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A B S T R A C T

P er ina ta l  morta li ty  has  not fa l len  so d ram a t ica l ly  as  o ther 

i n d ic e s  of m ed ica l  ca re  in our community .

The major i ty  of b a b ie s  dying during or shor t ly  af te r  labour may 

have  succum bed  to fa c to rs  opera t ing  in the  l a te r  months  of 

p re g n a n cy .  If t h e s e  fac to rs  c an  be a s s e s s e d  a n t e - n a t a l l y  such  

morta l i ty  may be  r e d u c ed .

Pregnancy  is  so  w e l l  d e s ig n e d  to p ro tec t  th e  foe tu s  tha t  a l l  the  

too ls  of modern techno logy  must  be app l ied  to  e x t ra c t  usefu l  

informat ion on foe ta l  w e l lb e in g .  The foe ta l  hea r t  is  one a c c e s s i b l e  

sou rce  of su ch  informat ion and is  an a t t r a c t iv e  focus  for a n t e 

n a ta l  i n v e s t ig a t i o n .

M o s t  of the  methods  u s e d  to i n v e s t ig a t e  adu l t  c a r d ia c  performance 

have  b e en  app l ied  to  the  foe tus  as  a means  of a s s e s s i n g  i t s  

ov e ra l l  p h y s io lo g ic a l  c o n d i t io n .  The following methods  have  

b een  d e s c r ib e d  -  e lec t ro ca rd io g rap h y ,  phonocard iography ,  

u l t r a so n o g ra p h y ,  b a l l i s to ca rd io g r ap h y ,  im pedance  p le thysmography 

and d i s p la c e m e n t  ca rd iog raphy .  C o n s id e ra t io n  of t h e s e  methods 

h a s  shown th a t  the  foe ta l  e lec t roca rd iog raph  (FECG) provides  

the  m os t  a cc u ra te  b a s i s  for m easurem ent  of fo e ta l  c a rd iac  

c y c l e  in te rva l . '

Recen t  a d v a n c e s  in e l ec t ro n ic  techno logy  hav e  made i t  p o s s ib l e  

to  produce  new  FECG ampli f ie rs  a t  an a t t r a c t iv e  low c o s t .

To o b ta in  the  FECG from the  m other ' s  abdomen i t  i s  n e c e s s a r y  to 

c a n c e l  the  super im posed  maternal  EGG. A s im ple  two channe l  

and a more complex  e igh t  channe l  ap p a ra tu s  hav e  been  d e s ig n ed  

and  c o n s t r u c te d  for t h i s  pu rp o se .

A method u t i l i s in g  th is  co r rec ted  s ig n a l  to c o n s t r u c t  h is togram s 

of foe ta l  c a r d ia c  c y c le  in te rv a l s  on a sm al l  po r tab le  computer 

{Nuclear C h icago  7100 C) h a s  a l ready  been  d e sc r ib e d  in a
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prev ious  T h e s i s  on the  FECG (Curran,  M . S c . ,  T h e s i s ,  19 69).

A pi lo t  s tudy  had shown tha t  s t a t i s t i c a l  m e asu re s  of t h e s e  

h is togram s  ( e . g .  m ean ,  s tanda rd  d e v ia t io n ,  c o e f f i c i en t  of 

var ia tion) were  very  s ig n i f ic a n t  in d ic e s  in foe ta l  p ro g n o s i s .

An en t i re ly  new c l i n i c a l  trial,  is  p re sen ted  h e re .  162 FECG 

e xam ina t ions  were  made on h o sp i ta l  i n - p a t i e n t s  a s  a routine  

c l i n i c a l  te ch n iq u e  and t h e s e  s t a t i s t i c a l  i n d ic e s  compared  with 

the  cond i t ion  of the  b a b ie s  a t  birth as  judged by the  Apgar s c o r e .

S t a t i s t i c a l  t e s t i n g  of the  in d ic e s  fa i led  to r e a c h  the  very  high 

l e v e l s  of s ig n i f i c a n c e  p rev ious ly  d e m o n s t ra t ed .  N e v e r th e le s s  

the  in d ic e s  showed  very  s trong t rends  in the  e x p e c te d  d i rec t ion  

on a popu la t ion  b a s i s  and  followed the  c l i n i c a l  c o u rse  of the  

25 c a s e s  where  s e r i a l  exam inat ions  were  co n d u c te d  with 

rem arkab le  f id e l i ty .

A new index  (s tandard  dev ia t io n  x  100 / log  mean) w as  

c o n s t r u c te d  and t e s t e d .  W hi le  th is  met th e o re t i c a l  requirements  

very  c l o s e l y  it f a i l ed  to show any p ra c t i c a l  a d v a n ta g e .

The r e s u l t s  of th i s  c l i n i c a l  t r i a l  show th a t  th e  FECG can  be a 

p ra c t i c a l  c l i n i c a l  t o o l .  It is  the  most a c c u ra te  method for 

ob ta in ing  informat ion on the  foe ta l  c a rd iac  c y c le  w h ich ,  

p a r t i cu la r ly  in s e r i a l  e x a m in a t io n s ,  can  be of v a lu e  in 

a s s e s s i n g  fo e ta l  v i a b i l i t y .
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1. INTRODUCTION 

" I s  it w e l l  with  the ch i ld"  (Book of Ruth)

1 . 1 .  Preamble  -  This cen tu ry  h a s  s e e n  many ra d ic a l  

c h a n g e s  in m ed ica l  ou t look .  The adven t  of a n t ib io t i c s ,  b lood  

t r a n s f u s io n  and a n a e s th e t i c s  h a s  made m a ss iv e  in roads  into 

human suffe r ing .  Chi ldbir th ,  desp i te  the  aura of mys tery  

popula r ly  surrounding It h a s  become much l e s s  of a h aza rd ,

a t  l e a s t  in the  "ad v an ced "  n a t io n s .

Unfor tuna te ly  the r i sk  to the  b ab y  has  not f a l l en  so 

d ram a t ica l ly  a s  the  r i sk  to the  mother.  M ate rna l  death  is 

now a lm o s t  a ra r i ty  in Britain (0.2 per 1000 bir ths)  yet  

a lm o s t  th ree  pe rcen t  of b a b ie s  succumb .

In days  gone by , e s p e c i a l l y  in G lasgow,  many famil ies  

e x p e c t e d  to  lo se  a t  l e a s t  one of the i r  b a b ie s  but such  

co m p la ce n cy  is no longer part  of the so c ia l  environment 

and  there  is every  r e a so n  to p re s s  for s t i l l  fur ther 

reduc t ion  in th i s  lo s s  of unfu lf i l led  l i v e s .

1 . 2 ,  Pe r ina ta l  Morta l i ty  -  Pe r ina ta l  mortal i ty

is de f ined  a s  the  number of dea th s  occurr ing  a f te r  the  2 8th 

w eek  of p regnancy  and before the  end of the  f i r s t  week  after 

d e l iv e ry  per 1000 l ive  and  s t i l l - b i r t h s .

An index such  a s  th i s  spo t l igh ts  o b s te t r i c  c a r e . It inc ludes  

the  in t r a -u t e r in e  d e a th s ,  which  may be a v o id ed  by Improved 

a n t e - n a t a l  care  and  a s s e s s m e n t ,  the in t ra -par tum d e a th s ,  

wh ich  may be  av o id ed  by improved de l ive ry  te chn ique  

and  foe ta l  monitoring,  a n d  the ear ly  neo -na ta l  d ea th s  

most of wh ich  are  r e a l ly  a r e s u l t  of fac to rs  opera t ing  

before  or during d e l ive ry .  The Nat ional  Birthday T rus t ' s  

1958 P e r ina ta l  M or ta l i ty  survey  w as  the f i r s t  c o n ce r te d  

a t tem pt  in Britain to co r re la te  the  na t iona l  p ic tu re  in th is  

r e s p e c t .  I ts  f indings  showed very  wide v a r i a t io n s  in
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p e r in a ta l  mortali ty  by  no m eans  a cc o u n ta b le  to  poor 

s tan d a rd s  of o b s t r e t i c a l  c a r e .  In fac t  so many v a r ia b le s  

ope ra te  from a rea  to  area  t h a t  pe r ina ta l  mortali ty  mus t  only 

be  rega rded  a s  a very crude  indica tor of p rog res s  or lack  of 

it .

The Survey did,  however ,  c lea r ly  define the o v e ra l l  c a u s e s  

of  morta l i ty .  It Ident i f ied  hypoxia  e i the r  a n t e -partum or 

in t ra -par tum  a s  the major  c a u s e  of death  (45%. Fig .  1 . 1 ,  ). 

There can  be no doubt tha t  if inves t iga t ive  t e c h n iq u e s  can 

be dev e lo p ed  to a c c u r a t e ly  Identify the foe tu s  a t  r i sk  

from hypoxia  the opera t ive  s k i l l s  are a l r ead y  a v a i l ab le  to 

sa lv a g e  them.

1 . 3 .  Pe r ina ta l  Morb id ity  -  P e r in a ta l  mortal i ty

is an e a s y  index to quan t i fy  a s  there  is no d i f f icu l ty  in 

counting  l ive  or dead  in fan ts .  Per ina ta l  morbidity  on the 

o ther  hand  is a very  d i fferent problem.  The q u a l i ty  of 

infant s a lv a g e d  has  to date  proven Imposs ib le  to a s s e s s .  

There is a large  body of in tu i t ive  opinion th a t  hypoxia  a t  

bi rth  may c a u s e  menta l  damage in the y e a r s  to come and 

th a t  p e rh ap s  some in fan ts  forced  to survive might have  been  

b e t t e r  le f t  to d ie .  There is  very  l i t t l e  ev id en c e  to support  

th i s  v iew (see Chapter  3 . 2 . )  and  ce r ta in ly  no gua ran tee  

th a t  an y  infant -  no matter how seve re ly  compromised  -  

w i l l  c o n v e n ie n t ly  exp i re .

1 . 4 .  Foe ta l  d i s t r e s s  -  Trad i t ional  o b s t e t r i c s

h a s  c o n s id e re d  labour under the  head in g s  of  the  pow ers ,  

the  p a s s a g e s  and  the  p a s s e n g e r .  The f i r s t  two have  long 

b e en  the  ob jec t  of inv es t ig a t io n  but the  r e m o te n e s s  of the 

p a s s e n g e r  h a s ,  and  s t i l l  d o e s ,  p re sen t  enormous d i f f icu l t ies  

in a s s e s s m e n t .  The major s igns  of foe ta l  d i s t r e s s ,  changes  

in h e a r t  ra te  and meconium s ta in ing ,  have  b e e n  g e n e ra l ly  

only  sought  during labour .  The t ime would  now seem ripe



to ex ten d  the c o n ce p t s  of foe ta l  d i s t r e s s  into  the  a n t e 

n a ta l  pe r iod  (Chapter 3) a s  the  newer techn o lo g y  now 

a l l o w s .

1 . 5 .  Foe ta l  a s s e s s m e n t  -  Monitoring of the  

foe tus  during de l ive ry  only  covers  a par t  of the  pe r iod  a t  

r i s k .  A n te -n a ta l  a s s e s s m e n t  must undoubted ly  become a 

v a lu ab le  a s s e t  to modern o b s te t r i c  p r a c t i c e .

Severa l  ap p ro ach es  are  a l r e ad y  a v a i l ab le  - u l t r a so n ic  

e s t im a t io n  of foe ta l  growth (Donald e t  a l ,  1958), urinary  o es t r io l  

a s s a y  (Coyle and  Brown, 1964) foe ta l  s ca lp  b lood  

b io c h em is t ry  (Sahling,  1966) and p h y s ica l  exam inat ion  of 

the  fo e ta l  h e a r t .  Each h a s  i ts  part  to p lay  an d  it seem s  

l ike ly  th a t ,  a s  in most b r a n c h es  of m ed ic ine ,  no s ingle  

te chn ique  can  provide a l l  the  a n s w e r s .

1 . 6 .  Aims of th i s  s tudy  -  The fo e ta l  c i rcu la to ry  

sy s tem  is one sys tem  which  can  be i n v e s t ig a t e d  without su rg ica l  

a s s a u l t  upon the  mother.  Foe ta l  heaiL informat ion h a s  proved 

of  va lue  in the  p a s t  and  w i l l  no doubt do so  in the  fu ture.

This t h e s i s  fo llows on from tha t  a l ready  p u b l i s h e d  by th i s  

author ( M. Sc .  T h e s i s ,  U n ive rs i ty  of S t ra thc lyde ,  1969 -  

re fe r red  to  a s  Vol. 1 . )  and  w i l l  cover  the  fo llowing to p i c s .

a .  The methods  curren t ly  a v a i l a b le  for s tudy  

of the  foe ta l  hear t  w i l l  be  d e sc r ib e d  and  

the i r  re la t ive  c l in ic a l  u s e f u l n e s s  d i s c u s s e d .

b .  The very  co n s id e rab le  r e c e n t  a d v a n c e s  in 

e l ec t r o n i c s  wi l l  be a p p l ie d  to the  improvement 

and  re f inement  of a p ra c t i c a l  FECG sy s tem .

c .  The tra in ing of n o n - s p e c i a l i s t  opera to rs  and  

the in troduction of the  te ch n iq u e  into the 

c l i n i c a l  s i tua t ion  w i l l  be  d e sc r ib e d .
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d.  An a n a l y s i s  of the r e s u l t s  o b ta in e d  from

the  above w i l l  be made p a r t i c u la r ly  to a s s e s s  

w he the r  prognos t ic  information can  be had  

from a n t e - n a t a l  examinat ion  of the foe ta l  

h e a r t .
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2 . 1 .  . In troduction  -  In a rev iew  of foe ta l  hear t  

monitoring it becom es  n e c e s s a r y  to d i s t in g u i s h  b e tw ee n  a d v an c e s  

in t e ch n o lo g y  and  ins t rumenta t ion  and  a d v a n c e s  In c l i n ic a l  

a p p l i c a t io n  of the  knowledge ga in ed .  To accommodate  such  an 

a p p ra i s a l  th i s  rev iew  w il l  f i r s t ly  c o n s id e r  the  developm ent  of

the  s e v e ra l  p h y s i c a l  a p p ro a ch e s  to the  fo e ta l  hea r t  and then  

the  c l i n i c a l  u s e f u l l n e s s  of the  information o b ta in ed .

In p lanning  th is  rev iew  the  author in tended  to summarise  quite  

b r ie f ly  e a r l i e r  work (which h a s  b een  p re v io u s ly  rev iew ed ,

Goo dyer,  e t  a l  1942,  Southern,  1957,  Hei lman,  1965,

Shenker, .  1966 and Curran ,  1969) and  to c o n c e n t r a t e  on the 

l a s t  few y e a r s '  l i te ra tu re  on a w or ld -wide  b a s i s .  To fa c i l i t a t e  

t h i s  a MEDLARS curren t  a w a r e n e s s  s e a rc h  w a s  c o n s t ru c te d  

(see  Apprendix  D ) and monthly  prin t -outs  o b ta in e d .

By ca re fu l ly  d e l inea t ing  the  sea rch  a m anageab le  number 

of  r e f e r e n ce s  were  o b ta in e d .  Many of t h e s e  are  in foreign 

l a n g u ag e s  of wh ich  the majo r ity  have  b een  t r a n s l a t e d  or 

sum m ar ised .

2 . 2 .  P h y s ica l  Techn iques  -  A few year s  ago it 

w a s  thought  im poss ib le  to  a p p ly  a l l  the  methods  d e sc r ib e d  

for ad u l t  ca rd io logy  to the  fo e tu s .  N e v e r th e le s s  r ecen t  

deve lopm en ts  have  overcome ea r l i e r  problems to the  ex ten t  

tha t  e lec t ro ca rd io g rap h y ,  phonocard iography,  u l t r asonography ,  

b a l l i s to ca rd io g r ap h y ,  impedance  p le thysm ography  and  d i sp lacem en t  

k ine tog raphy  have  a l l  b een  d e sc r ib ed  in the  co n tex t  of foe ta l  

h e a r t  monitor ing.

2 , 2 . 1 .  Foe ta l  e lec t roca rd iog raphy  (FECG) -  The FECG 

w a s  th e  f i r s t  method (apart  from the s te th o sco p e )  of foe ta l  

monitor ing to be  d e sc r ib e d .  The or ig inal  c red i t  is  r ight ly  

g iv en  to Cremer abou t  1906.  There is how ever ,  a w id e sp r e a d  

m isc o n ce p t io n  tha t  h i s  o r ig ina l  c a s e  w as  both  i s o l a t e d  and 

a c c i d e n t a l .  Reference to the  or ig inal  paper  (Cremer, 1906)
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makes  it c l e a r  t h a t  t h i s  w as  the f i r s t  in a ca re fu l ly  p lanned  

s e r i e s .

The major  m i le s to n es  in t echn ique  were the a p i i i c a t i o n  of 

the  r a d io - v a lv e  ampli f ie r  by Maekawa and Toyoshima in 193 0 

and  the u se  of a b a l a n c e d  "d if fe ren t ia l  ampli f ie r"  by Bell in 1938 

Although the e l ec t ro n ic  com ponents  have  undergone  enormous 

c h a n g e s  in the  y e a r s  s ince  then  the  b a s i c  form of the d i f fe ren t ia l  

ampl i f ie r  l i e s  a t  the  h e a r t  of a l l  FECG s y s t e m s .

The upsurge  in e le c t ro n ic s  s in ce  the s eco n d  wor ld  war soon 

made it c l e a r  th a t  the  demonst ra t ion  of the  FECG was,Of I tse lf ,  

v a l u e l e s s  and  th a t  c l i n i c a l l y  u se fu l  information would  have  to 

be  dem o n s t ra ted .

In - lab o u r  monitoring of the  FECG p r e s e n t s  few t e c h n i c a l  

d i f f i cu l t i e s  to d ay .  Once the membranes  are ruptured  and  some 

s l ig h t  d i la ta t io n  of the  ce rv ix  h a s  occur red  an e lec t ro d e  can  

be a t t a c h e d  to the foe ta l  s ca lp  and a very  s a t i s f a c t o r y  FECG 

o b ta in e d  by a s imple  d i f fe ren t ia l  ampli f ie r .  Hon (19 63) 

d e s c r ib e d  a ve ry  su i tab le  c l ip  e lec t rode  for t h i s  pu rp o se .  

B a s ic a l ly  th i s  is a w e l l  in s u la t e d  c l ip ,  wi th  bare  p o in t s ,  

a p o s i t iv e  wire lead ing  to the  ampli fier  and  a bare  "ear th"  

wire  w ound  round the  c l ip ,  (See Fig .  5 . 1 .  )

Other but s im i la r  e l e c t ro d e s  have  been  d e sc r ib e d  by 

Hunte r  e t  a l ,  (1960), Vasicka  e t  a l ,  (1963) ,Rosen and  Sc ibe t ta r ,  

(196^ and  Unger and G oodw in , ( 1972), E lec t rodes  h e ld  on 

by  su c t io n  are  a l so  d e s c r ib e d  such  as  t h a t  of Ross ,  (1961), but 

t h e s e  do te n d  to fa l l  off and  have  not found favour  in p ra c t i c e .

The o ther  popular  type of e lec t rode  is s im i la r  to th a t  of 

Torbet (19 70). In th i s  c a s e  a f ine s t a i n l e s s  s t e e l  wire  is 

co v e red  wi th  a te f lon  or s h e l a c  sh ea th .  The l a s t  |  cen t im et re  

or so of wire  is b a red  and  p l a c e d  in the su b cu ta n e o u s  lay e r s  of 

the  fo e ta l  s ca lp  v ia  a f ine hypodermic  n e e d l e .  No "earth" 

is  p rov ided .



Each of t h e s e  e l e c t ro d e s  has  i t s  a d v an ta g e s  and d r a w b ac k s .

The Hon Cl ip  is  big and in te r fe res  wi th  s c a lp  blood taps  

for b io ch em is t ry ,  i t  does  tend  to fa ll  out ra th e r  e a s i l y  

and i t  i s  e x p e n s iv e .  The te f lon  wire e l ec t ro d e  is  sm al le r ,  

ch e a p e r  and probably  more firmly a t t a c h e d .  E lec t r ic a l ly  

the  Hon c l ip  is  c e r ta in ly  sa fe r  (see  C h ap te r  6 . 7 ) .  Surg ica l ly  

n e i the r  l e a v e s  a wound of any  s ig n i f ic a n ce  and fea r  of wound 

in fec t ion  e t c . ,  need  n o t ,  in p ra c t i c e ,  c a u s e  any a la rm.

It i s  in a n t e - n a t a l  monitoring of the  FECG th a t  e lec t ro n ic  

te chno logy  is  s t r e t ch e d  to i t s  l im i t s .  Leaving  a s id e  

s u rg ica l  a s s a u l t  upon the  mother,  before  labour  com m ences  

the  FECG h as  to be ob ta in ed  from the m ate rna l  body su r f a c e .

This m eans  th a t  the  fo e ta l  s igna l  has  the  much la rger  maternal  

EGG super im posed  upon i t .  Severa l  workers  (D re ss ie r  and 

M o k o w i t z , 1941, Goodyer  e t  a l ,  1942, Southern ,  1957, 

Novotney  et  a l ,  1959, M at t ing ly  and L a rk s ,  1963, Buxton et  a l ,  

1963, Friedman and Ecker ing ,  1964, Storer e t  a l ,  1964,

N e i l s e n  & M oels t rop  , 1968 and Bat t le ,  1970) have  d e sc r ib e d  

c l i n i c a l  in format ion de r ived  from s tudy  of su ch  combined 

EGG t r a c e s . The v a lue  of su ch  information is  dubious  .

The effor t  and t ime involved  in in te rpre t ing  the  t r a c e  far 

ou tw e igh ts  any b e n e f i t s . Such t r a c e s  are not su i ted  for 

au tom ated  count ing  or p r o c e s s in g .

C le a r ly  a t r a ce  r e l a t iv e ly  free  of mate rnal e lem en ts  i s  

d e s i r a b l e .

The f i r s t  method of a ch iev ing  th is  i s  c a n c e l l a t i o n  of the  

mate rna l  e lem ent  by e lec t ro n ic  sub t rac t ion  of a mate rnal 

EGG d er ived  from a par t  of the  m other ' s  body where  l i t t l e  

or no foe ta l  EGG is  p r e s e n t .  Flon and H e s s ,  (1957) 

d e s c r ib e d  su ch  a sy s tem  in 1957 a l though they  nev e r  

aga in  re fe r red  to i t .  W ald en  and Bimbaum (19 66) d e sc r ib e d  

a very  s im i la r  sy s tem  u s ing  three  d i f fe ren t ia l  ampl i f ie rs
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for the  m ate rna l  and fo e ta l  EGG, one for the m ate rna l  

only  EGG and  a th i rd  to su b t ra c t  the  two s i g n a l s .  The degree  

of su b t ra c t io n  w as  con t ro l led  by  the  ga in  con t ro l  on the  

m a te rna l  only  c h a n n e l .  They pu b l i sh ed  no c l i n ic a l  r e s u l t s  

and  u n fo r tuna te ly  the  only  example th ey  show ed  does  not 

require  c a n c e l l a t i o n  anyway a s  the fo e ta l  e le m e n ts  are  

w e l l  c l e a r  of the  m ate rna l  e lem en ts  In the  o r ig ina l  t r a c e .

Both t h e s e  s y s te m s  u s e d  ampl i f ie rs  w hose  current  c o s t  is 

in e x c e s s  of £150 e a c h .  Two channe l  c a n c e l l a t i o n  of th is  

type h a s  not proved popula r  ye t  there  is a d eq u a te  ev idence  

th a t  a t  l e a s t  in the  h an d s  of e n t h u s i a s t s ,  p e r fe c t ly  

s a t i s f a c t o r y  r e s u l t s  can  be  ob ta ined  ( Sureau and  Trocell ie r ,  

1961, Curran and  MacGregor ,  1968).  To a c h ie v e  adeq u a te  

c a n c e l l a t i o n  no t  only  must the  ampl i tudes  of the  two s ig n a l s  

be com parab le  but the  p h a se  r e la t io n sh ip  ( i . e .  the  shape  

of the  EGG) must match  e x a c t l y .  Sureau (1961) a c h i e v e s  

th is  by  a m u l t i - e l ec t ro d e  sw l tchab le  a rray  but ca re fu l  

p la ce m e n t  of the  e l e c t r o d e s  can  be adeq u a te  (Curran,  1969).

It m us t  be adm it ted  t h a t  c a n c e l l a t io n  p rocedu res  require  

a lm os t  o b s e s s i o n a l  care  on the part  of the  opera to r  but 

r e s u l t s  c an  be eco n o m ica l ly  and  r e a l i s t i c a l l y  o b ta in e d .

More complex  forms of c a n c e l l a t i o n  have  a l s o  b e en  d e sc r ib e d .  

Goo dard e t  a l  (1966) d e sc r ib e d  one te chn ique  in wh ich  11 

c h an n e l s  were  u s e d .  This method is c l i n i c a l l y  u n re a l i s t i c  

a s  d e s c r ib e d  b e c a u s e  of i t s  u n w i e l d i n e s s .

There is a l i t t l e  known bu t  ex t remely  a t t r a c t iv e  m ul t ichannel  

method d e s c r ib e d  by  Schule r  e t  a l  (1968) w h ich  th i s  author h a s  

found to be of va lue  (see Chap ter  6 . 5 ) .  Again no c l i n i c a l  

r e s u l t s  are  d e t a i l e d  an d  the  au thors  do not seem  to have  

p u b l i s h e d  anyth ing furt lier .

The o ther  commonly u s e d  techn ique  to remove m ate rna l  s ig n a l s
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has  been  th a t  of "gat ing"  (Offner and M o i s l a n d ,  1966) .

In th is  form a seco n d  mate rna l  only  s igna l  1 s u s e d  to swi tch  

off the  combined  t r a c e  over the  t ime in te rva l  of  th e  mate rnal 

R w a v e .  This m eans  tha t  c o in c id en t  foe ta l  b e a t s  are  l o s t  and 

in extreme exam ples  th is  could  lead  to lo s s  of 25% to 50% 

of foe ta l  b e a t s .

M ate rn a l  e lem en ts  can  of co u rse  be qu i te  e a s i l y  removed 

from a combined t r a c e  by a la rge  d ig i ta l  com pute r .  Such 

programs are d e sc r ib e d  by Favre t t  and Capu to  (19 63) and 

F av re t t  and M arche t t i  (1966) . These  however  are "off l ine" 

p ro c e d u re s ,  both cumbersome and e x p e n s iv e .

To d a te  t h e s e  remain  the genera l  p r in c ip le s  invo lved  in 

the  d e te c t io n  of the  FECG from the m o the r ' s  abdomen.

Modern e l e c t ro n i c s  and pa r t icu la r ly  in teg ra ted  c i r c u i t s  have  

so s im pl i f ied  the  ampli fier  problem tha t  new  ampli f ie rs  

are not commonly d e s c r ib e d .

The o ther  major t e c h n ic a l  a s p e c t  is  th a t  of r a d i o - t e l e m e t r y . 

Normal labour  is  not con d u c ted  with  a p a t ie n t  f la t  on her 

b ack  wired to a ba t te ry  of monitoring d e v i c e s .  R ad io - te lem e try  

rem oves  the  p a t i e n t  from any e l e c t r i c a l  haza rd  and a l low s  a 

d eg ree  of m o b i l i s a t io n .  Single  channe l  foe ta l  ECGs can  be  

r a d io - t e l e m e te r e d  by qu i te  s imple  means  -  ( H e s s ,  1962,

Kendal e t  a l ,  1962, Lepage  e t  a l ,  1966, S.  Dubin i e t  a l ,  1971, 

Unger  and  Goodwin , 1972) , The foe ta l  s c a lp  EGG can  be 

t e l e m e te re d  by the  very  n e a t  co n cep t  of Tazawa  e t  al  (1968) 

who p la c e  th e i r  min ia ture  t ransm i t te r  in the  v a g in a  (membranes 

n eed  not be r u p tu r e d ) , No c l i n i c a l  r e s u l t s  have  as  ye t  been  

p u b l i sh ed  by them .

2 . 2 . 2 .  Phonocard iography  (FPCG) -  The FPCG w as  

f i r s t  in t roduced  in 1923 by Rockwood and F a l l s .  Since then 

many a t tem pts  have  been  made to u s e  the  FPCG c l in i c a l l y  but
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the e lec t ro n ic  and  microphone requirements  are  s t r ingen t  

and un t i l  l a t e ly  few u se fu l  r e s u l t s  have  a p p ea re d .

The FPCG is u s u a l l y  a d u l t e r a t ed  by  sounds  a r i s in g  from the 

m ate rna l  abdomen and it h a s  b een  cus tom ary  to u se  e lec t ron ic  

f i l te r s  to reduce  the i r  e f fe c t .  Consider ing  the  en th u s i a sm  

w i th  w h ich  the FPCG h a s  b een  s tud ied  it is su rpr is ing  tha t  

few se r io u s  a t tem pts  have  b een  made to define the  

" e lec t ro n ic "  c h a r a c t e r i s t i c s  of the s ig n a l .

Basing h i s  a s su m p t io n s  on adul t  work Smith (1957) s e t  h is  

f i l te r s  a t  b e tw ee n  60 and  80 Hz but he  c a r e fu l ly  no ted  tha t  

t h i s  w a s  not b a s e d  on a n a l y s i s  of foe ta l  s i g n a l s .

The f i r s t  r eco rded  a n a l y s i s  w as  tha t  of Green an d  Wood (1953) 

They found th a t  the  energy  from the FPCG w a s  over  the  

f r eq u e n c ie s  55 to 330 H z .  Unfortunate ly  t h e y  did not give 

the  v i ta l  c h a r a c t e r i s t i c s  of the i r  amplifying and  f i l te r ing 

s y s te m s  and  o thers  c an n o t  in te rpre t  th e i r  d a t a .

A s ec o n d  a n a l y s i s  w as  ca r r ied  out by Sawyer (1959) who 

d e c id e d  tha t  the  range  w as  30 to 80 H z .  He however ,  u s e d  

a pen  recorder  w hose  r e s p o n se  could  not have  e x c e e d e d  

80 Hz which  c e r t a in ly  n e g a te s  the upper l imit .  She l ly  (19 69) 

ca r r ied  out a pa in s tak in g  and  thorough a n a l y s i s  wh ich  se t  

the  idea l  l imit s  a t  60 to 120 Hz.  Using t h e s e  h i s  reco rder  

cou ld  d e t e c t  every  foe ta l  hea r t  audib le  to the  foe ta l  

s t e t h o s c o p e ,

A s im ila r  range w as  d e c id e d  upon by Hammacher  (1966) 

who h a s  done more to p opu la r i se  the FPCG than  any  o ther  

con t r ib u te r .  The commerc ia l  developm ent  of h i s  ins t rument  

(Hewle t -Packard)  h a s  brought a new s tan d a rd  of care  to many 

labour  w a r d s .  Unfor tunate ly  many of the  d e t a i l s  of h is  

equ ipment  are  no t  a v a i l a b le  for, no doubt sound, commerc ial  

r e a s o n s .
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In t r a - v a g i n a l  phonocard iography  has  been  d e sc r ib e d  by 

Feruglio  and  Rieppi (1969) who combined the i r  microphone 

wi th  an  ECG e lec t ro d e  and ,  it seem s  quite  unwit t ing ly ,  

dem ons t ra ted  the  comple te  inadequacy  of  the  FPCG for 

au tom at ic  p ro c e s s in g .  Computer recogn i t ion  of the  FPCG 

h a s  b e e n  d e s c r ib e d  (Vahl, 1967) but e x p en se  w ould  mil i ta te  

a g a i n s t  g e n e r a l  in troduction of such  a t e c h n iq u e .

Phonocard iography  rem ains  a d if f icul t  t e c h n i c a l  problem 

which  may a cc o u n t  for the  pau c i ty  of p u b l i sh e d  informat ion 

in r e c e n t  year s  following H am m acher ' s  " s u c c e s s " .  Bearing 

in mind th a t  it is  bo th  p h y s i c a l ly  and  e l e c t r i c a l l y  safe  it 

may y e t  prove of ine s t im ab le  value  for routine  u s e .

2 , 2 , 3 .  U l t ra son ic  fo e ta l  c a rd io g ra p h y .

2 . 2 , 3 . 1 .  P u lsed  u l t r a so u n d  -  The u s e  of p u l s e d  

u l t r a s o u n d  in o b s t e t r i c s  w a s  f i r s t  e s t a b l i s h e d  by Donald ,  

McVicar and  Brown (19 58). The u se  of the  A and  B scan  

for monitoring foe ta l  growth and  for d iag n o s t ic  pu rposes  

is  outwi th  the  scope  of t h i s  rev iew  but  the method h a s  been  

a d ap te d  for exam ina t ion  of the foe ta l  hea r t .

Bang and  Holm (1968) d e sc r ib e d  a method for dem ons t ra t ion  

of fo e ta l  h e a r t  movement in e a r ly  p regnancy  and  su g g e s t  

t h a t  th i s  method is  the method of cho ice  for the  dem onst ra t ion  

of fo e ta l  l i f e .  In th i s  th ey  have  b een  s l ig h t ly  ove r taken  by 

p ro g res s  a s  the  most a cc u ra te  method s eem s  to be  l o c a l i s a t i o n  

of  the  embryo by  B - s c a n  and  then  d e tec t ion  of the  fo e ta l  hear t  

by  u l t r a so n ic  Dopple r.  (See 2 . 2 .  3 . 2 . )  Similar work h a s  been  

repor ted  by  Mura ta  e t  a l  (19 71) from Japan .

Garre t t  and  Robinson (19 70), from Sydney, de sc r ib e  a method 

for m easur ing  the  a rea  of the  foe ta l  hea r t  on a c ro s s  s ec t io n  

s c a n  of the  foe ta l  c h e s t .  They conclude  th a t  the  h ear t  

o c c u p ie s  21 % of the  c h e s t  a rea  in a normal b a b y .  They a l so



dem ons t ra ted  the fo e ta l  k idneys  and  l ive r .  In the i r  method 

the dose  of u l t r a so u n d  to which the  p a t ie n t  is e x p o se d  

Is much h ighe r  than  th a t  u s e d  in Britain.

The s a f e ty  of d iag n o s t ic  u l t r a so u n d  is a l so  bey o n d  the  scope  

of th i s  re v ie w .  However the Lancet  for May 30th ,  1970 

c o n ta in s  two in te re s t ing  a r t i c l e s .  The f i r s t  is a paper  by 

H ei lman  e t  a l  a t t e s t in g  the  sa fe ty  of d ia g n o s t ic  u l t r a so u n d  

in a m ul t icen t re  tr ia l  and  the second  a lead ing  a r t i c l e  which  

po in ts  out th a t  whi le  the re  are no demonst rab le  b a d  c e l lu la r  

e f fe c t s  a t  1 W a t t / s q , cm for 1 s e c .  there  are  obvious  

e f f e c t s  a t  200 W a t t s / s q .  cm.  It co n c lu d es  t h a t  " there  w i l l  

be no e v id en ce  of g e n e t i c  s a f e ty  for g e n e r a t io n s  y e t " .

2 .2 .3 . 2 . U l t ra son ic  Doppler e f f e c t . -  The u l t r a so n ic  

Dopple r  dev ice  is  a newcomer to the f ie ld  of o b s t e t r i c s .  The 

e a r l i e s t  d e sc r ip t io n  seem s  to be tha t  of C a l l ag a n  et  a l  (1964) 

from the  B ethesda  N a t iona l  Naval  M ed ica l  C en te r .  They 

g ive  no c l i n i c a l  d e ta i l s  bu t  d e sc r ib e  the e l e c t ro n i c s  and  

p r in c ip le s  invo lved .

The following year  Johnson and Lein (1965) d e s c r ib e d  the  

ad a p ta t io n  of a su b cu ta n e o u s  b lood-f low  de tec to r  for foe ta l  

h e a r t  d e t e c t io n .  Again the re  were  no c l i n i c a l  r e s u l t s .

This e a r ly  t rend  towards  t e c h n i c a l  ra ther  than  c l i n i c a l  

d e sc r ip t io n  con t inued  and  in 1966 Bishop d e s c r ib e d  the 

commerc ia l  ins t rument  c a l l e d  the  Doptone (Smith Kline 

In s t rum en ts ,  U . S . A . ) .  In 1968 Fielder gave  the desc r ip t io n  

of the f i r s t  Brit ish ins t rument  (Sonicaid) and  Brov/n and  

Rober tson d e sc r ib e d  the  Ultra do p (Ames L t d . ,  U . S . A . ) .

C l in ic a l  d e sc r ip t i o n s  have  la rge ly  dea l t  with  the  u s e f u ln e s s  

of the  dev ice  in ear ly  p regnancy .  Bernste in  and  C a l lag an  (19 66) 

d e sc r ib e  the i r  fa ilure  to d e te c t  the foe ta l  h e a r t  a s  on ly  1 . 1 %  

over  307 c a s e s .  Muller and  O sie r  (1969) an d  Blunter and  

Robinson (1970) found s imila r  s u c c e s s .  From t h e s e  and  many
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other  s im i la r  papers  from a l l  over the  world it c an  

c e r ta in ly  be s a f e ly  con c lu d ed  tha t  the  U l t ra so n ic  Doppler 

i s  the  mos t  e f fec t ive  ins t rum ent  a v a i l ab le  for the  

dem ons t ra t ion  of foe ta l  hear t  ac t ion  a t  a l l  s t a g e s  of 

p reg n an cy .

Linking t h e s e  dopple r  d e v ic e s  to automated  foe ta l  monitoring 

however ha s  proved an en t i re ly  d if ferent p ro b le m . (See C hap te r  5 ) .  

There are  a few d e sc r ip t i o n s  of  sy s te m s  su ch  a s  t h e s e  of 

Bishop (1968) and Mos 1er (1969) and one  commerc ia l ly  

a v a i l a b le  sys tem  from S on ica id ,  At p re s e n t  the re  seem s  no 

s imple  sys tem  for record ing  accu ra te  hear t  r a te  con t in u o u s ly  

by u l t r a s o u n d .

2 . 2 . 4 .  B a l l i s toca rd iography  -  The co n ce p t  of 

b a l l i s to ca rd io g r ap h y  was  f i r s t  d e sc r ib e d  by Starr in 1939.

The p r inc ip le  is  a t t r a c t iv e  in t h a t ,  a s  e n t h u s i a s t s  s a y ,  the  

hear t  i s  not in tended  to produce  e l e c t r i c a l  s ig n a l s  but to 

drive  blood around th e  body.

D e s p i t e  a m a s s  of adul t  l i t e ra tu re  and s e v e ra l  apophr ica l  

s to r i e s  the re  is  only  one re fe rence  in the  world l i t e ra tu re  to 

a  s u c c e s s f u l  foe ta l  b a l l i s to ca rd io g ram .  (Curran,  McGregor 

and  Kerr, 1969).  The t e c h n iq u e s  invo lved  w il l  be  d e sc r ib e d  

e l s e w h e re  in th i s  t h e s i s  (Chapter 5 . 3 . )  but mos t  c e r ta in ly  not 

enough  e v id en c e  of c l i n i c a l  e f f e c t iv e n e s s  has  y e t  been  

a m a s s e d .

2 . 2 . 5 .  Im pedance  P le thysmography -  In the  adu l t  the  

im pedance  p le thysm ograph  m easu re s  the  c h an g e s  in e l e c t r i c a l  

im pedance  of a body segm en t  a s  f lood flows th rough i t .

The f i r s t  s u c c e s s f u l  a t tem pt  to m easure  the fo e ta l  im pedance  

p le thysm ograph  a ro s e  out of pe rso n a l  c o n tac t  b e tw ee n  th is  

au thor  and Prof. J .  Nyboer of D e t ro i t .  His  work i s  d e sc r ib e d  

in a paper  by N yboer ,  Khalafa l la  and Spyker (1970) . Again

the  only  re fe rence  d iscovered)  . The paper  d e s c r ib e s
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pe r fec t ly  r e a s o n a b le  t e ch n iq u es  for obta in ing  the  

im pedance  m easurem ents  and for i so la t in g  a fo e ta l  ECG 

to t r igger  compute r a n a ly s i s  but is  badly  spo i led  by qui te  

u n r e a so n a b le  a t tem pts  to q u an t i t a te  the  r e s u l t s  and to 

arr ive  a t  a foe ta l  s t roke  volume of 3 .5  ml by making  too 

many inva l id  a s s u m p t io n s ,

2 . 2 . 6 .  D isp lac e m en t  Kinetography -  The adul t  

d i s p la c e m e n t  k in e tograph  has  only r e c en t ly  been  in t roduced  

(Sharf e t  a l ,  1969) , There is  some promise  of foe ta l  

informat ion by computer a n a ly s i s  but to da te  no repor ts  are 

found in the  l i t e ra tu re .

2 . 3 .  D a ta  P resen ta t io n  -  The problems of

foe ta l  hea r t  monitoring most ce r ta in ly  do not end wi th  the 

s u c c e s s f u l  d e tec t io n  of some a s p e c t  of foe ta l  hea r t  a c t i o n .

If the  d a ta  is  to be u s ed  as  part  of the  d e c i s io n  making 

p r o c e s s  i t  must be p re sen te d  r e a l i s t i c a l l y  and promptly .

2 . 3 . 1 ,  Rate informat ion -  The p r e s e n ta t io n  of 

foe ta l  h ea r t  a c t io n  over a lo u d sp ea k e r  or on an o s c i l l o s c o p e  

s c r e e n  offers  l i t t l e  ad v an tage  over  in te l l ig e n t  u s e  of the  

s t e t h e s c o p e .  A permanent  record  is  u s u a l ly  r e q u i re d .

The most  popula r  form of p re sen ta t io n  has  been  th a t  

in t roduced  by Hon (1959) and C a ldey ro -B a rc ia  (1961) in 

which  foe ta l  hear t  ra te  i s  p lo t ted  a g a in s t  t ime on a paper  

s tr ip  r e c o rd e r .  A seco n d  t race  on the  same paper  d e p ic t s  

u te r ine  ac t ion  e i the r  from a tocodynomometer or in t r a -u t e r in e  

c a t h e t e r .  This form of p re s e n ta t io n ,  though probably  s t i l l  the  

most a d eq u a te  a v a i l a b l e ,  suffers  s ev e ra l  d ra w b a c k s .  In terms 

of m a te r ia l  i t  is  e x p en s iv e  on paper  -  a t  1 cm per minute  a 

tw e lve  hour labour  consum es  will  over 7 metres  of paper .

This apar t  even  a fa irly short  labour p roduces  such  a m ass  of 

d a ta  th a t  in te rp re ta t ion  becomes  an art  in i t s e l f  ( B . M. J .  1971) .
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It is a p t ,  though not quite  fa ir ,  to s ay  tha t  th a t  the  d ia g n o s t i c  

s k i l l  of the  o b s t e t r i c i a n  i s ' t r a n s f e r r e d  from the p a t ie n t  to a 

long p ie c e  of paper  Attempts  to reduce  th i s  form of data 

to  num er ica l  v a lu e s  have  been  made.  These  are b a s e d  on the 

t ime r e l a t i o n s h ip s  be tw een  u te r ine  c o n t ra c t io n s  and  var ia t ion  

in foe ta l  hea r t  ra te  and  the  ex ten t  of th a t  v a r i a t io n .  She l ley  

(1971) showed  th a t  the  to t a l  "area"  of h e a r t  ra te  s lowing over 

an hour of labour w as  h igh ly  p red ic t ive  of the  n e o n a ta l  

o u t c o m e ,

T im e - la p s e  t e ch n iq u es  such  a s  tha t  of M ar sh a l l  and  Shubeck 

(19 61) in which the  recorder  is sw i tched  on for 5 minutes  in 

every  15 cou ld  more co r rec t ly  be  c a l l e d  da ta  r e j e c t i o n  than 

data  r e d u c t io n .

The demand for prompt information makes  much more 

s o p h i s t i c a t e d  methods  for dealing with the  da ta  l a rge ly  

im p rac t ic a l .  Van Bemmel (1969) d e sc r ib e d  a C lu s t e r  

te chn ique  Vv’h ich  re d u c e s  many hours  of labour to a s ing le  

graph  which  t a k e s  into a cc o u n t  the s eq u e n c e  of e v en t s  and  

Forsyth  e t  a l  (1969) ca r r ied  out t i m e - s e r i e s  a n a l y s i s  of labour  

reco rds  to e x p r e s s  the  c h a n g e s  m a th em at i ca l ly .  W hi le  both 

t h e s e  t e c h n iq u e s  are  w e l l  grounded  and have  b e en  dem ons t ra ted  

a s  su i tab le  for p red ic t ion  of the  outcome of  labour th e i r  c o s t  

in computer  t ime is high and  it seems un l ik e ly  t h a t  o n - l i n e  

s y s t e m s ,  which  w ould  be n e c e s s a r y ,  could  be  eco n o m ica l .

It is  worth  noting here  t h a t  many of the  " ra tem e te rs "  u s e d  In 

c l i n i c a l  s tu d ie s  are w i ld ly  inaccura te  and  a p re c i s e  d e sc r ip t ion  

of the  r a tem e te r  u s e d  is  mandatory  if o ther  workers  are  to 

compare r e s u l t s .

2 , 3 . 2 .  Waveform information -  The s tudy  of e lec t ro n ic  

waveforms is a complex  and  diff icul t  b u s i n e s s .  A t race  f la sh ing  

a c r o s s  an o s c i l l o s c o p e  s c r ee n  can  ha rd ly  b e  c la im ed  a s  idea l  

for th i s  purpose  ye t  the  human eye  Is so a d ep t  th a t  quite
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u se fu l  in format ion can  be g a in ed .  Traces  can  a l so  be 

wri t ten  out on recorder s  but a major problem is  tha t  few 

reco rder s  have  the  f requency  re s p o n se  to record  fa ithfu l ly  

t h e s e  b io log ica l  s i g n a l s .

These  methods  had  su ch  obvious  l im i ta t ions  in foe ta l  

moni tor ing tha t  o the r  ways  of p resen t ing  the  d a ta  were  

so u g h t .

By far the  most s u c c e s s f u l  method is  th a t  of t r a n s i e n t  

averag ing  in t roduced  to foe ta l  monitoring by Hon and Lee (1963).  

This method u s e s  compute r techno logy  which  can  be  a ch iev ed  

with  a sm al l  com para t ive ly  cheap  (£2,000) m a ch in e .  Hon and 

Lee (19 63) u s e d  the  Mnemtron C . A. T.  and Curran  (1968) u s e d  

the  N u c lea r  C h icago  7100 C .  , which  are  e s s e n t i a l l y  s im ila r  

d e v i c e s  to recover  the  FECG.

Rhyne (1969) u s e d  a conven t iona l  d ig i ta l  computer  with  

the  a d d e d , if e x p e n s iv e ,  advan tage  th a t  e a r l i e r  com plexes  

could  be dropped as  new ones  en te r ed .

The te ch n iq u e  (descr ibed  in d e ta i l  in Vol. 1. , C h ap te r  4) has  

s in c e  been  u s e d  to reco v e r  the  FBCG (Curran,  Kerr and 

M cGregor ,  1970) and the  foe ta l  im pedance  ple thysmogram 

(Nyboer,  1972) . It is  a l so  u s e d  in the  recovery  of the  foe ta l  

LEG (Kasabe and Arayama, 1969).  C ro s s  and au to  -c o r re la t io n  

have  a l s o  been  u s e d  (Van Bemmel,  1968) but t h e s e  t e ch n iq u es  

d epend  heav i ly  on a s ig n a l  which  is  not only re p e t i t iv e  but 

r egu la r  which  the  foe ta l  hear t  is  not.

The FECG has  b een  the  u s u a l  ob jec t  of a t t e n t io n  but the  PCG 

waveform has  a l s o  b een  s tu d ie d .  (Van Bemmel,  1968, McRae, 1923) 

Van Bemmel (19 58) found th a t  the  FECG to FPCG d e lay  t ime was  

a f fec ted  by Rhesus  incom pat ib i l i ty  but there  is  l i t t l e  o ther  

e v id en c e  of i t s  u s e f u l n e s s .
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2 . 4 .  C l in ic a l  S tud ies  b a se d  on Foe ta l  H ear t  Rate. .

2 . 4 . 1 .  A n te -n a ta l  -  That the foe ta l  hea r t  ra te  

cou ld  be an ind ica to r  of foe ta l  s t a t e  w as  f i r s t  s u g g e s te d  by 

Von W ink le  a t  the  beg inn ing  of th is  c en tu ry .  S ince  then  the  

fo e ta l  hear t  r a te  has  been  the ob jec t  of many i n v e s t i g a t i o n s .  

Recent y e a r s  have  s ee n  a swing to in - l ab o u r  monitoring but 

in te r e s t in g  and  v a lu ab le  work on a n t e - n a t a l  foe ta l  hear t  ra te  

c h an g e s  conti nues  to be repor ted .

There is  ample  e v id en c e  th a t  the  a n t e - n a t a l  foe ta l  hear t  ra te  

is  re le v an t  to the  s t a t e  of the  infant a t  b i r t h .

Welford  et  al  (1967) made the In te re s t ing  s ta t e m e n t  tha t

" the re  i s  c l e a r  ev id en c e  tha t  by the  l a s t  month 

of g e s ta t io n  the fe tus  has  a l ready  deve loped  a 

pa t te rn  of hear t  ra te  va r ia t ion  which  is  re l a t iv e ly  

s t a b l e  and c h a r a c t e r i s t i c  of the  Ind iv idual"  .

In truth  the i r  e v id en ce  is  far from "c lea r"  as  i t  w as  b a se d  on 

13 c a s e s  w h o se  hear t  r a t e s  were  c a lc u l a t e d  by hand from s tr ip  

reco rd ings  of u n c a n c e l l e d  abdominal  FECG s i g n a l s .  N e v e r t h e l e s s ,  

o the r  work supports  the  c o n c lu s io n .  Benson e t  al  (1968) 

c a l c u l a t e d  s t a t i s t i c a l  pa ram ete rs  of foe ta l  hea r t  r a te  on 

25 , 000  b i r t h s .  They m easu red  the  mean r a t e ,  the  s tandard  

dev ia t ion  abou t  the  m ean ,  the  maximum drop , th e  lo w es t  va lue  

and  the  f requency  of c o n se c u t iv e  d ro p s .  In a l l  they  found only 

th e  s tan d a rd  dev ia t ion  to be a s t a t i s t i c a l l y  s ig n i f i c a n t  pred ic to r  

of Infant ou tcom e .  They comment th a t  a n æ s t h e s i a  and birth 

w e igh t  do not a f fec t  th i s  r e la t io n s h ip .  T h ese  r e s u l t s  were 

o b ta ined  by s t e t h e s c o p e  and  must be s u b jec t  to c o n s id e ra b le  

v a r i a t io n .  N e v e r t h e l e s s  it  i s  a la rge s e r i e s  and  shows a r ea l  

r e s u l t .  Takemura (1966) in a report  from Japan ,  d i s c u s s e s  

a n t e - n a t a l  ra te  c h a n g e s  in grea t  d e t a i l .  His  major con ten t ion  

i s  th a t  a b a s i c  hear t  r a te  (peculiar to any p a r t i c u la r  foetus)  is  

op e ra ted  upon by a v a r ie ty  of phys io lo g ica l  and pa th o lo g ica l
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fac to r s  w h ich  might be  m a th em at ica l ly  r e s o l v e d .  This 

w ould  agree  wi th  the  ad u l t  work of Sayers  (19 68) bu t  no 

c l i n i c a l  r e s u l t s  are ye t  a v a i l a b l e .

In p a s t  yea r s  a t t em p ts  to u se  the  FECG for d ia g n o s i s  of 

foe ta l  c a r d ia c  arry thmias  have  been  made.  Their l a ck  of 

s u c c e s s  is on ly  too obvious  (Vol. 1, C hap te r  2) and  Is again  

dem o n s t ra t ed  by  the  s e r i e s  of N e i l sen  and  M oels t rup  (1968) 

in which  9 0 FECGs (do not sp ec i fy  number of p a t i e n t s ) ,  from 

u n c a n c e l l e d  maternal  abdominal s ig n a l s  were  a n a ly s e d .

Their  c o n c lu s io n  th a t  fo e ta l  hea r t  ra te  f a l l s  w i th  g e s t a t i o n a l  

age  h a s  not  b e e n  conf irmed.

In the a n t e - n a t a l  pe r iod  the re  seems no ju s t i f i c a t io n  for 

regard ing  the FECG a s  an adult-dype e x e r c i s e  in ca rd io logy .

The FECG ra the r  c an  be an indica to r  (admit tedly  a poor one) 

of fo e ta l  s t a t e .

Bolte e t  a i  (1968) u s e d  the foe ta l  hear t  ra te  de r ived  from the 

FECG to s e l e c t  ch i ld ren  a t  r i sk  from p la c e n ta l  dys func t ion .

The ra t iona le  of the i r  s e l e c t i o n  is not c l ea r  bu t  the  r e s u l t s  

were  c la im ed  to be s a t i s f a c to r y .

It is  no su rp r i se  tha t  in m ate rna l  co n d i t io n s ,  known to c a u s e  

poor fo e ta l  ou tcome,  the u se  of foe ta l  c a r d iac  information 

ha s  been  exp lo red .  Savenko (1967) r epo r ts ,  from R uss ia ,  a 

s e r i e s  of 165 c a s e s  of p r e - e c l a m p s i a .  He d iv ided  the fo e tu s e s  

into four groups  of in c reas in g  seve r i ty .

a) Foe ta l  hear t  ra te  >  150/m

b) Foe ta l  hear t  ra te  ^  160 /m

c) Arrythmia

d) G ro s s  ir regula r i ty

He dem o n s t ra t ed  an improved cond i t ion  in the  foe tus  following 

t r ea tm en t  of the  m aternal  cond i t ion .  This w e l l  p r e s e n te d  and  

seem ing ly  v a l id  paper  w a s  spo i led  by  the  r e f e r e n c e s  to cupping
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a s  a means  of t r e a t in g  p r e - e c l a m p s i a .

That p regnancy  can  in te r fe re  with maternal  h æ m odynam ics  

is  w e l l  known. A wel l  documented  c a s e  by Reed e t  a l  (1970) 

d e m o n s t ra t e s  the  v e n a - c a v a l  obs t ruc t ion  syndrome.  With  

the  mother ly ing f la t  her BP was  60/20 mm, Hg and her pu lse  

110 /m in .  The foe ta l  hear t  ra te  was 78 /m in .  When  the mother 

s a t  up her BP ro s e  to 118/70  mm, Hg. and her p u l s e  fe ll  to 

7 5 /m in .  The foe ta l  hear t  ra te  ro se  to a. normal 144 /m in .  This 

c a s e  dem o n s t ra ted  y e t  aga in  a rea l  danger  of foe ta l  monitor ing.  

Normal labour w as  not in tended  to take  p l a c e  with  the  p a t ien t  

la id  f la t  on her back  and r e s t r i c t e d  by monitoring a p p a r a tu s .

The com ple te  r u t h l e s s n e s s  of computer " th inking"  w as  

u n in ten t io n a l ly  d em ons t ra ted  by an apparen t ly  ludicrous  

a r t i c le  tu rned  up by the  M edla rs  s ea rch  u s ed  for th is  rev iew .

The a r t i c l e  bore the  in tr iguing  t i t l e  "U ntaxed  w h isk ey  and 

fe ta l  l e ad  exposure"  . (Palmisano et  al 1970). In the  even t  

th i s  proved to be a pe r fec t ly  s e r io u s ,  and in i t s  con tex t  

worry ing ,  c o n s id e ra t io n  of the  dangers  of fo e ta l  plumbism 

following m ate rna l  consumpt ion  of i l l i c i t  w h isk ey  manufactu red  

in the  Southern S ta te s  of the  U. S . A.

Early workers  had shown e f fec t s  on foe ta l  hea r t  ra te  following 

adm in is t ra t ion  of drugs  to the  mother.  This led  to a f a s c in a t in g  

and  as  y e t  u n f in i shed  s ea rc h  for some form of " p l a c e n ta l  function 

te s t "  b a s e d  upon foe ta l  r e s p o n s e .  Stander e t  a l  (19 64) 

found th a t  in t r a -v e n o u s  i soxsup r ine  to the  mother c a u s e d  an 

i n c r e a s e  in foe ta l  hea r t  r a t e .  Th is ,  how ever ,  seem ed  to occur  

i r r e s p e c t iv e  of p la c e n t a l  " co n d i t io n " .  ■ Heilman and F i l l i s t i

(1965) ca re fu l ly  a n a ly s e d  the  e f fec t  of a t rop ine  in p r e - e c l a m p s ia  

and d i a b e t e s .  In 1964 Morton et  al  had shown tha t  a t ropine  

given  to th e  mother c a u s e s  f i r s t  a mate rna l  t a c h y c a r d i a ,  

fo l lowed by a foe ta l  t a c h y d y c a r d i a . It was  hoped tha t  th is  

in te rva l  would Ind ica te  the  ab i l i ty  of the  p l a c e n ta  to t rans fe r  

m ate r ia l  from mother to fo e tu s .  Although the  r e s u l t s  seem ed
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u s e f u l ,  on s t a t i s t i c a l  a n a ly s i s  they  were  not a d e q u a te .

Kretowicz (1968) d ig r e s s e d  s l igh t ly  from th i s  l ine  and 

dem o n s t ra t ed  a very  def in i te  an t i -a r ry thm ia  e f fec t  of 

a t rop ine  in th e  foe tus  ,

De Padua  and Graven s te in  (1969) examined the  e f fec t s  of

the  two s a l t s  of a t ropine  -  the  su lpha te  and the  methyl bromide -

t h e s e  two have  very  d i f ferent  molecula r  w e ig h ts  and will

p o s s ib ly  be t rans fe r red  a t  di fferent r a t e s .  This proved to

be so but e m b aras s in g ly  the  larger s u lp h a te  molecu le  (MW 694.82)

t rans fe r red  f a s t e r  than  the  bromide (MW 384, 29)  .

In the  l igh t  of s cann ing  e lec t ron  m ic roscope  s tu d ie s  of the  

p l a c e n ta  (M il l ing ton ,  1971) and deve lopm ents  in membrane 

c h em is t ry  for adul t  a r t i f i c ia l  k idneys  th is  l ine  of approach  

s t i l l  s eem s  promising  and work is  c lea r ly  c on t inu ing .

2 . 4 . 2 .  In t ra -par tum  -  In - lab o u r  s tudy  of the  foe ta l

hea r t  r a te  has  been  by far the  most popula r  form of foe ta l  

m oni tor ing .  The c red i t  for i t s  deve lopm ent  i s  u s u a l ly  given 

equa l ly  to Hon (1959) and Ca ldey ro -Barc ia  (1961) . The b a s i s  

for both t h e s e  s tu d ie s  w as  the  e f fec t  of u te r ine  con t rac t ion  

upon foe ta l  hear t  r a t e .  The nomencla ture  of the  ch an g es  has  

been  d eb a ted  and  ex tended  over  the  y e a r s .  Hon (1963) ta lked  

of type  1 and type  II d ips  which he la te r  c h an g e s  to p h y s io lo g ic ,  

h ead  c o m p re s s io n ,  cord com press ion  and p a th o lo g ic .  C a ld ey ro -  

Barcia d e sc r ib e d  t h e s e  same ch an g es  a s  U and V sh ap ed  d ip s .

They came to ag reem ent  la te r  and both re fe rred  to ear ly  and 

l a te  d e c e l e r a t i o n s  with r e s p e c t  to c o n t r a c t i o n s .  Commerc ia l  

d e v e lo p m en t ,  in Europe a t  l e a s t ,  w as  a c c e l e r a t e d  by the  

t e ch n iq u e  of Hammacher (1966) whose  phonocard iography  

t e ch n iq u e  made s imple  monitoring p o s s i b l e .  The sys tem  is 

however  c le a r ly  b a s e d  on previous  work and adds  l i t t l e  to the  

c l i n i c a l  p ic tu re .

The ear ly  work in th i s  f ie ld  has  a l ready  been  rev iew ed  (Vol. 1)
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though it  s eem s  very  much the  c a s e  tha t  a few people  

have  wr i t ten  the  same th ings  in s l igh t ly  d i f fe ren t  forms in a 

lo t  of d i f feren t  p l a c e s .

New wri t ing of any rea l  s ig n i f ic a n ce  has  been  hard to come by 

and most ly  c o n s i s t s  of compar ison  of the  Hon -  C a ldey ro -B arc ia  

s y s te m s  with  o ther means  of monitoring su ch  a s  pH, pO^ and 

COg and s te ro id  b iochem is t ry  and of monitoring the  e f fec t s  

of b io ch em ica l  and p h y s i c a l  in te r fe rence  w i th  labour .

Qui l i igan  e t  al  (1964) a t tempted  to co r re la te  foe ta l  hear t  ra te  

with blood g a s s e s  but c la im ed  to find no s ig n i f i c a n t  co r re la t io n .  

Only one  of the i r  c a s e s  had a very  low Apgar sco re  (3) and i ts  

hea r t  r a te  of 124 v/as by no means abnormal.

G iad ina  and Bovicell i  (1967) p re sen ted  two c a s e s  of in t ra -par tum  

d e a th  monitor ing by the  Hon sys tem  and d em ons t ra ted  and d i s c u s s e d  

a t  length  the  va r ious  d e ce le ra t io n  pa t te rn s  th ey  found. A 

major po in t  wh ich  they  did not d i s c u s s  w as  t h a t  both f o e tu s e s  

s t a r t e d  labour with  a hear t  ra te  of more than  180/min  which 

would in d ic a te  a poor p rognos is  in any c a s e .

Hon h im se l f  took up the  ch a l l en g e  in 1969 and with o thers  

i n v e s t ig a t e d  foe ta l  pH measurem ents  in l abou r .  His very  large  

s e r i e s  showed  a de f in i te  r e la t io n sh ip  be tw een  pH v a lu e s  and 

Apgar s co re  but with  a very  la rge  s t a t i s t i c a l  over lap  which 

made pH c h an g e s  d i f f icu l t  to re la te  to the  i n d iv id u a l ' s  p ro g r e s s .  

W hi le  he read i ly  admits  to the  v a lue  of S a h l in g ' s  (1966) t e ch n iq u es  

the  d i s t i n c t  im p res s io n  given is  tha t  he f e e l s  foe ta l  hear t  ra te  

a more p ra c t i c a l  ind iv idua l  method of p red ic t ion  of poor 

ou tcom e .  This v i e w  i s  sha red  by Schifrin and Dame (1972) .

Ha an e t  al  (1969) and D a v id se n  (1971) r e - e m p h a s i s e d  tha t  

in labour  monitoring of poor r i sk  c a s e s  ( s e l e c t e d  by c l in ic a l  

cr i te ria) w as  highly d e s i r a b l e .

There has  been  a fee l ing  tha t  dysmature  b a b i e s , who are  low 

in g lycogen  s to re s  might ‘t 'enefit from in t r a -v e n o u s  g lu co se
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to the  mother during labou r .  This was  i n v e s t ig a t e d  by 

Anderson e t  al  (1970) v^^hose well  conduc ted  t r i a l  showed no 

ev id en c e  of benef i t  in e i the r  foe ta l  hear t  ra te  or pH c h an g e s  

though  the  s t reng th  and f requency  of c o n t ra c t io n s  w as  d im in ished  

They conc lude  tha t  in t r a -v e n o u s  g lu c o se  is  of l i t t l e  if any v a lu e .

2 . 5 .  Waveform Information.

2 . 5 . 1 .  A n te -n a ta l  -  Studies  b a s e d  on waveform

a n a l y s i s  have  genera l ly  been  in the a n t e - n a t a l  period -  no doubt 

b e c a u s e  of  the  d if f icu l ty  in obta in ing  "c lean "  waveforms in 

l abour .

The major proponent of FECG waveforms as  p red ic to rs  of 

fo e ta l  cond i t ion  is  L a rks ,  W ith  Anderson he f i r s t  pub l i shed  

his p ro p o sa l s  in 1962.  This w as  a c a ta lo g u e  of poor r e s u l t s  

in 4 , 5 0 0  c a s e s ,  of which he p re sen ted  9 In d e t a i l .

His  major index  of foe ta l  " em barassm ent"  w as  widening  of 

the  Q R S  complex  which is  im poss ib le  to judge  as  his 

i l l u s t r a t i o n s  give no t i m e - b a s e .  His  o ther  index  is  notching  

of the  fo e ta l  R w a v e .  This c la im g iv es  the  oppor tuni ty  to 

drive  home a point  which most authors  have  omit ted  -  in such  

c a s e s  i t  i s  e s s e n t i a l  to quote  the  f requency r e s p o n s e  

c h a r a c t e r i s t i c s  of a l l  s e c t i o n s  of the  record ing  appa ra tu s  

if such  c la im s  are  to be s u b s t a n t i a t e d .  He has  not done  so  

and  c l o s e  exam inat ion  of his p ub l i shed  exam ples  show 

d e f in i te  though uncommented notching  of the  mate rnal S 

w aves  which  s u g g e s t  tha t  al l  the  no tch ing  is  a r t e f a c t .

This ear ly  paper  w as  promptly c h a l l en g ed  by Lee and Flon (1965) 

who were  unab le  to reproduce  such  c h a n g e s .

C a ld ey ro -B a rc ia  et  al (196 6) a l so  examined the  p o s s i b i l i t i e s  

of p rognos t ic  information in the  FECG waveform by a method 

which  is  un l ike ly  to be popula r in Britain,  They p a s s e d  a 

" f i sh -h o o k "  of n ichrome wire through the  mate rna l  abdomen 

in to  the  l iquor  amnii  and f i shed  for the  fo e ta l  b u t to c k s .  This
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c le a r ly  gave  e x c e l l e n t  FECG t r a c e s  if somewhat  

u n co n v en t io n a l ly  a c h i e v e d . They found no d iag n o s t ic  

information In exam ina t ion  of the  waveform.

This c o n c lu s io n  w as  confirmed by Takemura (1966) in h is  

Jap a n e se  s e r i e s .  The R uss ian  au thors  Markaryan  and  Okoev

(1966) tu rned  the c lock  b ack  many years  w i th  a d e sc r ip t ion  

of the  u se  of phono and  e lec t roca rd iog raphy  in the  d iag n o s i s  

of foe ta l  l i f e .  This approach  has  been  o u td a ted  by the 

u l t r a s o n ic  dopple r dev ice  a s  w a s  shown by  Soberon-Accueda 

e t  a l  (Mexico,  1968) among many o th e r s .

The proponents  of Larks '  theo r ie s  are s t i l l  ve ry  much In 

e v id e n c e .  For example  a paper  by  Elsenberg  and  Senties

(1967) from M exico  c la im s  very  s im ila r  r e s u l t s  bu t  does  not 

g ive  enough t e c h n i c a l  information for further comment.

P o s s ib le  va r ia t ion  in FECG waveforms in po s tm a tu r i ty  have  

been  r e c e n t ly  to the  fore in some q u a r te r s .  Lev inson  (1968) 

exam ined  35 p a t i e n t s  known to be 3 w eek s  p a s t - d a t e s  with  

a c o n t r a s t  group. He found tha t  in the  p o s t -m a tu re  c a s e s  

the fo e ta l  Q R S  com plexes  were  of s ig n i f ic a n t ly  h igher  

am p l i tu d e .  Similar c l a im s ,  b a s e d  on only  2 c a s e s  were  made 

by  8err e t  a l  from I s r a e l  a l s o  in 19 68.

It is ex t rem ely  d if f icu l t  to a c c e p t  th is  e v id e n c e .  The ex ac t  

r e l a t io n s h ip  b e tw ee n  the foe tus  and  ex te rn a l  e le c t ro d e s  

is  never  known and  must vary  from day  to day .  Persona l  

ex p e r ien c e  so s t rongly  en fo rces  th is  v iew th a t  d e sp i t e  the  

obv ious  e n th u s i a s m  of t h e s e  au thors  the r e s u l t s  c an  only  

be v iew ed  wi th  scep t ic ism .  The same comments  app ly  to 

Tomita (Japan, 1968) who compared  the ra tio  of  R to S 

w av es  wi th  e v en tu a l  Apgar sco re .

D esp i te  the  enormous c r i t ic i sm  of h is  work,  by  many more 

eminent  than  th i s  au thor,  Larks has  con t in u ed  to pub l i sh  work
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and c e p h a l i c  p re sen ta t io n  in which he s u g g e s t e d  tha t  the  

FECG am pl i tudes  r e la ted  to foe ta l  s ex  (he e a r l i e r  c la imed  

th a t  fem a les  had g rea te r  ampli tudes) were  r e v e r se d  in 

b reech  p r e s e n t a t i o n . He then  p roceeded  to  p ropose  an 

endocr ine  b a s i s  for p re s e n ta t io n .  This paper  too is  l ike ly  

to a t t r a c t  c r i t i c i s m .

Though the  FECG has  been  the obvious  waveform for a n a ly s i s  

a n t e - n a t a l l y  Pe te rs  and Van Bemmel have  p u b l i sh e d  work on 

the  FPCG (1969) in which  they  show c h an g e s  in the  

hyperdynamic  ca rd iac  in su f f ic ien cy  in e ry th ro b la s to s i s  

f o e t a l i s . The work is  b a se d  on only 3 c a s e s  but augurs  

wel l  for further b a l l i s to ca rd io g rap h  and im pedance  

p le thysm ograph  s t u d i e s .  There are  no reco rded  a t tem pts  to 

a n a l y s e  the  u l t r a s o n ic  dopple r  d ev ice  s ig n a l s  for p rognos t ic  

p u r p o s e s .

