  to  7 9m m  a n d  =  0 .9 8 2 . T h ere  w as  a  g radual in crease  o f  the  FL  m easu rem en ts  up to  37'^ 

w eek  o f  gesta tio n , an d  th en  th e re  w as  a  s lo w er in crease  till  te rm . T h e re  w as  a lso  g radual 

in crease  o f  2 S D  to w ard s  te rm , from  3.4  to  5 .8m m .

P lo t o f  s tan d ard  d ev ia tio n  sco res  ag a in s t gesta tio n al age , sh o w ed  ex p ec ted  2S D . It w as 

sim ila r to  a  w e ste rn  s tu d y  (C h itty  e t a l, 1994). F itted  cu rv es  d esc rib in g  10'^, 50*^, 90* 

an d  97'^ cen tiles  w e re  su p erim p o sed  o n  the  sca tte red  ra w  d a ta . T h e  p o ly n o m ia l reg ression  

qu ad ra tic  m o d el sh o w ed  a  good  fit to  th e  data, It a lso  sh o w ed  tha t th e re  w as increased  

d isp ers io n  o f  d a ta  an d  the  fitted  cu rv es as the p reg n an cy  p rog ressed .

In o th e r B an g lad esh i s tu d ies  a t  2 8 w  FL  w as 5 2m m  an d  a t 4 0 w  it w as  7 5 m m  (B isw as e t  al, 

2006), b y  tak in g  g es ta tio n a l age  a s  d ep en d en t v a r ia b le lS m m  p red ica ted  15w (± 7 d ) (2S D ) 

and  7 3m m  in d ica ted  4 0 w  (± 2 Id )  (Q u d d u s an d  B egum , 2 0 0 4 ), at 18w  F L  w as 2 6 m m  (± 3m m ) 

and  a t 4 0 w  it w as 7 1 m m  (± 3 m m ) (A sh rafu n n essa  et al, 2 0 0 3 ) and  in  an o th e r s tudy  at 16w, 

FL  w as 19m m  (± 2 .6 m m ) a n d  a t 4 0 w  it w as 7 2m m  (± 3 .2m m ) (Q u d d u s , 2002).

In  an  In d ian  study , a t 13w  gesta tio n a l age FL  w as  11m m  (± 2 m m ) an d  a t  4 0 w  it w as 72m m  

(± 4m m ) (O b se rv ed  v a lu es), an d  a fte r fitting  m o d el, a t 13w  F L  w as  1 1m m  an d  a l 4 0 w  it w as 

76m m  (E stim a ted  v a lu es) (R a jan  e t  a l, 2001).

In  tw o  Jap an ese  s tu d ies , a t  13w  m ean  FL  w as  9 m m  (± 2 m m ) an d  a t 4 0 w  it w as  71m m  

(± 3 m m ) (O sak a  U n iv e rs ity ), an d  in  the  o th er study w ith  g esta tio n a l age a s  d ep en d en t variab le  

32m m  pred ic ted  2 0 w  (± 1 7 d ) (2S D ) and  7 0m m  p red ic ted  4 0 w  (± 64d) (T o k y o  U n iversity ).

In  W este rn  s tu d ies , a t  13w  gesta tio n a l age  F L  w as  1 Im m  (± 2 m m ) an d  a t  4 0 w  it w as 75m m  

(± 4m m ) (O b se rv ed  v a lu es) an d  a fte r fitting  m o d el, a t I3 w  FL  w as  1 1m m  (± 2 m m ) an d  a t 40w  

it w as  74m m  (± 3 m m ) (C h itty  e t al, 1994). W ith  g esta tio n a l age  as d ep e n d en t v ariab le , 10m m  

pred ic ted  13w  (± 7 d ) (2 S D ) an d  75m m  pred ic ted  4 0 w  (± 2 3 d ) (H an sm an n  e t a), 19S5). In 

o th e r s tu d ies  a t  14w  FL  w as  14m m  (± lm m )  and  a t 4 0 w  i t  w as  7 7 m m  (± 2 m m ) (H ad lo ck  et 

al, 1984); a t 13w  FL  w as  12m m  (± 7 m m ) (2S D ) and  a t 4 0 w  it w as 7 5 m m  (± 9 m m ) (Jean ty , 

1983); a t 14w  F L  w as  17m m  (± 3 m m ) (2S D ) an d  a t 4 0 w  it w as 7 5 m m  (± 6 m m ) (O ’B rien  et 

a l, 1981). W ith  g esta tio n a l ag e  a s  d ep en d en t v a riab le  10m m  p red ic ted  13w  (± 1 0 d ) (2 S D ) and  

78m m  p red ic ted  4 0 w  (± 2 2 d ) (H ad lo ck  e t a l, 1982) an d  in  o n e  o f  th e  ea r lie s t s tu d ies  18m m  

ind icated  15w  (± 6 d) (2S D ) an d  7 5m m  in d ica ted  4 0 w  (± 22d) (C am p b e ll e t a l, 1977).
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In  case  o f  F L  a lso , as in  B P D  an d  H C , all s tu d ies  show ed  tha t in  the  ea rly  seco n d  trim ester 

B an g lad esh i, Ind ian , Jap an ese  and  W este rn  m easu rem en ts  w e re  s im ila r  b u t a s  p regnancy  

p ro g ressed  th e re  w as  d isc rep an cy  b etw een  d iffe ren t races. T h e  o b se rv ed  va lu es o f  FL 

m easu rem en t o f  o th e r lo ca l s tu d ies  w ere sim ila r to  th is  one ex c ep t B isw as’ s tu d y  (2006) 

w h ich  w as s im ila r to  w e ste rn  stu d y  p ro b ab ly  d u e  to  som e m e th o d o lo g ica l erro r. In d ian  study 

w as sim ila r to  th is  s tudy  a t term , Jap an ese  m easu rem en ts  w e re  2  to  3 m m  sm alle r than  ours, 

w h ereas  w este rn  v a lu es  o f  FL  w ere  m u ch  b ig g er th an  o u rs  a t te rm , b y  2 to  5m m .

S everal au th o rs  h av e  ev a lu a ted  the  m easu rem en t o f  the  fe m u r fo r  th e  p red ic tio n  o f  

gesta tional age an d  fe ta l s ize, and  in  the  d e tec tio n  o f  fe ta l ab n o rm a litie s  (K u rtz  and  G oldberg  

1988). FL  sh o u ld  be  m easu red  ro u tin e ly  and  reco rd ed  a fte r the  14'*’ w  o f  gesta tion . A s  w ith  

B PD  co n sid e rab le  b io lo g ica l v a ria tio n  is p resen t la te  in  p reg n an cy  (L eo p o ld , 1986).

T he u ltraso n ic  m easu rem en t o f  th e  fe ta l FL  is a  sen sitiv e  an d  p re c ise  v a riab le  fo r estim atio n  

o f  fetal g ro w th  an d  d ev e lo p m en t. P rev io u s no rm al u ltra so n ic  fe ta l F L  cu rv es  fo r ano ther 

p o p u la tio n  m ay  u n d eres tim a te  o r o v erestim a te  no rm al fe ta l w e ig h t fo r the  Iran ian  p o p u la tio n  

(H o n arv ar e t a l ,  2001).

T here  w as  a  s ta tis tica lly  s ig n ifican t d iffe ren ce  in  FL  in  th e  A s ia n  g ro u p  co m p ared  w ith  all 

o th er g ro u p s, as w e ll a s  the  w h ite  g roup  co m p ared  w ith  th e  b lack  an d  A sian  g ro u p s (p< .05). 

T he A sian  g ro u p  h ad  th e  la rg est varia tio n , w ith  the  m easu red  FL  b e in g  less  th a n  th e  expected  

FL. U sing  e th n ic -sp ec ific  fo rm u las  fo r ex p ected  FL  can  h av e  a  co n sid e rab le  im p ac t o n  the 

use  o f  so n o g rap h ic  risk  fac to rs  fo r D o w n ’s sy n d ro m e screen in g . F u rth e r d a ta  a re  req u ired  for 

u se  o f  FL  as  a  sc reen in g  to o l in  the  g en e tic  sonogram  (FCovac e t  a l, 2002).

N e w  fe ta l m easu rem en t ch a rts  w ere  p rep ared  fo r  FL an d  B P D  fro m  th e  Is rae li p o p u la tio n  and 

those  w ere  fo u n d  to  b e  s im ila r to  th o se  p u b lished  fo r o th e r C au cas ian  p o p u la tio n s  (S h o h at 

and  R om an o , 2001).

6.1d: ABDOMINAL CIRCUMFERENCE

F or abdom inal c ircu m fe ren ce  (A C ) a lso , firs t th e  su m m ary  o f  th e  ra w  d a ta  w as p re sen ted  as 

ob serv ed  v a lu es . A t 13w  g esta tio n a l age  m ean  A C  w as 6 6 m m  (± 7 m m ) (2 S D ) and  at 4 0 w  it 

w as 3 2 7 m m  (± 3 4 m m ). A n o th e r tab le  w as co n stru c ted  o f  th e  e s tim a ted  v a lu es  in w hich , at 

13w  g esta tio n al ag e  m ean  A C  w as  7 2m m  (± 9 m m ) (2 S D ) a n d  a t  4 0 w  it w as 332m m  

(± 36m m ), w ith  a  95%  C l o f  29 9  to  365m m . =  0 .9 7 0 , w ith  a /?  v a lu e  o f  <  .001.
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R esiduals  from  m o d el d esc rib in g  m ean  w ith  2S D  w as sh o w n . It w a s  s im ila r  to  a  w estern  

s tudy  (C h itty  e t al, 1994). T h e  10'*’, 5 0 ‘\  90*^ an d  97'*’ p e rcen tile  cu rves w ere 

superim p o sed  o n  th e  sca tte r chart. P o ly n o m ial reg ress io n  cu b ic  m o d e l sh o w ed  a  good  f it  to 

the  data. It a lso  sh o w ed  th a t th e re  w as  increased  d isp ers io n  o f  d a ta  as the  p reg n an cy  

advanced . T h is  w as  n o t fo u n d  in  th e  s tu d ies  w h ich  d id  n o t fo llo w  th e  p ro p e r m eth o d o lo g y  

(C h itty  e t a l, 1994).

In  the  o th er B an g lad esh i s tu d ies , at 2 8 w  g esta tio n al age  m ean  A C  w as  2 4 0 m m  an d  a t 4 0 w  it 

w as  37 0 -3 7 5 m m  (B isw as e t a l, 2006), a t 18w  A C  w as  133m m  (± 1 3 m m ) an d  a t 4 0 w  it w as 

3 3 0 m m  (± 1 9 m m ) (A sh ra fu n n essa  e t a l, 2003), a t 16w  g es ta tio n a l age  A C  w as  found  to  be 

110m m  (± 1 1m m ) a n d  a t 4 0 w  it w as  found  to  be 3 2 8 m m  (± 2 2 m m ) (Q u d d u s, 2002).

In an  Ind ian  s tu d y  a t  13w  g esta tio n a l age A C  w as  7 4 m m  (± 1 6 m m ) an d  a t  4 0 w  it w as  334m m  

(± 25m m ) (O b se rv ed  v a lu es), and  a fte r es tim atin g  v a lu es  at 13w  A C  w as  6 9 m m  and a t 4 0 w  it 

w as  3 5 4 m m  (R a jan  e t a l ,  2001).

In  a  W este rn  stu d y  a t  13w  gesta tio n al age m ean  A C  w as 6 9 m m  (± 6 m m ) (2 S D ) an d  a t 4 0 w  it 

w as 344m m  (± 2 3 m m ) (O b se rv ed  v a lu es) an d  a fte r fittin g  a  m o d e l a t 13w  A C  w as  67m m  

(± 5 m m ) an d  a t 4 0 w  it w as  3 4 0 m m  (± 2 1 m m ) (E stim ated  v a lu es) (C h itty  e t  a l, 1994). In 

an o th er s tu d y , a t 14w  A C  w as  73m m  (± 6 m m ) (2SD ) an d  a t 4 0 w  3 5 3 m m  (± 2 9 m m ) (H adlock  

et a l, 1984), an d  w ith  g esta tio n a l age as d ep en d en t v a riab le  63 m m  in d ica ted  I3 w  gesta tional 

age an d  3 2 0 m m  p red ica ted  4 0 w  (H an sm an n  e t a l, 1985). A t 13w  A C  w as  6 9 m m  (± 3m m ) 

(2S D ) and  a t 4 0 w  it w as  3 5 4 m m  (± 3 m m ) an d  in  th e  sam e s tu d y  w ith  gesta tio n a l age  as 

d ep en d en t v ariab le  an d  fittin g  m o d e l, 100m m  in d ica ted  15w .4d  (± 1 3 d ) g esta tio n a l age and 

3 6 0 m m  p red ica ted  4 0 w  (± 1 8 d ) (H ad lo ck  e t a l, 1982). In D e te r’s se rie s  a t 13w  age A C  w as 

7 4m m  (± lm m )  (2S D ) an d  a t 4 0 w  it w as  370m m  (± 5 m m ) (D e te r e t  a l, 1982). In  o n e  o f  the 

ea rlies t s tu d ies  9 0 m m  in d ica ted  14w  (± 14d) (2S D ) g esta tio n a l ag e  an d  3 5 0 m m  p red ica ted  

4 0 w  (± 30d) (C am p b ell e t a l ,  1977).

