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SUmiRY

The th e s i s  d e sc r ib e s  c l i n i c a l  and la b o ra to ry  re se a rc h  

conducted betw een O ctober 1972 and August 1975 du rin g  th e  

candidatefe te n u re  o f a R esearch  Fellow ship  in  th e  N u ff ie ld  

Departm ent of O b s te tr ic s  and Gynaecology, the  U n iv e rs ity  of 

Oxford. A ll th e  c l i n i c a l  s tu d ie s  were perform ed in  th e  

M atern ity  Department of th e  John R a d c lif fe  H o sp i ta l ,  O xford.

The c e n tr a l  theme of the  th e s i s  i s  the  phenomenon of 

■ cerv ical r ip e n in g  which u s u a lly  ta k e s  p la c e  during ' th e  l a s t  

few weeks of pregnancy. C erv ica l r ip e n in g  i s  reco g n ised  

c l i n i c a l l y  by th e  changes which occur in  the  c e rv ix , and 

th e se  in c lu d e  so f te n in g  of th e  t i s s u e s ,  p ro g re s s iv e  effacem ent 

and f i n a l l y  d i l a t a t i o n  o f th e  c e rv ix . As th e se  changes tak e  

p la c e , th e  c e rv ix  becomes more a n te r io r ly  s i tu a te d  in  th e  

p e lv is  and th e  p re s e n tin g  p a r t  may descend. Based on th e se  

c l i n i c a l  c r i t e r i a ,  a  s c o r in g  system  was developed  which enab led  

an o b je c t iv e  assessm ent of th re e  c e n t r a l  q u e s tio n s :

1. Uhat mechanisms c o n tro l  c e r v ic a l  r ip e n in g ?
2 . ¥ h a t a re  the  c l i n i c a l  im p lic a tio n s  o f fa ilu i* e  

of c e r v ic a l  rip en in g ?

and 3* How may the  c l i n i c a l  outcome f o r  such p a t ie n ts  
be improved?

The s ig n if ic a n c e  of an un.ripe c e rv ix  l i e s  i n  i t s  a s s o c ia t io n  

w ith  p ro lo n g a tio n  of pregnancy beyond term  and \rith. in c re a s e d  

m a te rn a l and f e t a l  morbidil^^ e s p e c ia l ly  i f  la b o u r i s  induced



in d u ced /

by co n v en tio n a l m ethods. These problem s a re  commoner and 

more se r io u s  among p iim ig ra v idae and so th e  re se a rc h  was 

c o n ce n tra te d  on such p a t i e n t s .  A m ajor o b je c t iv e  of th e  

work d e sc rib e d  in  t h i s  t h e s i s  was to  examine how p ro s ta g la n d in s  

in f lu e n c e d  c e r v ic a l  r ip e n in g  and how they  could be used 

th e r a p e u t ic a l ly  to  improve th e  c l i n i c a l  outcome.

The th e s i s  b eg in s  w ith  a h i s t o r i c a l  review  which i s  

p re sen ted  in  two p a r t s :  a c r i t i c a l  review  of in d u c tio n  o f

la b o u r , and an  account of th e  d isco v e ry , developm ent and 

ex p erien ce  w ith  p ro s ta g la n d in s  up to  the  tim e th e  r e s e a rd i  

was commenced. In c re a se d  loiovrledge and a v a i l a b i l i t y  of 

p ro s ta g la n d in s  had p ro g ressed  to  th e  s ta g e  where th e se  ag en ts  

were b e in g  in v e s t ig a te d  in  a few c e n tre s  fo r  in d u c tio n  o f 

a b o r tio n  and la b o u r.