2 . 5 . 2 .  In t ra -par tum  -  The p r a c t i c a l  d i f f i cu l t i e s  

invo lved  in ob ta in ing  good waveforms in labour  have  led to 

l i t t l e  work be ing  repo r ted .  An e x c e l l e n t  t e ch n iq u e  for 

producing  running t r a n s i e n t  a v e rag es  e x i s t s  (Rhyne, 1969) 

but the re  a re  no re c en t  repor ts  of any  s ig n i f i c a n c e .

2 . 6 .  Commerc ia l  Developments  -  As ear ly  as  1960

Hon d e s c r ib e d  a commerc ial  ve rs ion  of h is  monitoring d e v ic e .  

E s s e n t i a l l y  it is  a ra tem ete r  driven from the  FECG der ived  from 

his  s c a lp  e l e c t r o d e .  At the  same time an in d ica t io n  of u te r ine  

a c t iv i ty  is  de r ived  from a tocograph  or i n t r a -u t e r i n e  c a th e t e r .  

Both are  d i sp la y e d  on a two channe l  w r i t e - o u t .

The same d e v i c e ,  e l ec t ro n ica l ly  improved and su i ted  for m ass  

product ion  is  r e c o g n i sa b le  in the  repor t  by Paul and Hon (1970) 

on 2 52 c a s e s  monitored with the dev ice  to some a d v a n ta g e .  

Such w as  very  much the s t a t e  of the art  un t i l  the  deve lopm ent
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of the  Hammacher te ch n iq u e  by Sanborn (Hewlet t -Packard)  .

The u p - t o - d a t e  ve rs ion  of  th is  dev ice  a c c e p t s  the  FPCG 

or FECG as  ra te  tr igger  and tocodynomometer or in t r a -u t e r in e  

c a th e t e r  t r a n s d u c e r  s ig n a l s  as  "labor" in d i c a to r s .  This 

d e v ice  s eem s  s e t  to rev o lu t io n ise  many labour  wards  though 

the re  are  as  y e t  no rea l ly  c r i t i c a l  rev iew s  of i t s  u s e f u l n e s s .

By c o n t r a s t  the  a r t i c l e  pub l i shed  by W e is  e t  al  in 1970 is 

such  u t te r  rubb ish  th a t  one wonders  what the  ed itor  had in 

mind when i t  was  a c c e p t e d .  The d e v ice  "works"  on 

u n c a n c e l l e d  abdominal ly  ob ta ined  FECG s i g n a l s ,  makes  no 

a t tem pt  to count  the  foe ta l  hear t  ra te  au to m a t i ca l ly ,  and re l i e s  

upon v i s u a l  p r e s e n ta t i o n .  It i s  a b la tan t  adver t  for the  

Kagey -  Frink Ins trument C o ,

In the  u l t r a s o n ic  f ie ld  -  which  has  p ro g r e s se d  la rge ly  by 

in d u s t r ia l  and com m erc ia l ,  ra ther  than  academ ic  c h an n e ls  

the  only  monitor which p re s e n t s  more than  ju s t  the  "hear t  

ac t ion"  is  the  Sonicaid  FM2 which is  s t i l l  undergoing 

c l i n i c a l  t r i a l .  It is  undoubtedly  r e l i a b l e ,  if e x p e n s iv e ,  

and ha s  suffe red  sev e re ly  from a s p e r s io n s  c a s t  upon the  

s a f e ty  of u l t r a so u n d .
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3 . 1 .  Foe ta l  d i s t r e s s . -  Foeta l  d i s t r e s s  is gene ra l ly

a c c e p t e d  as  the  m an i fe s ta t ion  of hypoxia ,  or u l t im a te ly  anox ia ,  

on the  fo e tu s .  Hypoxia  and  anoxia  have  b e en  most conv inc ing ly  

shown to be the  major c a u s e s  of an te -par tum  and  in t r a -partum 

fo e ta l  death  in Britain .  ( F i g .  1- : 1,. Brit ish Pe r ina ta l  Morta l i ty  

Survey 1958).

If d e a th s  due to hypoxia  are to be p reven ted  it is  c l e a r  tha t  methods 

for d e tec t in g  ea r ly  foe ta l  d i s t r e s s  must be d ev e lo p ed .  This demands  

some unders tand ing  of the  m echanisms  involved  and  of the  long 

term r e s u l t s  of h ypox ia .

3 . 1 . 1 .  In tra-partum fo e ta l  d i s t r e s s  -  Until  r e cen t ly  

a lm o s t  a l l  the effort  ap p l ied  to the d e tec t ion  of fo e ta l  d i s t r e s s  w a s  

c o n c e n t r a te d  on the labouring p a t ie n t .

In the  la te  19th cen tu ry ,  Von Winkle  f i r s t  d e sc r ib e d  the  a s s o c i a t i o n  

o f  the  s low foe ta l  h e a r t  ra te  wi th  poor n e o n a ta l  r e s u l t s .  Since 

th e n  b radycard ia  in a s s o c i a t i o n  with  meconium s ta in ing  h a s  b een  

th e  m a in s ta y  of th e  d ia g n o s i s  of foe ta l  d i s t r e s s .

On pu re ly  t h e o re t i c a l  grounds  the  f ir s t  r e s p o n s e  to hypoxia  should  

b e  an  a c c e l e r a t i o n  of the  foe ta l  h e a r t .  A fa ll  in c i rcu la t ing  

oxygen  l e v e l s  r eq u i re s  a f a s t e r  c i rcu la t ion  to  supp ly  the  v i ta l  

c e n t r e s .  This t a ch y ca rd ia  does  in fac t  occu r  though it is  often 

m i s s e d .  The c l a s s i f i c a t i o n  of foe ta l  hear t  r a t e s  r e l a t e d  to anoxia  

by  Cox (1963) is a good example  of current th ink ing .

1 .  Mild  anoxia  -  t a ch y c a rd ia  ( 160/m)

2.  M odera te  anoxia  -  b radycard ia  ( <  12 0/m)

3. Severe anoxia  -  ir regu la r i ty

4 .  Asphyxia -  d e a th .

As Cox h im se l f  p o in ts  out in a l a te r  paper  (Cox et  a l  1963) th i s ,  

even  in a s s o c i a t i o n  with  p a s s a g e  of meconium is  far from a 

s a t i s f a c to r y  d iag n o s t ic  t e ch n iq u e .  Many b a b ie s  with  t h e s e  s igns  

are  born  not in any  way  hypoxic  and  many w i thou t  t h e s e  s igns
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are  hypox ic .  In f a c t  he g o es  so far a s  to s u g g e s t  th a t  the  

a c c u r a c y  in t h e s e  s igns  only  ap p ro ach es  50% ( th e  same odds  as  

t o s s i n g  a co in) .

The more w id e sp r e a d  in t roduct ion  of e l e c t ro n ic  in -labour  monitoring 

t e c h n i q u e s  have  ce r t a in ly  improved upon th i s  s i tu a t io n  ( see  

Chap te r  5). N e v e r t h e l e s s  much of the  hypoxia  s e e n  during labour 

m us t  h av e  i t s  o r ig ins  in the  a n t e - n a t a l  deve lopm ent  of the  foe tus  

or p l a c e n t a .  The t ime is now ripe to p ro jec t  the  c o n ce p t s  of 

fo e ta l  d i s t r e s s  b ack  into e a r l i e r  p regnancy .

3 . 1 . 2 ,  Ante-partum fo e ta l  d i s t r e s s  -  It seem s  

r e a s o n a b le  to su p p o se  t h a t  if the  foe ta l  hea r t  c a n  ind ica te  foe ta l  

d i s t r e s s  in labour i t  can  a l s o  ind ica te  foe ta l  d i s t r e s s  before  

labour .

The e x p e c t e d  c h a n g e s  w ould  be main ly  t a c h y c a rd ia  and  th i s  h a s  

b e e n  dem o n s t ra ted  (see  Chap te r  4). This c o n c e p t  of fo e ta l  

d i s t r e s s  ex tend ing  b a ck  into the  an te - n a ta l  pe r iod  is  embodied  

in the  c l a s s i f i c a t i o n  of Gruenwald  (1963) w h ich  is w e l l  worth 

d e ta i l in g .

a) Acute p e r in a ta l  d i s t r e s s .  This is  of shor t
dura tion and  u s u a l ly  a s s o c i a t e d  wi th  labour 
a n d  de l ive ry .

b) Subacute  foe ta l  d i s t r e s s .  This a f f e c t s  a
p re v io u s ly  normal in fant for days  or w eeks  
be fore  d e l ive ry .  It r e s u l t s  in l o s s  of 
s u b c u ta n e o u s  t i s s u e .

c) Chronic  foe ta l  d i s t r e s s  . This a f fe c t s  the
whole  p r o c e s s  of growth for many w e e k s  before  
b i r th .  It r e s u l t s  in the  c l a s s i c a l  premature  
in fan t .

3 . 2 .  The s e q u e la e  of fo e ta l  d i s t r e s s  (hypoxia) -  Foe ta l  

d i s t r e s s  a s  a d ia g n o s i s  on ly  a s s u m e s  importance  if it c an  be 

shown to have  a p ro g n o s t ic  va lue  for the  in fan t .  The commonly 

a c c e p t e d  s e q u e la e  of hypoxia  of the  foe tus  are d e a th ,  s p a s t i c i t y  

and  reduc t ion  of  m enta l  a b i l i ty .
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For the  f i r s t ,  d ea th ,  the re  is ample ev id en ce  tha t  foe ta l  hypoxia  

is  the  s ing le  most  important fac to r .  For the  o the rs  the  ev id en ce  

is  much l e s s  s u b s t a n t i a l  -  indeed  it  is  qu i te  con fus ing .

The c ru c ia l  i s s u e  in a tt empt ing  to apprehend  the  importance of 

hypoxia  in in fan ts  which surv ive  foe ta l  d i s t r e s s  l i e s  in the 

a s s e s s m e n t  of the  ch i ld .  The Apgar score  is  the  s tandard  method 

of  a s s e s s m e n t  in most dep a r tm en t s .  It is  no t,  an d  w as  not 

in ten d ed  to  be ,  an index of the  damage done to a fo e tu s .  It is  a 

s t a t i s t i c a l l y  de r ived  index to in dent if y groups  of b a b ie s  a t  r isk,  

of d e a th ,  (F ig . 3 : 1 . )

D e sp i t e  he r  e a r l i e r  claim Apgar 's  most r e c e n t  pub l ica t ion  

(Apgar and  James  1962) co n ta in s  th is  in te re s t in g  q u o te : -

"W hile  we b e l iev e  the score  is  u s e f u l ,  it h a s  many 
l im i t a t i o n s .  It is  no su b s t i t u te  for a c arefu l  p h y s i c a l  
exam ina t ion  or s e r i a l  o b se rv a t io n s  over the  fi rs t  
four hours  of l i f e .  Nor wi l l  it p red ic t  dea th  or 
su rv iv a l  in ind iv idua l  in fan ts .  Indeed  few s igns  in 
m ed ic ine  g ive  t h a t  defin ite  an a n s w e r " .

I t  might  th en  be hoped  th a t  exam ina t ions  a t  one  year  or older 

cou ld  show  some l igh t  on the  problem. Many repor ts  from 

American l i te ra tu re  support  such  a co rre la t ion  (Honzik e t  a l  1965, 

Lewis  an d  Bar te l ls  1967) bu t  a g a in  t h e s e  are h igh ly  s t a t i s t i c a l  

a n a l y s e s  and  show l i t t l e  of importance in the  ind iv idua l  c a s e  -  

indeed  in the  pap e r  of Honzik  e t  a l  the  ch i ld  with  the  w o rs t  birth  

reco rd  -  an Apgar score  of 1 for 23 minutes  s co red  a we l l  above 

av e rag e  in te l l ig e n c e  q u o t i e n t .

Animal work in monkeys  h a s  shown tha t  CMS damage can  be 

c a u s e d  b y  de l ib e ra te  anoxia  (Windie 1967) .  The type  of l e s i o n s  

c a u s e d  how ever  were  not th a t  a s s o c i a t e d  with  s p a s t i c i t y  in the  

hum an .  The l e s i o n s  were  a lm os t  a lw ays  con f ined  to the 

ce rebe l lum  and  b ra in  s tem .  In no c a s e  did  the  exper im en ta l  

hypoxia  l e a d  to the  r e s p i r a to ry  d i s t r e s s  syndrome (which is  s ee n  

in monkeys  af te r  s p o n tan e o u s  d e l iv e r i e s ) .  The q u e s t i o n s  r a i s e d
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b y  th i s  pap e r  are  immensely  important but it is  d i f f icu l t  to 

judge th e i r  s ig n i f i c a n ce  b e c a u s e  of the  h igh ly  e v o ca t iv e  and  

em otiona l  s ty le  in which  it is  p r e s e n te d .

The Brit ish p ic tu re  is  yet  more co n fu sed .  It c an  be  a c c e p te d  th a t  

low bir th  w e igh t  and  prematur i ty  have  a dem ons t rab le  e f fec t  on 

s o c i a l  and  menta l  deve lopm en t .  There is how ever  no ev idence  

th a t  poor cond i t ion  a t  bi rth  ( i . e .  hypoxia) is  r e l a t e d  to  la te r  

d eve lopm ent .

Severa l  " a t  r i sk "  r e g i s t e r s  have  b e en  m a in ta ined  in Britain over 

the  l a s t  f ive  to t en  years  and  the  f igures  are  now becoming 

a v a i l a b l e .  Richards  (19 69) and  Knox (1970) rev iew ing  t h e s e  

r e s u l t s  dem ons t ra te  th a t  a b so lu t e ly  no s e q u a la e  of hypoxia  a t  

b i r th  -  o the r  th an  death  -- c an  be  dem ons t ra ted ,  Knox goes  so 

far  a s  to  s a y

"The only  s en s ib le  ac t ion  to  be  t a k e n  w i th  r e s p e c t  
to  At Risk R eg i s te r s  is  to abandon  them ".

The in tu it ion  of every  o b s te t r i c i a n  and pa ren t  c r i e s  out th a t  su re ly  

good oxygena t ion  a t  b ir th  is  the  o b je c t  of mos t  o b s te t r i c  p ra c t i c e ,  

y e t  th e re  is  no e v id en ce  th a t  t h i s  n eed  be  so .

The author,  a long wi th  o th e r s ,  is g radua l ly  be ing  fo rced  into the  

v iew  th a t  pe rhaps  th i s  is ye t  ano ther  in s ta n ce  of the  "a l l  or nothing 

law"  in human p h y s io lo g y .  Either  the  baby  is  fit  to  w i th s t a n d  

d e l iv e ry  and  surv ive  or he is  not. and  d i e s .

If t h i s  i s  so th en  th e  d ice  is  c a s t  before the  o n s e t  of labour and 

a n t e - n a t a l  a s s e s s m e n t  or monitor ing a s s u m e s  a g re a te r  

impor tance  over intra partum monitor ing.

As a co rro l la ry  to th i s ,p r e d i c t i o n  of the  l ike ly  p ro g res s  of labour  

on the  m o the r ' s  part  must a l so  be of g rea t  importance  but tha t  

i s  a v a s t  s u b jec t  beyond  the  scope  of th i s  t h e s i s .

As the ev idence  s t an d s  a t  p re sen t  it. is  r e a s o n a b le  to  p o s tu la te  

tha t
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1 ,  Any chi ld  born a l ive  n ea r  term h a s  an 

adeq u a te  po ten t ia l  for adu l t  developm ent  

g iven  e f fec t ive  r e s u s c i t a t i o n  and  neo-na ta l  

c a r e .

2 ,  Of the b a b ie s  born dead  a t  l e a s t  45% have  

succum bed  to anoxia  and  must be c o n s id e re d  

s a l v a g e a b l e .

If t h e  re a d e r  f inds  h im se l f  c o n fu sed  by the  l a s t  few p a g e s ,  he 

is  not alone* The one fac tor  which emerges  c l e a r ly  is th a t  our 

methods  of m easur ing  the  r e s u l t s  of o b s t e t r i c a l  p r a c t i c e  ( i . e .  

the  baby) are i n a d eq u a te .  It s eem s  mandatory  th a t  su ch  in d ice s  

be  deve loped  before  any  fur ther  com par ison  of monitor ing 

t e c h n iq u e s  can  be va l id ly  unde r taken .
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The foe ta l  h e a r t  is the  only  re a d i ly  av a i l ab le  source  of 

informat ion abou t  the unborn baby .  The embryology and 

ana tom y of the  human foe ta l  hear t  are  v\^ell documented  as  

t h e y  c a n  be s tud ied  in p o s t -abo r tum  s p e c im e n s .  The s i tua t ion  

w i th  regard  to phys io logy  and  pharmacology is much l e s s  

s a t i s f a c to r y  and  depends  main ly  on inference  from animal 

work .

A br ie f  co n s id e ra t io n  of t h e s e  to p ic s  is n e c e s s a r y  to an 

u n ders tand ing  of the  methods  of  obta in ing  fo e ta l  h ea r t  

in format ion.  Such is the  purpose  of th is  C h ap te r ,

4 . 1 .  Embryology -  In the embryo the nu tr i t iona l

n e ed s  of i t s  growing t i s s u e  require  tha t  the  h e a r t  and  blood 

v e s s e l s  become func t iona l  a t  a very  ea r ly  s t a g e .

4 . 1 . 1 .  Early developm ent  -  The human h e a r t  does  

not a r i s e  s imply  by the  fus ion  of b i la te ra l  h a l v e s .

A c a r d io g en ic  p la te  l i e s  beyond  the  h e ad  reg ion  and  with  the 

forward  growth of the h e a d  th i s  turns  under .  It com es  to l ie  

in the  sp lan c h n ic  mesoderm b en ea th  the  foregut (Fig. 4 . 1 . )  

a t  abou t  th ree  w e e k s .  (Davis  192 7).

The e a r l i e s t  iden t i f iab le  ca rd iac  primordia are  a g g re g a te s  of 

sp lan c h n ic  m esodermal  c e l l s  which  appea r  in th e  ca rd iogen ic  

p l a t e .  They a rrange th e m s e lv e s  s ide by s ide  an d  eac h  grows 

a c a v i t y  ju s t  a s  primordia l  v e s s e l s  e l s e w h e r e .  At the  c ran ia l  

end  th e y  rap id ly  fuse  to form a s ingle  t u b e .  As the  foregut 

r e t r a c t s  c a u d a l ly  th e y  cont inue  to fuse  and comple te  fus ion  

i s  a c h i e v e d  by  the  16 somite  s t a g e .  Even whi le  th i s  fus ion  

is  p roceed ing  eac h  tube  deve lops  c a v i t i e s  which  foreshaddow 

the  b u lb u s ,  v en t r ic le  and  atrium on eac h  s id e .  ( Fig.  4 . 2 . )

In the  fourth week  the two bu lba r  and v en t r icu la r  reg ions  fuse  

to form s ing le  cham bers ,  leav ing  pa i red  a tria c a u d a l ly  to 

r e c e iv e  b lood  from the primitive  v e i n s .  The s in u s  v e n o su s
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a p p ea rs  abou t th is  s tag e  a s  a c au d a l  s p e c ia l i s a t io n  of the 

atrium and in c lu d es  s in u s  v a lv e s  to p reven t b ack f low  during 

a t r ia l  c o n tra c t io n .

4 . 1 . 2 .  D evelopm ent of ex te rn a l  form -  At about the  

fourth to  fif th  w eek  the  e x te rn a l  form of the  h e a r t  is e s ta b l i s h e d ,  

By a p ro c e s s  of d if fe ren tia l  growth the en tire  tube  is  thrown 

f i r s t  into a s im ple bend  and  th en  into a s p i ra l le d  S and a t  the  

sam e tim e th e ,  now s in g le ,  atrium sh if ts  c ra n ia l ly .

T hese  c h a n g e s  r e s u l t  in a re v e r sa l  of the  o r ig in a l  o r ien ta t io n  

of the  prim itive  h e a r t  s tru c tu re s  and bring the  a r te r ia l  and  

v en o u s  e n d s  c lo se  to g e th e r  a s  in the adu lt  (Fig. 4 .3 . )

The growing atrium is c o n s t r ic te d  dor s a l ly  by the  s inus  

v e n o su s  and  v e n tra l ly  by the  b u lb u s .  It is fo rced  to grow 

la te ra l ly  and  forms two b u lg e s  v/hich are the  fo rerunners  of 

the  le f t  and  righ t a t r i a .

M eanw hile  the  s in u s  e n la rg e s  more to i ts  r igh t s ide  b e c a u se  

o f the  in c re a s e d  b lood  flow up from the  l iv e r  and  the  s inus  

com es to open  into the  righ t s ide  of th e ,  s t i l l  common, a trium .

Both in tra -a tr ia l  and  in t ra -v e n tr ic u la r  s ep ta  grow a t  th is  

s ta g e  an d  by  the  s ix th  w eek  the  foe ta l  h e a r t  e x h ib i ts  the  

g e n e ra l  e x te rn a l  shape  of th e  a d u l t .

The fo e ta l  h e a r t  h a s  th e  a d d it io n a l  ta s k  of m ain ta in ing  a 

p la c e n ta l  c i rc u la t io n  and  tlierefore is la rg e r  in proportion  to 

body  w e ig h t  (about X 9 ) th an  th a t  of the  a d u l t .

4 . 1 . 3 .  D evelopm ent of in te rna l s p e c ia l i s a t io n s  -  The 

m am alian  h e a r t  is req u ired  to  provide s e p a ra te  c i rc u la t io n s  

for lungs  and b o d y . This is  a ch ie v e d  by  ag a in  d ividing the  

new ly  fu sed  cham bers of the h e a r t .

Betw een the  s ix th  and  e igh th  w eek  the a tr ia  a re  d iv ided  by  

two p a ra l le l  sep ta  (septum primum and  septum  secundum) 

e a c h  of w h ich  is im perfora te , though in d iffe ren t a r e a s .
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This forms a flap e f fe c t  (Foramen ovale) w hich  a l lo w s  b lood  

to p a s s  on ly  from le f t  to r ig h t .  After b ir th  th e s e  two s tru c tu re s  

fu se  to  form the  a t r ia l  sep tum .

The v e n tr ic u la r  septum  b e g in s  to form a l i t t l e  e a r l i e r  (4 w eeks) 

and  p ro g re s se s  more by downwards growth of th e  v e n tr ic le s  

th an  by en la rg em en t of i t s e l f .  It is  com plete  by th e  end of the  

s e v e n th  w e e k .

The bu lbus  reg ion  s p l i t s  into two tu b e s  -  the  pulm onary 

a r te ry  and  ao rta  -  e ac h  w ith  i ts  own t r i c u s p id  v a lv e .

The a t r io -v e n t r ic u la r  v a lv e s  grovf m ain ly  from the  e n d o ca rd ia l  

c u sh io n  -  an  a rea  of c e l l s  a t  the  junc tion  of th e  e a r ly  a tr ia  

and  v e n t r ic le s .  By the  end of the  e igh th  w eek  the  fo e ta l  h ea r t  

i s  v i r tu a l ly  fu lly  formed and  no major ch an g e s  o ccu r  un ti l  the 

re o rg a n is a t io n  of the  c irc u la t io n  w hich  ta k e s  p la c e  a t  b ir th .

4 .1  .4 .  D evelopm ent of the  conducting  sy s tem  -  The 

m yocardium is a t  f i r s t  con tinuous  throughout the  h e a r t  but 

b eco m es  d iv ided  by  co n n ec tiv e  t i s s u e  a t  th e  a t r io -v e n t r ic u la r  

ju n c t io n ,  A sm all b ridge  of m usc le  t i s s u e  rem a ins  and  

s p e c i a l i s e s  to  co n d u c t  im p u lses  from a tr ia  to v e n t r ic le s  -  the  

Bundle of H is .  (W alls 1947).

The f i r s t  b e a t s  of the  h e a r t  a re  mere sp asm o d ic  tw itch in g s  

w h ich  soon ga in  in force and reg u la r i ty .  In the  human th e s e  

f i r s t  c o n tra c t io n s  beg in  abou t the  fourth w eek  a t  the  slow 

id io p a th ic  v e n tr ic u la r  ra te  of 60 per m inu te . This in c re a s e s  to 

140 per m inute a s  the  h igher r a te s  of the  a tr ia  a n d 's in o - a t r i a l  

node a re  su p er im p o sed .

The deve lopm ent of th e  e lec tro -ca rd io g ram  is c o n s id e re d  

more fu l ly  in Vol. 1 . ,  C hap ter  3. M ature form ECGs can  be 

re c o rd ed  d ire c t  from th e  foe tu s  a t  about 11 w e e k s  a lthough  

i t  is  some 16 w e ek s  before  the  s ig n a ls  c an  be d e te c te d  a t  the  

m a te rn a l  abdom en.



4 . 2 .  F unc tiona l Anatomy -  The fo e ta l  h ea r t

from the  middle t r im es te r  on shows the  g e n e ra l  form and 

re la t io n s h ip s  of the  a d u l t .  I ts  function  is  how ever som ew hat 

d ifferen t and  it h a s  a few im portant v a r ia t io n s .

The lungs requ ire  a very  sm all c i rc u la t io n ,  on ly  enough for 

the  m etabo lic  n eed s  of the  t i s s u e s ,  so the  m ajo rity  of the  

b lood  from the  r igh t atrium h a s  to find Its w ay  d ire c t ly  into 

the  le f t  s ide  of the  c irc u la t io n .

M ost of the  b lood  from, the  low er body sh u n ts  d ire c t ly  to the  

le f t  atrium through the  foramen o v a le .  The b lood  from the  

upper vena  cava  p robab ly  p a s s e s  into the  r ig h t  v e n tr ic le .

From the re  it p a s s e s  up the pulm onary a r te ry  an d  m ost of the  

flow short c i rc u i ts  the  lungs by p a s s in g  through the  ductus  

a r te r io s u s  to the  a o r ta .

In th is  a rrangem ent the  two s id e s  of the  h e a r t  pump in 

p a ra l le l  (not in s e r ie s  as  in the  adult) a g a in s t  a common 

lo a d .  The c a p a c i ty  of e ach  v en tr ic le  is id e n t ic a l  (as in 

the  adult) bu t so is  the  th ic k n e s s  of the  v e n tr ic u la r  w a ll  

m u s c le .  The th ick e r  w a ll  of the  adu lt  le f t  v e n tr ic le  does  

no t develop  u n ti l  the  re la t iv e  loads  change  a f te r  b ir th .

4 . 3 .  P hysio logy  -  The sh ee r  in a c c e s s ib i l i ty

o f the  human foe tus  m eans th a t  p h y s io lo g ic a l  da ta  is hard  to 

come b y . M ost of the  information in th is  c h a p te r  com es 

from an im al work e s p e c ia l l y  on the  sh eep , and  m ust be 

in te rp re te d  w ith  some care  a s  th e re  is no member of the 

an im al kingdom w ith  a good approxim ation  to human 

p reg n an cy .

A rte ria l p re s su re  r i s e s  during fo e ta l  life  and  the  more rap id  

r i s e  la te  in g e s ta t io n  is p robab ly  a s s o c ia te d  w ith  the  

developm ent of the  autonom ic nervous sy s te m .

In the  iamb exposu re  to  m oderate  hypoxia c a u s e s  a r is e



in fo e ta l  h e a r t  ra te  w ith  ve ry  l i t t l e  r i s e  in b lood  p re s s u re .  

Severe d eg rees  of asp h y x ia  do how ever c a u s e  a r i s e  in 

p re s su re  , p robab ly  due to  a r e le a s e  of n o r -a d re n a l in e  by  

d irec t  hypoxia  of the  ad re n a l  g la n d s ,  (Comline and  Silver 

1961).

In je c t io n  of hexam éthonium  c a u s e s  a fa ll  in bo th  h ea r t  ra te  

and  b lood  p re s s u re .  Vagal s tim ula tion  a ls o  c a u s e s  a profound 

drop in h e a r t  ra te  bu t not u n t i l  near term .

The b a ro re ce p to r  re f le x  may develop  e a r ly  in th e  fo e ta l  lam b. 

Barcroft and  Barron (1945) o b se rv ed  th a t  th e  r i s e  in b lood  

p re s su re  a s s o c i a t e d  w ith  the  in jec t io n  of a d re n a l in e  w as  o ften  

a l s o  acco m p an ied  b y  a b ra d y c a rd ia .  This e f fe c t  w as  a b o l ish e d  

b y  vagotom y. C o n v e rse ly  hæ m orrhage  c a u s e s  a ta c h y c a rd ia .  

(Dawes and  M ott 1964).

N ear term c a ro t id  o c c lu s io n  c a u s e s  a r is e  in a te r ia l  p re s su re  

and  the re  is  b a ro recep to r  a c t iv i ty  in the  a ffe ren t  ne rves  

from th e  ca ro t id  s in u s .  (Purves and  E lscoe  1966).

There is  a l s o  ev id en c e  of chem orecep to r a c t iv i ty  in the  fo e ta l  

lam b. (C ross  and  M alcolm  1952). As is  e x p e c te d  the  ca ro tid  

body  r e c e p to r s ,  w hich  are  more co n ce rn ed  w ith  re sp ira to ry  

a c t iv i ty ,  are  l e s s  a c t iv e  th an  the  ao rtic  a rch  r e c e p to r s ,  w hich  

a re  co n ce rn ed  w ith  the  d is tr ib u tio n  of b lood  f low .

M uch of the  d irec t  human e v id en ce  h a s  b e en  g le a n e d  from 

o b se rv a t io n s  made w ith in  a few hours  of b ir th .  W hat l i t t le  

e v id en c e  the re  is  how ever, supports  th is  g e n e ra l  p a t te rn  of 

re f le x  con tro l over fo e ta l  c a r d io -v a s c u la r  a c t iv i ty .

W h eth e r  th e s e  m echan ism s  are  n e c e s s a r y  for in t r a -u te r in e  life  

and  d e liv e ry  is very  d e b a te a b le .  In fan ts  su ffe ring  enormous 

c e n tra l  ne rvous  sy s tem  d e fe c ts  such a s  a n e n c e p h a ly  or 

h y d ro cep h a ly  w ith  m eningocele  and the  like  do have  an 

un fo r tuna te  h a b i t  of su rv iv ing  the  labour p ro c e s s  in e x c e l le n t
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c a r d io -v a s c u la r  co n d it io n .

4 . 4 .  In - lah o u r  c h an g es  of fo e ta l  h ear t  ra te  -  M ost

o f the  ex p er im en ta l  ev id en ce  for the  c a u s e s  of fo e ta l  h e a r t  ra te  

Changes once  ag a in  come from the  fo e ta l  lam b . This ev id en ce  

too n eed s  to  be in te rp re ted  w ith  g rea t c a r e .

The f i r s t  e f fe c t  of asph-^rxia is  a ta c h y c a rd ia .  Sym pathetic  tone  

is  d ev e lo p ed  e a r ly  in g e s ta t io n  and th is  ra th e r  th a n  the  

horm onal sy s te m s  is  p robab ly  the  m echanism  for th e  re f lex  

a s  it is  b lo c k e d  by  hexam éthonium .

Even in com ple te  cord o c c lu s io n  th is  primary a c c e le r a t io n  

is  a lw ay s  s e e n .

If th e  hypoxia  is  t r a n s ie n t  th e n  the  fo e ta l  h e a r t  ra te  re tu rns  

to  normal a f te r  5 to  1 5 m in u te s .  The m echanism  and  pa thw ays  

of th e  re f lex  have  not b e en  r igo rous ly  s tu d ie d  bu t it seem s 

l ik e ly  th a t  th e  m edulla ry  c e n tre s  are Involved .

Long p e r io d s  of a sp h y x ia  c a u se  a b radycard ia  though  th is  

does  not becom e g ro ss  u n ti l  the  a r te r ia l  oxygen  sa tu ra t io n  

is  re d u c ed  to  about 15% (normal 50%). The c a u s e s  of th is  

b rad y card ia  are com plex . The two main re f le x e s  invo lved  

are  p robab ly  the  ao r t ic  chem orecep to r re f le x  an d , if the  

b lo o d  p re s su re  r i s e s ,  the  d e p re s so r  re f lex .

There i s  a l s o  the  e f fe c t  of d h e c t  hypoxia  on th e  h ea r t  

m u s c le .  This c a u s e s  b radycard ia  even  w hen au to m atic  

g an g lio n  t r a n s m is s io n  is b lo c k ed  by h ex am e th a n iu m .

A short pe r iod  of sev e re  hypoxia  c a u s e s  a rebound  ta ch y c a rd ia  

p robab ly  b e c a u s e  of th e  r e le a s e  of a d ren a lin e  from hypoxic  

a d r e n a l s .

The m echan ism s  for a l l  th e s e  e f fe c ts  are far from c le a r .  

N e v e r th e le s s  it rem ains  th a t  th e y  can  be o b se rv e d  an d  put
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to  ve ry  good use  in a n te - n a ta l  and in tra-partu rn  c a r e .

The fo e ta l  h e a r t  is  ad m itted ly  a poor in d ica to r  of o v e ra l l  

fo e ta l  s ta tu s  bu t it rem ains  the  b e s t  we have  and  seem s 

u n lik e ly  to be s u p e rse d e d  in the  near fu tu re .
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5 .1 .  In troduction  -  It h a s  b e en  re c o g n ise d  for 

more th an  a cen tu ry  th a t  ch an g e s  in the  fo e ta l  h e a r t  ra te  can  

be  in d ic a t iv e  of the  s ta te  of h e a l th  of th e  fo e tu s .  The adven t 

of s o p h is t i c a te d  e lec tro n ic  and  com puter te ch n o lo g y  h a s  

en co u rag ed  much more r e s e a rc h  into the  d e te c t io n  and  

s ig n if ic a n c e  of th e s e  c h an g es  in the  c l in ic a l  s i tu a t io n .  The 

in ten tio n  of th is  ch ap te r  is  to  p re se n t  the  te ch n o c o lo g ic a l  

p o s s ib i l i t i e s  for fo e ta l  h e a r t  monitoring an d  to g ive  some guide 

to  th e i r  u s e f u ln e s s  and  in te rp re ta t io n .

5 .2 ,  F o e ta l  H eart Detectlorg. -  In a d d it io n  to the  

s te th o sc o p e  many m ethods for d e tec t io n  of the  fo e ta l  h e a r t  are 

a v a i l a b le .  In g en e ra l  th e ir  u se  fa l l s  into two c a te g o r ie s ,  f i r s t ly  

the  a n t e - n a t a l  a s s e s s m e n t  of fo e ta l  cond ition  and  seco n d ly

the  in t r a -partum  m easurem en t of fo e ta l  re a c t io n  to the  s t r e s s e s  

of lab o u r .  The requ irem en ts  in th e se  two s i tu a t io n s  are  so 

d ifferen t th a t  th e y  merit s ep a ra te  c o n s id e ra t io n .

5 .2 ,1  . A n te -n a ta l  A s se ssm e n t  -  The m ain  aim in a n te 

n a ta l  a s s e s s m e n t  is to  p red ic t  th e  l ik e ly  outcom e of the  p reg n an cy . 

D irec t  a c c e s s  to the  foe tu s  is  ra re ly  a v a i la b le  (su rg ica l  a s s a u l t  

upon the  m other is not favoured  in U .K .) and  n o n -s u rg ic a l  

t ran sab d o m in a l  m ethods are  u s e d .  In th is  form of fo e ta l  

m onitoring th e re  is  no an a lo g y  w ith  adu lt  m e d ic in e . The fo e ta l  

h e a r t  is  ex am ined  a lm o s t  b lin d ly ,  not to  a s s e s s  the  func tion  of 

the  h e a r t  bu t to a s s e s s  th e  s ta tu s  of the  w hole  b a b y .  This 

rem ote exam in a tio n  of the  fo e tu s  fo rces  the  u se  of a l l  the  to o ls  

o f  te ch n o lo g y  in the  e ffort to  wring a l l  p o s s ib le  inform ation 

from meagre d a t a ,

It is  im p o ss ib le  to  make a re l ia b le  fo e ta l  a s s e s s m e n t  from any 

s in g le  te ch n iq u e  or ex am in a tio n .  N e v e r th e le s s  c h an g e s  can  

be d e te c te d  in the  fo e ta l  h e a r t ,  for good or for b ad , in such  

co n d it io n s  a s  m ate rna l h y p e r te n s io n ,  k idney  d i s e a s e ,  a n te -partum  

haem orrhage and  R hesus iso - im m unisa tion . D e l ib e ra te  s t r e s s  to
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the  fo e tu s ,  p h a rm aco lo g ica l  or p h y s ic a l  has  a l s o  b e en  shown 

to  a f fe c t  the  fo e ta l  h e a r t .  Such re a c t io n s  may prove p rognostic  

(Heilman and  F i l l i s t i  1965, Smyth 1965).

The d ia g n o s is  of a n te - n a ta l  d if f icu l t ie s  r a i s e s  the  q u es t io n  of 

a n t e - n a t a l  th e ra p y .  This may range from sim ple  re p o s it io n in g  

of the  mother in bed  (to re l ie v e  p re ssu re  on the  cord) to in tra 

u te r in e  t r a n s fu s io n .  Here a g a in  ch an g es  in the  fo e ta l  h e a r t  

can  be a m ost u se fu l  index  of e f f e c t iv e n e s s .

5 . 2 . 2 .  In tr a -partum  A ss e ssm e n t  -  Once labour is

e s t a b l i s h e d  th e  problem  of fo e ta l  a s s e s s m e n t  a s s u m e s  a very  

d iffe ren t n a tu re .  W ith  mem branes rup tured , d ire c t  a c c e s s  to the  

fo e ta l  h e a d  a l lo w s  a c c u ra te  record ing  of the  fo e ta l  EGG, 

b io ch em is try  and  in trau te r in e  p re s s u re .  A v a s t  volume of 

e x c e l le n t  work h a s  been  p u b l ish e d  to re la te  fo e ta l  h e a r t  ra te  

p a t te rn s  and  b io ch em ica l  ch an g e s  w ith  u te rine  c o n tra c t io n s ,

(Hon, 1967. C aldeyro  -  B arc ia , 1961. Flammacher, 1966, e t c . ) .  

That th e s e  in i t ia l  s tu d ie s  have  h ad  to u se  ve ry  com plex  e lec tro n ic  

te c h n iq u e s  and  com puter a n a ly s i s  seem s to have  b lin d ed  o th e rs  

to  the  f a c t  th a t  w e l l - e s t a b l i s h e d  pa tte rn s  for p ro g n o s is  c an  be 

o b ta in e d  w ithou t re c o u rse  to  in s trum en ta tion  beyond  a good 

midwife and  a good s to p w atch  (W hitfield , 1970).

F oe ta l  h e a r t  d a ta  re le v a n t  to  both the  a n te - n a ta l  and  in tra 

partum s i tu a t io n  is a v a i la b le  from se v e ra l  s o u rc e s .  These  are 

b e s t  d e sc r ib e d  and d i s c u s s e d  in d iv id u a lly ,

5 . 3 .  P h y s ic a l  M eth o d s .

5 .3 .1  . The fo e ta l  e lec tro ca rd io g rap h  (FECG) -  The 

FECG is  the  lo n g e s t  e s ta b l i s h e d  method of fo e ta l  h ea r t  monitoring 

(Gremer 1906). It h a s  en joyed  g rea t  p o pu la r ity  among re s e a rc h e r s  

for ove r  h a lf  a cen tu ry  bu t h a s  no t, a s  ye t ,  p la y ed  any s ig n if ic a n t  

.part in p ra c t ic a l  c l in ic a l  m anagem ent.

In labour the FECG can  e a s i ly  be o b ta in ed  from a s c a lp  e lec tro d e
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Pig. 5.1. The Hon clip electrode,
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of e i th e r  the  Hon Clip type  (Hon 1963) (Fig, 5 . 1 . )  or the  

s im pler in s u l ta te d  w ire type  (Torbet 1971). A m plification 

of the  s ig n a l  is  not in any  w ay  d iff icu lt  and  th e  e x c e l le n t  

c h a r a c te r i s t i c s  of the  EGG s ig n a l  make it e a s y  to p ro c e ss  

fu r ther .  (See C hap ter  6 .)

Before the  o n s e t  of labour the  s ig n a l  is g e n e ra l ly  much more 

d if f icu l t  to i s o la t e .  On o c c a s io n  it is p o s s ib le  to o b ta in  a 

t ra c e  from the  m ate rna l abdom en in w hich the  fo e ta l  e lem en ts  

p redom inate  over the  m aternal s ig n a l  (Fig. 5 . 2 , ) ,  This so 

r a r e ly  h ap p en s  th a t  many m ethods have been  d e sc r ib e d  to 

i s o la te  th e  fo e ta l  s ig n a l .  These  range from sim ple  c a n c e l la t io n  

m ethods (Hon and  H e ss  1957, W alden  and Birnbaum 1966,

Curran and  M acG regor 1970) through m u lt ich an n e l  s p a c ia l  and  

tem poral summing (Goddard and Ne w all 1966, Offner and 

M o is lan d  1966) to  rigorous  d ig i ta l  computer a n a ly s i s  (Van 

Bemmell 1968).

M any c l in ic a l  u s e s  have  b een  c la im ed  for the abdom inally  

d e riv ed  FECG. It h a s  b e en  recom m ended for the  d e tec t io n  of 

fo e ta l  l ife  (D re ss ie r  and  M okavitz  1941, H erv e t  e t  a l  1960, 

Buxton e t  a l  1963, Storer e t  a i  1964), de te rm in a tio n  of fo e ta l  

p o s i t io n  and  p re s e n ta t io n  (Foa 1911, G oodyear e t  a l l  1942, 

M a tt in g ly  and Larks 1963, Larks 1965), d ia g n o s is  of m ultip le  

p reg n a n cy  (Larks 1962, N ovotny e t  a l l  1959, Friedm an and 

E ckerling  1964) and  ev en  for fo e ta l  sex ing  (Larks and  Larks 1969)

W hile  a l l  of th e s e  u s e s  are  of in te r e s t  th ey  c a n  have  l i t t le  

p a r t  to  p lay  in modern o b s te t r i c s .  The d ia g n o s is  of fo e ta l  

l ife  and  m ultip le  p regnancy  h a s  been  so co n v in c in g ly  su p p lied  

b y  u l t r a so n ic  te c h n iq u e s  (D oppler and  B -scan )  th a t  th e  FECG 

h a s  noth ing  p o s i t iv e  to  o ffe r .  The d ia g n o s is  of p re s e n ta t io n  

is  no t a t  a l l  a c c u ra te  by FECG and  the lay ing  on of h an d s  is 

much more e f fe c t iv e .

At th e  p re s e n t  moment on ly  the  s tu d ie s  of h e a r t  r a t e ,  a s
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m easu red  bÿ the  FECG have  y ie ld e d  u se fu l  inform ation and 

th is  type  of monitoring seem s l ik e ly  to  ho ld  the  f ie ld  for 

the  im m ediate fu tu re .

F o e ta l  h e a r t  r a te  c an  be o b ta in e d  by m ethods o th e r  than  FECG 

bu t the  major ad v an tag e  of the  FECG is i t s  e le c t ro n ic  s u i ta b i l i ty  

to  con tro l  more com plex  m ethods of data p ro c e ss in g  and  ra te  

a n a ly s i s .  (C hapter 7),

5 . 3 . 2 .  The F o e ta l  Phonocardiograph (FPCG) -  

C h ro n o lo g ica l ly  th is  fa l ls  n ex t  in line to the  FECG. The 

e le c t ro n ic  p roblem s it p o se d  w e re ,  how ever, g re a te r .  

M icrophones  and  am plif ie rs  cap ab le  of hand ling  i ts  lower 

f req u en cy  com ponents  w e re ,  and  a re , d iff icu lt  to p roduce .

Early  deve lopm en ts  (McRae, 1959. Smyth and  Farrow, 1958) 

u n d o ub ted ly  gave  g re a te r  r e a s s u ra n c e  to both  labour a t te n d a n ts  

and  p a t ie n ts  bu t w ere  p robab ly  of l i t t le  va lu e  beyond  th a t .

The FPCG is  a t t r a c t iv e  for a n te -n a ta l  m onitoring b e c a u s e ,  

un lik e  the  FECG, it is  no t swam ped by  m a te rn a l  s ig n a l s .  It 

i s ,  how ever, an  e le c t ro n ic a l ly  "untidy" s ig n a l  c o n s is t in g  of 

a t  l e a s t  two e v e n ts  per c a rd iac  c y c le ,  e i th e r  of w h ich  may be 

dom inant and  va ry  from cy c le  to  c y c le ,  F lam m acher 's  (1966) 

so lu tio n  to  th e  problem is  a d ev ice  w hich  c o u n ts  c a rd ia c  e v e n ts ,  

w h ich  occu r w ith in  a p re d ic te d  tim e in te rv a l ,  to con tro l  a 

ra te m e te r .  The information th u s  g a in ed  is  u s e d ,  coup led  

w ith  som e in d ica t io n  of u te r ine  c o n tra c t io n s ,  to  d e te c t  the  

p a t te rn s  of c h an g e s  in fo e ta l  h e a r t  ra te  a s  d e sc r ib e d  by Hon, 

(1967). This d e v ice ,  even  if e x p e n s iv e ,  h a s  in troduced  a 

new  s ta n d a rd  of care  into many labour w a rd s .

None the  l e s s  the  m ethod h a s  sev e re  l im i ta t io n s .  It is  o ften  

o v e rlo o k ed  th a t  the  d ev ice  o p e ra te s  on a ve ry  h e a v i ly  f i l te red  

e le c t ro n ic  s ig n a l .  W hile  su ch  ac t iv e  f i l te r s  do not d is to r t  the 

e x a c t  f requency  for w hich  th e y  are  d e s ig n e d  th e y  c a u se  

c o n s id e ra b le  p h a s e - s h i f t  in nearby  f r e q u e n c ie s .  Thus w hile  the
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sy s tem  is  su i ta b le  for average  ra te  e s t im a tio n  it is  not 

su i ta b le  for p re c is e  m easurem en t of ind iv idua l c a rd ia c  c y c le s  

or in s ta n ta n e o u s  ra te  in d ic a t io n .

F o r tu n a te ly  the  com m ercial dev ice  a c c e p ts  the  FECG a s  an 

a l te rn a t iv e  inpu t w hich  la rg e ly  o b v ia te s  th e s e  p roblem s and  

is  the  recom m ended  p rocedure  for in - lab o u r  m onitoring .

5 , 3 . 3 ,  Ultra son ic  no p p  1er d e v ice s  -  This  fa ir ly  new

ad d it io n  to the  labour w ard  is  of very  c o n s id e ra b le  in te re s t .  

Leaving  a s id e  the  q u e s t io n  of the  sa fe ty  of u l tra so u n d ,  such  

d e v ic e s  a re  c e r ta in ly  the  m ost e ffec t iv e  re a d i ly  a v a i la b le  

m eans for d e tec t io n  of the  fo e ta l  h ea r t  b e a t .

Their deve lopm ent in Britain h a s  b e en  la rg e ly  com m ercia l 

Although s e v e ra l  p a p e rs  have  a p p ea red  to a t t e s t  th e i r  

e f f e c t iv e n e s s  in g e n e ra l ,  the  p r in c ip le s  and  u s e s  of the  

d e v ic e s  a re  n o t w e l l  docum ented . Very c o n s id e ra b le  

c o n fu s io n  s t i l l  e x i s t s  among the  m ed ica l and  nu rs ing  s ta f f  

who u s e  them and  the  opportun ity  w ill  be ta k e n  h e re  to 

sum m arise  the  re le v a n t  da ta  on the  p r in c ip le s  and  o p e ra tion  

o f  u l t r a s o n ic  doppler d e tec to rs  for fo e ta l  h e a r t  a c t iv i ty .

Ultra so n ic  D opp ler d e v ice s  d e te c t  moving su r fa c e s  w ith in  

the  body by  m easuring  the  change  in f requency  of an  

u l t r a s o n ic  beam  re f le c te d  from th e se  s u r f a c e s .  The information 

is  then  p re s e n te d  a u ra l ly  by  a sm all lo u d sp ea k e r  or e a r 

p h o n e s ,  T hese  u n its  m ust not be con fused  w ith  th e  ra d a r 

l ik e  p u ls e d  u l t ra so u n d  d ev ice s  (u l t ra so n o sco p e ,  e tc) w hich  

d e te c t  non-m oving  s u rfa ce s  and  d isp lay  the  inform ation 

p ic to r ia l ly .

U ltra so u n d  is  formed by  c rea t in g  sound w av es  a t  a 

frequency  w ell  above  th a t  a t  w h ich  the  human e a r  c an  h e a r .  

These  sound w av es  are  c a p a b le  of p en e tra t in g  b io lo g ic a l  

t i s s u e s ,  though some portion  o f  th e ir  energy  is  r e f le c te d
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at ev ery  boundary  th e y  c r o s s .

In th is  a p p l ic a t io n  u ltra so u n d  is  formed by. e le c t ro n ic a l ly  

c a u s in g  a c ry s ta l  to v ib ra te  a t  a frequency  of abou t two 

m illion  c y c le s  per seco n d  (2M H z).

The D oppler  e f fe c t  can  be s im ply  (if not too acc u ra te ly )  

e x p la in e d  by  co n s id e r in g  a sound  w ave bouncing  off a re f lec to r ,

In the  f i r s t  c a s e  (Fig. 5.3A) v\rhere the  re f le c to r  is s ta t io n a ry  

th e  sound  w ave w il l  be r e f le c te d  a t  e x a c t ly  the  sam e 

freq u en cy . Figure B shows th a t  if the  re f le c to r  is  moved 

tow ards  the  sound  so u rce ,  the  s o u n d w a v e s  w i l l  be 

“c ru sh ed  up" and  re f le c te d  a t  a h igher f req u en cy . In the  l a s t  

c a s e  (Figure C) w here  the  re f le c to r  is moving aw ay  from 

th e  sound  source  the  r e f le c te d  w ave w il l  be " s t r e tc h e d  out" 

to a lov\^er f requency .

F requency  co m parison . If the  frequency  of the  r e f le c te d  

w av e  is  com pared  w ith  th e  frequency  of th e  o r ig in a l ,  the  

d iffe ren ce  in the  two f req u e n c ie s  w il l  be r e la te d  to  th e  sp ee d  

a t  w h ich  th e  re f le c to r  is  m oving. In a l l  the  u l t r a s o n ic  doppler 

u n its  now a v a i la b le ,  an  u l t r a so n ic  w ave is  p a s s e d  in to  the  

p a t ie n t  by a c ry s ta l  p la c e d  on he r  abdom en. The u l t ra so n ic  

beam  is  r e f le c te d  to some e x ten t  by  every  boundary  it 

c r o s s e s  bu t  on ly  th o se  w hich  are  moving w il l  c a u s e  a change 

in f requency  in the  r e f le c te d  w a v e .  The re f le c te d  w ave  is  

d e te c te d  by  a s e c o n d  c ry s ta l  (s i tu a ted  b e s id e  the  f irs t)  and  

the  two f req u e n c ie s  su b tra c te d  e le c t ro n ic a l ly .  The g rea te r  

th e i r  d iffe rence  the  h igher the  no te  p roduced  a t  the  e a r -p h o n e s .

I t  m ust a lso  be  e m p h a s is e d  th a t  th e s e  u n its  w i l l  o n ly  d e te c t  

moving su r fa ce s  w hich  lie  a t  r ig h t an g les  to the  u l t ra so n ic  

beam  a s  o th e rw ise  the  re f le c te d  u l traso u n d  w il l  m iss  the  

rec e iv in g  c ry s ta l  (Figures D and E),

The p ra c t ic a l  in s tru m en ts  b a s e d  on th is  p r in c ip le  a l l  have an 

ou tw ard  s im ila r i ty  though the  e le c t ro n ic s  may be  q u ite
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d iffe ren t .

All c o n s i s t  of a con tro l  box co n ta in ing  the  power supp ly  

( rechargeab le  b a t te r ie s ) ,  m ost of the  e le c t ro n ic s  an d  a 

sm all lo u d s p e a k e r .  An abdom inal probe co n ta in in g  the  

tra n sm itt in g  and  rece iv in g  c ry s ta l s  is l in k ed  to th is  by  a 

f lex ib le  c a b l e .

Socke ts  are  p rov ided  for e a r -p h o n e s  or for ta p e - r e c o rd in g .
\

In se r t io n  of th e  ea r -p h o n e  plug cu ts  out the  lo u d sp e a k e r .

For d ia g n o s t ic  p u rp o se s  it is b e s t  a lw ay s  to u se  the  e a r 

p h o n e s .

I t  shou ld  be c le a r  from the  p reced ing  th e o re t ic a l  c o n s id e ra t io n s  

th a t  u l t r a so n ic  doppler u n its  c an  be u sed  to  d e te c t  any  

moving su rface  w ith in  the abdom en of a p regnan t w om an. 

C o n s id e ra t io n  of the  anatom y of p regnancy  s u g g e s t s  s e v e ra l  

su i ta b le  su r fa ce s  and  the  fo llowing a re ,  in p ra c t ic e ,  e a s y  

to  d e te c t .

M a te rn a l  b lood  flow . Blood flowing in an  a r te ry  p re s e n ts  

many s u r fa c e s  to  the  u l t ra so n ic  beam as  eac h  red  c e l l  in 

e f fe c t  a c t s  a s  a re f le c to r .  If tire probe is  l in ed  up a long the  

p a th  of the  u te r in e  a r te ry  a s trong s ig n a l  is  e a s i ly  o b ta in e d .  

The f a c t  th a t  th i s  is  m ate rna l b lood  flow is  confirm ed by 

s im u lta n eo u s  p a lp a t io n  of the  r a d ia l  p u l s e .  The sound  

p roduced  by  u l t ra so n ic  D oppler u n its  d e tec t in g  b lood  flow 

is  a c h a r a c te r i s t i c  h i s s  w hich  v a r ie s  rh y th m ica lly  w ith  th e  

p u l s e .  P regnancy  a p a r t ,  b lood  flow in the  r a d ia l  a r te ry  and  

th e  a rch  of the  ao rta  can  a lso  be e a s i ly  d e te c te d .

P la c e n ta l  b lood  flow . Blood flowing in the  p la c e n ta  can  be 

e i th e r  fo e ta l  or m a te rn a l .  Each can  be d is t in g u is h e d  by the 

p u ls e  r a t e .  W ith  p ra c t ic e  it is  ve ry  o ften  p o s s ib le  to  lo c a l i s e  

the  p la c e n ta  to  a fa ir  degree  of a c c u ra c y .  H ow ever, a 

p la c e n ta  on th e  p o s te r io r  w a ll  of the  u te rus  is  a lm o s t  

im p o ss ib le  to lo c a l i s e  th is  w ay .



58.

U m bilica l  cord blood flow . There is  a s trong  flow  of foe ta l  

blood in the  um bilica l  cord and  th is  is  e a s y  to d e te c t .  Many 

u s e r s  who th ink  th ey  are  " l is ten in g "  to the  fo e ta l  h ea r t  are 

in fac t  d e te c t in g  t h i s .  As w ith m aternal blood flow , the  

c h a r a c te r i s t i c  h is s in g  sound is  ty p ic a l .  O c c a s io n a l ly  i t  is  

p o s s ib le  to t ra c e  the  u m bilica l  cord from the p la c e n ta  to the  

b a b y .  ^

The foe ta l  apex  b e a t .  The upsu rge  of the  fo e ta l  le f t  v en tr ic le  

p rov ides  an e x c e l le n t  moving re f le c to r  for u l tra so u n d  w hich 

m oves both tow ards  and aw ay from the  w ave and the re fo re  

p ro d u ces  a doub le  b e a t  for e ach  heart c y c le .  This un fo rtuna te ly  

" so u n d s"  l ik e  the  co n v en tio n a l  hea r t  sounds  and h a s  given 

r i s e  to many m isco n cep tio n s  about the  u se  of th e  m ethod .

The fo e ta l  m itral v a lv e .  The c u sp s  of the  fo e ta l  m itral va lve  

a lso  re f le c t  u l t r a so u n d .  Their movement is  sudden  and short 

and in  f a c t  p rov ides  the  id e a l  moving re f le c to r  for our p u rp o se .  

The ve ry  sharp  " c l ick "  of the  m itral va lv e  open ing  is  again  

qu ite  c h a r a c te r i s t i c .  The aim of every  opera to r  shou ld  be to 

d e te c t  th is  movement as  it  p rov ides  the  only  s ig n a l  re a l ly  

s u i ta b le  for p a s s in g  to any form of ra te  m eter or coun ting  d ev ice

T echn ique  for o p e ra t io n .  As w ith  most th ings  in l i f e ,  

p ra c t ic e  m akes p e r fe c t .  There is  l i t t l e  to  be ga in ed  in 

h ap h aza rd ly  p lac in g  an in s trum en t on an abdom en and hoping 

for th e  b e s t .  It is  p o s s ib ly  prem ature to lay  down a sea rc h  

p a tte rn  for every  o c c a s io n  but e ac h  u se r  should  d eve lop  a 

p e rso n a l  ro u t in e .

U ltra so u n d  is  poorly t ra n sm itted  in air so c a re  m ust be taken  

to  e x c lu d e  a l l  a ir  from be tw een  the  probe and the  p a t ie n t .  This 

is  b e s t  a c h ie v e d  by a l ib e ra l  layer of o live  o i l .  The opera to r 

shou ld  follow  a s e t  s ea rc h  pa tte rn  such  as  e ac h  quad ran t of the  

abdom en in tu rn .  Although the  information is  p re se n te d  in e a r 

phones  the  opera to r m ust forget about l i s te n in g  for n o is e s  and
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c o n ce n tra te  on moving the  u l t ra so n ic  beam  around  the  

abdom en like  a b lin d  m an 's  s t ic k  fee ling  for m ovem ent.

W h ile  it is  o ften  a g rea t  r e l ie f  to  hear  any th ing  a t  a l l ,  a 

de f in ite  a ttem p t shou ld  a lw ay s  be made to iden tify  each  

s ig n a l  source  and  to work tow ards  ob ta in ing  the  s ig n a l  

c a u s e d  b y  m ovem en t of the  fo e ta l  m itral v a lv e .  This 

r e q u i r e s  moving the c ry s ta ls  u n ti l  the  u l t r a s o n ic  beam  is 

r e f le c te d  a t  r igh t a n g le s  from the  v a lv e ,  and  a lthough  th is  

may seem  d iff icu l t  a l i t t le  p ra c t ic e  m akes it ex trem ely  e a s y  

in th e  m ajo rity  of c a s e s .

As h a s  b e e n  e m p h a s is e d  the  doppler dev ice  d e te c ts  

movement of the  fo e ta l  h e a r t .  W hile  the  u s u a l  au ra l  

p re se n ta t io n  b e a r s  a comforting re sem b len ce  to co n v en tio n a l  

h e a r t  sounds  c lo s e  exam ina tion  of the  s ig n a l  r e v e a ls  up to 

e ig h t  e v e n ts  pe r  c y c le .  This p o s e s  even  g re a te r  problem s 

th an  the  FPCG.

The e x a c t  re la t io n sh ip  of the  tra n sd u c e r  to the  fo e ta l  h ea r t  

is  never c o n s ta n t  so th a t  the d e ta i l s  of the  waveform 

va ry  c o n s id e ra b ly  -  a s im ple  d ivide by  8 ra te m e te r  ju s t  w il l  

n o t  w o rk . The Ham m acher tech n iq u e  can  be a d a p te d  to  dea l 

w ith  the  problem but no t so s u c c e s s fu l ly  a s  to offer any  

re a l  ad v an tag e  a t  re a so n a b le  c o s t .

A sim ple an a lo g  te ch n iq u e  dev e lo p ed  in the  c o u rse  of th is  

s tu d y  c an  be  made to work in m ost c a s e s .

In th is  m ethod the  " e n v e lo p e " of the  s ig n a l  is  d e te c te d  

by  a d e tec to r  c i r c u i t  (Fig. 5 .4 . )  s im ila r  to th a t  u s e d  in any  

AM ra d io - r e c e iv e r .

The outpu t waveform (F ig . 5 .5 . )  is  not a t  a l l  s a t i s f a c to ry

for p re c is e  m easu rem en t of c a rd iac  cy c le  in te rv a ls  b u t it  can  

give a fa ir  av e rag e  ra te  read ing  over s e v e ra l  m in u te s .

The e x a c t  form of th is  ou tpu t depends m ostly  on the  time



61.

Fié- 5.5. Output of ultrasonic Doppler unit before 
and after diode detection and smoothing,.
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Fig. 5.6. Ultrasonic B-scan showing cross 
section of foetal thorax.
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constant: of the  c ap a c i to r  C 1 and r e s i s to r  R 1.

In p ra c t ice  R 1 w as  made variab le  and  had  to be a d ju s te d  

for e ac h  in d iv id u a l c a s e .

The o th e r  u l t ra so n ic  dev ice  u sed  in fo e ta l  m onitoring is the  

much la rg e r ,  more pow erful, dev ice  the d ia so n o g ra p h . This 

is  an ex trem ely  pow erful to o l  in fo e ta l  m easurem en t bu t is  no t 

u s u a l ly  though t of in co n n ec tio n  w ith  fo e ta l  h e a r t  m onitoring. 

There are  how ever, two p o s s ib le  u s e s  to w hich  it can  be put 

in th is  c o n te x t .  F irs t ly  in the  conv en tio n a l B -s c a n  

p re se n ta t io n  (Fig. 5 .6) it is o ften  p o s s ib le  to g a in  an 

e s t im a te  of the  c ro s s  s e c t io n a l  a rea  of the  fo e ta l  h e a r t  

re la t iv e  to the  c ro s s  s e c t io n a l  a rea  of the  w hole  c h e s t .  

Second ly , ' in the  time -  p o s i t io n  mode the  m ovement of the  

v e n t r ic le s  can  be d e te c te d  and  m easu red . F ig . 5 .7  shows 

an  exam ple  of th is  form of p re sen ta t io n  and  it is  in te re s t in g  

to note  th a t  the  g e n e ra l  form of the  t race  is very  s im ila r  to 

th a t  of the  b a l l i s to c a rd ia g ra m .

Two o th e r  so u rc e s  of inform ation on the  fo e ta l  h e a r t  have 

b e en  d e sc r ib e d .  At the  p re se n t  time n e ith e r  h a s  b e en  

d ev e lo p ed  to the  s tag e  of c l in ic a l  u s e f u ln e s s  though each  

b e a r s  prom ise  of a new "q u an t i ta t iv e"  type  of inform ation .

Both depend  upon the  p ro c e ss  of t r a n s ie n t  averag ing  

(C hapter 7) and  the  secu rin g  of an  ad eq u a te  " tr igger"  im pulse  

from one of the  m ethods a lre ad y  d e sc r ib e d .

5 . 3 . 4 .  The F oe ta l  B a l l is to c a rd io g ra p h . (FBCG) -  The 

a d u lt  b a l l is to c a rd io g ra p h  h a s  been  u sed  s in c e  1939 (Starr e t  al) 

In a l l  i t s  forms th e  BCG re a c t s  to  the  flow of b lood  w ith in  

the  body  and  th is  re a c t io n  can  be q u a n t i ta t iv e ly  m easu red .

In the  c a s e  of a p regnan t woman the BCG w il l  be re a c t in g  

to both  m ate rna l and  fo e ta l  f low s . The c o n c e p t  of fo e ta l
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Fig. 5.7. Ultrasonic TP—scan showing movement 
of the foetal heart.
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Pig. 5.8. Air-bearing ballistocardiograph.
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b a l l is to ca rd io g rap h y  has  been  exam ined before now but the  

only repo rt  of i t s  s u c c e s s fu l  recovery  is  th a t  by th is  author 

(C urran, Kerr and M acG regor, 1969),

During the  c o u rse  of developm ent of a FECG sy s tem  (Volume 1) 

i t  becam e c le a r  th a t  the  p ro c e ss  of t r a n s ie n t  av erag in g  w as 

an e x ce p t io n a l ly  powerful too l in b io -m ed ic a l  r e s e a r c h .

In theo ry  if a s e n s i t iv e  enough b a l l is to ca rd io g rap h  could  be 

bu il t  to r e g is te r  the  tiny  fo e ta l  p u lsa t io n  then  th e  com puter 

te ch n iq u e  should  be ab le  to i s o la te  them from th e  super im posed  

m a te rna l e l e m e n t s .

H appily  th is  though t co in c id ed  w ith  an upsu rge  in a i r -b e a r in g  

tech n o lo g y  at the  N a tio n a l  Engineering L abora to r ie s  (East 

Kilbride) and a p ro to type  a ir -b e a r in g  b a l l is to ca rd io g rap h  w as 

c o n s t ru c te d  th e re  (Fig. 5 .8 ) .

(The eng in ee rin g  d e ta i l s  and two prelim inary  forms of a n a ly s is  

a re  d e sc r ib e d  in Appendix C ) .

The p rocedure  for exam ining  a p a t ie n t  i s  s im ila r  to th a t  for 

a d u l t  b a l l is to ca rd io g rap h y  but sh e  is  in s tru m en ted  for 

s im u ltan eo u s  fo e ta l  e lec tro ca rd io g rap h y .

Trigger s ig n a ls  de rived  from the  FECG are u se d  to  con tro l 

a com puter of t r a n s ie n t  averages  and both FECG and FBCG 

waveform  can  be com puted , (Fig. 5 .9 ) .

M a te rn a l  w aveform s can  a lso  be com puted for co m p ar iso n .

W h ile  th is  te ch n iq u e  seem s  to  offer a major ad v an ce  in s ig n a l  

re co v e ry  in the  r e s e a rc h  s i tu a t io n  i t  w ill be some time 

before  c l in ic a l ly  u se fu l  r e s u l t s  w il l  a p p ea r .  As the  method 

is  b a s ic a l ly  q u a n t i ta t iv e  i t  seem s th a t  num erica l  inform ation 

on fo e ta l  c a rd ia c  outpu t and blood flow is  a c h ie v a b le .  This 

inform ation  cou ld  be of re a l  v a lu e  in the  im m inent c o n g e s t iv e  

h e a r t  fa i lu re  of hydropic  fo e tu se s  or in the  ea r ly  d e te c t io n  of
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Fi}', 3 . By ih e  use o f  co m p u ter  averag in g  teclm iciucs, the m aternai Q R S  s ign a is  are  
m in im ized  or e lim in ated . T h e m ax im u m  fêta i sp ik e  p o ten tia ls  o f  th e fetal E C G  are u sed  
to  trip th e co m p u ter  averag in g  circu it for e x ist in g  hut sm all fetal im p ed an ce  co n tr ib u tio n s  
to  the im p ed an ce  b a se lin e  m easu rem en ts. T h is covers  2  or m ore su ccessive  beats in th e  
stu d y  for over  a period  o f  I sec  b eyon d  the triggering sign a l. Im pedance form s vary w ith  
th e num ber o f  pu lses averaged . T h ese  d istin ctly  sh o w  an  increase in vo lu m e (u p ) w ith  
s y sto le  in the low er torso  derived  from  the subm erged fetal reg ion . Peak to peak d ifférences  
arc o n ly  in th e order o f  2 m f2 or less and is eq u iva len t to  3.5 m l/b ea t.

Pig* 5 . 1 0 .  F o e t a l  impedsuice x^lethysmograr/io (ilylooer )
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c o n g en i t a l  hear t  d e f e c t s .

5 . 3 . 5 .  Impedance  P le thysmography -  O nce  i t  had 

been  dem ons t ra ted  tha t  foe ta l  ba l l i s toca rd iog raphy  was  

p o s s i b l e  the  c o n cep t  of o ther  approaches  to the  foe ta l  hear t  

and c i rcu la t ion  w as  opened  up . The ch a l l en g e  w as  taken  

up  by Prof.  J .  Nyboer  of M ich igan  who s u c c e e d e d  in 

dem ons t ra t ing  the  foe ta l  im pedance  p le th y sm o g ram ,

He u s e d  a 4 e lec t ro d e  techn ique  in which about 1mA (as 

a c o n s t a n t  current) w as  app l ied  to the  mother a t  5 KHz.

The c h an g e s  in im pedance  m easu red  are  due to 

vary ing  flow in the mate rnal and foe ta l  c i r c u l a t i o n s .

Given a good FECG it  aga in  proved p o s s ib l e  to recover  

the  foe ta l  components  by t r a n s ie n t  averag ing  (Fig.  5 .1 0 ) ,

He h as  ex tended  th e  method far enough to c a l c u l a t e  the  

fo e ta l  s t roke  volume at about 3. 5 mi per b e a t .  (D e ta i ls  in 

Appendix  C ) .

W hi le  th i s  is  ex tremely  encourag ing ,  adu l t  im pedance  

p le thysm ography  has  been  bedev i led  by d i f f icu l ty  in 

o b ta in ing  r e p e a ta b le  r e s u l t s  and in quanti fy ing  the  d a t a .

T h e se  foe ta l  r e s u l t s  must be  regarded  with  c o n s id e ra b le  care  

and  pe rhaps  a l i t t l e  s c e p t i c i s m .

5 . 4 .  The Future -  From t h e s e  c o n s id e ra t io n s

i t  i s  c l ea r  th a t  the re  are  many p o s s ib l e  w ays  to gain  informat ion 

on  th e  foe ta l  hea r t .

Unfor tuna te ly  all  of them are  highly t e c h n ic a l  and  inheren t ly  

s u b je c t  to error.  Of a l l  the  s ig n a l s  a v a i l ab le  the  FECG is 

c e r t a in ly  th e  mos t  s a t i s f a c to ry  to p ro c e s s  provided it can  be 

d e t e c t e d .