In  the  ev a lu a tio n  o f  A C  a lso , lik e  B P D , H C  an d  FL , a ll s tu d ies  sh o w ed  th a t in  th e  early  

second  trim es te r  th e  lo ca l, In d ian , an d  w este rn  m easu rem en ts  w e re  s im ila r  b u t a s  p reg n an cy  

ad v an ced  th ere  w as  v aria tio n  b e tw een  d iffe ren t races. T h e  fin d in g s  o f  th is  s tu d y  w ere  sim ilar 

to  o th e r lo ca l s tu d ies  ex c ep t fro m  B isw as’ s tu d y  w here  A C  w as  b ig g e r th a n  ev en  the  w estern  

stud ies. M eth o d o lo g ica l e rro r co u ld  be a  reason . T he o b serv ed  v a lu e s  o f  A C  m easu rem en t o f
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Ind ian  stu d y  w as  s im ila r to  o u rs  at te rm , w h ereas w este rn  v a lu es  o f  A C  w ere  m u ch  b ig g e r at 

term  th an  o u rs , b y  2 1  to  28m m .

T h e  m easu rem en t o f  fe ta l A C  w as f irs t described  in  1975 as a  u se fu l m easu re  fo r estim atin g  

feta! w e ig h t (C am p b ell an d  W ilk in  1975). It is n o w  w id e ly  u sed  to  m o n ito r no rm al fetal 

g row th , to  d e tec t lU G R  (C am pbell an d  T h o m as 1977) o r  m acro so m ia , an d  in  the  estim atio n  

o f  fe ta l w e ig h t (H ad lo ck  e t a l ,  1985).

In a  s tu d y  h ere , in  ca ses  o f  B P D  and A C , afte r 3 8 w  o f  g es ta tio n  th e  p e rcen tile s  show ed  a 

s lo w er g ro w th  ra te . S o  th e  n ew  charts  co n stru c ted  fo r th ese  p a ram ete rs  a re  d iffe ren t afte r 

38w  from  th o se  p u b lish ed  fo r  C au casian  popu lations. T h is  m ay  b e  a  ch a rac te ris tic  o f  th e  fetal 

s ize  ch a rt fo r B en g a li p o p u la tio n  (A sh ra fu n n esa  e t a l, 2003). Fetal ab d o m in a l size  charts 

w ere  co n stru c ted  w h ich  sh o u ld  h av e  sev era l ap p lica tio n s  in  c lin ica l p rac tice . C o m p ariso n  o f  

th is  c ro ss  sec tio n a l d a ta  w ith  tha t o f  o th er au th o rs  m ig h t b e  ex p la in ed  b y  d iffe ren ce  o f  s tudy  

popu lation . In  th is  s tu d y  a fte r 3 7 w  o f  gesta tion  the  p ercen tiles  sh o w ed  a  s lo w er grow th  rate 

in  case  o f  A C  bu t in  w este rn  s tu d ie s  the  A C  co n tin u ed  to  g ro w  lin ea rly  till  term .

In  a  s tudy  in  B an g lad esh , g esta tio n a l age  o b ta in ed  by u ltraso n o g rap h y  fro m  the  m easu rem en t 

o f  A C  and  u sin g  H a d lo c k  e t  a l ’s tab le  (1982), w as  found  to  be  co n stan tly  sm a lle r afte r 24w. 

A t 4 0 w  the  A C  ag e  w as  3 7 w  (± 3 w ) b y  u sin g  th e  w este rn  tab le . A t 4 0 w  A C  w as  359m m  by 

H ad lo ck ’s tab le  b u t 3 3 0 m m  by B ang ladesh i tab le . T h ere fo re  a  tab le  w as  p rep a red  to  g ive  the 

m ean  A C  m easu rem en ts  o f  o u r fe tuses, so th a t in  o n e  g lan ce  the  o b s te tric ian s  can  g e t an 

accu ra te  id ea  o f  th e  fe ta l n o u rish m en t a t a  p articu la r g esta tio n a l ag e  (Q u d d u s , 2000).

H ad lock  e t al (1 9 8 2 ) d id  n o t m odel the  SD  to  take  in to  ac co u n t th e  in c reas in g  v aria tio n  w ith  

g estation . So th e ir  c en tile s  w ere  m u ch  w id e r ap a rt in  ea rly  p reg n an cy  a n d  n arro w er a t term . 

D ifference in  sam p lin g  m ay  h av e  b een  m o re  in fluen tia l. T h ey  s tu d ied  4 0 0  u n se lec ted  w om en , 

b u t 101 o f  th e se  w e re  see n  a t 38 to  4 0 w  o f  gestation .

T o  estab lish  re fe ren ce  charts  fo r th e  p o p u la tio n  o f  N ig e ria  b y  u ltra so u n d  scan n in g , 736 

fe tu ses  w e re  ex am in ed  a t  th e  P o n d riere  H ospital in N iam ey . T ra n sv e rse  ab d o m in a l fetal 

d iam ete r in  N ig e r ia  ap p eared  to be b e lo w  norm a! (V an g een d e rh u y sen  an d  N o n o , 1998). 

G ro w th  re s tr ic tio n  w as  d iag n o sed  w h en  there  w as n o  g ro w th  in  fe ta l A C  b e tw een  tw o 

co n secu tiv e  ex am in a tio n s. T h ere  w as  a  d ram atic  in crease  in fa lse -p o s itiv e  ra te s  a s  the  tim e 

in terva l b e tw een  ex am s w as  reduced . T h ere  w as a  sig n ifican t in c rease  in  th e  fa lse-positive
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ra te  a s  the  g esta tio n a l ag e  o f  in itia l u ltrasound  w as increased . A t 2 8 w , th e  fa lse -p o sitiv e  rate 

w ith  a  2 w  in terva l w as  11.8% , in creasin g  to  24 .1 %  a t 38w  (M o n g e lli e t a l, 1998).

R educed  A C  w as th e  b est s in g le  p aram eter in  d isc rim in a tin g  b e tw een  lU G R  a n d  non-IU G R  

fe tuses w ith  th e  h ig h es t sen sitiv ity  am o n g  th e  p ro p o sed  p a ram ete rs  in  the  b o th  Iran ian  and  

A u stra lian  sam ple . Its p o s itiv e  p red ic tiv e  value  is  low . T h e  p a ram ete rs  o b ta in ed  to  eva lua te  

th e ir d iag n o stic  accu racy  in  p red ic tin g  lU G R  bab ies, w e re  B P D , F L , H C , A C , A F I and  

D o p p le r from  u m b ilica l a rte rie s  (S y sto lic /D iasto lic  ra tio ) (N ik n a fs  a n d  S ib b a ld , 2001). 

In stitu tio n -sp ec ific  n o m o g ram s o f  fe ta l A C  m easu rem en ts  a re  im p o rtan t to  av o id  in co rrec t 

ca teg o riza tio n  o f  o u te r  cen tiles . C o m p ariso n  w ith  o th e r p u b lish ed  n o m o g ram s in d ica ted  that 

the  fa lse -n eg a tiv e  ra te s  fo r  c lass ify in g  o u r p o p u la tio n  a s  < 1 0 ‘*’ cen tile  o r  >90^*’ cen tile  ranged  

from  11.3%  to  9 0 .5 %  a n d  from  0 to  66 .4% , re sp ec tiv e ly  (S m u lian  e t  a l, 2001).

6.2e: ESTIMATED FETAL WEIGHT

F etal w e ig h t is  o n e  o f  th e  m o st im p o rtan t an d  m o st o ften  so u g h t p a ram ete rs  o f  fe ta l g row th . 

In  the  p resen t s tu d y  firs t, a  tab le  w as p rep ared  sh o w in g  o b se rv ed  v a lu es  o f  the  ra w  d a ta  o f  

1223 sub jects. A t 13w  g esta tio n a l age m ean  es tim ated  fe ta l w e ig h t (E F W ) w as  7 2g  (±7g) 

(2S D ) and  at 4 0 w  it w as  3 0 9 5 g  (± 703g). N e x t a  tab le  o f  e s tim a ted  v a lu es  w as co n stru c ted  

a fte r fittin g  a  m o d e l, a t 13w  g esta tio n a l age m ean  E F W  w as 7 7g  (± 1 9 g ) (2 S D ) an d  a t 4 0 w  it 

w as  3 1 3 1 .5 g  (± 7 4 9 g ), w ith  9 5 %  C l o f  2 4 2 7  to  3836g . T h e  co e ffic ien t o f  m u ltip le  corre la tion , 

^  = 0 .9 8 8 , {p< .001), in d ica ted  a  g o o d  co rre la tio n  b etw een  th e  tw o  v ariab les .

A ssessm en t o f  g o o d n ess  o f  fit o f  m o d el for SD  o f  E F W  w as done. P lo t o f  s tan d ard  dev ia tion  

score ag a in s t g es ta tio n a l age  sh o w ed  ex p ected  2SD . T h e  g ra p h  d em o n stra ted  th e  raw  

res id u a ls  a c ro ss  g esta tio n a l ages. It w as sim ila r to  a  s tu d y  o n  C au cas ian  p o p u la tio n  (H adlock  

e t a l ,  1991).

T h e  3^^ 10‘\  50'^, 9 0 ‘*’ an d  97'^ percen tile  cu rv es  d er iv e d  b y  fittin g  a  m o d el w ere 

su perim posed  o n  the  o b serv ed  ra w  data. R eg ressio n  an a ly sis  w as  u sed  an d  the  m odel show ed 

a  good  fit to  th e  data , a s  show n  in  the  graph . It a lso  sh o w ed  tha t th e re  w as  increased  

d isp ers io n  o f  d a ta  an d  p e rcen tile  cu rv es  a s  the  gesta tio n al age in creased . T h is  w as  also  found 

in  a  C au cas ian  s tu d y  w h ich  fo llo w ed  th e  sam e m eth o d o lo g y  (H ad lo ck  e t  a l, 1991). In  th is 

s tu d y  the  g ro w th  w as  s lo w  u p  to  2 6 w  an d  th e n  it in c reased  lin ea rly  u p  to  4 0 w  o f  gestation , 

s im ila r to H a d lo c k 's  s tu d y  o f  1991.
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In  a  s tu d y  in  B an g lad esh , a t 16w  gesta tional ag e  E F W  w as 0 ,2  (± 0 )k g  an d  a t 4 0 w  it w as  3 

(± 0 .4 )kg . T h e  E F W  w ere  fo u n d  to  be less than  the  C au cas ian  p o p u la tio n  (H ad lo ck  e t  al, 

1991) a t th e  sam e g esta tio n a l ag es in the  th ird  trim ester. F rom  2 9 w  th e  d iffe ren ce  increased  

g rad u a lly  from  0.1 k g  to  0 .6  k g  a t 40w . T h is  w as  m o st likely  d u e  to  rac ia l facto r, a s  v e ry  poor 

an d  m a ln o u rish ed  p a tien ts  w ere  n o t included  in th is  s tu d y  and  m ajo rity  o f  p a tien ts  belonged  

to  the  m id d le  c la ss  (Q u d d u s , 2002).

In  an o th er se rie s  h e re  m ean  (S D ) w e re  2 .8 6  (± 0 .3 4 )k g  a t 38w , w h ich  ro se  to  3.1 (± 0 .4 )k g  at 

4 0 w  b u t d id  n o t in crease  a fte r that. T h e  cu rv e  sh o w ed  a  linear tren d  u p w ard s  from  2 2 w , w ith  

the  increase  o f  fe ta l ag e , b u t w ith  a  fla tten in g  from  4 0  to  4 2 w  g esta tio n a l age. A t 22w  

gesta tional age  E F W  w as 0 .5  (± 0 .0 6 )k g  (Q u d d u s and  K h a tu n , 2 0 0 1 ). T he m ean  E F W  

rep o rted  in  o n e  stu d y  h ere  a t 3 8 w  w as  299 8 g , b u t th ey  used  H a n sm a n n ’s  fo rm ula  th a t is 

based  o n  B P D  an d  an te ro -p o ste rio r b o d y  d iam ete r and  n o t A C  (M iah  e t a l, 1998).

In  an  Ind ian  s tu d y , a t 2 4 w  gesta tio n a l age  E F W  w as 595 (± 1 8 0 )g  a n d  a t 4 0 w  it w as 3076 

(± 5 6 5 )g  (O b se rv ed  v a lu es) , an d  a f te r  fittin g  a  m o d e l, a t 2 4 w  g esta tio n a l ag e  E F W  w as found  

to  be  640g  an d  a t 4 0 w  it w as  found  to  be  3280g  (E stim ated  v a lu es) (R a jan  e t al, 2001).