The h i s t o r i c a l  review  i s  fo llow ed  by a d is c u s s io n  o f th e  

c u rre n t u n d e rs tan d in g  o f  th e  p h y s io lo g ic a l c o n tro l o f c e r v ic a l  

r ip e n in g . T his ap p ears  to  be a complex in te r a c t io n  of c e n tr a l  

changes in  th e  p h y s ic a l p ro p e r t ie s  of c e r v ic a l  t i s s u e ,  in  

p a r t i c u la r  c o lla g en  f i b r e s ,  and th e  g rad u a l e v o lu tio n  over 

s e v e ra l  weeks of u te r in e  c o n t r a c t i l i t y  which w i l l  cu lm inate  

in  th e  onset o f la b o u r . Both appear to  be m ainly  th e  r e s u l t  

o f hormonal c h a n g e s ...

The c l i n i c a l  s tu d ie s  a re  then  p re se n te d . By means of 

two s tu d ie s ,  one r e t r o s p e c t iv e  and one p ro s p e c tiv e , amniotomy



amniotorny/

and in trav e n o u s  o x y to c in  in fu s io n  i s  shown to  be a s a t i s f a c to r y  

method of la b o u r in d u c tio n  f o r  p rim iparae  who have r ip e  c e rv ic e s  

b e fo re  th e  o n se t of lab o u r ; i n  sharp  c o n tra s t  th e  two s tu d ie s  

show th a t  a poor response  to  th i s  method of in d u c tio n  may be 

expected  i f  th e  c e rv ix  i s  u n rip e  a t  th e  tim e of amniotomy.

Such p a t ie n ts  show h igh  r a te s  o f m o rb id ity  i n  th e  form 

of prolonged la b o u r , m a te rn a l p y re x ia , caesarean  s e c t io n  and 

b i r t h  asp h y x ia ,

A random ised, double b lin d  study  i s  th e n  d e sc rib e d  in  which 

100 p rim ip arae  had la b o u r induced by amniotomy fo llow ed  by 

e i th e r  in trav e n o u s  p ro s ta g la n d in  o r in trav e n o u s  o x y to c in .

I'fhilo th o se  p a t ie n ts  who re c e iv e d  p ro s ta g la n d in s  showed a 

b e t t e r  response  in  term s of p ro g ress  in  la b o u r and few er 

adverse  f e t a l  e f f e c t s ,  th e se  b e n e f i ts  were o f f s e t  by freq u e n t 

and d i s t r e s s in g  m aternal s id e  e f f e c t s  such as  v om iting  and 

a  p a in fu l erythem a a t  th e  s i t e  of in fu s io n .

A tte n tio n  th en  tu rn e d  to  lo c a l  ( in t r a - u te r in e )  a d m in is tra t io n  

o f p ro s ta g la n d in s , fo llo w in g  th e  success o f t h i s  approach fo r  

th e ra p e u tic  a b o r t io n . To dem onstrate  i t s  s a f e ty  and e f fe c t iv e n e s s  

i n  more advanced p re g n a n c ie s , th e  e x tra -a m n io tic  tech n iq u e  o f 

p ro s ta g la n d in  in fu s io n  was f i r s t  ap p lie d  to  case s  of 

anencephaly  and f e t a l  d ea th  in  u te r o .  As w ell a s  a f fo rd in g  

re a ssu ra n ce  th a t  th e  tech n iq u e  r a i ^ t  u s e f u l ly  and s a f e ly  be 

a p p lie d  in  v ia b le  p re g n a n c ie s , th e se  s tu d ie s  a ls o  e s ta b l is h e d  

i t s  v a lu e  in  management o f th e se  p icb lem a tic  n o n -v iab le



n o n -v ia b le /

p reg n an c ie s . A fte r  a  p i l o t  study of unselec ted , cases  of 

lab o u r in d u c tio n , tlie  method was a p p lie d  v i th  good e f f e c t  

in  a la rg e  s e r ie s  o f p rim ip arae  w ith very  u n rip e  c e rv ic e s .

T his ach ieved  low r a te s  o f caesa rean  s e c t io n  and b i r t h  

asphyx ia  w ith  alm ost t o t a l  e lim in a tio n  of th e  m aternal s id e  

e f f e c t s  of p ro s ta g la n d in s .