The FECG must nev e r  be a s s e s s e d  by the  s t an d a rd s  of adult  

ca rd io logy  but even  if i t  is  r e la t iv e ly  unhelpfu l  of i t s e l f  i t  

c e r ta in ly  i s  the  key to unlock  a grea t  dea l  of  informat ion



on foe ta l  c i rcu la to ry  phys io logy .

Progress  in the  unde rs tand ing  of human foe ta l  p hys io logy  

and  pa tho logy  h a s  b een  s low an d  h e s i t a n t .  This is  no su rp r i se  

a s  the  sh ee r  i n a c c e s s a b i l i t y  of the  foe tus  h a s  a l r e ad y  

fo rced  o b s t e t r i c i a n s  to wring more information out of meagre 

da ta  th a n  the i r  c o l l e a g u e s  in adult  m ed ic ine .  Com pu te r i sed  

medic ine  may be  d if f icu l t  to ju s t i fy  but su re ly  in th i s  s p e c i a l  

c i r c u m s tan c e  we must  apply  a l l  the  too ls  of our complex  

t e ch n o lo g y  to a d v a n c e .

Examination of the  foe ta l  h ea r t  must ra re ly  be rega rded  as  

an  e x e r c i s e  in card io logy .  The o b je c t  i s ,  more o f ten , to  a s s e s s  

the  w e l lbe ing  of  the  whole  fo e tu s .  In th i s  l igh t  the  foe ta l  hear t  

r a te  is  somewhat  removed from the r e a l  problem -  th a t  is b ra in  

s tem oxygen  le v e l s  -  and  it can  only  serve  as  an  ind ica tor  

of a f f a i r s .  The foe ta l  h e a r t  ra te  can  c e r t a in ly  not be  rega rded  

in i s o la t io n  from b io ch em is t ry  and c l in ic a l  e v a lu a t io n .

The fo e ta l  e le c t ro e n c ep h a lo g ra p h  (EEC) h a s  a l s o  been  

d e sc r ib e d .  This is  much more c lo s e ly  r e l a t e d  to ce reb ra l  

oxygen  bu t  the  t e c h n i c a l  d i f f icu l t ies  in. ob ta in ing  and  

quant i fy ing  the s ig n a l  are  im mense .  Once aga in  t r a n s ie n t  

averag ing  h a s  b e e n  u s e f u l .  If both computer and  foe tus  are 

t r iggered  a t  the  same time; e . g .  by  l ight or n o is e  any  

r e p e t a t i v e  r e s p o n s e  by the  foe tus  c an  be  rec o v e re d  -  even  

from th e  m aternal  abdomen (Kasabe and  Arayama, 1969).

There is  a l i t t l e  encourag ing  ev id en ce  th a t  dem ons t rab le  

c h a n g e s  are  a s s o c i a t e d  wi th  in t ra -partum a n o x ia .

One method of  moving c lo s e r  to the  foe tus  is  the  a p p l ic a t io n  

of r a d io - t e l e m e t r y .  I t  is  now t e c h n i c a l ly  f e a s ib le  (though 

i t  h a s  not b e en  done) to  de l iver  a smal l  r a d io - t r a n s m i t t e r  

into  the  l iquor amnii  which  cou ld  re l a y  ou t  informat ion on 

l iquor oxygen,  co lour ,  and  p re s su re  toge the r  with  fo e ta l  

h e a r t  r a t e .
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M ed ic ine  in the p a s t  has  ra re ly  p a u s e d  to count  the  c o s t  of 

human l i f e .  The in t roduct ion  of a l l  the  t e c h n iq u e s  d e sc r ib e d  

here  into o b s te t r i c  r e s e a rc h  depar tm en ts ,  far l e s s  gene ra l  

c l i n i c a l  p r a c t i c e ,  would  be p roh ib i t ive ly  e x p e n s iv e .  The money 

cou ld  undoubted ly  be spen t  to  e qua l ,  if no t  b e t te r ,  e f fec t  on 

o ther  human p rob lem s .  Foe ta l  monitoring h a s  a r r ived  a t  the  

c r o s s - r o a d s  and  the  w ay  a h ea d  is not c l e a r .

To da te  there  is  no ev idence  th a t  foe ta l  h ea r t  monitoring 

per se  h a s  r e d u c ed  p e r in a ta l  morta li ty  in o the rw ise  good 

con v en t io n a l  o b s te t r i c  u n i t s .  Some argue  th a t  an improvement 

in the  q u a l i ty  of in fan t  (as m easu red  by i t s  Apgar score) is  the  

main ach iev em en t . .  This is  p a ten t ly  not re le v an t  a s  s e v e ra l  "at 

r i s k "  r e g i s t e r  fo llow ups have  shown (Richards and  Rober ts ,  1967, 

Knox, 1970).

Before a s s e s s m e n t  of o b s t e t r i c a l  p ra c t ic e  can  con t inue  some 

a c c u ra t e  method of quanti fy ing  the  r e s u l t  ( i . e .  the  newborn 

infant) must be d ev e lo p ed .  At p re s e n t  no su ch  index e x i s t s .

The only  "hard" ev id en ce  of improvement h a s  come from such  

c e n t r e s  a s  Aberdeen w here  so c ia l  m easu re s  have  produced  rea l  

drops  in p e r in a ta l  morta l i ty  (Baird, 1965).

Yet,  w i th  a l l  t h i s  s a id ,  the  in tu it ion  of ev e ry  o b s t e t r i c i a n  

and  pa ren t  c r i e s  ou t  tha t  the  bir th  of a w e l l  o x y g e n a te d  infant 

i s  the  undoub ted  o b je c t  of the  whole  e x e r c i s e .
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6 , 1 .  In troduction  -  The Foe ta l  E lec t rocard iograph

(FECG) is the  lo n g es t  e s t a b l i s h e d  e lec t ro n ic  method of foe ta l  

h e a r t  de tec t io n  (Cremer,  1906).  When the FECG is d e tec ta b le  

it c e r t a in ly  is  the  mos t  e f fec t ive  b a s i c  s ig n a l  from which  to 

p ro c e e d .

D e sp i t e  i t s  smal l  vo l tage  (100yuV) the FECG is  r e a l l y  qu ite  a 

la rge  s igna l  by  t o d a y ' s  e lec t ro n ic  s t a n d a r d s .  I t s  am pl i f ica t ion  

n e e d  no longer be  c o n s id e re d  g rea t ly  troub lesom e a s  th is  Chapter  

w i l l  dem ons t ra te .

Unfor tunate ly  the  FECG a t the  surface  of the  m other ' s  abdomen 

is a lw ay s  accom pan ied  by  the  mate rnal ECG. Recovery of the  

f o e ta l  s igna l  (F) from th i s  combined s ig n a l  (M 4- F) can  be 

d i f f icu l t  though r a re ly  im p o ss ib le .

In an e a r l i e r  Study (Vol. 1,  Chapter  4) many of the  poin ts  in th i s  

c h ap te r  were  c o n s id e re d  in some d e ta i l .  Since th en  many 

c o n s id e ra b le  a d v a n c e s  have  occurred ,  both  in the  d e s ign  of 

am pl i f ie rs  and in o v e ra l l  e lec t ro n ic  s y s t e m s .  This  Chapter  

i s  in tended  to exp la in  and  desc r ibe  t l ie se  improvements .

6 . 2 .  P a t ien t  prepara t ion  and e l e c t r o d e s  ~ The p a s s in g

y e a r s  have  if anyth ing r e - in f o rc e d  the  e a r l i e r  f inding tha t  a 

r e l a x e d ,  comfortable  p a t i e n t  is the  b e s t  s ta r t ing  po in t  for 

s u c c e s s f u l  foe ta l  e lec t roca rd iog raphy .

In a t r i a l  of 50 ou t -p a t ien t  exam ina t ions  in on ly  40% w a s  the  

FECG d e te c t e d  s a t i s f a c to r i l y  at  the  f i r s t  a t tem p t .

This compares  wi th  a s u c c e s s  ra te  of a t  l e a s t  75% for the 

f i r s t  exam ina t ion  on i n - p a t i e n t s ,  A s ec o n d  exam ina t ion  br ings  

the  w ard  s u c c e s s  ra te  up to a t  l e a s t  90% but  makes  l i t t le  

improvement  on the  o u t - p a t i e n t s .

There remains  no doubt th a t  the  exam inat ion  shou ld  take  

p la c e  on in -pa t ien ts  in the i r  famil ia r w ard  su r round ings .

The exam ina t ion  shou ld  be p re sen te d  a s  a routine  t echn ique
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an d  not he ra ld ed  by " re se a rc h "  trumpets

L ik ew ise  no new ev idence  h a s  been  found to change  the 

ty pe  of e lec t rode  ' recommended . Five cen t im etre  l e ad  d i s c s  

were  found to be eminen t ly  s a t i s f a c to ry  in a l l  r e s p e c t s .  No 

e lec t ro d e  h a s  b e e n  found to improve upon c o s t ,  e a s e  of 

manufac tu re ,  p a t i e n t  comfort  or above a l l  e f f e c t i v e n e s s .

6 . 3 .  FECG Ampli f iers.

6 . 3 . 1 .  G en e ra l  C ons ide ra t ions  -  The s p a c e - o r i e n t e d

e x p lo s io n  in e lec t ro n ic  d e v ice s  and  sys tem s  h a s  wrought 

enormous c h an g e s  in m ed ica l  in s t rum enta t ion .  Over the  l a s t  

few y e a r s  in teg ra ted  c i r c u i t s  (ICs) have  become e a s i l y  and 

c h e a p ly  a v a i l a b l e .

This  major s tep  a l low s  full  p lay  to the  "b lack  box" em pir ica l  

app roach  to in s t rum enta t ion  which  is  h o t  dependen t  on deep 

e l e c t r o n i c  know ledge .

C o s t ,  a major problem in w id e sp r e a d  u se  of ins t rum enta t ion ,  

h a s  f a l l en  d ram a t ica l ly  to ex tremely  a t t r a c t iv e  low l e v e l s .

W h en  th i s  Study began  (19 68) a good com m erc ia l  FECG 

am pli f ie r  c o s t  in e x c e s s  of £ 1 5 0 .0 0 .  The e a r ly  ampli f ie rs  

bu i l t  for the  p ro jec t  (based  on the  Fenlow AD 105) c o s t  j u s t  

ove r  £ 5 0 .0 0 .  The ampl i f ie rs  de sc r ibed  in th is  ch ap te r  c a n  be 

bu i l t  for a s  l i t t l e  a s  £5 .00  e a c h .

It is  a fa ir  c r i t ic i sm  th a t  commerc ial  m ed ica l  e l ec t ro n ic  

equ ipment  bu i l t  by  la rge e lec t ro n ic  co n ce rn s  t e n d s  to be 

s o p h i s t i c a t e d  for the  sake  of e leg e n c e  ra the r  than  for i ts  

o p e ra t io n a l  r eq u i rem en ts .

The requ i rem ents  for an FECG amplifier  are  s e t  out in d e ta i l  

in Vol.  1 bu t  c an  be  b r ie f ly  summarised  h e re .

a .  A ccep t  a s ig n a l  of about  1 0 ^iV and

ampli fy  th i s  to about  0 .5  V.
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JTig* 6c 1, Two operational 
aiiiplifiera linlced as one.
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b .  M odera te  input im p e d a n ce . e . g .  500 Kohms.

c .  Low inheren t  no ise  l ev e l .

d.  Good common mode r e jec t io n .

e .  Adequate  band-wid th  , i . e .  5 - 6 0  Hz

f.  Opera t iona l  s a f e ty .

It w i l l  be  d em ons t ra ted  tha t  t h e s e  can e a s i l y  be ach ie v e d  by 

v i r tu a l ly  f i res ide  e l e c t r o n i c s .

6 . 3 . 2 ,  The P rac t ic a l  Amplifier -  The f i r s t  design^

w hich  is  not p a r t i cu la r ly  novel,  is b a s e d  on the  Motorola 

MG 1435 dual ope ra t io n a l  ampli fier  (£3 .50 ) .  This is a 

s in g le  p a ck ag e  1 " x  x  conta in ing  two s ep a ra te  good 

q u a l i ty  am p l i f ie r s .

To o b ta in  r e a s o n a b le  input impedance  two ampl i f ie rs  are 

l in k ed  a s  one by the i r  inver ting (negative) in p u ts .  (Fig. 6 , 1 . ) .

The overa l l  ga in  of th i s  f i r s t  s tage  is  de te rm ined  by conven t iona l  

n e g a t iv e  feedback  to the  invert ing inpu ts  and  is kep t  smal l  

( X 10 or X 1 5 ) .  ^  ^

This  is  de termined  by  the  ra t io  of R j- (F ig . 6 . 2 . )

D if fe ren t ia l  am pl i f ie r s  opera te  b e s t  if the  impedance  b e tw een  

e a c h  input  and  ear th  is  the  sam e .  This c an  be v i r tua l ly  

a c h i e v e d  by in se r t ing  large  r e s i s t o r s  in th i s  p o s i t io n .  (Fig, 6 . 3 . )  

Note  th a t  the  sys tem  nega t ive  goes  to an ampli f ie r  p o s i t ive

At t h i s  po in t  no a t tem pt  h a s  b een  made to shape  the 

b andw id th  of the  s y s t e m .  Only s ta b i l i ty  wi th  moderate  

ga in  h a s  b een  a c h ie v e d .  To obta in  b e s t  r e s u l t s  th i s  s tage  is  

p h y s i c a l l y  kep t  c lo s e  to  the  p a t ien t  -  so th a t  on ly  short  

e l e c t ro d e  l e a d s  are  req u i red .  The remainder  of the  e l ec t ro n i c s  

c an  e a s i l y  be  s i t u a t e d  some d i s t a n ce  aw ay .

Further ga in  and  bandwid th  shap ing  is a c h i e v e d  by another  pair  

of am pl i f ie rs  (again a s ing le  Motorola MG 1435 dev ice ) .
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P ig e  6 e 2 c N e g a t i v e  f e e d b a c k  

c i r c u i t  e
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The ou tpu ts  of the  f i r s t  s t ag e  are c o n n e c te d  to the second  

s t ag e  by a c ap a c i to r  and  a r e s i s to r  in s e r i e s . The r e s i s to r  

v a lue  is  de termined  by  the ga in  requ irem ents  of the  s tage  so 

the va lue  of c ap a c i to r  depends  upon the lower l imit  of 

bandw id th  requ i red .  The r e s p o n se  of the  ampli fier  w i l l  be 

3dB down a t  the  f requency  for which  the  impedance  of the  

c a p a c i to r  eq u a ls  the  s e t  r e s i s t o r .  This i s  c a l c u l a t e d  from the  

fo rm u la ,

I = 2 I T  f C

where  I ■ -  impedance  (Qhms.) 

f = f requency  (Hz )

C = c a p a c i ty  (Farads .)

In t h i s  c a s e  R = 2 .2  Kohms and  C = 6ya F 

. f o r a  f requency  of 15 Hz.

The o the r  e lem en t  which  de termines  ga in  is  the  feedback

r e s i s t o r  Rf and  it too is  s e t  for the  requ i red  g a in .  The upper

bandw id th  l imit  is  s e t  by  a c ap a c i to r  in p a ra l l e l  to t h i s .  The

am pli f ie r  r e s p o n s e  w i l l  be 3 d B where  the  impedance  of th i s

c a p a c i to r  a t  the  requ i red  f requency  equa ls  Rf.
1

Again by  I — 2 "f f  fC for a f requency

of 50 Hz C = 0.1 yu F.

F e ed b ack  is  of co u rse  only  t a k en  back  to the  invert ing input.

For b e s t  r e s u l t s  an  i d e n t i c a l  network shou ld  be  in s e r t e d  b e tw een  

the  n o n - inve r t ing  input and  e a r th .  (Fig, 6 . 4 . )

Sti l l  g re a te r  ga in  can  be o b ta ined  from the fourth ampli fier  

an d  th i s  if r equ i red  can  be made var iab le  by  inc luding a 

va r iab le  r e s i s t o r .  (Fig. 6 . 5 . )

The th e o r e t i c a l  sy s tem  for one channe l  is  now comple te  and  the 

who le  c i r cu i t  is  p r e s e n te d  in Fig.  6 . 6 .

W hi le  th i s  r e p r e s e n t s  enough information for the  e l e c t ro n i c s
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en g in ee r  to  co n s t ru c t  the  sys tem  it is  not comple te  enough 

for the  " a m a te u r” c o n s t ru c to r ,  A few p ra c t i c a l  poin ts  have  

to be  inc luded .

The Motorola  MC 1435 ampli fiers  are  no t  e q u a l ly  e f f ic ien t  

a t  a l l  f r eq u en c ie s  and  ex te rna l  f requency  com pensa t ing  

com ponen ts  are  requ i red .  In th i s  c a s e  th ey  are  s imply 4700pF 

c a p a c i to r s  in se r ted  a t  the  re levan t  p o in t s .

It i s  a l s o  e s s e n t i a l  th a t  the  power supply to the  ampli f ie rs  

be deco u p led  a s  n ea r  a s  p h y s i c a l ly  p o s s ib l e  to the  ampl i f ie rs  -  

t h i s  is  e s p e c i a l l y  so a t  the  f i r s t  s tage  which  is  quite  remote 

from the  power su p p ly .  This aga in  is  a c a p a c i to r ,  bu t  a much 

la rge r  one ,  of s a y  30yuF be tw een  eac h  power l ine and  e a r th .  

The ampli f ie rs  require  both po s i t iv e  and  nega t ive  supp l ie s  a t  

6 , 5 V .  P ar t i cu la r ly  in the  in te re s t s  of s a f e ty  t h i s  is b e s t  

s u p p l ie d  from two 6 .5  V b a t t e r i e s .

A r e s i s t o r  of 1 Kohm in s e r i e s  with  the  fina l  ou tpu t  is a very  

u se fu l  add i t ion  a s  even  with  the  output  Lerminal a c c id e n ta l l y  

sh o r ted  the ampl i f ie rs  canno t  be damaged.

The com ple te  p r a c t i c a l  c i rcu i t  is shown in Fig.  6 , 7 .

This  w a s  the  b a s i c  ampli fier  c o n s t ru c te d  and  u s e d  for the 

exper im en ts  d e sc r ib e d  in th i s  t h e s i s . Not su rp r i s ing ly  

e l e c t r o n i c s  co n t inued  to advance  even  over  the  nex t  year  or 

so  and  p r ic e s  fe l l  even  further.  So much so t h a t  a major 

m odif ica t ion  of the  sy s tem  is worth d e sc r ib in g .

The th e o r e t i c a l  sy s te m  remains  the same but  by use  of new 

am pl i f ie rs  -  the  Rad io -spares  OPA 741 at  9 Op c o n s id e ra b le  

s av in g s  in t ime ,  components  and  c o s t  c an  be  a c h i e v e d .

This ampli fie r  is  In te rna l ly  f requency  c o m p e n s a te d  and  so 

r e q u i re s  no ex te rna l  com ponen ts .  Each ampl i f ie r  is  s e p a r a t e ly  

p a c k a g e d  which  a l low s  a more f lex ib le  layout  of the  pa r t s  and 

a p r in ted  c i r cu i t  board  is not r e a l ly  n e c e s s a r y ,  A smal l  p ie ce  

(4” X 5 ” ) of pe r fo ra ted  paxol in  board  (Radiospares) w i l l  su f f ice
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The pro to type  (Fig. 6 . 8 .  ) w as  g enu ine ly  bu i l t  in one even ing  

a t  th e  f i r e - s i d e  u s ing  only  a solder ing bo l t  and  a pair  of p l i e r s .

The p r a c t i c a l  c i r c u i t  is  g iven  in Fig.  6 . 9 .

In p a s s i n g ,  the  c i r cu i t  is a l so  pe r fec t ly  s u i ta b le  for u se  in 

ad u l t  ca rd io logy  with  a l low ance  made for the  s l ig h t ly  wider 

bandw id th  requ i red  ( i . e .  5 -  100 Hz ) This c i r cu i t  is

shown in Fig .  6 . 1 0 .

Such b a s i c  ampl i f ie rs  are the  bui ld ing b lo c k s  for the  more 

complex  sys tem s  requ i red  for adequa te  r ecove ry  and  

p r o c e s s in g  of the  FECG. Their  further u se  w i l l  now be 

d e sc r ib e d .

6 . 4  Two C hanne l  Systems -  This is  the  method

of  recover ing  the  FECG u s e d  in most of the  c l i n i c a l  s tu d ie s  

d e s c r ib e d  in th i s  t h e s i s .  I ts  use  is  ful ly  d e sc r ib e d  in 

C hap te r  $ .

Earlier  work (Vol. 1) had  conc luded  with  a two chan n e l  sys tem  

in v/hich eac h  c h a n n e l ' s  output w as  s e p a r a t e ly  va r iab le  and  

p a s s i v e l y  a d d ed .  With  th a t  sys tem  the e lec t ro d e  c o n n ec t io n s  

h a d  to  be  c a re fu l ly  a r ranged  so tha t  the  m a te rna l  e lem en t  

in e ac h  c h an n e l  w a s  of oppos i te  po lar i ty  a t  the  input (and of 

c o u r s e  the output)  so th a t  add i t ion  a c tu a l ly  a c h i e v e d  c a n c e l l a t i o n .  

The opera t ion  of the  sys tem  proved to be  such  a p e r so n a l  sk i l l  

t h a t  o the rs  had  g rea t  d i f f icu l ty  in ob ta in ing  u se fu l  r e s u l t s .

Some method of re tu rn  to a s ing le  c en t r a l  knob sys tem  seem ed  

n e c e s s a r y .  The problem with  the  even  e a r l i e r  s ing le  po ten t iom ete r  

sy s te m  (Fig. 6 .11)  w as  th a t  va r ia t ion  of the  po ten t iom ete r  

c h an g e d  the  load  on each  ampli fier  which r e s u l t e d  in some 

i n s t a b i l i t y .  The so lu t ion  lay  in a smal l  o p e ra t io n a l  ampl i f ie r  -  

ag a in  the  Motorola  MC 1435.

The u se  of a d i f fe ren t ia l  ampli fier  meant t h a t  two c h an n e ls  cou ld  

be  g e n u in e ly  s u b t r a c te d  and  so id e n t ic a l  c h an n e l s  and e lec t ro d e  

c o n n e c t io n s  cou ld  be u s e d .
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It is  a s imple  matter  to a d ju s t  the  gain  of the  d i f fe ren t ia l  

ampli f ie r  with  r e s p e c t  to eac h  input  s igna l  so tha t  va r ia t ion  

in the i r  ampl i tudes  can  e a s i l y  be accom m odated .  (Fig. 6.12)

As the  foe ta l  + maternal  channe l  con ta ins  the  sm al le r  mate rnal 

e lem ent  it  w as  c o n n ec te d  to the non - inve r t ing  (pos it ive) 

input and i t s  ga in  f ixed at  10 ( by Rj and Rg ) . The o the r ,  

m a te rna l  only channe l  was  taken  to the  inver t ing  (negative) 

input and prov is ion  made to vary i t s  ga in from 2 to 20.  This 

va r iab le  contro l  is  a 50 Kohm poten t iometer  and it i s  well  

worth th e  added e x p en se  of u s ing  a 10 turn model which a llows 

very fine  "ba lanc ing"  of the  s i g n a l s .

This sy s te m  com ple te ly  i s o l a t e s  the  c h an n e ls  from each  other 

and from the  record ing  sys tem  which  fo l low s .  The Rad io -Spares  

OPA 741 is  a l so  pe r fec t ly  su i t a b le  for th is  sy s tem  but in 

p ra c t i c e  the  ex tra  amplif ier  of the  MC 1435 b lock  was  u s e d  to 

provide even  more gain in sw i tched  s t o p s .  (Fig.  6.13)

Provis ion  has  a l so  to be made for monitoring the  outpu t  of 

e ac h  ch an n e l  and the  f ina l  ou tpu t .  This was  done on a 

smal l  o s c i l l o s c o p e  which had provis ion  for s im u l taneous  

monitor ing of two s i g n a l s , The sys tem  was  a r ranged  to 

c o n t in u o u s ly  monitor the  fina l  output and a l low  sw i tch ing  to 

e i the r  ch an n e l  s e p a r a t e ly .

This sy s tem  has  worked w e l l  and it has  been  p o s s i b l e  to 

t ra in  o ther  n o n - t e c h n ic a l  pe rsonne l  to ope ra te  it  with  

c o n s id e ra b le  s u c c e s s .  A t y p i c a l  example  of the  

c a n c e l l a t i o n  p o s s ib l e  is  shown in Fig .  6 . 1 4 .

Recording the  further p ro c e s s in g  of the  output s ig n a l  is  

d e a l t  wi th  in the  following c h a p te r .  (Chapter 7) .

6 , 5 ,  An Eight Channe l  System -  Exper ience  with

s imple  c a n c e l l a t io n  shows tha t  in about  75% of c a s e s  an 

ad eq u a te  FECG can  be r e c o v e re d .  To iden t i fy  th e  FECG in 

the  remain ing 25% a modif ica tion  of the  t e chn ique  of
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(Schuler e t  al) w as  e v a lu a te d .

The b a s i s  of th i s  method is tha t  the  b e s t  p o s s i b l e  FECG 

s ig n a l  would  be  th a t  av a i l ab le  b e tw een  the  fo e ta l  h e a d  and 

b u t t o c k s .  An e lec t rode  p la c e d  a t  the  m ate rna l  pub is  w il l  

approximate  to  the  foe ta l  h e a d  (in a vertex p re sen ta t ion )  or 

b u t to c k s  (in a b re e ch ) .  The upper pole  of the  foe tu s  is 

how ever  much deepe r  w i th in  the mate rna l  body.

To s im ula te  an  e lec t ro d e  in the  pos i t ion  it is  p o s s ib l e  to 

u se  a s imple  ana logue  t e c h n iq u e .

A ring of e igh t  e l e c t ro d e s  is  p la c e d  a round the  maternal  

abdomen c ro s s  s e c t io n  at  the  leve l  of the, upper foe ta l  po le .

The s ig n a l  be tw een  e ac h  e lec t rode  and the  suprapubic  one is 

am pl i f ied  and  p a s s e d  to the  corresponding  po in t  on a 

r e s i s t a n c e  mat (Teledeltus  paper) cu t to an  approximate  

c ro s s  s e c t io n  of a p regnan t  abdomen.

In theory  th i s  form of  ana logue  add i t ion  w i l l  r e c re a te  a t  

some point on the  sur face  of the  mat,  the  o r ig ina l  foe ta l  

s i g n a l  a t  some po in t  app a ren t ly  with in  the  dep ths  of the  

m a te rna l  t i s s u e s .

Eight FECG ampli f ie rs  cou ld  re p re se n t  a ve ry  co n s id e ra b le  

f in a n c ia l  in v es tm en t .  The ones  u sed  here  were  th o s e  as  

d e s c r ib e d  above  ( 6 . 3 . )

All e ig h t  ampl i f ie rs  are  mounted in one c a s e  wi th  a common 

b a t t e r y  power supp ly .  The nega t ive  inpu ts  are  c o l l e c t e d  

to g e th e r  and  c o n n ec te d  to a s ing le  suprapub ic  " indif feren t"  

e l e c t r o d e .  The ear th  of e ac h  amplif ier  is c o n n ec te d  to a 

common ear th  e lec t ro d e  in the  m other ' s  R th igh .  The e ight  

e l e c t r o d e s  around the  m aternal  abdomen are  c o n n ec te d  to the  

co rrespond ing  am p l i f i e r s .  (Fig . 6 . 1 5  ).  The ampl i f ie r  ou tpu ts  

are  c o n n ec te d  to a ca re fu l ly  p repared  te rm ina l  pos ts  mounted 

a round the per iphery  of a s h e e t  of t e l e d e l tu s  p aper  cu t to the
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Fig. ô.lô. Teledeltus paper analog.
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approximate  c ro s s  s e c t io n  of a pregnant abdomen and glued 

to a p ie c e  of plywood (Fig. 6 . 16) .

The f ina l  s igna l  is  d e te c te d  by a free h a n d -h e ld  probe moved 

over the  su r face  of the  p ape r .

All the  e l ec t ro d e s  are  5cms. d iameter  lead  d i s c s .

R esu l t s  were  su rp r i s ing ly  e a s y  to o b ta in .  From the  very f i r s t  

i t  w as  obvious  th a t  a marked improvement in p rev ious ly  poor 

FECGs could  be o b ta in e d .  A ty p ica l  example  is  g iven  in (Figs.  

6.17A and 6.17B) .  The s ig n a l  from eac h  "ch an n e l"  is  shown 

and on none is  the  FECG above the r e s t  of the  s ig n a l  -  in fac t

only  on channe l  1 can  i t s  FECG be s ee n  a t  a l l .
V

The s ig n a l  from eac h  quadran t  of the  mat shows some improvement 

in the  s i tu a t io n  but th a t  from the "a rea  of b e s t  s igna l"  is  

conv inc ing ly  a d e q u a te .  This a rea  of b e s t  s ig n a l  i s  remarkably  

c r i t i c a l ,  though not d i f f icu l t  to find by rout ine  s e a r c h .  As 

l i t t l e  a s  2cm s .  in any d i rec t ion  c a u s e s  a d ram at ic  fa l l  in 

c l a r i t y .

Though th i s  method is  admit ted ly  c lumsy to u s e  i t  i s  not grea tly  

t im e -c o n su m in g  and it  offers a method of ob ta in ing  a good 

r e l i a b l e  t r igger  from th o s e  c a s e s  in which o th e r ,  s impler  

c a n c e l l a t i o n  t e ch n iq u es  have  f a i l e d .

6 . 6 .  R ad io - te lem e try  -  The t h e o r e t i c a l  a s p e c t s  of

r a d io - t e l e m e t ry  of b io -m e d ic a l  da ta  are w e l l  e s t a b l i s h e d .  The 

unfor tuna te  fac t  seem s  to be th a t  fully a d eq u a te  s y s te m s  c ap a b le  

of o p e ra t ing  in th e  h o sp i ta l  environment  have  not been  ach iev ed  

a t  r e a s o n a b le  c o s t .

It  would  seem f it t ing here  to d e sc r ib e  briefly  the  sad  t a l e  of the  

a u th o r ' s  only a ttempt a t  r a d io - te le m e t ry  of th e  FECG and to 

po in t  out the  p i t - f a l l s .

Once conv inced  tha t  normal ear ly  labour t a k e s  p la c e  in the 

upright p o s i t i o n ,  not a t t a ch e d  to monitoring d e v i c e s ,  the  concep t
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of r a d io - t e l e m e t ry  of the  FECG from ambulant  p a t i e n t s  seems 

ex trem ely  a t t r a c t i v e .  To t e s t  th is  a pilo t  t r i a l  on cheap  commerc ial  

equ ipment  showed tha t  the  adul t  EGG or the  m ate rna l  plus  foe ta l  

EGG cou ld  e a s i l y  be  t ran sm i t ted  over the  leng th  of a large ward .

The nex t  s tep  w a s  to t r a n sm i t  s ep a ra te ly  the  m ate rna l  and 

mate rna l  p lus  foe ta l  s ig n a l s  and  c a n c e l  them a t the  rece iv ing  

c o n s o l e .

We were  for tunate  to ob ta in  the use  of the  pro to type  of a 

m ul t ichanne l  te lem etry  sys tem  be ing deve loped  a t  the  Univers i ty  

of S t ra thc lyde .  The s im ul taneous  t r a n s m is s io n  of the  two 

c h a n n e l s  w as  d e ce p t iv e ly  e a s y  b u t . c a n c e l l a t io n  of the  mate rnal 

e lem en ts  a t  the  re c e iv e r  proved im poss ib le .

The ex p lan a t io n  for th i s  is ap p l icab le  to many o ther  s i tu a t io n s  

and  is worth cons ider ing  h e re .

R ad io - te lem e try ,  and  other,  sy s tem s  make u se  of p a s s iv e  and  

ac t iv e  e lec t ron ic  f i l t e r s .  Such f i l te r s  a l low the  p a s s a g e  of 

d e s i r e d  f req u en c ie s  and  preven t  p a s s a g e  of unw an ted  f r e q u e n c ie s .  

In add i t ion  th ey  c a u s e  some degree  of p h a se  sh i f t  a t  the  p a s s in g  

s ig n a l .

The problem is t h a t  t h i s  p h ase  sh i f t  is f r equency  dependen t  - i . e .  

d if ferent f r eq u e n c ie s  sh i f t  p h a se  by dif feren t am oun ts .  When 

exam ined  c l o s e l y  the  adul t  or foe ta l  EGG h a s  b e en  co n s id e ra b ly  

d i s to r te d  by  p a s s a g e  through a te lem etry  s y s te m .  In a two 

ch an n e l  sys tem  di fferent f i l te r s  must be u sed ,  the  two output 

s ig n a l s  c anno t  be made to match e x ac t ly .

The Hammacher phonocard iograph and the  Sonica id  u l t r a so n ic  

moni tor ,  for exam ple ,  both re ly  on heav y  f i l te r ing of the 

o r ig ina l  s ig n a l .  This f i l ter ing must c a u s e  co n s id e ra b le  va r ia t ion  

in the  t ime r e l a t io n s h ip s  of the even ts  w i th in  and  be tw een  

c a rd iac  c y c l e s .  It s eem s  to be the  c a s e  th a t  a c c u r a c i e s  b e t t e r  

than p lus  or minus five b e a t s  per minute c anno t  be ob ta in ed  by
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such  s y s t e m s .

6 . 7 .  Safe ty  -  A comple te  c o n s id e ra t io n  of the

e l e c t r i c a l  s a f e ty  of m ed ica l  ins t rumenta t ion  is  o bv ious ly  o u t -  

with  the  scope  of th i s  t h e s i s .  N e v e r th e le s s ,  some important 

po in ts  must be made.

The major  problem in e l e c t r i c a l  sa fe ty  of e l e c t ro n ic  equipment 

l i e s  not in the  des ign  of indiv idual i tems bu t  in chance  m is -  

co n n ec t io n  and  unfo rseen  in te rac t ion .

A good example  of the  k ind  of d i s a s t e r  which  can  occu r ,  and 

h a s  o c cu r red , i s  the  h y p o th e t i c a l  c a s e  of an adu l t  p a t ien t  with  

an  in t r a - c a r d i a c  pacem aker  c a th e t e r .  Such ins t rumenta t ion  

is  c a re fu l ly  d e s ig n ed  and  very  w e l l  ea r th ed .  Of i t s e l f  there  is 

no h a z a r d .  Suppose  the p a t i e n t ' s  wife v i s i t s  him and  d ec id e s  

to shave  him with  h i s  e l e c t r i c  razo r .  Almost a l l  e le c t r i c  razo rs  

are not e a r th ed  and  depending  upon which  w ay  up the mains 

plug is in se r ted  the i r  c h a s s i s  can  ach ieve  a few vol ts  above 

e a r th .  This is  no t  normally  in any  way  d an g e ro u s .  In our c a s e  

ho w ev er  a very  good ear th  is a v a i l ab le  through the  myocardium 

an d  the  very  few m ic ro -am ps  of current wh ich  w i l l  flow can  be 

f a t a l .  In fac t  the  wife s t a n d s  a 50% ch an ce  of k i l l ing  her 

h u s b a n d

The e l e c t r i c a l  s a f e ty  of foe ta l  monitoring a p p a r a tu s ,  e s p e c i a l l y  

in the  r e s e a rc h  s i tu a t io n ,  h a s  re c e iv e d  l i t t l e  a t t e n t io n .  

Ins t rum enta t ion  a t t a c h e d  to the p a t i e n t ' s  abdomen is un l ike ly  

to  c a u s e  danger  if the  e lem en ta ry  p rocedures  of adeq u a te  

co n s t r u c t io n ,  a s s e m b ly  and  earthing  are o b se r v e d .

In t r a - u te r in e  ins t rum enta t ion ,  however ,  c r e a t e s  a much more 

complex  s i tu a t io n .  An e lec t rode  a t t a c h e d  to the  foe ta l  sca lp  

e n s u r e s  th a t  any  e l e c t r i c a l  d i s a s t e r  is t r an sm i t ted  d i rec t  to the  

fo e tu s .  The added  p re s e n c e  of a sa l ine  f i l led  c a th e t e r  e n s u r e s  

an  e x c e l l e n t  re tu rn  p a th .  All the  current w i l l  have  p a s s e d  

through the  foe tus  probably  with  de le trio us  e f fe c t .  The major



d i f f icu l ty  l i e s  not in the des ign  of indiv idual i tems of a p p a r a tu s ,  

w h ich  is a lm os t  a lw ays  impeccable  but in the  combination  of 

equ ipm ent  an d  in ch an ce  m i s c o n n e c t io n .

The p o te n t i a l  u s e r  of monitoring equipment must c o n s id e r  not 

on ly  p o s s ib l e  f a u l t s  in h i s  appara tus  but a l s o  fau l t s  in the 

env ironm ent .  The mains e l e c t r i c a l  wiring in many of our o lder  

h o s p i t a l s  is nothing short  of l au g h ab le .  The su p p o se d  ear th  

co n n ec t io n  may be to ta l ly  inadequate  and  neu t ra l  and  l ive wires  

t r a n s p o s e d .

It must be most s trongly  recommended th a t  a l l  e l e c t r i c a l  

equ ipment  (and th is  inc ludes  infusion pumps,  drip counters  

e t c . )  be c o n n ec te d  to a s ingle  s p e c ia l ly  i n s t a l l e d  power supp ly  

and  th a t  t h a t  be c h e c k e d  f requently  for f a u l t s .  Other  power 

po in ts  in the  v ic in i ty  of the  p a t ie n t  should  be d i s c o n n e c te d .

The p o s s ib i l i t y  of un forseen  problems in the  in te rconnec t ion  

of equ ipment  demands th a t  such a s s e m b l i e s  be  i n s t a l l e d  and  

c h e c k e d  by pe rso n s  fu lly  aware of the  c o m p l ic a te d  i s s u e s  

invo lved .

The M ed ica l  Defence  S o c ie t ie s  ad v ise  th a t  th e y  are prepared  

to  co v e r  members  for m isu se  of equipment bu t  not for m i sd e s ig n .

From the  po in t  of v iew of the  non-com m erc ia l  co n s t ru c to r  of 

FECG Amplifiers s a f e ty  can  be a s s u r e d  by two simple  e x p e d ie n t s .  

F i r s t ly ,  the  ampl i f ie rs  shou ld  be ba t te ry  powered  -  the b a t te ry  

pack  shou ld  be qui te  s ep a ra te  from the power su p p l ie s  of 

record ing  ins t ruments  e t c . Secondly ,  the  output from the 

am pl i f ie rs  shou ld  be com ple te ly  i s o la te d  from the input to the  

r e c o r d e r s .  At f i r s t  s igh t  th i s  l a s t  seems a t a l l  order -  the  

commercia l  m anufac tu re r ' s  so lu t ion  ha s  b e e n  to  modula te  a 

r a d io - f r e q u e n c y  s igna l  with  the  output,  t r a n s fe r  th is  a c r o s s  a 

tr ans fo rm er  and  then  demodula te  the  s igna l  for fur ther p r o c e s s in g .  

For tuna te ly  r e c en t  deve lopm ents  in o p t o - e l e c t r i c s  have  b y 

p a s s e d  th i s  problem. A s ingle  smal l  dev ice  TI XL 101 , c o s t
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£ 5 . 0 0 ,  is  now a v a i l a b l e ,

In th i s  d e v ice  the  output  of th e  ampli fiers  m odu la tes  a t iny  

pho to -d io d e  (a l ight source) -  th is  t iny l ight i s  fo c u s se d  

onto a p h o to - t r a n s i s to r  the reby  contro ll ing  the  curren t  through 

the  t r a n s i s t o r  and supply ing  a su i tab le  input for th e  record ing 

s y s t e m ,

There is  NO e l e c t r i c a l  or m echan ica l  pa thway from input to 

output .'

T hese  d e v ic e s  must f ind more and more a p p l i c a t io n s  in both 

fo e ta l  and adul t  monitor ing,  e sp e c i a l l y  in t h e s e  s i tu a t io n s  

where  the  mains  e l e c t r i c a l  sys tem  is  open to c r i t i c i s m .
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7 . 1 .  In t roduct jon  -  The s tage  is  long p a s t  where  

the mere dem ons t ra t ion  of  the  FECG can  be c o n s id e re d  an 

ach ie v e m e n t .  The t e c h n i c a l i t i e s  of d e tec t io n  of the  FECG 

are now w e l l  documented ,  if not wel l  unde rs tood ,  the  area  

where  knowledge  is s ad ly  lacking  Is in the  in te rp re ta t ion  and  

a p p l i c a t io n  of the  informat ion con ta ined  in the FECG. The f i r s t  

s tep  in ra t io n a l  u se  of the  FECG is c le a r ly  to f ind a su i tab le  

method for p re sen t in g  the information .  Many methods  have  

b e en  u s e d  by  th i s ,  and  o ther  au tho rs ,  each  of which  wil l  be 

c o n s id e re d  in turn .

7 . 2 .  Data  Recording -  This is the  a rea  of the  m an-  

machine  in te r face .  For the  FECG or any  o the r  s igna l  to be 

meaningful it mus t  be p re s e n te d  in te l l ig ib ly .

7 . 2 . 1 .  L oudspeake rs  -  The F FI is  e a s i l y  

p r e s e n te d  by lo u d s p e a k e r .  The FPCG,JDoppler or FECG can  

a l l  be u s e d  to provide drive for th i s .  The m ech an ica l  d e s ign  

of lo u d s p e a k e r s  is now so good tha t  they  c e r t a in ly  are  not the  

l imiting  fac to r  in the  e l e c t ro n ic s  of FPCG and  good qua l i ty  

sound  can  be  o b ta in e d .  With  the FECG or Doppler the  

l o u d s p ea k e r  is  not a ' d i rec t  r e p re se n ta t io n  of the  source  

s ig n a l  but on ly  in d ic a te s  the  occur rence  of a b e a t .

The lo u d sp ea k e r  r e p r e s e n t s  l i t t l e  ad v an tage  over  the  foe ta l  

s t e t h o s c o p e  a s  the  record  is not permanent nor any  e a s i e r  to 

coun t  or a s s e s s  for r egu la r i ty .  The sound  of the  foe ta l  hear t  

over  a l o u d sp ea k e r  may wel l  be comforting to  the  p a t ie n t  and  

o c c a s i o n a l l y  to the  s ta f f  but it h a s  l i t t l e  p r a c t i c a l  v a lu e .

7 . 2 . 2 .  O s c i l l o s c o p e s  -  A good o s c i l l o s c o p e  is 

inva luab le  in fo e ta l  c a rd io logy .  It p rov ides  a rap id  method for 

check ing  the  function of the indiv idual pa r t s  of the  whole  

e l ec t ro n ic  sy s te m .

As a d i s p la y  for the  f ina l  output it is very  c o n v en ie n t  for 

s e t t ing  up and  a d ju s t in g  the  optimal  s i tu a t io n .  Like the
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Fig. 7.1. Photograph of oscilloscope trace.
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lo u d sp ea k e r  i t s  d i s p la y  is not u s u a l ly  pe rm anent  and  it is ra re ly  

u se fu l  a s  a d ia g n o s t ic  in s t rum ent .  It is p o s s ib l e  to ob ta in  a 

pe rm anen t  reco rd  of a smal l  time in te rva l of the  d i s p la y  by 

photographing  the  sc r ee n  (Fig. 7 . 1 . )  or much more e x p e n s iv e ly  

by  Inves t ing  in a s to rage  o s c i l l o s c o p e .  Both t h e s e  methods are 

u se fu l  bu t  shou ld  be v iew ed  with  economic  prudence

For some m ys te r ious  r e a s o n  o s c i l l o s c o p e s  so ld  for '’m edica l"  

a p p l i c a t i o n s  are  much more expens ive  than  the i r  indus t r ia l  

e q u i v a l e n t s .  The p o ten t ia l  u s e r  is a d v i s e d  to pe ruse  the 

in dus t r ia l  c a ta lo g u e s  before  buying.

7 . 2 . 3 .  Strip Recorders  -  T hese  are by far the  most 

popular  d e v ic e s  u s ed  In m ed ica l  e l e c t r o n i c s .  B as ic a l ly  a roll  

of  paper  is moved p a s t  a wri t ing mechanism which  moves a t  

r igh t  a n g le s  to the  paper  in r e s p o n se  to the input s ig n a l .  The 

record  is pe rm anent  and  immedia te ly  a v a i l ab le  (Fig. 7 . 2 . )

The major drawback of t h i s  method is the  enormous length  of 

pap e r  g e n e r a te d  by  con t inuous  monitoring.  At the  very  s low 

s p e e d  of 1 c m s /m in  a 10 hour labour would  y ie ld  6 metres  of 

ou tpu t .

There are  a few o ther  d rawbacks  to th i s  c l a s s  of mechanism 

though t h e s e  are  not very  s ign i f ic an t  in foe ta l  moni tor ing.

The upper f requency  r e s p o n s e  of the u s u a l  dev ice  is about 

100 Hz which  r e a l l y  is  a d e q u a te .  The major i ty  of m echan ism s  

depend  upon a ho t  wire  s ty lu s  writ ing on h e a t  s e n s i t iv e  paper  

which  is qu i te  e x p e n s iv e .  Both ink and  biro n ibs  are 

ob ta in ab le  bu t  t h e s e  are m e s s y .  The u l t r av io le t  recorder  is 

ano ther  va r ian t  in which the wri t ing arm is a beam of UV l igh t 

s tr ik ing  l igh t  s e n s i t i v e  paper  (Fig. 7 . 3 . ) .  These  are e x c e l l e n t  

recorder s  but t e n d  to be h eavy  and tem p eram en ta l .  Their  

f requency  r e s p o n se  is  e x c e l l e n t  up to t h o u s a n d s  of c y c l e s .

7 . 2 . 4 .  . Tape Recorders  -  Tape recording  is an ex trem ely
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F ig . 7 . 2 . Paper s t r i p  re c o rd in g .
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Fig. 7.5. Ultra-violet recording.
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Pig. 7.4. Epsylon tape recorder.
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a t t r a c t iv e  w ay  of preserv ing  an  FECG s e s s i o n .  As the 

e l ec t ro n ic  s ig n a l  i t s e l f  can  be reproduced  a n a l y s i s  can  be 

unde r taken  a t  a di fferent p lace  and t ime.  The record  is 

virtua.Uy permanent ,  which  a l low s  r e - a n a l y s i s  of o ld  record ings  

by new m e thods .  Probably  most important of a l l ,  mos t  modern 

tape  reco rder s  have  the m ag ica l  qua l i ty  of be ing  "computer 

compat ib le  " .

The p i t f a l l s  of tape  record ing are however  se r ious  and  the 

so lu t ions  tend  to be e x p e n s iv e .

The c onven t iona l  dom es t ic  tape  recorder  -  even  from the most 

e x p e n s iv e  range  -  is j u s t  not s u i t a b le .  The e l e c t ro n i c s  of it 

are  such  t h a t  the  lower f requenc ies  (usua l ly  below 60 Hz) are  

no t  w e l l  r e co rd ed .  This means  th a t  most of the  FECG is 

g ro s s l y  d i s to r te d .

The e lec t ro n ic  so lu t ion  l ie s  in f requency  modula tion  for 

record ing .  In th i s  the  input s ignal  (from the cardiograph) 

is  conver ted  into a s ig n a l  whose  f requency v a r i e s  w i th  the 

ampli tude  of the  input.  This va r ia t ion  can  be a r ranged  to 

occu r  abou t  any  s u i ta b le  cen t re  f requency  -  e . g .  1000 Hz so 

th a t  a c c u ra te  record ing  is now p o s s i b l e .  Such a recorder  

(Fig. 7 . 4 . )  b a s e d  on a good qua l i ty  domest ic  m e ch a n ic a l  tape  

■ d e c k  w a s  u s e d  in th i s  s tudy .  The machine  c o s t  £600 but must  

be u s e d  bear ing  in mind i t s  extreme l im i ta t io n s .

These  l im i ta t ions  l ie  in the  reproduct ion  of the  s ig n a l .  If a 

f r equency  modula ted  s igna l  is  to be rep roduced  then  it fol lows 

th a t  the  sp e e d  of the magnet ic  tape  p a s t  the  rep roduce  h e ad  

must be the same a s  the  record ing  sp ee d .  This is very  

d i f f icu l t  to ensure  over  long per iods  of t ime .  For example ,  

p layback  of a y ear  o ld  tape  is un l ike ly  to be a cc u ra te  b e c a u s e  

of m ech an ica l  c h a n g e s  in the  sys tem .  Suitable  reco rde r s  are 

a v a i l ab le  but the  c o s t  is  a c o n s id e rab le  jump to £5, 000 or more.
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It is then  unw ise  to depend  upon p re c i se  m easu rem en ts  of the  

u s u a l  q u a l i ty  of t ape  recorded  d a t a .

In th i s  s tudy  the da ta  w as  recorded  on tape  but  a n a l y s i s  took 

p lace  in r ea l  t ime a t  the  p a t i e n t ' s  b e d s i d e .

7 . 3 .  Data  P resen ta t io n  -  The dem onst ra t ion  of the

foe ta l  hea r t  b e a t  is of l i t t l e  va lue  in i t s e l f  and  c e r ta in ly  does  

not ju s t i fy  the large expendi tu re  of complex e lec t ro n ic  

equ ipm en t .

The informat ion co n ta in ed  in the  foe ta l  h e a r t  da ta  must be 

p r o c e s s e d  s e n s ib ly  and  p re s e n te d  in such  a w ay  a s  to be of 

c l i n i c a l  va lue  a t  the  t i m e . This p rec ludes  many of the  popular 

c o n c e p t s  of compute r  p ro c e ss in g  a s  th e s e  g e n e r a l ly  are 

under taken  "off l i n e " a t  a point  d i s ta n t  in s p ac e  and  t ime 

from the labouring p a t i e n t .

A very  important maxim which s eem s  to have  e s c a p e d  the 

m an u fac tu re r ' s  e n g in ee r s  is th a t  the  informat ion must  be 

p r e s e n te d  to show the  Minimum Charge C apab le  of Convincing 

a C l in ic ian  to Change h is  Mind (MCCCCCM, Wolf ).  Many 

e lec t ro n ic  sy s te m s  produce -  app a ren t ly  for the  sake  of 

e l ec t ro n ic  s o p h i s t i c a t i o n  -  information by far too a cc u ra te  

for r e a so n a b le  In te rp re ta t ion .

The following p re s e n ta t i o n s  have  been  d e sc r ib e d  an d  are  in 

curren t  u s e .

7 . 3 . 1 .  Foe ta l  H ear t  Rate and  Uterine C o n trac t ions  -  The 

form of the  FECG and  FPCG have  proven of l i t t l e  va lue  to da te .  

Both th e se  s ig n a l s  are  u s u a l ly  conver ted  to r a te  informat ion.

By far the  mos t  popular  p re sen ta t io n  is th a t  of var ia t ion  of 

fo e ta l  h e a r t  r a te  p r e s e n te d  in p a ra l l e l  with an ind ica t ion  of 

u te r ine  c o n t r a c t i o n s .  (Fig. 7 . 5 . ) .  Such sy s te m s  tend  to be 

l inked  with  Flammacher though Hon and  Ca ldey ro -Barc ia  should  

r e a l ly  share  the honour .  H am m acher 's  con tr ibu t ion  w as  in the
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u t i l i s a t i o n  of the FPCG to obta in  rate informat ion.

As h a s  a l r e a d y  b e en  d e sc r ib e d  the method p roduces  a long 

length  of paper  which  requ i re s  manual  exam ina t ion  and  

in te rp re ta t ion .  It can  leg i t im a te ly  be c la im ed  th a t  it removes  

the  c l i n i c i a n ' s  t r ad i t io n a l  s k i l l s  from the p a t ie n t  an d  t ran s fe rs  

them to a b i t  of p ape r .  This is an extreme v iew  and  undoubtedly  

the  method is of g rea t  va lue  in some c a s e s .  E s t im a tes  of i t s  

va lue  are  how ever  im poss ib le  a t  th is  s t a g e .  The method is 

a lw ay s  ap p l ied  by e n t h u s i a s t s  who of th e m s e lv e s  w i l l  improve 

r e s u l t s  and it requ i re s  the  p e rsona l  a t ten t ion  of the  m ed ica l  

s ta f f  in the  labour  ward  which aga in  wi l l  improve r e s u l t s .

E lec t ro n ica l ly  there  are  a few important p o in t s .  The cho ice  

of ra tem ete r  is important.  Many ra tem e te rs  are  of the  

"ave rag ing"  type  which  y ie ld  a f igure over s a y  5 or 1 0 b e a t s .  

These  ra te m e te r s  c anno t  re f le c t  the va r ia t ion  b e tw ee n  indiv idua l  

foe ta l  h e a r t  b e a t s  which  s eem s  to be of some im por tance .  The 

ra tem ete r  of cho ice  is the  " in s ta n ta n e o u s"  r a te m e te r  which  

p re s e n t s  e ac h  ind iv idua l  ca rd iac  cyc le  in te rval a s  r a t e .  

En thus iasm for th i s  type of meter may have to be  tem epered  

a g a i n s t  the  c o s t  of £1, 000 for a good o n e .

D esp i te  the  m a k e r ' s  c la ims  most  u se r s  now agree  th a t  the  FPCG 

c an n o t  be  p r o c e s s e d  to y ie ld  foe ta l  h ea r t  ra te  a t  a b e t t e r  

a c c u r a c y  than  ~ 5 BPM. The FECG however  c a n  be p re c i s e ly

a cc u ra te  and  c o u p led  with  an in s ta n tan e o u s  ra tem e te r  is the  

method of cho ice  for in - l abou r  monitor ing.

7 . 3 . 2 .  In te rva l  His togram -  The major  drawback of 

the  p roceed ing  method is the  sheer  volume of da ta  p roduced .  

C lea r ly  some method which  c o n d e n s e s  the da ta  is d e s i r a b l e .

The in te rva l  h is togram  p re sen ta t io n  developed  by  th i s  author  

(Vol. 1 .)  an d  u s e d  in th i s  s tudy  is one such  method.

Briefly the in te rva l  b e tw ee n  foe ta l  R w av es  is m easu red  and  

s to red  in a smal l  computer .  The compute r bu i ld s  up a p ic tu re
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F ig. 7 .6 . In te rv a l h istogram .
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of the  number of b e a t s  which  occur  a t  any  one in te rva l  (or 

rate) (Fig. 7 . 6 . ) .  This is  the  famil ia r h is togram or bar 

d iagram. This form of p re sen ta t io n  of s ev e ra l  hundred  or 

th o u s a n d  b e a t s  in a s ingle  diagram lends  i t s e l f  to simple 

s t a t i s t i c a l  a n a l y s i s  and such  v a lu e s  as  the  m e a n , s tandard  

d ev ia t ion  and  c o e f f ic ien t  of va r ia t ion  (S D /M  FAN %), can 

e a s i l y  be c a l c u l a t e d .  The value  of th e se  ind ices  h a s  a l ready  

b een  c o n s id e re d  (Vol. I .  Chapter  7 ),

It must however  be e m p h a s i s e d  tha t  the method w a s  developed  

for a n t e - n a t a l  p rognos is  of foe ta l  v iab i l i ty  and  not a s  a 

monitor of the  r eac t io n  of the foe tus  to the  s t r e s s  of labour -  

for th i s  it is of no u s e .

The c o s t  of such  an ap p a ra tu s  is  not e x c e s s i v e  -  the  computer 

u s e d  c o s t  £3, 000 but it is a v e r s a t i l e  dev ice  c ap a b le  of o ther 

fu n c t io n s .  A s ing le  purpose  commerc ial  dev ice  could  be made 

a v a i l ab le  for about  £1, 000.

Although the method la rg e ly  c o n d e n s e s  information -  a s  o pposed  

to t ime l a p se  t e c h n iq u e s  which  d isca rd  informat ion -  it suffers  

the  drawback  of no longer ind ica t ing  the  t ime r e la t io n sh ip  

be tw een  e v e n t s .

7 . 3 . 3 ,  Sca t te r  Diagrams -  The major drawback of the  

p rev ious  method is tha t  a l l  t ime re la t io n sh ip  b e tw een  ca rd iac  

c y c l e s  is l o s t .  Even the v a r iance  around the  mean g iv e s  no 

measure  of the short  term i r regula ri ty  of the  h e a r t  b e a t .  The 

a d v an tag e  of s ec o n d  order h is togram s ( s c a t te r  diagrams) is 

c la im ed  (Van Bemmel, 1969) to  c o n d en se  inverva l  information 

into a s ing le  p ic tu re  in which some re la t io n sh ip  to the  t ime 

domain is r e t a in e d .  (Fig. 7 . 7 . )

This approach  a l low s  very  e s s o t e i i c m a th e m a t i c s  fu ll  sway .

It w as  not in tended  to be a routine  method for c l i n i c a l  use  

bu t  a s  y e t  ano ther  a t tem pt  to wring a ll  p o s s ib l e  information
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ou t  of the  meagre data  a v a i l ab le  on the unborn infant.  It 

c e r t a in l y  requ i re s  a c c e s s  to a moderate  computing fac i l i ty  

an d  if c l i n i c a l l y  u se fu l  da ta  were  requ ired  on an ind iv idual 

c a s e  o n - l i n e  a n a l y s i s  would  be n e c e s s a r y .  In Britain th is  

s eem s  u n re a l i s t i c  in the  near  fu ture.

7 . 3 . 4 .  Time Ser ies A na lys is  -  This is ye t  ano ther  

compute r s t a t i s t i c a l  approach  to data reduc t ion  (Forsyth,  

Greenberg  and  Hon, 1969) .  The method re d u c e s  the  data to 

a s ing le  m a them at ica l  e x p re s s io n  which it is  hoped  w il l  be 

p red ic t ive  of fo e ta l  ou tcom e.  It is b a s e d  on sp e c t r a l  and 

c r o s s - s p e c t r a l  a n a l y s i s  which  requ ires  a large computing 

fa c i l i ty .

T h i s ,and  the l a s t ,m e th o d  ( 7 . 3 . 3 . )  is ex p en s iv e  and  time 

consum ing .  This a u th o r ' s  opinion as  to th e i r  u s e f u ln e s s  

is  b i a s e d  by h i s  comple te  inab i l i ty  to u n d e rs tan d  them.

The in te r e s t e d  read e r  is d i rec ted  to the o r ig ina l  p a p e r s .

7 . 3 . 5 .  Tra n s i e n t  Averaging -  This method is conce rned  

no t  with  reducing da ta  but with  co ns t ruc t ion  of an  average  

waveform from a rep e t i t iv e  s igna l  bur ied  in "n o ise"  (Fig. 7.8)  

The techn ique  w a s  a l r ead y  wel l  e s t a b l i s h e d  in the 

communication  indus t ry  before it was  ap p l ied  to the foe ta l  

s i tu a t io n .  (Hon, 1963).  A d e ta i l ed  m a them at ica l  a n a l y s i s

h a s  a l r e ad y  b e en  g iven  (Vol. 1. Chapter  4 ) but further

po in ts  have  ev o lved  s in c e .

For good r e s u l t s  a p re c i s e  and  e l e c t r i c a l l y  nea t  tr igger  s igna l  

is requ i red .  In fo e ta l  ca rd io logy  i r r espec t ive  of the  s igna l  

to be a n a ly s e d  ( e . g .  FECG, FPCG, Doppler,  FBCG, impedance  

p le thysmogram,  e t c . )  the  FECG is the  only  su i tab le  tr igger  

s ig n a l .

There  are  o ther ,  in many w ay s  simpler,  methods  of recover ing  

s ig n a l  hurr ied  in n o i s e .  These  are of ten s u g g e s t e d  by the
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u n in i t i a te d  communicat ions  eng ineer  but none Is s u i te d  for 

the  a d eq u a te  r ecovery  of a repe t i t ive  but ir regular ev en t .

The u s e f u ln e s s  of the  recovered  FECG waveform is quite  

ano ther  problem. Hon is c e r ta in ly  of the  opin ion tha t  the 

l i t t l e  u se  it h a s  ba re ly  j u s t i f i e s  the  trouble  in p ro c e ss in g  it.  

This view is sha red  by  th is  author and many o th e r s .  D esp i te  

th i s  o the rs  are  cont inuing  to ev a lu a te  the  problem and a 

de f in i t ive  a s s e s s m e n t  is  not yet  p o s s ib l e .

These  then  are the  main methods  of data p re s e n ta t io n  in u s e .  

As th i s  s tudy  w as  s e t  up to continue  the e v a lu a t io n  of the 

in te rva l  h is togram  c lea r ly  th i s  method is the  one u s e d  in the 

major i ty  of the  work d e sc r ib e d .
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8 . 1 .  Preamble  -  This s tudy  formed a part  of a 

con t inu ing ,  much l a r g e r  s tudy  of the  p r o c e s s e s  of p regnancy  

and  d e l ive ry .

The sp ec i f ic  ob jec t ive  w a s  to examine the information con ten t  

of  fo e ta l  c a rd iac  cy c le  in te rva l  h is togram s  and  to  t e s t  vÆether 

t h e s e  cou ld  be u s e d  in c l i n i c a l  p rac t ice  to p rognose  the  s ta t e  

of the  infant a t  b i r th .

The fo e ta l  e lec t ro ca rd io g rap h  (FECG) w a s  c o n s id e r e d  s t i l l  to 

be  the b e s t  and  s a f e s t  s ig n a l  to use  for such  p re c i s io n  

m easurem ent  of fo e ta l  hea r t  a c t iv i ty .  A b a s i c  te ch n iq u e  (Vol. 1) 

w a s  a l r e a d y  a v a i l a b l e ,  though now r e - e n g i n e e r e d  to  h igher  

s t a n d a rd s  and  far e a s i e r  opera t ion ,  and  the re  w a s  pre liminary  

e v id en c e  th a t  good  p rognos t ic  in d ice s  (the s tanda rd  dev ia t ion  

and  coe f f ic ien t  of var ia tion)  cou ld  be o b ta in e d .

It now rem ained  to t e s t  th ree  c lo s e ly  l inked  h y p o th e s e s  -

a .  Could  the  p rev ious  in d ic e s ,  e s p e c i a l l y  the

co e f f ic ien t  of va r ia t ion ,  be shown to be 

a p p l i c a b le  to  a la rger  group of p a t i e n t s ?

b .  Could  t h e s e  in d ice s  be improved or su p e r c e e d e d ?

c .  Could  the FECG techn ique  be  t a u g h t  to  o thers

(with w id e ly  differing p ro f e s s io n a l  backgrounds)  

and  s t i l l  a ch ie v e  reproduc tab le  r e s u l t s ?

8 . 2 .  S t a t i s t i c a l  D es ign  ~ The o r ig ina l  t r i a l  

(Vol. 1,  C hap te r  6) w a s  very  c lo s e ly  de f ined  and  r igorous ly  

c o n t ro l le d .  In t h i s  t r i a l  th e  ne t  w as  d e l ib e ra t e ly  c a s t  very  

wide  and  by  n e c e s s i t y  such  s t r ic t  contro l  w a s  not p o s s i b l e .

The b a s i c  c o n cep t  of t h i s  t r i a l  w as  to t ra in  a s  many opera tors  

a s  p o s s i b l e ,  ob ta in  a s  many FECG e x am in a t io n s  from a s  many 

p a t i e n t s  a s  p o s s ib l e  wi th in  the  t ime a v a i l ab le  and  to car ry  out 

a n a l y s e s  along p re v io u s ly  e s t a b l i s h e d  l i n e s .



1%3.

8 . 2 . 1 .  Source of m a t e r i a l . -  This t r i a l  w a s  conduc ted

in i t s  e n t i r e ty  in the  G lasgow  Royal M ate rn i ty  H o sp i t a l  (GRMH), 

Rot tenrow,  G lasgow .  All the  c o n su l t a n t  o b s t e t r i c i a n s  ag reed  

to  make th e i r  h o s p i t a l  i n - p a t i e n t s  a v a i l ab le  for the  s tudy  withou t  

le t  or h i n d r a n c e .

8 . 2 . 2 .  Se lec t ion  of p a t i e n t s  -  For t r a d i t io n a l  and  

h i s t o r i c a l  r e a s o n s  the  GRMH o p e ra te s  in an  a rea  wi th  a ve ry  

poor ob s te t r i c a l  p o pu la t ion .  The h o s p i t a l  s p e c i a l i s e s  in abnormal 

o b s t e t r i c s .  C lea r ly  a lm os t  every  in -p a t i e n t  in the  h o s p i t a l  is

a t  r i sk  and  a s  the  im p rac t icab i l i ty  of o u t - p a t i e n t  exam ina t ions  

h a s  b e e n  dem o n s t ra ted  (Chapter 6 ,2  ) i t  h a s  a g a in  b e e n  

im poss ib le  to conduct  a t r i a l  with  a "normal"  contro l  group.

In the  p rev ious  s tudy  a de l ibe ra te  a t tem pt  w a s  made to s e l e c t  

h igh  r i sk  c a s e s .  In t h i s  s tudy  no such  a t tem pt  w as  made.  

P a t ie n t s  were  s e l e c t e d  only  by the i r  be ing  n e a r  te rm and  not 

in labou r ,  ‘Wherever  p o s s ib l e  se r ia l  exam ina t ions  were  c a r r i e d  

out a t  w e e k ly  i n t e rv a l s .

8 . 2 . 3 .  Se lec t ion  of ope ra to rs  -  All the  members of the  

C l in ic a l  M easu rem en t  Group a t  the  B io -eng ineer ing  Unit were  

t r a in e d  to  opera te  the  equ ipm ent .  This p roved to  be a fa i r ly  

h e te ro g en o u s  group c o n s i s t in g  of the  following

m ed ica l  2

p h y s io lo g i s t  1

e l e c t r i c a l  eng inee r  1

communicat ions  en g in ee r  1 - '

m e ch a n ic a l  en g in ee r s  2

s t a t i s t i c i a n  1

computer  opera to rs  2

midwives  2

In ad d i t ion  two of the  h o s p i t a l ' s  junior m ed ica l  s ta f f  l e a rn ed  

the  t e c h n i q u e .
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F ig . 8 .1 . The FECG insrum en tation  in  use.
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D e sp i t e  t h e s e  w ide ly  differing backgrounds  every  member of 

the  group lea rned  the  t echn ique  s a t i s f a c to r i l y  and a l though  

r e s u l t s  c l e a r ly  improved with  p rac t ice  no one fa i l ed  to  ach iev e  

ad eq u a te  c o m p e t e n c e .

8 . 3 .  Data  C o l le c t ion  -  All the  equ ipment  requ ired

for c o l l e c t io n  of FECG da ta  w a s  a s s e m b le d  on a t ro l l ey  (Fig. 8 . 1 . )  

wh ich  cou ld  e a s i l y  be w h e e le d  about  the  h o s p i t a l ,

8 . 3 . 1 .  Equipment -  The following equ ipment  w as  

u s e d  (Fig,  8.  i )

Top Tray (left to  right)

a) swi tch ing  box

b) FECG ampli f ie rs

c) two channe l  o s c i l l o s c o p e  (Nihon -  Koden) .

d) X . Y p lo t te r  (Houston Ins truments )

e) mains  so ck e t  bus  box .

Lower Tray 

. a )  F M  ta p e  recorder  (Epsylon)

b) Data  Retraval Computer (Nuclear  Chicago)

c) c a b le  drum.

8 . 3 . 2 .  Method  Summary -  Fur ther  d e t a i l s  of the  

method w i l l  be  g iven  l a t e r  in t h i s  C hap te r  ( 8 . 6 . )

Briefly,  th e  p a t i e n t  w a s  exam ined  in he r  own b e d  and  famil ia r  

su r ro u n d in g s . The t e ch n iq u e  was  very  su p e r f i c i a l l y  ex p la in ed  

to  the  p a t i e n t s  (who a l l  seem ed  de l igh ted  to  meet such  complex 

in s t rum en ta t ion ) .  The exam ina t ion  w a s  a lw ay s  p r e s e n t e d  very  

much a s  par t  of the  h o s p i t a l  routine  and  not a s  a " sp e c i a l "  

r e s e a r c h  p ro je c t .

The e l e c t r o d e s  were  a p p l ied  and  a d ju s t e d  a s  n e c e s s a r y  to 

ob ta in  a good working s igna l  and  adequa te  c a n c e l l a t i o n  of the  

m ate rna l  EGG.
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The swi tch  box w as  u s e d  to  d i sp la y  the combined ,  foe ta l  

only  or mate rna l  on ly  s ig n a l s  on the  o s c i l l o s c o p e  a s  required  

for s e t t ing  u p .

The t ap e  recorder  w as  so w ired  as  to record  the  two t r a c e s  

d i s p l a y e d  on the  o s c i l l o s c o p e ,  normally the  combined  and  

fo e ta l  o n ly  s ig n a l s .

Once a s u i ta b le  foe ta l  on ly  s igna l  w as  o b ta in ed  the  computer 

input d isc r im ina to r  w a s  s e t  a t  a su i tab le  l e v e l  (pos it ive  or 

nega t ive)  so t h a t  the  compute r t r iggered  once  on every  foe ta l  

EGG com plex .

The t ap e  recorder  w as  s t a r t e d  and  a run of t en  minu tes  

com m enced .  Note t h a t  a l though  a tape  record ing  w as  ta k e n  

the  a c t u a l  compute r  a n a l y s i s  took p lace  in r e a l  t im e .