In  a  Jap an ese  study , a t 16w gesta tio n a l age m ean  E F W  w as 137 (± 2 9 )g  an d  a t 4 0 w  it w as 

3220  (± 3 8 7 )g  (O sak a  U n iv ers ity ). In a  B raz ilian  study , a t 2 0 w  g es ta tio n a l age m ean  EFW  

w as 3 6 8 g  an d  a t 4 2 w  it w as  3417g . T h ere  w as a  m ean  in crease  o f  2 0 0 g /w  from  27  to  38'^ 

w eek , w h en  th e  g a in  d ec rea sed  (C eca tti e t a l, 2000).

In  s tu d ies  g en e ra ted  in  W este rn  co u n tries, at 2 6 w  m ean  E F W  w as 8 6 0 g  an d  a t 4 0 w  it w as 

3280g  (D o u b ile t e t al, 1997), a t I3 w  gesta tional age  m ean  E F W  w as 73 (5 5 -9 1 )g  (95% C I), 

and  a t 4 0 w  it w as  3 6 1 9  (2 7 1 4 -4 5 2 4 )g  (H ad lo ck  e t  a l, 1991), a t 14w  m ean  E F W  w as 93 g  and  

a t 4 0 w  it w as  3 7 8 8 g  (O tt e t al, 1988), a t 2 1 w  gesta tio n a l ag e  m ean  E F W  w as 0.41 (0 .28-

0 .86 )kg  an d  a t 4 0 w  it w a s  3 .28  (2 .7 5 -3 .8 7 )k g  (H ad lo ck  e t  a l, 1983), a t 14w  m ean  E F W  w as 

82g an d  a t 4 0 w  it w as  3 8 6 3 g  (D eter e t a l, 1982), a t 2 1 w  g esta tio n a l age m ean  E F W  w as 

4 1 0 g  an d  a t 4 0 w  it w as 3 2 8 0 g  (B ren n er e t al, 1976).

A t te rm  d iffe ren t B an g lad esh i s tu d ies  w e re  0 .2  to  0 .8 k g  sm a lle r  th a n  W este rn  stu d ies , bu t 

s im ila r to  Ind ian  and  Jap an ese  stud ies. In  early  seco n d  trim es te r  all s tu d ies  w ere  com parab le . 

In  P o stn a ta l w e ig h t s tu d ies , a t  2 2 w  gesta tio n al ag e  m ean  E F W  w a s  513 (± 3 0 )g  an d  a t term  it 

w as 3462  (± 1 3 )g  (W illiam s e t a l, 1982), and  in  B ab so n ’s  s tu d y  a t 2 8 w  m ean  E F W  w as 1118 

(± 30)g , an d  a t 4 0 w  it w as 3448  (± 1 3 )g  (B abson  e t al, 1970).
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E xtrem es in  fe ta l w e ig h t are asso c ia ted  w ith  p o o r perina ta l o u tco m es (K u rtz  and  G oldberg , 

1988). F o r th is  re aso n , re liab le  es tim ates  o f  fe ta l w e ig h t can  b e  v a lu ab le  in  the  m an ag em en t 

o f  p regnancy . F eta l w e ig h t g a in  as m easu red  by  u ltraso u n d  is  su b jec t to  patho log ical 

d ev ia tion , as w ell a s  p h y sio lo g ica l v a ria tio n s  d u e  to  m ate rn a l h e ig h t, w e ig h t, e th n ic  g roup  

an d  p arity  (D e Jo n g  e t a l, 1998). S ex , race  and p arity  d iffe ren ces  h av e  a lso  b ee n  found. 

T h ese  re su lts  d o cu m en t th e  n ee d  fo r  se lec tin g  a  se t o f  no rm al ran g es , w h ic h  is ap p ro p ria te  for 

th e  sp ec ific  p o p u la tio n  b e in g  stu d ied  (D eter e t al, 1983).

B irth  w e ig h t co rre la te s  n eg a tiv e ly  w ith  m aternal h em o g lo b in  co n cen tra tio n . T h is  is 

co n sis ten t w ith  w e ll-k n o w n  e ffec t o f  h ig h -a ltitu d e  ex p o su re  d u rin g  p reg n an cy , w hich  

increases b o th  h em ato c rit an d  b lood  v isco sity  and  lo w ers b ir th  w eigh t. T erm  b irth  w eigh t 

w as  red u ced  b y  8 9g  fo r each  l.O g/dL  in crease  in  h em o g lo b in  co n c en tra tio n  (P < .0 1 ) (N ahum  

an d  S tan islaw , 2004).

A d ju stab le  s tan d ard s  red u ce  fa lse - p ositive  assessm en ts  o f  ab n o rm al in trau terin e  grovrth. 

P ro sp ec tiv e  s tu d ies  a re  n o w  n eed ed  to  eva lua te  w h e th e r an  im p ro v ed  d e tec tio n  o f  g row th  

ab n o rm ality  can  be  tran s la te d  in to  im p ro v em en ts  in  p erin a ta l o u tco m e  (D e Jo n g  e t a l, 1999). 

P erinata l m o rta lity  is  in v erse ly  re la ted  to  g esta tio n a l age an d  b irth w e ig h t (F a n a ro ff  e t al, 

1995). W hereas g esta tio n a l ag e  is generally  k n o w n , fe ta l w e ig h t can  on ly  be  estim ated . 

C lin ical v a riab les  in c lu d in g  funda l h e ig h t m easu rem en ts  a re  ra th e r in acc u ra te  p red ic to rs  o f  

fe ta l w eigh t, e sp ec ia lly  in  p re te rm  and  sm all-fo r-g esta tio n a l-ag e  fe tu se s  in  w h ich  w eight 

estim ates a re  th e  m o st re lev an t (G u ide tti e t  al, 1990).

Fetal w e ig h t e s tim ates  d eriv ed  from  b iom etric  d a ta  h av e  b een  rep o rted  a s  accu ra te . H adlock  

an d  co lleag u es m eth o d  is  based  o n  long itud inally  m easu red  no rm al fe tu ses . T h e  reported  

standard  d ev ia tio n  o f  th is  m e th o d  is 7 .3% , w h ich  im p lies  th a t 9 5 %  o f  in fan ts  h av e  a  

m easu red  b irth w eig h t w ith in  15%  o f  the  E F W  (H ad lo ck  et a l, 1985). In  an o th e r o f  h is  study 

95%  co n fid en ce  ran g e  w as  ± 1 6 %  (H ad lo ck  et a l, 1985). In  V in tz ileo^  s tu d y  9 5 %  confidence  

ran g e  w as ± 1 7 .6 %  (V in tz ileo  e t a l, 1987). In  S h ep ard ’s  s tu d y  it w as  ± 1 8 .2 %  (S h ep ard  e t al, 

1982) an d  in  W a r s o f s  s tu d y  it w as  ± 1 7 .4 %  (W a rso f  e t a l, 1977).

W hereas in  th e  p re sen t s tu d y  w h ich  w as  a  c ro ss-sec tio n al s tu d y , th e  2 S D  w as  found  to  be 

± 1 6 % , w h ich  im p lie s  th a t  9 5 %  o f  in fan ts  h av e  a  m easu red  b irth  w e ig h t w ith in  ± 1 6 %  o f  the 

E FW . In  a  po st-n a ta l w e ig h t study , there  w as a un ifo rm  v arian ce  o f  ap p ro x im a te ly  ± 1 6 %  at
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the  10*'’ an d  90'*’ p e rcen tile s  (S ech e r e t a l, 1986), w h ich  is  v e ry  s im ila r to  the  v ariance 

ob serv ed  in  H a d lo c k ’s p re -n a ta l w e ig h t study , ± 1 7 %  (H ad lo ck  e t a l, 1991) an d  th is study. 

R ecen t s tu d ies  have d o cu m en ted  increased  perina ta l m o rb id ity  and  m o rta lity  ra te s  in  the 

g ro w th  re str ic ted  p o s t- te rm  fe tus. U ltraso n o g rap h ic  e s tim a tio n  o f  fe ta l w e ig h t is  a  usefu l test 

fo r p red ic tin g  fe ta l grovrth  re s tr ic tio n  in  p ro longed  p reg n an c ies  (O ’R eilly -G reen  an d  D ivon , 

1999).

In a  Jap an ese  s tu d y . S o n o g rap h ic  d e te rm in a tio n  o f  fe ta l g ro w th  from  2 0 w  o f  gesta tion  

onw ards co rre la ted  w ith  b irth  w eigh t dev ia tion , and  th is  em p h asized  th e  c lin ica l value  o f  

ev a lu a tin g  fe ta l g ro w th  d u rin g  th e  later h a lf  o f  p reg n an cy  (Y o u sh id a  e t a l, 20 0 1 ). T h e  O saka 

U n iversity  d e te rm in ed  m ean  fe ta l w e ig h t to  be 2 .9 k g  a t 3 8 w  an d  3 .2 k g  a t  40w .

T he u ltra so n o g rap h y -b ased  g ro w th  cu rv e  gen era ted  in C h in a  p ro v id ed  an  ad d itio n a l too l for 

the  ev a lu a tio n  o f  fe ta l g ro w th  an d  d ev e lo p m en t in  C h in ese  p o p u la tio n  (L e i an d  W en , 1998). 

In  a  s tu d y  o n  A rab ian  m o th e rs  it w as su g g ested  th a t  a  n o m o g ram  o f  “ fe ta l g ro w th ”  is o f  less 

v arian ce  th an  ab so lu te  m easu rem en ts  and  co u ld  be  m o re  usefu l in  th e  ea rly  id en tifica tio n  o f  

g ro w th  ab n o rm alitie s  th an  ab so lu te  fe ta l m easu rem en ts  (N asra t, 1997). In  a  p o p u la tio n  o f  

sm all fe tuses, H ad lo c k ’s e s tim ates  o f  fe ta l w e igh t co rre la ted  w e ll w ith  m easu red  birth  

w eigh t, w h e reas  S c o tt’s m eth o d  ten d ed  to  o v erestim a te  (K aaij e t  a l, 1999).

Fetal B P D , H C , A C , FL  an d  fe ta l th ig h  so ft tissue  th ick n ess  (F T S T T ) w e re  m easu red  by 

u ltraso n o g rap h y  an d  fo u n d  th a t th e re  w as  sig n ifican t co rre la tio n  b e tw een  F T S T T  and  b irth  

w eigh t, R^ =  0 .8601 . T h ey  co n c lu d e d  that, F T S T T  is  a  s im p le , a c cu ra te  an d  v a lu ab le  index  in 

estim atio n  o f  fe ta l w e ig h t (H an  e t al, 1998).

A n o th er s tu d y  co n firm ed  the  u se fu ln ess  o f  m easu rem en t o f  fe ta l th ig h  c ircu m feren ce  fo r the 

sm all fo r d a te  fe tu se s  a n d  arm  c ircu m feren ce  fo r the  o th e r g roups. It co n c lu d ed  th a t the  use 

o f  3D  u ltraso u n d  co u ld  fac ilita te  the  accu ra te  p red ic tio n  o f  fe ta l w e ig h t (F av re  e t a l, 1995). 

3D  v o lu m etric  m easu rem en ts  o f  th e  fetal th igh , u p p er a rm  an d  ab d o m en  w ere  p erfo rm ed  

to g eth er w ith  co n v en tio n a l 2D  b iom etry . 3D  so n o g rap h y  a llo w s  su p e rio r  fe ta l w eight 

es tim atio n  b y  in c lu d in g  so ft tissu e  vo lu m e (S ch ild  e t a l, 2000).

M ean  c lin ica l es tim a te  o f  fe ta l w e ig h t w as  eq u a l to  u ltraso im d  fo r th e  e s tim a tio n  o f  fetal 

w e ig h t in  th e ir  p o p u la tio n . T h is  h as im p o rtan t im p lica tio n s fo r d ev e lo p in g  co u n trie s  w here 

there  is a  lack  o f  tech n o lo g ica lly  advanced  u ltra so u n d  m ach in es  cap ab le  o f  perfo rm ing  

so p h is tica ted  fu n c tio n s  lik e  fe ta l w e ig h t es tim atio n  (M eh d izad eh  e t a l, 2 0 0 0 ).
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U ltraso u n d  scan n in g  to  co n firm  fe ta l g ro w th  is  an  e ssen tia l p a r t o f  m atern a l an tena tal 

sc reen in g  an d  d ep e n d s  o n  co m p ariso n  w ith  b io m etric  re fe ren ce  charts . Im p aired  fe ta l w eigh t 

gain  p r io r  to  b ir th  is asso c ia ted  w ith  ad v e rse  p erin a ta l even ts  su g g es tiv e  o f  g ro w th  fa ilu re  (D e 

Jo n g  e t a l, 1999). F e ta l g ro w th  and  b ir th  w e ig h t are su b jec t to  a  v a rie ty  o f  in flu en ces, w hich  

in c lu d e  p h y sio lo g ica l an d  p a th o lo g ica l facto rs  (V illa r e t a l, 1990). A lth o u g h  th ere  is som e 

v aria tio n  in  g ro w th  ra te  a t d iffe ren t gesta tions, as sh o w n  b y  th e  p o ly n o m ia l m odel, the 

norm al cu rv e  fo r fe ta l w e ig h t g a in  in  the  th ird  trim es te r  is n early  lin ear (M o n g e lli and  

G ardosi, 1995).

In  the  cu rren t s tu d y  to o  fe ta l w e ig h t g a in  is n early  linear in  th e  th ird  trim este r. A  stu d y  based  

on u ltrasound  d a ta , d esc rib in g  fe ta l g ro w th  v e lo c ities  in  low  risk  p reg n an c ies , a lso  show ed 

little  v aria tio n  in  th e  late  th ird  trim este r, w ith  a  m ean  in crem en t in  E F W  o f  2 4 -26g /day  

(O w en e t a l, 1996).

In trau te rine  g ro w th  re s tr ic tio n  is assoc ia ted  w ith  s ig n ifican tly  in c reased  p erin a ta l m o rb id ity  

and  m o rta lity  a s  w e ll a s  ca rd io v ascu la r d isease  and  g lu co se  in to le ran ce  in  ad u lt life. A  

n u m b er o f  d iso rd ers  fro m  g en e tic  to  m etabo lic , v ascu lar, co ag u la tiv e , au to im m u n e , as w ell as 

in fec tious, can  in flu en ce  fe ta l g ro w th  b y  d am ag in g  the  p lacen ta , lead in g  to  lU G R  as a  re su h  

o f  m an y  p o ss ib le  fe ta l, p lacen ta l and  m aternal d iso rd ers  (C etin  e t a l, 2004).

In fan t m easu rem en ts  w e re  reco rd ed  so o n  a fte r b irth . Ind ian  b ab ies  w e re  o n  av e rag e  795g 

ligh ter, had  5.5 d ay s  sh o rte r  m ean  len g th  o f  g esta tio n  and  s lo w er g ro w th  o f  B P D  an d  A C  

w h en  co m p ared  to  F ijian  b ab ies. E th n ic ity  o f  the  m o th er w as  s ig n ifican tly  asso c ia ted  w ith  the 

d iffe rence  in  g ro w th  ev e n  a fte r ad ju stin g  fo r o th er facto rs  k n o w n  to  in flu en ce  fe ta l g row th . It 

w o u ld  be  ap p ro p ria te  to  u se  e th n ic ity  sp ec ific  s tan d ard s fo r  p e r in a ta l ca re  (M ath i e t al, 

2004).

52%  o f  u n ex p la in ed  stillb irth s  w ere  g ro w th  restric ted , w ith  a  m ean  g es ta tio n a l age  a t dea th  o f  

35w . lU G R  is  an  im p o rtan t risk  fac to r o f  su d d en  in trau te rin e  u n ex p la in ed  dea th . C oncurren t 

m aternal o v e rw e ig h t o r o b esity , h ig h  age , and  low  ed u ca tio n  fu r th e r in c rease  the  risk . 

O v erw eig h t an d  o b es ity  in c rease  th e  risk  irre sp ec tiv e  o f  fe ta l g row th , an d  h ig h  m atern a l age 

increases the  risk  o f  n o rm al w e ig h t fe tu s (F roen  e t a l, 2004).

6.2f: FETAL GROWTH
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M aternal m a la r ia  a t d e liv e ry  an d  p rim ip arity  w ere  asso c ia ted  w ith  re d u ced  n ew b o rn  w eigh t 

and  len g th  b u t n o t w ith  d isp ro p o rtio n a te  g row th . M aternal H IV  in fec tio n  w as  asso c ia ted  only  

w ith  red u ced  b irth  w e ig h t (K a lan d a  e t a l, 2005).

T he m a jo r n o n -g en e tic  fa c to r d e term in in g  the  size  o f  th e  fe tu s a t te rm  is m atern a l constra in t. 

It re fe rs  to  a  se t o f  p ro cesses  by  w h ich  m aternal and  u te ro p lacen ta l fac to rs  ac t to  lim it the 

g ro w th  o f  th e  fe tu s, p re su m ab ly  b y  lim iting  n u trien t av a ilab ility  a n d /o r th e  m etabo lic- 

ho rm onal d e riv e  to  g row . It can  be d iv id ed  into su p p ly -lim ited  co n stra in t (m ate rn a l s ize ) and  

d em and  d riv en  co n s tra in t (tw inn ing ). M aterna l co n stra in t is g rea te r in  y o u n g  m ate rn a l age, 

sm all m aternal s ize, n u llip a ro u s  an d  m ultip le  p regnancies. It is  a  p h y sio lo g ica l cau se  o f  the 

v aria tio n  in b ir th  size , b u t is  n o t w ith o u t longer-te rm  co n seq u en ces. It is an  im p o rtan t facto r 

in  d e term in in g  the  in c reased  risk  o f  ad u h  d iseases in  th o se  w h o  h av e  p o o r fe ta l g row th  

(G luckm an  an d  H an so n , 2004).

In fan ts  o f  sm o k in g  m o th e rs  w e re  126g ligh ter co m p ared  w ith  n o n -sm o k ers  (9 5 %  C l, -198 to 

-54). O n  av e rag e , b ir th w e ig h t d ec rea sed  27 g  p e r c ig are tte  sm o k ed  d u rin g  p reg n an cy . L iv ing  

in  shared  ap a rtm en ts , in  c ro w d ed  h o u sin g , an d  p erce iv ed  stress  w e re  a sso c ia te d  s ign ifican tly  

w ith  b irth w eig h t loss: -8 9 g , -8 2 g , and  -61 g, respectively . A  p o s itiv e  a sso c ia tio n  betw een  

m aternal a lco h o l co n su m p tio n  an d  b irth w eig h t w as found . L iv in g  w ith  p aren ts  w as 

assoc ia ted  p o s itiv e ly  w ith  b o th  b irth w eig h t an d  p o n d era l index . In fan ts  w hose  fa thers 

consum ed  m o re  th a n  lO O m l/w eek o f  abso lu te  a lco h o l w ere  th in n e r a t b irth  co m p ared  w ith  

those  o f  n o n -d rin k in g  an d  m o d era te  d rin k in g  fa thers  (G rjib o v sk i e t a l, 2004).

A d ju stin g  fo r co n fo u n d ers , p reg rav id  o ra l co n tracep tiv e  use , in c reased  b irth  w e ig h t (m ean  

d iffe rence, + 2 0 7 .3 g ) an d  p lacen ta l w e igh t (m ean  d iffe ren ce , + 6 4 .9 g ) co m p ared  w ith  never 

use. T h is  e ffec t m ay  b e  m ed ia ted  th ro u g h  oestrio l an d  p ro g es te ro n e  (M ucci e t a l, 2004). 

M aterna l g lucose  lev e ls  co rre la te  w ith  fe ta l b irth  w eig h ts  an d  a  g lu co se  lev e l o f  7 .8m m ol/l or 

m o re  a t the  in itia l screen in g  is p red ic tiv e  o f  m acro so m ia  in  C h in ese  g rav id as  reg ard less  o f  

g esta tio n al d iab e te s  m e llitu s  s tates (Y an g  e t al, 2004).

It w as fo u n d  th a t p re n a ta lly  k n o w n  m ales h ad  the  h ig h est m ean  b ir th  w e ig h ts  as co m p ared  

w ith  fem ales. It is  p ro p o se d  th a t th ese  d iffe ren ces  co u ld  be  a ttr ib u ted  to  b eh av io ra l factors 

re la ted  to  son  p re fe re n ce  (A l-Q u to b  e t a l, 2004).
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6.1g: RATIOS DETERMINED

R atio  can  b e  a  p o w erfu l m eth o d  o f  co m p arin g  tw o  p aram ete rs , a s  lo n g  a s  o n e  o f  the 

p aram eters  can  b e  d e te rm in e d  to  be  n o rm al. T h e  m o st usefu l p a ram ete rs  a re  those  th a t rem a in  

co n stan t th ro u g h  so m e  p erio d , th u s  m ak in g  th em  eas ie r  to  rem em b er. R a tio s  o f  th e  cran ium  

are  co n stan t th ro u g h o u t th e  second  and  th ird  trim esters . M an y  ra tio s  b eco m e re la tive ly  

co n stan t a fte r m id -p reg n a n cy  (D u B o se , 1996).

N o  reg iona l o r B an g lad esh i s tu d y  w as av a ilab le  o n  ra tio s, to  co m p are  w ith  th is  study. 

T h ere fo re  co m p ariso n s  w e re  m ad e  w ith  w este rn  s tu d ies  only.

1. F E M U R  L E N G T H / A B D O M IN A L  C IR C U M F E R E N C E  R A T IO :

F irst the  o b serv ed  v a lu es  o f  th e  raw  da ta  w as ca lcu la ted , a t 13 w  g esta tio n a l age  m ean  fem u r 

len g th /ab d o m in al c ircu m feren ce  (F L /A C ) ra tio  w as  0 .17  (± 0 .0 3 ) (2S D ) an d  at 4 0 w  it w as 

0 .22  (± 0 .02 ) an d  th en  th e  e s tim ated  v a lu es  a fte r fittin g  the  m o d el w e re  deduced . A t 13w 

gesta tio n a l age m ean  F L /A C  w as 0 .20  (± 0 .03 ) an d  a t 4 0 w  it w as 0 .24  (± 0 .02 ) w ith  95 %  

co n fid en ce  in te rv a l (C l)  o f  0 .22  to  0 .26. T h e  co e ffic ien t o f  m u ltip le  co rre la tio n  = 0 .454, 

w ith  a /7  v a lu e  o f  < .001 .

T he ra tio  in  th is  s tudy  w as  m o re  o r less constan t. A t 13w  it w as  2 0  an d  a t 4 0 w  it w as 24. T hat 

is, from  13 to  4 0 w  the  ra tio  w as  2 0 -2 4  o r 2 2 ±  2. R esid u a ls  from  m o d el d esc rib in g  m ean  w ith  

2S D  w ere  show n. T h e  3^^ 10‘*’, 5 0 '^  90"’ and  9 7 “'' p e rcen tile  cu rv es  d eriv ed  b y  fittin g  the 

m o d el w ere  su p e rim p o sed  o n  the  o b serv ed  ra w  d a ta  o f  1223 su b jec ts . R eg re ss io n  analysis  

w as  u sed  and  th e  q u ad ra tic  m o d el sh o w ed  a  good  fit to  th e  data. In  5 %  o f  cases th e  values 

w ill b e  o u ts id e  th is  range . T h a t is, it w as o f  95%  co n fid en ce  range.

T h is w as  s im ila r to  a  w e ste rn  study  w h ere , a t 2 1 w  g esta tio n a l ag e  F L /A C  w as 0 .20- 0 .24  and  

a t 4 0 w  it w as 0 .2 0 - 0 .24  (H ad lo ck  e t a l, 1983), i.e. it w as co n stan t a t 2 2  ±2.

F em u r len g th /ab d o m in al c ircu m feren ce  ra tio  is a  tim e -in d ep en d en t b o d y  p ro p o rtio n a lity  

ratio . F e tu ses  w ith  F L /A C  v a lu es  less th an  10'^ cen tile  an d  n ew b o rn s  w ith  b irth  w eigh ts 

above 9 0 “' cen tile  w e re  c la ss ified  a s  m acro so m ic , b o th  p ren a ta lly  an d  p o s tn a ta lly  (H ad lock , 

e t al, 1985). It w a s  su g g ested  th a t th ese  param ete rs  m ig h t b e tte r  be  ap p lied  in  d iabe tic  

p reg n an c ies  w h ere  a sy m m etric  m acro so m ia  is m o re  likely  (M o d an lo u  e t  a l, 1982). 

S on o g rap h ic  c r ite ria  fo r  la rg e  fo r gesta tional age (L G A ) in  D iab e tic  m o th ers : p erfo rm ance 

ch a rac te ris tic s  o f  L o w  F L /A C -  S en sitiv ity  is 58 -79% , sp ec ific ity  7 5 -8 0 % , P o sitiv e  p red ic tive  

value  68 -83% , N e g a tiv e  p red ic tiv e  value  7 5 -76%  (B racero  e t al, 1985),
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2. H E A D  C IR C U M F E R E N C E / A B D O M IN A L  C IR C U M F E R E N C E  R A T IO :

S u m m ary  o f  the  o b serv ed  va lu es w as  firs t g iv en  in  a  tab le . A t 13w  g esta tio n a l age  m ean  head 

c ircu m feren ce /ab d o m in a l c ircu m feren ce  (H C /A C ) w as  1.31 (± 0 .2 ) (2 S D ) an d  a t 4 0 w  it w as 

1.01 (± 0 .08 ). T h e  n e x t tab le  g av e  es tim ated  va lu es a f te r  fittin g  th e  m odel. A t 13w  m ean  

H C /A C  w as 1.25 (± 0 .1 5 ) an d  a t 4 0 w  it w as  0 .99  (± 0 .08 ) w ith  9 5 %  C l o f  0.91 to  1.07. =

0 .598 , (/7< .0 0 1 ). R es id u a ls  from  m odel d esc rib in g  m ean  w ith  2 S D  w as  sh o w n . T h e  p ercen tile  

cu rves w ere  su p e rim p o sed  o n  the  sca tte r p lo t. T he lin ear m o d el g av e  a  good  fit to  the  data. 