The in te rva l  h is togram  can  be  seen  to  bu i ld  up on the  com pu te r ' s  

own d i s p l a y  tube  but a t  the  end  of the  run the  h is togram  w as  

p r in ted  out on the  X.Y p lo t te r .  This print  out t a k e s  64 sec o n d s

This  co n c lu d e d  the  opera t ion  a t  the  b e d s i d e .  The t a p e  record ing  

w a s  f i l ed  and  the  output graph taken  to  a d e sk  c a lcu la t in g  

machine  ( IME Digicorder) for c a lc u la t io n  of th e  mean s tandard  

d ev ia t ion  and  c o e f f ic ien t  of var ia t ion  -  no more th an  3 minutes  

work .  As the  mode and  the  range had  b een  p re v io u s ly  shown 

to be  of l i t t l e  va lue  t h e y  were not c a l c u l a t e d .

8 . 3 . 3 .  Operator  t ra in ing  -  As h a s  b e e n  p rev io u s ly  

d e s c r ib e d  the  o p e ra to rs  came from very  dif feren t p ro f e s s io n a l  

b a c k g r o u n d s .  It w a s  the re fore  n e c e s s a r y  for the  n o n - c l i n i c a l  

members  to  s ta r t  wi th  the  b a s i c  approach  to the  p a t i e n t ,  

in troduct ion  of the  exam inat ion  and g en e ra l  decorum and 

chaperon ing  a n 'a n g e m e n t s .

This ,  I s u s p e c t ,  for s ev e ra l  proved more awkward  than  the  

ope ra t ion  of the  equ ipm ent .
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Each ope ra to r  w a s  ind iv idua l ly  taught  to u se  the  equipment 

a t  the b e d s id e  unti l  su f f ic ien t  conf idence  and  a b i l i ty  were 

a c h i e v e d .  Thereaf te r  th ey  were  encou raged  to  spend  a s  

much t ime a s  p o s s ib le  p rac t ic ing  the  art  for t h e m s e l v e s .

F or tuna te ly  the la rge store  (almost 3 00) of tape  record ings  

made i t  p o s s ib l e  to p rac t ice  us ing  the computer  and  i ts  

output wi thou t  r ecou rse  to a c tu a l  p a t i e n t s .

8 . 4 ,  Data  Logging -  The r e s u l t s  of the  FECG

exam ina t ion  tog e th e r  wi th  a few s e l e c t e d  c l i n i c a l  d e ta i l s  

were  en te r ed  on the  same pro-forma a s  p re v io u s ly  u s e d .

The f lex ib le  d e s ig n  a l low ed  the  inser t ion  of th ree  further 

i tems (Appendix A ). The s ize  of paper  w a s  a l so  

In c re a s e d  to leave  more room for free t e x t  and  gene ra l  

c o m m e n t s .

As the  a n a l y s i s  programs requ ired  numerica l  da ta  (see  8.5)  

the  e n t r i e s  were  co d ed  us ing  the  same c o d e s  a s  before  

(Appendix A ).

8 . 4 . 1  . Pa t ien t  id en t i f ica t ion  and  g en e ra l  informat ion - 

The m o the r ' s  s e r ia l  number,  h o s p i t a l  number and  age  were  

no ted  for iden t i f ica t ion  p u rp o s e s .  Although h e r  name 

a p p ea rs  on the  p ro- forma,  it w a s  not en te r ed  into the 

computer  f i l e .

The pa r i ty  of the  mother ( i . e .  the  number of p rev ious  

ch i ld ren  and  abor tions)  w a s  recorded  a s  the re  is  ev id en ce  

th a t  f i r s t  b a b i e s  do not fare so w e l l  a s  su b se q u e n t  o n e s .

The e x p e c t e d  date of d e l ive ry  w as  recorded  so t h a t  it could  

be  compared  wi th  the a c tu a l  da te  of d e l ive ry  and  b ir th  weigh t  

to a s s e s s  pre or pos t  matu r ity .  It w a s  a l so  u s e d  to 

c a l c u l a t e  the  g e s t a t i o n  a t  the  t ime of exam inat ion  which 

w a s  a l s o  reco rd ed .

The s p ace  le ft  for i tem 16 w a s  u s e d  in t h i s  s e r i e s  to en te r
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the  error In the  e s t i m a te d  d a t e s ,  i . e .  the  a c tu a l  da te  of 

de l ive ry  (item 17) l e s s  the  e s t im a te d  date  (item 5).

8 . 4 . 2 . M ed ica l  and  o b s te t r i c a l  c ond i t ions  were  no ted  a s

some of t h e s e  in t h e m s e lv e s  may p re jud ice  the  ou tcome.

8 . 4 . 3 .  D e ta i l s  of de l ive ry  -  The type  of de l ive ry ,  

dura tion  of e a c h  s ta g e ,  occur rence  of c o m p l ica t io n s  and  

w h e th e r  hi duc t  ion had  b een  required  were  reco rded  to  a l low  

a s s e s s m e n t  of the  e f f e c t iv e n e s s  of labour .

8 . 4 . 4 . D e ta i l s  of infant The sex  of the  infant w as

reco rded  a s  the re  is  ev id en c e  tha t  male in fan ts  ten d  to 

succumb more e a s i l y  than  fem ale .

The h e a l th  of the  infant a t  b i r th  w a s  a s s e s s e d  by the  Apgar 

score  r eco rded  a t  1, 5 and  10 m inu tes .  As the  aim of t h i s  

p ro jec t  h a s  b e en  to  p red ic t  foe ta l  ou tcome,  t h i s  method of 

a s s e s s i n g  the  infant w i l l  be  d e sc r ib ed  in d e t a i l .

The Apgar Score

This scor ing  method w a s  in t roduced  by  Dr. V. Apgar in 1953. 

She in tended  it a s  a means  of a s s e s s i n g  the  s t a t e  of 

o x y g e n i sa t io n  of the  newborn  in fant.  The scor ing  p r o c e s s  is 

s imple  to app ly  and  h a s  b e e n  u n iv e r sa l ly  a c c e p t e d .  The 

method a s s i g n s  a score  of 0, 1 or 2 to eac h  of f ive s ig n s  a s  

f o l l o w s : -

A p g a r  s c o r k  a t  I m in u t i-

S ign
S c a re

0 1 2

H e a r t r a t e ................................................. A b sen t S low
(b elo w  100)

O ver 100

R e s p ir a to ry  e ffo rt  . . .  ................... A b sen t S low ,
irregular

G o o d ,  
cry in g  ■

M u sc le  tone  . . .  ................... L im p S o m e flexion  o f  
ex trem ities

A ctive
m o tio n

R espon se  to  ca th e te r  in n o str il 
{ te s te d  a fte r  o roph aryn x  is  c lea r)

N o  respon se G rim ace C ou gh  or  
sn eeze

C olom  . ..  . ..  . . .  . .. B lue, pale B o d y  pink e x 
trem ities blue

C o m p lete ly
pink
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A to ta l  sco re  of 10 is  id ea l  and a sco re  of 0 i s  h o p e l e s s .

As u s e d  in the  G lasgow  Royal M ate rn i ty  H o s p i t a l ,  the  Apgar 

sco re  has  been  found to be a fair  re f lec t ion  of the  in fa n t ' s  

s t a t e .  It is a lw ays  a s s e s s e d  within 1 minute of birth and 

if at  th a t  t ime the  sco re  is  l e s s  than 8 i t  i s  r e p e a te d  a t  5 

and 10 m in u te s .

The v a lu e  of th e  5 and 10 minute sco res  is  d e b a te a b le  in 

the  p re s en t  c o n t e x t . If the  1 minute Apgar i s  10, then  no 

further  s c o r e s  are  reco rd ed .  If the  1 minute Apgar i s  l e s s  

than 6, then  oxygen the rapy  is  immedia te ly  app l ied  so  tha t  the  

5 and  10 minute read ings  are a r t i f i c ia l ly  h igh .

The Apgar method can  be c r i t i c i s e d  on s ev e ra l  counts  ~ the 

main one being ob se rv e r  v a r ia t io n .  However ,  in a very  busy  

labour  ward with  h ighly  e xper ienced  m id w iv e s , th is  var ia t ion  

is  sm al l .

8 . 4 . 5 .  S t a t i s t i c a l  m easu re s  -  The m ean ,  s tandard  

dev ia t io n  and c o e f f ic ien t  of va r ia t ion  were  c a l c u l a t e d  and 

e n te r e d .  The mode and range  were  not c a l c u l a t e d  but were  

en te red  as  m is s in g  d a ta  so th a t  uniformity with  the  orig inal  

s e r i e s  w as  m a in ta in ed .

Items 30 onward were  le ft  b lank  a t  the  t ime but in r e t r o s p e c t  

i tem 32 was  u s e d  to s to re  the  log of the  mean and i tem 33 

for the  new  logar i thmic  index  SD x 10 /  log m ean .

8 . 4 . 6 .  F ina l  outcome -- F in a l ly ,  the  e v en tu a l  ou tcom e,  

i . e .  w he ther  the  ch i ld  w ent  home, remained  in s ick  nursery

or came to PM, w as  reco rd ed .

8 . 5 .  Storage and Analysis  of D a ta  -  As the  da ta

were  c o l l e c te d  th e y  were  punched onto paper  t ape  and u sed  

to upda te  a magnet ic  t ap e  fi le on the U n iv e r s i ty ' s  ÏCL 1905 

Computer .  The punching of d a ta  onto paper  t ap e  is  a t ed ious  

and t ime consuming b u s i n e s s  but the  author h a s  found i t  we l l
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worth  whi le  to do th is  p e r so n a l ly ,  a t  l e a s t  in the r e s e a rc h  

f ie ld ,  a s  obvious  errors  can  be co r rec ted  im m edia te ly  and 

a c c u r a t e ly .

The'SCAN (S^cheme for Computer A na lys is  of Numerical  data) 

su i te  of programs w as  a l r e ad y  a v a i l ab le  w i th in  the  B io-engineer ing  

un i t .  This inva luab le  scheme a c c e p t s  numerica l  data and  

can  car ry  out complex  co r re la t ions  and  a n a l y s i s .

The schem e w as  d e s ig n e d  for c l in ic a l  data and  h a s  a most 

u se fu l  f a c i l i ty  for outputing  data  in g rap h ica l  form to give 

the u s e r  a " fee l"  for h i s  da ta .

Programs are a v a i l ab le  to  c a l c u l a t e ,  m eans ,  s tanda rd  

d e v ia t io n s ,  s tanda rd  e r r o r s , t  t e s t s ,  ch i  s q u a r ed  t e s t s  

and  r e g r e s s i o n s ,

As the au thors  of  the  SCAN sys tem  (Jordon and  McGregor) 

so r igh t ly  point  out the  sys tem  is cap ab le  of producing 

r e s u l t s  a t  an alarming r a t e .  The use r  is w e l l  a d v i s e d  to 

th ink c a r e fu l ly  before  decid ing  on the type  of a n a l y s e s  

he w i s h e s  to h a v e .

8 . 6 .  A e r a t o r ' s  Manual  -  The rem ainder  of th is

C hap te r  is a copy  of the  manual produced for the  opera tors  

t r a in e d  in the cou rse  of t h i s  s tudy .  It w a s ,  of c o u r s e ,  

sup p lem en ted  by tu to r ia l s  and  p ra c t i c a l  in s t ru c t io n .



Errata* Pages 151 -  159 are to be omitted.
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H I .

I NTRODUCTION

The f o e t a l  ECG c a n  be a  v a l u a b l e  t o o l  i n  t h e  

a s s e s s m e n t  o f  f o e t a l  s t a t u s o  I t  h a s  t h e  

enorm ous  a d v a n t a g e  o f  b e i n g  u t t e r l y  h a r m l e s s  

t o  b o t h  m o t h e r  a nd  c h i l d  a n d  t o  p r e s e n t  an  

e l e c t r i c a l  wavefo rm  w h i c h  i s  e a s y  t o  m a n i p u l a t e .> 

The e l e c t r i c a l  p o t e n t i a l s  r e c o r d e d  a t  t h e  s u r f a . c e  

o f  t h e  b o d y  a r e  t h e  r e s u l t  "if e l e c t r i c a l  a c t i v i t y  

i n  t h e  h e a r t  m u s c l e  i m m e d i a t e l y  p r e c e d i n g  a  c o n -  

t r a c t i o n ,  At  s o u r c e  t h e s e  p o t e n t i e l s  a r e  i n  t h e  

r e g i o n  o f  ^0  m i l l i v o l t s  b u t  by  t h e  t i m e  t h e y  h a v e  

b e e n  a t t e n u a t e d  by  p a s s a g e  t h r o u g h  t h e  b o d y ,  i n  

t h e  a d u l t  t h e y  a r e  i n  t h e  r e g i o n  o f  1 m i l l i v o l t  

a n d  f r o m  t h e  f o e t u s  i n  t h e  r e g i o n  o f  100 m i c r o 

v o l t s  , N o te  t h a t  t h e  a m p l i t u d e  a t  s o u r c e  was 

t h e  same i n  b o t h  c a s e s .

Two e l e c t r o d e s  p l a c e d  on t h e  abdomen o f  a  p r e g n a n t  

p a t i e n t  w i l l  t h e r e f o r e  r e c o r d  t h e  ECG o f  t h e  b a b y  

a n d  h e r  own ECGc O b v i o u s l y  t h e  p a t i e n t ’ s own 

ECG w i l l  be  o f  a  much l a r g e r  v o l t a g e  a nd  w i l l  

d o m i n a t e  t h e  p i c t u r e . .  I f  t h e  f o e t a l  ECG i s  

t o  be  u s e d  a d v a n t a g e o u s l y  i t  m us t  be  r e c o v e r e d  

f ro m  t h i s  c om b ine d  s i g n a l  and  t h i s  i s  p o s s i b l e  by 

t h e  c a n c e l l a t i o n  method d e s c r i b e d  i n  t h i s  m a n u a l ,  

i n  w h i c h  a n o t h e r  ECG c h a n n e l  c o n t a i n i n g  " m a t e r n a l  

o n l y "  i n f o r m a t i o n  i s  i n v e r t e d  a n d  e l e c t r i c a l l y  

a d d e d  t o  t h e  o r i g i n a l  combined  s i g n a l .

The r e c o v e r e d  f o e t a l  EGG i s  now s u i t a b l e  f o r  

a n a l y s i s  i n  & v a r i e t y  o f  ways a n d  t h e  m ethod  o f

i n t e r v a l  h i s t o g r a m  a n a l y s i s  w i l l  be  d e s c r i b e d  
i n  d e t a i l - .
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I I  PLACING OP THE ELECTRODES

The p r o p e r  p r e p a r a t i o n  o f  t h e  p a t i e n t  a n d  t h e  

p l a c e m e n t  o f  t h e  e l e c t r o d e s  on h e r  ahdornen a r e  

o f  t h e  u t m o s t  i m p o r t a n c e  i n  f o e t a l  e l e c t r o c a r d i o -  

g r a p h y c  F o r  p r e f e r e n c e , bho p a t i e n t  s h o u l d  he 

i n  a  f a m i l i a r  Led i n  f a m i l i a r  s u r r o u n d i n g s  a nd  a s  

r e l a x e d  a s  p o s s i b l e «. F i v e  e l e c t r o d e  s i t e s  a r e  

r e q u i r e d  and  t h e s e  a r e  i n d i c a t e d  r o u g h l y  i n  

F i g u r e  1 « O v e r - e l a b o r a t e  p r e p a r a t i o n  o f  t h e  

s i t e  i s  n o t  i n d i c a t e d  and a  b r i e f , b r i s k  r u b  

w i t h  C a m br idge  e l e c t r o d e  j e l l y  i s  q u i t e  s u f f i c i e n t . 

The e a r t h  e l e c t r o d e  on t h e  r i g h t  t h i g h  s h o u l d  be 

p l a c e d  f i r s t j  f o l l o w e d  by  t h e  f o u r  a b d o m i n a l  e l e c 

t r o d e s  i n  o r d e r  f ro m  t h e  p u b i s  u p .  N o te  t h a t  

t h e s e  a b d o m i n a l  e l e c t r o d e s  m u s t  b e  i n  a  s t r a i g h t  

l i n e .  T h e r e  i s  v e r y  c o n s i d e r a b l e  s c o p e  f o r  

a d j u s t m e n t  o f  t h e  e l e c t r o d e s  s p a c i n g s  t o  s u i t  

t h e  i n d i v i d u a l  c a s e  a n d  t h i s  i s  a  m a t t e r  f o r  

p r a c t i c e  a n d  p e r s o n a l  e x p e r i e n c e .  I n  g e n e r a l  

e l e c t r o d e s  2 and  4 w i l l  c o n t a i n  t h e  m a t e r n a l  and  

f o e t a l  s i g n a l s  and  e l e c t r o d e s  3 a n d  5 w i l l  c o n 

t a i n  t h e  m a t e r n a l  o n l y  s i g n a l .  The c o m b i n a t i o n  

o f  p a i r s  i s  b e s t  d e c i d e d  b y  t r i a l  a n d  e r r o r  b u t  

t h e  i m p o r t a n t  p o i n t  r e m a i n s  t h a t  8,11 f o u r  e l e c 

t r o d e s  m us t  l i e  i n  t h e  same s t r a i g h t  l i n e . I t  

i s  s o m e t im e s  f o u n d  t h a t  mov in g  t h e  u p p e r  e l e c t r o d e  

o f  t h e  m a t e r n a l  p l u s  f o e t a l  p a i r  awa} f ro m  t h e  m id 

l i n e  w i l l  im p ro v e  t h e  a m p l i t u d e  o f  t h e  f o e t a l  s i g n a ] . 

H o w e v e r y t h i s  l e a d s  t o  s u c h  c o n s i d e r a b l e  d i f f i c u l t y  

w i t h  c a n c e l l a t i o n  t h a t  i t  i s  r a r e l y  w o r t  m i  i l e .



144.

The e l e c t r o d e s  t h e m s e l v e s  a r e  5 om. d i a m e t e r  

l e a d  a n d  s h o u l d  h e  c o v e r e d  w i t h  a  m o d e r a t e  l a y e r  

o f  e l e c t r o d e  j e l l y  b e f o r e  b e i n g  “ b e d d e d  i n "  a t  

e a c h  s i t e .  They a r e  a t t a c h e d  t o  t h e  abdomen 

w i t h  a  s t r i p  o f  2 “ w id e  e l a s t o p l a s t  u n d e r  g e n t l e  

t e n s i o n .  C a r e  m us t  be  t a k e n  i n  t h e  h a n d l i n g  o f  

t h e s e  e l e c t r o d e s  a s  t h e  s o l d e r  j o i n  b e t w e e n  t h e  

e l e c t r o d e  a nd  t h e  w i r e  l e a d  i s  f a i r l y  f r a g i l e  and  

c a n n o t  t o l e r a t e  r e p e a t e d  b e n d i n g .  The e l e c t r o d e  

l e a d s  c a n  now b e  c o n n e c t e d  t o  t h e  a m p l i f i e r  j u n c t i o n  

box  w h i c h  h a s  f i v e  c o l o u r  coded  s o c k e t s .  The 

c e n t r a l  w h i t e  s o c k e t  i s  t h e  e a r t h  c o n n e c t i o n  and  

s h o u l d  be  c o n n e c t e d  t o  t h e  r i g h t  t h i g h  l e a d .  The 

m a t e r n a l  p l u s  f o e t a l  p a i r  o f  e l e c t r o d e s  s h o u l d  be  

c o n n e c t e d  t o  t h e  b l u e  ( f o r  a  boy )  a n d  y e l l o w  p a i r  

o f  s o c k e t s  and  t h e  m a t e r n a l  o n l y  l e a d s  c o n n e c t e d  

t o  t h e  b l a c k  and  r e d  s o c k e t s .  I f  t h e  e l e c t r o d e s  

a r e  c o n n e c t e d  f ro m  b e lo w  u p w a r d s  i n  o r d e r  i t  w i l l  

b e  f o u n d  t h a t  t h e  m a t e r n a l  o n l y  s i g n a l  i s  a l r e a d y  

i n v e r t e d  b u t  i f ,  on c h e c k i n g ,  t h i s  i s  f o u n d  n o t  

t o  b e  t h e  c a s e ,  t h e  l e a d s  t o  t h e  b l a c k  a nd  r e d  

s o c k e t s  n e e d  o n l y  be  i n t e r c h a n g e d .
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™  OPERATION OP TUB FROG Aig'LIFIERS

As h a s  a l r e a d y  b e e n  e x p l a i n e d  t h e  m ethod  d e p e n d s  

u p o n  o b t a i n i n g  two ECG o h a n n e l S s  one  w i t h  m a t e r n a l  

a n d  f o e t a l  i n f o r m a t i o n j  t h e  o t h e r  w i t h  m a t e r n a l  

o n l y  i n f o r m a t i o n .  T h e s e  two c h a n n e l s  h a v e  t o  be  

a m p l i f i e d  s e p a r a t e l y  a n d  f i n a l l y  m ixed  t o  p r o d u c e  

t h e  f o e t a l  ECG on i t s  own. The c i r c u i t  d i a g r a m  

o f  a m p l i f i e r  s y s t e m  i s  shown i n  f i g u . r e  2 f ro m  

w h i c h  i t  i s  c l e a r  t h a t  t h e  m a t e r n a l  plijA^ f o e t a l  

ECG c h a n n e l  i s  a  s e r i e s  o f  two a m p l i f i e r s  w i t h  

a  f i x e d  g a i n .  The m a t e r n a l  o n l y  c h a n n e l  i s  a  

s i m i l a r  s e r i e s  o f  two a m p l i f i e r s  i n  w h i c h  t h e  

s e c o n d  a m p l i f i e r  h a s  a  v a r i a b l e  g a i n  c o v e r i n g  

t h e  r a n g e  r o u g h l y  f ro m  h a l f  t o  t w i c e  t h a t  o f  t h e  

m a t e r n a l  p l u s  f o e t a l .  The g a i n  c o n t r o l  o f  t h i s  

a m p l i f i e r  i s  t h e  " b a l a n c e "  c o n t r o l  on t h e  p a n e l  

o f  t h e  a m p l i f i e r  box* The o u t p u t  f ro m  t h e s e  

two c h a n n e l s  i s  t a p p e d  a n d  r e s i s t i v e l y  a d d e d  a t  

t h e  i n p u t  o f  a  f i f t h  a m p l i f i e r  whose  g a i n  i s  

v a r i a b l e  i n  s t e p s  x l j  x 2 ,  x 3 j  x 4 » T h r e e  o u t p u t s  

a r e  t h e r e f o r e  a v a i l a b l e ,  m a t e r n a l  p l u s  f o e t a l ,  

m a t e r n a l  o n l y  a n d  f o e t a l  o n ly »

The f i r s t  a m p l i f i e r  i n  e a c h  c h a n n e l , i s  c o n t a i n e d  

w i t h i n  t h e  t e r m i n a l  b o x  a t  t h e  p a t i e n t  end  o f  t h e  

m a in  e l e c t r o d e  l e a d .  T h i s  i s  t o  r e d u c e  p i c k  up 

o f  e x t r a n e o u s  e l e c t r i c a l  s i g n a l s  i n  t h e  l e a d  

s y s t e m .  A l l  t h e  o t h e r  c o m p o n e n t s  o f  t h e  a m p l i f i e r  

s y s t e m  a r e  c o n t a i n e d  w i t h i n  t h e  a m p l i f i e r  box*

The c o n t r o l s  i n  t h e  f r o n t  p a n e l s  o f  t h i s  box  a r e  

shown i n  f i g u r e  3 and  a r e  a s  f o l l o w s ; -
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1 .  G a in  C o n t r o l  -  t h i s  i s .  t h e  s t e p p e d  g a i n  c o n t r o l  

o f  t h e  f i n a l  a m p l i f i e r  on t h e  f o e t a l  o n l y  

c h a n n e l  and  p r o d u c e s  a  g a i n  o f  x l ,  x 2 , x3 o r  

x4  a s  r e q u i r e d .  T h e  f u n c t i o n  o f  t h i s  c o n t r o l  

i s  t o  p r o d u c e  a  f o e t a l  s i g n a l  o f  s u f f i c i e n t  

a m p l i t u d e  t o  m a tc h  t h e  t a p e r e c o r d e r  a nd  a  s i g n a l

•fo f  - 1  v o l t  i s  o p t im u m 0

2 @ B a l a n c e  C o n t r o l  -  t h i s  c o n t r o l  c o r r e s p o n d s  t o  

t h e  g a i n  on t h e  s e c o n d  m a t e r n a l  o n l y  a m p l i f i e r  

a n d  p r o v i d e s  t h e  c o n t r o l  f o r  v a r y i n g  t h e  amount  

o f  m a t e r n a l  o n l y  s i g n a l s  s u b t r a c t e d  f rom  t h e  

com bined  m a t e r n a l  p l u s  f o e t a l  s i g n a l s .  I t  i s  

a  t e n  t u r n  p o t e n t i o m e t e r  a n d  t h i s  a l l o w s  f o r  a  

v e r y  f i n e  a d j u s t m e n t  o f  t h e  b a l a n c e  b e t w e e n  t h e  

two c h a n n e l s .  W h i l e  some p r a c t i c e  i s  r e q u i r e d  i n  

t h e  m a t t e r  o f  b a l a n c i n g  t h e  two c h a n n e l s  i t  i s  

n o t  a  d i f f i c u l t  p r o c e d u r e  a n d  t h i s  i s  a  c o n v e n i e n t  

p o i n t  t o  r e m i n d  p o t e n t i a l  o p e r a , t o r s  t h a t  t o t a l  

c a n c e l l a t i o n  i s  n o t  r e q u i r e d  o n l y  t h a t  some p a r t  

o f  t h e  f o e t a l  s i g n a l  s h o u l d  s t a n d  e.bove o r  b e lo w  

t h e  g e n e r a l  s i g n a l  l e v e l .

3o O u t p u t  s o c k e t  f o r  t h e  f o e t a l  o n l y  s i g n a l .

4» O u t p u t  s o c k e t  f o r  t h e  m a t e r n a l  o n l y  s i g n a l  «

O u t p u t  s o c k e t  f o r  t h e  m a t e r n a l  + f o e t a l  s i g n a l .  

T h e s e  t h r e e  o u t p u t s  c a n  be  d i s p l a y e d  on t h e  

o s c i l l o s c o p e  a nd  p r o v i s i o n  i s  made f o r  s w i t c h i n g  

b e t w e e n  o u t p u t s  4 a n d  5 w i t h o u t  i n t e r f e r i n g  w i t h  

t h e  s o c k e t  c o n n e c t i o n .

6 .  B a t t e r y  T e s t  -  L i g h t .

Y. B a t t e r y T e s t  ~ P u s h b u t t o n  -  when t h i s  p u s h b u t t o n  

i s  p r e s s e d  t h e  battery t e s t  l i g h t  ( 6 )  w i l l  l i g h t
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up p r o v i d e d  t h e  f u l l  ‘b a t t e r y  v o l t a g e  i s  

a v a i l a b l e  o T h i s  c o n t r o l  i s  o n l y  o p e r a t i v e

when m ain  o n / o f f  s w i t c h  ( 9) i s  o n .

8 .  I n p u t  s o c k e t  -  t h j s  s o c k e t  c o n n e c t s  t h e  c a b l e  

t o  t h e  t e r m i n a l  box  a t  t h e  p a t i e n t  a nd  c a r r i e s  

t h e  n e c e s s a r y  i n p u t  w i r e s  f ro m  a l l  t h e  e l e c t r o d e s  

a n d  a l s o  a  pow er  s u p p l v  f o r  t h e  two p r e - a m p l i f i e r s

9 o O n / O f f  Sw i t c h  -  t h i s  s w i t c h  o b e y s  t h e  A m e r i c a n  

c o n v e n t i o n  o f  down f o r  off® The r e a s o n  f o r  

a d o p t i n g  t h i s  c o n v e n t i o n  on o u r  i n s t r u m e n t a t i o n  

i s  t h a t  i n  g e n e r a l  i t  i s  e a s i e r  t o  k n o c k  a  

s w i t c h  down i n  a n  e m e rg en c y  t h a n  t o  p u l l  i t  u p .
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P i g .  8 . 60 4 .  l a o n i t o r  o s c i l l o s c o p e
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IV OPERATION OF THE MONITOR OSCILLOr>COPE

T h i s  o s c i l l o s c o p o  i s  a  s m a l l  d u a l  beam o s c i l l o s c o p e  

w i t h  a  l o n g  p e r s i s t a n c e  t u b e , I n  t h i s  a p p l i c a t i o n  

i t  i s  p r e w i r e d  so  t h a t  t h e  f o e t a l  o n l y  ECO c h a n n e l  

i s  a l w a y s  d i s p l a y e d  on t h e  u p p e r  t r a c e  ( t r a c e  l )  

and  e i t h e r  t h e  m a t e r n a l  -p f o e t a l  o r  m a t e r n a l  o n l y  

c h a n n e l  c a n  b e  s w i t c h e d  t o  t h e  l o w e r  t r a c e  ( t r a c e  2 ) « 

T h i s  s w i t c h i n g  i s  d e s c r i b e d  i n  C h a p t e r  V« The c o n 

t r o l s  o f  t h e  o s c i l l o s c o p e  a r e  a l l  c l e a r l y  marked  on 

t h e  i n s t r u m e n t  and  a r e  d e m o n s t r a t e d  i n  F i g u r e  4®

They a r e  a s  f o l l o w s s -

l o  C h a n e l  1 Y g a i n . T h i s  c o n t r o l j  t h e  o u t e r  knob  

o f  t h e  two c o n c e n t r i c  c o n t r o l s  1 and  2 ,  c o n t r o l s  

t h e  a m p l i t u d e  o f  t h e  s i g n a l  on t h e  s c r e e n  «

A l t h o u g h  t h e  s c a l e  i s  n o t  c a l i b r a t e d  t h e  p o s i t i o n  

c o r r e s p o n d i n g  t o  one v o l t  p e r  c e n t i m e t r e  i s  marked

2 .  C h a n e l  1 Y d i s p l a c e m e n t »  T h i s  i s  t h e  i n n e r  o f

t h e  two c o n c e n t r i c  c o n t r o l s  a nd  c o n t r o l s  t h e

p o s i t i o n  o f  t h e  t r a c e  on t h e  s c r e e n .

3 .  C h a n n e l  2 Y g a i n  c o n t r o l .

4* C h a n n e l  2 Y d i s p l a c e m e n t  c o n t r o l .

5 . I n t e n s i t y  c o n t r o l .  T h i s  c o n t r o l s  t h e  b r i g h t n e s s  

o f  b o t h  t r a c e s  on t h e  s c r e e n .

60 The m a in s  i n d i c a t o r  l a m p . T h i s  l i t t l e  l i g h t  i s  

i l l u m i n a t e d  when t h e  m a i n s  s w i t c h  i s  o n .

7* O n / O f f  s w i t c h .  T h i s  i s  t h e  m a in s  o n / o f f  s w i t c h

c o n t r o l l i n g  o n l y  t h e  o s c i l l o s c o p e .  I t  a g a i n

o b e y s  t h e  A m e r i c a n  c o n v e n t i o n  o f  down f o r  o f f .

8 . The Sweep Speed  C o n t r o l .  T h i s  i s  t h e  o u t e r  o f

■ t h e  c o n c e n t r i c  c o n t r o l s  8 a n d  9 a nd  c o n t r o l s

t h e  s p e e d  a t  wh ioh  b o t h  s i g n a l s  c r o s s  t h e  s c r e e n .
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9o The X p o s i t i o n  c o n t r o l  i s  n o t  r e q u i r e d  i n  

n o r m a l  o p e r a t i o n .  I t  p o s i t i o n s  t h e  w i d t h  

o f  t h e  sweep  w i t h i n  t h o  s c r e e n  a r e a -
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I'ig. 8 .6.3. I’SCG switching box.
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V OPERATION 0? SWITCniîx'ü BOX

The s w i toh in^ ^  hojc i s  i n c l u d e d  i n  t h e  a i ^ p a r a t u s  

f o r  c o n v e n i e n c e  t o  e n a b l e  s w i t c h i n g  o f  t h e  

v a r i o u s  a m p l i f i e r  o u t p u t s  t o  o t h e r  e q u ip m e n t  

w i t h o u t  i n t e r f e r i n g  w i t h  t h e  t e r m i n a l  c o n n e c t i o n s t  

I t  i n c l u d e s  s e v e r a l  o u t p u t  s o c k e t s  w h i c h  a l l o w  

a c c e s s  t o  t h e  s i g n a l s  a t  v a r i o u s  p a r t s  o f  t h e  

s y s t e m  b u t  t h e s e  a r e  u s u a l l y  r e q u i r e d  o n l y  f o r  

s e r v i c i n g  and  a r e  n o t  u s e d  i n  n o r m a l  o p é r a t i o n ^

The m a j o r  c o n t r o l  i n  t h i s  box  i s  a  m u l t i - p o s i t i o n  

w a f e r  s w i t c h ,  t h e  p o s i t i o n s  a r e  c l o c k w i s e s

1)  c o n n e c t s  t h e  m a t e r n a l  o n l y  o u t p u t  o f  t h e  

a m p l i f i e r  s y s t e m  t o  t h e  l o w e r  c h a n n e l  

( c h a n n e l  2)  o f  t h e  o s c i l l o s c o p e c

2)  c o n n e c t s  t h e  m c i t e rn a i  + f o e t a l  c h a n n e l  t o  t h e  

l o w e r  c h a n n e l  o f  t h e  o s c i l l o s c o p e »

3) c o n n e c t s  t h e  o u t p u t  o f  t h e  t a p e r e c o r d e r  ( s e e  

c h a p t e r  V l )  t o  b o t h  c h a n n e l s  o f  t h e  o s c i l l o s c o p e »

4)
5) Not  y e t  i n  u s e ,
6)

N o t e  t h a t  i n  b o t h  p o s i t i o n s  1 a n d  2 t h e  f o e t a l  

o n l y  ECG i s  a l w a y s  c o n n e c t e d  t o  t h e  u p p e r  c h a n n e l  

a n d  t h a t  t h e  t a p e r e c o r d e r  w i l l  r e c o r d  p r e c i s e l y  

w h a t  i s  d i s p l a y e d  on t h e  o s c i l l o s c o p e .
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VI OPERATION OF THE TAPERECORDER

The t a p e r e c o r d c r  i s  t h e  s t a n d a r d  ^ u n m o d i f i e d  

E p s y l o n  t a p e r e c o r d e r  and  f o r  f u l l  d e t a i l s  t h e  

E p s y l o n  manua l  c a n  he  c o n s u l t e d  » I n  t h i s  

a p p l i c a t i o n  t h e  t a p e r e c o r d e r  i s  r u n  a t  l |- "  

p e r  s e c o n d  ( t h i s  e n a b l e s  f a s t  p l a y  b a c k  a t  15” 

p e r  s e c o n d  i f  n e c e s s a r y )  w i t h  t h e  i n p u t s  c o r r e s 

p o n d i n g  t o  t h e  s i g n a l s  on t h e  m o n i t o r i n g  o s c i l l o 

s c o p e  ( C h a p t e r  i v j o n  t h e  two PM c h a n n e l s .  The 

v o i c e  a nd  t i m e  m a r k e r  c h a n n e l s  a r e  b o t h  a v a i l a b l e  

a nd  may b e  f r e e l y  u s e d .  A t  no s t a ,g e  i s  t h e r e  a n y  

n e e d  t o  i n t e r f e r e  w i t h  t h e  i n p u t  o r  o u t p u t  l e a d s  

t o  t h e  t a p e r e c o r d e r  a s  t h e s e  a r e  c o n t r o l l e d  f ro m  

t h e  s w i t c h i n g  box  ( C h a p t e r  v)* The o n l y  d i f f i 

c u l t y  w i t h  t h i s  p a r t i c u l a r  m a c h i n e  l i e s  i n  

t h r e a d i n g  t h e  t a p e  t h r o u g h  t h e  t a p e  h e a d s .  I t  

i s  a l l  t o o  e a s y  t o  l a y  t h e  t a p e  on t h e  wrong s i d e  

o f  t h e  p o s i t i o n i n g  p o s t s  w h i c h  a p p l y  t h e  t a p e  t o  

t h e  t a p e h e a d s  d u r i n g  r e c o r d / p l a y b a c k .  T h i s  s h o u l d  

be  c h e c k e d  v e r y  c a r e f u l l y  a t  e a c h  o p e r a t i o n .
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V I I  OPERATION OP TINl COMPUTER

The c o m p u t e r  u s e d  h e r e  i s  a  s t a n d a r d  N u c l e a r  

C h i c a g o  R e t r i e v a l  corapuber  Model  7100C and f o r  

f u l l  d e t a i l s  t h e  manua l  i s  a v a i l a b l e  f o r  c o n 

s u l t a t i o n ,  On ly  t h o s e  c o n t r o l s  n e c e s s a r y  f o r  

o p e r a t i o n  i n  t h e  p r e s e n t  c o n t e x t  w i l l  be  d e s c r i b e d t  

T hey  a r e  shown i n  F i g u r e  6 a nd  a r e  a s  f o l l o w s s  

1 0 C o u n t e r  r e s e t . The c o m p u t e r  w i l l  c o u n t  t h e  

number  o f  e v e n t s  i t  h a s  d e a l t  w i t h  up t o  999 

a n d  t h i s  c a n  be  s e t  a t  a e r o  by  t h i s  c o n t r o l ,

2 ,  Maximum c o u n t  c o n t r o l , The c o m p u t e r  c a n  b e

s e t  t o  c e a s e  i t s  o p e r a t i o n  a f t e r  a n y  number  o f  

e v e n t s  b u t  i n  t h i s  c o n t e x t  i t  i s  u s u a l  t o  s e t  

t h e  c o n t r o l  a t  i n f i n i t y  s o  t h a t  t h e  c o m p u t e r  

d o e s  n o t  i n  f a c t  s t o p  u n t i l  t h e  o p e r a t o r  d e c i d e s ,  

3» P r o g ram s e l e c t o r .  T h i s  c o n t r o l  h a s  f o u r  p o s i t i o n s  

w h i c h  a r e  c lo c k w i s e *

( a )  R e a d o u t  -  i n  t h i s  p o s i t i o n  t h e  memory s t o r e s  

o f  t h e  c o m p u t e r a r e  a v a i l a b l e  f o r  o u t p u t  t o  

l i n e  p r i n t e r s  y X-Y p l o t t e r ,  t a p e p u n c h ,  e t c .

I t  i s  a l w a y s  o p e r a t e d  i n  c o n j u n c t i o n  w i t h  

c o n t r o l  1 6 ,

( b )  Memory d i s p l a y .  I n  t h i s  p o s i t i o n  t h e  memory- 

s t o r e s  o f  t h e  c o m p u t e r  a r e  d i s p l a y e d  on i t s  

own o s c i l l o s c o p e  s c r e e n .  T h i s  c o n t r o l  i s  

o f t e n  o p e r a t e d  i n  c o n j u n c t i o n  w i t h  c o n t r o l s  

11 a n d  1 9 o

( c )  I n p u t  m o n i t o r .  I n  t h i s  p o s i t i o n  i t  i s  

p o s s i b l e  t o  m o n i t o r  t h e  i n p u t  s i g n a l  c 

t h e  c o m p u t e r  and  t h i s  i s  o p e r a t e d  i n  c o n 

j u n c t i o n  un t i l  c o n t r o l s  12 and  l"^.
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( d )  C o m p u t o , , I n  t h i s  p o s i t i o n  t h e  c o m p u t e r  

w i l l  e x e c u t e  a n y  o f  t h e  p r o g r a m s  d e c i d e d  

b y  c o n t r o l  l 8 «

4<» Ma s t e r  e r a s e , T h i s  b u t t o n  w i l l  e r a s e  t h e  m em or ie s  

o f  t h e  c o m p u t e r  o n l y  when c o n t r o l  3 i s  i n  t h e  

memory d i s p l a y  p o s i t i o n .  I n  c o n j u n c t i o n  w i t h  

c o n t r o l s  9 and  10 t h e  s l a v e  e r a s e  b u t t o n s  A,

Bj C a nd  D c a n  be u sed  t o  e r a s e  s m a l l  p o r t i o n s  

o f  t h e  memorye None o f  t h e  e r a s e  b u t t o n s  w i l l

o p e r a t e  i n  a n y  o t h e r  p o s i t i o n  o f  c o n t r o l  3 ,

5® P r e - a n a l y s i s  i n t e r v a l , I n  some c i r c u m s t a n c e s

i t  i s  d e s i r a b l e  t o  a l l o w  a  d e l a y  b e f o r e  a n a l y s i s  

coramenoes b u t  i n  t h i s  a p p l i c a t i o n  c a r e  m us t  be 

t a k e n  t o  s e t  t h i s  c o n t r o l  a t  a e r o ,

6 ,  A n a l y s i s  I n t e r v a l , The i n t e r v a l  o v e r  w h ich

a n a l y s i s  t a k e s  p l a c e  i s  v a r i a b l e  o v e r  w ide

l i m i t s  b u t  i n  t h i s  a p p l i c a t i o n  t h e  t i m e  o f  one 

s e c o n d  i s  o p t i m a l *

7 « P o s t  A n a l y s i s  I n t e r v a l , I n  some p h y s i o l o g i c a l  

e x p e r i m e n t s  i t  i s  d e s i r a b l e  t o  h a v e  a  r e s t i n g  

p h a s e  a f t e r  e a c h  a n a l y s i s .  T h i s  i s  n o t  

a p p l i c a b l e  h e r e  a nd  a g a i n  c a r e  s h o u l d  be  t a k e n  

t h a t  t h i s  c o n t r o l  i s  s e t  a t  z e r o ,

8 ,  S t i m u l u s  S y n c h r o n i s a t i o n  S e l e c t o r ,  T h i s  c o n t r o l  

d e c i d e s  t h e  t r i g g e r  f o r  t h e  c o m p u t e r s  o p e r a t i o n

a n d  h e r e  i t  must  be  s e t  a t  t h e  d i s c r i m i n a t o r  A

p o s i t i o n .  The o t h e r  p o s i t i o n s  a r e  n o t  a p p l i c a b l e ,  

9* I n p u t  C h a n n e l  C o n t r o l ,  T h i s  c o m p u t e r  i s  c a p a b l e

o f  o p e r a t i n g  on one ,  two o r  f o u r  c h a n n e l s .  Those  

c a n  b e  s e l e c t e d  by  t h i s  c o n t r o l  b u t  h e r e  c h a n n e l  A 

i s  u s e d  f o r  n o r m a l  o p e r a t i o n .
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1 0 o Hor i z o n t a l  Fu l l - s c a l e  B a t a  P o i n t s , T h i s  c o n 

t r o l  i s  o o m p lo m c n ta ry  t o  C o n t r o l  9 and m us t  

‘be s e t  t o  4-00 f o r  c h a n n e l  A y 200 f o r  c h a n n e l  A 

a n d  By o r  100 f o r  c h a n n e l s , A, Bj C a nd  B,

The m a j o r  u s e  i n  t h i s  a p p l i c a t i o n  i s  t o  s p l i t  

t h o  memory i n t o  f o u r  p a r t s  a f t e r  a n a l y s i s  t o  

a l l o w  f o r  e r a s i n g  o f  n o i s y  p a r t s  o f  t h e  b a s e 

l i n e  ( c o n t r o l  4)=

11 ,  V e r t i c a l  Sc a l e  C o u n t ,  T h i s  c o n t r o l  h a s  b e e n

m o d i f i e d  a nd  t h e  v e r t i c a l  s c a l e  c o u n t  i s  o n l y  

l / l O t h  o f  t h a t  i n d i c a t e d .  T h i s  c o n t r o l  c a n  be 

c h a n g e d  d u r i n g  a n a l y s i s  a n d  on memory d i s p l a y  

b u t  a  r e a s o n a b l e  s t a r t i n g  p o i n t  i s  t h e  2K p o s i t i o n ,

1 2 o I n p u t  P o l a r i t y  C o n t r o l , The c o m p u t e r  o n l y

o p e r a t e s  on a  s i g n a l  whose m ain  d e f l e c t i o n  i s  

u p w a r d s  on t h e  o s c i l l o s c o p e  s c r e e n .  S h o u l d  

i t  b e  r e q u i r e d  t o  d e a l  w i t h  a  s i g n a l  i n  w h ich  

t h e  m ain  d e f l e c t i o n  i s  dow nw ards ,  t h i s  c o n t r o l  

c a n  b e  s e t  t o  r e v e r s e  t h e  i n p u t  t e r m i n a l s  

t h e r e b y  p r o d u c i n g  a n  a p p a r e n t  upward  d e f l e c t i n g  

s i g n a l ,

1 3 » I n p u t  A t t e nu a t o r , T h i s  c o n t r o l  w h ic h  i s  c o n 

c e n t r i c  w i t h  t h e  i n p u t  p o l a r i t y  c o n t r o l  ( 1 2 )  

h a s  f o u r  p o s i t i o n s  b y  w h i c h  t h e  a m p l i t u d e  o f  

t h e  i n p u t  s i g n a l  can  b e  v a r i e d  t o  m a tc h  t h e  

r e q u i r e m e n t s  o f  t h e  c o m p u t e r , W i th  t h e  p r o g r a m  

c o n t r o l  ( 3 )  i n  the  i n p u t  m o n i t o r  p o s i t i o n ,  t h i s  

a t t e n u a t o r  c o n t r o l  s h o u l d  be  s e t  s o  t h a t  t h e  

maximum d e f l e c t i o n  o f  t h o  s i g n a l  i s  a b o u t  2 cm.
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1 4 T .Base L in o  S t a b i l i t y , T h i s  c o n t r o l  i s  u s e d

t o  c e n t r e  t h e  b a s e  l e v e l  o f  t h e  in%jut s i g n a l  

t o  t h e  r e q u i r e d  p a r t  o f  t h e  c o m p u t e r ’ s 

o s c i l l o s c o p e .  I t  i s  a l s o  u s e d  d u r i n g  t r a n s i e n t  

a v e r a g i n g  c o n t r o l  ( l 8 )  b u t  t h i s  i s  n o t  p e r t i n e n t  

t o  t h e  p r e s e n t  s i t u a t i o n ,

1 5 0 S t a , r t  B u t t o n ,  Once a l l  t h e  c o m p u t e r  c o n t r o l s

h a v e  b e e n  s e t  t o  t h e  d e s i r e d  p o s i t i o n s  p r e s s i n g  

t h e  b u t t o n  commences t h e  o p e r a t i o n s  o f  t h e  

c o m p u t e r ,

l 6 .  B i s 0r i m i n a t o r  Lev e l . T h i s  c o n t r o l  d e t e r m i n e s  

t h e  v o l t a g e  o f  t h e  i n p u t  s i g n a l  w h ic h  w i l l  

t r i g g e r  t h e  o p e r a t i o n s  o f  t h e  compuber* I t  

s h o u l d  n o r m a l l y  be  s e t  a/b z e r o  a nd  t h e n  moved 

c l o c k w i s e  y o r  a n t i - c l o c k w i s e  u n t i l  t h e  d e s i r e d  

t r i g g e r  l e v e l  i s  a c h i e v e d , T h i s  c a n  be  c h e c k e d  

e i t h e r  b y  e x a m i n a t i o n  o f  t h e ' i n p u t  m o n i t o r  

( C o n t r o l  3) w i t h  t h e  c o m p u t i n g  mode s w i t c h  ( l 7 )  

a t  t h e  t i m e  h i s t o g r a m  p o s i t i o n  o r  a l t e r n a t i v o l y , 

w i t h  t h e  c o m p u t e r  r u i m i n g  i n  t h e  i n t e r v a l  h i s t o 

gram  p o s i t i o n  t h e  d i s c r i m i n a t o r  l e v e l  may b e  

a d j u s t e d  u n t i l  i n t e r v a l s  c o m p a t i b l e  w i t h  f o e t a l  

ECG i n t e r v a l s  a r e  a c h i e v e d ,

1 7 » Com puter  Mode G e l e c t i o u , T h i s  c o n t r o l  h a s  t h r e e  

p o s i t i o n s  o f  w h ic h  o n l y  t h e  i n t e r v a l  h i s t o g r a m  

i s  o f  a n y  i n t e r e s t  h e r e , The t i m e  h i s t o g r a m  

p o s i t i o n  can  b e  u s e d  i n  c o n j u n c t i o n  w i t h  c o n t r o l s  

3 a n d  l 6  8 u t  t h i s  i s  r a r e l y  n e c e s s a r y ,  

l 8 .  V e r t i c a l  P o s i t i o n  * T h i s  c o n t r o l  o n l y  o p e r a t e s

i n  t h e  memory d i s p l a y  p o s i t i o n  o f  c o n t r o l  3 a nd  

c a n  be  u s e d  t o  move t h e  d i s p l a y  up and down t h e
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o s c i l l o s c o p e  s c r e e n ,

19 « R e a d - o u t ,  T h i s  s w i t c h  s e l e c t s  t h e  s p e e d  a t  

which, t h e  c o m p u t e r  w i l l  r e a d  o u t  t h e  i n f o r m 

a t i o n  o f  i t s  menury  s t o r e s  t o  a c c e s s o r y  

e q u ip m e n to  I n  t h i s  s u p p l i c a t i o n  i t  i s  a l w a y s  

s e t  a t  64 s e c o n d s  s o  a s  t o  ma,tch b e s t  t h e  XY 

p l o t t e r  e m p l o y e d ,  R o t e  t h a t  t h e  s t a r t  b u t t o n  

( 15) i s  t h e  c o n t r o l  w h i c h  i n i t i a t e s  r e a d - o u t  

when t h e  p r o g r a m  s e l e c t o r  ( 3 )  i s  s e t  a t  r e a d 

o u t  p o s i t i o n .

T h i s  c o m p u t e r  u n d o u b t e d l y  p r e s e n t s  t h e  mos t  

b e w i l d e r i n g  a r r a y  o f  k n o b s  o f  a n y  o f  t h e  

e q u i p m e n t  i n  t h i s  a s s e m b l y  a n d  t h e r e  c a n  be 

no p o s s i b l e  s u b s t i t u t e  f o r  e x p e r i e n c e  and 

p r a c t i c e  i n  i t s  o p e r a t i o n .
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\% I I  OPERATION OF THE XY PLOTTER

Tills p l o t t e r  i s  th e  s tan d a rd  Houston In s tru n e n ts  

p l o t t e r  and th e  manual i s  aviiLlable fo r  f u r th e r  study  

Tlie c o n tro ls  o f  t h i s  p l o t t e r  a re  o f  l i t t l e  re lev an ce  

h e re  as th ey  can rem ain perm anently  s e t  a t  t h e i r  

p re se n t p o s it io n  because th e  can p u te r generates bo th  

th e  X and Y in fo rm atio n .

In  th e  u su a l re a d -o u t mode o f  th e  computer' a  61 

se c a id  sweep re p re se n ts  8 inches on t h i s  p lo t te r s  We 

have h e re  a. u s e fu l check on th e  accuracy  o f  th e  p l o t t e r  

as th e  com pleted graph should  occupy e x a c tly  8 in c h es . 

Shoul.d t h i s  n o t be tlie  case  a  very  s l i g h t  adjus'bnent 

o f  th e  f in e  Y g^iin c o n t to l  can be undertaken  b u t th i s  

i s  ex trem ely  d e l ic a te ,

The p r a c t i c a l  p o in ts  to  n o te  about th e  use  o f  t h i s  p lo tte r  

a re  th e  d i f f i c u l t i e s  in  in s e r t in g  th e  graph pap er in to  

■ th e  d ia n n e ls  as i t  i s  indeed  a  t i g h t  f i t  and th a t  i f  

th e  pen i s  allow ed to  o v e r - ru i  in  any d i r e c t io n  i t  i s  

very  s u s c e p tib le  to  damage.
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IX MALYSIS OF THE INTERVAL HISTOGRAM

The geii.er'al form o f  h is tog ram  produced by th e  XY 

p l o t t e r  ( c h ap te r  B) i s  shown in  F ig . 7« From th i s  

i t  can be seen th a t  8 inches re p re se n ts  th e  f u l l  

tim e s c a le  o f 1 second , I t  fo llo w s th en  th a t  eacii 

sm all te n th " in c h  squam  re p re se n ts  12.5 m i l l i s e c s .

Tlie u n i ts  on th e  Y a x is  do n o t have to  be id e n t i f ie d  

as th e  mean and standarxl d e v ia t io n  ca i.cu la tio n s  

depend upon p ro p o rtio n  r a th e r  th an  upon ab so lu te  

v a lu e . I t  i s  s u f f i c i e n t  th en  to  exp ress  th e  Y 

v a lu es  as numbers o f  sm all sq u a re s . The graph i s  

c o n s tru c te d  by jo in in g  th e  c r e s ts  p lo t te d  by th e  

XY p l o t t e r  and th e  value  o f  Y decided  fo r  each value 

o f  X ( i . e .  tim e) over th e  a p p ro p r ia te  s e c tio n  o f  th e  

g rap h .

F u r th e r  c a lc u la t io n  i s  c a r r ie d  o u t on an I.M.E.  D ig i- 

r e co rd e r whicli i s  so programmed t h a t  only th e  f i r s t  

va lue  o f X i s  re q u ire d  5 th e  machine supp ly ing  sub

sequent va lues o f  i t s  ovm acco rd . P lease  n o te  h e re  

t h a t  th e  value o f  Y = 0 i s  th e  in s t r u c t io n  t o  th e  

c a lc u la to r  t o  commence i t s  c a lc u la t io n s  and th a t  th e  

f i i " s t  value o f  Y must n ev er be ze ro ; i t  may w e ll be 

. 001 ,

In s tru c t io n s  fo r  th e  o p e ra tio n  o f  th e  I.M.E,  Digl -  

re c o rd e r  a re  a v a ila b le  w ith  th e  machine and th e  p o in ts  

to  n o te  h e re  a re  th a t  only  th e  f i r s t  X va lue  ( i . e .  

tim e) i s  re q u ire d  and th a t  th e  Y va lues a re  pundied
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in  sequence endnig v'lith Y - 0 which i s  th e  in s t r u c t io n  f o r  

th e  coiriputer to  conpute th e  mean ̂  s tan d a rd  d e v ia tio n  

and c œ f f i c i e n t  o f v a r ia t io n  ih  order. These th re e  

parameters a re  tlien  a v a ila b le  f o r  ccmpæri.son w itli th e  

s t a t e  o f  th e  in fa n t  a t  b i r t h .
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9 . 1 .  In t roduct ion  -  In th i s  s e r i e s  the ne t

w a s  d e l ib e ra t e ly  c a s t  much more w ide ly  than  in the  previous  

s e r i e s .  No a t tem pt  w a s  made to s e l e c t  p a t i e n t s  o ther than 

the fac to rs  c au s in g  th e i r  adm iss ion  to the  h o s p i t a l .  By the 

na ture  of the  G lasgow  Royal Mate rn ity  H o s p i t a l  th i s  s t i l l  

r e p re s e n t s  very  co n s id e rab le  s e l e c t io n .  M os t  p a t i e n t s  are  of 

s o c i a l  c l a s s  4 and  5, many are unmarried an d  high par i ty  is 

common. These ,  however ,  are the very  groups in which 

p e r in a ta l  lo s s  is high and  where  scope  e x i s t s  for r ea l  

improvement .

In a ll  162 FECG ex am ina t ions  were ca r r ied  ou t  on 135 p a t i e n t s  

In the l a s t  few w eek s  of p regnancy .  None of the records  were  

obta  ined in l a b o u r .

The comple te  da ta  on every  pa t ien t  is l i s t e d  in Appendices  

A and  B . This Chapter  w i l l  examine the  more pe r t inen t  data 

both  on the popula t ion  and  indiv idual b a s i s .

9 . 2 .  G enera l  desc r ip t ion  of the  popula t ion  s tud ied  - 

Before embarking  on a d e ta i l ed  s ta t isL ica l  s tudy  of the  r e s u l t s  

in a t r i a l  such  a s  th is  it is  very  n e c e s s a r y  to t a k e  an overa l l  

v iew  of the  popula t ion  s tud ied  to ensure  t h a t  the  popula t ion  

i t s e l f  is  not so u n u su a l  a s  to inva l ida te  the  r e s u l t s  ob ta ined  

from i t .

9 . 2 . 1 .  M ate rna l  age and  par i ty  -  As maternal  age

and pa r i ty  are w e l l  known to contr ibute  towards  the outcome 

of p regnancy  th e s e  two fac to r s  were  the obv ious  g en e ra l  

po in ts  to c o n s id e r  f i r s t .  Fig.  9 . 1 .  shows the  h is togram 

of the  a g e s  of a l l  the mothers  in the  s e r i e s  by  one year  

in te rv a l s ,  i r r e spec t ive  of pa r i ty .  It d e m o n s t ra te s  c l e a r ly  the 

e x p e c t e d  "humps" a t  a g es  19 and  24 and  a g r e e s  wi th  the 

ove ra l l  U.K. pa t te rn .

Figs,  9 .2  and 9 .3  show the distribution for primiparous and
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mult iparous  m othe rs .  From th e se  two it c an  be  s ee n  th a t  the  

f i r s t  p eak  a t  19 is due (not surpris ingly) to f i r s t  p reg n an c ie s  

and  the  s eco n d  peak  a t  2 4 is due to a com bina t ion  of some 

of the  f i r s t  group having a su b se q u e n t  b ab y  and  ano ther  group 

of pr imiparous  p a t i e n t s .

These  are  e a s i l y  ex p la in ed  -  and indeed  e x p e c t e d  -  by the 

pa t te rn  of marriage and p regnancy  in our s o c i e ty .  Socia l  groups 

IV and  V te n d  to marry and reproduce  ea r ly ,  abou t  18 to  20, 

whi le  the  p ro f e s s io n a l  group ten d  to marry l a t e r  (after Un ivers i ty  

e t c . ) a t  24 to 25 .

At l e a s t  in t h e s e  two r e s p e c t s ,  age and  pa r i ty ,  t h i s  group of 

mothers  c an  be a s s u m e d  not to be u n u s u a l .

9 . 2 . 2 ,  Dura tion of p regnancy  -  The problems of the  

d ia g n o s i s  of maturi ty  and duration of p regnancy  are  not s t r i c t ly  

r e l e v a n t  to th i s  t h e s i s .  N e v e r t h e l e s s ,  as  the  informat ion w as  

c o l l e c t e d  and  the  data  surp r i s ing ,  it s eem s  ju s t i f i a b le  to 

d ig re s s  a l i t t l e .  The e x p e c te d  da te  of de l ive ry  w as  c a l c u l a t e d  

in the  u s u a l  manner bu t  on ly  in those  c a s e s  w here  the menst rual  

h i s to ry  w as  r e l i a b l e .  Fig .  9 , 4 ,  shows the  d is t r ibu t ion  of the  

a c tu a l  dura tion  of p regnancy  about  the  nominal 280 d a y s .  The 

mean dura t ion  is 287 days  and  no l e s s  than  45 p a t i e n t s  (36%) 

were  ove r  12 d a y s - l a t e .

This f inding, of c o u r s e ,  r e f l e c t s  the induct ion  po l icy  of the 

o b s t e t r i c i a n s  c o n ce rn e d .  In the unit  where  t h i s  s tudy  w as  

c o n d u c te d  induc t ion  w a s  not common. Both in th i s  s tudy  and 

in ano ther  (Jordan, 19 71) the  adherence  to t h i s  po l icy  h a s  not 

a f f e c t e d  the  p e r in a ta l  death  r a t e s  a d v e r s e ly .  Fie re it is 22 .22  

per 1000 compared  with  the  h o s p i t a l  ave rage  of 2 7 .25  per 1000

This au thor  w a s  in t r igued  to the e x te n t  of a t tem pt ing  to t e s t  

the  h y p o th e s i s  th a t  p regnancy  may be  tend ing  to l a s t  longer - 

a f te r  a l l  the  a g e s  of menarche  and m enopause  are  changing  

ra p id ly .
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Number 

H o sp i ta l  s e r i e s  125

Mean

7 .7

Standard
d ev ia t ion

S .D .

1 1 .5

G . P .  s e r i e s  320 1 . 3 13 .1

deg rees  of free  don 

t

P

= 443.

= 4 ,8

< 0.001

Table  9 . 1 .
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A problem with  any  h o s p i t a l  popula t ion  is  t h a t  it is  h ighly  

s e l e c t e d .  Some o ther  source  of data is c le a r ly  requ i red .

It p roved qui te  p o s s ib l e  to check  the e x p e c t e d  and  a c tu a l  

d a te s  of  de l ive ry  of a l l  c a s e s  from the  a u th o r ' s  p r e s e n t  

ge n e ra l  p rac t ice  r e c o r d s .  As the  p rac t ice  o p e ra te s  in the  

same area  as  the  h o s p i t a l  the  same so c ia l  f a c to r s  app ly .

No a t tem pt  w a s  made to d i s t in g u i sh  b e tw ee n  home or h o s p i t a l  

d e l iv e r i e s  or sp o n tan eo u s  or induced  labour .  Of 32 0 c a s e s  

(1960 “ 71) the  average  dura tion of p regnancy  w a s  281 d ays .

The wide di f ference  b e tw ee n  th is  group and  the h o s p i t a l  

group w a s  confi rmed by the  Student  t t e s t  (Table 9 . 1 , ) ,

This shows  a h igh ly  s ign i f ic an t  d if ference  b e tw ee n  the 

p o p u l a t i o n s .

E luc ida t ion  of th i s  f inding cou ld  wel l  require  a t h e s i s  in i ts  

own right and  unfo r tuna te ly  canno t  be c o n s id e r e d  further 

h e r e .

9 . 2 , 3 .  W eigh t  of b a b ie s  -  The bir th  w e igh t  of 

infants  is g e n e ra l ly  r e c o g n i s e d  as  be ing s ig n i f ic a n t  to 

the i r  su rv iva l  and  deve lopm ent .  In th i s  s e r i e s  it is only 

p o s s ib l e  to dem ons t ra te  th a t  the  w e igh ts  f a l l  w i th in  a c c e p te d  

l imit s  a t  b ir th  a s  an u n u su a l ly  e f fec t ive  n e o n a ta l  paedia tr ic  

uni t  is r e s p o n s ib l e  for r e s u s c i t a t i o n  and  a f t e r - c a r e .

The g e n e r a l  d is t r ibu t ion  of bir th  w e igh ts  is shown in Fig.  9 . 5 .  

and  can  c l e a r ly  be seen  to  be normal.  The re la t io n sh ip  

be tw een  bir th  w e igh t  and Apgar score  is shown in Fig.  9 . 6 ,

While  the  two h e a v i e s t  b a b ie s  did very w e l l ,  the  l i g h te s t  w as  

by no means  the wors t  and  the th ree dead  b a b ie s  do not 

occupy  any  u n u su a l  p o s i t io n .

9 . 2 M .  Apgar Scores  -  The method u s e d  for 

c a lc u la t in g  the  Apgar score  is d e ta i l ed  in C hap te r  8 and 

its  use  is fur ther  d i s c u s s e d  in Chapter  3 . 2 .  F i g . 9 .7  shows 

the  d is t r ibu t ion  of the  1 minute Apgar Scores  in the  p re sen t  s e r i e s
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Comparison  with  Fig .  9 .8  (after Apgar and  Jam es ,  1962) 

shows th a t  it fo llows very  much the e x p e c te d  pa t te rn  e x c e p t  

for the  a b s e n c e  of s c o r e s  of 10. This may be  ex p la in ed  by 

the  r igorous  and  e n t h u s i a s t i c  app l ica t ion  of the  Score in the  

labour ward  c o n ce rn ed .

Both Apgar and James* and our own d i s t r ib u t io n s  are shown 

here  no t  only  to dem onst ra te  the i r  s imila r i ty  but to em p h as i s e  

an ex t rem ely  important po in t  which  seem s  to be gene ra l ly  

m isunde rs tood .

By no s t r e tch  of imagination  can  th e s e  d is t r ib u t io n s  be 

c o n s id e re d  "no rm a l" . In add i t ion  the score  jumps in 

d i s c r e te  s t e p s  and  can n o t  be c o n s id e re d  c o n t i n u o u s . Under 

t h e s e  c i r c u m s t a n c e s  the con cep t  of average  Apgar Score 

is s l ig h t ly  dubious  but the  use  of m eans ,  s tan d a rd  d e v ia t i o n s,  

t - t e s t s  and  re l a t e d  s t a t i s t i c a l  concep ts  c anno t  be a p p l ie d .  

These  te rms have  b e en  u s e d  in the current  l i t e ra tu re ,  d o u b t l e s s  

the re  is no in ten tion  to d e c e iv e ,  but t h e s e  au thors  have  b een  

g r o s s l y  m is le d  by the i r  s t a t i s t i c a l  a d v i s e r s .

The r e l a t io n s h ip  be tw een  de l ive ry  method and  Apgar Score 

is a f a s c in a t in g  one .  Fig .  9 .9  shows the  r e l a t iv e  inc idence  

of de l ive ry  method.  (SVD, b re e ch ,  fo rce p s ,  LUSCS) 

w ith in  the  Apgar groups  0 - 4  (poor) 5 - 7  (medium) and 

8 - 1 0  (good).  This c le a r ly  shows tha t  the  majori ty  of the  

low Apgar sco re  infants  were  de l ive red  by  C æ s a r e a n  sec t ion  

(LUSCS), the  medium score  infants  by fo rceps  and  the  good 

o nes  by sp o n tan eo u s  ve r tex  delivery  (SVD). This immedia te ly  

r a i s e s  the  "ch icken  or egg" argument.  Were the  poor r isk  

b a b ie s  so w e l l  i d e n t i f i e d  th a t  they  were  s e c t io n e d ?  Or does  

C aesa rean  Sec t ion  c a u s e  low Apgar s c o r e s ?  For tunate ly ,  

th i s  t h e s i s  w as  not s e t  up to find tha t  an sw e r  and  it w i l l  not 

be  a t t em p ted .

The d is t r ibu t ion  of Apgar Scores  w i th in  pa r i ty  groups is a l so
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i n te re s t in g  (Fig. 9 .1 0 ) .  All the  poor Apgar sco re  infants  

w ere  d e l iv e red  of mothers  of pari ty  3 or l e s s .  There were no 

poor Apgar sco re s  above par i ty  3.

The above  g en e ra l  d e sc r ip t io n  of the  popu la t ion  under s tudy 

has  b e en  g iven  to demonst ra te  tha t ,  a l though it may have i ts  

i d i o s y n c r a s i e s ,  it is no t an unusua l  popula t ion  in the  

s t a t i s t i c a l  s e n s e .  Were it a very  unusua l  popula t ion  there  

would  be no point  in cont inuing  to examine the  d e ta i l s  en v isa g e d  

in th is  t h e s i s .

9 , 3 .  Resu l t s  of s t a t i s t i c a l  a n a ly s i s  of c a rd iac  cy c le  interva

From g e n e r a l  c o n s id e ra t io n s  and  the  ev id en ce  from the previous  

s tudy (Vol. 1. )  it w as  e x p e c te d  tha t  s t a t i s t i c a l  a n a l y s i s  of 

the  c a r d ia c  cy c le  in te rva l  would  y ie ld  informat ion which  

would  be usefu l  in the  d ia g n o s i s  of foe ta l  s t a t u s .

Severa l  s t a t i s t i c a l  Ind ices  were  u sed  to compare  groups of 

b a b i e s .  The b a b ie s  were  grouped according  to Apgar score  at  

b i r th .  In g en e ra l  th ey  were  d ivided into two groups  (Apgar 0 - 5  

and  6 -  10) or th ree  groups  (Apgars 0 - 4 ,  5 - 7  and  8 -  10).

The r e s u l t s  of t h e s e  com par isons  w i l l  now be exam ined  in 

d e ta i l .

9 , 3 . 1 ,  M ean  in te rva l  of c a rd iac  cyc le  -  This is simply  

the  average  c a rd iac  cy c le  in te rval t ak en  over the  whole 

reco rd in g .  It is  the  index n e a r e s t  to the a u ra l ly  ob ta in ed  

foe ta l  h ea r t  r a t e .  From the pub l i shed  data and  the  g rea t  m ass  

of o b s t e t r i c a l  e x p e r ien ce  over the years  it c an  be  e x p e c te d  

to r e f l e c t  foe ta l  s t a tu s  to some degree .

Before con t inu ing  any  further ope ra t ions  upon the means  it is 

n e c e s s a r y  to ensu re  th a t  such  ope ra t ions  w i l l  be v a l id .  Fig.  9 .11  

shows the d is t r ibu t ion  of the  means  with in  the  popula t ion  of 

the  exper im en t .  This is demonst rab ly  "norm al" .  Conven t iona l  

G a u s s i a n  s t a t i s t i c s  can  then  be u nde r taken .
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The v a lu e s  for the  means  were f ir s t  p lo tted  a g a in s t  Apgar 

score  -  F ig .  9 . 1 2 .  At f i r s t  s igh t  th i s  seem s  very  

■disappointing as  the  th ree  dead  bab ies  occupy a very  cen t ra l  

p o s i t io n .  H ow ever ,  in genera l  the  low Apgar bab ie s  are 

towards  the  smal l  in te rva ls  ( i . e .  f a s t  r a t e ) .  F ig .  9 .13  is  the  

same plot  with  the  ins t rum enta l  d e l iv e r ie s  removed -  i t  is  

e s s e n t i a l l y  the  s am e .

The v a lu e s  of the  means  were  compared for s ev e ra l  groups 

of b a b i e s .  F i r s t ly ,  a s imple  high and low Apgar grouping 

(10 “ 6 and 5 - 0 )  and s e c o n d ly ,  by three  g ro u p s ,  good (10 -  8, 

fa ir  (7 -  5 ) and poor (4 ~ 0) .

F ig .  9 .1 4  shows the  r e s u l t s  of th is  e x e r c i s e  with  the  mean 

and 2 s tanda rd  error l imit s  p lo t ted  for e ac h  group.

From t h e s e  the  t rends  are qu i te  c l e a r .  The low Apgar groups 

tend  to have  smal l  ca rd iac  c y c le  i n te rv a l s .

Further compar ison  of the  groups was  unde r taken  by S tuden t ' s  

t  t e s t .  Table  9 .2  shows the  r e s u l t s .

Between the  high and low groups ( 1 0 - 6  and 5 - 0 )  the  

d i f fe rence  in the  means  is  not s t a t i s t i c a l l y  s ig n i f i c a n t .

Between the good and poor groups (10 -  8 and 4 - 0 )  

the  t t e s t  shows a s ig n i f ic an t  d i f f e rence .  The leve l  of 

s ig n i f i c a n ce  reach ed  ( P  < 0 . 1 ,  > 0 .05)  is j u s t  bare ly  

a d eq u a te  but i t  does  confirm the  ex pec ted  t rends  .

The d i f fe ren ces  in the  a v e rag es  of hear t  ra te  for the  good (10 -  8) 

and poor (4 -  0) is  qu i te  marked a t  140 b e a t s  per minute  and 

168 b e a t s  per minute r e s p e c t iv e ly .

There has  been  repor ted  r e c en t ly  a f ixed s low  hear t  r a te  In 

b a b ie s  very  near  to dea th  In labour.  This au thor  has  not 

s ee n  th i s  e f fec t  outwith  labour .
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Number Mean Standard  dev ia t ion

Apgar 10 -  G 107 42 6 .3 3 1 .5

Apgar 5 - 0 28 42 0 ,8 2 4 ,7

d eg rees  of freedom 

t

P

133

0 .9 8

<  0 . 4 ,  > 0 . 3

Number Mean Standard  dev ia t ion

A p g a r 1 0 - 8 75 4 2 8 ,7 3 2 .5

Apgar 4 - 0 21 415 .7 2 4 .8

d e g re es  of freedom 

t 

P

94 

1 . 68  

<  0 , 1 ,  > 0 . 0 5

Table  9 .2
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To sum m ar ise ,  the  mean c a rd iac  cyc le  in te rva l  a s  a pred ic to r  

of fo e ta l  s t a tu s  fo l lows  the  e x p e c te d  t r e n d s ,  both  from the 

p u b l i sh e d  l i te ra tu re  and  the  phys io logy  of the  fo e tu s ,  and  

a l though it a c h i e v e s  s t a t i s t i c a l  s ig n i f ic an ce  in p red ic t ion  It 

does  not a c h ie v e  high s i g n i f i c a n c e .

9 . 3 . 2 .  Standard d e v ia t ion  of c a rd iac  c y c le  in te rva l  (gp) -  Like 

the  adu l t  h e a r t  ra te  the  fo e ta l  hear t  ra te  is not e n t i re ly  regu la r .

The degree  of i r regu lar i ty  is  recogn ised  to be  impor tant in 

foe ta l  p rognos is  bu t  it is d if f icul t  to m easu re .  The Standard 

d ev ia t ion  of c a rd iac  cy c le  Interval about  the  mean is  one 

method of measur ing  th i s  . It does  not t ak e  into a cco u n t  the 

s eq u e n c e  of e v e n t s  (like the method of Van Bemmel,  19 70) but 

merely  i n d ic a te s  the  d is t r ibu t ion  of longer or shor te r  c y c le s  

about  the  mean.  It is e x p e c t e d  from the p rev ious  s e r ie s  (Vol. 1) 

tha t  the  S tandard  d ev ia t ion  w i l l  have  some va lue  in identifying 

poor r i sk  b a b i e s .  As in the l a s t  s ec t io n  it is  n e c e s s a r y  to 

look at  the  d is t r ibu t ion  of the  data before  p roceed ing  with  

s t a t i s t i c a l  a n a l y s i s . Fig .  9 .1 5  shows th i s  d i s t r ibu t ion .

This is not n e a r ly  so co n v inc ing ly  G a u s s ia n  a s  the  means  w e re .

There does  seem  to be an  ad d i t io n a l  peak  abou t  18 m i l l i s e c s . , 

which  cou ld  be c a u s e d  by a s econd  popula t ion  super im posed .

Fig .  9 .1 6  shows the  indiv idual c a s e s  with  the SD p lo t ted  

a g a i n s t  the  Apgar sco re .  There is no o b v io u s ly  s ta r t l ing  

t rend  here  but the  "good" b a b i e s  are grouped tow ards  the  

smal l  v a lu e s  and  the  "poor" b a b ie s  towards  the  l a rg e .

As before  the  groups  of b a b i e s  were  c o n s id e re d  a s  high (10 -  6) 

and  low (5 -  0) Apgars and  good (10 -  8), fa ir  (7 -  5) and  

poor (4 -  0).

F ig .  9 .1 7  shows the  compar ison  of t h e s e  groups  from which 

it can  be s e e n  tha t  there  might be some r e a l  d if ference  be tw een  

the  high and  low and  good and poor g roups .

These  were  compared  by  the  "t" t e s t  (bearing in mind the
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Number Mean Standard  devia t ion

Apgar 1 0 . - 6 107 14 .6 6.1

Apgar 5 -  0 28 16.5 7 .7

d eg rees  of freedom -  133

t ■= 1 .3 8

P < 0 .2  , >  0,1

Number Mean Standard  devia t ion

Apgar 1 0 - 8 75 14 .7 6 .4

Apgar 4 - 0 21 16.2 7 .5

d eg rees  of freedom -  94.

t  = 0.91

P <  0 . 4  , > 0 . 3

Table 9 .3 .
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d is t r ibu t ion  of the  da ta ) .  Table  9 .3  shows the  r e s u l t s  

and in n e i th e r  c a s e  is a s ig n i f ic an t  d i f ference  dem ons t ra ted .

D esp i te  the  lack  of s t a t i s t i c a l  s ign i f ic ance  the t rend  is 

c le a r ly  towards  h igher  v a lu e s  ( i . e .  more irregulari ty) in the  

poorer b a b i e s .

Another w ay  of looking a t  the  same data  is s u g g e s t e d  by 

the double  peak  in Fig.  9 . 1 5 .  That is to d ivide  the c a s e s  

by  s tan d a rd  dev ia t ion  and  look at  the  Apgar s c o r e s .  Dividing 

the  c a s e s  a t  the  l e v e l  of 20 m i l l i s e c s .  seem s  a r e a so n ab le  

grouping .  The average  Apgar for the  high group is 5 .85  and  

for the  low group is 7 . 0 5 ,  While  th i s  is c e r t a in l y  a t rend  

in the e x p e c t e d  d i rec t ion  it c anno t  be c o n s id e re d  very  

c o n v i n c i n g ,

The d is t r ibu t ion  of the  Apgars in the  two groups  is  shown 

in F ig s .  9 .1 8  and  9 . 1 9 .

As w a s  found in Vol. 1 the  s tandard  dev ia t ion  of c a rd iac  

cyc le  in te rva l  shows a trend  towards  be ing h igh  in the 

group of b a b ie s  which  have  low Apgar s co re s  a t  b i r th .  This 

t rend  is no t  of i t s e l f  s ig n i f ic an t  enough for a cc u ra te  p rognos is  

of cond i t ion  a t  b i r th .

9 . 3 . 3 .  C o ef f ic ien t  of Variat ion of c a rd iac  cyc le  In te rv a l . (C .V .) 

This index is a s tanda rd  s t a t i s t i c a l  index. It is a r r ived  at  

by  e x p re s s in g  the  s tanda rd  dev ia t ion  â s a p e rc en ta g e  of the 

mean.  (SD/Mean  %). It is in tended as  an index  for comparing 

two sam p les  w hose  m eans  are d i f ferent .  It  a lw ay s  seem ed  

a s u i ta b le  index for comparing the in terval h is tog ram s  of foe ta l  

h e a r t  c y c l e s .

Previous  work (Vol. 1) dem ons t ra ted  tha t  th i s  w as  indeed  so 

in a c a re fu l ly  con t ro l led  s e r i e s .

The f i r s t  s t ep ,  a s  be fore ,  w a s  to look a t  the  d is t r ibu t ion  

of  the index over the  c a s e s .  This is shown in F i g . 9 . 2 0 .
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This is a s  confus ing  a s  it is su rp r is ing .  The d is t r ibu t ion  

is c l e a r ly  so odd a s  to inva l ida te  normal s t a t i s t i c a l  

p r o c e d u r e s ,

The plo t  of indiv idual c a s e s  a g a in s t  Apgar sco re  (Fig. 9 ,21 ) 

fo llows the  e x p e c t e d  pa t te rn  with  the high Apgar in fants  

g rouped  a t  the  lov/ v a lu e s  and  the low Apgars tending 

towards  h igher  v a l u e s .

As p rev io u s ly  e x p la in e d  the  a p p l ica t ion  of t t e s t s  to th is  

k ind  of d is t r ibu t ion  is probably  quite  m e a n i n g le s s .  For 

w h a t  l i t t l e  th ey  are  worth the  means  2 s tan d a rd  errors 

for the  g roups  high ( 1 0 - 6 )  and  lov\  ̂ ( 5 -  0 ) Apgars and  

good ( 8  - 1 0 )  fa ir  ( 5 -  7 ) and  poor ( 0 -  4 ) Apgars are 

shown in Fig.  9 . 2 2 ,  The t t e s t s  are  shown in Table 9 . 4 .  

These  a l l  show the e x p e c te d  t rends  and  the  t t e s t  does 

a ch ie v e  s ig n i f ic a n ce  b e tw ee n  the high and low Apgar g roups .  

The o ther  approach  of dividing the c a s e s  by C .V .  and  

p lo tt ing  the  Apgars is a l so  shown.

The c a s e s  were  d iv ided  a t  C .V .  3 . 4 ,  The good prognos is  

group Apgars are shown in Fig.  9 .23  and  the  poor prognos is  

group in Fig,  9 . 2 4 .  The average  Apgar for the  good group 

Is 7 ,2  and  for the  poor group 6 . 9 .  These  a re  e s s e n t i a l l y  

no d if ferent and  the  index h a s  c lea r ly  f a i l e d  to div ide the 

c a s e s  a s  d ram a t ica l ly  as  w a s  e x p ec te d ,

9 . 3 . 4 .  A new index -  D esp i te  the  fa ilure  of

the  p rev ious  ind ices  to perform as  wel l  a s  w a s  e x p ec te d ,  

p e ru s a l  of the  data  on each  indiv idual c a s e  s t i l l  gave  the  

im pres s ion  tha t  u s e f u l  information w as  a v a i l a b l e .  The 

p rev io u s ly  most s a t i s f a c to r y  index w a s  the c o e f f ic ien t  

of v a r ia t io n .  This is c a l c u l a t e d  as  the  s ta n d a rd  dev ia t ion  

d ivided by  the  mean e x p r e s s e d  as  a pe rc en ta g e

S D ^ 100
mean 1
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3 .5
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I) i  v i d e d  by  A p g a r  s c o r e  *
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Standard  devia t ionNumber Mean

170

d eg rees  of freedom 

t 

P

133 

1 . 6 6  

C O . l  , 0. 05

Number Mean Standard  dev ia t ion

Apgar 1 0 - 8

Apgar 4 - 0

75 3 .4

21 3 .9

1 .4

1 .

d eg rees  of freedom 

t 

P

94 

1 ,34 

< 0 . 2  , > 0.1

Table 9 .4
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In th i s  index a fa ll  in the  mean ( i . e .  a r i se  in hea r t  rate) or a 

r i se  in Standard  dev ia t ion  ( i . e .  irregulari ty) gave  a higher 

index and  w orse  p ro g n o s i s .

It s eem ed  th a t  a d imin ish ing  mean w as  not g iv ing enough 

w e igh t  to the change  in index . That is to s ay  for a g iven 

S D a normal mean is much l e s s  Important than  a low mean.

To e x p r e s s  th is  m a th em at ica l ly  the e x p re s s io n  u sed  was

S D X 100__

loge (mean)

In th i s  e x p re s s io n  once  aga in  a r i s ing  S D (irregulari ty) 

r a i s e s  the index bu t  a fa ll ing  mean (rising rate)  r a i s e s  the  

index  only  a l i t t le  w i th in  the normal range but much more 

a s  the  mean moves out of the  normal .  The numera tor is 

mul t ip l ied  by  100 merely  for conven ience  in c a lc u la t io n  -  

th i s  makes  no d i fference  to the  d is t r ibu t ion  of the  index.

This new index wil l  be re fe r red  to as  the  Log; Index.  (L I).

The d is t r ibu t ion  of the  log . index  immedia te ly  g iv e s  a much 

b e t te r  im press ion  (F ig .  9 .2  5),. This is much n ea re r  a normal 

d is t r ibu t ion  which  a l low s  r e a l i s t i c  use  of s t a t i s t i c a l  

p r o c e d u r e s .

The plo t  of L I a g a in s t  Apgar score  for a l l  d e l iv e r ie s  

is shown in Fig.  9 .2  6 and  for SVDs only  in Fig.  9 . 2 7 .

Examinat ion of Fig ,  9 .2  6 shows tha t  the  good r e s u l t s  

ten d  to be  grouped a t  the  low v a lu es  of LI  and  l e s s  

im p res s iv e ly  the  poor r e s u l t s  towards  the  h igh  v a lu e s .

Dividing the c a s e s  by Apgar score  into the  same groups as  

be fore ,  h igh ( 1 0 - 6 ) ,  low ( 5 -  0 ), good ( 1 0 - 8 ) ,  fair 

( 7 -  5 ) and  poor- ( 4 -  0 ) en ab le s  t  t e s t s  to be car r ied  

ou t .

The means  -  2 s tanda rd  errors are shown in Fig.  9 .2  8 and
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3 2 0

300

280

208.

!G0

240

o 20

200

A p g a r +28D fie a n -2 8 3
Q 0 - 4 523 267 212
# 5 - 7 276 245 21 1
# 8 - 1 0 267 245 218

Q 0 -5 320 271 222
9 6 - 1 0 259 240 221

F i g .  9 . 28.  Comparison o f  l o g . i n d i c e
o f  c a r d i a c  oy c1e i n t e r v a l .
D iv id e d by Apgar s c o r e
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Number Mean Standard  dev ia t ion

Apgar 1 0 - 6 107 240 99

Apgar 5 - 0 28 271 127

d eg rees  of freedom = 133

t  = 1 .38

P < 0 . 2 ,  > 1 . 0

Number Mean Standard  devia t ion

Apgar 10 -  8 75 242 104

Apgar 4 -  0 21 267 124

d e g re es  of freedom = 94

t = 0 .92

P < 0 . 4 ,  > 0 . 3

Table  9 .5
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the  c a l c u l a t i o n s  of  the  t t e s t  In Table 9 . 5 .

Unfor tuna te ly  once  again  th is  fa i l s  to r e a ch  an y  rea l ly  

h igh degree  of s ig n i f ic a n ce  in sepera t ing  the  groups 

a l though  the e x p e c t e d  t rends  s t i l l  show s t rong ly .  The 

o the r  approach  of dividing the c a s e s  by an a rb i te ry  

va lue  of L I and  examining the  Apgar Scores  is a l so  very  

r e l e v a n t ,

A va lue  for LI of 300 w as  c h o se n  by exam ina t ion  of the 

to t a l  d i s t r ibu t ion  (Fig. 9.25) and  the  LI v Apgar p lo t  (l"lg , 9 ,2  6), 

Fig.  9 .2 9  shows the  d is t r ibu t ion  of Apgar Scores  for c a s e s  

with  L I  l e s s  than  300 and  Fig,  9 ,3 0  shows the  d is t r ibu t ion  

for LI  more than  300.

As ha s  b e e n  r e p e a t e d ly  e m p h a s i s e d  it is ve ry  dangerous  

to p ro c e ed  w i th  t e s t s  of s ig n i f ic an ce  on such  c le a r ly  non 

G a u s s i a n  d i s t r ib u t io n s .  The average  Apgar in t h e s e  f igures  

is  6 .2  for the  low v a lu e s  and 7 .2  for the  h igh  v a l u e s .

Standard  d e v ia t io n s  can  be  c a lc u l a t e d  e a s i l y  enough but 

are  m e a n i n g le s s .  (Low L I  •- 2 ,6  , high L I  ^  2 .2 )

W ha t  is s t r ik ing  here  is the  defin ite  change  in the 

d i s t r ib u t io n s .  Both are  b i a s e d  towards  the h igh Apgar 

s co res  -  a s  is  the  o v e ra l l  d is t r ibu t ion  of Apgar s co res  -  

but the  low LI  v a lu e s  (Fig. 9.29) show the  c l e a r  a b s e n c e  

of the  h i g h e s t  Apgar v a lu e s  and  in c re a s e d  p r e s e n c e  of low 

Apgar v a l u e s .

S t a t i s t i c s  a s i d e ,  common s e n s e  Ind ica tes  t h a t  the  index 

h a s  s e p a r a t e d  out two e n t i re ly  different  p rognos t ic  g roups .  

D iv is ion  of the  o r ig ina l  data (F ig . 9.26) into four quadran ts  

by  good and poor p rognos is  ( L I  l e s s  than  300 and  more 

than  300) and good and poor r e s u l t s  (Apgar 1 0 - 6  and 5 - 0 )  

is  shown in Fig .  9 . 3 1 ,  Of the  98 c a s e s  with  a good 

p ro g n o s i s  on ly  16 (16%) had  a poor r e s u l t  w i th  one d ea th .

The one dea th  w a s  a baby  which  d ied before  th e  o n s e t  of
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labour and  w as  found at  p o s t  mortem to have  a tw is t e d  

n e c r o s e d  umbi l ica l  cord .

Of the  3 8 wi th  a poor p rognos is  12 ( 32% ) had  a poor r e su l t  

wi th  2 d e a th s .

In pure s t a t i s t i c a l  te rms the index does  not seem very 

a cc u ra te  but in the  human s i tua t ion ,  wi th  w h ich  we have 

to dea l ,  l i t t l e  is lo s t  by wrongly  labe l l ing  a foe tu s  as  

being a t  i n c re a s e d  r i s k .  A p rac t ica l  index mus t  a lw ays  

err  on the  s ide  of p e s s im i s m .

This new index shows very  l i t t le  ad v an tage  over  the 

p rev ious  b e s t  index, the coe f f ic ien t  of v a r i a t io n .  However  

i t s  d is t r ibu t ion  is  much more a cc e p t ib le  and  it i s ,  of the  

two, the  b e t t e r  for s tu d ie s  on groups of b a b i e s .

9 . 4 .  R esu l ts  of s e r i a l  exam inat ions  ~ In th i s  s e r ie s

it proved p o s s ib l e  to ob ta in  two or more exam ina t ions  a t  

w e e k ly  in te rva ls  on 25 p a t i e n t s .  The degree  to which  both 

the  c o e f f i c i e n t  of va r ia t ion  and the  log index  fo l lowed  the 

c l i n i c a l  cou rse  of ev en ts  w a s  s tr ik ing enough to ju s t i fy  

c o n s id e r in g  t h e s e  c a s e s  br ie f ly  here  (the c a s e  summaries  

are to be found a t  Appendix B ).

C a s e  2 0 4 .

A pr im iparous  p a t ie n t ,  p a s t  da te s  with  a frank b reech  

p r e s e n ta t i o n .  On ad m is s io n  her  C V w a s  4 .5 2  and  after 

s e v e ra l  f a i l e d  a t t em p ts  a t  ve rs ion  fe ll  to 2 . 2 4 .  After an 

a s s i s t e d  b reech  de l ive ry  the c h i ld ' s  Apgar,  no t  su rpr is ing ly ,  

w a s  2.  It r e sp o n d ed  w e l l  and  w a s  d i s ch a rg e d  fi t .  The log 

index a l s o  fe ll  over the  v/eek from 312 to 152.  Both ind ices  

f a i led  to g ive  any  ind ica t ion  of the r e s u l t  bu t  in f a i rn e s s  the 

method of de l ive ry  p re s e n t s  too g rea t  a c h a l l en g e  to any 

p ro g n o s t ic  index.
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C a s e  206.

This  pr imigravid  p a t i e n t  w as  admit ted  when 7 days  p a s t  

her  e x p e c te d  d a te .  At t h a t  point  the CV w as  2 . 2 .  She 

w as  le ft  for one w eek  and  the  CV rose  to 4 . 3 1 ,  A poor 

labour fo l lowed induction and  she came to LUSCS. The 

b a b y ' s  Apgar w a s  2, The log index fo llowed a s im i la r  pa ttern  

r is ing  from 161 to 319.

C a s e  2 0 9 .

P r e - e c l a m p a i a . This c a s e  w a s  adm it ted  for r e s t  and  induction 

a t  te rm. Her BP w as  and  fe l l  to The CV

a l s o  fe l l  though not d ram at ica l ly  from 3 . 8  to 3 . 3 .  The log 

index a l s o  fe l l  s l ig h t ly  from 2 78 to 238.  F oe ta l  d i s t r e s s  was  

d i a g n o se d  in labour and  a f te r  a LUSCS the  b a b y ' s  Apgar 

w a s  on ly  2.  It r e sp o n d ed  w e l l  and  w as  d i s c h a rg e d  fi t .

C a se  235.

This woman had  had  a p rev ious  LUSCS for fo e ta l  d i s t r e s s  

an d  w as  now p a s t  her d a t e s .  The CV w a s  2 , 71 and  fe ll  to 

1 . 6 .  The log index a l so  fe l l  from 189 to 119. The b a b y ' s  

Apgar w as  6.

C a s e  241 .

This p a t i e n t  w as  p resum ed  to have  e s s e n t i a l  h y p e r te n s io n .

Her BP rem a ined  a t  during her h o s p i t a l  s t a y  and

a f te r  d e l iv e ry .  The CV fe l l  from 4 .2  to 3 .4 4  over  a w eek  of 

b e d  r e s t .  The log index a l so  fe ll  from 319 to 223. The 

b a b y ' s  Apgar w a s  6 a f te r  an e lec t iv e  s e c t i o n .

C a s e  2 4 2 .

A c a s e  of p re -e c l a m p s ia  . On adm iss io n  the  m a te rna l  BP

w as  ^ ^*^^80 and  the  C V w as  2 . 02 . D esp i te  b e d  r e s t  and
1 3 5 /s ed a t io n  the  BP rose  to 85 and  the  CV to 2 . 5 3 ,  The

log index fo l lowed  the r i s in g  pa t te rn  a s  w e l l  going from 149 

to 176. The p a t i e n t  w as  induced  and  the  baby  born with  an 

Apgar of 6.  It s u b se q u e n t ly  c o l l a p s e d  and  requ i red  r e s u s c i t a t i o n
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C a s e  2 4 3 .

Iron d e f i c i en c y  a n æ m i a , The m other ' s  Hb w as  8 .0  G and 

she  w as  adm it ted  to to ta l  dose  imferon in fus ion .  The CV 

w as  4 . 8 .  After 10 days  the Hb w as  10 G and  the  CV had 

fa l len  to 2 , 6 .  The log index r e f lec ted  the  improvement 

by  fa ll ing  from 301 to 182, The baby w a s  born with  an 

Apgar of 6 and  did v/e ll .

C a s e  2 4 5 .

P r e - e c l a m p s i a .  Pa t ien t  adm it ted  v\d.th a BP of ^ '^^A lO .  

The CV w a s  3 . 0 4 ,  After a w e e k ' s  bed  r e s t  and  seda t ion  

her BP fe l l  to and  the CV to 1 . 9 5 .  The log index

fe l l  from 2 07 to 12 7. The b aby  was  born wi th  an Apgar of 7 

and  did  w e l l .

C a s e  247,

P r e - e c l a m p s i a . Mother admit ted  with  BP of ^^^^90 ,  The 

CV w a s  4 . 2 ,  After a w eek  the  BP fe ll  to ^^^^70 and  the 

CV to 3 . 9 ,  In t h i s  c a s e  the  log index w en t  a g a in s t  the 

t rend  and  rose  very  s l igh t ly  from 2 52 to 25 6. It s eem s  

to have  p red ic ted  the  outcome re a so n a b ly  w e l l  bu t  not 

fo l lowed  the  c l in ic a l  improvement as  did the  CV. The baby 

h a d  an Apgar of 7.

C a s e  2 5 7 .

This w a s  a c a s e  of p r e - e c l a m s ia  with minimal BP r i s e  but 

c o n s id e ra b le  oedem a .  The BP w as  ^ ^ ^^90 and  the  CV 2 , 4 3 .  

After a w eek  the BP w a s  s t i l l  ^^^^90 bu t  the  oedema gone .  

The CV fe l l  to 1 , 5 1 .  L ikew ise  the log index fe l l  from 153 

to 98,  The b a b y ' s  Apgar w a s  6.

C a s e  2 70.

This p a t i e n t  w a s  adm i t ted  mere ly  b e c a u s e  of an u n s tab l e  lie 

With  a w e ek s  b e d  r e s t  the  a l ready  good CV of 2 .1  and  log 

index of 144 fe ll  to 1 .41 and  98 r e s p e c t iv e ly .  The b a b y ' s  

Apgar a f te r  a normal  de l ive ry  w as  8.
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C a s e  2 7 1 .

P r e - e c l a m p s ia  . Pa t ien t  admit ted  with  BP of The

CV w as  2 . 7 0 .  This fe l l  to 2 .40  over the  week  as  the  BP 

fe l l  do The log index  fe ll  very  s l ig h t ly  from 179

to 171 „ The baby  did w e l l .

C a s e  2 7 3 .

This p a t i e n t  w as  adm it ted  b e c a u s e  of r i s ing  an t i -K e l l  

a n t i b o d i e s .  With  s t e a d i ly  r i s ing  a n t i - b o d i e s  the  CV rose  

from 2 . 32  t o.  2 . 4 0  and  on to 2 . 5 4 .  D e l ivery  w as  under taken  

before  the  a n t i - b o d i e s  ro se  to danger l e v e l s  and  did w e l l .

It is  In te re s t ing  to compare th i s  c a s e  with  c a s e  No. 40 

in Vol.  1 . ,  where  the  CV r e f l e c te d  improvement in a c a s e  

of Rh s e n s i t i s a t i o n  af te r  in f ra -u te r ine  t r a n s f u s io n .  In th i s  

c a s e  the  log index did no t  r e f le c t  the c l i n i c a l  pa t te rn  a s  it 

fe l l  from 174 to 146 then  ro se  to 172.  N e v e r t h e l e s s ,  a l l  

three  r e a d in g s  p la ce  the  baby  in the good p rognos i s  group.

C a s e  2 8 4 .

P r e - e c l a m p s i a .  The m other ' s  BP w as   ̂  ̂̂ ^9 0 on a d m is s io n .

The CV w a s  2 . 5 4 .  The BP fe l l  to ^^^'^80 a f te r  t rea tm en t  

and  the  CV fe l l  to 1 . 9 0 .  The log index fe l l  from 188 to 141.

The b a b y  did w e l l .

C a s e  2 8 6 .

This p a t i e n t  w a s  adm i t ted  wi th  a modera te  APH. On ad m is s io n  

the  CV w a s  6 .0  and  the  log index 423, both  poor.  With r e s t  

and  s ed a t io n  the b leed ing  s topped  and the  BP fe l l  from 

to  130/gQ^ The CV fe l l  to 3 .7  and  the log index  more 

co n v in c in g ly  to 243. After a normal de l ive ry  the b a b y ' s  

Apgar w a s  9 . .

C a s e  2 9 7 .

A para  2 + 0 mother  wi th  Rhesus  n eg a t iv e  b lood  bu t  no a n t ib o d ie s  

She a l so  h a d  a severe  ur inary  in fec t ion .  Both the  CV and log 

index  va r ied  but l i t t l e  over 2 w e e k s .  Log index  w as  176, 159
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and  194, The b aby  w a s  born pe r fec t ly  w e l l  wi th  an Apgar 

of  8.

C a s e  3 0 8 ,

Pos t  m atu r i ty .  This p a t ie n t  w a s  repu ted  to be 24 days  

p a s t  her  d a t e s  on a d m is s io n ,  CV w as  2 , 7 1 .  This ro se  

to 4 . 02  over  a fur ther week  when the child  w as  d e l ive red .  

The b aby  v\^as p o s tm a tu re .  The log index  a l s o  ro se  from 

203 to 287.

C a s e  3 1 0 .

Mild  p r e - e c l a m p s i a .  On adm iss ion  the m ate rna l  BP 

w a s  ^'^^^75 (it h a d  b een  h igher  a t  the  Clinic ) and the 

CV w as  3 , 3 0 .  The BP fe ll  s l ig h t ly  to and  the  CV

to 2 , 9 6 .  L ikew ise  the  log index  fe ll  from 2 37 to 206,

The b a b y ' s  Apgar w a s  9,

C a s e  3 1 8 .

This g rade  IV ca rd iac  mother sought m ed ica l  a t t e n t io n  

for the  f i r s t  t ime a t  36 w e e k s .  She w as  immedia te ly  

adm i t ted  in c o n g e s t iv e  h e a r t  fa i lure  with  a CV of 5 . 0 2 .  

After a w e e k s  b e d  r e s t  and  medical  care  the mother had  

improved g re a t ly  and  the  CV fe ll  to 2 . 0 0 .  The log index 

a l so  r e f l e c t e d  the  improvement by fa ll ing from 366 to 

150,  The baby  w as  born wi th  an Apgar of 9.

C a s e  3 2 2 .

This woman had  a p rev ious  s t i l lb i r th  due to p l a c e n ta l  

i n s u f f i c i e n c y .  She Vv̂ as adm i t ted  with  a BP of ^^*^/95 and  a 

CV of 6. 5 . The BP fe l l  to  ^'^^'^90 and  the CV to 4 . 5 5 ,  

D e sp i te  t h e s e  high read in g s  the baby  did w e l l .  The log 

index  how ever  did fa l l  into the  normal range  by  dropping 

from 430 to 2 90.

C a s e  323.

A c a s e  of p r e - e c l a m p s i a . The mate rnal BP fe l l  from ^^^'^90 

to ^^'^'^90 over a w e e k .  The improvement w a s  r e f l e c te d  by
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the  CV fa ll ing  from 4 .8  to 3 .2  and the  log index  fall ing  

from 32 4 to  213. The b a b y ' s  Apgar w a s  9.

C a s e  3 2 4 .

P r e - e c l a m p s i a . On ad m iss io n  the mother ' s  BP w as  ^^^^95 

and  the CV 4 . 9 .  This fe l l  to a BP of ^'^^^90 and a CV of

3 , 2 0 .  The log index  a l so  fe l l  from 323 to 223.  The baby  

did w e l l .

Ca se 32 6 .

There w a s  no pa tho logy  in th i s  c a s e .  The mother,  a para 

6 + 0, w a s  adm i t ted  for s o c ia l  r e a s o n s .  There w a s  no 

change  in BP over  the  w e e k .  The f ir s t  CV w a s  4 ,1  and 

the  s ec o n d  4 . 2 .  The log index too ch an g e d  very  l i t t l e  

from 29 7 to 2 87,  The baby  did w e l l .

C a s e  330.

P r e - e c l a m p s i a .  This m other ' s  BP w as  ^^^^100 on a d m is s io n .  

The CV w a s  2 , 0 2 .  The BP fe ll  to ^^^^80 and  the  CV to 

1 . 7 0 .  The log index fe l l  from 149 to I23p The b a b y  did 

w e l l .

These  r e s u l t s  in ind iv idua l  c a s e s  are much more 

enco u rag in g .  It c e r t a in ly  s eem s  tha t ,  l ike many o ther  t e s t s  

in o b s t e t r i c s  such  a s  ur inary  o e s t e r i a l  l e v e l s  and  b i - p a r i e t a l  

d iam e te r s  (u l t rason ic ) ,  a s ing le  reading does  not g ive  the 

g r e a t e s t  amount of information but th a t  s e r i a l  e s t im a t io n s  

can  be of r ea l  v a lu e .

In v i r tu a l ly  every  c a s e  the  CV follows the  c l i n i c a l  p ro g re s s .  

The LI  a l so  fo llows th i s  p rogress  g e n e ra l ly  bu t  appa ren t ly  

not so fa i th fu l ly .

These  r e s u l t s  and  the  c o n c lu s io n s  drawn from them wil l  be 

d i s c u s s e d  in the  following Chap te r .  (Chapter 10) .
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1 0 / i .  In t roduct ion  -  This s tudy  h a s  dem o n s t ra t ed ,

y e t  a g a in ,  the  enormous d i f f icu l t ie s  invo lved  in tak ing  a 

labora to ry  r e s e a r c h  te ch n iq u e  in to  the rough and tumble  of the  

h o sp i ta l  env ironm ent .  The p i lo t  s tudy  (Vol. 1) w as  conduc ted  

en t i r e ly  by the  au thor  on a s e r i e s  of ca re fu l ly  s e l e c t e d  poor 

r i sk  p a t i e n t s .  The r e s u l t s  of tha t  s tudy  were  dem ons t rab ly  

s ig n i f i c a n t .  In th is  s tudy  s ev e ra l  more ope ra to rs  were 

invo lved  and a much wider  s e le c t io n  of p a t i e n t s  exam ined .

In r e t r o s p e c t  i t  w as  in e v i t a b le  th a t  some deg en e ra t io n  of 

th e  da ta  would  o ccu r .  D e sp i t e  th is  the  p rev io u s ly  e s t a b l i s h e d  

tr ends  con t inue  to show ve ry  s trongly  and s u g g e s t  tha t  the  

method is  h ighly  re l e v a n t  to foe ta l  a s s e s s m e n t .

As the  r e s u l t s  of the  FECG exam ina t ions  were  not av a i l ab le  

to  the  c l i n i c a l  s ta f f  they  were  not ab le  to in f luence  the  

managem ent  of the  p a t i e n t s  .

1 0 . 2 .  D i s c u s s i o n  of Result s  -  The r e s u l t s  p re sen ted

in the  p rev ious  C h ap te r  (Chapter  9) do not a ch ie v e  the  

high s t a t i s t i c a l  s ig n i f i c a n c e  it was  hoped to d e m o n s t ra t e .

It  w as  p o s s i b l y  n a ive  to expec t  to do so  in th i s  very  wide ly  

b a s e d  t r i a l .  The outcome of labour c le a r ly  d ep en d s  on 

maternal  fa c to rs  as  we l l  a s  foe ta l  o n e s . The f ac t  tha t  t h e s e  

m a te rna l  fac to rs  were  not taken  into a cco u n t  a t  a l l  makes  

i t  a l l  the  more remarkable  th a t  s trong t rends  have  been  

dem ons t ra t ed  on foe ta l  p rognos is  a lo n e .

1 0 . 2 , 1 .  M ean  of c a rd iac  cyc le  in te rva l  -  It  is  no 

su rp r i s e  t h a t  th i s  in d ex ,  the  equ iv a len t  of fo e ta l  h ea r t  r a t e ,  

shows  some ab i l i ty  to prognose  foe ta l  o u tcom e .  There  i s  a 

w e a l th  of o b s t e t r i c a l  exp e r ien ce  to tha t  o b s e r v a t i o n .  What 

has  emerged c le a r ly  is  tha t  the  in i t ia l  e f fec t  of foe ta l  

e m b ar ra ssm en t  i s  a r i s e  in foe ta l  hear t  r a t e ,  media ted  

by the bra in  s tem c e n t r e s .  The very  s low ra te  of c l a s s i c a l  

fo e ta l  d i s t r e s s  in labour  is  not s e e n  a n t e - n a t a l l y .
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C ard iac  c y c le  in te rva l  is  often m e an in g le s s  to th o se  not 

a c c u s to m ed  to the  co n ce p t  and F i g . 10.1 is  a s imple  

graph to  a s s i s t  in co n v e r s io n  to hear t  r a t e .

There is  c e r t a in ly  no need  for computer methods  to 

ob ta in  an approximation  to hear t  r a te  but the  r e s u l t s  

ob ta ined  here  and e l s e w h e re  ce r ta in ly  s u g g e s t  t h a t , with  

the  mother at  r e s t  in b e d ,  any foe tus  with  a h ear t  r a te  in 

e x c e s s  of 160 / r a in  ( in terval l e s s  than 370 m i l l i s e c s . )  

i s  com prom ised .  Such informat ion is  r e a d i ly  a v a i l ab le  

to  anyone  who c a r e s  to  l i s t e n  to the  fo e ta l  h ea r t  and 

p ra c t i c e  the  art  of a cc u ra te  c o u n t in g .

1 0 . 2 , 2 .  Standard  dev ia t ion  of ca rd iac  c y c le  in te rva l  -  

Var iab il i ty  of the  foe ta l  hear t  ra te  is  an e s t a b l i s h e d  poor 

p rognos t ic  s ig n .  M easu rem en t  of th is  v a r i a b i l i ty  is  

however  v i r tu a l ly  im p o ss ib le  by s u b jec t iv e  m e a n s .  I t is  

d i f f icu l t  enough to coun t  the  very f a s t  hear t  r a te  of the  

foe tus  far l e s s  a s s e s s  i t s  i r r egu la r i ty .

The s tan d a rd  dev ia t ion  about the  mean is  an id e a l  o b jec t iv e  

m easu re  of the  phenomenon but can  only  be ob ta in ed  by 

methods  su ch  as  t h a t  d e sc r ib e d  in th i s  t h e s i s .  The range  

be tw een  maximum and minimum in te rva ls  i s  no s u b s t i t u t e  

for th e  s tanda rd  dev ia t ion  as  the  range  g ives  no ind ica t ion  

of the  d is t r ib u t io n  of the  in te rva ls  within  the  r a n g e .

On i t s  own it  has  f a i l e d  to reach  any m easu re  of s t a t i s t i c a l  

s i g n i f i c a n c e  but i t  c e r t a in ly  follows a d i s t i n c t  trend of 

r i s ing  wi th  an in c re a s in g ly  poor p r o g n o s i s .

It would seem at a s tan d a rd  d ev ia t ion  of c a r d ia c  cy c le  

in te rva l  g rea te r  than  20 m i l l i s e c s ,  i s  a poor s ig n .  As 95% 

of in te rv a l s  l ie  wi th in  1 2 S . D .  th is  r e p r e s e n t s  a va r ia t ion

in r a t e  of about  30 b e a t s  per minute .

More impor tantly  i t  has  b een  shown tha t  a fa l l ing  S . D .
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over two or more exam ina t ions  is  a good p rognos t ic  

s i g n .

1 0 . 2 . 3 .  The co e f f ic ien t  of var ia t ion  of c a rd iac  cy c le  in te rva l  

This index  com bines  the  information of the  prev ious  two 

in a u se fu l  form. It c o n d e n s e s  both the  foe ta l  hea r t  ra te  

and i t s  i r regu la r i ty  into  one number.

It w as  hoped to d em ons t ra te  aga in  the  very  h ighly  s ig n i f ic an t  

p rognos t ic  va lue  of th i s  in d e x .  This ha s  no t  b een  ach ieved  .

Min imal s t a t i s t i c a l  s ig n i f i c a n ce  has  been  a ch ie v e d  but the  

d i s t r ib u t io n  of the  index  is  so  u nusua l  a s  to make t e s t s  

of s ig n i f i c a n c e  m e a n i n g le s s .

The trend  however  is  e x a c t ly  as e x p e c t e d . A high c o ef f ic ien t  

of v a r i a t io n  is  a poor p rognos t ic  s ig n .  The range  of v a lu e s  

found in th i s  s tudy  is  g rea te r  than  th a t  in Vol. 1 and it  has  

b een  n e c e s s a r y  to r e v i s e  the  d iv id ing v a lue  upwards  to

3 . 4 .  This ha s  been  c a u s e d  by an u n s u s p e c t e d ,  though 

fo r tuna te ly  c o n s t a n t ,  poor ca l ib ra t ion  with in  the  computer .

Popu la t ion  s tu d ie s  with  th i s  index  have  been  d if f icu l t  but 

i t  has  b een  shown to  bear  a very  c lo s e  r e l a t io n s h ip  with 

the  chang ing  c l i n i c a l  pa t te rn  of ev en ts  over s e r ia l  

e x a m i n a t i o n s .

1 0 . 2 . 4 .  The log ,  index  (SD x 10 / lo g ^  mean) -  This 

in dex  co n ta in s  e s s e n t i a l l y  the  same informat ion as  the  

prev ious  o n e .  I t  w as  c o n s t ru c te d  in th i s  u n u su a l  form in 

an  effor t  to a ch ie v e  a more s a t i s f a c to ry  weigh t ing  for 

c h a n g e s  in the  mean c a rd iac  cyc le  in te rv a l .

The f a c t  t h a t  i t s  d is t r ibu t ion  within  the  s tudy  popula t ion  

w as  v i r tua l ly  G a u s s ia n  w as  immedia te ly  h e a r t en in g .  

D isap p o in t in g ly  i t  f a l l s  to d i s t in g u i sh  b e tw ee n  "good" 

and "poor" p rognos t ic  groups with any  g rea te r  s ig n i f i c a n c e .
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Divid ing  the  popula t ion  at  a va lue  of 300 for the  log* 

in d ex  d o es  however  s e l e c t  two en t i re ly  d i f fe ren t  r i sk  

p o p u la t io n s .  The popula t ion  with  high log .  in d ic e s  is  

dem ons t rab ly  much more a t  r i s k  of foe ta l  d e a th  and poor 

oxygenat ion  a t  b i r th .

The lo g .  index  h a s  a l so  b een  shown to fo llow the c l in ic a l  

pa t te rn  of ev en ts  in s e r i a l  e x a m i n a t i o n s . In th i s  i t  has  

no t  been  qu i te  so  fa ithfu l  as  the c o e f f ic ien t  of v a r ia t io n .  

From th e  th e o r e t i c a l  v iew poin t  i t  is  the  more s a t i s f a c to ry  

in dex  for com par ison  be tw een  b ab ie s  but i t  has  l i t t l e  to 

add as  a p r a c t i c a l  index  of p rognos is  in the  ind iv id u a l ,

1 0 . 2 . 5 .  The nex t  s tep  ? -  These  r e s u l t s  have

not  been  as  conv inc ing  as  was  hoped .  The fa c t  tha t  the  

e x p e c te d  t rends  are ve ry  much in e v id en c e  is  n e v e r t h e l e s s  

r e a s s u r i n g .

A major problem, and probably  a major c a u s e  of the  

d e te r io ra t io n ,  has  been  the  e lec t ro n ic  in s t rum en ta t ion  

u s e d  in the  a n a l y s i s  of the  FECG ou tpu t .  The Computer 

of Average T ran s ien t s  p r e s e n t s  such  a bew ilder ing  array 

of chrome p la ted  knobs  th a t  n o n - t e c h n ic a l  p e r so n a l  had 

th e  g r e a t e s t  d i f f icu l ty  comprehending i t .  There  are too 

many p o s s i b i l i t i e s  for incorrec t  s e t t in g s  which  s t i l l  appear  

su p e r f i c i a l l y  to g ive  a co r rec t  r e s u l t .

I t  s e e m s ,  a t  f i r s t ,  a daunting thought to d e s ig n  a s p e c i a l  

pu rpose  compute r for th i s  work but su ch  a d e v ice  with  the  

very  minimum of con tro ls  i s  what  i s  n e e d e d .  The very  

r e a s o n a b le  quote  of £1 , 000 pounds has  b een  su g g e s te d  by 

one  Bri t i sh m anufac tu rer .  This is  in f ac t  l e s s  than  the  c o s t  

of a good t a p e  recorder  and makes  i t  p o s s ib l e  to co n s id e r  

the  s e v e r a l  s e t s  of ins t rum enta t ion  which would be required  

for a de f ina t ive  t r i a l ,

1 0 . 3 .  Po in ts  Arising from the Li tera ture  (Chapter  2) -

The l a s t  few y e a r ' s  l i t e ra tu re  on the  FECG has  on the
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whole  b een  d i s ap p o in t in g .  There has  been  a s t e a d y ,  if 

not l a r g e ,  st ream of a r t i c l e s  from all  over the  world 

but ve ry  l i t t l e  by way  of or ig ina l  c o n t r i b u t i o n s . The 

m ajor i ty  of repor ts  con t inue  to emlna te  from the  U. S . A.  

and the  o ther  Engl ish  speak ing  n a t io n s .  For th i s  s tudy 

t r a n s l a t i o n s  were  made or ob ta ined  from the  following 

c o u n t r i e s ,  Aust r ia ,  Germany, Flolland, H ungary ,  I t a l y , 

I s r a e l ,  J ap a n ,  M e x ic o ,  Po land ,  R u ss ia ,  Scand inav ia  and 

Spa in .  The overa l l  im press ion  is  th a t  the  gene ra l  " s t a t e  

of the  art" in. t h e s e  coun t r ies  is  a l i t t l e  beh ind  tha t  of 

N .  America .  The c l e a r  excep t ion  is  J ap an .  J ap a n e se  

t r a n s l a t i o n s  are d i f f icu l t  and ex p en s iv e  to o b ta in .  Severa l  

J a p a n e s e  jou rna ls  pub l i sh  Engl ish  ed i t ions  but th e s e  are  not 

t r a n s l a t i o n s  of the  J a p a n e se  e d i t i o n s .  The pool of 

informat ion is  so f a s c in a t in g  and forward looking th a t  I can  

only  e x p re s s  regre t  th a t  I c anno t  afford to read  more.  The 

R uss ian  s i tu a t io n  is  a l so  f a s c in a t in g ,  R uss ia  is  such  a 

c lo s e d  book to  W e s te r n  Europeans tha t  i t  w as  very  

i l lum ina t ing  to read  the i r  a r t i c l e s .  As a p r a c t i c a l  poin t  

the  R u ss ian  Em bassy  will  supp ly ,  f r ee ,  t r a n s l a t i o n s  of 

any  s c i e n t i f i c  paper  l e s s  than  five y e a r s  o ld .  The im press ion  

here  is  th a t  R uss ian  medic ine  is  well  in a r rea rs  of the  W e s t  

but wi th  f l a s h e s  of a b so lu t e ly  up to da te  t e chno logy  -  

where  e l s e  could  the  foe ta l  EGG and cupp ing  be d i s c u s s e d  in 

th e  sam e  p a p e r ?

1 0 . 4 .  In c id e n ta l  Poin ts  Arising -  The ea r l i e r  u s e s

for th e  FECG such  as  d ia g n o s i s  of foe ta l  l i f e ,  de tec t io n  

of t w i n s ,  de te rm ina t ion  of p re s e n ta t io n  and  the  l ike  are  

no longer  r e l e v a n t .  U l t r a s o n i c s ,  both in the  form of the  

D oppler  un i t  and the  D la sonograph ,  h a s  com ple te ly  

s u p e r s c e d e d  i t .  There can  be no doubt t h a t  the  Dopple r 

un i t  i s  the  most e f fec t ive  method of d e te c t io n  of foe ta l  

hear t  a c t io n  g e n e ra l ly  a v a i l a b l e .  Unfor tuna te ly  i t s
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s u i t a b i l i ty  for d e tec t io n  is  not m a tched  by i t s  su i tab i l i ty  

for au tom ated  a n a ly s i s  .

The FECG has  been  d i sappo in t ing  as  an ou tp a t ien t  

p ro ced u re .  S u c c e s s fu l  d e tec t io n  of the  s ig n a l  requ i res  

an  u t te r ly  r e l a x ed  mother.  This seem s  only  p ra c t i c a l  on 

an  i n - p a t i e n t  b a s i s .

R ad io - te lem e t ry  of the  FECG has  a l so  b een  unreward ing .

A s im ple  s ig n a l  c an  e a s i l y  be t r a n sm i t te d  and  re c e iv e d  but 

th e  more complex  p rocedures  u sed  here  have  n o t ,  as  y e t ,  

been  am enab le  to su ch  a so lu t ion .

Only  one. c a s e  of fo e ta l  e x t r a s y s to l e s  w as  d e t e c t e d  in 

the  c o u rse  of th i s  s tu d y .  (Fig.  10 . 2 A). The b a b y ' s  EGG 

a t  birth  w as  normal (Fig, 10.  2B). This a g re e s  with H on 's  

con ten t io n  th a t  foe ta l  e x t r a s y s t o l e s  are b en ig n .

It  has  b een  in te re s t in g  to observe  the  chang ing  a t t i tu d e s  

of the  nurs ing  s ta f f  towards  e lec t ro n ic  equ ipm ent .  

Admit tedly  the  ea r ly  pro to type  in s t rum en ta t ion  w as  a 

l i t t l e  d i s co n c e r t in g  but the  in i t ia l  a t t i tu d e  of comple te  

d i s a s s o c i a t i o n  ha s  changed  to one of read y  a c c e p ta n c e  

and  w i l l i n g n e s s  to l e a rn .

1 0 . 5 .  Compar ison  with  Other , M ethods  of Foeta l

A s s e s s m e n t  -  I t  i s  in ev i tab le  th a t  th i s  method of 

fo e ta l  a s s e s s m e n t  wil l  be compared with  the  o ther  methods 

now in u s e .  The two most popula r m e th o d s ,  u l t r a so n ic  

cepha lom etry  and ur inary  o e s t r io l  e s t im a t i o n ,  were  not 

ro u t in e ly  a v a i l ab le  a t  theGRMH when th i s  s tudy  w as  done .  

I t h a s  the re fore  not b een  p o s s ib l e  to compare  them 

d i re c t ly  by exper im en t .

1 0 . 5 . 1 .  C o s t  “ An FECG sy s te m  n eed  not be 

e x p e n s i v e .  The FECG ampli fiers  can  be  very  c h eap  (£5) 

and a s p e c i a l  pu rpose  compute r cou ld  be made av a i l ab le
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for abou t  £1000, It is  only  a smal l  add i t ion  to inc lude  

a hard wired  program for c a lc u la t io n  of th e  m ean ,  SD,

CV e t c .

This compares  very  favourably  with the  c o s t  of an au to  — 

a n a ly s e r  or D ia sonag raph  though t h e s e  d e v ic e s  can  be 

u s e d  for many o ther  p u r p o s e s .

1 0 . 5 . 2 .  Safe ty  -  Of the th ree  methods  the oes t r io l  

e s t im a t io n  is  obv io u s ly  to ta l ly  s a f e . Provided  e l e c t r i c a l  

s a f e ty  is  a s s u r e d  the  FECG is a p a s s i v e  sys tem  and canno t  

harm the  p a t i e n t .  The deba te  on the  s a f e ty  of u l t r asound  

c o n t in u e s  and i t  would be im poss ib le  to p re s e n t  any 

c o n c lu s io n  h e re .

It never  w as  the  in ten t ion  to develop  the  FECG in 

com pet i t ion  with  t h e s e  other m e thods ,  FECG information 

can  only  be rega rded  as  ye t  ano ther  p i e c e  or d a ta  to be 

u s e d  in arriving a t  a ra t io n a l  d e c i s io n  on c l i n i c a l  

m a n a g e m e n t ,

1 0 . 6 ,  The Value of the  Apgar Score -

"Whi le  we b e l iev e  the  sco re  i s  u s e f u l ,  

i t  h a s  many l i m i t a t i o n s . It is  no s u b s t i t u te  

for a carefu l  p h y s i c a l  exam ina t ion  or se r ia l  

o b se rv a t io n s  over the  f i r s t  few hours  of l i f e .  

Nor w il l  i t  p red ic t  n e o n a ta l  d ea th  or surv iva l  

in ind iv idua l  in fan ts"  . (Apgar & f a m e s , 1962)

A g rea t  dea l  of foe ta l  monitor ing has  b een  b a s e d  on the  

Apgar sco re  of the  re su l t in g  in fan t .  In r e t r o s p e c t  th is  now 

see m s  un fo r tu n a te .  The score  is  no t  a good enough 

in d ic a to r  of the  ind iv idua l  b a b y 's  u s e  to the  community 

as  the  " a t  r isk"  r e g i s t e r s  have  show n.  To d a te  we have 

no s a t i s f a c to r y  a l t e rn a t iv e .  Until  su ch  t ime as  our 

p æ d i a t r i c  c o l l e a g u e s  produce  a s a t i s f a c to r y  m easu re  we
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have  no b a s i s  for com par ison  of monitor ing or o b s te t r i c  p rac t ice  

o ther  than  the  s imple  p e r in a ta l  mor ta l i ty .  The c la im th a t  be t te r  

Apgar s c o r e s  m eans  b e t te r  b a b ie s  has  not been  s u b s t a n t i a t e d .

It is  a l so  unfor tunate  tha t  the  Apgar score  is  a number.  This 

en co u rag es  p e o p le  to u s e  it in e rroneous ly  b a s e d  m a th e m a t i c s .

It might be worth co n s id e r in g  rep lac ing  t h e s e  num er ica l  

v a lu e s  wi th  the  a lp h ab e t i c  s c a le  A -  I v^rhich would prevent  

t h a t  p o s s i b i l i t y .

1 0 . 7 .  The F u t u r e . -  As has  j u s t  been  po in ted  out

i t  is  ve ry  d i f f icu l t  to d e c id e  ju s t  where  the  future  l i e s  in the  

a b s e n c e  of a r e l i a b le  method of a s s e s s i n g  the  q u a l i ty  of the  in fan t  

d e l i v e r e d .

The foe tus  i s  so wel l  p ro tec ted  from in v e s t ig a to r s  t h a t  i t ' s  

s e c r e t s  can  only  be un locked  at  ever  i n c re a s in g  com plex i ty  and 

e x p e n s e .  There is  a very  va l id  argument th a t  su ch  e x p e n s e  

may not be  c o s t  e f fec t iv e  and tha t  the  money could  be sp en t  to 

b e t te r  advan tag e  e l s e w h e r e .  ( I un d e rs tan d  th a t  even  Hon has  

had  d i f f icu l ty  in ob ta in ing  further  f i n a n c e ) . D oc tors  have  

n ever  been  t r a in e d  to count  the  f in anc ia l  c o s t  of human suffering 

and  p a r t i cu la r ly  in the  very  emot ive a rea  of foe ta l  surv iva l  

t h i s  kind  of d e c i s io n  seem s  im p o s s ib le .

As to the  o the r  p h y s ic a l  methods  of a s s e s s i n g  foe ta l  function 

su ch  as  the  foe ta l  b a l l i s t o c a r d i o g r a p h , im pedance  p le thysmograph  

and e le c t ro - e n c e p h o lo g ra p h  t h e s e  are at  the  moment only at  

t h e  very  f ront iers  of t e c h n o lo g y .  None has  a s  y e t  been  

e n g in ee red  to the  poin t where  va l id  c l i n i c a l  t r i a l s  could  be 

u n d e r ta k e n .  Such work i s  however ,  p ro g re s s in g  and  the  

r e s u l t s  may be wel l  worth the  w a i t .

The " s t r e s s  t e s t "  approach  to foe ta l  a s s e s s m e n t  h a s  been  

mentioned  in th is  t h e s i s .  Such an approach  w here  th e  foe tus  

is  s t r e s s e d  by c h em ica l  or p h y s ica l  fac to rs  and i t s  r e ac t io n
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m easu red  i s  ex t remely  a t t r a c t i v e .  This au thor  ha s  n o t ,  as  

y e t ,  had the  oppor tuni ty  to a t tempt  such  an approach  but is  

c e r ta in ly  very  in t r igued  by i t .

The foe ta l  hear t  r a te  i s  of co u rse  only a very smal l  fac to r  in 

the  equa t ion  of l abour .  Work is  p rogress ing  on th e  p red ic t ion  

of maternal  performance in l abour .  This is a marnoth t a s k  but 

once  both m ate rna l  and foe ta l  p red ic t ions  can  be com bined ,  

pe rhaps  labour  wi l l  bring forth fewer s u r p r i s e s ,

1 0 . 8 .  C o n c lu s io n s  -  The shee r  com plex i ty  of

mankind (or more c o r re c t ly ,  womankind) m akes  i t  d i f f icu l t  to 

form a b so lu t e  op in ions  on m ed ica l  p rob lem s .  This  t h e s i s  has  

a s s e s s e d  the  ro le  of a n t e - n a t a l  monitor ing of th e  foe ta l  hea r t ,  

by  the  FECG, in the  p rognos is  of foe ta l  h e a l t h .

The following c o n c lu s io n s  have  been  r e a c h e d .

1 0 . 8 . 1 .  The d i a g n o s i s  of foe ta l  d i s t r e s s  n eed  not be 

conf ined  to the  labour ing  p a t i e n t .  A n te -n a ta l ly  fewer  fac to rs  

ope ra te  in the  baby and an a s s e s s m e n t  of i t ' s  "v iab i l i ty"  i s  

t e c h n i c a l l y  e a s i e r .  The foe ta l  hear t  r a te  i s  one  of the  few 

p a ram ete rs  of v ia b i l i ty  a v a i l a b l e .

1 0 . 8 . 2 .  Of the  many methods  a v a i l ab le  the  foe ta l  

e l ec t ro ca rd io g rap h  i s  the  only method which can  y ie ld  acc u ra te  

f o e ta l  hear t  r a t e  in format ion .  I t ' s  waveform i s  p r e c i s e  and is  

e a s y  to p r o c e s s  e l e c t r o n i c a l ly .

1 0 . 8 . 3 .  FECG ampli f ie rs  are  the  c h e a p e s t  a v a i l a b le  

ap p a ra tu s  for the  d e te c t io n  of the  foe ta l  h e a r t .  Their  c o n s t ru c t io n  

is  well  w ith in  th e  s co p e  of the  amateur e l e c t r o n i c s  exper im en ter .

1 0 . 8 . 4 .  A two ch an n e l  c a n c e l l a t i o n  sy s te m  i s  su i t a b le  for the  

removal of unw an ted  m ate rna l  EGG com plexes  in m os t  c a s e s .  An 

e igh t  ch an n e l  ana log  add i t ion  sy s tem  can  be u s e d  where  the

two ch an n e l  method fa i l s  .
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1 0 . 8 . 5 .  Study of FECG waveforms has  to da te  been  

unrewarding  but the  te ch n iq u e  of t r a n s ien t  averag ing  

dev e lo p ed  for t h e s e  s tu d ie s  has  opened the  way to foe ta l  

b a l l i s to ca rd io g rap h y  and impedance  p le thysm ography .  The 

FECG is  s t i l l  e s s e n t i a l  to tr igger  t h e s e  averag ing  t e c h n i q u e s .

1 0 . 8 . 6 .  The in te rva l  h is togram is  a su i t a b le  method for 

co n d en s in g  information  on foe ta l  c a rd iac  cy c le  in te rva l  ob ta ined  

a n t e - n a t a l l y by the  FECG. The his togram can  be d e sc r ib e d  by 

s tanda rd  s t a t i s t i c a l  terms such  as  the  m ean ,  s tan d a rd  dev ia t ion  

and c o e f f ic ien t  of v a r i a t io n .  These  in d ic e s  can  be of rea l

v a lu e  in the  d ia g n o s i s  and prognos is  of fo e ta l  s t a t u s ,  pa r t icu la r ly  

where  s e r i a l  exam ina t ions  can  be perfoz’med,

1 0 . 8 . 7 .  The new  lo g .  index  affords a more co r rec t  index

for the  compar ison  of b ab ie s  but is  of no g rea te r  v a lu e  in ind iv idua l  

c a s e s .

It  may be th a t  in y e a r s  to come "family  p lanning"  in i t s  w id e s t  

s e n s e  wil l  e l im ina te  many of our p re sen t  o b s t e t r i c a l  p rob lem s.  

N e v e r t h e l e s s ,  major problems of foe ta l  v ia b i l i ty  and qua l i ty  

of ch i ld  e x i s t  today  and  require  so lu t ions  now. This s tudy has  

only  b een  a sm al l  part  of the  sea rc h  for more and be t te r  

in format ion on the  f o e t u s .

That it  has  not been  so d ram a t ica l ly  s u c c e s s f u l  a s  I would 

have  l iked  is  more a t r ibu te  to the  b io log ica l  sy s te m  which 

p ro tec t s  the  baby than  a re f lec t ion  on modern t e ch n o lo g y .



235.

1 1 . S U M M A R Y

3.. A n te -n a ta l  a s s e s s m e n t  of the  h ea l th  of the  foetus  has  been

iden t i f ied  as  a problem. The foe ta l  hea r t  r a t e  has  been 

s e l e c t e d  as  a pa ram ete r  of m easurem ent  of foe ta l  condi t ion

2. A rev iew  of pe r t inen t  l i t e r a tu re ,  in br ie f  from 1906 to 1968 

and in d e ta i l  th e rea f te r  has  been  made.

3.  The problems of foe ta l  d i s t r e s s  and i t s  s e q u e l a e  have  b een  

c o n s i d e r e d ,

4 .  The deve lopm enta l  anatomy and phys io logy  of the  human 

foe ta l  hear t  have  b een  d e s c r ib e d ,

5.  The p h y s i c a l  methods  for obta in ing  informat ion from the 

foe ta l  hear t  have  been  e v a lu a ted  and the  FECG s tud ied  in

d e t a i l .
(

6. Amplifiers have  been  d e s ig n e d ,  c o n s t r u c te d  and u s e d  in 

two and e igh t  channe l  sy s tem s  for removal of the  unwanted  

mate rna l  EGG s ig n a l s  super im posed  on the  FECG ob ta ined  

from the  m other ' s  abdomen.

7. M ethods  for the  a c q u i s i t i o n ,  manipu la t ion  and d i s p la y  

of d a ta  from the  foe ta l  hear t  have  been  d e t a i l e d .

8.  A c l i n i c a l  t r ia l  of the  FECG sys tem  l inked  to an ex is t ing  

in te rva l  h is togram method for the  d i s p l a y  of ca rd iac  

c y c le  in te rva ls  has  been  s u c c e s s f u l l y  u n d e r ta k en .

9.  The r e s u l t s  of th e  t r i a l  have  been p re s e n te d  and the 

■condition of the  newborn co r re la ted  with  the  a n t e - n a t a l  

a s s e s s m e n t .

10.  This t h e s i s  has  shown th a t  the  FECG is a s a t i s f a c to r y  

method for ob ta in ing  informat ion about  the  foe ta l  

c a rd iac  c y c le  which  can  be of r ea l  v a lu e  in a n t e - n a t a l  

a s s e s s m e n t  of foe ta l  v i a b i l i ty .
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This b ib l iography  con ta in s  only the  

re fe re n ce s  quoted in th is  t h e s i s .  A much 

more comple te  l i s t  of re fe rences  on the  

FECG can  be ob ta ined  by combining i t  

with  th a t  from V o l . 1. (Curran,  M . S c . ,  

1969) .
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APPENDIX A

I ,  Rro form a

E N um erical codes

5o T ab le  o f r e s u l t s



sp ec im en  of pro-form a on w hich d a ta  w as lo g g ed . The item s 

are  not c o n se c u t iv e ly  numbered to m ain ta in  conform ity w ith  a 

p rev ious  s e r i e s .

MOTHER.

1. Seria l n o . 1

2 . H o sp i ta l  n o . 2

Name

3. Age 3

4 . P arity  4

5. E .D .D .  5

7. G e s ta t io n  at FECG 7

8. M ed ica l  cond ition  (code) 8

9 . O b s te t r ic a l  cond ition  (code) 9

10 . Induced  ? (1 = Y e s , 0  = N o )  10

11. D uration  of 1st s t a g e ,  11

12. D uration  of 2nd s t a g e .  12

13. D e livery  (code) 13

14. D ysm ature  ? ( 1 = Y e s , O = No) 14

15. Error in e s t im a te d  d a te s  15

BABY.

17. D a te  of d e l iv e ry  17

18. W eigh t a t  de liv e ry  (Kgs). 18

19. Sex ( 1 == M a le ,  2 = Female) 19

20 . Apgar a t  1 min. 20

2 1 . Apgar a t  5 m in s . 21

22 . Apgar a t  10 m in s .  22

23. C o m p lica t io n s  (code) 23

26. M ean  of in t .  h i s t .  26

27 . S .D . of in t .  h i s t .  27

28 . D is p o s a l .  28

29. C o e f f ic ien t  of v a r ia t io n ,  29

33. Log in d e x .  33



As the  SCAN sy s tem  only hand les  num erica l d a ta ,  the  non- 

n u m erica l d a ta  w as coded  as fo llow s:

Item 8 -  MEDICAL CCNDITICNS

0 Nil

1 Rh-A ntibodies p re s e n t

2 C ard iac  d i s e a s e  (maternal)

3 Anaemia

4 R esp ira to ry  d i s e a s e

5 D iab e tls  m elli tu s

6 C o n trac ted  p e lv is

7 E p ilepsy

8 U lce ra t iv e  c o l i t i s

9 Urinary  in fec tion

Item 9 -  OBSTETRICAL CONDITION

0 Nil

1 P re -ec la m p tic  toxaem ia

2 P a s t  d a te s

3 Bad o b s te t r ic  h is to ry

4 Previous fo rceps  d e l iv e ry

5 Antepartum haem orrhage

6 Hydram nics

7 Prem ature rupture  of m embranes

8 Variable l ie

9 Previous c a e s a r e a n  s e c t io n

10 F oe ta l  d i s t r e s s

11 T hrea tened  abortion

12 Low o e s tr io ls

Item 13 -  DELIVERY

1 Spontaneous v e r te x  de liv e ry

2 Breech

3 Forceps

4 C a e s a re a n  s e c t io n

5 V enteuse  ex tra c t io n



Item 23 -  COMPLICATIONS

0 Nil

1 R hesus a ffec ted

2 Cord round neck  and tw is te d  cord 

sho rt  cord in c a s e s

3 P o s t-p a r tu m  haem orrhage

4 M econium a sp ira t io n

5 C o n g en i ta l  abnorm ality

6 Jaund ice

7 Prem aturity

8 H ypoglycaem ia

9 U rinary t r a c t  en fec t io n

Item 28 -  FINAL RESULT

1 Home

2 P aed ia tr ic  nu rse ry

3 P ost mortem room .

T h ese  c o d es  w ere  d e l ib e ra te ly  le f t  o p e n -e n d e d  so th a t  

u n fo rse en  item s cou ld  e a s i ly  be ad d ed .

In th e  ta b le  of r e s u l t s  99999 re p re se n ts  m is s in g  d a ta .

The f ic t i t io u s  Apgar sco re  of 11 is  u sed  vHiere Apgar is 

a s su m e d  to be 10 but not reco rd ed .
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r «aw*̂tritrŵt;̂ hsfĉj»r ntaw jîœsiiuiv «i

G e s ta t io n  a t  ilECG (weexs)
jWAX.A»Jri.\WlVC.̂

1 H e d ic a l c o n d it io n

O b s té t r ic a l  c o n d it io n

i 1 I
<̂wra»AU3ïrcœjr-«ii»-aT[r*iwnî»m-/Vï«P=«rsa“îrratæor*c;;effiM.riw.W!B«*awFi;rty*CT!îrJ?ŵi>ĵ^
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i D ate o f  d e l iv e ryj 2 .1 0 .7 0  {29 .7 .70  I 2 7 .1 0 .7 0 = 1 1 .7 .7 0  {7 .10 .70  g
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'■«i5t*-Wjaflr,w*armcP4»ffli*«ANîN-tî»Mr̂Twr̂<r.2iGW!W.WA»iat̂«c-\̂ «fiSiriï«airlraaei*̂flpï<Ĉ
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*)Æ»6»3ih*m%3?;akpa*33Mf;tnriwZAà*wwfrtwa.v*a%i&TKrjBA«#.««*M%iKymu«ywuM:.,,̂

1 2 .6 .7 0  I 1 8 .4 .7 0  ! 2 2 .7 .6 9  I 1 4 .9 .6 9  | 7 .9 .7 0  | I 2 . I I .6 9 !  .Expected d a te  o f  d e l iv e ry
i*s«i.wst"»mMa.«eâifÆtt̂ f.'#.>?îrn»<3aLurTî<3*tiiMi:)ira'njrKAit̂5!vcmc;irur.ri%.5!R,-t."asVMs«:5ronT

1 I t j i 5 . .
40 1 38 i 37 : 38 { 33 ;• 36 ; G e s ta t io n  a t  PECG (weens)

- ' ’ '

3

ÿtMrsîs*r3tiw$îj*.xîtow»3«̂aw&<A-rttiii3yttRsaiâ&terÆa2?i‘am'cajT*\fFi!5sait65»ïîftiUEiKi»ad+*tti«iA>itïtifyM
i f 1 i

g .  I 3 i 0 1 0  i O  } 3 Î M edical c o n d it io n
ÂagcaBjtA«igmixtœ!LTffl.trtratt;»Â>CM>iraaag.w;a«rT«:g53S»'gitaotvaÿjgeaa*̂tyaXP3flâ

I 2 ■; 3 . I 5 I 5 \ O b s te t r ic a l  c o n d it io n! 3i 'XJKînisirxrtfrT̂BiiraTiK\sivfiAà̂vt*szwi'*fvaxjM̂\\':.!mxuiiii,cî£sxsxissstiGiiftirT‘sem,V3iC'ax'nqf9isviXst̂^̂ L jui4««rtww
5 t 5

{ 0 .' ï  i 0 I 0 f I  i In d u c tio n

0 24 j 12 .5  I 7 .75  I 1 .75 j D u ra tio n  o f  1 s t .  s ta ^ e  (h r s )
I J i ,( ! I J
j 0 1 0 I 0 i 0 I 0 .25  j 0 ,5  i D u ra tio n  o f 2nd. starve ( h r s )

î 4 ' D e liv e ry  

I D ysm atu rity

^ I 4 ,
m̂*aift»UgtrtKa«»ri/tM»iaMffqt«̂ ?̂q̂gxag<gSÆWaun&»«glfcrt.‘{>̂ĵ t̂TOaMar»jig3rciwC3aaAtatoaaB̂

i 0 i . 0 j 0 ! 0 j 0 I 0
I i ; 4 i 'i i

■1 i -9  I 15 I “ 17 j “ 43 : 26 \ E r ro r  i n  d a te s

I I . 6 .70  I 9 . 4.70 j 7. 8,69 I 31. 8.69 j 25. 7.70 (6 . 12.69 ; Date o f  d e l iv e ry

3.37 I 3.5 I 3 .8  I 3.2 j 1 .84  I 3 .2  I W eight a t  d e l iv e ry  (iCgs)

I I < I i Sex

8 I I  I 10 ? I I
Vrlra4n3»»3.îliMta<aiîMK>rKf<CN̂A<B̂4Vn:rt'UTd'̂»VÏ«lTMCwnmuiVMo4aif3iT|Rlrt4JC>.vVm'<Ai:̂V«:;K»r«î

407 .4

I 3 3 I 5 i Apt,ar a t  I  m in.