T h e  ra tio  in  th is  s tu d y  w a s  h ig h  in th e  beg in n in g  an d  g rad u a lly  d ec rea sed  u p  to  term . A t 39w  

the  ra tio  w as  1:1, w h ich  m ean t th a t th e  tw o  variab les w e re  eq u a l a t th a t g esta tio n a l age. In 

one C au casian  s tu d y  a lso  th e  ra tio  w as 1:1 at 39w  (D e te r e t al, 1982), in  an o th e r s tudy  at 

3 8 w  (H ad lock , e t a l, 1982), in  a  th ird  study  the  ra tio  w as 1 :1 a t 3 7 w  (C am p b ell an d  T hom as, 

1977) an d  a t 3 6 w  in  a  fou rth  s tu d y  (P a tric ia  an d  P earce, 1992). In  th is  s tu d y  th e  cu rv e  is 

s im ila r to  C a m p b e ll’s  s tu d y  on ly  m ath em atica l sm o o th in g  w as n o t d o n e  in  th e ir  study 

(C am pbell and  T h o m as, 1977).

In  v ario u s  s tu d ie s  co n d u c te d  o n  w este rn  po p u la tio n , a t  13w , g esta tio n a l ag e  H C /A C  w as 

1.14- 1.31 an d  a t  4 0 w  it w as  0 .8 7 - 1.06 (C am pbell an d  T h o m as, 1977), a t 13w  H C /A C  w as 

1.28 (± 0 .1 2 ) an d  a t 4 0 w  it w as 0 .99  (± 0 .12 ) (D e te r e t al, 1982) an d  in a  th ird  study  a t 13w 

H C /A C  w as  1 .2 I(± 0 .1 ) an d  a t 4 0 w  it w as 0 .98 (± 0 .1 ) (H ad lo ck  e t a l, 1982).

M easu rem en t o f  b o th  H C  an d  A C  a llo w  the  in d ep en d en t a sse ssm e n t o f  h ead  an d  abdom inal 

g ro w th  w h ich  ten d s  to  d iffe r u n d e r c ircu m stan ces o f  v a scu la r o r  p lacen ta l fa ilu re  such  that 

h ead  g ro w th  is m ain ta in ed  fo r som e tim e w h ile  abdom inal g rovrth  s lo w s o r even  ceases. 

T hese ch an g es cau se  th e  H C /A C  ra tio  to  rise  m ak in g  it p o ss ib le  to  id en tify  the  tru ly  g ro w th  

re ta rd ed  fe tu s from  a  s in g le  study . T h e  sen sitiv ity  o f  the  ra tio  fo r S F D  b ab ies  is ab o u t 70%  

(C am pbell an d  T h o m as, 1977). H C /A C  ra tio  can  a lso  be  u sed  to  d is tin g u ish  b etw een  

sym m etric  an d  a sy m m etric  lU G R  (C h erv en ak  e t al, 1983). It is a  h ig h ly  sen s itiv e  p red ic to r 

o f  lU G R  (C ra n e  an d  K o p ta , 1979).

3. F E M U R  L E N G T H / B IP A R IE T A L  D IA M E T E R  R A T IO :

S um m ary  o f  the  o b serv ed  va lu es w as g iv en  first; at 13w  g esta tio n a l age m ean  fem u r 

len g th /b ip arie ta l d iam e te r (F L /B P D ) w as 0 .49  (± 0 .08 ) (2S D ) an d  a t 4 0 w  it w as  0.81 (±0.06). 

T h en  es tim ated  v a lu es  a f te r  fittin g  th e  m odel w ere  g iv en ; a t 13w  g es ta tio n a l age  m ean  

F L /B P D  w as  0 .5 0  (± 0 .1 0 ) an d  a t 4 0 w  it w as  0 .83 (± 0 .06 ), w ith  95 %  C l o f  0 .77  to  0 .88. T he
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co e ffic ien t o f  m u ltip le  co rre la tio n  = 0 .736 , (p < .001). T h e  ra tio  w as lo w  in  th e  beg in n in g  

and  g rad u a lly  in c reased  till te rm . A t 13w  it w as 5 an d  a t 4 0  w  it w as  8 . I t  w as  o f  9 5 %  C l. 

A ssessm en t o f  g o o d n ess  o f  fit o f  m o d el fo r S D  o f  fe ta l F L /B P D  ra tio  w as  show n. P lo t o f  

s tan d ard  d ev ia tio n  sco res  ag a in s t gesta tio n a l age, sh o w ed  ex p e c ted  2S D . F itted  cu rves 

desc rib in g  lO"', 50“', 90"’ an d  9 7 ‘*' cen tiles  w ere su p erim p o sed  o n  the  sca tte red  ra w  data. 

T he m o d el w as  p re p a re d  b y  R eg re ss io n  an a ly sis  an d  th e  cu b ic  m o d e l sh o w ed  a  g o o d  fit.

In  a  W este rn  stu d y  th e  ra tio  rem a in ed  constan t. A t 2 3 w  g es ta tio n a l age F L /B P D  ra tio  w as 

0 .71- 0 .87  an d  a t 4 0 w  it w as  a lso  0 .71- 0 .87  (H o h le r and  Q uete l, 1981). B P D /F L  ra tio  shou ld  

be  0 .79  ± 0 .0 3  (S an d e rs , 1984). So the  p re sen t s tu d y  w as  s im ila r to  the  w e ste rn  a t te rm  only.

4 . B IP A R IE T A L  D IA M E T E R /A B D O M IN A L  C IR C U M F E R E N C E  R A T IO :

O bserved  va lu es o f  th e  ra w  d a ta  w ere  p re sen ted  first. A t 13w  g es ta tio n a l ag e  m ean  b iparie ta l 

d iam ete r/ab d o m in a l c ircu m feren ce  (B P D /A C ) ra tio  w as  0 .35 (± 0 .0 5 m m ) (2S D ) an d  a t 4 0 w  it 

w as 0 .28  (± 0 .03 ). T h en  E stim a ted  v a lu es  w ere  derived , a t 13w  m ean  B P D /A C  w as 0 .34m m  

(± 0 .0 4 m m ) an d  a t  4 0 w  it w as  0 .28 (± 0 .02 ), w ith  95%  C l o f  0 .26  to  0 .30 . R^= 0 .5 1 9 , (p< .001). 

T he ra tio  in  th is  s tu d y  w as  s lig h tly  h ig h  in the  b eg in n in g  an d  g rad u a lly  d ec rea sed  till  te rm . A t 

13w  it w as 3 4  (± 4 ) an d  a t 4 0 w  it w as  28  (±2). It co v e red  95%  o f  th e  p o p u la tio n .

A ssessm en t o f  g o o d n ess  o f  f it  o f  m odel fo r S D  o f  fe ta l B P D /A C  ra tio  w as  done. T he 

percen tile  cu rv es  d er iv e d  b y  fittin g  th e  m odel w ere  su p erim p o sed  on th e  sca tte r  d iag ram . T he 

b o u n d arie s  w e re  a t 10‘\  5 0 “', 90'*’ and  97'^ cen tiles . B y  R eg re ss io n  an a ly s is  the  qu ad ra tic  

m o d el gave a  g o o d  fit to  the  data.

S onograph ic  c r ite ria  fo r  la rg e  fo r gesta tio n al age  in  D iab e tic  m o th ers : perfo rm an ce  

ch a rac te ris tic s  o f  lo w  B P D /A C -  S en sitiv ity  is 83% , S p ec ific ity  6 0 % , P o sitiv e  p red ic tiv e  

value  71% , N e g a tiv e  p re d ic tiv e  v a lu e  75%  (B racero  e t  al, 1985).

5. F E M U R  L E N G T H / H E A D  C IR C U M F E R E N C E  R A T IO :

T he p re sen t s tu d y  firs t p resen ted  o b serv ed  va lu es o f  th e  ra w  d a ta , a t 13w  g esta tio n al age 

m ean  fem u r len g th /h ead  c ircu m feren ce  (F L /H C ) ra tio  w as 0 .13  (± 0 .0 3 ) (2 S D ) an d  a t 4 0 w  it 

w as 0 .22  (± 0 .0 1 ). N e x t, a  m o d el w as fitted  an d  es tim ated  v a lu es  w e re  p re sen ted , an d  a t 13w 

gesta tio n a l ag e  m ean  F L /H C  w as  0 .14  (± 0 .03 ) an d  at 4 0 w  h  w as  0 .23 (± 0 .0 2 ), w ith  95 %  C l 

o f  0.21 to  0 .25 . ^  ^ =  0 .7 7 6 , (p < .001). P lo t o f  s tan d ard  d ev ia tio n  sco res  ag a in s t gesta tional 

age , sh o w ed  ex p e c ted  2S D . T h e  3 '^  1 0 '^  50"', 90'^ an d  97*'’ p e rcen tile  cu rv es  deriv ed  by
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fitting  a  m o d el w e re  su p erim p o sed  o n  the  sca tte r ch a rt o f  the  s tu d y  p o p u la tio n  an d  th e  cub ic  

m o d el g av e  a  g o o d  f it  to  the  data . It covered  95%  o f  th e  popu la tion .

T h e  ra tio  in  th is  s tu d y  w as  lo w  in  the  beg in n in g  and  g rad u a lly  in c reased  till term . A t 13w  it 

w as 14 (± 3) an d  a t 4 0 w  it w as 23 (± 2). In  a  W este rn  s tu d y  a t 15w  the  ra tio  w as  16 (± 2 ) and  at 

4 0 w , it w as  21 (± 2) (H ad lo ck  e t  a l, 1984). S o  it is m o re  o r less s im ila r  to  the  p resen t study.

6 . 1 h :  A C C U R A C Y  O F  E S T I M A T E D  F E T A L  W E I G H T  

A ccura te  e s tim a tio n  o f  fe ta l w e ig h t is the  goal o f  all S o n o lo g is ts . In  th e  cu rren t s tu d y  fetal 

w e igh t es tim atio n  w as d o n e  b y  H ad lo ck  and  co lleag u es’ fo rm u la  b ased  o n  H C , FL  an d  AC 

(1985). T he m ean  g esta tio n a l age a t d e liv e ry  w as 37 .4  (± 2 ) w eek s an d  th e  m ean  tim e in terval 

b e tw een  u ltra so u n d  ex a m in a tio n  an d  d e livery  w as  1.59 (± 1 .1 5 ) days. N o  ad ju s tm en ts  w ere 

m ade fo r  days. A  g o o d  co rre la tio n  w as  found  b e tw een  E F W  u sin g  th is  fo rm u la  a n d  th e  actual 

b irth  w eigh ts. T h e  co rre la tio n  co effic ien t, r  =  0.961 {p -  < ,001). T h e  d iffe ren ce  betw een  

u ltraso n o g rap h ic  fe ta l w e ig h t es tim atio n  and  ac tua l b irth  w e ig h t (ab so lu te  p e rcen t e rro r) w as 

ana lyzed . T h e  m ean  p e rcen tag e  e rro r  (P E ) o f  E F W  u sin g  th is  fo rm u la  w as  -1 .4 ±  7 .6% . T his 

w as c lo se  to  th e  P E  o f  th e  b e tte r ex am in e rs  o f  the  s tu d y  m en tio n ed  b e lo w  (K u rm an av ic iu s  et 

al, 2004). E F W  w as u n d eres tim a ted  in  th is  study , an d  M ey e r a lso  fo u n d  th a t p red ic ted  fetal 

w e ig h ts  w ere  s ig n ifican tly  u n d eres tim a ted  w ith  each  o f  the  fo rm u las  (M e y e r e t a l, 1995).

In  th e  p resen t s tu d y  m ean  E F W  w as 2753  (± 716)g , w h ich  w as  n o t s ig n ifican tly  d iffe ren t 

from  the  m ean  b ir th  w e ig h t o f  2818  (± 7 8 3 )g  and  S D  w as 7 .6%  n ea rly  sam e as  rep o rted  by 

H adlock , o n  no rm al p o p u la tio n , 7 .3 %  (H ad lo ck  e t a l, 1985). T h e  g raph  sh o w s th a t the  tw o 

lines co m p le te ly  o v erlap  a t ab o u t 300 0 g , w h ich  is the  50"’ p e rcen tile  w e ig h t in  th is  s tudy . T he 

fu rth e r th e  E F W  is  from  th is  v a lu e  th e  less it co in c id es  w ith  th e  b ir th  w eigh t. T h is  ind icates 

th a t the  E F W  is m o st a c cu ra te  a t 3 0 0 0 g  o r th e  50th  cen tile  w e ig h t in  o u r pop u la tio n .