\ 9
r*wefl»«y3"»i«ii!eCTrar»iRwl I *i*rr ve»tir ra e>rrtiT«

I Apgar a t  5 min.

■ i
' 1 t t  { Apgar a t  10 min.

7 ! 7

I I  ' I I I
rtfcinjrvw-V‘SAi4?«'cU*#'̂r':}c»̂aru::̂4inn>t«

I 0 . 3 { 2 j C o m p lica tio n s

429.9 I 3 92 !4 I I 441 .6

34.99 24.14 1 7 .I

394 .4  I 417.82 | Mean o f  i n t .  n i s t . ( m i l l i s e c s )

11.75 i 17.25 I S ta n d ard  d e v ia t io n  ( „ )

D isp o sa i

6 ,2  j 3.9 3 ' I 4.12 j C o e f f ic ie n t  o f  v a r i a t i o n

577 404 I 281 I 197 I 290 I Log in d ex
,ÏW1WeCGpaWMmkA*VK*« itVGTtAfpWarRfft-w



1222 1 223 1224 |225  . *226 {227
SanîaLl«j!rarjcaBJraw«ii'.4n>iiKm-zrimn»a,ni..3B4.<lMrscïjœîsrœis3»xiœmlV..v̂ ^

S e r ia l  number
LAtXAK. V :̂ v̂iASJ*«aaifctftij

81008 181800 i 76495 f79397 j 76426 | 82758 \ H o s p ita l  number

35
ra4+J«W«»(S:a»ïi7WSCA3Uf«‘it̂*ApeiîiC;îAW«'*«îîîJ5i*t»mnT*B!ï*«̂ îie'7>J»W!P)t«rVA!5|faaiL«:a(<«,-,VErt"",fcai*l4-,l ka

4+0 1 0+0 I 3+0 I I+O I OfO j 0+0 I P a r i t y

1 6 .6 ,7 0  12 6 .5 ,7 0  ' 29. 9.69 I2 . 3.70 {99999 | 2 5 .9 .7 0  I E xpected  d a te  o f  d e l iv e ry
i|K̂'rt»$eiffw>titti»iyLO.i3B.*<.nsï;*#tisiiîtMiTiîcrma*îsxwts&MimA«mtt26cira.s3$63=eae5‘«tii>/.itA*iyry:K»wmrru”̂

(5UOJïtariirK»î«=uMMissîE‘ŝ »îW'f̂ 4*'înt'ĈA«îCïiirawj'ïwffmŵ^̂t5r!lï'̂ aM3î ^

19 i 28 127 122 I 17 I Age

; G e s ta tio n  a t  FrXG (weens)40 140 :; 38 ; 38 j 99999 } 40

10 . j o  : 0 I 0 jo  I 0 1 M edical c o n d it io n
ÆIlar̂■asïaraĉÆĴ«»■JrsrÎfw»̂.̂ tlWîS5¥ïîHŵftI:£tlK«£rtl■ŵ̂ ŵf•>?wrrîî̂ sî=>ĉ^

6 t 4 ! I  i 10 j I  i O b s te t r ic a l  c o n d it io n
«i<t!5a%tï?xœicatB«ai«#sWj«-*':t;̂ iî;ti»iiti«X6*ffl<WjK̂!&:a«Mi?wvXF*'iii3cwvj«nirBe-ja3tÆijui««Æ’j:’a'!M̂tkwari»aCJiôin̂^

j ! i j { {
0 I I  j 0 5 0 i I  < 0 * In d u c tio n

< ’ :
j 14 \ 10.75 I D u ra tio n  o f 1 s t ,  s ta ^ e  ( h r s )118.5 I 5

i%VATM4M3PM«M!k*q«I.Ct̂*=p%AfmW

D u ra tio n  o f  2nd. s ta ^ e  ( h r s )10.25 10 .75  { 0 .25 I 0 .25  11 .25 | I
raj ïflïi«iaE*M>OT»̂îïWeaw jsptttJttoi*TmTOCiri«aicw i*B kw™jprt,ea!jfcTO eMUMaHwear̂^

' ' ' 2  I 3 j I  ; D e liv e ry
*)%)xxTwii;nccü3üïm%)23j!rw(m*a)i\?fpAW%tm»%aae%Beîua&aai%'Æ9f«*[f&5J'aw2Wiav»%»t̂:'f%KPRaMa»»;AfM&i5Mrra.crrüf̂^[ I

I '
femic>3ag<aagftîa»aiaaga<-fcc

0

a

3

0

10

0

i i

0

10

I
! 2

0 ; 0

99999 18

\ D ysm atu rity

I E r ro r  i n  d a te s

24. 6.70 I 6 .6 .7 0  {30. 9.69 : 1 2 .3 .7 0  | 21. IO .69I 2 .1 0 .7 0  I D ate of d e l iv e ry
MA%*M*wwMawr(!kAtf,,Wrcirw&n;3Uka*4%CKJ*AJiPw/V4'**%w;pf:t%La/2A,MtAJA'5&copTt?.:4*vRS%zyMca.iuiai'%j
3 . 2.0 ! 99999 i Weight a t  d e l iv e ry  (Kgs)3 .79  3.3 199999 ; 3 . 6

k«'Wlra.jiow<îxi-’iM7iin2Wirl(fWtHS!atMViT«î«*,viffWïm5tfroraî:r.fi4»\w»m:«asVTtOTyviiu«iaî»

2 \ l  I Sex

' "i I
7 j 7 j A pgar a t  I  min.

I I  1 9 ! 9 1 10 I Q ) I I Ap&ar a t  5 min.

398 .2

I 10 U l  ] I I

0 { 0

430.02 j 427.23 { 410.01
‘•'o.i trw a">+*x»touui*#i«̂-#Tr.*-»« c ws# b « ̂ «<1
2 4 . 3 3  I 1 9 .0

.tsŝbiccsirŝtxivcsŝsta.*-

&J%W&awaPMUüa%ÀfLay=Ldïva«ue4»4%MiL4»fL»(icw:Af.*,»

5 .7

402

MaL'»̂ Â..nvaw%fWWA4k,)

4 .6 3

316
l'Ĥ.'Si'WVfrST.’îtfsrtfUîiAfxww* % *?kaw»

I I I I  i Api^ar a t  10 min.

}
2 I 0 i C o m p lica tio n s

,4
)’477.45 I 434.10 I Mean o f  i n t .  n i s t . ( m i l l i s e c s )  

20 ,02  I 12 .61 I S tîu idard  d e v ia t io n  ( „ )
nt̂ wt ijv»nv*'ta*in-

I  I I

4 .2  j 2 .9
4̂  V tbKfVÔja

D isp o sa l 

I C o e f f ic ie n t  o f v a r i a t i o n  

325 I 203 j Log in d ex
ttfS If ti2nftO+iJ*tf̂ 'J*A sï-JW^WVJiw «Aw** ."iVlrMi*-



228 g 229 I 230 231 232 , | 233 Seria l number

80857 I 79256 ( 61696 82394 ! 79366 40674 \ H o s p ita l  number

20 ; 35 I 29 I 16 j 22 | 27 |
Pw*avcÂf3i±&Wwt̂a%NL$@fm<,A4:*+nr«&i:urM4<&arû«u«v3i*yz3PM'a)*Yt»*i«Miw;Afw'w%ŵ3.NW%fMT)"V%*̂%W7&YGJn;jf̂  ̂ *

1 I 1 \ \1+0 I O fl I I+O j 0+0 0+0 j I+ I
k;a733*awaKC4»a!)%]oa)arnMf̂ w.3ûtaxK;R.wgÆùcvaiW/<cg'+KTKaJWi%:f%W(.a*k%̂5CRffÆiag3m»f

2 4 .2 .7 0  I 6 .3 .7 0  | 8 .6 .7 0  I 9 9 9 9 9  | 7 .4 .7 0  ( 5 .5 .7 0  ! E xpected  d a te  o f  d e l iv e ry
Y’%»t.xîJinD[s:îOTJsfia?i*'fl*4!rrviiaT'«-wrîK*ii>av«?ra-*iTOisï7xajJ'.-5;TWî«T,üSTts,335ifc'̂^

‘ ! I i J
 ̂  ̂ j G e s ta tio n  a t  FSCG (weens)

i ;
1 3  Î 6 . J M edical c o n d it io n

I

P a r i t y

41 j 41 i 4^

I
; 99999 40 i 38

f&?*ÆKAX̂MX3aWÆai*W5rO«»yÆ̂>Km.'&Mr*3WW«aWS3ZParM&dS5C«*T$4Kn;%t*MWW3«KTMZgr%K3a3WT«»*«!TWWK̂̂I
3 1 9
atu%ayilZW%aa.WeV*=PKjW«jp&.iŝia3J:f4W:̂%&*taïR)tMrs'ew)̂.%i0»;»w?

t-iyVg5g>xy.j5yVPt«axs»̂ltf̂MagafejancCT4iTOf«tJmgi£w.xraB»w«rijwJgeeK)a,q<L-ijg,'̂Kgcggatfjrjft«vŝ ^

19 .5  6 .75  I 15

I O b s te t r ic a l  c o n d it io n
&AifA*mygkMkWW%e»Lai

In d u c tio n
ÆV5%(fqWTc*M*RAZR»KaT=.'a*f

■ D u ra tio n  o f  1 s t .  s ta g e  ( h r s )
»T»ef|iSCTwisirwa*wymf«rstara*MS»*ttmrtf«usto$«uraik*tt)ie»M'MJirttJtmsaï«»tMin-'esw>i<i*iJTîTTiUvR̂

3 .25  I 0 .75  I 99999 | 0 .75 | I .  | 0 .75 ! D u ra tio n  o f  2nd. s ta ^ e  ( h r s )
*<raaBifcagar>gan*WÔi»'*gB‘-aBWJMAyitfnmwrac»aa*Âf»«HeaaaMg»wi«fcMrfrM'iaM-Atm.'iia

r I 3 i s

atsji«ajeiiH3STgr»ig>a:̂ M̂ÿa»Aa».'«Ti«&̂îawt3KaBtT'fcaK,OTWSiw»-wma;uaayÆ.«
! . .  ) ^  >

I 2 D e liv e ry
VAUHtatcrtciaiÆNsawAR*iîapaîrtfe*c*ratsi«.w5ïT«ïMivir*riXftrB̂fi=aJSTOfeBs»̂  ̂ BÛ®a»H«aiatrtWiwj j/;s«wasKniyj.ir3«*/Bjivrmrii cw«*aMTAaMBCüf%riM̂awRw,>&a.*%taaùiw:%<q3EiaMtvâ?TMW:5A:a3=wcMcaah9Kw*(A«#aa%MÆiat3?ĵ  * w

0 j o  j o  5 0 I 0 i 0 I D ysm atu rity

31 I 20 I 7 { 99999 I 8 j -6  î E r ro r  i n  d a te s(

3 .5  ; 3 .48  199999 \ 3 .4  I Weig^ht a t  d e l iv e ry  (Kgs)3 .51  I 3 .4  {

I  j I  i 2 I I  I 2I ' l l

2 7 .3 .7 0  I 2 6 .3 .7 0  | 1 5 .6 .7 0  ! 1 7 .7 .7 0  | 1 5 .4 .7 0  | 3 0 .4 .7 0  ) Date o f  d e l iv e ry

Mi4wr.cav%Et3AiK<n.r>

2 I Sex
} Î i J ^

I 7 5 7 5 I y I Apgar a t  I  m in.

} I I  ! I I
AmMmt 4w«enir.Mn* iw<*Vi»* ww*MiS>!isi>c*.*ïî ŵ.eiderW«wta ww-Jiv.» &BcumAVnaa*MB*i«n

0 j o  I 0

429.45 I 434.85 1 451 .4

1

i ?

0

452.35
■AiaiJ.tt Jic/Anm» wwww).: •■

9 .6 3  

I

2 .13
rwoiww

157

10

I I

! 9 j 99999 ! 10

tiü d V'UJ) AUeMU^KCM

^̂«̂«weaicjnATRCAaccKycjr

T«B«%KC%MWBWIA.KWMAFZM-

»AWWI3e$VC10#»%WW»!:

18.6 6 ,8  I 10.65

/̂ kMcam;gw<fW3f3wwa.Mk(iKCp/*T>wr»t*wei* w**,/&Mcam;gw<fW3f3wwa.MKli

4 .3 3

J. Apgar a t  5 m in,
•wÛ*fVWW.fllW#mTteTM»WliWi:Timw*UaA».teSVW»'!»'W»'Z<WJ;WrAiWVttW‘'6T̂lSTîWnt<rwfïJit»W.|'Ttttk::fl1Btr<̂tgi:,<î2pgi*t«3VŴ

' Apgar a t  10 min,

i
I 99999 ! 11

ezhiwi t,i«i'!i«tiai$wJL

0 I Q 1. C o m p lica tio n s
,y

451,8  I 434 ,1  I Mean o f  i n t .  n i s t . ( m i l l i s e c s )
j i *

7 ,78  I 23.7 I S ta n d ard  d e v ia t io n  ( „ )

I  I I  I D isp o sa l

1.55 j 2 .4  I 1 .72  5 .45
a)KAff jr*gebMjrc!5TW4%i.'fA\r$̂acRtiWÿ4AC*̂n:)»p3##üA<m4**4kit̂ iK&̂«4*/VtA4i.ti.i4<*d*.*f»i*Wa*#Æwky»w utt<if*î x*AThi*h»A««i6MF«ri<'#*y-t.-*»iïwix.yt»tre*ibBx*Kevii»syeyi«yroiKrahriB'*ûeT»w4NvsezAi*tM.t‘̂«»̂^

307 112 147 127 290

Coei‘f i c i e a t  o f  v a r i a  Lion 

Log in d ex



237 238iT»2UTtP'.'we5i:B«Kafyïr>x*J3ivaai«4̂ ĵjivt.«Mt'j|*«i35v*ikBatt»**Eïwwi«ic«vKs*w«>d’̂rwf-yst?w.Mr̂'îsi-5Bî
^34 I 235A I ;.33513 | 236 « § P"=:H ï S e r ia l  number

77678 140470  1 | 81169 | 82163 | 79226 \ H o s p ita l  number

22

toaxsüyropuKtfswîUîKPGtŝr

P a r i t y

22 H  ̂ î 20 j 19 j 29 j

I 0+0 I 1+0 • I 0+0

I 1 2 .7 .6 9  } 2 2 .8 .7 0  I | 99999 | 99999 j lO .p . 'O  ! .Expected d a te  o f  d e l iv e ry
ĴMwj.jt3acrafaiaprattaj-feW.ri?t"frf*>fliaÆA«yaJaWTrv«v?v.>c-ugiQ̂';?ffl8Wg3ĴnJ»ya\5M»JWrcriArCT.<ig;x̂  ̂ —

40 I 40 ; *■ 45 i 40 141 I G e s ta t io n  a t  P6CG (weens)

I 0+0 I 2+ 0
>-̂ssçp*uei.-\Oeŵ«*i4jM:3Jbntrt.-5tt*'W»̂:l,'«X*X'i>tjt<TTO!.xe&:««a»«*:«i65Vi»ttaj«æ|«nEe£iaîîKS£aî*to

T«pyFfaT*Ah»Va4iX-d.

0 0 ; ; I ■;
; 0 i 0 \ o I M édical c o n d it io n

3srj;v'«*<Biiar*Ki»*fHis»iMiw43Jt'M=i«'attBJac£#iw>.'ïL'TiOittteiSRn:ïnitis8mHar«3rauTV«i3<aî s'tii5ïŝ

■.î | 2
USTbfiXjr

I I
AUWaisR

i I I

I c. O b s te t r ic a l  c o n d it io n
t aa*i'»xaia#i«st«Mïiiiïŝ«ETOBvr}wjriwfteus'a»wi*niTOrtiWKtajtisrfi«rtrf5JU!j*»ww=wc»7Ss=wB?e«Xj«utt̂ n̂

i j i
I  1 1  ! i 1 ! I  u

mia3*nti«gpt4niriaTaxi!3CBBpa»nj?j»ÆgvimayjvOTj3Jffi*r?TOiÆ-fdRWBcair«ya!AugAraTgiBiiagrt!Kâ
! : ' i ïjj 4 .7 5  g 9

) In d u c tio n
1 Z::aiK«)V2CAgiX2«lfA»Kf;VM3jauyK2!3:

i D u ra tio n  o f  1 s t .  s ta g e  ( h r s )

0 I 9 { j 99999 I 99999 | 10 \ E r ro r  i n  d a te s

*___________ i ) _______  I _________ i

i i ’
1 .75  j 0 .5  ( 99999 i D u ra tio n  o f  2nd. stac-.e ( h r s )

rWWfKAWM<AÂI*afW:̂;kT U«*9AWW>*raw%»M!»n&ZCmiCV3\rLWSX*jftk*jafa*A%3Ŵ6[MA«ZT«3aM>̂Tî ^

( I  I I  ? D e liv e ry
* A If3%3z«3tTj3,iimaAPt3«. ; «*nka*%rq\vwMtaf33C3tayX'WrK%f3CRù[f%4erawïiTaRbaâ'%%%gc,jafẑ%#twiPiffwi<3r'M&3M%zaaiMazAHr*f3TK'

0 0 0 j 0 I D ysm atu rity

1 2 .7 .6 9  131.8 ,70 i 2 .7 .7 0  I 1 5 .6 .7 0 {  2 7 .3 .7 0  | Date o f  d e l iv e ry  

j 3 .61  j 3 ‘5 I 3 .4  i W eight a t  d e l iv e ry  (Kgs)
CrA,f̂#Ww!A:mAaV*T«%dl.%gSij%pe&̂k(%3ü;ftKW.%t%idïaM5*aii!f.MKa>.M&U$iamtAilAaccn3&rf,f̂prCT)VV=caAIW3(!%3 J» •̂S’mJtSASiCiX-S'iUsi

5.5 \4 .2  I ' —  I ; I
■i*aiŜftatjfc»u*ttwtft»iwcba»tÆ*tng3ywu«-»H«t>w-anwTCTS»|OTTOBrn«g;.-tMXpJiix«iwvTwtt.B'gwt»nir̂rMpi-.agrtt̂ »̂

I I  I i 2 I 2 I 2 j Sex

î ' ' i j
I 6 I j 6 J 7 j 7 I Apgar a t  1 m in.

er!ïmmiMZ»9icyt»tiUMrOTewM̂i«»»r»>siÆ»*wetittit2fv=vwnvi tfflrtmnA K«> iurdiJUti*x ti. o*i;«A
lI I  î î 10 j 10

? I I  j I I  I 99999 ! Apgar a t  10 min

455.14 419.12 455.75 | 402,24 411.8

7 .3  1 13.75

2 .71  1 .60  3 .42

189 I 119 I 229

? 99999 ! Apgar a t  5 m in.

f#̂n*JTTAK»*WUiA**W,:T&\ürWjm*;<*<=XA*H&iK«*PWK*a6a«.*»A:

i C o m p lica tio n s

402.2  I Mean o f  i n t .  n i s t . ( m i l l i s e c s )

13,91 i 19.56 j S tan d ard  d e v ia t io n  ( „ )
4*1 .»r*ri « r*1T!VT«̂ *. v*«.. M V*'A vt

D isp o sa iI  I I

4.9 ! C o e f f ic ie n t  o f  v a r i a t i o n
r4g<*ew*ev-<,>ajr..At*b.ti'e*>Twue«»<re'Çk»*i'*V!*»»*t.tt«c,«u5Ai'»-iir»»î«;'i»i'‘e

Log index
'lwWAaV»-$KkK:.i'*KfW/W9C;/n<j!A'3\V»UW»kW%l*#*A5eaAlgMr)#iX»,*:A»iW$̂W>f%'at>nW%W)VfKL̂



82018 ( 40935 ( 40826 | 76610

239 140 24IA 124IB . I 242A {242B S eria l number

Hospital nuiaber
JfSÆÆVTt***»!'-

I AgeIB 19 38 31

O+I P a r i t y

« c$z7ùü=Mrijwz3*n&TWWiKwaia T2»itrf%t,!5a!LgM:ih'M3VXVM*̂fMX3 kXk "WU7fAm «.̂ CAK! hti/tiSi» *•

I+ I  \ 0+0 Î I+ I
: i I ( 4

1 ,9 .7 0  j 1 1 .7 ,7 0  ; 1 3 ,7 .7 0  ( j 16 .10 .70) ! Expected  d a te  o f  d e liv e ry

40 I 42 i 38 ; 39 I 39 [ 40 '
! j i Î .;
; jLc . V . jLv, I I ^ J ; M edical c o n d it io n
FiN«Ga-iUuiKtucc3e.'wcv3mïP̂sivw«;iv*iKr!C2Tytt£Uit#TOT't̂ i*ans'aw;yüTii5ajnur=ov5»tî»S63TSs»aEM̂

0

99999
q%AiqKWaftW=r

99999
<̂C»ftS)f:WKten3Ssssx-e

. 4  I I  I 4 . 1 31 ■Tcauriras3t3S»ffctl»."iWcsawiW6:*3raTUKflXB'i«4»ltiJV-A<ie$=TwAt$=r«rW''aTia6muifawvrtiT<SMxi6Ktyfla:*«!BT$iX*tNiŷ^

0 { 0 i ; 0 ! I D ysm atu rity

3 I 22 j -4   ̂ j _X 1 I E rro r  i n  d a te s
■2rar.T3vrnmiavrr»«faîz>aâ3)fArtî .pvîpyri'yr!TavaasîN»wmyw;*niCT.iuîTkVH'̂ ^

4 .9 .7 0  I 2 .8 .7 0  I 9 .7 .7 0  ; 11 5 .1 0 .7 0 1 ! D ate o f  d e l iv e ry
L«aW:p=t**̂*̂t.R&auAAawaE»z*U4C7tM*W«A*̂KajKLA%JtiML*i&at»%«j3CaPKWIAa6tcf

2 J 2 I 2 • i I 2

5 j I Apgar a t  I  min.

42 

0 

2 

I  

54 

1 .5

; G e s ta t io n  a t  FECG (w eexs)

! 3

r,r»U ftw* *\taa*JŴy:»ù»wV4kifWdatf*̂&tk*WAi6a*:34g!

I O b s te t r ic a l  c o n d it io n
r+;aa=5!awr3K»EmraL;«'a*v%a.ATxyv55«niwgo&aV4n%'*Aww*RirasQ«qpn:3*x3%B$ta:m̂%%k\»,%w5(&iff0«*MB%M*n*̂
I { i ; i i J

I 0 ' i I  { ! In d u c tio n
Çü!R=cfaa)%KtKîüozcH:*rMr%<:*#%:Tu%=aaA%±*asriwpLK*'WMUiti««N&Me%Ktfaijty&3?=3iafaK̂ ^

99999 8 .5

I 99999 I I 0 .5

j D u ra tio n  o f  1 s t .  s ta g e  ( h r s )  

! D u ra tio n  o f 2nd. sta^ie ( h r s )
a c«jjfiii.BKS «s/.±]umsuwsn« i .A. teewici*5a*i.«i nm'ueMcccfS'ùrvMMsrJ9-inUT«<w k̂Act-a, MtaRtjZf lantiTifli tita*rzïïîraK«Mm»a$Tro’Xtii<î*-«rrl.'«»H5gïMMorAa£tiiMsuii Atx̂tenwai:

i
i D e liv e ry

rf3T3*lAg(VmiR6Te%syTMm«!**uJ#T»)LMt*/kai.&bTMfMWWi*,»WMÇ.''aMrknW| Tim'f3̂4*kAAU&Wfi

3 .3 4  I 93=199 j  3 .5 7r*'aBgdfi> waaxttf» Wfwatu.̂ b‘t.4 2.6 ; W eight a t  d e l iv e ry  (n g s)
r VLmTvs «WtffliVswŸSK » ««c23taw«*jtvwrrs««i«<*u*«*r«iBSisite‘aET»fti»TBawaw*imuvw}3«5Ky3-'»r3c&fac»;<aastoi:

{ i Sex

6

■0

I I

*!%WMSl%$Ui%vsfneue'jUT»t/̂ »a-*c&m̂Æfbt<:4trEi!fR*iA)ù:̂fa»x%aUaÂ«uüjû%kü\'3a\*Aaja'wA'̂i<i%«rW3iPWM'w?TW

I Q. ! 1 b î I Ap&ar a t  5 min.
euhc.simii*6aM»ert»*irWr*p'Jki*ti."ar»ee«#aBUii

0
HUawzUV3*Tkw*ÂWa»L%e:b.

444.5

I I .  65
Mtf%t*:au&3g«tefRti#fvwkaA

.ïjf̂ 'M̂KBnrxMjvJJVT̂iŜî

I 6 

7

I I  

2

n.*jl4*,jî.«W.eeT"essi*îhr*«Linawt«wwitu-tH mtiir*'
! I

2 ,6 2

191
VfVtn<t.VIS'TS<̂,"2*SSU*Hrii«b

I I I  ?
1

s*Af»4;svJ»:ri«re.n*<*isîï'9nftiYï»\‘«;v̂Êrw4»a.*v»t"f*xtnfct#swJiÆar'’T;>îf®wïîî.-iirBSÆF3

{ I I Apgar a t  10 min,
ewywfiŴrm

0 I j 0 Î j C o m p lica tio n s

375 .2  1 386 .3  I 462.5 I 450.43 \ 418.5  j l^^^an o f  i n t .  n i s t ,  ( m i l l i s e c s )
’'rtt.yiieS5<v'e<KrrtiV«sA»1i'̂ 'l!Wbv*«iPit'.ilX»¥lXW*«lw»WiiiU=Mrftir#JUm.‘iV»,*A*rtti»ha*>w.4-WaiAO<ii-<wUi.fAMrai*>«hrt.H\̂MA*4yMy'V«jrTtiS*S»*<̂ r*.WAfAv»*jL»TM;WafW: JW«AM.«a\n

i ! i 5 .

22,41 13.3 I 19.6 I 9 ,12  { 10 ,6  I Stcuidard d e v ia t io n  ( „ )

'lU'iSu.l If gÆA (kCtMlwttVM
I  I

3 ,4 4  4 .2  I 2 .02

319 149
lihgfN » VI r*il WĴ

j D isp o sa l 

2 ,53  I C o e f f ic ie n t  o f  v a i- ia t io n

176 I Log in d ex



243c I 245A I 245B I 24Ô f S e r ia l  number
vHa352Tî'iSjTaïS5a+irA:îUtô îowtfsator-#uçr.7ts2tre".t3rĵ n3jKa$TiFtsKS£î*p.»wîy4rcs$Aîr̂1,<trtMtî ^

243A. 243B

ÜO3O6
«CPAa%fjkga5.(*o3aiKneMk3ww»i«a35«aimr5f:arK«t3w?iâR!!MCk'=ff

81998 I ( 80993 1 H o s p ita l  number

20 Age

2+0 0+0 0+0 I P a r i t y
‘ss=MT9x-xirfjuyjiwJWffrntAftbĉ-of̂ i.U:ibVfcw5i>.«arjMsn»atjTïyî wraAWiafîayCTr*fc«g-A3tfa*yvrriigâ ^

23. 7.70 I 21 . 9 .7 0  ) 22. 8.70 I E xpected  d a te  o f  d e l iv e ry
,AMA=vsw%ŷwaMÆUim*füAra;*urnywi,KreHe.!i;,aLrTna:wcaf4W\%:5rA,ma'ka*M'WzR%v:tU5ga5;±̂^

I i ■ > _ i . .. i
38 I 39 I 40 ; 39 | 40 | 40 ■ G e s ta t io n  a t  FECG (weexs)

I 3 I f ; 0 ‘ I i 0 I M édical c o n d it io n
:AiRiïato£t«rtleTi=Bee'ersiieWrfVyêM#'Af.-»Mtia<*mra»AeteTO)stto'e)ay4Mtew.̂ irjFĴ*iuaMS6KxvetenïM

î 1 ] O b s te t r ic a l  c o n d it io n
rifr.3lffractfr«a3isrTer3U6tw<A»?WT'fl«<«MÈi<K<uiCT«5da.’5esÉ*sbnv»«»w>«ïwm'*ŝ ^

J  i  .  ,

■ ^aïKMEaiMM

! I

; 9«oanmPtAM

I ï

i

I !fc-ggmgatxorpqtewBKnwia«CTKWTOmggaa.rjagngr&-̂>ca;̂giîWaKaaay,<ftciîie»otv<rj*.-3jjttÿ'.Tjÿi<tv̂ii»p;vag*iŵ twtgttŵ
i i ' i ' ‘

3.5 I ! I q I

■î I  i Ix iduction
uâsf»wrÿ 
;
j 6.75 I D u ra tio n  o f  1 s t .  s ta ^ e  ( h r s )

I I  ! D u ra tio n  o f  2nd. s ta ^ e  ( h r s )
wra-aKmoigb'aa*trtaw£fw»'OftfcâK>fi»iaeierFag<s»yy»rtBtty£eftjaaB̂M!

\ 3 -' D e liv e ry
hra-aamai£b'a»*mzmiiUwoM:a»ttiseiia5JUTfls<sivv»rie««e5AasiS3TOeiyae6îie»»#MtiA**î»iflrs!iu».iaK»tie»™eMtrtiy.<itf̂iX'aïA«k?.<TiieicKii*#ii»ttiyùnve=îe.x*«irKertms*w!rs:a*»flMarssiaSEss,-ii6

I I  I I ( :) !>̂tgEgCTtfn̂ygKteg3am»i[a:<*<w><t,»v*»g»M.âaKjpBgŝSigiatMgiA'tw*3aamam«gi.iâùg«-WiC.̂ rrMrfJSl{̂lt*38«>̂^

j e  I j î 0 j 5 0 i D ysm atu rity

I f 3 i ! 10 1 E r ro r  i n  d a te s
g:g:TTggcr̂:<i?wf*r.a?gMg*wr&f>̂ĵTOi»r'ŷĝ îW;g7a?«awcaa)iwMariâjiVim)TOntaJttOR7ïtfSJasagg5Jŝ

a3w'jôu*gwtf?a’?sgcgiWWigi

Li'SOb.*13:̂w4%MHMl»**Wt» kiTUI*il6tâ.br«,«V« eŴK. #4wi
2 6 .7 .7 0  \

3,6

y

24. 9.70  

3.96

1. 9.70 j Date o f  d e l iv e ry  

j 3 .3  ! Weight a t  d e l iv e ry  (hgs)
a .E%Kn;:A34XüaJaCA:mrT.A3VV5iK(M;Af2l5AVaaM73Ki&T*M:Z;AEA(Af -ACSnifCKÎMiîSs V̂XI

ii»9̂sj3t*3ii.*i\3XWtvyiBitfusr̂*v̂nx*r'ir,sa\tntn>mmtxfvnv)

\ 2 I I 2 I Sex
Î f { J <

7 t 7 Î A pgar a t  I  m in.
it<to*x7wausns»i«Atiti».»e6»«iâ««#ietoBfiTQrua.ti.'iüo‘xaïiW»’as»<eri<yt<atiVi***M»̂<iroteie!tikAsxML;<*eUnfc4i»4'.̂

I 1 10 I I 10 • I Apgar a t  5 min.

10 

2

424.4

12 .4  

I

2 .9

*!rcca%hoi«t̂i:yA%yruB>VR«

i*u&tay,«*staA«»«3f4W

R%as.»a*e:%

I i l l  1 I I I  i Apgar a t  10 min

i 0 } j o  1 C o m p lica tio n s

373.6  I 424.39 ! 408.45 388.34 \ 436 .6  | Mean o f  i n t .  n i s t .  ( m i l l i s e c s )
: Î i :

17.83 I I  j 12 .42

I
'VKt4ul*«**&%ÜJWn«,TCÿ.f

4.8 2.6 3.04

, ■ 203 301 i 182 1 207

7 .6 0  I 11 .36  I S tan d ard  d e v ia t io n  ( „ )
h:4l* ̂4KWlPtfaW»iVlfS4l

D isp o sa i

1 .95  1 2 .64  I C o e f f ic ie n t  o f  v a r i a t i o n

Log in d ex127 190
■'r̂trVifct* ÏT# #RW ; ft -nf,v



247A
. 1

247B j 248 | 249 |250 f 231 S e r ia l  number
e.«rtCXlMK.Ot̂ K=iai!SBl=rai>ljim«ra5>MSl!ïBtMM!»VŒ+=mr.lTKrSm-3T!î-J)I»Æ,!S»i,ï.»iraJS’0&-£iœ™BV=iaJœ̂^

82083 80881 I 8X979 Î8 I0 7 I | 79672 | H o s p ita l  number

2824 I |2 3  I 19 23 28 Age

Oî-I I 1+0 I 0+0 0+0

I7.9.70 I 23.8.70 I23 . 9.701 3 .1 0 .7 0 |
î waio,WMfMîCA'5̂ii*wajt4s£û«Bi>i*«'=>ïafîUTset'=ïffirsRteflnæ«aTrf£Vf<?iK«VHC£̂

59 I 40 |4 I  I 41 {41

0+0 I P a r i ty
2#+!Maav’P3rt*34rtWW

1 4 .3 .7 0  î .Expected d a te  o f  d e l iv e ry

42 ; G e s ta t io n  a t  FECG (weens)

i I
0 I I 0 I I I  (6 I 0 I M edical c o n d it io n

TtwmwaCT;;gÆTJjKnKXigtW3«faotrfgj.«ÆCaaS4aaa.-BafayiaBJiMBa3r̂a.‘gWî <aî̂ -gacia«î ^

i ï (10 T i O b s té t r ic a l  c o n d it io n

UI i 0 I î I , In d u c tio n
i'gg,i3r3TOiaggpafrt.M?JÆia3?a;tanTarngi;tiX5si»gCTf&'«ai%VTOîsj*rrfc:rgaaBvaCTwa-|E»'tf3scc*iHgtK»a3̂^

12 I i 99999 i 7 I20 ! 26.3 j D u ra tio n  o f  1 s t .  stage ( h r s )
RŴArJ|>u<̂gabTl̂ ft|r»rĝ»nrat!PMag.gMisf»̂CijgÆ»rtaMM«.t»»Vo'iwawewAsctt«a<jjpiat̂ .WtegaiB«»*-Att»v»aM**̂

I  i  ̂ ‘ 'i 99999 I 2.23 199999 j 1 .23  1 D u ra tio n  o f  2nd. s ta ^ c  ( h r s )
I : J I j
14 I 3 14 j 3 1 D e liv e ry

2 3 .1 0 .7 0

352.7

14.81

{ D ysm atu rity0 I 0
i t i -J i

I 8 j 14 j 22 ] E r ro r  i n  d a te s
J t '• ‘

1 5 .9 .7 0  ( 2. 9.70 { 7 .1 0 .7 0  I 6 .1 .7 0  1 Date o f  d e l iv e ry

I 2 .77  ! 3 .45  I3.79 j 3-4 \ W eight a t  d e l iv e r y  (hgs)
:ŷjnîî ,tfjB<3a«ac[BTM̂TTO»r.i>gcirovtjyr.t̂ riwwwB-jTCT‘iWp4̂r̂ânhtTjTraCTgnAJTgiCT̂^

I  I I  |2  i 2 1 Sex' 1 1 !•̂w»tFwm»iussTtc*tiprerii«.TTyej><TP!rtt-int?;̂ ft<Tir̂vtixTO'JKTrASvs#Wk-Tawwr«*'«ryi%a3VW'<-m.»tijiS7V̂^
 ̂ î

7 j 5 I Apgar a t  I  m in.

) 1
10 1 10 1 Apgar a t  5 min.

11 I I I  ! Apgar a t  10 min.

0 Î 4  i

' 430.35 1 4 5 7 .7 5393.04  j 415.9 | 451.4

15.32 I 12,41 j 7
ŵA,Qtt«i'W'«-v̂iv&ti«X'4 Ê,r.ŵ.«%WT|K?aavtA'J4<ttt«bw kejr*fkf*

I

towWBtt;trTaTtT™i«1snRl̂VtotiMlâ<»rtWis.xŸMSf>-M4WWi<raA6t'»*Ak.te<*Sa/i>»..&iX<ii3nSSlU"fl»3S‘»5(Itt1ktttyteV*WUryiîeUw'

C om p lica tio n s

Mean o f  i n t .  n i s t . ( m i l l i s e c s )  

11.74 I 2 6 .8  I S tan d ard  d e v ia t io n  ( „ )

f 1I  I I  I D isp o sa i

2,12  ■ I 5 .84  I C o e f f ic ie n t  o f  v a r i a t i o n
) tfcwoa,'» o'.ffj'j Mtk\t*b»iAf«f«.wT%We5K%nM»u%4Vftfrv'v»iLkrt"

j 194 I 437 j Log in d ex



252 25"̂ 254

rrÆtfTÆ;?i>aW4aSî«ÆQGSMVWtrjS'l.TJjasreW!fli|î»!?»VTn«SIUn5t-a3WTEîWWiTC:T'ri«Œ?t\taiŵ W>a£«îf,‘t3XJ«nt̂ ^

255 . 25(J 257A S eria l number

63476 I 60561 181712 I 61105 I 80369 62562 j H o s p ita l  luuaber

34 I 25 i 29 { 25 i 23 20
w«r»r-eAxtrjc3ns:ïi2m*jttwriïn.»Ŝf,r*̂avfi|irtt««<ftÿ̂6&îSirTS«Ti£“f>Æ5*.»ir.ti;»rf!i'JrA&wû;ï̂*Aÿ3«Trtterjr»fT’J>ftW4/ifŴ'ti7iTiŷ  ̂ att.iMD3.wftfj%«MtL!A3;*K:/:iAa&MüWJA.'%̂i!WuTUwgarA:*aœWAk)t*f,4fÂw.i*. rvAZKavg

3+0 0+2 OfO 3+1 )+0 ] Oi'O

Age 

P a r i t y
ff.‘3iifa=3jagm3f̂TO«ga-‘'Aii-Tgijcg.̂ jrtWCTÆraĝ4pj.jTmaiJanfifgirtngt>njtŵfc'gja.-a,â

\ ï \ i i
a<Sf?jaBVtfa'>i'aara-R.

1 0 .1 I .7 0 { 2 7 .10.70 ! 2 4 ,1 0 .7 0 I 1 2 .4 .7 0  {99999 I 5 .1 0 .7 0  ! E xpected  d a te  o f  d e l iv e ry  

I 39 i  41 ; 41 ; 42 {99999 I 40 ; G e s ta tio n  a t  PECO (weeus)

0 . I 0 i 0 <3  i o  l o  i M édical c o n d it io n
j7̂ tn-Jaftat£Ssgwucga.tr<&'̂ iyAyA;saaaibWgrj?3asn*=t«aBî4M̂Ægv-xyj&T»vrtiaB«Mzs»qjBPry5frfgtiSMto»Tr8»Tiy,̂ ^

I i l
i l

y 1 { O b s té t r ic a l  c o n d it io n
rftioBfi«zsr3J5Br?2frratiSMto»rtsiBTrwîsry.ÿv*<iciava:vaaTMWm«aW3«rirtesiaVûi''+"̂«'î lliŝ 5:w.'Msas53;

I 2 j I  î '
A«'r̂A*PùkaM5A««r;̂a%a3iM̂MMa%wiaEm3«»iaRa«%RP'rire*C3aft[u;'kRgaAa*AKAia3riM&aiM»ao:^

’ ' f î ( •'
G I  '< 1 ; In d u c tio n

I 2 I 12 .5  - 5 I D u ra tio n  o f  1 s t .  s ta g e  (h r s )
P5&*mA#MLWA*FMr#*a;aFaMk%A»»M(*TmHa,aM**w.«̂ Mte.ST«qg<Mmt&CAfta*̂«A:erii;TM*aM&irr'AfMw'üii'jLA.:_aAkcjmka*6cT̂

6 .25  I 22

0 .5  I 0 .5  j 0.5  ! 99999 i 1 .08  -■ I  ; D u ra tio n  o f 2nd. s ta ^ e  ( h r s )
r

7i>tawraarrwOT.Mi ijvg&»wi&*«Awan.e « uroaKTy g; ê«MCgaMTqAu*wkawfjt=i**PKtf#mRj

3 3 I 5 j I  I 3 I 3 { D e liv e ry
D.«AgCM&6#rK:m*ËTim?a!aa*Mw:dwavMi3ai(üJa«5i%aataj%9>ü*fam(fn'm*m7rMaRn:«a*w«w«'Kn,tMr%Ai'amaA

0 j 0 I 0 5 0 I 0 j 0 I D ysm atu rity

iiîîïesMSyeSfcWSTStitiruiiexiorBsXMÈaîifleitseiertiaowÿibwASAie,. û*,«J'r*aia'WSJhc-ï2

20 29 i 20 I 99999 j 9 ? E r ro r  in  d a te s

19. I I . 7o | 16. 11.70 I 22. 11. 7o! 2 . 5.70 j 14. 7.70  j 14. 10. 70) D ate o f  d e l iv e ry

i 3 .79  j 99999 I Weit^ht a t  d e l iv e r y  (Kg,s)5 .4  { 3 .0 9  I 3 .31  ! 4 .4

I  I 2 j 2 , i l  1 2  i I  ! Sex
3M<M&c*t*ciAcaYrm%,ow*j'wru'mnMMvv*vvMm.«ATy*Tr̂v<r*?M*\aTi&:wtrwvM'K(mm̂+PMKT*%̂rTAT#r4P:%ifivr4>̂

7 I 7 j 6 î 7 { 5 I 6 I Apt^ar a t  I  m in.

j 10 I 10 i 10■9

I I

0

I I

0

i I I

j 10 I 7 i Apgar a t  5 min.
«*«■■<•» n iw8rA"»a*r>r«wisrvMf̂ t«,A,-,ep ti» 11fw OTieii*»FVie»Wa»Vn1'tî Wn.)eviiil.t,»rE;‘IP*"» yi»(t$xyot,Wflt îi

I I I 8 I Apgar a t  10 min.
MWŴD4MNmAhfW*f'«*aAk«wanWA*»RfMa.m%z:

I «Aatfï*æ&Mrwrm«Ww.Æv

368.9 366.9
/tiamw WT«@gywf%awj**Wemm W*rA

j 0 i 0 i 0 I 2 i C o m p lica tio n s( { 1 -•

13.62 9 .52

I

2.6
t%t*ess»a twti»jtvvAa'n> j ■.•wx«i-ïu wu'Ji t s tazj wfAa-i
228 161

l&KARUSij lFblS£SiTCSAXJrC«Vfrd tUr.4'.«VCfc-S-.fcn.V¥"M=ÿŜ,̂ tfbAM:̂Tp. vM;vAÛ A’WbÂ'Vt» f9?fS]?n*)MW&JWAKA9rA>'»'*UTri5'l I

367 .33  ) 4 5 5 .4 ;  

11.14 I 10.85
ttWAMHUlWP-#*'

ywWVTwaVfktVW

3 .0 3  2 .4

18: 177

435.5 \ 401.8 j hean  o f  i n t .  n i s t , ( m i l l i s e c s )
►,,»4«j»*irtAjUL̂̂ .J4v-î <̂m'xsL"ib"vi3wasww'i*jy4B=rfV"<v̂"**w*k̂*««we®̂wlA*0lili*bi.iCrf!a-»*+»V+.lr,t.*4>.̂ «̂viUrtA*V/5*ïrvvA«**;#î»t*VKWi"̂iJîrmSr4Aaï̂JWî»j'

50.6 I 5 « II  I S tan d ard  d e v ia t io n  ( „ )
-«:n»-Orv*.jpw».

I  I I  { D isp o sa i

6 .9  I 1 ,3  I C o e f f ic ie n t  o f  v a r i a t i o n

494 I 85 i Log index



,ad.UTxsriMrÆ!ï=Kp5îÆ?™srVrNKïtEa3iWiKïï«:«Htu=«flFL«i/yî'i:E,7̂ iw«ovTr*>i»*o*JW5ftftî̂ îVfjscrtiü»ŵ

257B 257C 258 259
;.tmsmiï»ixi«=n»œs-.»=Kifi-F=CTKUMiM.jis»»=̂m=,ïHüa»ii!TOCiî=Ksnaœwjimi==nsCT,!»iKco3!̂ ^

82562
latiavmsKtiAt'trsoüTift

260 I 261 I S e r ia l  number
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20

I I I 0-1-0 I I-Î-0 I P a r i t y

2 .1 1 .7 0  I Ï.3. I I . 70I I I 2 0 .6 .7 0  j JJ659 I E xpected  d a te  o f d e l iv e ry
:rw«.-aito3=5iNnjir̂4̂W#rfVa*.'iir*TOWŒrjfaSfc«̂Tasr*ï2î<V-VTiS'ÆS;TÆ3rÿ¥i!TV9-i'Vil!«Klfta.yrf̂

 ̂ I ' 1

24
rwMWkR
I-Î-0

Age

[5838 I 38 ! :

i ? . fI 0

'; G e s ta tio n  a t  FECG (vveexs)
r£n'.Cij;'il:ii(ir.2l.Mtili:ad-*U,x̂x4.,.e.-.-tiu-#Uir.u'm'je-L..*vutiiF*6.

! k o d ic a l  c o n d it io n
6l«atspnjxnwjîiSU»*lfa'OtF«niî!Îw:V>r.i»TnrprrÆ»»Tt3mK«srïvv'îaŵVera'!rcïWi»»=i*5a!î tv;rrTJ6iert̂
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18.32  I 25,62 I s ta n d a rd  d e v ia t io n  ( „ )

ï  I I  I D isp o sa i
:F*ÆLK*3aeaiRi; ,F%w.i,:̂

3.96 C o e f f ic ie n t  o f  v a r i a t i o n

299 I 423 i Log in d ex
ivm"aw>&fvfaÿ:%..3wgr*ifnwwu.*w«f3Wfv*Rb.'̂ !&rA>rb$iitstmMm@»3f



I286B I 23? I 268 289
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ç#s5.5dasa3aJBÊjOTisir.!av»H3«aitrc5swiia;memBîm?ÿi«?̂*«tistneiortterxac52KïT'aaeînïiU3?m̂ti?*c« a«irïCBMamKuy.«s.6iM'WtiiK'AînpMGT6toBairt3rvy6‘Skrî»iriC-ST»îl»S.’3ST5Ts

I 3.5 I 10,75 19 .5  I 9,75 lg ,5  I 17 I D u ra tio n  o f  1 s t ,  s ta g e  ( h r s )
Ç-œîS«rî«W*nC55riwsta-«™M!M?»jp.n«i»»Tfc«s(wv£'îiy>ti?uarp»îin»t-f?i™R.wwa»î*ra.'».ŵ

0,25 i 0 ,5  I 1,5 [ 0,75 io.5 ( 1,25 ! D u ra tio n  o f  2nd. s ta ^ e  ( h r s )
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297A

âtBMÜVWWfMA'̂ E'%

, 297B I 297Ü ! 298 . 299 500
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yctiLriH;ĉ,Tjucr«asaavK,V'e?w,i&wirj-fsâ.:»r5.wr*cDViHrs3»
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ü
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ĥ«Tra»aJ»nn«afc'KCgBauw.«t3v»0<avo* «»&%*WR3MWWkrRfj: *»«=/«.
j i
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10 10 ÏO î 10 i Apgar a t  5 min.

! Apgar a t  10 min

f>CaaAKmttZ3iA»k

*iWfnA"/*a**uT;

20 .4

I 0 I 0 1. C om p lica tio n s
WfawtttV*.

443.51 I 458 .3  |450*02

22.31 9 .21  I I
P̂fwatirawrc:*. w * f ̂  «.*rfT*,,k%\A«#44Wjfv9wiMk.Â,x,

I  I X  I I
sw*rir*».iîtoeH2isaiiyaiAx*y>'-̂ i-T'<rt»v»ni«à*tg5rtsairs<mîVs>ji axig'inX'Âaa: ^ w  <« wpPAtfyvvT « g #.
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3.23  \ 4 .14  I i 3 .57  j 3.51  j 3 .43  j Weight a t  d e l i v e r y  (dgs)

< ' ) i i
> I  ; Sex

0 0 ■ 0 ! 0 I 0 < D ysraatu rity

Erw»:TrBWBMn)̂a*»%MTtL-«̂«&,#jir.T%M'Ayp3TmraMTnijfw«$pn̂fW)'rRn3rwtw,wjT:i*',
2

9

■10

I I

0

l

Ï J
! /
j 1 0

i l  I 2

j 8 I 9

10 j 10

i

( I Tn I TA î TA i

f 8 

10

Apgar a t  I  min.

{ ^  s j-w } Apgar a t  5 min.

I I I I

i 0

I I

0

\
I I Apgar a t  10 min.

u (VIT aqw hUia>. > %£, 1,' MTKA\Af.&nÂTtt.wWiLwf.e'giw«fiAUAt'Ma?:#:M
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18,1

I

4 .1

i16.5  I 12 7 .2 3  I 9 .8  I S tandard  d e v ia t io n  ( „ )

i.3iw».'.e%̂tvWiîi2jf;3rtTïiC*v

l i
I  j I  I I  j D isp o sa i

4 .2

•iir'syv? >vA» <t» itffj u » t .u' v\i- îiW.» w r.c.-knva'iCwiH

297 f  287

3 .2  1 1 .32  I 2 .2  I C o e f f i c i e n t  o f  v a r i a t i o n

327 121 lo i log index



rf«asamœmw»ÿ i«mj%t7e:S'«437i3*ât4EsrKrje»ts.vi »Pfiy*tAf&agaa:uaMa:'a%rAc»yi*AcwiTWf»'n*3f*,B%ve:;A@n̂ %*A.A*t4at*.

330A 330B 331 332 333 334
J«r5*sw=FSîr£rTa'£t3îa;SüTtf-|:UC;i:îa5:fKt&l'3ŴT=iad‘i5%»ÜFffV4F4ŵ
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APPMDIX B

CASE SlAu'jAidES,

The c a se s  a r e  l o o s e ly  grouped by Apgar sco re

Apgar 0 - 4  dos, 200 ™ 220

Apgar 5 - 7  Kos, 221 ™ 260

Apgar 8 “  10 Kos, 261 -  336

Tile fo l lo w in g  a re  o f  p a r t i c u l a r  i n t e r e s t  

2 0 1 ,  203, 206, 207, 2 1 0 ,  215,

2 1 8 ,  2 2 5 ,  2 2 8 ,  2 3 2 ,  2 4 0 ,  2 4 3 ,

2 4 8 ,  2 5 9 ,  2 6 0 ,  2 6 9 ,  273, 2 7 5 ,

2 8 0 ,  292 , 313, 317, 3X8, 3 2 2 ,

3 2 9 ,  3 3 1 .



Carje ÎJoo2üO -  T l i i s  25 y e a r  o l d  p a r a  0 -i- 2 wac a d j i i i t t e d  

f o r  r e s t  b e c a u s e  o f  h e r  b a d  o b s t e t r i c  h i s t o r y .  I n  t h i s  

p r e g n a n c y  s h e  t h r e a t e n e d ,  t o  a b o r t  a t  19  w e e k s  a n d  w as  

a n a e m i c  c

She  w a s  i n d u c e d  a t  t e r n  a n d  h a d  a  s h o r t  a n d  ( p u i t e  e a s y  

labour. The b a b y  w a s  born s p o n t a n e o u s l y  b u t  w i t h  a  much 

l o w e r  A p g a r  than e x p e c t e d  ( 4 ) .

I n  l a b o u r  t h e  f o e t a l  h e a r t  s t a y e d  v e r y  s t e a d y  (1 3 2  -  

1 3 6  p e r  mi n u t  e ) a n d  no  me c o n i um w a s p a  s  s  e d <>

The e x p l a n a t i o n  f o r  t h e  p o o r  r e s u l t  s e e m s  t o  be

m e c h a n i c a l  i n  that t h e  u m b i l i c a l  c o r d  w as  t i g h t l y  r o u n d

t h e  b a b y ' s  neck. T h i s  w o u l d  be  d i f f i c u l t  t o  predict.
M ean  c a r d i a c  i n t e r v a l  -  4 4 3 . 7

S t a n d a r d  d e v i a t i o n  ™ 7* 7 4

C o e f f i c i e n t  o f  v a r i a t i o n  ™ 1 . 7 4  

L o g .  i n d e x  -  127

A p g a r  -  4



C ase  N o . 201 -  A 32 y e a r  o l d  p a r a  1 + 0 who was 

a d m i t t e d  i n  f a l s e  l a b o u r .  She w as  a l s o  f o u n d  to have a  

u r i n a r y  i n f e c t i o n .

Two d a y s  a f t e r  a d m i s s i o n  s h e  s p o n t a n e o u s l y  commenced t o  

l a b o u r  a n d  a f t e r  9 h o u r s  d e l i v e r e d  a  v e r y  l i m p , i l l  

baby.
None o f  the IhCG- i n d i c e s  g a v e  a n y  warning o f  t h i s  t h o u g h  

l a t e  i n  t h e  s e c o n d  s t a g e  t h e  f o e t a l  h e a r t  s u d d e n l y  

d r o p p e d  t o  83  p e r  m i n u t e  a n d  m eco n iu m  s t a i n i n g  a p p e a r e d . 

T h i s  w a s  u n d o u b t e d l y  d u e  to a  mechanical s t r a n g l i n g  o f  

t h e  b a b y  by  i t s  u m b i l i c a l  c o r d .

T h i s  c o u l d  n o t  h a v e  b e e n  p r e d i c t e d  by a n t e - n a t a l  PhCG 

t h o u g h  i t  c o u l d  h a v e  b e e n  diagnosed b y  i n - l a b o u r  

monitoring.
He a n  c a r d i a c  i  n t e r v a l  -  4 1 7 . 3

S t a n d a r d  d e v i a t i o n  -  . 8 . 4

C o e f f i c i e n t  o f  v a r i a t i o n  ™ 2 . 0

L o g .  i n d e x  -  139

A p g a r  -  1



C ase  Ho. 202 -  T h i s  19 y e a r  o l d  p r i r a i g r a v i d a  was  

r e p u t e d l y  a t  44 w e e k s  g e s t a t i o n .  The foetal h e a r t  h a d  

b e e n  t h o u g h t  to be  i r r e g u l a r  on  auscultation. T h i s  

i r r e g u l a r i t y  d i d  n o t  show on  t h e  PECG. A l l  t h e  EECG

i n d i c e s  p r e d i c t e d  a g o o d  f o e t a l  condition.
A f t e r  s u r g i c a l  i n d u c t i o n  t h e  p a t i e n t  l a b o u r e d  v e r y  p o o r l y  

f o r  2 d a y s  a n d  came t o  C a e s a r e a n  section. The baby* s 

c o n d i t i o n  a t  b i r t h  w a s  n o t  g o o d  t h o u g h  i t  r e s p o n d e d  

r a p i d l y  t o  r e s u s c i t a t i o n .

The mothers p e l v i m e t r y  m e a s u r e m e n t s  a f t e r  d e l i v e r y  

sh o w ed  a  m i n o r  d e g r e e  o f  c o n t r a c t e d  pelvis.
T h i s  c a s e  sh o w s  t h e  necessity f o r  some m e t h o d  o f  p r e 

d i c t i n g  m a t e r n a l  p e r f o r m a n c e  i n  a d d i t i o n  t o  f o e t a l  status.
Mean c a r d i a c  i n t e r v a l  -  4 2 0 . 9 6

S t a n d a r d  deviation - 8.6
C o e f f i c i e n t  o f  v a r i a t i o n  -  2 . 0 3

L o g .  i n d e x  -  1 4 2

A p g a r  -  3



C ase  HOa2C3 -  A 25 y e a r  o l d  p a r a  1+ 0 admitted p a s t  

d a t e s  f o r  i n d u c t i o n .  L a b o u r  f o l l o w e d  m e d i c a l  i n d u c t i o n  

w i t h  a  f i r s t  s t a g e  o f  11 h o u r s  a n d  a s e c o n d  s t a g e  o f  

25 minutes . B e f o r e  t h e  onset o f  t h e  s e c o n d  s t a g e  t h e  

f o e t a l  h e a r t  which h a d  b e e n  s t e a d y  a t  1 4 4  p e r  minute s u d d e n l y  

f e l l  t o  1 1 6  t h e n  8 4 , 6 4  a n d  0 o y e r  15 minutes.
C a e s a r e a n  s e c t i o n  w as  n o t  p e r f o r m e d  a n d  a  f r e s h  s t i l l b i r t h  

d o l i v e r e d  v a g i n a l l y .

A l l  t h e  hhCG- i n d i c e s  e x c e p t  p e r h a p s  t h e  m e a n  p u t  t h i s  b a b y  

a t  v e r y  high r i s k .

The m o t h e r  h a s  s i n c e  h a d  a  s u c c e s s f u l  v a g i n a l  d e l i v e r y  o f  

a  g i r l ,  A p g a r  9=

Mean c a r d i a c  i n t e r v a l  -  414"1
S t a n d a r d  d e v i a t i o n  -  3 0 . 2 5

C o e f f i c i e n t  o f  v a r i a t i o n  ™ 7*3

L o g .  i n d e x  -  502

A p g a r  -  0 f o e t a l  death.



C ase  No. 204 -  T h i s  25 y e a r  o l d  p r i m i g r a v i d a  w a s

a d m i t t e d  p a s t  t e r m  w i t h  a f r a n k  b r e e c h  presentation. 
A t t e m p t s  a t  e x t e r n a l  version u n d e r  a n a e s t h e s i a  h a d  failed. 
A f t e r  a  we.Acs bed  r e s t  s h e  w as  i n d u c e d  a n d  had a  13 hour 
l a b o u r  w i t h  a n  a s s i s t e d  b r e e c h  delivery.
D u r i n g  h e r  s t a y  i n  h o s p i t a l  t h e  DECG- i n d i c e s  a l l  improved 
c h a n g i n g  f r o m  a p o o r  p r o g n o s i s  t o  a  g o o d  one.
I t  i s  d i f f i c u l t  t o  draw  c o n c l u s i o n s  f r o m  t h i s  c a s e  a s  t h e  

m e t h o d  o f  d e l i v e r y  a l m o s t  i n v a r i a b l y  c a u s e s  a  low Apgar 
s c o r e .

Mean c a r d i a c  i n t e r v a l - 415*12 407.0
S t a n d a r d  d e v i a t i o n - 18.8 9.11
C o e f f i c i e n t  o f  v a r i a t i o n - 4*52 2.24
L o g .  i n d e x - 312 152
A p g a r -  2

C as e  No. 205 - A 42 y e a r  old p a r a  1 + 1 a d m i t t e d  a t  t e r m

w i t h  r u p t u r e d  m e m b ra n e s  b u t  n o t  i n  l a b o u r .

On t h e  f a c e  o f  i t  t h i s  p a t i e n t  s h o u l d  h a v e  done w e l l  b u t  

i n  t h e  e v e n t  s h e  d e v e l o p e d  f o e t a l  d i s t r e s s  a n d  came t o  

C a e s a r e a n  s e c t i o n .

A l i m p  b a b y  v / i t h  a n  A p g a r  o f  2 w as  d e l i v e r e d .

I n  t h i s  c a s e  b o t h  t h e  GY a n d  L o g .  i n d e x  w e r e  h i g h  a n d  p u t  

t h e  b a b y  c o r r e c t l y  i n  t h e  a t  r i s k  c a t e g o r y .  The OV w as  

t h e  m o re  c o n v i n c i n g  i n d e x .

Mean c a r d i a c  i n t e r v a l  -  4 2 9 * 7

S t a n d a r d  d e v i a t i o n  -  18.9
C o e f f i c i e n t  o f  variation -  4*4

L ogo  i n d e x  -  31:

Apgar - 2

o



C as e  No. 206 -  T h i s  17  y e a r  o l d  p r i m i g r a v i da  was

a d m i t t e d  a t  42  w e e k s  o f  g e s t a t i o n  f o r  i n d u c t i o n .  I n d u c t i o n  

w a s  d e l a y e d  f o r  a  w eek  d u r i n g  w h i c h  t h e  PSCG i n d i c e s  

c l e a r l y  c h a n g e d  f o r  t h e  worse,
A f t e r  a n  I S  h o u r  f i r s t  s t a g e  t h e  m o t h e r  w a s  c l e a r l y  m a k i n g  

l i t t l e  p r o g r e s s .

The foetal h e a r t  i n  t h i s  c a s e  show s  clearly t h e  i n i t i a l  

r i s e  i n  f o e t a l  h e a r t  r a t e  which ,  p r o c e e d s  t h e  c l a s s i c a l  

s l o w  r a t e  o f  f o e t a l  d i s t r e s s .  The r a t e  r o s e  f r o m  a 

s t e a d y  130  p e r  m i n u t e  to 1 7 2  p e r  m i n u t e .

C a e s a r e a n  s e c t i o n  w a s  p e r f o r m e d  a n d  a  l i m p  b a b y  w i t h  a n  

A p g a r  o f  2 w a s  delivered.
M o st  a u t h o r i t i e s  seem  t o  a g r e e  t h a t  d e l a y  p a s t  42 w e e k s  

i n  a p r i m i g r a v i d  p a t i e n t  p u t s  t h e  b a b y  a t  r i s k  o f  p l a c e n t a l  

i n s u f f i c i e n c y  w h i c h  s e e m s  t o  h a v e  o c c u r r e d  h e r e .

Mean c a r d i a c  h n t e r v a l -  4 5 0 . 6 4 5 5 * 7

S t a n d a r d  d e v i a t i o n -  9 . 8 2 1 9 . 5 4

C o e f f i c i e n t  o f  v a r i a t i o n -  2 . 2 4 . 3 1

L o g .  i n d e x -  161 319

A p g a r -  2



C ase  Koo 207 -  T h i s  36 y e a r  o l d  p a r a  2 + 0  w as

a d m i t t e d  a t  t e r m  w i t h  m i l d  hydramnios.
X - r a y  u n f o r t u n a t e l y  sh o w e d  a  m a r k e d  h y d r o c e p h a l o u s  

p r e s e n t i n g  a s  a  breech. I n d u c t i o n  w a s  f o l l o w e d  by  a  s h o r t  

f i r s t  s t a g e  o f  4 h o u r s  a n d  t h e  a f t e r c o m i n g  h e a d  w as  

p e r f o r a t e d  «

Clearly t h e  b a b y  w as  d e a d  o n  delivery.
The  I'EGG- i n d i c e s  p u t  t h i s  b a b y  a t  h i g h  r i s k  b u t  t h e

c o n d i t i o n s  w e r e  so  u n u s u a l  t h a t  no c o n c l u s i o n s  c o u l d  

s a f e l y  be  d r a w n .

Mean c a r d i a c  i n t e r v a l  -  4 0 2 . 6

S t a n d a r d  d e v i a t i o n  -  1 8 . 1 2

C o e f f i c i e n t  o f  v a r i a t i o n  -  4*5

L o g .  i n d e x  -  3 0 2

A p g a r  ™ 0



C ase  No * 200 -  T h i s  20 y e a r  o l d  p r - i m i g r a v i d  p a t i e n t

w a s  a d m i t t e d  a t  t e r m  f o r  i n d u c t i o n  b e c a u s e  o f  a  m i n o r  

d e g r e e  o f  c o n t r a c t i o n  at t h e  p e l v i c  b r i m .

A f t e r  3 6  h o u r s  o f  l a b o u r  t h e  c e r v i x  w as  f u l l y  d i l a t e d  

a n d  f o r c e p s  w e r e  a p p l i e d  u n d e r  e p i d u r a l  a n a e s t h e s i a .

The b a b y  w as  n o t  d e l i v e r e d  a n d  LUS03 w a s  n e c e s s a r y .

N o t  s u r p r i s i n g l y  t h e  b a b y  w as  d e l i v e r e d  w i t h  a  low 

A p g a r  o f  3*

The p a t i e n t  c o l l a p s e d  after t h e  o p e r a t i o n  a n d  r e c g u i r e d  

a n  1 1  p i n t  b l o o d  t r a n s f u s i o n .

B o t h  t h e  m ean  c a r d i a c  c y c l e  i n t e r v a l  a n d  t h e  GY p u t  t h i s  

b a b y  a t  r i s k  b e f o r e  t h i s  t r a u m a t i c  e n t r y  i n t o  t h e  w o r l d  

t h o u g h  i t  i s  h a r d l y  f a i r  t o  c l a i m  a n  a c c u r a t e  p r e 

d i c t i o n  i n  t h e  circumstances.

m ean  c a r d i a c  i n t e r v a l "  3 6 0 . 1 1

S t a n d a r d  d e v i a t i o n -  1 1 . 5 1

C o e f f i c i e n t  o f  v a r i a t i o n "  3*2

L o g .  i n d e x -  1 9 6

A p g a r -  3



Case No. 209 -  T h is  was a c a s e  o f  o r e - e c l a m p s i a  i n

a 22 y e a r  o l d  p r i m i g r a v i d a  w i t h  a m in o r  c o n t r a c t e d  p e l v i s .  

She was a d m i t t e d  a t  39 weeks w i t h  a s l i g h t l y  r a i s e d  DP. 

A f t e r  a weeks r e s t  w i t h  m in im al  f a l l  i n  BP t o  she was

i n d u c e d .

A f t e r  9n h o u r s  o f  l a b o u r  t h e  f o e t a l  h e a r t  w h ich  had b een  

s t e a d y  b e tw ee n  140 and 158 p e r  minute r o s e  t o  184 p e r  

m i n u t e .  P o e t a l  d i s t r e s s  was d ia g n o s e d  and LUSCO 

performed. The b a b y ' s  Apgar was 2.
Over t h e  week i n  h o s p i t a l  the mean c a r d i a c  c y c l e  showed 

no change . The d e c r e a s e  i n  GY and Log. i n d e x  was due 

e n t i r e l y  t o  a drop i n  the CD,
B oth  r e a d i n g s  f o r  t h e  OY p u t  t h i s  c h i l d  a t  r i s k .

The Log. i n d e x  d i d  n o t .

mean c a r d i a c  i n t e r v a l  -  441*98 4 4 2 .43

S t a n d a r d  d e v i a t i o n  ™ 1 6 .9 5  1 4 .5 1

C o e f f i c i e n t  o f  v a r i a t i o n  -  3 .8 3  3*3

Log. i n d e x  -  278 238

Apgar  -  2



C as e  ï{o_-____210_ -  A p a r a  1 + 0 ,  a d m it t e d  a t  t e r m  b e c a u s e

o f  a  p r e v i o u s  LIIuCS f o r  f o e t a l  d i s t r e s s .

S h o r t l y  a f t e r  t h e  PEGG e x a m i n a t i o n  t h e  p a t i e n t  

s p o n t a n e o u s l y  commenced i n  l a b o u r .  A f t e r  t h r e e  h o u r s  

m i n i m a l  c o n t r a c t i o n s  t h e  m e m b r a n e s  r u p t u r e d  a n d  t h e  

l i q u o r  v v a s  f o u n d  t o  be v e r y  h e a v i l y  m e c o n iu m  s t a i n e d .  

C a e s a r e a n  s e c t i o n  v;as a g a i n  p e r f o r m e d  a n d  t h e  i n f a n t ' s  

A p g a r  s c o r e  was  4*

T h i s  c a s e  i l l u s t r a t e s  s e v e r a l  p r a c t i c a l  p o i n t s .  The 

f o e t a l  h e a r t  was r e p o r t e d  b e t w e e n  110 a n d  1 4 0  b e a t s  

p e r  m i n u t e  y e t  w as  c o n s i d e r e d  r e g u l a r .  The  v e r y  h i g h  

CD c e r t a i n l y  b e l i e s  t h i s  a n d  e m p h a s i s e s  t h a t  a t  t h e  

f a s t  r a t e  o f  t h e  f o e t a l  h e a r t ,  i r r e g u l a r i t y  i s  d i f f i 

c u l t  t o  d e t e c t  s u b j e c t i v e l y .

D o t h  t h e  OY a n d  t h e  Log i n d e x  p u t  t h i s  c h i l d  a t  r i s k .  

The CY m ore  p o s i t i v e l y  s o .

m ean  c a r d i a c  i n t e r v a l  -  4 3 5 * 4 2

S t a n d a r d  d e v i a t i o n  -  2 0 . 5 6

C o e f f i c i e n t  o f  v a r i a t i o n  -  4 » 72

L o g .  i n d e x  -  333

A p g a r  -  4



C ase  N o . 211 -  A 26 y e a r  o l d  p r i i J .  g r a v i  d a  k n o . a i  t o

h a v e  a m i n o r  c o n t r a c t e d  p e l v i s .  She w a s  a d m i t t e d  a t  

41 w e e k s  f o r  i n d u c t i o n  a n d  a  t r i a l  o f  l o . h o u r . A f t e r  

26 h o u r s  i n  t h e  f i r s t  s t a g e  t i i i s  was  c o n s i d e r e d  t o  

h a v e  f a i l e d  a n d  C a e s a r e a n  s e c t i o n  p e r f o r m e d . The 

f o e t a l  h e a r t  r a t e  t h r o u g h o u t  w as  " c l e a r  a n d  r e g u l a r "  

b e t w e e n  1 3 6  a n d  148  b e a t s  p e r  m i n u t e . T h e r e  w as  no 

m e c o n i u n  s t a i n i n g .