In  an o th er s tu d y  h ere  m ean  E F W  w as 3 .07  (± 0 .4 7 )k g  by B PD  an d  A C  fo rm u la  o f  Shepard . 

B irth  w eig h ts  ran g ed  fro m  2 .2 k g  to  4 .1 k g  an d  m ean  w as 3 .15 (± 0 .4 3 ) kg. T h e  m ean  E F W  

w as 0 .0 8 k g  less th a n  m ean  b irth  w eight. T h e  p e rcen tag e  e rro r  w as  -2 .5 % . T h is  s tudy  

co n c lu d ed  th a t  U S G  is a  re liab le  too l to  estim ate  fe ta l w e ig h t (Q u d d u s  an d  K h atu n , 2001). 

W ith  H ad lo ck  an d  C am p b e ll’s fo rm ulae  and  S h ep ard  and  M e rz  fo rm u lae  th e  p e rcen t erro rs 

o f  E F W  v aried  from  -4 .0 ±  8 .5 %  to  1.3± 8 .5%  b e tw een  ex a m in e rs  (K u rm an av ic iu s  e t al, 

2004).
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T o co m p are  the  accu racy  o f  e ig h t sonograph ic  fo rm ulae  fo r p re d ic tin g  fe ta l b ir th  w e ig h t at 

term  in  a  m u ltie th n ic  p o p u la tio n , p reg n an t w o m en  a t term  w ere  inc luded . P a tien ts  w ere  from  

the  Ind ian  su b co n tin en t, from  A frica , from  the  A rab ian  P en in su la  an d  from  o th e r ethnic 

groups. T h e  m ean  ab so lu te  e rro r ran g ed  from  a  m in im u m  o f  0 .3 %  (± 1 1 .3 ) fo r H ad lo ck  (B PD , 

H C , A C , FL ) to  a  m ax im u m  o f  3 7 .5 %  (± 1 0 .0 ) fo r W a rso f  (F L  on ly ). T h e  co rre la tio n  o f  E FW  

w ith  b irth  w e ig h t ran g ed  from  a  m in im u m  o f  r  =  0 .09  w ith  W a rso f  (F L ) to  a  m ax im u m  o f  r  =

0 .77  w ith  S hepard  a n d  W a rs o f  (B P D , A C ) an d  H ad lo ck  (B P D , H C , A C , FL ). T he 

co m b in atio n  o f  A C  w ith  B P D  m easu rem en ts  ra th e r th an  FL  ach iev es  a  h ig h  level o f  accu racy  

(M irghan i e t al, 2005).

A  good  co rre la tio n  w as  fo u n d  b e tw een  E F W  using  th e  B P D /A C  fo rm u la  an d  the  actual b irth  

w eigh t ( r  =  0 .9 6 ), b e tw e en  E F W  by the  F L /A C  fo rm u la  an d  the  b irth  w e ig h t ( r  =  0 .9 5 ), and  

be tw een  E F W  u s in g  B P D /A C /F L  fo rm ula  and  actual b irth  w e ig h t ( r  =  0 .96). T h e  m ean 

percen tag e  e rro r  o f  E F W  u sin g  th e  B P D /A C  fo rm u la  w as -0 .9 9 %  (±  8 .1 7 % ); fo r the  F L /A C , 

-3 .8 2 %  (±  9 .1 3 % ); an d  fo r  th e  B P D /A C /F L , 2 .43 (±  8 .29% ) (Y ark o n i e t  a l, 1986).

W ith  H ad lo c k ’s  m e th o d , th e re  w as a  good  co rre la tio n  b e tw een  E F W  a n d  b irth  w e ig h ts  o f  

sm all in fan ts. M ean  E F W  w as 7 36  (± 186)g , w h ich  w as n o t s ig n ifican tly  d iffe ren t from  the  

m ean  b irth  w e ig h t o f  7 42  (± 1 7 3 )g . M ean  E F W  erro r w as  0 .8  (± 1 2 .7 )% . W ith  S co tt’s m ethod , 

m ean  E F W  w as 7 80  (± 1 85)g , w h ich  w as s ig n ifican tly  h ig h e r th an  th e  m ean  b irth  w e ig h t {p<

0 .001), th e  m ean  E F W  e rro r  w as  5 .7  (± 12 .5 )% . S D  o f  th e  E F W  e rro r o f  12 .7%  on h ig h  risk  

p o p u la tio n  w as  m ark ed ly  la rg e r th an  the  7 .3 %  rep o rted  b y  H ad lo ck  o n  no rm al p o p u la tio n  

(H ad lock , e t a l, 1985). T h e  s tan d ard  d ev ia tio n s  o f  the  m ean  E F W  e rro rs  w ere  sim ila r for 

H ad lo ck ’s an d  S c o tt’s m eth o d s  o n  h ig h -risk  p o p u la tio n  w ith  v a lu es  o f  12.7 an d  12.5% , 

respec tive ly  (K aaij e t a l, 1999).

C lin ical e s tim a tio n  o f  b irth  w e ig h t in  early  lab o r is as a c cu ra te  as ro u tin e  u ltrason ic 

es tim atio n  o b ta in ed  in  th e  p reced in g  w eek . In  th e  low er ran g e  o f  b ir th -w e ig h t (< 2500g), 

u ltraso n ic  e s tim a tio n  is m o re  accu ra te ; in  th e  2 5 0 0 -4 0 0 0 g  range , c lin ica l e s tim a tio n  is m ore 

accurate . In  th e  h ig h e r ran g e  o f  b irth  w e ig h t (> 4 0 0 0 g ), b o th  m e th o d s  h av e  s im ila r accu racy  

(S herm an  e t a l ,  1998).

T he accu racy  o f  in trap a rtu m  u ltraso n o g rap h ic  feta! w e ig h t e s tim a tio n  w as  sim ila r am ong  

d iab e tic  and  n o n -d iab e tic  w o m en . B irth  w eig h ts  > 4 5 0 0  gm  ra th e r th an  m aternal d iabe tes 

seem  to  be asso c ia ted  w ith  less  accu ra te  u ltraso n o g rap h ic  fe ta l w e ig h t es tim ates . T h e  m ean

119

Dhaka University Institutional Repository



(S D ) ab so lu te  p e rcen t e rro r o f  fe ta l w e igh t e s tim ates  am o n g  su b jec ts  w ith  m acrosom ic 

fe tuses (b irth  w e ig h t > 4 5 0 0  g m ) w as  s ig n ifican tly  g rea te r th an  tha t o b se rv ed  in  fe tuses w ith  

b irth  w eig h ts  < 4 5 0 0 g m  (1 2 .6  ±  8 .4%  v s 8 .4  ±  6 .5% , p=  0 .0 0 1 ) (A lsu ly m an  e t a l, 1997). 

R etro sp ec tiv e  an a ly s is  w as  u n d ertak en  o f  u ltraso u n d  d a ta  o f  all fe tu ses  w h o  u n d erw en t an 

ex am in a tio n  w ith in  o n e  w eek  o f  delivery . It w as co n c lu d ed  th a t E F W  is a s  accu ra te  in tw ins 

and  tr ip le ts  a s  it is in s in g le to n s (L ynch  e t a l, 1995). W hen  m o re  th an  o n e  u h raso u n d  

estim atio n  o f  fe ta l w e ig h t a re  av a ilab le , p red ic tion  o f  b irth  w e ig h t in  re la tio n  o f  gesta tional 

age  sh o u ld  be  b a se d  o n  th e  last u ltrasound  ex am in a tio n  o n ly  (L a rsen  e t a l, 1995).

T he accu racy  o f  so n o g rap h ic  fe ta l w e ig h t estim atio n  w as in d ep en d en t o f  am n io tic  flu id  index 

(A F I) ac ro ss  a ll g esta tio n a l ag es an d  b irth  w eigh ts. E ach  o f  th e  f iv e  fo rm u las  h ad  sim ilar 

erro r p e rcen tag es , an d  n o  sig n ifican t d iffe rences w ere  d e tec ted . P red ic ted  fe ta l w e ig h t w as 

s ig n ifican tly  u n d eres tim a ted  w ith  each  o f  the  fo rm u las, a  fin d in g  th a t  w as  a lso  independen t 

o f  b irth  w e ig h t an d  A F I. U ltraso n o g rap h y  can  be  th e re fo re  u sed  re liab ly  to  estim ate  fetal 

w e ig h t in p a tien ts  w ith  a lte red  am n io tic  flu id  v o lu m es (M e y e r e t  a l, 1995).

In a  s tudy  in  T h a ilan d , th e  accu racy  o f  clin ical an d  U S  e s tim a tio n  o f  fe ta l w e ig h t w as 

com pared , i t  w as  fo u n d  th a t accu racy  o f  clin ical es tim atio n  o f  fe ta l w e ig h t b y  second  year 

residen t p h y sic ian s  w as  co m p arab le  to tha t o f  U S estim ation . H o w ev er, w h en  th e  clin ical 

es tim ate  o f  fe ta l w e ig h t is less  th an  250 0 g , u ltraso u n d  ex a m in a tio n  sh o u ld  b e  p erfo rm ed  for 

m o re  accu ra te  re su lts . C are fu l a tten tio n  sh o u ld  be  paid  to  in fan ts  w ith  b irth  w e ig h t o f  m ore 

than  4 0 0 0 g  s in ce  n o  m eth o d  can  co rrec tly  es tim ate  the  w e ig h t (T itap a n t e t  a l, 2001).

T h ig h  v o lu m e m easu rem en t u s in g  th ree  c ro ss-sec tio n al im ag es  o f  fe m u r by 3D  u ltrasound  

w as sim p le , an d  th e re  w as  b e tte r accu racy  {R'=  0 .9 2 1 , /?< .001) w ith  th is  m eth o d  th an  w ith  

2D  u ltraso u n d  m e th o d s  (B P D , FL  an d  A C ), fo r p red ic tin g  fe ta l w e ig h t d u rin g  th e  th ird  

trim ester o f  p reg n an cy  (S o n g  e t al, 2000).

U ltraso u n d  b ased  es tim a tio n s  o f  fetal w e igh t show ed  a  co rre la tio n  ra te  o f  R?= 0 .7 7  w ith  the  

actual b irth  w e ig h ts , w h ile  v o lu m e d e te rm in a tio n s  based  o n  m ag n e tic  re so n an ce  im aging  

(M R I) sh o w ed  a  s ig n ifican tly  b e tte r co rre la tio n  ra te  o f  R^= 0 .95 . D iab e tic  w o m en  d id  not 

d iffe r from  the  n o rm al p reg n an cy  g ro u p  w ith  reg ard  to  b irth  w e ig h t o r  th e  accu racy  o f  w eight 

es tim atio n s. H ig h  re so lu tio n  M R ! co m b in ed  w ith  sem i-au to m atic  seg m en ta tio n  so ftw are  w as 

found to be  accu ra te  in  d e te rm in in g  fe ta l vo lu m e an d , co n seq u en tly , b e tte r  th an  conven tiona l 

u ltrasound  in  e s tim a tin g  fe ta l w eigh t. T h e  u se  o f  M R I in fe ta l w e ig h t es tim atio n  m ay  be
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recom m ended  fo r clin ical s itu a tio n s w here  an  accu ra te  w eigh t e s tim a te  is co n sid ered  

essen tia l (U o tila  e t al, 2000).

U ltrasound  fe ta l w e ig h t es tim atio n  is a  key  e lem en t o f  ob ste tric  m an ag em en t in p regnancy  

co m p lica ted  w ith  d iabetes. U ltraso u n d  estim ates  based  on fo rm u lae  u tiliz in g  AC 

m easu rem en ts on ly , ap p ea r m o re  accura te  in  th is g roup  o f  w o m en . H o w ev er they  are still 

associa ted  w ith  e rro rs  o f  up  to  25%  o f  true  b irth  w eigh t (F arre ll e t al, 2004),

G ender-re la ted  fe ta l w e ig h t ca lcu la tio n  allow s o p tim ized  p red ic tio n  o f  fe ta l w e ig h t a t birth. 

Inc lusion  c rite ria  w ere  a  s in g le to n  live fe tus, gesta tio n a l age ab o v e  25 w eek s, b irth  w eight 

b etw een  lOOOg an d  4 5 0 0 g  an d  fe ta l b iom etry  w ith in  8  days o f  d e liv e ry  (S ch ild  e t  al, 2004).

6.2: LIMITATIONS

T he sam ple s ize  co u ld  no t be  fu rther increased  because  o f  tim e co n stra in t, so  in  a  co u p le  o f  

early  w eek s the  d a ta  o f  a t least 30  cases in  each  w eek , co u ld  no t be  a tta ined . A n o th er 

lim ita tion  w as th a t th is  s tudy  w as conduc ted  in on ly  the  cap ita l c ity  o f  D haka, as it w as 

conduc ted  by  o n e  perso n  only.

Fetal b io m etric  s tu d ies  and  n o m o g ram s w ere p repared  in the  w este rn  co u n tries  abou t tw o 

decades befo re  th is  s tu d y  so m ost o f  the  re ferences are  o f  th a t tim e , because  o f  h istorical 

im portance. R ecen t s tu d ies  in the  w est a re  no t o n  the  no rm al b io m etry  b u t a ffec ts  o f  d iffe ren t 

th ings o n  it e,g. d rugs, a lco h o l, sm ok ing , g eo g rap h ic  location , en v iro n m en t, e th n ic ity , etc. 

M ore co m p ariso n s o f  fe ta l b iom etry , w ith  reg ional stud ies co u ld  n o t be  m ade as those  could  

no t be  o b ta in ed  by b ro w sin g  M ed line  o r in ternet, at the  tim e o f  th is  re search  w o rk  an d  also  

those  w ere  no t fo u n d  in  the  lib raries o f  B IR D E M . B S M M U . B C P S . IC D D R B , D haka 

U n iversity  and  N a tio n a l lib rary  th a t w ere  v isited  and  searched . R eason  b e in g  e ith e r the 

ne ighboring  co u n trie s  h av e  n o t conduc ted  research  in th is  field  yet o r  those  w ere no t 

p u b lished  in  in te rn a tio n a l jo u rn als .

T he w e ig h in g  m ach in e  fo r  the  n ew  born  in fan ts  used in th e  h o sp ita l w as an  ana logue 

m achine . B ut the  E F W  w as m easu red  d ig ita lly  by the  u ltrasound  m ach in e . C orre la tion  

b etw een  the tw o  w ould  have been  m ore accu ra te  i f  the n eo n a ta l birth  w eig h ts  co u ld  also  be 

taken  by a  d ig ita l m ach ine .
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SUMMARY AND CONCLUSION

7.1: SUMMARY

U ltraso n o g rap h y  h as  p lay ed  a  revo lu tionary  ro le  in the  m an ag em en t o f  p reg n an t patien ts. 

Fetal b io m etry  is c rucia l fo r m o n ito rin g  feta! w ell being . T o  m ake fetal g ro w th  assessm en t 

m ore accu ra te  an d  re liab le  by u ltrasonography  w e n eed  ch arts  g en e ra ted  by stud ies on 

B ang ladesh i po p u la tio n . T h is  a im  an d  ob jective  h as  been  a tta in ed  in th is  study.

T h is s tudy  w as co n d u c ted  in B IR D E M . U ltraso n o g rap h y  scan s w ere  p erfo rm ed  by a  3.5 

M H z cu rv ilin ea r tran sd u cer. S tandard  m ethods w ere used  to  m easu re  fe ta l b iparie ta l d iam eter 

(B PD ), h ead  c ircu m feren ce  (H C ). fem u r length  (I 'L ). an d  ab d o m in a l c ircu m feren ce  (A C). 

Fetal w e igh t w as  e s tim ated  from  H C , FL  and  A C  by u sin g  H ad lo ck  et a l 's  fo rm u la  (1985). 

G row th  p ro file  tab les  an d  g rap h s o f  fetal B PD . H C , FL , A C  an d  es tim ated  fe ta l w eight 

(E FW ) sh o w in g  3'* .̂ 10'*', 50"’, 90^'' and  9 7 “’ percen tiles  w ere  o b ta in ed  from  a  cross-sectional 

study sam ple  o f  1223 sub jects. M ean, tw o s tan d ard  d ev ia tio n s  (2 S D ) and  95%  confidence 

in terval w ere  d eriv ed  a f te r  fitting  m odels. T ab les  and  graphs o f  m ean , 2 S D  and percen tiles  o f  

the  ra tios o f  th ese  p a ram ete rs  w ere  also  p repared . T he ra tio s  stu d ied  w ere  F L /A C , H C /A C , 

F L /B P D . B P D /A C  an d  F L /H C . A ccu racy  ch a rt and  g raph  o f  the  E F W  w ere  p rep a red  from  

the  b irth  w eig h ts  o f  73 n eo n a tes  included  in the study  fo r  th is  purpose.

7.2: CONCLUSION

P renata l u ltraso u n d  s tu d ies  can  enab le  accu ra te  d e te rm in a tio n  o f  th e  b o u n d arie s  o f  norm al 

fetal grovrth. T h ese  n o m o g ram s are unique for B ang ladesh i p o p u la tio n  an d  w ill therefore 

help  the  so n o lo g ists  and  o b ste tric ian s  to accu ra te ly  m o n ito r the  fe ta l size  and  grow th. G row th  

dev ia tions a s  w eli as fe ta l skele ta l anom alies can  n o w  be p rec ise ly  d iag n o sed  so th a t the fetus
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can  be tak en  ca re  o f  in the  best p o ss ib le  w ay. T h is w ill be o f  m u ch  benefit as a  hea lthy , 

n o rm al, w ell g row n , fe tu s m eans a  hea lthy , in te lligen t, w ell g row n  adult.

7.3: RECOMMENDATIONS

T hough  the  sam p le  s ize  used in th is  study is enough  fo r a g o o d  resu lt, still the sam p le  size 

can  be  fu rth e r in creased , b u t it is k now n  tha t a fte r a  p o in t fu rther in crease  in sam p le  size  does 

no t im prove  resu lt. A  m u lti-cen tre  based  study  can  be co n d u c ted  w ith  d a ta  from  all o v er 

B ang ladesh , to  p rep are  a N atio n al standard  o f  fetal nom ogram s.

I f  the co m p u te r ex p e rtise  is av a ilab le  in B ang ladesh  the n o m o g ram s d eriv ed  in th is study can  

be in sta lled  in to  the  u ltra so u n d  m ach in e 's  so ftw are  in the  c lin ics  an d  h osp ita ls . T h is  w ay the 

tab les and  g rap h s can  p ro m p tly  be  u sed  w h ile  scan n in g  th e  p a tien ts . T h e  g ro w th  p ercen tile  o f  

d iffe ren t p a ram eters  can  be  acq u ired  and  accu ra te  repo rt based  o n  th ese  p o p u la tio n  specific  

n om ogram s can  be  g iv en  to the patien t, lo im prove the  g ro w th  ra te  o f  fe tus w ith  grow th 

deviation .

N orm al p red ic ted  v a lu es  an d  9 5 %  co n fid en ce  lim its  fo r fetal p a ram eters . B PD . H C , F L , A C  

and  E FW . w ere  g iv en  in th is  study. P ro p er use o f  th ese  d ata  w ill lead to  ea rlie r re co g n itio n  o f  

abnorm al g row th  p a llc rn s  such  as g row th  rcslric lion  and  g ro w th  acce le ra tio n , as w ell as fetal 

skeleta l an o m alies  from  the n o m o g ram s o f  live fetal ra tio s  p resen ted  here. In v iew  o f  the 

d istrib u tio n  o f  th e  norm al d a ta  o n  th ese  cu rv es . and  97*'' percen tile  b o u n d arie s  can  be  used 

as co n fid en ce  lim its  fo r norm al g row th , a s  th ese  co v e r 9 5 %  o f  the  p o p u la tio n . It is im pera tive 

tha t gesta tional age be  k n o w n  and  verified  by an early  u ltra so u n d  befo re  these d a ta  a re  used 

to  d iagnose abnorm al fe ta l g row th . M inor erro rs in ass ig n m en t o f  fetal age m ay  lead  to  false 

d iagnosis  o f  ah e red  fetal g ro w th  and  m ay  resu lt in e rro rs  o f  m anagem en t.

T hese g ro w th  cu rv es p re sen ted  herein  shou ld  also  be  ap p licab le  to  p o p u la tio n s  o f  nearby  

reg ions o f  s im ila r racial and  soc ioeconom ic  o rig in s , till they  p rep are  th e ir  ow n nom ogram s. 

T hese n o m o g ram s and  o thers like these o f  d iffe ren t in v estig a to rs  o f  B an g lad esh  and  the 

n e ig h b o rin g  and  d ev e lo p in g  co u n tries  shou ld  be p u b lish ed  in the  M ed lin e  an d  in terne t so  that 

th ese  can  be  accessed  easily  in d iffe ren t research  an d  clin ical w orks. D o c to rs  in  w estern  

coun tries can  a lso  avail it w hen  needed  for th e ir south  A sian  patien ts. T h is  w ill th en  be o f  

benefit lo the m ax im u m  n u m b er o fp e o p lo , w hich  is the  aim  o f  all re search  work.
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GROWTH PROFILE OF FETUS IN OUR POPULATION.

Supervisors: Prof. T . A. C how dhury & Prof. A khtaruddin Ahm ed.

Investigator: D r. Sabrina Q uddus.

Q uestionnaire Form

ID N o:

N am e;

A ge: 

A ddress:

* F o r Y es
* F or N o  =  X

L ocation; U rb an

S O C IO E C O N O M IC  ST R A T A : 

U p p er

R ural

M iddle L o w er

P R E S E N T IN G  C O M P L A IN T S :

A ntenata l C heckup:

M enstrua l H istory ; 

L N M P  ......................

R eg u la r 

S u re  :

H isto ry  o f  co m p lica ted  p regnancy ; 

L ac ta ting  a t the  tim e o f  concep tion : 

Para; P r i m i :

I r r e g u la r :

M u l t i :
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A ny co m p lica tio n  o f  p reg n an cy : H ypertension : □ □  D iab e tes  :

P er vag inal b leed ing : C D  L eak in g  m em brane;

H isto ry  o f  co ngen ita lly  d efo rm ed  baby :

D R U G  H IS T O R Y ; O ral C on tracep tive : W hen  stopped:

F e rtility  M ed ica tio n  ; !!□  A ny  o th er d rug

S m o k in g  h ab it /  T ob acco  chew ing ; I I

E X A M IN A T IO N :

B.P:

H eight:

W eigh t in t r im e s te r : ................  B M I : .................

H e a r t : N A D  □

L ungs; N A D  i i

IN V E S T IG A T IO N S

1. B lood  fo r T C , D C , E S R , H b % , G ro u p in g  and  R h  factor.
2. B lo o d  S ugar, V D R L .
3, U rine  R /E .
4, U ltrasonography :

a) B ip a rie ta l d iam eter
b ) H ead  c ircu m feren ce
c) F em o ra l leng th
d ) A b d o m in a l circum ference
e) E s tim a ted  fe ta l w eight

D r. S ab rin a  Q uddus.
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CONSENT FORM

I- M r s .........................................................................  h e r e b y  g iv e  iny w e l l  in f o r m e d  c o n s c n t  to

p a r l ic ip a te  in the  s tu d y  c o n t lu c le d  by  Dr, S u h r tn a  Q u d d u s ,  in  w h ic h  rny  fe tu s  ( b u b y  in  

m y  w o m b )  w il l  b e  s c a n n e d  b y  I J l ln iso n o g rn p h y .  I fu lly  i in d ers lu n d  th a t  im p l ic iu t io n  o f  

th e  s tu d y  m a y  b e  u se fu l  fo r  th e  b e n e f i t  o f  o th e r  p atien ts .

I a m  c o n v in e c d  tha t  d u r in g  parlic ip iU ion in th e  s tudy .  I sIjhII no t b e  e x p o s e d  to  a n y  

se r io u s  h e a l th  hazjirds I f  a n y  in ju ry  d o e s  o c c u r  I will  be  Irea led  p ro p e r ly .  M y  p r iv acy  

a n d  c o n f id e t i t ia l i ly  will b e  s a fe g u a rd e d  a n d  n iy  n n o n y n i i ty  w il l  b e  p ro te c te d ,  1 

u n d e r s ta n d  th a t  1 c a n  w i th d r a w  from  th e  s tu d y  a t  a n y  t im e  I w ish .

S ig n a tu re  o f  th e  Inve.stigalor S ig n a tu re  o f  th e  S u b je c t

D ate:.....................

's r l f t ..................................................................................®18 >lMf«Hl

w  I nroi i

^srtfti CT ’5IPIT5 <i 'ansris ^'4-%  P ro i i?ph  i ^

cm  I 'Q »n:̂ r*Rni
'Q ^ ^ 1  I c v r c ^  ^1*1 5|̂ «t Oi C?PH

>JW1«| VSIICU. I

xiii ..........................
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OBS. ULTRASOUND REPORT

Patient's N a m e ....

Refd. by P rof./D r... 

Indication fo r U/S.

...................... A g e ............... S e x ......

L  M. P .................. G A  by L  M. P.

G e s ta tio n ............................. .. S in g le ................ .............. M ultip le

Presentation........................ . . . .C e p h ................ ................Breech Presentation........................ .... C e p h ................ ................ Breech

L ie ..............L o n g .................. O b liq u e ......... L ie ..............lo n g .................. .... O b liq u e ......... .......... Transverse

Foetal M o ve m e n t: Foetol M o ve m e n t:

C ard iac  A c tiv ity ................. ................Absent C ord ioc  A c t iv ity .................

Foetal M eosurem ents; Foetol M easurem ents:

B.P.D, B.P.D.

F.L. F.L.

A .C . A . C

H .C H.C.

C, R. L. C. R. L.