A l l  t h e  PEGG- i n d i c e s  p u t  t h i s  c h i l d  a t  r i s k ,  i n  t h e  

e v e n t  c o r r e c t l y .

Mean c a r d i a c  i n t e r v a l -  3 9 1 * 4

S t a n d a r d  d e v i a t i o n -  1 8 . 8 2

C o e f f i c i e n t  o f  v a r i a t i o n -  4*8

L o g .  i n d e x -  315

A p g a r -  4

C ase  N o . 212  -  T h i s  15 y e a r  o l d  g i r l  w as  s u p p o s e d l y

a t  44 w e e k s  o n  a d m i s s i o n .  She h a d  a  c o n t r a c t e d  p e l v i s  

a n d  w a s  a l l o w e d  a  t r i a l  o f  l a b o u r  a f t e r  r u p t u r e  o f  t h e  

m e m b r a n e .  She n e v e r  r e a l l y  commenced t o  l a b o u r  a n d  

came t o  LUSGS, The b a b y ' s  A p g a r  w as  4*

The PECG i n d i c e s  c e r t a i n l y  p r e d i c t e d  a  b e t t e r  r e s u l t  

t h a n  t h a t  o b t a i n e d .

Mean c a r d i a c  i n t e r v a l -  4 1 5 * 1

S t a n d a r d  d e v i a t i o n -  1 0 . 4

C o e f f i c i e n t  o f  v a r i a t i o n 2 . 5

L o g .  i n d e x -  173

A p g a r — 4



C ase  Ko. 213 -  A p r i m i g r a v i d  pationt , a g e  34 : a d m i t t e dn.«<ii-<rw»nn«aisi«rwqv.HHr>̂Bm»4(XlCw<rsM»»tv4* **"

a t  t e r m  for i n d u c t i o n .

A r e l a t i v e l y  s h o r t  f i r s t  s t a g e  o f  4& h o u r s  e n s u e d .  I n  

t h e  s e c o n d  s t a g e  h o w e v e r  the f o e t a l  h e a r t  v a r i e d  

e n o r m o u s l y  b e t w e e n  96 a n d  160  b e a t s  per m i n u t e  a n d  

f o r c e p s  w e r e  a p p l i e d *  The b a b y ' s  Apgar w a s  3»

B o t h  t h e  GY a n d  L o g ,  i n d e x  p u t  t h i s  i n f a n t  a t  risk.

Mean c a r d i a c  i n t e r v a l  -  4 0 3 * 2 2

S t a n d a r d  d e v i a t i o n  -  1 9 * 4 4

C o e f f i c i e n t  o f  v a r i a t i o n  -  4 * 8 2

L o g .  i n d e x  -  3 2 4

A p g a r  -  3

C ase  No. 214 -  T h i s  w a s  a c a s e  o f  a  b r e e c h  p r e s e n t a t i o n

i n  a  24 y e a r  o l d  p r i m i g r a v i d a  a t  t e r m .  The p a t i e n t  a l s o
170h a d  m o d e r a t e  p r e - e c l a m p s i a  (BP * A t  s u r g i c a l

i n d u c t i o n  h e a v i l y  m e c o n i u m  s t a i n e d  l i q u o r  w as  o b t a i n e d  

and LUSCS p e r f o r m e d  w i t h o u t  a w a i t i n g  t h e  onset of 
l a b o u r .  The b a b y ' s  A p g a r  w a s  2 .

The low  m ean  c a r d i a c  c y c l e  ( i e  f a s t  r a t e )  a n d  r a i s e d  CY 

p u t  t h i s  b a b y ,  c o r r e c t l y ,  a t  r i s k .  The Log, i n d e x  d i d  n o t

m ean  c a r d i a c  i n t e r v a l  -  3 7 6 , 9

S t a n d a r d  d e v i a t i o n  -  1 2 . 6

C o e f f i c i e n t  o f  v a r i a t i o n  -  3*33

L o g .  i n d e x  -  2 1 2

A p g a r  ~ 2



C ase  k o ,  215 -  T h i s  38 y e a r  o l d  p a r a  1 + 0  h a d

s u f f e r e d  i r o n  d e f i c i e n c y  a n a e m i a  t h r o u g h o u t  t h e  p r e g n a n c y . 

She w as  a d m i t t e d  b e c a u s e  o f  t h i s  a n d  s u s p e c t e d  d y s -  

m a t u r i t y ,

The  b a b y  s u d d e n l y  a n d  u n e x p e c t e d l y  d i e d .  A f t e r  a m e d i c a l  

i n d u c t i o n  s h e  d e l i v e r e d  a m a c e r a t e d  s t i l l b i r t h .

The o n l y  p o s t  m o r t e m  f i n d i n g  w as  o f  a t w i s t e d ,  n e c r o s e d  

u m b i l i c a l  c o r d *

T h o u g h  t h e  PUGG i n d i c e s  g a v e  some i n d i c a t i o n  o f  t h e  p o o r  

o u t c o m e  t h e y  c o u l d  n o t  be  e x p e c t e d  t o  c o p e  w i t h  t h i s  

d e g r e e  o f  m e c h a n i c a l  a b n o r m a l i t y .

Mean c a r d i a c  i n t e r v a l  -  4 4 7 * 9 9

S t a n d a r d  d e v i a t i o n  ™ 17 * 41

C o e f f i c i e n t  o f  v a r i a t i o n  -  3*9

L o g .  I n d e x  285

A p g a r  -  0

C ase  h o .  216 ~ T h i s  27 y e a r  o l d ,  p a r a  2 + 1 ,  w as  

a d m i t t e d  f o r  e l e c t i v e  s e c t i o n  b e c a u s e  o f  tw o  p r e v i o u s  

s e c t i o n s  f o r  d i s p r o p o r t i o n .

The b a b y ' s  A p g a r  w as  s u r p r i s i n g l y  low a t  2 .

A l l  t h e  PECG i n d i c e s  p r o g n o s e d  a much b e t t e r  r e s u l t  

a n d  c l e a r l y  f a i l e d  i n  p r e d i c t i o n .

Mean c a r d i a c  i n t e r v a l -  4 0 7 * 4

S t a n d a r d  d e v i a t i o n — 4*8

C o e f f i c i e n t  o f  v a r i a t i o n 1 . 2

Loge i n d e x -  80

A p g a r -  2



C a s e  i l o . 2 1 7  -  A 23 y e a r  o l d  p a r a  2 + 0 a d m i t t e d  f o r

e l e c t i v e  s e c t i o n  b e c a u s e  o f  tw o  p r e v i o u s  s e c t i o n s  f o r  

d i s p r o p o r t i o n ,  m i l d  a n a e m i a  w as  p r e s e n t »

The b a b y ' s  A p g a r  w as  4 »

The PECO i n d i c e s ,  m a i n l y  b e c a u s e  o f  t h e  h i g h  3 1 ,  

s u g g e s t e d  a  much w o r s e  p r o g n o s i s  t h a n  t h i s  b u t  a s  t h e  

X X i t ie n t  w as  n o t  a l l o w e d  t o  l a b o u r  t h e  b a b y  w as  n o t  

s t r e s s e d .

L e a n  c a r d i a c  i n t e r v a l -  4 2 9 * 9

S t a n d a r d  d e v i a t i o n -  34*9

C o e f f i c i e n t  o f  v a r i a t i o n -  8 . 1 4

L o g ,  i n d e x -  377

A p g a r “  4

C a s e  ho » 218 -  T h i s  30 y e a r  o l d  p r i m i g r a v i d a  w as

i n d u c e d  a t  42 w e e k s  g e s t a t i o n .

D u r i n g  24 h o u r s  d e s u l t o r y  l a b o u r  t h e  f o e t a l  h e a r t  r o s e  

s l o w l y  t o  160 p e r  L i i n u t e  a n d  t h e n  d r o p p e d  t o  120  a n d  

b e ca m e  i r r e g u l a r .  The l i q u o r  b ecam e  m e c o n iu m  s t a i n e d .  

LUSG3 w as  p e r f o r m e d  f o r  f o e t a l  d i s t r e s s  a n d  t h e  b a b y  

b o r n  w i t h  a n  A p g a r  o f  2 .

T h i s  p o o r  r e s u l t  w as  p r e d i c t e d  by t h e  I'EGC i n d i c e s .

L e a n  c a r d i a c  i n t e r v a l  -  3 9 2 . 4 1

S t a n d a r d  d e v i a t i o n  -  2 4 * 1 4

C o e f f i c i e n t  o f  v a r i a t i o n  ~ 6 . 2

L o g .  i n d e x  -  404

A p g a r  -  2



C as e  îIOc 219 -  A l t h o u g h  t h i s  31 y e a r  o l d  woman w:

t e c h n i c a l l y  a  p a r a  1 -i- 1 h e r  f u l l  t e r m  p r e g n a n c y  h a d  

e n d e d  i n  a  s t i l l h i r t h .  Che vvas a d m i t t e d  w i t h  p r o -  

e c l a m p s i a  a n d  w as  i n d u c e d .  A f t e r  12 h o u r s  i n  l a b o u r  

t h e  f o e t a l  h e a r t  r a t e  r o s e  f r o m  120 t o  160  p e r  m i n u t e  

a n d  a l l  t h i n g s  c o n s i d e r e d  a  C a e s a r e a n  s e c t i o n  s ee m s  

f u l l y  j u s t i f i e d .  The b a b y ' s  A p g a r  w as  o n l y  3«

T h i s  s t a t e  o f  a f f a i r s  w as  p a r t i a l l y  p r e d i c t e d  by  t h e  

GY b u t  n o t  t h e  L o g .  i n d e x .

Mean c a r d i a c  i n t e r v a l -  4 4 1 . 6

S t a n d a r d  d e v i a t i o n -  1 7 * 1

C o e f f i c i e n t  o f  v a r i a t i o n "  3*9

L o g .  i n d e x -  281

A p g a r -  3

C as e  n o , 220 -  A 16  y e a r  o l d  p r i m i g r a v i d a  a d m i t t e d  a t

33 w e e k s  w i t h  p r e m a t u r e  r u p t u r e  o f  t h e  m e m b r a n e s .

The d a y  f o l l o w i n g  a d m i s s i o n  ( a n d  PSGG-) s h e  h a d  a v e r y  

b r i s k  a n t e - p a r t u m  h a e m o r r h a g e  a n d  h a d  a  3 p i n t  t r a n s f u s i o n .  

D e s p i t e  t h i s  s h e  h a d  a  s p o n t a n e o u s  v e r t e x  d e l i v e r y  o f  a 

b a b y  b o y ,  A p g a r  3 .

U n f  o r t u n a t e l y  t h e  DECC vvas d o n e  b e f o r e t h e  APH o c c u r r e d  

so  t h e  i n d i c e s  m u s t  be  i n a c c u r a t e .

Mean c a r d i a c  i n t e r v a l -  3 9 4 . 4

S t a n d a r d  d e v i a t i o n -  1 1 , 7 5

C o e f f i c i e n t  o f  v a r i a t i o n — 3 * 0

L o g o  i n d e x -  1 9 7

A p g a r -  3



C ase  No » 221 -  A 31 y e a r  o l d  p a r a  2 + 0 .  ï ’h i e  p a t i e n t

w a s  a n a e m i c  a n d  h a d  a  s m a l l  a n t e - p a r t u m  h a e m o r r h a g e  a t  

37 w e e k s .
She  w as  i n d u c e d  a n d  h a d  a n o r m a l  v a g i n a l  d e l i v e r y  a f t e r  

a  v e r y  s h o r t  l a b o u r .  The f o e t a l  h e a r t  d i d  n o t  v a r y  

g r e a t l y  ( 1 2 8  -  140 p e r  mi n u t  e ) .

The  GV p u t  t h i s  b a b y  a t  g r e a t e r  r i s k  t h a n  d i d  t h e  Log ,  

i n d e x  w h i c h  w a s  m ore  a c c u r a t e ,

Mean c a r d i a c  i n t e r v a l  -  4 1 7 * 8 2

S t a n d a r d  d e v i a t i o n  ~ 1 7 * 2 5

C o e f f i c i e n t  o f  v a r i a t i o n  -  4 * 1 2

L o g .  i n d e x  -  290

A p g a r  “  5

C a s e  h o .  222  -  A v e r y  s t r a i g h t f o r w a r d  c a s e  o f  35 y e a r

o l d  p a r a  4 + 0 .  She w a s  a d m i t t e d  a t  t e r m  w i t h  a s l i g h t  

e l e v a t i o n  o f  B1 b u t  p r o m p t l y  commenced t o  l a b o u r  a n d  

d e l i v e r e d  n o r m a l l y .

The c h i l d ' s  A p g a r  w as  7 a n d  t h e  1 2 CC i n d i c e s  a l l  

s a t i s f a c t o r y .

Mean c a r d i a c  i n t e r v a l -  3 9 8 . 2

S t a n d a r d  d e v i a t i o n -  9 . 1 9

C o e f f i c i e n t  o f  v a r i a t i o n "  2 . 3 1

L o g .  i n d e x "  1 5 4

A p g a r “  7



Ca s e  No . 223 -  A 19 y e a r  o l d  p r i m i g r a v i da  a d m i t t e d

10 d a y s  p a s t  t e r m  f o r  i n d u c t i o n .  M i l d  h y d r a m n i o s  

vvas present.
B u c c a l  p i t o c i n  a d m i n i s t r a t i o n  p r o v o k e d  l a b o u r  a n d  

a f t e r  6 h o u r s  the f o e t a l  h e a r t ,  v . l i ich  h a d  b e e n  s t e a d y  

a t  1 3 6  ™ 1 4 0 , d r o p p e d  t o  96 per m i n u t e . h o w e v e r  by 

t h e n  t h e  s e c o n d  s t a g e  w as  nearly c o m p l e t e  and a  low 

forceps d e l i v e r y  c a r r i e d  out . The b a b y ' s  A p g a r  w as  6, 

The GY i n d i c a t e d  a s l i g h t l y  w o r s e  p r o g n o s i s  t h a n  this 
b u t  t h e  L o g .  i n d e x  w as  a c c u r a t e  enough.

Mean c a r d i a c  i n t e r v a l -  4 3 0 . 0 2

S t a n d a r d  d e v i a t i o n -  1 7 . 2

G o o f f i c i e n t  o f  v a r i a t i o n -  4

L o g ,  i n d e x -  284

A p g a r -  6



C as e  No.  224 -* A 28 y e a r  o l d  p a r a  3 i  0 a d m i t t e d  b e c a u s e

of f a i l e d  e x t e r n a l  c e p h a l i c  v e r s i o n  a n d  a n a e m i a ,

The I E GG i n d i c e s  p u t  t h i s  b a b y  i n t o  t h e  risk c a t e g o r y  

b u t  d e s p i t e  a n  a s s i s t e d  breech d e l i v e r y  t h e  b a b y  w as  

f i t  w hen  d e l i v e r e d .  Two w e e k s  e l a p s e d  b e t w e e n  t h e  PEGG- 

and d e l i v e r y , which i s  l o n g e r  t h a n  d e s i r a b l e  f o r  

a c c u r a t e  p r o g n o s i s .

The PEGG t r a c e  sh o w e d  the b r e e c h  p r e s e n t a t i o n *

Mean c a r d i a c  i n t e r v a l  -  4 2 7 * 2 3

S t a n d a r d  d e v i a t i o n  -  2 4 * 3 3

C o e f f i c i e n t  o f  v a r i a t i o n  -  5*7

l o g *  i n d e x  -  4 0 2

A p g a r  -  7

C a s e No * 2 2 3 ™ T h i s  w a s  a  c a s e  o f  a  f a i l e d  e x t e r n a l

c e p h a l i c  v e r s i o n  i n  a  27 y e a r  o l d  p a r a  1 + 0 .

S he  w e n t  i n t o  l a b o u r  s p o n t a n e o u s l y  a n d  a f t e r  3 h o u r s  

d e l i v e r e d  by  t h e  breech w i t h  m i n i m a l  a s s i s t a n c e .

The PEGG t r a c e  sh o w ed  t h e  b r e e c h  p r e s e n t a t i o n ,  

l o t h  t h e  GV a n d  L I  p u t  t h i s  baby correctly a t  some r i s k  

t h o u g h  t h e  SD d i d  n o t . I n  l a b o u r  t h e  f o e t a l  h e a r t  w as  

s t e a d y  b e t w e e n  140  a n d  1 3 6 / m i n .  T h e r e  w a s  n o  m eco n iu m  

s t a i n i n g .

m ean  c a r d i a c  i n t e r v a l  -  4 1 0 . 0 1

s t a n d a r d  d e v i a t i o n  -- 1 9 . 0

C o e f f i c i e n t  o f  v a r i a t i o n  -  4*63

L o g .  i n d e x  -  316

A p g a r  ' ““ 3



C ase  ITo. 226 -  A 22 y e a r  o l d  p r i m i g r a v i d  p a t i e n t  '

a d m i t t e d  w i t h  r u p t u r e d  m e m b r a n e s  » R o t  e s t a b l i s h e d  i n  

l a b o u r .

The  GV a n d  t h e  LI p u t  t h i s  p a t i e n t  into t h e  r i s k  c a t e g o r y »  

A f t e r  15  h o u r s  o f  l a b o u r  t h e  f o e t a l  h e a r t  r a t e  d r o p p e d  

t o  80/min. a n d  a f o r c e p s  d e l i v e r y  undertaken. The b a b y  

d i d  w e l l  b u t  w i t h o u t  t h e  f o r c e p s  no d o u b t  m i g h t  w e l l  

h a v e  boon poor.

Mean c a r d i a c  i n t e r v a l - 477.45
S t a n d a r d  d e v i a t i o n - 20.02
C o e f f i c i e n t  o f  v a r i a t i o n — 4*2

L o g .  i n d e x -  325
Apgar -  7

C a s e  N o . 227 -  A 17  y e a r  o l d  p r i m i g r a v i d  p a t i e n t

a d m i t t e d  a t  t e r m  w i t h  m i n i m a l  b l o o d  p r e s s u r e  r i s e . 

h o l l o w i n g  i n d u c t i o n  s h e  h a d  a s t r a i g h t f o r w a r d  v e r t e x  

d e l i v e r y  i n  12  h o u r s .  The  f o e t a l  h e a r t  w a s  s t e a d y  

b e t w e e n  1 3 2  a n d  1 5 2  i n  l a b o u r  a n d  t h e  b a b y  d i d  w e l l .  

A l l  t h e  PEGG i n d i c e s  c o r r e c t l y  p r e d i c t e d  t h i s  a s  a  

g o o d  r i s k  c a s e .

Mean c a r d i a c  i n t e r v a l - 434.1
S t a n d a r d  d e v i a t i o n - 12.61
C o e f f i c i e n t  o f  v a r i a t i o n - 2.9
Log. i n d e x - 208
A p g a r - 7



C ase  N o .  228 -  A 20 y e a r  o l d  p a r a  1 + 0 w i t h  a n a e m i a

a n d  a  v a r i a b l e  l i e  a t  43. w e e k s  gestation.
After i n d u c t i o n  t h e  f i r s t  s t a g e  o f  l a b o u r  was a d e q u a t e  

a t  9 hours , The s e c o n d  s t a g e  was r e p u t e d  t o  l a s t  3^  h r s  

b e f o r e  a  f o r c e p s  d e l i v e r y  w as  c o n d u c t e d  f o r  uterine 
inertia. C o n s i d e r i n g  t h i s  l e n g t h  o f  s e c o n d  s t a g e  t h e  

b a b y ' s  A p g a r  o f  7 is r e m a r k a b l y  good. The hEGG i n d i c e s  

p u t  t h i s  b a b y  i n  the g o o d  r i s k  group.
T h i s  c a s e  d e m o n s t r a t e s  t h a t  a s s e s s m e n t  o f  the f o e t u s  i s  

o n l y  p a r t  o f  t h e  e q u a t i o n ,  m a t e r n a l  a s s e s s m e n t  i s  

d e s i i m i b l e  t o  a v o i d  t h i s  kind o f  p r o b l e m .

Mean c a r d i a c  i n t e r v a l -  4 5 2 . 3 3

s t a n d a r d  d e v i a t i o n "  9*63

C o e f f i c i e n t  o f  v a r i a t i o n -  2 . 1 3

Logo  i n d e x 1 5 7

Apgar -  7



C as e  k o .  229 -  A 35 y e a r  o l d  p a r a  0 + 1  a d m i t t e d  p a s t

d a t e s  f o r  i n d u c t i o n ,

h o l l o w i n g  i n d u c t i o n  s h e  h a d  a s p o n t a n e o u s  v e r t e x  

d e l i v e r y  d u r i n g  w h i c h  t h e  f o e t a l  h e a r t  f e l l  t o  0 8 / m i n ,  

The  CV a n d  L I  p u t  t h i s  h a b y  a t  r i s k  t h o u g h  t h e  SL d i d  

n o t .  I n  t h e  e v e n t  t h e  b a b y  w as  i n  f a i r  c o n d i t i o n .

L e a n  c a r d i a c  i n t e r v a l 4 2 9 *

S t a n d a r d  d e v i a t i o n -  1 8 . 6

C o e f f i c i e n t  o f  v a r i a t i o n -  4 . 3 3

L o g ,  i n d e x -  307

A p g a r -  7

C a s e  ITo« 230 -  A s m a l l  APH i n  a  29 y e a r  o l d  p a r a  1 + 0*

The p a t i e n t  w e n t  i n t o  s p o n t a n e o u s  l a b o u r  b u t  a f t e r  o n l y  

7 h o u r s  t h e  f o e t a l  h e a r t  d r o p p e d  t o  7 4 / n i n .

The  b a b y  w as  d e l i v e r e d  by  V e n t e u s e  e x t r a c t i o n  u n d e r  

g e n e r a l  a n a e s t h e s i a .

A l l  t h e  PECO i n d i c e s  f a i l e d  t o  p u t  t h i s  b a b y  a t  r i s k .

M ean c a r d i a c  i n t e r v a l  -  4 3 4 * 3 5

S t a n d a r d  d e v i a t i o n  -  6 . 8

" C o e f f i c i e n t  o f  v a r i a t i o n  -  1 . 5 5

L o g .  i n d e x  -  1 1 2

A p g a r  -  6



C a s e No . 2 3 1  A 1 6  y e a r  o l d  p r i m i ^ r c v i d  p a t i e n t  w i t l i  

p r e - e c l a m p s i a o  L a ’b o u r  w a s  i n d u c e d  a n d  a f t e r  a  1 5  h o u r  

f i r s t  s t a g e  a n d  4 5  m i n u t e s  o f  s e c o n d  s t a g e  a  f o r c e p s  

d e l i v e r y  w a s  c o n d u c t e d  b e c a u s e  o f  a  r i s i n g  m a t e r n a l  B P ,  

A t  n o  s t a g e  d i d  t h e  b a b y  s h o w  a n y  s i g n s  o f  f o e t a l  

d i s t r e s s  =

N o n e  o f  t h e  PSGG i n d i c e s  p u t  t h e  b a b y  a t  r i s k .

m e a n  c a r d i a c  i n t e r v a l -  4 5 1 . 4

S t a n d a r d  d e v i a t i o n -  1 0 , 6 5

C o e f f i c i e n t  o f  v a r i a t i o n -  2 . 4

L o g o  i n d e x -  1 4 7

A p g a r 7

C a s e  No. 2 3 2  -  A c a s e  o f  t w i n s  i n  a  p r i m i g r a v i d  p a t i e n t .

T h e  PNGG- c o r r e c t l y  s h o w e d  t h e  t w i n s  a n d  i t  w a s  p o s s i b l e  

t o  c o n s t r u c t  a n  i n t e r v a l  h i s t o g r a m  f o r  o n e  o f  t h e m .  

U n f o r t u n a t e l y  i t  i s  i m p o s s i b l e  t o  t e l l  w h i c h  o n e  s o  n o  

a t t e m p t  a t  p r o g n o s i s  c o u l d  be  m a d e .

m e a n  c a r d i a c  i n t e r v a l  -  4 5 1 «8

S t a n d a r d  d e v i a t i o n  7 - 7 8

C o e f f i c i e n t  o f  v a r i a t i o n  -  1 . 7 2

L o g .  i n d e x  -  1 2 7



C ase  îloo 233 ™ A 2?  y e a r  o l d  p a r a  1 + 1 a d m i t t e d  f o r

i n d u c t i o n  b e c a u s e  o f  p r e - e c l a m p s i a .

The  CV a n d  SB b o t h  p u t  t h e  b a b y  a t  r i s k  t h o u g h  t h e  L I ,  

a s  i t  s e e m s  c o r r e c t l y ,  w as  o n  t h e  b o r d e r - l i n e .

L e a n  c a r d i a c  i n t e r v a l  -  4 3 4 * 1

S t a n d a r d  d e v i a t i o n  -  23* 7

C o e f f i c i e n t  o f  v a r i a t i o n  -  3 « 43

L o g ,  i n d e x  -- 290

A p g a r  -  7

C ase  No.  234 -  A 22 y e a r  o l d  p a r a  0 + 0  i n d u c e d  a t

t e r m  b e c a u s e  o f  p r e - e c l a m p s i a .

A f t e r  8 h o u r s  i n  f i r s t  s t a g e  a n d  1 h o u r  i n  s e c o n d  s t a g e  

t h e  f o e t a l  h e a d  w as  f i x e d  i n  a  d e e p  t r a n s v e r s e  a r r e s t  

a n d  a  f o r c e p s  d e l i v e r y  r e q u i r e d .

The  PBCG- i n d i c e s  p u t  t h i s  b a b y  a t  b e t t e r p  r i s k  t h a n  

t r a n s p i r e d  t h o u g h  no  d o u b t  t h e  r e s u l t  w a s  i n f l u e n c e d  by 

m e c h a n i c a l  f a c t o r s .

L e a n  c a r d i a c  i n t e r v a l  -  4 3 3 . 1 4

S t a n d a r d  d e v i a t i o n  -  1 0 . 3

C o e f f i c i e n t  o f  v a r i a t i o n  -  2 , 3

L o g .  i n d e x  -  1 7 2

A p g a r  -  6



Ca s e  N o . 233 -  A 22 y e a r  o l d  p a r a  2 + 0  a d m i t t e d  a t

t e r m .  As t h i s  p a t i e n t  h a d  h a d  a  p r e v i o u s  C a e s a r e a n  

s e c t i o n  f o r  f o e t a l  d i s t r e s s  s h e  was  i n d u c e d  a f t e r  1 w e e k .  

She  f a i l e d  t o  p r o g r e s s  i n  t h e  s e c o n d  s t a g e  a n d  w as  

d e l i v e r e d  b y  f o r c e p s .

Two I'hCG e x a m i n a t i o n s  w o r e  d one  h e r e  w h i c h  b o t h  show ed

a g o o d  f o e t a l  p r o g n o s i s  w h i c h  was m o d i f i e d  by  t h e  t y p e  

o f  d e l i v e r y o

L e a n  c a r d i a c  i n t e r v a l -  4 1 9 - 1 2 4 3 3 . 7 5

S t a n d a r d  d e v i a t i o n -  1 1 . 4 7 - 5

C o e f f i c i e n t  o f  v a r i a t i o n -  2 , 7 1 1 . 6

L o g .  i n d e x -  1 8 9 119

A p g a r -  6

C as e  N o . 256 -  The c l a s s i c a l  h o t t e n r o w  p a t i e n t ,  a

20 y e a r  o l d  p r i m i g r a v i d a  p r e s e n t i n g  f o r  t h e  f i r s t  t i m e  

She w a s  i m m e d i a t e l y  a d m i t t e d  b e c a u s e  o f  p r e - e c l a m p s i a  

a n d  i n d u c e d *  The f o e t a l  h e a r t  r o s e  t o  1 7 8 / m i n .  a n d  

m e c o n i u m  s t a i n e d  l i q u o r  was n o t e d .  She w as  d e l i v e r e d  

by  f o r c e p s .

Of t h e  fhCG i n d i c e s  o n l y  t h e  CY p u t  t h i s  b a b y  a t  some 

r i s k .

m ean  c a r d i a c  i n t e r v a l  -  4 0 2 . 2 4

S t a n d a r d  d e v i a t i o n  -  1 5 - 7 3

C o e f f i c i e n t  o f  v a r i a t i o n  -  5 - 4 2

L o g .  i n d e x  “  229

A p g a r  -  6



Case No. 237 -  A 19 year o l d  p r i n i g r a v i d  patient•iwi4«tiuiitiav.iihMWfe»TWAA«KeeEse*w.*«rj*es'ja  ̂ ^

a d m i t t e d  for i n d u c t i o n  a s  p o s t m a t u r e .

f o l l o w i n g  i n d u c t i o n  s h e  h a d  a q .u ich  s p o n t a n e o u s  vortex 
delivery.
The GY p u t  this baby a t  some s l i g h t  r i s k .

Lie a n  c a r d i a c  i n t e r v a l  -  4 1 1 . 3

S t a n d a r d  d e v i a t i o n  -  1 3 * 9 1

C o e f f i c i e n t  o f  v a r i a t i o n  -  3 * 4 1

l o g .  i n d e x  -  231

A p g a r  “  7

C a s e  No. 236 -  T h i s  29 year o l d  para 2 + 0  h a d  a 

p r e v i o u s  c h i l d  d i e  o f  c o n g e n i t a l  h e a r t  d e c e a s e .  dhe  was  

a d m i t t e d  p a s t  t e r m  for i n d u c t i o n  a n d  h a d  a s p o n t a n e o u s  

v e r t e x  delivery.
A l l  t h e  IhCC i n d i c e s  c o r r e c t l y  p u t  t h e  baby a t  some 

s l i g h t  risk.

L e a n  c a r d i a c  i n t e r v a l " 402 . 2

S t a n d a r d  d e v i a t i o n -  1 9 . 36

C o e f f i c i e n t  o f  v a r i a t i o n ~ 4.9
L o g .  i n d e x 326
A p g a r - 7



C a s e  No. 239 -  T h i s  18  y e a r  o l d  p a r a  1 + 1  w a s  a d m i t t e d  

a t  term b e c a u s e  o f  a p r e v i o u s  C a e s a r e a n  s e c t i o n  f o r  

d i s p r o p o r t ion.
A f t e r  t h e  PL G G e x a m i n a t i o n  s h e  h a d  a b r i s k  Alii a n d  w as  

a g a i n  sectioned. dhe w as  l a t e r  f o u n d  t o  have i n f e c t i v e  

h e p a t i t i s  a s  w e l l .

N o t  s u r p r i s i n g l y  the PSCG i n d i c e s  b e a r  l i t t l e  relevance 
t o  t h e  r e s u l t .

Lie a n  c a r d i a c  i n t e r v a l 4 4- 4 ® 5

S t a n d a r d  d e v i a t i o n -  1 1 , 6 3

C o e f f i c i e n t  o f  v a r i a t i o n -  2 . 6 2

L o g .  i n d e x -  1 9 1

A p g a r "> 6

C as e  No.  240  -  T h i s  19 y e a r  o l d  p r i n i g r a v i d  p a t i e n t

w a s  3 w e e k s  p a s t  h e r  d a t e s  o n  a d m i s s i o n .

A f t e r  i n d u c t i o n  she h a d  a  l o n g  l a b o u r  w i t h  u n c o - o r  dine?, t e  

u t e r i n e  a c t i o n .  N e v e r t h e l e s s  after 55 h o u r s  she 
d e l i v e r e d  s p o n t a n e o u s l y .

T he  baby's Apgar was 6 but it was very slow to respond 
and the Apgar was only 7 after 5 minutes.
The NEOG i n d i c e s  a l l  p u t  t h i s  b a b y  a t  r i s k .

L e a n  c a r d i a c  i n t e r v a l  -  3 7 5 * 2

S t a n d a r d  d e v i a t i o n  -  22* 4 1

C o e f f i c i e n t  o f  v a r i a t i o n  -  6 . 0 0

Log* i n d e x  -  378

A p g a r  A 6



C a s e  No* 2 4 1  -  A 3 8  y e a r  o l c i  p a r a  1  -i- 1 w h o  h a d  h a d  a

p r e v i o u s  C a e s a r e a n  s e c t i o n .  I n  t h i s  p r e g n a n c y  she was

c o n s i d e r e d  t o  have  e s s e n t i a l  h y p e r t e n s i o n .  Her BP
140 
Toor e m a in e d  a b o u t  a l l  t h r o u g h  t h e  l a s t  t r i m e s t e r .

386.3 462.5
1 3 . 3 1 9 , 6

3 * 44̂ 4 . 2

223 3 1 9

6

Two ÎTLCG e x a m i n a t i o n s  were c o n d u c te d ,  

d i t h  t h e  e x c e p t i o n  o f  t h e  means t h e  PLCG- i n d i c e s  a l l

showed d e t e r i o r a t i o n .  T here  was q u i t e  a l a r g e  change

f o r  t h e  good i n  t h e  means.

E l e c t i v e  C a e s a r e a n  s e c t i o n  was p e r f o r m e d  so t h e  baby 

d id  n o t  have  t o  s u f f e r  t h e  s t r e s s e s  o f  l a b o u r .

I, te an  c a r d i a c  i n t e r v a l  -

S t a n d a r d  d e v i a t i o n  -

C o e f f i c i e n t  o f  v a r i a t i o n  

Bog. in d e x  

Apgar

Case ho .  242 ™ T h i s  was a c a se  o f  p r e - e c l a m p s i a  i n  a
13 531 y e a r  o l d  p a r a  0  + 1 . On a d m i s s i o n  h e r  BP was -'-g-g-^and 

a week l a t e r  i t  vvas. —gg d e s p i t e  r e s t  and s e d a t i o n .

The PECO i n d i c e s  a l l  f o l l o w e d  t h i s  w o r s e n i n g  s i t u a t i o n .  

A f t e r  i n d u c t i o n  she had  a s m a l l  a c c i d e n t a l  h a em o rrhage  

and was d e l i v e r e d  by f o r c e p s .  The f o e t a l  h e a r t  f e l l ; a s  

low a s  8 0 / m i n u t e ,

Hone o f  t h e  i n d i c e s  p u t  t h i s  baby a t  s e v e r e  r i s k  w hich  

d e s p i t e  t h e  h aem o r rh ag e  was c o r r e c t .

Lean  c a r d i a c  i n t e r v a l  -  4 5 0 . 4 3  41 8 . 50

S t a n d a r d  d e v i a t i o n  -  g -j-g -j-q ^

C o e f f i c i e n t  o f  v a r i a t i o n  -  2 . 0 2  2 . 5 3  '

Log. i n d e x  ■ -

A pgar  -  G



C a s e  N o .  24 3 -  T h i s  21  y e a r  o l d  p a r a  2 -i- 0  w a s

admitted f o r  t r e a t m e n t  o f  anaemia.
Her Hh was 8 g« on a d m i s s i o n  and r o s e  t o  IGg.  a f t e r  a 

t o t a l  dose  i m f e r o n  i n f u s i o n .

She was induced a t  t e r m  and had a s p o n t a n e o u s  v e r t e x  

d e l i v e r y  a f t e r  a s h o r t  labour.
The I ’LCG i n d i c e s  r e f l e c t e d  t h e  c l i n i c a l  c o u r s e  h e r e  b u t  

t h e  Apgar  s c o r e  was p r o b a b l y  lo w e re d  a r t i f i c i a l l y  by 

t h e  c o rd  b e i n g  t i g h t  round t h e  b a b y ' s  n e c k .

Lean c a r d i a c  i n t e r v a l -  373.6 424.39
S t a n d a r d  d e v i a t i o n - 17.85 1 1 . 0

C o e f f i c i e n t  o f  v a r i a t i o n 4*8 2.6
Log. i n d e x - 301 182
Apgar 6



C a s e _ H O j  2 4 5  -  T h i s  1 7  y e a r  o l d  p r i m i g r a v i ^ a  V V a  3

a d m i t t e d  a t  39 weeks w i t h  pre-eclampsia. k i t h  a w e e k ' s
1 G 0 3^0bed r e s t  h e r  BP f e l l  f rom  ycq“ t o  She was in d u c e d

a t  t e r m  and a f t e r  a s h o r t  labour o f  S3 h o u r s  t h e  m o t h e r ' s  
1 50BP r o s e  t o  t h e  baby was d e l i v e r e d  by forceps.

There  were no f o e t a l  i n d i c a t i o n s  f o r  i n s t r u m e n t a l  

d e l i v e r y .  The f o e t a l  h e a r t  r a t e  was r e m a r k a b l y  s t e a d y  

a t  1 4 8  1 5 2 /m i n  and t h e r e  was no meconium s t a i n i n g .

Hone of t h e  PEGG i n d i c e s  p u t  t h i s  baby a t  r i s k  and t h e y  

r e f l e c t e d  the c l i n i c a l  improvement  o v e r  t h e  week.

Mean c a r d i a c  i n t e r v a l  -  40 8 ,4 5  388*34

S t a n d a r d  d e v i a t i o n  -  12*42 7 , 5

C o e f f i c i e n t  o f  v a r i a t i o n  -  3*04 1 .9 5

Log. i n d e x  -  207 127

Apgar -  7



Case No. 246 -  T h i s  20 y e a r  o l d  p r i m i g r a v i d  patient
had  b e e n  a d m i t t e d  f o u r  t i m e s  d u r i n g  t h i s  p re g n a n c y  

b e c a u s e  o f  a r a i s e d  BP* T h i s  a lw ay s  s e t t l e d  im m e d ia t e l y  

a f t e r  a d m i s s i o n .  She was a g a i n  a d m i t t e d  a t  t e r m  f o r  

induction.
A f t e r  a f a i r l y  s h o r t  l a b o u r  t h e  m o t h e r ' s  BP r o s e  t o  
1 70— G.nd t h e  baby was d e l i v e r e d  by f o r c e p s .  T here  were 

no f o e t a l  i n d i c a t i o n s  f o r  d e l i v e r y .  The f o e t a l  h e a r t  

r e m a in e d  w i t h i n  t h e  r a n g e  1 3 6  -  136/min. and t h e r e  was 

no meconium s t a i n i n g *

The PEGG i n d i c e s  a l l  p u t  t h e  baby i n  t h e  good risk 
group  w hich  was b o rn e  o u t  by t h e  result.

Lean c a r d i a c  i n t e r v a l ™ 4 3 6 .6

S t a n d a r d  d e v i a t i o n -  1 1 . 3 6

C o e f f i c i e n t  o f  v a r i a t i o n •“ 2 e 0 4

Log. i n d e x -  190

Apgar -  7



Case NOo 247 -  Tli is was a c ase  o f  p r e - e c l a m p s i a  i n  a

24 y e a r  o ld  p a r a  0 + 1. She was a d m i t t e d  a t  39 weeks 

w i t h  a BP o f  T h is  f e l l  t o  and she was in d u c e d

a t  t e r m .

A f t e r  a good f i r s t  s t a g e  t h e  m o th e r  made h e a v y  w e a t h e r  

o f  t h e  second  s ta g e *  A f t e r  an  h o u r  t h e  f o e t a l  h e a r t  

was fo u n d  t o  he i r r e g u l a r  be tw een  104 and 1 2 4  /min. 
There  was no meconium s t a i n i n g *  The baby was d e l i v e r e d  

by f o r c e p s .

The CV f o l l o w e d  t h e  m o t h e r ' s  improvement  b u t  i n  t h i s  

c a se  t h e  LI d i d  not. I n i t i a l l y  t h e  baby had  a v e ry  

s m a l l  mean i n t e r v a l  (i.e. f a s t  r a t e )  w h ich  became more 

no rm a l  but the v a r i a b i l i t y  d id  n o t  im p ro o v e .

The f i r s t  CV p u t  t h e  baby a t  r i s k  b u t  none o f  t h e  o t h e r  

i n d i c e s  did. C o n s i d e r i n g  th e  d e l i v e r y  d i f f i c u l t i e s  t h e  

baby d id  w e l l .

Lean  c a r d i a c  i n t e r v a l - 352.7 313.04
S t a n d a r d  d e v i a t i o n - 14.01 15.
C o e f f i c i e n t  o f  v a r i a t i o n - 4.2 3.9
Log. i n d e x 252 256
Apgar — 7



Case ITo* 243  -  T h i s  23  y e a r  o l d  p a r a  1 + 0 . p a t i e n t

d o m o n o t r a te  s an  i n t  o r e s t i n g  p o i n t  *

She was admitted a t  41 weeks g e s t a t i o n  a s  t h e  f o e t a l  

h e a r t  was found  t o  he i r r e g u l a r  by t h e  s t e t h o s c o p e .

The }?ECG- showed no such irregularity u n t i l  a stethoscope 
was a p p l i e d .  I n  t h e  e v e n t  the u m b i l i c a l  cord was fo un d  

t o  be ro un d  the b a b y ' s  n e ck  and t h e  i r r e g u l a r i t y  was 

c a u se d  by m e c h a n i c a l  p r e s s u r e  on the cord.
As t h e  p a t i e n t  had  a p r e v i o u s  f a i l e d  t r i a l  of l a b o u r  she 

cane  t o  C a e s a r e a n  section.
The I'EOG- i n d i c e s  correctly d id  n o t  place t h i s  baby a t  

h i g h  risk.

Mean c a r d i a c  i n t e r v a l  -  415*9

S t a n d a r d  d e v i a t i o n  -  1 2 .4 1

C o e f f i c i e n t  o f  v a r i a t i o n  -  3 .0 0

Log, i n d e x  -  206

Apgar -  6

Case h2r--_^49 -  T h is  19 y e a r  o ld  p r i n i i g r a v i d a  was a d m i t 

t e d  a t  te r ra  a s  she was a g ra d e  I cardiac. She went i n t o  

l a b o u r  s p o n t a n e o u s l y , The first s t a g e  was s h o r t ,  7 h o u r s  

b u t  t h e  second  s t a g e  l a s t e d  2 /  hours. She was d e l i v e r e d  

by f o r c e p s .

L u r i n g  l a b o u r  t h e  f o e t a l  h e a r t  v a r i e d  b e tw e e n  126 and I 6 4  

y e t  was a lw ay s  r e p o r t e d  a s  " r e g u l a r ' ' .

There  was some meconium s t a i n i n g  i n  t h e  l i q u o r .

None o f  t h e  LEG Cl i n d i c e s  p u t  t h i s  baby a t  r i s k .

Mean c a r d i a c  i n t e r v a l  -  451*4

S t a n d a r d  d e v i a t i o n  -  7 .0

C o e f f i c i e n t  o f  v a r i a t i o n  -  1*54

Log.  i n d e x  -  1 1 5

Apgar  -  5



G a s e  Ko* 2 5 0  -  E s s e n t i a l l y  t h i s  w a s  a  c a s e  o f  a  f a i l e d

t r i a l  o f  lalDour i n  a 23 y e a r  o l d  primigravida. P o s t  

partuLi p e l v i m e t r y  c o n f i r m e d  a c o n t r a c t e d  p e l v i s .

The PEGG i n d i c e s  d i d  n o t  p u t  t h i s  baby a t  risk.

Lean c a r d i a c  interval -  43 0 .35

S t a n d a r d  deviation -  1 1 .7 4

C o e f f i c i e n t  o f  variation -  2 . 7 2

Log. i n d e x -  194

Apgar -  7

Case No. 251 -  A 28 y e a r  o ld  p r i m i g r a v i d a  a d m i t t e d

a t  4 2  weeks  f o r  i n d u c t i o n *

I n d u c t i o n  was f o l l o w e d  by a f i r s t  s t a g e  o f  26 h o u r s  and 

a f t e r  l y  h o u r s  i n  t h e  seco n d  s t a g e  f o e t a l  d i s t r e s s  was 

d i a g n o s e d  b e c a u s e  o f  meconium s t a i n i n g  and a d rop  i n  

f o e t a l  h e a r t  r a t e  t o  SO/min, The baby was d e l i v e r e d  

by f o r c e p s .

The o h , CV and I I  a l l  p u t  t h i s  patient i n  t h e  poor r i s k  

c a t e g o r y  which was probably j u s t i f i e d  by t h e  Apgar s c o r e  

o f  5.

Lean  c a r d i a c  i n t e r v a l  -  457*75

S t a n d a r d  d e v i a t i o n  -  2 6 .8

C o e f f i c i e n t  o f  v a r i a t i o n  -  5*84

Log. i n d e x  -  437

Apgar  -  5



Gase ITo, 252 -  T h i s  34 y e a r  o ld  p a r a  3 + 0  was a d m i t t e d

f o r  i n d u c t i o n  b e c a u s e  o f  p r e - e c l a m p s i a  « A v e r y  s h o r t  

l a b o u r  f o l l o w e d  w i t h  3 h o u r s  i n  f i r s t  s t a g e  b u t  a f t e r  30 

m i n u t e s  i n  second  s t a g e  f o r c e p s  d e l i v e r y  was p e r f o r m e d .  

T h ere  i s  no a d e q u a t e  r e a s o n  g i v e n  f o r  t h i s .  The f o e t a l  

h e a r t  r e m a in e d  w i t h i n  t h e  r a n g e  1 3 6  -  1 5 6 / m i n .  and t h e r e  

was n r  meconium s t a i n i n g .

Of t h e  PEGG i n d i c e s  o n ly  t h e  CV p u t  t h i s  baby s l i g h t l y  a t  

risk.

Mean c a r d i a c  i n t e r v a l - 388.9
S t a n d a r d  d e v i a t i o n - 13.62
C o e f f i c i e n t  o f  v a r i a t i o n - 3.5
Log. i n d e x - 228
Apgar -  7

Case Ho. 253 -  T h i s  25 y e a r  o ld  woman had had  3 a b o r t i o n ;

and no l i v e  c h i l d r e n .

I n  p r e g n a n c y  she had  t h r e a t e n e d  t o  a b o r t  a t  16 w eeks .  She 

was a d m i t t e d  p a s t  t e r m  f o r  i n d u c t i o n .  A s h o r t  l a b o u r  o f  

h o u r s  f o l l o w e d .  I n  t h e  second  s t a g e  v e r y  heavy  

meconium s t a i n i n g  was n o t e d  and d e s p i t e  a n o rm a l  f o e t a l  

h e a r t  r a t e  f o r c e p s  were  a p p l i e d  and t h e  baby d e l i v e r e d .  

Hone o f  t h e  PEGG i n d i c e s  p u t  t h e  baby a t  r i s k .

Mean c a r d i a c  i n t e r v a l  -  366.9
S t a n d a r d  d e v i a t i o n  -  9 .5 2

C o e f f i c i e n t  o f  v a r i a t i o n  -  2 .6

Log. i n d e x  -  161

Apgar  “ 7



G a g e  Ho * 25.4 -  T h i s  2 9  y e a r  o l d  p r i m i g r a v i d  p a t i e n t

was a d m i t t e d  p a s t  t e r m  w i t h  m ild  p r e - e c l a m p s i a .  

I n d u c t i o n  was f o l l o w e d  by v e r y  i n c o - o r d i n a t e  l a b o u r  and 

a f t e r  22 h o u r s  a r im  o f  c e r v i x  was s t i l l  p r e s e n t *

The baby \ /as  d e l i v e r e d  by V e n teuse  e x t r a c t i o n .  There  

were  no f o e t a l  i n d i c a t i o n s  f o r  d e l i v e r y .

Hone o f  t h e  LECG- i n d i c e s  p u t  t h i s  baby a t  r i s k .

L ean  c a r d i a c  i n t e r v a l  -  367*33

S t a n d a r d  d e v i a t i o n  -  1 1 .1 4

C o e f f i c i e n t  o f  v a r i a t i o n  -  3*03

Log. i n d e x  -  189

Apgar  ““ 6

Case Ko. 255 -  T h i s  25 y e a r  o l d  p a r a  3 + 1 was a d m i t 

t e d  s u p p o s e d l y  2 weeks p a s t  t e rm .

She went  i n t o  l a b o u r  s p o n t a n e o u s l y  and d e l i v e r e d  i n  

o n l y  2 h o u r s ,

ITone o f  t h e  LEG G i n d i c e s  p u t  t h e  baby a t  r i s k .

Mean c a r d i a c  i n t e r v a l  -  455*45

S t a n d a r d  d e v i a t i o n  -  10,85
C o e f f i c i e n t  o f  v a r i a t i o n  -  2 .4

Log, i n d e x  -  177

Apgar  -  7



Ca s e  Ho. 2 5 6  -  T h i s  w a s  a  c a s e  o f  i / i i l c i  p r e - e c la m p s ia

i n  a 23 y e a r  o l d  p r i n i g r a v i d  p a t i e n t e  She was a d m i t t e d  

f o r  i n d u c t i o n *  A f t e r  1 h o u r  i n  t h e  s econd  s t a g e  f o e t a l

d i s t r e s s  was d i a g n o s e d  and d e l i v e r y  was by f o r c e p s .

A l l  t h e  PEGG i n d i c e s ,  e x c e p t  t h e  mean, f o r e c a s t  a p o o r  

r i s k  baby. I n  t h e  event t h e  b a b y ' s  Apgar  was 5 and had 

only r i s e n  t o  8 w i t h  5 m i n u t e s  a c t i v e  resuscitation,

Mean c a r d i a c  i n t e r v a l  -  435*5
Standard d e v i a t i o n  -  30,0
C o e f f i c i e n t  o f  v a r i a t i o n  -  6.9
Log. i n d e x  -  494
Apgar -  5



C a s e  N o .  2 5 7  -  T h i s  2 0  y e a r  o l d  p r i u i g r a v i c l a  w a s

admitted b e c a u s e  o f  e x t e n s i v e  oedema.
1 1 0Her B1 was A f t e r  a week t h e  oedema had gone and

] 10and t h e  BP remained a t  As she was r e p u t e d l y  a t

4 2  weeks gestation she was i n d u c e d .  The first s t a g e  

o f  l a b o u r  was s h o r t ,  5 hours, b u t  a f t e r  an  h o u r  in 
seco n d  s t a g e  the m o t h e r ’ s BP had  r i s e n  t o  jg2. Meconium 

s t a i n i n g  was n o t e d  and t h e  f o e t a l  h e a r t  rose t o  iGO/min.  

f o r c e p s  were a p p l i e d  and t h e  u m b i l i c a l  c o r d  was found 
t o  be ro u n d  t h e  i n f a n t ’ s neck.
Over t h e  week t h e  PBOG- i n d i c e s  f o l l o w e d  t h e  im p ro v in g  

oedema and d i d  n o t  p l a c e  the baby a t  r i s k .

Mean c a r d i a c  i n t e r v a l - 372.5 384.1
S t a n d a r d  d e v i a t i o n 9 ® 1 5.81
C o e f f i c i e n t  o f  v a r i a t i o n - 2.4 1.51
Log. i n d e x - 153 98
Apgar -  6

Ca s e  Ho, 258 -  T h i s  26 y e a r  o l d  p r i m i g r a v i d a  was a d m i t t e d

2  weeks  p a s t  t e rm  for i n d u c t i o n *  Che had  a s h o r t  l a b o u r  

and  a s p o n t a n e o u s  v e r t e x  d e l i v e r y .

The SB, GY and LI a l l  p u t  t h i s  baby ,  i n c o r r e c t l y ,  a t  r i s k .  

I t  may be t h a t  t h e  u n u s u a l l y  smooth d e l i v e r y  c a u s e d  t h e  

c h i l d  v e r y  l i t t l e  s t r e s s .

Mean c a r d i a c  i n t e r v a l - 445.9
S t a n d a r d  d e v i a t i o n - 24.74
Coefficient o f  v a r i a t i o n - 5.54
Log. i n d e x - 406
Apgar - 7



Case rî'o« 259 -  A 19 y e a r  o ld  p a r a  0 + 1 a d m i t t e d  for
d e l i v e r y  a s  a  breech. E x t e r n a l  v e r s i o n  had  failed. She 

l a b o u r e d  w e l l  and after 5 h o u r s  d e l i v e r e d  t h e  breech. At 

t h i s  point I . Y ,  ergometrine was g iv e n  i n  e r r o r  and the 
head had to be d e l i v e r e d  u n d e r  g e n e r a l  anaesthetic.
The b a b y ' s  c o n d i t i o n  i n  t h e  circumstances was s u r p r i s i n g l y  

good. .
The I'EOG i n d i c e s  had i n d i c a t e d  a good prognosis, w hich  

u n d e r  n o rm a l  circumstances would have been accurate.

Mean c a r d i a c  i n t e r v a l  -  428*55

S t a n d a r d  d e v i a t i o n  -  12.32
C o e f f i c i e n t  o f  v a r i a t i o n  -  2*9

Log. i n d e x  -  203
Apgar - 5

Ca s e  Ho. 2 60 -  T h i s  15 y e a r  o ld  p r i n i g r a v i d a  d e m o n s t r a t e d

t h e  phenomenon o f  f o e t a l  h e a r t  i r r e g u l a r i t y  b e in g  c a u se d  

by t h e  p r e s s u r e  o f  the stethoscope. The HBOC o n ly  showed 

t h e  i r r e g u l a r i t y  w h i l e  t h e  s t e t h o s c o p e  was a p p l i e d  f i r m l y .  

The m o th e r  l a b o u r e d  p o o r l y  and after 20 h o u r s  i n  f i r s t  

s t a g e  and i j  h o u r s  i n  second  s t a g e  t h e  baby was d e l i v e r e d  

by f o r c e p s .

The J?20G i n d i c e s  p u t  t h i s  baby a t  r i s k .

Mean c a r d i a c  i n t e r v a l  -  399*55

S t a n d a r d  d e v i a t i o n  -  21.7
C o e f f i c i e n t  o f  v a r i a t i o n  -  5*4

Log. i n d e x  -  362

Apgar  -  6



Case No* 261 -  T i l ls  37 y e a r  o l d  woman h ad  a sad  c a s e

h i s t o r y *  low i n  h e r  n i n t h  p re g n a n c y  she had  o n ly  t h r e e  

living c h i l d r e n *  Two c h i l d r e n  had d i e d  o f  f i b r o c y s t i c  

d i s e a s e *

She l a b o u r e d  s p o n t a n e o u s l y  and d e l i v e r e d  i n  t h e  v e ry  

s h o r t  t im e  o f  45 m in u te s*  The baby d id  well d e s p i t e  

a d u b io u s  PEGG prediction.

Mean c a r d i a c  i n t e r v a l  -- 4 4 4  * 7 4

S t a n d a r d  deviation - 18.81
C o e f f i c i e n t  o f  v a r i a t i o n  -  4*22

Logo i n d e x  -  308

Apgar  -  8

Gase No* 262 -  T h i s  23 y e a r  o ld  p r i n i g r a v i d a  was 

a d m i t t e d  2 weeks p a s t  t e rm  f o r  i n d u c t i o n *

E a r l y  i n  l a b o u r  t h e  f o e t a l  h e a r t  d ro pp ed  t o  96 /m in .  

and  was obviously i r r e g u l a r *

C a e s a r e a n  s e c t i o n  was done f o r  f o e t a l  d i s t r e s s *

The PEGG i n d i c e s  p u t  t h i s  baby v e ry  much a t  r i s k  and no 

d o u b t  would have  b een  c o r r e c t  had l a b o u r  continued.

Mean c a r d i a c  i n t e r v a l  -  429*5

S t a n d a r d  d e v i a t i o n  -  25*2

C o e f f i c i e n t  o f  v a r i a t i o n  -- 5.9
Log. i n d e x  -- 4 I 6

Apgar  -  8



Case Ho* 263 -  T h i s  18 y e a r  o ld  p r i m i g r a v i d a  was 

s u s p e c t e d  o f  h a v in g  a c o n t r a c t e d  p e l v i s .

I n  t h e  e v e n t  she l a b o u r e d  s p o n t a n e o u s l y  and e f f e c t i v e l y  

and had  a n o rm al  d e l i v e r y *

The LEOG i n d i c e s ,  w r o n g ly ,  p u t  t h i s  baby a t  r i s k .

Me a n  c a r d  i a  c i n t e  r v a 1 398*5

S t a n d a r d  d e v i a t i o n  -  2 6 ,1

C o e f f i c i e n t  o f  v a r i a t i o n  -  6 ,5

Log, i n d e x  -  436

Apgar - 9

Gase Ho a 264 -  T h i s  was a c a se  o f  pre-eclampsia i n  a

21 y e a r  o l d  p r i n i g r a v i d a .  Her b lo o d  p r e s s u r e  f e l l

f rom  t o  a f t e r  admission.pu ou
U n f o r t u n a t e l y  t h e  LLGG e x a m i n a t i o n  was o n l y  c a r r i e d  o u t  

on a d m i s s i o n  and gave a f a l s e l y  poor p r e d i c t i o n ,

mean c a r d i a c  i n t e r v a l  -  4 0 0 ,7

S t a n d a r d  d e v i a t i o n  -  2 1 , 8

C o e f f i c i e n t  o f  v a r i a t i o n  -  5*4

Log, i n d e x  -  364

Apgar  -- 8



Gase lïû. 265 -  T h is  was a 20 y e a r  o l d  pa? im igrav ida

a d m i t t e d  a t  4-2 weeks g e s t a t i o n  for i n d u c t i o n .  S ign s  

o f  f o e t a l  d i s t r e s s  a p p e a r e d  i n  t h e  f i r s t  s t a g e .  The 

f o e t a l  h e a r t  varied w i d e l y  "between 1 0 0  and 1 5 6  / m i n u t e .  

T h e re  was no meconium s t a i n i n g .  She was d e l i v e r e d  "by 

f o r c e p s  im m e d ia t e l y  f u l l  dilatation occurred.
The LBGG- i n d i c e s  had  p u t  t h i s  baby a t  risk. T h i s  was 

p r e s u m a b ly  c o r r e c t  as l a b o u r  was n o t  a l l o w e d  t o  p r o c e e d

Mean c a r d i a c  interval -  500*24

S t a n d a r d  d e v i a t i o n  -  31*75

C o e f f i c i e n t  o f  v a r i a t i o n  -  6*34
Log. i n d e x  -  511

Apgar  -  8

Case h o . 266 -  T h is  19 y e a r  o ld  p r i m i g r a v i d a  was

a d m i t t e d  w i t h  pneumonia a t  3 8  weeks g e s t a t i o n .

A f t e r  two weeks she l a b o u r e d  s p o n t a n e o u s l y  b u t  p o o r l y .  

She was d e l i v e r e d  by f o r c e p s .

The LEGC e x a m i n a t i o n  here was 2 weeks b e f o r e  d e l i v e r y ,  

and w h i l e  she s t i l l  had  t h e  pneumonia. I t  y i e l d e d  a 

f a l s e l y  h i g h  prognosis.

Mean c a r d i a c  i n t e r v a l  -  456*97

S t a n d a r d  d e v i a t i o n  -  41*02

C o e f f i c i e n t  o f  v a r i a t i o n  -  8*97

Log* i n d e x  -  670

Apgar - 9



G;aoe N o 2 6 7  -  T h i s  2 6  y e a r  o l d  p r i m i g r a v i d a  l i a d  a

v e r y  s t r a i g h t f o r w a r d  d e l i v e r y .

The PEGG i n d i c e s  a l l  p r e d i c t e d  t h e  good o u tc o m e .

Mean c a r d i a c  i n t e r v a l - 442.74
S t a n d  a r d  d e v i a t  i  on - 11.97
C o e f f i c i e n t  o f  v a r i a t i o n - 2.7
Log. i n d e x - 196
Apgar -  8

Case ho 266 -  T h i s  59 y e a r  o l d  p a r a 8 + 2  had  a

s u r p r i s i n g l y  l o n g  l a b o u r  o f  1 7  h o u r s . Never  t h e l e s s  t h e

outcome was a s  p r e d i c t e d  by t h e  PEGG i n d i c e s *

Lie an  c a r d i a c  i n t e r v a l - 455.45
S t a n d a r d  d e v i a t i o n - 12.2
C o e f f i c i e n t  o f  v a r i a t i o n -- 2.8
Log. i n d e x - 201
Apgar - 9

Case Ho. 269 -  T h i s  24 y e a r  o l d  p a r a 1  + 0  was a d m i t t e d

2 weeks p a s t  t e r m .

She w en t  i n t o  l a b o u r  s p o n t a n e o u s l y  and d e l i v e r e d  e a s i l y

i n  4 h o u r s .

L u r i n g  l a b o u r  t h e  f o e t a l  h e a r t  v a r i e d f rom  116 t o  168/min,
y e t  was r e p o r t e d  a s  r e g u l a r .

The PEGG- i n d i c e s  gave a f a l s e  p o o r  p ro g n o s i s .

Mean c a r d i a c  i n t e r v a l - 475.71
S t a n d a r d  d e v i a t i o n - 24*45
C o e f f i c i e n t  o f  v a r i a t i o n - 5.14
Log. i n d e x - 597
Apgar -  9



C a s e  H o .  2 7 0  -  T h i s  3 4  y e a r  o l d  p a r a  2 + 2  w a s  a d m i t t e d

with an  u n s t a b l e  l i e .

Once the l i e  s t a b i l i s e d  she was in d u c e d  and d e l i v e r e d  i n  

u n d e r  3 hours.
T h ere  was a s l i g h t  improvement i n  t h e  PL'CG- i n d i c e s  o v e r  

t h e  week b u t  i n  any c a s e  t h e y  a l l  gave a good p r o g n o s i s .

Mean c a r d i a c  i n t e r v a l ~ 4 1 7 . 9 4 1 5 . 9 2

S t a n d a r d  d e v i a t i o n -  8 . 7 5 . 9

C o e f f i c i e n t  o f  v a r i a t i o n -  2 . 1 1 . 4 1

Logo i n d e x -  1 4 4 98

Apgar ™ 8

Case Ho. 271 -  T h i s  was a c a se  o f  p r e - e c l a m p s i a  i n  a
•M4 R« mi hÉMiuerrranwAjM.ncua. ’̂n

1 /I s19 y e a r  o l d  pare 0 + 1* On admission h e r  BP was —g g
n  0T h i s  s e t t l e d  o v e r  t h e  week t o

She was in d u c e d  a t  term and d e l i v e r e d  e a s i l y *

The PECO i n d i c e s  a l l  f o l l o w e d  t h e  c l i n i c a l  c o u r s e  o v e r  

t h e  week and gave a good p r o g n o s i s .

Mean c a r d i a c  i n t e r v a l - 4 0 0 ,7 438 . 35

S t a n d a r d  d e v i a t i o n - 1 0  0 7 1 10. 41

C o e f f i c i e n t  o f  v a r i a t i o n - 2 . 7 2 . 4

Log. i n d e x ™ 1 7 9 1 7 1

Apgar - 8



C a c o  Iĵ Q 2 7 2  -  T h i s  3 3  y e a r  o l d  w o m a n  h a d  a  bad

o b 0 1;0 b r i o  ii:i.story.
She had  had f o u r  a b o r t i o n s  and one l i v e  c h i l d *

She was a d m i t t e d  i n  f a l s e  l a b o u r *  She was i n d u c e d  and 

had  a n  u n c o m p l i c a t e d  l a b o u r  and delivery.
The CV p u t  t h i s  baby a t  r i s k  th o ug h  t h e  S.b and LI did n o t

mean c a r d i a c  i n t e r v a l 4 1 6 .4

S t a n d a r d  d e v i a t i o n -  1 3 .4 4

C o e f f i c i e n t  o f  v a r i a t i o n -  3 .7

Logo  i n d e x -  236

Apgar -  9

Case Ho. 273 -  T h is  was a c a s e  o f  an  u n s t a b l e  l i e  i n  a

23 y e a r  o l d  p a r a  3 + 1 *

The l i e  s t a b i l i s e d  a t  41 weeks g e s t a t i o n  and she was 

m e d i c a l l y  induced* She d e l i v e r e d  s p o n t a n e o u s l y  a f t e r  

4 h o u r s  l a b o u r .

T h ree  I ’LCG- e x a m i n a t i o n s  were c a r r i e d  o u t  a l l  w i t h  e s s e n 

t i a l l y  s i m i l a r  r e s u l t s .

They a l l  gave  a good p r o g n o s i s .

Mean c a r d i a c  i n t e r v a l -  4 3 7 .4 3 6 0 ,2 4 0 3 .7 1

S t a n d a r d  d e v i a t i o n -  1 0 .6 3 8 . 6 2 1 0 .3 1

C o e f f i c i e n t  o f  v a r i a t i o n -  2 .3 2 2 .4 2 .3 4

Log, i n d e x -  174 146 172

Apgar -  9



Case Ho, 274 -  T h i s  20 y e a r  o ld  r r i m i y r a v i d a  was 

a d m i t t e d  a t  39 weeks g e s t a t i o n  b e c a u se  o f  v o m i t i n g  which  

h a d  l e d  t o  m i ld  d e h y d r a t i o n .  She l a b o u r e d  s p o n t a n e o u s l y  

and d e l i v e r e d  e a s i l y *

U n f o r t u n a t e l y  a second  EECG was n o t  done a f t e r  c o r r e c 

t i o n  o f  t h e  d e h y d r a t i o n  so t h e  f i r s t  gave a f a l s e l y  

p o o r  p r o g n o s i s .

mean c a r d i a c  i n t e r v a l  ™ 434*32

S t a n d a r d  d e v i a t i o n  -  23*93

C o e f f i c i e n t  o f  v a r i a t i o n  -  3*31

Log, i n d e x  -  394

Apgar -  8

Case  .,,273 -  T h i s  g r o s s l y  o b e s e ,  19 s t o n e ,  24 y e a r  

o l d ,  p a r a  1 + 0 d e m o n s t r a t e s  a p r a c t i c a l  p o i n t ,

L a l p a t i o n  o f  t h e  f o e t u s  was n o t  p o s s i b l e  y e t  t h e  EECC 

was e a s i l y  obtained. P a t  n e v e r  seems t o  a f f e c t  the 
a m p l i t u d e  o f  t h e  PECG,

She l a b o u r e d  u n n o t i c e d  and d e l i v e r e d  i n  t h e  ward .

The PÏÏCG i n d i c e s  c o r r e c t l y  p r o g n o se d  t h e  good r e s u l t *

Mean c a r d i a c  i n t e r v a l  -  452.24
S t a n d a r d  deviation *- 7 «51
C o e f f i c i e n t  o f  v a r i a t i o n  - 1,66
Log, in d e x  -  123
Apgar _ 8



ü c se  l;o* 2 7 6  -  T h is  23 y e a r  o l d  p a m  1 -1- 1 was a d m i t t e d  

by t i ie  P l y i n g  Squad a s  an  AjtIL E x a m in a t io n  i n  t h e a t r e  

r e v e a l e d  a p o s t e r i o r  p l a c e n t a  p r a e v i a  and t h e  hahy was 

d e l i v e r e d  by C a e s a r e a n  s e c t i o n .

I t  i o  p r o b a b l y  n o t  f a i r  t o  c l a im  t h a t  t h e  PECG i n d i c e s  

c o r r e c t l y  p ro g n o se d  a h e a l t h y  baby,

Mean c a r d i a c  i n t e r v a l  -  44-6 «9

S t a n d a r d  deviation -  11*9

C o e f f i c i e n t  o f  v a r i a t i o n  -  2.66
log. i n d e x  *™ 195

Apgar - 9

Case h o.  2 7 7  -  T h i s  24 y e a r  o ld  p r i n i g r a v i d a  was 

i n d u c e d  a t  t e r n  b e c a u s e  o f  m i ld  p r e - e c l a m p s i a .  She 

d e l i v e r e d  s p o n t a n e o u s l y  i n  4 h o u r s .

The FSCG i n d i c e s  d id  n o t  p l a c e  th e  baby a t  risk.

I'lcan cardiac 1 nterva 1 - 4-4 8. 4
S t a n d a r d  d e v i a t i o n  -  13*45
C o e f f i c i e n t  o f  v a r i a t i o n  -  3 .0

Log. i n d e x  -  220

Apgar - 9



Cliiije ITq , 27B -  Thiü v?as one of th o  few o u t jp n t i o n to  i n

\;hoin a r e a l l y  satisfactory flGG v;ao obtained, bhe v;as

a 25 y e a r  o ld  p r i n i g r a v i d a ,

3he l a b o u r e d  s p o n t a n e o u s l y  b u t  after 1 hour i n  t h e  seco n d

b k a y e \7 a s  d e l i v e r e d  b y f  o r  cops. Ï  h e r e  were n o f  o e t  li ].

i n d i c a t i o n s  for t h i s ,

i 'he ItbCCr i n d i c e s  correctly p r e d i c t e d  the good outcone.

I lean c a r d i a c  i n t e r v a l  -  414*8

S t a n d a r d  d e v i a t i o n  -  1 2 .8

C o e f f i c i e n t  o f  v a r i a t i o n  -  5*1

Log» i n d e x  -  212

Apgar - 9

Ca s e  Eg » 279 -  T h i s  20 y e a r  o l d  p r i n i g r a v i d a  was

r e p u t e d l y  a t  42 weeks g e s t a t i o n  when she was induced.
She d e l i v e r e d  u n a id e d  i n  5 h o u r s .

The EECG- i n d i c e s  p r e d i c t e d  the good o u t  cone except 
p e r h a p s  f o r  t h e  CY w hich  was b o r d e r l i n e .

Hean c a r d i a c  i n t e r v a l  -  435*24

S t a n d a r d  d e v i a t i o n  -  14*7

C o e f f i c i e n t  o f  v a r i a t i o n  -  3*4

Log. i n d e x  -  242

Apgar ' -  9



C a s e  Ko .  2 8 0  -  T h i s  27  y e a r  o l d  p a r a  0 t  1  ' . ' a s  i n d u c e d

a t  4-1 .veoks g e s t a t i o n .  She had a s h o r t  f i r s t  s t a g e  o f  

6 h o u r s  h u t  a f t e r  1^ h o u r s  i n  second  s t a g e  t h e  hahy was 

d e l i v e r e d  by f o r c e p s .