Estimated Foetal A g e : Estimated Foetal A g e  :

Placental Lo ca tio n : Placental Location :

G ra d e ; G rade :

Uterus &  Adnexa : Uterus &  A dnexa  :

Foetal A n a to m y ; Foetal A n a to m y :

Am nio lic Fluid Volume : Am niotic Fluid Volume :

.. In c re a se d ......... ......... Decreased ................N o rm o l................. .. Inc rea sed ......... .........Decreased

Estimoled Foetal W e ig h t ; Estimated Foetal V V e igh t:

Foetal G ro w th : Foetal G rov/th :

COMMENTS COMMENTS

Date : ................................. D a te : .................................
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X I V

Dhaka University Institutional Repository



Im ag e  o f  th e  p lan e  for m easu rem en t o f  fe ta l b ip arie ta l d iam e te r
F igu re  2

Im ag e o f  the  p lan e  fo r m easu rem en t o f  fe ta l h ead  c ircu m feren ce
F igu re  3

XV

Dhaka University Institutional Repository



Im ag e  o f  the  p lan e  fo r m easu rem en t o f  fe ta l fem u r leng th
F igu re  4

Im ag e  o f  the  p lan e  fo r m easu rem en t o f  fe ta l ab d o m in a l c ircu m feren ce
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OPERATIONAL DEFINITIONS
G estational age (m enstrual age) =  C oncep tua l age  +  2 w eeks.

D olichocephaly: T h e  h ea d  is sho rten ed  in  the  transverse  p lane, b ip arie ta l d iam e te r (B P D ) 

an d  e lo n g ated  in  an te ro -p o ste rio r (fro n to -o cc ip ita l d iam eter) p lane.

Brachycephaly: T h e  h ea d  is e lo n g ated  in  the  tran sv e rse  p lan e  an d  sh o rten ed  in  an tero 

p o ste rio r d iam eter.

R atio =  n u m era to r/ d en o m in a to r. Percentage =  1 OOx (n u m era to r/ d en o m in a to r)

Sm all for date (SFD ) or sm all for gestational age (SGA): A re  b ab ies  w ith  b irth  w eigh ts 

be lo w  the  10'^ percen tile  fo r the  gesta tio n a l age. Ideally , the  ch a rt u sed  to  d ec id e  tha t th ey  are 

sm all sh o u ld  be d eriv ed  fro m  the  p o p u la tio n  being  stud ied .

A ppropriate for  gestational age: A re bab ies w ith  b irth  w e ig h ts  b e tw een  the  10'*̂  and  the 

9 0 '’’ p e rcen tile  fo r g esta tio n a l age.

Intrauterine grow th retardation/ restriction (lU G R ): T h e  te rm  is ap p lied  to  a  fe tu s w hose 

g ro w th  v e lo c ity  is le ss  th an  ex p ected  due to  som e p a th o lo g ica l p rocess. N o t all the  SFD  

fe tuses a re  lU G R . M o st cases o f  sym m etrica l S F D  have n o  d em o n strab le  c au se  an d  rep resen t 

the  lo w er en d  o f  th e  no rm al range.

Low birth w eight infants (LBW ): A re those  th a t are b o rn  w ith  a  b irth  w e ig h t o f  u n d er 2.5 

kg. T h is  in c lu d es b o th  p re te rm  and  sm all for date . T h is  te rm  is  still u sed  in  the  th ird  w orld  

co u n trie s  w h ere  m an y  p a tien ts  a re  unsure  o f  th e ir  L M P . In  co u n trie s  w here  rou tine 

u ltraso u n d  co n firm a tio n  o f  gesta tio n a l age is p rac ticed  th is  te rm  is rep laced  b y  SFD  o r  SG A . 

M acrosom ia: H as c la ss ica lly  b een  defined  as a  b irth  w e ig h t o f  4 0 0 0 g  o r g rea te r o r above the 

9 0 ‘*’ percen tile  fo r its  e s tim ated  gesta tio n al age. W ith  re sp ec t to  d e liv e ry , h o w ev er, an y  fe tus 

tha t is to o  large  fo r th e  p e lv is  th ro u g h  w h ich  it m u st p ass  is m acrosom ic .

L arge for gestational age (LG A): Is defined  as a  w e ig h t ab o v e  th e  90'^ p ercen tile  for 

gesta tional age.

T he cephalic index: C alcu la ted  from  the  B PD  an d  the  fro n to -o cc ip ita l d iam e te r (PO D ) 

m easu red  from  th e  o u te r  ed g e  o f  th e  ca lvaria  to  th e  o u te r  ed g e  o f  the  ca lvaria :

C ephalic  in d ex  (C l)  =  B P D /F O D  X  100.

C ircum ference =  tt V [(di^ +  2]. W here  d | and  da a re  the  tw o  m ax im u m  d iam eters  o f  the

ellipse.
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STATISTICAL PROCEDURE AND FORM ULAE

B oth  n o n p aram etric  an d  p aram etric  m eth o d s  can  be  u sed  to  ca lcu la te  re fe ren ce  cen tiles . T he 

n o n p aram etric  ap p ro ach  in v o lv es  ca lcu la ting , say , th e  o b se rv ed  5'^ a n d  95'*’ cen tiles  a t each  

w eek  o f  gesta tion . L in es  jo in in g  th ese  v a lu es  w ill n o t be sm o o th , a lth o u g h  sm o o th  cu rves can  

be  ob ta ined . T h is  ap p ro ach  req u ires  a  large  n u m b er o f  o b se rv a tio n s  (sev era l h u n d red ) a t each 

w eek  o f  g es ta tio n  in  o rd e r to  g e t reaso n ab le  estim ate  o f  ex trem e cen tiles . T h is  is th e re fo re  n o t 

a  su itab le  m e th o d  fo r th e  d e riv a tio n  o f  fe ta l s ize  charts . In  the  m o s t co m m o n  p aram etric  

m ethod , the  m ean  an d  s tan d ard  dev ia tio n  (S D ) a t each  g esta tio n a l ag e  are  es tim ated , an d  the 

5‘*’ an d  95*^ cen tile s  a re  ca lcu la ted  as m ean  ±  1.645 SD , th e  v a lu e  o f  1.645 co m in g  from  the 

theo re tica l n o rm al d is trib u tio n . O ther cen tiles  a re  ca lcu la ted  in  a  s im ila r w ay . T h e  m ean  is 

es tim ated  b y  p o ly n o m ia l reg ressio n , u sually  linear o r  q u ad ra tic /cu b ic . T h is  ap p ro ach  is based  

o n  th e  s tro n g  a ssu m p tio n  th a t a t each  gesta tio n a l age th e  d a ta  co m es from  a  p o p u la tio n  w ith  a, 

no rm al d is trib u tio n  (A ltm an  an d  C h itty , 1994).

N o n p a ram etric  ap p ro ach  w as u sed  to  ca lcu la te  the  o b se rv ed  3"̂ ,̂ 10*'’, 50'^’, 9 0 '’’ an d  9 7 “' 

p ercen tiles  an d  the  m ean  an d  2  s tan d ard  d ev ia tio n s  (2 S D ) a t each  w eek  o f  g esta tio n  fo r all 

five  p a ram ete rs  (B P D , H C , F L , A C  an d  E F W ) and  th e ir ra tio s. L in es  jo in in g  th ese  resu lts  

w ere  n o t sm oo th . S o  to  co n stru c t fe ta l size  charts  w ith  sm o o th  lin es  p aram etric  m eth o d  w as 

a lso  u sed  in  th is  s tudy . W ith  th e  S PS S  p ro g ram  in co m p u te r so ftw are , th e  m ean , 2 S D  and 

p ercen tiles  w ere  e s tim a ted  a t each  gesta tional age , o f  the  5 p a ram ete rs  an d  th e ir  ra tio s  by 

fitting  p o ly n o m ia l reg ressio n , lin ear o r  q u ad ra tic /cu b ic  m o d e ls  to  th em . T h e  SD  w as 

es tim ated  b y  lin ea r m o d els . A fte r the  req u ired  p ercen tiles  w e re  ca lcu la ted  they  w ere 

su p erim p o sed  o n  a  sca tte r d iag ram  o f  the  o b serv a tio n s  as a  final ch e ck  o f  th e  fit. T he 

co effic ien t o f  m u ltip le  co rre la tio n s {R^) w as u sed  to  ch o o se  th e  m o d e ls . A ssessm en t o f  

go o d n ess o f  fit o f  m o d e ls  fo r  S D  o f  fe ta l m easu rem en ts  an d  th e ir  ra tio s  w ere  sh o w n  b y  p lo ts  

o f  s tan d ard  d ev ia tio n  sco res  ag a in s t gesta tional age , sh o w in g  ex p ec ted  2SD . E stim a ted  fe ta l 

w e ig h t w as  d e te rm in ed  b y  H ad lo ck , e t a l’s fo rm u la  (1 9 8 5 ) b a se d  o n  H C , FL  a n d  A C  and its 

accu racy  w as  asse ssed  b y  S tu d e n t 's  /-test.

X V l l l
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FORMULAE

T he reg ressio n  eq u a tio n s  u sed  to  g en e ra te  the  charts  and  tab les  a re  as fo llo w s, w h ere  w  is 

exac t gesta tio n al age in  w eeks:

1. B IPA R IE T A L  D IA M E T E R

Fitted m odel o f  biparietal diam eter (BPD)

M ean  =  -1 0 .707  +  1.8240W  +  0 .0865  - O.OOlTw^

S D  =  2 .4 4 3 4 +  0.1271W  

R'=  0.977  (p <  0 .0 0 1 )

2. H EA D  C IR C U M FE R E N C E

Fitted m odel o f  head C ircum ference (HC)

M ean  =  - 6 3 . 8 9 +  9.6667W  + 0 . 2 \ 4 \ w  ^ -0 .0 0 5 1 7 w ^

SD  =  5 .6 8 4 5 +  0.4850W  

0.981 (p <  0 .001)

3 . FE M U R  L E N G T H

Fitted m odel o f  fem ur length (FL)

M ean  =  - 42 .083  +  4 .5 7 6 4 w  - 0.0424w ^

SD  =  2 .1 9 6 4 +  0.09W 

0 .9 8 2  (/7< 0 .0 0 1 )

4. A B D O M IN A L  C IR C U M FE R E N C E

Fitted m odel o f  abdom inal circum ference (AC)

M ean  =  - 4 1 .6 9 4  +  5 .9 2 2 0 w  +  0.2572w ^ - 0.0043u-^

S D  =  - 4 .7 8 7 7 +  1.005 Iw  

0 .970  0?< 0 .001)

5. E ST IM A T E D  FE T A L  W EIG H T

Fitted m odel o f  estim ated fetal w eight (EFW )

L og (w e ig h t)g  =  0 .2 4 6 7  +  0 .1 4 4 8 ^  -0.00159w ^

S D  =  0 .4 7 8 2 +  0.0598W  

R ^ = 0 .9 S 8 ( p <  0 .001)
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6. FL/AC R A TIO  

Fitted m odel o f  FL/AC

M ean  =  0 .0 7 4 7  +  0 .0121w  -0.0002w ^

S D  =  0 .0407- .0005vf 

0 .4 5 4  0 .0 0 1 )

7. H C /A C  R A TIO  

Fitted m odel o f  H C /A C  

M ean  =  1.3828 -0.0093W 

S D  = 0.1841 -0.0025m'

=0.598  (p <  0.001}

8. FL /B PD  R A TIO  

Fitted m odel o f  FL/BPD

M ean  =  - 0 .5 8 1 8  +  0 .128w  - 0 .0041w ^ +  0.0000445w ^

SD  =  0 .1 2 1 7 - 0 .0 0 1 5 w  

R^= 0.736 (p< 0 .001)

9. BPD/AC RA TIO  

Fitted m odel o f BPD /A C

M ean  =  - 0 .3 6 8  -  0 .0 0 2 2 w  -0.000002w ^

S D  =  0 .0 4 8 7 -0 .0 0 0 6 W  

0 .519  (p <  0 .001)

10. FL/H C  R A TIO  

Fitted m odel o f  F L /H C

M ean  =  - 0 .1 3 9 9  +  0 .0 3 2 5 w  - O.OOlw^ +  0 .0 0 0 0 1 0 5 ^^

SD  =  0 .0353  -0 .0 0 0 5 W  

0 .7 7 6  (p< 0 .001)

11. E STIM A TE D  FE T A L  W E IG H T  ( g ) =

10 ex p  (1 .3 2 6 - 0 .0 0 3 2 6  x  A C  x F L  +  0. 0107 x  H C  +  0 .0 4 3 8  x  A C  +  0 .158  x  FL). 

T h e  reg ress io n  line  in  G rap h  23, fo r  accu racy  o f  E F W  is rep resen ted  by  

E F W =  0 .8 7 9 6  x  B W =  2 7 4 .8 6 g  , 7?^= 0 .9243  (p <  0 .001).

12. Percentage error o f  EFW  = E stim ated  fe ta l w e igh t -  b irth  w e ig h t x  100

B irth  w eigh t
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