T h i s  was the only baby in the s e r i e s  t o  be awarded  an  

Apgar  s c o r e  o f  10 so c l e a r l y  t h e r e  were  no f o e t a l  

indications f o r  i n t e r f e r e n c e .

The fhCG i n d i c e s  p r e d i c t e d  a good outcom e.

iuean c a r d i a c  i n t e r v a l  -  415*4

S t a n d a r d  d e v i a t i o n  -  13*7

C o e f f i c i e n t  o f  v a r i a t i o n  -  3*3

Log. i n d e x  ’ ™ 224

Apgar -  10

Case ho 0 261 -  T h i s  was a v e r y  s t r a i g h t f o r w a r d  c ase

o f  a 32 year o l d  p a r a  2 + 0 .

She l a b o u r e d  s p o n t a n e o u s l y  and d e l i v e r e d  e a s i l y .

The PSGG i n d i c e s  c o r r e c t l y  p r e d i c t e d  t h e  good r e s u l t .

i iean c a r d i a c  i n t e r v a l  -  4 1 7 ,3

S t a n d a r d  d e v i a t i o n  -  9*8

C o e f f i c i e n t  o f  v a r i a t i o n  -  2*35

Log. i n d e x  -  162

Apgar  -  8



C a s e  h o * 2 3 2  -  T h i s  3 0  y e a r  o l d  p a r a  0 + 1  h a d  a  m inor

d e g re e  o f  contracted pelvis.
h o l l o w i n g  i n d u c t i o n  she  was never r e a l l y  e s t a b l i s h e d  i n  

l a b o u r  and  came to C a e s a r e a n  section.
The ISCG i n d i c e s  p r e d i c t e d  a p o o r  r e s u l t  which, happily, 
d i d  n o t  occur. However the baby was n e v e r  r e a l l y  s t r e s s e d  

by l a b o u r  so t h e  a c c u r a c y  c a n n o t  be a s s e s s e d .

Mean c a r d i a c  i n t e r v a l -  4 1 7 .7

S t a n d a r d  d e v i a t i o n -  1 9 .7 1

C o e f f i c i e n t  o f  v a r i a t i o n -  4 . 7

Log, i n d e x -  327

Apgar -  9

Case Ho. 283 -  T h is  19 y e a r  o l d  p r i n i g r a v i d a  was

i n d u c e d  a t  42 weeks gestation.
She had  a s h o r t  f i r s t  s t a g e  o f  l a b o u r  (4 h o u r s )  b u t  was 

d e l i v e r e d  by f o r c e p s  a f t e r  1& h o u r s  i n  t h e  second  s t a g e .  

There  was no s lo w in g  of t h e  f o e t a l  h e a r t  and no meconium 

s t a i n i n g .

The I'ECG i n d i c e s  c o r r e c t l y  p r e d i c t e d  t h e  good outcome.

Llean c a r d i a c  i n t e r v a l  -  4 22 .5 5

S t a n d a r d  d e v i a t i o n  -  7 -33

C o e f f i c i e n t  o f  v a r i a t i o n  ^ • 1*73

Log. i n d e x  -  121

Apgar  "• 9



Case ho . 2 8 4  -  T h i s  25 y e a r  o l d  p r i m i  g r a v i  d a  wai

a d m i t t e d  a t  a 9 weeks g e s t a t i o n  w i t h  m i ld  pre-eclampsia* 
Over a we el: h e r  B3? f e l l  f rom  i y â  toV U o L/ &

She was i n d u c e d  a t  t e r m .  A f t e r  17 h o u r s  i n  f i r s t  s t a g e
170and 1 h o u r  i n  second  s t a g e  t h e  m o t h e r ' s  BP r o s e  t o  _

She was d e l i v e r e d  hy f o r c e p s .  There  were  no f o e t a l  

i n d i c a t i o n s  f o r  delivery.
The i'hCG- i n d i c e s  f o l l o w e d  t h e  improvement i n  BP and 

c o r r e c t l y  p ro g n o se d  t h e  good outcome. h o s t  o f  t h e  change  

was i n  t h e  Si) -  i.e. the i r r e g u l a r i t y  o f  the f o e t a l  h e a r t  - 

a s  t h e  mean s t a y e d  r e m a r k a b ly  constant.

11 ean  c a r d i a c  i n t e r v a 1 -  451*14 452 .31

S t a n d a r d  d e v i a t i o n  -  1 1 .5  8 . 6

C o e f f i c i e n t  o f  v a r i a t i o n  -  2.54 1.9
Log. i n d e x  -  188 I 4 I

Apgar -  8

Case ITo. 235 -  D e s p i t e  a p r e v i o u s  C a e s a r e a n  s e c t i o n  t h i s

3 1 y e a r  old p a r a  3 -1- Ü l a b o u r e d  s p o n t a n e o u s l y  and 

d e l i v e r e d  easily.
The CV p u t  t h i s  baby a t  r i s k  and t h e  LI j u s t  m is s e d  a 

p o o r  prognosis. Both were  c l e a r l y  wrong.

h e a n  c a r d i a c  i n t e r v a l  -  46 2 .5 1

S t a n d a r d  d e v i a t i o n  -- 18.32
C o e f f i c i e n t  o f  v a r i a t i o n  -  3*96

Log. i n d e x  299
Apgar  -  9



Gaco ITo. 23Q -  T h i s  was a c a s e  o f  a 23 y e a r  o ld  p a r a  

1 + 0  a d m i t t e d  a t  33 weeks g e s t a t i o n  w i t h  an  Ali i,  She 

was i n d u c e d  a t  term and l a b o u r e d  well , d e l i v e r i n g  

s p o n t a n e o u s l y  i n  4 h o u r s .

Over two weeks t h e  IhCG i n d i c e s  improved m a rk e d ly  and 

t h e  l a s t  e x a m i n a t i o n  predicted a f a i r  outcome.

mean c a r d i a c  i n t e r v a l -  4 2 6 .4 3 9 1 ,3 2

S t a n d a r d  d e v i a t i o n -  2 5 .6 2 1 4 .5 2

C o e f f i c i e n t  o f  v a r i a t i o n -  6 3 .7

Log. i n d e x -  423 243

Apgar -  9

Case h o , 287 “ T h is  was an  u n c o m p l i c a t e d  c a s e  o f  a

19 y e a r  o l d  primigravida. She -,vas i n d u c e d  a t  t e rm  and 

d e l i v e r e d  s p o n t a n e o u s l y  i n  11 h o u r s .

The IhCG i n d i c e s  correctly p r o g n o s e d  t h e  good result.

mean c a r d i a c  i n t e r v a l  -  387*5

S t a n d a r d  d e v i a t i o n  -  5 .3 3

C o e f f i c i e n t  o f  v a r i a t i o n  -  1 . 4

Log. i n d e x  -  89

Apgar -  9



Case h o . 238 -  T h i s  21 y e a r  o ld  p r i m i g r a v i d a  was 

i n d u c e d  a t  term.
A f t e r  a good f i r s t  s t a g e  o f  9'k h o u r s  she t i r e d  i n  t h e  

seco n d  s t a g e  and a f t e r  I p  h o u r s  was making no p r o g r e s s  

The baby was d e l i v e r e d  by f o r c e p s .

T h ere  were  no f o e t a l  i n d i c a t i o n s  for delivery. The CY 

s u g g e s t e d  a p o o r  p r o g n o s i s  b u t  t h e  o t h e r  PhCG i n d i c e s  

d i d  n o t .

Kean c a r d i a c  i n t e r v a l  -  44 8 .55

S t a n d a r d  d e v i a t i o n  -  1 7 «8

C o c f f i c i e nt of v a r i a t i o n  -  3*96
L o g o  i n d e x  ™ 292

Apgar - 9

C a se H o . 289 -  T h i s  20 y e a r  o l d  p r i n i g r a v i d a  was 

a d m i t t e d  a t  39 weeks g e s t a t i o n  w i t h  a B1 o f  She

was in d u c e d  and d e l i v e r e d  s p o n t a n e o u s l y  i n  10 hours. 
T here  v/as no i n d i c a t i o n s  o f  f o e t a l  d i s t r e s s  and the 
PECG i n d i c e s  gave a f a l s e l y  p o o r  prognosis.

Llean c a r d i a c  i n t e r v a l  -  435*6

S t a n d a r d  d e v i a t i o n  -  27°7

C o e f f i c i e n t  o f  v a r i a t i o n  ™ 5*9

Logo in d e x  -  423

Apgar -  9



C a s e 1,0 ,,290 -  T l a i s  23  y e a r  o l d  p r i n i  g r a v i  d a  w a s

a d m i t t e d  b e c a u s e  o f  a p e r s i s t a n t  u r i n a r y  infection.
3.lie v/as also Itliesus negative.
At 4 2  weeks  she l a b o u r e d  s p o n t a n e o u s l y  and d e l i v e r e d  i n  

10 hours.
The IlSGCI i n d i c e s  p r o g n o s e d  t h e  good outcome.

Mean c a r d i a c  i n t e r v a l  -  447*1

S t a n d a r d  d e v i a t i o n  -  1 3 .9

C o e f f i c i e n t  o f  v a r i a t i o n  -  3*11

Log. in d e x  -  228

Apgar  -  9

Case ho. 291 -  This 24 y e a r  o ld  p r i m i g r a v i d a  was

t h o u g h t  to be a t  42 weeks gestation. She was in d u c e d  

and d e l i v e r e d  n o r m a l l y  i n  18 hours. T here  were no 

f o e t a l  c o m p l i c a t i o n s .

The ]?LGG i n d i c e s  a g r e e d  on a good prognosis.

Mean c a r d i a c  i n t e r v a l  -  3 4 7 , 5 6

S t a n d a r d  d e v i a t i o n  -  8 . 4 4

C o e f f i c i e n t  o f  v a r i a t i o n  -  2 .43

Log. i n d e x  -  144

Apgar  -  8



Case ho, 292 •- This is an interesting case of a 26 year
o l d  p a r a  2 + 2  t h o u g h t  t o  he " s m a l l  f o r  dates".
She was a d m i t t e d  a t  33 weeks  hy d a t e s  and t h e  fhCG i n d i c e s  

showed a v e r y  good p r o g n o s i s .  The c l i n i c i a n s  were 

una  vV a r e  o f  t  h i  £j ,

The u r i n a r y  o e s t r i o l  l e v e l  f e l l  t o  9ng s ,  and she was 

i n d u c e d  a t  33 w eeks ,  n t  t h i s  p o i n t  t h e  fhOG- i n d i c e s  

showed an  ev en  h o t t e r  p r o g n o s i s  which  i n  t h e  e v e n t  was 

correct. The bahy w e ig hed  2 , 9 k g s ,  (Gibs. 8 0 %.) w h ich  i s  

h a r d l y  dys.inature .

Mean c a r d i a c  i n t e r v a l ~ 380.2 4 3 3 . 9 3

S t a n d a r d  d e v i a t i o n -  8 . 5 2 3.56
Coefficient of v a r i a t i o n - 2,24 0.81
Log. i n d e x - 143 59
Apgar -  9

Case h o , 233 -  T h i s  32 y e a r  o ld  p a r a  0 + 1 was admitted
w i t h  m i ld  p r e - e c l a m p s i a . She went i n t o  labour s p o n t a n e 

o u s l y  and d e l i v e r e d  e a s i l y  i n  3Î  hours.
The CV p u t  t h i s  baby j u s t  i n t o  the p o o r  r i s k  c a t e g o r y

b u t  t h e  B'D and LI d i d  not.
I n  t h e  e v e n t  t h e  baby was d ia g n o s e d  a s  d y sm a tu re  and 

p e r h a p s  t h e  u n u s u a l l y  e a sy  l a b o u r  saved  t h e  day.

Mean c a r d i a c  i n t e r v a l  -  439*91

S t a n d a r d  d e v i a t i o n  -  1 6 .1 2

C o e f f i c i e n t  o f  v a r i a t i o n  ■- 3 .5

Log. i n d e x  -  263

Apgar  -  9



Case Ho.. 254 - This 21 year old pri mi gravi da wac
a d m i t t e d  i n  f a l s e  l a b o u r  a t  t e r m .

She-was  i n d u c e d  b u t  a f t e r  16 h o u r s  i n  t h e  f i r s t  s t a g e  

and 1 h o u r  i n  second  s t a g e  she f a i l e d  to  p r o g r e s s , The 

baby 'was d e l i v e r e d  by f o r c e p s  b u t  a t  no s t a g e  were t h e r e  

any s i g n s  o f  f o e t a l  d i s t r e s s .

The good c o n d i t i o n  o f  t h e  baby v/as c o r r e c t l y  p r o g n o s e d  by 

t h e  PhCG- i n d i c e s .

Llean c a r d i a c  i n t e r v a l 450.3
S t  an  da r  d d e v 1 a t  i  o j.i - 12.3
C o e f f i c i e n t  o f  v a r i a t i o n - 2.72
L o g o  i n d e x ~ 201
Apgar -  9

Oase h o, 293 -  A 19 year o ld  p r i m i g r a v i d a  who was

a d m i t t e d  a t  41 weeks g e s t a t i o n  f o r  induction. She 

l a b o u r e d  w e l l  and d e l i v e r e d  i n  7 h o u r s  w i t h  no s i g n  o f  

f o e t a l  d i s t r e s s .

The fECG i n d i c e s  i n d i c a t e d  a good p r o g n o s i s .

Llean c a r d i a c  i n t e r v a l - 406,9
S t a n d a r d  d e v i a t i o n ~ 7.84
C o e f f i c i e n t  o f  v a r i a t i o n - 1.93
Logo i n d e x ~ 130
Apgar -  9



Case Ho, 2 9 6 - This 36 year old primigravida v/as

a d m i t t e d  f o r  i n d u c t i o n  h u t  went  i n t o  l a b o u r  s p o n t a n e o u s l y  

The f i r s t  s t a g e  l a s t e d  4 h o u r s  and a f t e r  30 m in u t e s  i n  

seco n d  s t a g e  she v/as d e l i v e r e d  by forceps. TLiere seems 

no a d e q u a t e  r e a s o n  f o r  this. T here  were no s i g n s  o f  

f o e t a l  d i s t r e s s  and i t  was hardly a l o n g  labour.
The fSGGr i n d i c e s  prognosed t h e  good ou tcom e.

Mean c a r d i a c  i n t e r v a l - 436.
31and a r d  de v i  a t i o n - 9.32
Coefficient o f  v a r i a t i o n - 2.14
Log. i n d e x ~ 153
Apgar -  8

Case ho .  297 -  T h is  25 y e a r  o l d  para 2 + 0 was I h e s u s

n e g a t i v e  b u t  had  no a n t i b o d i e s .  She was admitted w i t h  a 

u r i n a r y  i n f e c t i o n .

She l a b o u r e d  spontaneously b u t  was delivered by f o r c e p s  

a f t e r  4 hours. The r e a s o n  g i v e n  i s  f o e t a l  d i s t r e s s  but 
t h e r e  a r e  no s i g n s  o f  t h i s  on t h e  l a b o u r  record.
The lECG- i n d i c e s  v a r i e d  a l i t t l e  o v e r  t h e  t.vo weeks b u t  

a l l  p r e d i c t e d  t h e  good r e s u l t .

Mean c a r d i a c  interval - 393.9 4 4 4 .8 419.24
S t a n d a r d  d e v i a t i o n - 10.54 9*7 1 1 .7

C o e f f i c i e n t  o f  v a r i a t i o n - 2.7 2 .2 2 .8

Log. i n d e x -  176 159 194
Apgar -  8



Case ho ,  2 9 3  »“ T h is  19 y e a r  o l d  p r i m i g r a v i d a  l a b o u r e d

and d e l i v e r e d  spontaneously i n  6). hours.
There was no f o e t a l  distress.
The fhOG i n d i c e s  a g r e e d  w i t h  the good r e s u l t ®

Mean c a r d i a c  i n t e r v a l 4 6 1 . 4

S t a n d a r d  d e v i a t i o n -  1 5 . 5

C o e f f i c i e n t  o f  v a r i a t i o n -  5 . 5 1

Log. i n d e x -  2 4 9

Apgar -  9

Case H o . 29,9 -  T h i s  28 y e a r  o ld  p a r a  5 + 0 had  an a t r i a l

s e p t a l  defect. Oho l a b o u r e d  s p o n t a n e o u s l y  and d e l i v e r e d  

i n  l e s s  t h a n  1 hour.
The PSCG i n d i c e s  f a l s e l y  i n d i c a t e d  a p o o r  p r o g n o s i s .

Mean c a r d i a c  i n t e r v a l  ™ 4 1 9 , 04-

S t a n d a r d  d e v i a t i o n  -  2 0 . 9

C o e f f i c i e n t  o f  v a r i a t i o n  -  5*0

Log. i n d e x  -  546

Apgar  -  9

Case ho .  500 -  T h i s  59 y e a r  o ld  p r i n i g r a v i d a  f a i l e d  t o

l a b o u r  a f t e r  i n d u c t i o n  and was d e l i v e r e d  by C a e s a r e a n  

section.
The 1'LGCt i n d i c e s  i n d i c a t e d  a good result.

Mean c a r d i a c  i n t e r v a l -  4 0 5 . 5

S t a n d a r d  d e v i a t i o n 1 2 , 1 5

C o e f f i c i e n t  of v a r i a t i o n -  5 . 0

Log. i n d e x -  202

Apgar -  ■ 9



C a s e  h o  , 501  "" T h is  1 9  y e a r  o l d  p r i m i y r a y i d a  l a b o u r e d

s p o n t a n e o u s l y  but a f t e r  a good f i r s t  s t a g e  o f  2 h o a r s  

f a i l e d  t o  p r o g r e s s  i n  second  s t a g e ,  bhe \ ;as d e l i v e r e d  by 

f o r c e p s ,  T.lie r e  were  no fo e ta J .  indications f o r  delivery. 
The EECG i n d i c e s  gave a good p r o g n o s i s .

Mean cardiac interval 411,84
otandard deviation ■- 11,47
Coefficient of variation - 2,81
Log, index - I 9 I
Apgar - 9

Case No, 3G2 - This 34 year old para 5 + 0 had prev
iously delivered by Caesarean section. In this pregnancy 
she was induced but failed to labour. Caesarean section 
was again performed.
The CY i n d i c a t e d  a poor r i s k  b u t  t h e  o t h e r  EECG i n d i c e s  

d i s a g r e e d .  As t h e  baby was n o t  s u b j e c t e d  t o  t h e  s t r e s s  

o f  l a b o u r  i t  i s  difficult to a s s e s s  t h i s  c a s e .

Mean c a r d i a c  i n t e r v a l  -  427*7
S t a n d a r d  d e v i a t i o n  -  16*7
C o e f f i c i e n t  o f  v a r i a t i o n  3.9
Log* i n d e x  -  276
Apgar  -  9



Case - This 3C year old prinigravida had
psychiatric problems. She was i n d u c e d  a t  42 weeks 

g e s t a t i o n  b u t  had  a v e r y  p o o r  l a b o u r ,  She was d e l i v e r e d  

by f o r c e p s  a f t e r  18 h o u r s  i n  f i r s t  s t a g e  and 2 h o u r s  i n  

se c o n d  s t a g e .

The EECG i n d i c e s  gave a f a l s e l y  p o o r  p r o g n o s i s .

Mean c a r d i a c  i n t e r v a l  -  397*3

S t a n d a r d  d e v i a t i o n  -  20 .1 1

C o e f f i c i e n t  o f  v a r i a t i o n  -  3* 1

hog* i n d e x  -  336

Apgar - 9

Case h o. 304 -  T h i s  34 y e a r  o l d  p a r a  6 + 1  was in d u c e d

at 38 weeks  g e s t a t i o n  f o l l o w i n g  a v e ry  s m a l l  Al-ÏL She 

d e l i v e r e d  s p o n t a n e o u s l y  i n  2 h o u r s  w i t h  no c o m p l i c a t i o n s  

The EECG i n d i c e s  p r o g n o s e d  t h e  good r e s u l t .

Mean c a r d i a c  i n t e r v a l  -  4 0 0 .0

S t a n d a r d  d e v i a t i o n  -  1 0 .1 2

C o e f f i c i e n t  o f  v a r i a t i o n  -  2 .5 2

Log. i n d e x  -  169

Apgar -  9



C a s e  ITo * 3 0 5  -  T h i s  2 2  y e a r  o l d  p r i m i g r a v i d a  v / a s

a d m i t t e d  f o r  e l e c t i v e  s e c t i o n  b e c a u se  o f  known contracted 
p e l v i s ,

The EECG i n d i c e s  predicted a p o o r  outcome b u t  a s  t h e  

baby was not s u b j e c t e d  to t h e  s t r e s s  o f  l a b o u r  t h e i r  

v a l u e  c a n n o t  be j u d g e d .

h e a n  c a r d i a c  i n t e r v a l 4 4 0  6 2

s t a n d a r d  deviation - 22*2
C o e f f i c i e n t  o f  v a r i a t i o n -  5*03

Logo  index. -  365

Apgar -  8

Case ho .  506 -  T h i s  28 y e a r  o ld  p r i n i i g r a v i d  p a t i e n t
IWdtiAaltaviWwwTW'rtTS

was a d m i t t e d  a t  42 weeks g e s t a t i o n  f o r  induction. She 

l a b o u r e d  p o o r l y , 45 h o u r s  i n  f i r s t  s t a g e  and I h o u r  i n  

se c o n d  s t a g e  b e f o r e  b e in g  d e l i v e r e d  by forceps,
T here  were  no f o e t a l  i n d i c a t i o n s  f o r  d e l i v e r y  -  i n  f a c t  

t h e  f o e t a l  h e a r t  r e m a in e d  r e m a r k a b ly  s t e a d y  a b o u t  

140 /min . t hroughout.
The llECG i n d i c e s  p r e d i c t e d  t h e  good f o e t a l  ou tcom e.

Mean c a r d i a c  i n t e r v a l  -  3 9 6 .9

S t a n d a r d  d e v i a t i o n  -  9*31

C o e f f i c i e n t  of v a r i a t i o n  *» 2 .3 4

Log. i n d e x  -  156

Apgar •“ 9



Case jlo, 307 - This 24 year old, primigravida was
i n d u c e d  a t  4-1 weeks g e s t a t i o n ,  She l a b o u r e d  p o o r l y  f o r  

16 h o u r s  and was d e l i v e r e d  by C a e s a r e a n  section. The 

reason g i v e n  f o r  t h i s  was f o e t a l  distress. The l a b o u r  

r e c o r d  d o es  n o t  s u b s t a n t i a t e  this. The f o e t a l  h e a r t  

s t a y e d  w i t h i n  t h e  range 144 -  160 /min.and t h e r e  was no 

m0 0 0 niuiii s t a i n i n g .

The jjblGG i n d i c e s  p r e d i c t e d  a good r e s u l t .

Mean c a r d i a c  i n t e r v a l  -  418,8
S t a n d a r d  d e v i a t i o n  -  11.6
C o e f f i c i e n t  o f  v a r i a t i o n  -  2.8
Log. index -  192
Apgar - 8

Case b o .  308 -  T h i s  22 y e a r  o ld  p a r a  1 + 0 was r e p u t e d l y

a t  43 weeks g e s t a t i o n  when she  was induced. She l a b o u r e d  

w e l l  and d e l i v e r e d  i n  2 h o u r s .

The PLGG i n d i c e s  showed d e t e r i o r a t i o n  o v e r  t h e  l a s t  week 

and t h e  l a s t  GY gave a f a l s e l y  p oor  p r o g n o s i s .  The 

other i n d i c e s  r e m a in e d  w i t h i n  t h e  good prognosis g r o u p .

Mean c a r d i a c  i n t e r v a l  -  457*43 432.22
S t a n d a r d  d e v i a t i o n  ■*- 12.41 17*4

C o e f f i c i e n t  o f  v a r i a t i o n  -  2 .7 1  4 ,0 2

Log. index - 203 287
Apgar - 9



C a s e  H o . 5 0 9  -  T h i s  w a s  a  c a s e  o f  p r o - e c l a m p s i a  i n  a

56 y e a r  o l d  p a r a  0 + 2 .  She was in d u e o d  a t  t e rm  and

d e l i v e r e d  s j/ o n t  aiie o u s 1 y .

The EECG e x a m i n a t i o n  was done one week b e f o r e  d e l i v e r y  

and t h e  p r e - i n d u c t i o n  e x a m i n a t i o n  was u n f o r t u n a t e l y  

missed.
B oth  t h e  CV and mean were  s l i g h t l y  i n  t h e  p o o r  p r o g n o s i  

g rou p  b u t  t h e  SB and LI were  good,  A more r e c e n t  

e x a m i n a t i o n  may w e l l  h ave  shown improvement.

Lie a n  c a r d i a c  i n t e r v a l  -  579*55

S t a n d a r d  d e v i a t i o n  -  1 2 ,9 9

C o e f f i c i e n t  o f  v a r i a t i o n  -  5*42

Log. i n d e x  -  219

Apgar  -  8

Case Koo 510 -  T h i s  was a c a s e  o f  m i l d  p r e - e c l a m p s i a

i n  a 50 y e a r  o ld  p a r a  1 + 0 .

On a d m i s s i o n  h e r  BP was and i t  s e t t l e d  t o  — ove r

a w eek .

She was i n d u c e d  at t e r m  and d e l i v e r e d  s p o n t a n e o u s l y .

The PECG i n d i c e s  f o l l o w e d  h e r  c l i n i c a l  im provem ent  

and  p r e d i c t e d  t h e  good o u tco m e ,

mean c a r d i a c  i n t e r v a l - 458.8 421.2
S t a n d a r d  d e v i a t i o n - 14.4 12.45
C o e f f i c i e n t  o f  v a r i a t i o n 3*3 2.96
Log. i n d e x - 237 206
Apgar -  9



C a s e  H o , 3 1 1  -  T h i s  40  y e a r  o l d  p a r a  4- + 0 w a s  i n d u c e d

a t  4 1  weeks g e s t a t i o n  b e c a u s e  o f  r a i s e d  blood, p r e s s u r e .

She d e l i v e r e d  e a s i l y  i.n 2 h o u r s  w i t h  no s i g n s  o f  f o e t a l  

b i s t r o s s .

The EECG p r e d i c t i o n  was good,

Mean c a r d i a c  i n t e r v a l  -  5 0 8 ,2

s t a n d a r d  d e v i a t i o n  -  1 1 ,0

C o e f f i c i e n t  o f  v a r i a t i o n  -  2 , 3 1

Log, in d e x  -  189

A p g a r  -  9

Case h o .  3 1 2  -  T h is  29  y e a r  o l d  para  2 + 0  l a b o u r e d

s p o n t a n e o u s l y  and d e l i v e r e d  i n  3 h o u r s  w i t h  no c o m p l i c a t i o n ;  

The LLGG i n d i c e s  p r e d i c t e d  t h e  good r e s u l t .

Mean c a r d i a c  i n t e r v a l -  3 6 7 . 2

S t  and a r  d devia t i 0 n -  1 1 , 6 7

C o e f f i c i e n t  o f  v a r i a t i o n -  3 . 2

Log. i n d e x -  198

Apgar 8

Cas e h o . 3 1 3 -  T h i s  24 year o ld  p a r a  2 + 0  seemed t o  have

e v e r y t h i n g  a g a i n s t  h e r .  bhe had  p r e - e c l a m p s i a ,  was thought 
t o  be " s m a l l  f o r  d a t e s "  and had  low u r i n a r y  o e s t r i o l  l e v e l s  

The 1LOG i n d i c e s  a g r e e d  w i t h  t h i s  poor s t a t e  o f  a f f a i r s  

yet a l t h o u g h  the child was born d y sm a tu re  i t  was i n  v e r y  

good c o n d i t i o n ,

Mean cardiac i n t e r v a l  -  445-11
Standard deviation *■" 22,7
C o e f f i c i e n t  o f  variation ™ 5-1
Log. i n d e x  -  372
Apgar  9



C a s e Uo 314- -  T i l l s  3 2  y e a r  o l d  p a r a  5 + 0 l a b o u r e d

and d e l i v e r e d  s p o n t a n e o u s l y  w i t h  no c o m p l i c a t i o n s .

The llECG* i n d i c e s  p r e d i c t e d  t h e  good outcome.

Llean c a r d i a c  i n t e r v a l  4-17, 03

S t a n d a r d  d e v i a t i o n  -  9*41

C o e f f i c i e n t  o f  v a r i a t i o n  -  2 .2 6

Log, i n d e x  -  156

Apgar -  9

Case Ho. 315 -  T h i s  39 y e a r  o l d  p a r a  6 -i- 1 was m e d i c a l l y

i n d u c e d  a t  t e rm .  She d e l i v e r e d  s p o n t a n e o u s l y  i n  5 h o u r s .  

The f o e t a l  h e a r t  r a t e  r e m a in e d  w i t h i n  t h e  r a n g e  144 -  

152 / m i n .  b u t  t h e r e  v;as c o n s i d e r a b l e  meconium s t a i n i n g .

The EECG i n d i c e s  had  n o t  p r e d i c t e d  a good outcome and 

i t  may be t h a t , had  l a b o u r  n o t  been  so s i m p l e ,  they 
c o u ld  w e l l  h ave  been  c o r r e c t .

Mean c a r d i a c  i n t e r v a l " 454.6
standard d e v i a t i o n - 21.83
C o e f f i c i e n t  of v a r i a t i o n - 4.8
Log. i n d e x - 357
Apgar - 8



C a s e  H o ,  3 1 6  -  T h i s  26  y e a r  o l d  p a r a  0  + 1 h a d  a

Blii rodka  s u t u r e  d u r i n g  t h i s  p re g n a n c y .  A f t e r  i t s  rem o v a l  

she  l a b o u r e d  s p o n t a n e o u s l y  and d e l i v e r e d  i n  13 h o u r s  w i t h  

n 0 c on X.' 1 i  c a t  i  o n s «

The CV p u t  t h i s  baby s l i g h t l y  a t  r i s k  b u t  t h e  o t h e r  EhCG 

i n d i c e s  d i d  n o t .

Mean c a r d i a c  i n t e r v a l  -  439*33

S t a n d a r d  d e v i a t i o n  -  1 3 ,1 2

C o e f f i c i e n t  o f  v a r i a t i o n  -  3*44

Log. i n d e x  -  248

Apgar "" 9

C a s e ITo. 317 -  T h i s  37 y e a r  o ld  p a r a  3 + 0  was a d m i t t e d

w i t h  a s m a l l  APH a t  38 weeks g e s t a t i o n .  She l a b o u r e d

s p o n t a n e o u s l y  a t  t e r m  and d e l i v e r e d  n o r m a l l y .

The EECG e x a m i n a t i o n  ./as done on a d m i s s i o n  and t h e  n e x t  

two were m i s s e d .

The baby h ad  a t r u e  k n o t  i n  t h e  u m b i l i c a l  c o r d  and a l t h o u g h  

d e l i v e r e d  w i t h  an  Apgar  o f  8 c o l l a p s e d  soon  a f t e r  and 

r e q u i r e d  v e r y  a c t i v e  r e s u s c i t a t i o n .

mean c a r d i a c  i n t e r v a l - 498.97
S t a n d a r d  d e v i a t i o n - 20.40
C o e f f i c i e n t  o f  v a r i a t i o n " 4*10
Log, i n d e x - 328
Apgar -  8



Case Ho. 318 - This very careless 46 year old. para 3 + 2
was a g r a d e  ^  cardiac f a i l u r e  due t o  m i t r a l  stenosis.
She f i r s t  p r e s e n t e d  at t h e  c l i n i c  a t  t e rm  and was 

i m m e d ia t e l y  a d m i t t e d .

Her condition improved  w i t h  c a r e  and f o l l o w i n g  i n d u c t i o n  

she  d e l i v e r e d  e a s i l y .

The i>\3CG- i n d i c e s  q u i t e  d r a m a t i c a l l y  f o l l o w e d  h e r  im p ro v e 

ment and p r e d i c t e d  the e v e n t u a l  good outcome.

Mean c a r d i a c  i n t e r v a l  

S t a n d a r d  d e v i a t i o n  

C o e f f i c i e n t  o f  v a r i a t i o n  

Log. i n d e x  

Apgar

Case No. 319 -  T h i s  23 y e a r  o ld  p r i n i g r a v i d a  l a b o u r e d  

s p o n t a n e o u s l y  at 3B weeks g e s t a t i o n .

A f t e r  10 A h o u r s  i n  f i r s t  s t a g e  and 2 h o u r s  i n  second  

s t a g e  she was de l i v e r e d  by f o r c e p s .  The f o e t a l  h e a r t  

showed no s i g n s  o f  d i s t r e s s  b u t  meconium was p a s s e d .

The ELCG i n d i c e s  p r e d i c t e d  t h e  good r e s u l t .

Mean c a r d i a c  i n t e r v a l  -  450.02
S t a n d a r d  d e v i a t i o n  -  11.0
C o e f f i c i e n t  o f  v a r i a t i o n  -  2 . 4 4

Log. i n d e x  -  180
Apgar  -  9

4 4 3 . 5 1 4 5 8 . 3

2 2 . 3 1 9 .2 1

5 .0 2 2 ,0

366 150

9



Case Ho. 320 -  T h is  24 y e a r  o l d  p a r a  2 + 0 had a sm a l l

ArH a t  30 weeks g e s t a t i o n ,  She l a b o u r e d  s p o n t a n e o u s l y  

a t  t e r n  and d e l i v e r e d  v e r y  q u i c k l y  (1 h o u r ) .

The EECG- i n d i c e s  p r e d i c t e d  t h e  good ou tcom e.

Mean c a r d i a c  i n t e r v a l  -  473* 64
S t a n d a r d  d e v i a t i o n  -  1 2 ,7 1

C o e f f i c i e n t  o f  v a r i a t i o n  2 ,7

logu i n d e x  -  206

Apgar -  9

Case ho. 321 -  T h is  was a  19 y e a r  o ld  p r i n i g r a v i d a

a d m i t t e d  i n  f a l s e  l a b o u r  a t  t e r m .  She recommenced a f t e r  

i n d u c t i o n  and d e l i v e r e d  s p o n t a n e o u s l y  a f t e r  10 h o u r s  w i t h  

no c o m p l i c a t i o n s .

The CV f a l s e l y  p r e d i c t e d  a p o o r  outcome b u t  t h e  o t h e r  

EECG- i n d i c e s  d i d  n o t .

Mean c a r d i a c  i n t e r v a l - 451*3
S t a n d a r d  d e v i a t i o n - 18.0
C o e f f i c i e n t  o f  v a r i a t i o n - 4*0
Log, i n d e x - 294
Apgar -  9



C a g e  IIg ,  ̂ 3 2 2  -  T h i s  29  y e a r  o l d  p a r a  1  + 0 l o o t  h e r

first bahy as a result of placental insufficiency.
I n  this p r e g n a n c y  she was a d m i t t e d  a t  33 weeks g e s t a t i o n  

w i t h  p r o - e c l a m p s i a »  Her b lo o d  p r e s s u r e  s e t t l e d  from 

— t o  Ghe l a b o u r e d  and d e l i v e r e d  spontaneously9 3  b v  c

w i t h  no s i g n s  o f  f o e t a l  distress.
The EECG i n d i c e s  c e r t a i n l y  f o l l o w e d  t h e  c l i n i c a l  im p ro v e 

ment b u t  d i d  n o t  p r e d i c t  t h e  f i n a l  outcome v e ry  

a c c u r a t e l y  «

Mean c a r d i a c  i n t e r v a l -  384*5 3 7 7 . 5 2

S t a n d a r d  d e v i a t i o n -  25 1 7 . 2

C o e f f i c i e n t  o f  v a r i a t i o n “ 6 . 5 1 4 . 5 5

Log. i n d e x -  430 2 9 0

Apgar g

Case no .  323 -  T h i s  24 y e a r  o l d  p r i m i g r a v i da was

a d m i t t e d  b e c a u s e  o f  m o d e ra te  p r e - e c l a m p s i a .  Her BP
170 110

9C 90settled f rom  -rrr. t o  —̂  and she l a b o u r e d  and d e l i v e r e d

s p o n t  ane  ously.
The EECG i n d i c e s  f o l l o w e d  h e r  improvement  a c c u r a t e l y  and 

p r e d i c t e d  t h e  good r e s u l t .

Mean c a r d i a c  i n t e r v a l "  4 0 3 . 2 3 9 4 . 8

S t a n d a r d  d e v i a t i o n -  1 9 . 4 4 1 2 . 7 2

C o e f f i c i e n t  o f  v a r i a t i o n -  4 . 8 2 3 . 2 2

Log. i n d e x -  3 2 4 213

Apgar ™ 8



Co.se H o ,  324  -  T h i s  w a s  a  2 4  y e a r  o l d  p r i m i g r a v i d .

She was a d m i t t e d  w i t h  pre-eclampsia and h e r  .13P s e t t l e d

f rom  t o  iiR"3 3 / 0 *
She l a b o u r e d  and d e l i v e r e d  s p o n t a n e o u s l y  w i t h  no s i g n s  

o f  f o e t a l  distress.
The EECG i n d i c e s  f o l l o w e d  h e r  c l i n i c a l  improvement  and 

c o r r e c t l y  p r e d i c t e d  t h e  outcome.

Llean c a r d i a c  i n t e r v a l -  3 9 7 . 0 4 4 6 . 8

S t a n d a r d  d e v i a t i o n -  1 9 . 3 1 3 . 6 2

C o e f f i c i e n t  o f  v a r i a t i o n -  4 . 9 3.05
Log. i n d e x - 323 2 2 3

Apgar „ 9

-  T h i s  37 y e a r  o ld  p a r a 2 + 0 was in d u c e dCase  ho. 325
at 4 2  weeks g e s t a t i o n  end d e l i v e r e d  i n  5 h o u r s  w i t h  no 

complications.
The EECG i n d i c e s  correctly p r o g n o se d  t h e  outcome.

Mean c a r d i a c  i n t e r v a l  -  404*9

S t a n d a r d  d e v i a t i o n  -  13.2
C o e f f i c i e n t  o f  v a r i a t i o n  -  3*25
Log. i n d e x  -  220

Apgar - 9



C a s e  h o »  3 2 6  -  T h i s  3 2  y e a r  o l d  p a r a  6 + 0  w a s  a d m i t t e d

f o r  s o c i a l  r e a s o n s .  T here  was no change i n  h e r  c o n d i t i o n  

o v e r  a week.
Che l a b o u r e d  s p o n t a n e o u s l y  and d e l i v e r e d  i n  3 h o u r s .  

A l th o u g h  t h e r e  was no c o n c e r n  o v e r  the f o e t a l  h e a r t  r a t e  

c o p i o u s  meconium was p a s s e d .

The CY p r e d i c t e d  a p o o r  outcome th o u g h  t h e  3D and LI d id  

n o t .

Mean c a r d i a c  i n t e r v a l -  4 4 2 .3 3 9 4 ,7 4

S t a n d a r d  d e v i a t i o n -  1 8 .1 1 6 .3

C o e f f i c i e n t  o f  v a r i a t i o n -  4*1 4 . 2

Log. i n d e x -  297 . 287

Apgar -  8

5.Kh£„2l9,r-™2,§Z “ T h i s  27 y e a r  o ld  p a r a  1 + 0 was b l i n d  a s

was h e r  p r e v i o u s  c h i l d .

She l a b o u r e d  s p o n t a n e o u s l y  and d e l i v e r e d i n  2;7 h o u r s

w i t h  no c o m p l i c a t i o n s .

The LI  was f a l s e l y  p r e d i c t i v e  o f  a p o o r outcome b u t  t h e

o t h e r  i n d i c e s  were  w i t h i n  the good range *

Mean c a r d i a c  i n t e r v a l -  3 7 6 .3

S t a n d a r d  d e v i a t i o n -  12

C o e f f i c i e n t  o f  v a r i a t i o n 3.2
Log. i n d e x ~ 327

Apgar -  8



C a s e  Ho ,  3 2 3  -  T h i s  21  y e a r  o l d  p r i i ; i i  g r a v i  d a  w a s

i n d u c e d  a t  42 weeks g e s t a t i o n .  She l a b o u r e d  w e l l  and 

d e l i v e r e d  n o r m a l l y .

The EEGCt i n d i c e s  p r e d i c t e d  a good ou tcom e.

Lloan c a r d i a c  i n t e r v a l  -  397*74
3 1 a n d a rd  d e v i  a t  i  on -  7*2 3

C o e f f i c i e n t  o f  v a r i a t i o n  -  1 , 8 2

Log, i n d e x  -  121
Apgar - 9

Ca s e Ho, 329 -  T h i s  27 y e a r  o l d  prinigravida was

a d m i t t e d  w i t h  m i l d  p r e - e c l a m p s i a .

She was induced b u t  l a b o u r e d  poorly. She h ad  a difficult 
f o r c e p s  d e l i v e r y  d e s p i t e  which t h e  baby was i n  e x c e l l e n t  

condition. T here  were  no s i g n s  o f  f o e t a l  distress.
The EEOG i n d i c e s  p r e d i c t e d  a good r e s u l t .

h e a n  c a r d i a c  i n t e r v a l -  4 4 4 .3 4

S t a n d a r d  d e v i a t i o n -  9 .8

C o e f f i c i e n t  o f  v a r i a t i o n -  2 . 2

l o g ,  i n d e x -  161

Apgar ... 8



C a c e  iiO o : ;30 -  I ' h i a  2p  y e a r  o l d  p a r a  0  + 1 w a s  a d i i i i t t o d
"1 i-p 1 1 0

b e c a u s e  o f  p r e - e c l a a p s i a *  H e r  BP s e t i l e d  from t o  —H—
I V O  O v J

a n d  Si ie  was i n d u c e d  a t  term.
Bl'ie d e l i v e r e d  s p o n t a n e o u s l y  i n  6 l  hours w i t h  n o  a i j n s  of 
f  o e t  £i. 1 l i s t  I ’ s  s  «

l i i o  wBCG i n d i c e s  a l l  f o l l o w e d  t h e  c l i n i c a l  i m p r o v e m e n t  

a n d  p r e d i c t e d  t h e  o o o d  outcome.

M e a n  c a r d i a c  i n t e r v a l  -  4 4 6 . 8

S t a n d a r d  d e v i a t i o n  -  7 * 5 3

C o e f f i c i e n t  o f  v a r i a t i o n  -  1 . 7

Log® index -  1 2 3

Apgar - 9

C a s e  h o . 3 3 1  -  This 3 1  y e a r  o l d  p a r a  1  -i- 0 v / a s  a d m i t t e d

f o l l o w i n g  0. very s m a l l  A P E .

I n  t h e  w a r d  t h e  f o e t a l  h e a r t  r a t e  w a s  r e p o r t e d ,  a s  1 8 0  / n i n

-  t h e  m e a n  c a l c u l a t e d  f r o m  the PBCG m a d e  i t  o n l y  1 5 3  / m i n .

S h e  l a b o u r e d  s p o n t a n e o u s l y  a n d  d e l i v e r e d  i n  1 3  h o u r s .

The PBGC i n d i c e s  c o r r e c t l y  p r e d i c t e d  this g o o d  r e s u l t .

M e a n  c a r d i a c  i n t e r v a l  -  3 8 9 * 4

S t a n d a r d  d e v i a t i o n  -  1 2 . 4 3

C o e f f i c i e n t  o f  v a r i a t i o n  ™ 3 . 2

L o g .  i n d e x  -  2 0 0

A p g a r  -  9



O a q e  n o  G 3 5 2  -  T h i s  55  y e a r  o l d  p a r a  2 + 0 l a b o u r e d

s p o n t a n e o u s l y  a n d  d e l i v e r e d  a f t e r  5 hours w i t h  n o

c oîTiiv 1 i  c a  t  i  o n  s  «

The rhOG i n d i c e s  c o r r e c t l y  p r e d i c t e d  a  g o o d  result.

M o a n  c a r d i a c  i n t e r v a l  -  4 6 0 . 2 4

S t £ i n d a r d  d e v  1 a t i o i i  -  1 5 * 3 4

C o e f f i c i e n t  o f  v a r i a t i o n  -  3 . 3

L o g .  i n d e x  -  2 5 0

A p g a r  •» 8

C a s e  h o .  3 3 3  -- T h i s  2 4  y e a r  old p r i n i g r a v i d a  w a s

i n d u c e d  a t  t e r r a .  S h e  d e l i v e r e d  i n  o n l y  3 h o u r s  with 
n o  c o m p l i c a t i o n s .

T h e  I'LGG p r e d i c t e d  t h e  g o o d  result.

i J e a n  c a r d i a c  i n t e r v a l  -  4 5 6 . 9

S t a n d a r d  d e v i a t i o n  -  1 2 . 9

C o e f f i c i e n t  o f  v a r i a t i o n  -  2.8
L o g .  i n d e x  -  2 1 1

Apgar - 9

C a s e  h o . 3 3 4  -  T h i s  1 9  y e a r  o l d  p r i n i g r a v i d a  w a s  i n d u c e d

at 4 1  w e e k s  gestation. S h e  d e l i v e r e d  i n  5 h o u r s  w i t h  n o  

s i g n s  o f  f o e t a l  d i s t r e s s .

T h e  FLOG i n d i c e s  a g r e e d  o n  a  g o o d  p r o g n o s i s .

M e a n  c a r d i a c  i n t e r v a l  -  4 1 5 = 4 5

S t a n d a r d  d e v i a t i o n  -  9 « 2 2

O o e f f i 0 i . en t ;  of v a r i a t i o n  *-* 2 . 2 1

Log. i n d e x  -  1 5 3

A p g a r  “  9



C a s e  h o .  3 3 5  -  T h i s  22  y e a r  o l d  p a r a  1  + C l a b o u r e d

s p o n t a n e o u s l y  a n d  d e l i v e r e d  i n  1 0  h o u r s  w i t h  n o  

c  0  j ; i p l i c a t i o  n  s .

Til e  i ’h  G G i  n d  i  c  e s  p r  e  d i  c t  c d the g o o d  o u t  c  orne .

M e a n  c a r d i a c  i n t e r v a l  -  4 3 9 * 0 2

S  t  a n  d cl l'd  d e v  i  s. t  i  o Ji ™ 1 2 .3  4

C o e f f i c i e n t  o f  v a r i a t i o n  - 2.81
Logo  i n d e x  -  2 0 3

A p g a r  -  8

C a s e  h o 0 3 3 6  -  T h i s  3 6  y e a r  o l d  p a r a  2 + 0  l a b o u r e d
—fvtr, «fart. Agi* aagtftfcurarj  tu "

s p o n t a n e o u s l y  a n d  d e l i v e r e d  i n  1 1  h o u r s .  T h e r e  w e r e  

n o  s i g n s  o f  f o e t a l  d i s t r e s s *

T h e  FLOG i n d i c e s  wrongly p l a c e d  t h i s  b a b y  i n  t h e  a t  

r i s k  g r o u p .

M e a n  c a r d i a c  i n t e r v a l  -  4 4 5 * 2 1

S t a n d a r d  d e v i a t i o n  -  22.71
C o e f f i c i e n t  o f  v a r i a t i o n  -  5 * 1 0

Log. i n d e x  >- 372
A p g a r  -  8



APPENDIX C ,

1. B a l l i s to c a r d io g r a p h  a a a l y s i s .

2. Second form o f  a n a ly s i s

3. Impedance plethysmogram a n a ly s i s .



A P P E N D I X C .

1 BALLISTOCARDIOGRAPH ANALYSIS

Theory

C o n s id e r  two la rge  m a s s e s ,  on a f r ic t ion free p lane  su r fa ce ,  

co n n ec te d  by a coupl ing  which  inc ludes  a force  t r a n sd u ce r  

(crystal)  . The coupl ing  can  be r e p re se n te d  by a spring and 

d a sh p o t  s y s te m .

If mass  2 is  f ixed in pos i t ion  then the  na tu ra l  f requency  of 

m a ss  1 with  r e s p e c t  to it  will  be very low if m ass  1 is  la rge  

enough .  The c o n v e r se  is  a l so  t ru e .  If both m a s s e s  are free 

the  na tu ra l  f requency  of the  sys tem  is v i r tua l ly  to ta l ly  

d e p en d en t  upon the  coup l ing .

W hen a d is tu rb ing  force  is  app l ied  to m ass  1,  in th e  ax is  of 

the  c oup l ing ,  the  force  is  t rans fe r red  to m ass  2 (and therefore  

m easu red  by the  transducer)  with  an e f f ic ien cy  dependen t  on the 

f requency  of th e  d is tu rb ing  force and the  na tu ra l  f requency  of 

the  s y s t e m ,  i . e .  the  coup l ing .

For p ra c t i c a l  p u r p o s e s ,  if the  f requency of th e  d is tu rb ing  force  

i s  1 .4  or more of the  na tu ra l  f requency ,  a l in e a r  r e s p o n s e  is 

o b t a i n e d .

zi-41
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Sim ilar ly ,  p h a se  sh i f t  with  r e s p e c t  to f requency  v/ill reach  and 

remain  a t  180° about  1 .4  x  Nc .

A U P l - . I T t . J D S

If the  ca l ib ra t io n  of the  t r an sd u ce r  is  a c c u ra te ly  known, then 

direct, force  m easu rem en ts  of any d is tu rb ing  force  ( or i ts  

componen ts  in the  l ine  of the  coupling) can  be  m easu red  d i rec t ly  

and provided  the  na tu ra l  f requency  of the  coupl ing  is be low the 

f r eq u e n c ie s  to be m easu re d ,  p h a se  shif t  should  remain  a t  a 

c o n s t a n t  180° i r r e s p e c t iv e  of the  m a s s e s  involved  (provided 

th ey  are  l a r g e ) .

P rac t ic e

The id e a l i s e d  s i tu a t io n  is c lo s e ly  approached  by the  a i r -b ea r in g  

bed  deve loped  by N . E . L . (Fig, 1.)

The t a b l e  (mass 1), made of plywood, is  s u sp e n d e d  over ra i l s  

by 6 p re s su re  fed ,  o r if ice  con tro l led  a i r - b e a r in g .

The bear ings  and ra i l s  are arranged to a l low  only  one degree  

of f reedom.  That  is  long i tud ina l  movement.  The opposing  

su r f a c e s  are  machined  p lane  to a to le ran ce  of 2 9 ^ .

The ine r t ia  m ass  (mass 2) is  a s t e e l  cy l inde r  s u sp e n d e d  benea th  

the  t a b le  by two annular  ai r  bear ings  and coup led  to the tab le  

v ia  a s t i f f  rubber coupl ing  and Xtal t r a n s d u ce r  (Idstier  

Ins t rum en ts  Type 922) .

The output of the  Xtal t r a n s d u ce r  is  ampli fied  by a Kis tler  

Ins t rument  Model 5 58 charge  amplif ier  and provided  the  coupling 

is  a r ranged  to s a t i s f y  the  t h e o re c t i c a l  req u i re m e n ts ,  d i rec t  

m easu rem en t  of the  d is tu rb ing  forces  ac t ing  on the  tab le  can  

be  o b ta in e d .



2. Second form of a n a l y s i s .

If the  coupl ing  be tw een  the two m a s s e s  is  made l e s s  r igid 

and another  coupl ing  to m echan ica l  "ear th"  is  made (this 

p reven ts  drift  of the  whole  system) the  model then  becomes 

t h a t  of a double  m a s s ,  spring and d a sh p o t .

/

_ - 4 ] -
M j u - n - i

M  2U-t

In th i s  c a s e  the  app l ied  force F c a u s e s  a d isplacement .

Y2 of and of Mg and th is  r e l a t iv e  d i sp la ce m e n t

is  m easu red  by the  c r y s t a l .  F is  c a lc u l a t e d  from the 

formula

F  =  K  X  (  Y j  -  Y g  )

K is the spring c o n s t a n t .
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1 m V  -  1 5  m mELECTROHYSTEROGRAMsip e l E

IMPEDANCEHYSTEROGRAM

I .|...J ,. .1... .

I i n  i :M  1 n  =

l i É M l  5 MINUTE SkÉÜ' M

/% '. / .  T yp ica l c lc c lfo h y s iero g ra m s and im p ed an ce  hystcrogram s du rin g ev id en t labor. 
C urrent is app lied  to  E C O  type o f  e lectrod es  o n  neck and o n e  leg. L ow  co n sta n t c u n e n t  o f  
ab ou t I inA  at 5 kl lz  or  h igher is ap p lied  to  current e lectrod es  at the neck or arm  level and  
o n e  leg. P o ten tia l d rop  is m easured from  the sm aller  silvered  d iscs or o th er  e lectro d es  in 
the Y -axis at a b o u t 15 cm  apart over  the bu lging uterus. C on tro l m aternal E C O  is usually  
recorded from  lead 1 and  fetal e lectrocard iogram s are usua lly  recorded in the Y -ax is  in line, 
but b eyon d  the im p ed an ce  e lectrod es . T he m icro -ch an ges  in im p ed a n ce  arc su p er-im p osed  
on  th is  fu n d am en ta l im p ed an ce  pattern



A P P E N D I X  C.

3. IMPEDANCE PLETHYSMOGRAM ANALYSIS

This a n a l y s i s  is  p re sen te d  by kind pe rm iss ion  of Prof.  Nyboer 

and his  c o l l e ag u e s  .

F ig .  1 shows  the  methods u s ed  for record ing  and the  

t r a n s i e n t  a v e rag es  on which the  c a lc u la t io n s  are  made 

are  shown in Fig .  5 . 1 0 .

M utual  b a s e  im pedance  w as  A.2b Si, for the  15 cm abdominal 

s e c t i o n .  Slower records  e a s i l y  identi fy  mate rna l  r e s p i r a t io n .  

U l t r a - s l o w  reco rds  iden t i fy  u te r ine  co n t rac t ion  according  

to  figure  1, M ate rna l  p lus  foeta l  im pedance  p u l s e  w aves  

are reco rded  as  Â Z ,  The impedance  rap id ly  d e c r e a s e s  

at  about  0 .3  s e c  fol lowing the mate rnal R -w a v e .  This 

d e c r e a s e  r e p re s e n t s  an e le c t r i c a l  shun t  of blood re su l t in g  

from an in c r e a s e  in volume of the u te rus  and abdomen 

occurr ing  with  eac h  mate rnal pulse s y s t o l e .  The peak  change  

of mate rna l  volume s y s to le  occurs  0 .1 5  s e c  l a t e r .  The 

e n d - s y s t o l i c  p h a se  and d ia s t o l i c  p h a se  l a s t s  0 , 6  s e c .

This reced ing  s lope  shows i r r egu la r i t ie s  of volume or 

im p e d a n ce .  U sing  the  method ou t l ined  p re v io u s ly ,  a l l  

foe ta l  R -w av es  were  e a s i l y  iden t i f ied  and averag ing  of 

the  im pedance  da ta  produced a c o n s i s t e n t  foe ta l  p u l s e  w a v e .

The volume change  as  the  a r te r iovenous  volume (A -  V) 

p u l s e  with in  the  f ie ld  of the  po ten t ia l  or im pedance  e l e c t r o d e s ,  

m e asu re s  about  0 .002J7 .  peak  to peak  for the  foe tus  and 

0 .0 1 5 /2 -  peak  to peak  for the  u te rus  and abdom en.  The 

co rrec t ion  s lope  for venous  re turn is  about 40%.

C a l c u la t io n s  of blood volume pu lsed  on the  b a s i s  of pa ra l le l  

law  which we could  a sc r ib e  to the  foe tus  on the  A -  V 

d i f fe rence  alone , is  3 ,5  m l / b e a t .  As the  p u l s e  ra te  was



140 min (SD = 3 , 5 ) ,  the  p u l s a t i l e  index  eq u a l l ed  590 m l /b e a t  

before  co r rec t io n .  The run-off  cor rec t ion  approxim ated  

142 m l .  Thus ,  the  to ta l  p u l s a t i l e  volume index  in the  foe ta l  

to r so  reg ion  as  m easured  approached  732 m l / m i n . With  

co r rec t ion  for venous  re tu rn  during s y s t o l e ,  the  p u l s a t i l e  

volume index  of the  u te r ine  segm ent  as  m easu red  with 

the  foe tus  approxim ated  3 ,1 3 9  ml/m i n ,



ÆPP&miX D,

I Digicorder program*

2 kSDlAdS search program.



‘B i g i c o r d e r ’ p ro g ra m  t o  c a l c u l a t e  mean y s ta n d a r d ,  d e v i a t i o n  

and  c o e f f i c i e n t  o f  v a r i a t i o n o

PRESS PIKD -  CLEAR STORES -  ENTER INITIAL x  IN I  -  PRESS START 
ANN INPUT VALUES OF f .  f= 0  MUST BE PUNOKUD ON TCEYBOARD

BEGIN
STOP ( e n t e r  f )
N2
ENTER I I
RECALL A 
X
RECALL I
STORE I I I  
X
RECALL X 
STORE IN IV 
1 2 ,5
ANN TO I  
ENN
RECALL IV 

RECALL I I

CLEAR IV
RECALL I  
STORE IN IV 
RECALL I I I

RECALL I I

STOP (mean)
CLEAR I I  
RECALL T 
STORE IN I I  
RECALL I I  
X
RECALL A

NEGATE 
ANN TO IV 
RECALL IV
r
STOP (S o N .)
X.
100

RECALL I I

STOP ( C .V .)  
END



MEDLARS Search  Program.

Search subj e c t  Neonatal phys io logy  en.d p ro g n o s is .

MeSH terms L i s t  A FETUS

FETAL HEART 

L i s t  B mjEAN

L i s t  C ELECTRODIAGNOSIS

ELECTROCARDIOGRAPiiY

ELECTROENCEPHALOGRAPHY

ĵ EGTROKYi'lOGRAPHY

GALVANIC SKIN RESPONSE

TELEI^ETKY

PROGNOSIS

ULTRASONICS

BALLISTOCARDIOGRAPHY

ECHOCARDIOGRAPHY

O utput Search f o r  A and B and C

S o r t in g  o u tp u t  P r in t o u t  by a u th o r



A P P E N D I X  E

I M E D I C A L  TERMS 
II E N G I N E E R I N G  TERMS



MEDICAL TEEMS.

ACIDOSIS A f a l l  i n  b l o o d  pH -  u s u a l l y  t o  l e s s  t h a n  7 .2 »

AMinOSCOPY A t e c h n i q u e  f o r  v i s u a l l y  e x a m i n i n g  t h e  membranes

a n d  l i q u o r  by  t h e  v a g i n a l  r o u t e .

ANOXIA C o m p le t e  l a c k  o f  o x y g e n .

ANTEPARTUM B e f o r e  d e l i v e r y ,

BRADYCARDIA A s l o w i n g  o f  t h e  h e a r t .  I n  t h e  c o n t e x t  p f

f o e t a l  d i s t r e s s  u s u a l l y  t o  a  b e lo w  120 b e a t s / m i n *

CAESAREAN SECTION

D e l i v e r y  o f  a  c h i l d  t h r o u g h  a n  i n c i s i o n  ( l a t i n  

c a e s e r e  -  t o  c u t )  i n  t h e  m o t h e r ' s  abdom en .

CONGENITAL P r e s e n t  a t  b i r t h .

EMBRYO The d e v e l o p i n g  b a b y  i n  i t s  f i r s t  3 m onth s  o f

i n t r a u t e r i n e  l i f e .

EGG E l e c t r o c a r d i o g r a p h  -  e, r e c o r d i n g  o f  t h e  e l e c t r i c a l

p o t e n t i a l s  d e v e l o p e d  by  t h e  h e a r t ®

FO ETU S (fe tus )  The u n b o r n  b a b y .

Ï1ÎNDUS The u p p e r  p o l e  o f  t h e  u t e r u s ,

HEART BLOCK A f a i l u r e  o f  e l e c t r i c a l  c o n d u c t i o n  b e t w e e n  t h e

a t r i a  a n d  v e n t i o l e s  o f  t h e  h e a r t  so  t h a t  e a c h  

b e a t  a t  t h e i r  own s e p a r a t e  r a t e ,

HYDATIDIPORM MOLE

A g r o w t h  w h ic h  f i l l s  t h e  u t e r u s .  I t  i s  d e r i v e d  f rom  

t h e  p l a c e n t a l  t i s s u e  o f  a  f e r t i l i s e d  ovum ® I t  

g i v e s  a l l  t h e  e a r l y  s i g n s  and  s y m p to n s  o f  a  

p r e g n a n c y ,



HYPOXIA

HYSTEROTOMY

INDUCTION

LIQUOR A M I I

MECONIUM

NEONATE

PARACENTESIS

PARTURITION

PERINATAL

POSITION

A p a r t i a l  l a c k  o f  o x y g e n ,

The o p e r a t i o n  o f  o p e n i n g  t h e  u t e r u s . U s u a l l y  

pe r fo rm ed ,  t o  remove  a  s m a l l  f o e t u s  -  a  c a e s a r e a n  

s e c t i o n  i n  m i n i a t u r e .

The p r o c e e d u r e  f o r  e n c o u r a g i n g  l a b o u r  t o  b e g i n .  

M e d i c a l  i n d u c t i o n  -  t h i s  i n c l u d e s  t h e  t i m e  

h o n o u r e d  o i l y  b a t h  a n d  enema,, a n d  t h e  u s e  o f  p i  t o e  i n  

p r e p a r a t i o n s  e i t h e r  b u c c a l l y  o r  i n t r a v e n o u s l y .  

S u r g i c a l  i n d u c t i o n  -  t h i s  i n v o l v e s  d i l a t i o n  o f  

t h e  u t e r i n e  c e r v i x  a n d  r u p t u r e  o f  t h e  a m n i o t i c  

membranes  o

The ' w a t e r s '  i n  w h ic h  ,the f o e t u s  l i e s  w i t h i n  

t h e  u t e r u s o

The c o n t e n t s  o f  t h e  f o e t a l  b o w e l .

The ne w born  i n f a n t  i n  h i s  f i r s t  week o f  i n d e p e n d e n t  

l i f  e p

A t e c h n i q u e  f o r  o b t o , i n i n g  a  s a m p l e  o f  l i q u o r  by  

i n s e r t i n g  a  n e e d l e  t h r o u g h  t h e  m o th e . r ’ s abdomen.

The p r o c e s s  o f  b i r t h .

The p e r i n a t a l  p e r i o d  e .x tends  f ro m  t h e  2 8 t h  week 

o f  a  p r e g n a n c y  t o  t h e  end o f  t h e  b a b y ' s  f i r s t  week 

o f  i n d e p e n d e n t  l i f e .

I n  o b s t e t r i c s  t h i s  t e r m  i s  u s e d  t o  d e s c r i b e  t h e  

r e l a t i o n s h i p  o f  t h e  p r e s e n t i n g  p a r t  o f  t h e  f o e t u s  

t o  i t s  m o t h e r s  p e l v i s ,  e . g .  l e f t * ' O c c i p i t o  -  a n t e r i o r  

o r  r i g h t  -  s a o r o  -  t r a n s v e r s e .



POSTMA.TURE T h e r e  i s  no g e n e r a l  a g r e e m e n t  on t h e  d e f i n i t i o n  

o f  t h i s  t e r m .  F o r  p r e s e n t  p u r p o s e s  i t  w i l l  

be  c o n s i d e r e d  a s  a  p r e g n a n c y  w h ic h  h a s  p a s s e d  

t h e  e x p e c t e d  d a t e  o f  d e l i v e r y ,

POSTPARTUM A f t e r  d e l i v e r y ,

PREMTURU A l t h o u g h  t h i s  t e r m  wou ld  seem t o  r e f e r  t o  t h e

d u r a t i o n  o f  i n t r a  -  u t e r i n e  l i f e  t h e  d e f i n i t i o n  

i s  by  b i r t h  w e i g h t ,  A w e i g h t  o f  5e‘l b s  o r  l e s s  

i s  c o n s i d e r e d  p r e m a t u r e ,

PUBIS The a n t e r i o r  j o i n  o f  t h e  p e l v i c  bones,?

Sl'fPRAVENTRICULAR TACHYGAHDIA

A s p e e d i n g  up o f  t h e  h e a r t  r a t e  due  t o  f a c t o r s  

a c t i n g  on t h e  c a r d i a c  c o n d u c t i o n  s y s t e m  b e f o r e  

i t  r e a c h e s  t h e  v e n t r i c l e s ,

TACHYCARDIA An a c c e l e r a t i o n  o f  t h e  h e a r t  r a t e . I n  t h e

c o n t e x t  o f  f o e t a l  d i s t r e s s  t o  o v e r  160 b e a t s / m i n ,  

VERNIX A c o m b i n a t i o n  o f  o l d  s k i n ,  s e b a c e o u s  m a t e r i a l

a n d  l i q u o r  w h ic h  c o v e r s  t h e  f o e t u s  i n  t h e  l a t e r  

week o f  p r e g n a n c y ,

VAGUS A n e r v e ,  A p a r t  o f  t h e  p a r a s y m p a t h e t i c  s y s t e m .



ENGINEERING TERMS,

The m a j o r i t y  o f  t h e  e n g i n e e r i n g  t e r m s  u s e d  i n  t h i s  t h e s i s  a r e  

d e f i n e d  a s  t h e y  o c c u r  i n  t h e  t e x t ,  F o r  more c o m p l e t e  d e f i n i t i o n s  

t h e  r e a d e r  i s  r e f e r r e d  t o  a n  e l e m e n t a r y  t e x t - b o o k  o f  e l e c t r i c a l  

e n g i n e e r i n g  s u c h  a s  -

An I n t r o d u c t i o n  t o  E l e c t r o n i c s  -  h y  D, R u n t e n .

(Puho H o l t ÿ  R i n e h a r t  & W in s t o n )

AMPERE(amp) U n i t  o f  e l e c t r i c a l  c u r r e n t .

The' d e f i n i t i o n  o f  t h e  a m p e re  i s  co m p le x  h u t  

f o r  p r a c t i c a l  p u r p o s e s  i t  i s  d e f i n e d  a g a i n s t  

a  s t a n d a r d  a v a i l a b l e  a t  t h e  N a t i o n a l  s t a n d a r d  

B u r e a u ,  1 m i l l i a m p  = amps x  10

BAWDWITH The r a n g e  o f  f r e q u e n c i e s  o v e r  w h ic h  a n  a m p l i f i e r

o r  o t h e r  e l e c t r o n i c  c i r c u i t  w i l l  o p e r a t e  e f f i c i e n t l y ,  

BIO” ELECTRICITY E l e c t r i c a l  s i g n a l s  p r o d u c e d  by  b i o l o g i c a l  s o u r c e s .

GOMMOM MODE REJECTION

A m e a s u r e  o f  t h e  a b i l i t y  o f  a  d i f f e r e n t i a l  

a m p l i f i e r  t o  r e j e c t  a  s i g n a l  p r e s e n t  a t  b o t h  i t s  i n p u t s ,  

DIFFERENTIATION The c o n v e r s i o n  o f  a  f u n c t i o n  o f  c h a n g e  t o  a

f u n c t i o n  o f  r a t e  o f  c jqange.

DISCRIMINATION I n  t h i s  c o n t e x t  t h e  p r o c e s s  o f  d i s t i n g u i s h i n g

one  e l e m e n t  o f  a  com plex  e l e c t r i c a l  s i g n a l  

e i t h e r  b y  a m p l i t u d e  o r  f r e q u e n c y ,

GAIN The g a i n  o f  a n  a m p l i f i e r  i s  t h e  r a t i o  o f  t h e

o u t p u t  s i g n a l  (Vo) t o  t h e  i n p u t  s i g n a l  ( V ï ) .

F o r  c o n v e n i e n c e  t h i s  i s  u s u a l l y  e x p r e s s e d  i n

d e c i b e l s  (dB)

/ Vo \  g a m  = ( lo g ^ Q  Yp
10



GALVANOMETER A d e v i c e  f o r  m e a s u r i n g  e l e c t r i c a l  c u r r e n t  flow®

IMPED3INGE The r e s i s t a n c e ' o f f e r e d  t o  a n  a l t e r n a t i n g  c u r r e n t

hy  a n  e l e c t r o n i c  component  o r  c i r c u i t ,  m e a s u r e d

i n  ohm s .

INTEGRATED CIRCUIT

A method f o r  p r o d u c i n g  a  c o m p l e t e  e l e c t r o n i c

c i r c u i t  on a  s i n g l e  s i l i c o n  c h i p .  T r a n s i s t o r s ,

d i o d e s  a,md r e s i s t a m c e s  a r e  most  commonly u s e d ,

G a x ) a c i to r s  a r e  d i f f i c u l t  t o  m a n u f a c t u r e  i n  t h e s e

c i r c u i t s ®

NOISE I n  t h i s  c o n t e x t  t h i s  i s  t h e  u n w a n t e d  dom ponen t s

o f  t h e  f i n a l  e l e c t r i c a l  s i g n a l .  The commomest

s o u r c e s  o f  n o i s e  a r e  t h e  m ains  f r e q u e n c y  (58  Hs)

a nd  t h e  t h e r m a l  n o i s e  g e n e r a t e d  i n  t r a n s i s t o r s ,

OliH U n i t  o f  r e s i s t a n c e  t o  c u r r e n t  f l o w  ( r ) . D e f i n e d

f ro m  t h e  a b s o l u t e  o.mpere hy  nnnyg l aw  E -  R
I

VOLT U n i t  o f  e l e c t r i c a l  p o t e n t i a l  ( e ) d e f i n e d  f ro m

t h e  a b s o l u t e  a m p e re  h y  Ohm's l aw  E ~ IR®

E -  IR

1 m i l l i v o l t  "  v o l t s  x  10 ^

1 m i c r o v o l t  = v o l t s  x  10 ^