The f i n a l  c l i n i c a l  study  in  the  th e s i s  d e sc r ib e s  a 

tech n iq u e  which was developed to  ach ieve  r ip e n in g  o f th e  

u n rip e  c e rv ix  b e fo re  la b o u r  in d u c tio n  i s  undertaken . 

P ro s ta g la n d in  was suspended in  a h ig h ly  v isco u s  g e l 

("Tylose”) and g iven  as a  s in g le  e x tra -a m n io tic  bo lus dose 

to  p a t ie n t s  w ith  an u n rip e  c e rv ix  on th e  day b e fo re  in d u c tio n  

o f la b o u r . In  a  s e r i e s  o f 121 p rim ip arae  t h i s  was shown to  

be a  h ig h ly  e f f e c t iv e  te ch n iq u e  fo r  r ip e n in g  the c e rv ix  

and b r in g in g  about a sh o rte n in g  of labour and a s im i la r  

re d u c tio n  o f m a te rn a l and f e t a l  morbidit^r as ü ia t  seen  w ith  

e x tra -a m n io tic  in fu s io n  of p ro s ta g la n d in  The va.lue of

th e se  tech n iq u es  in  c ase s  of b reech  p re s e n ta t io n , t r i a l  of 

la b o u r and p rev ious cae sa rean  s e c t io n  i s  a lso  d iscu ssed  .

L aborato ry  s tud j.es c a r r ie d  on in  p a r a l l e l  w ith  th e  

c l i n i c a l  s tu d ie s  in v e s t ig a te d  th e  ro le  o f endogenous 

p ro s ta g la n d in s  i n  p a r tu r i t i o n  and c e rv ic a l  r ip e n in g . 

P ro s ta g la n d in s  of th e  K and F s e r ie s  were shown to  in c re a s e  

sh a rp ly  in  th e  am n io tic  f l u i d  between m id-pregnancy and te rm . 

H igher le v e l s  were found in  e a r ly  spontaneous lab o u r th a n  in



th a n  i n /

oxy toc in  induced  lab o u r a t  a tim e of g r e a te r  u te r in e  

a c t i v i t y ,  and in  bo th  ty p es  o f case  th e  le v e ls  ro se  s te e p ly  

d u rin g  th e  a c t iv e  o r a c c e le ra to ry  phase o f la b o u r . The 

le v e ls  of bo th  S and F p ro s ta g la n d in s  in  am nio tic  f lu id  

o b ta in ed  a t  th e  time of amniotomy and oxy toc in  in d u c tio n  were 

found to  be c lo se ly  r e l a t e d  to  th e  degree of c e r v ic a l  r ip e n e s s , 

the  u te r in e  s e n s i t i v i t y  to  o x y to c in  and the  le n g th  of induced 

la b o u r .

The co n clu s io n s  o f th e  th e s i s  a re  as  fo l lo w s ;-

1) The phenomenon of c e r v ic a l  r ip e n in g  in  l a t e  pregnancy
i s  an e s s e n t ia l  p a r t  of th e  normal t r a n s i t i o n  from pregnancy 
to  spontaneous la b o u r ,

2 ) F a i lu re  of such r ip e n in g  i s  an in d ic a t io n  of an 
ab n o rm ality  in  th e  endocrine  m il l ie u  o f th e  pregnancy 
a s s o c ia te d  w ith  im paired  endogenous p ro s ta g la n d in .p ro d u c tio n .

3) In d u c tio n  of la b o u r by co n v en tio n a l means w ith o u t reg a rd  
to  th e  c o n d itio n  o f  th e  c e rv ix  i s  l ik e ly  to  r e s u l t  i n  
g r e a te r  m o rb id ity  f o r  th o se  in  whom i t  rem ains u n rip e .

4) The use  of e x tra -a m n io tic  p ro s ta g la n d in  th e rap y  in  such 

p a t i e n t s ,  e i t h e r  fo r  in d u c tio n  of la b o u r  o r fo r  
p re - in d u c tio n  c e rv ic a l  r ip e n in g , w i l l  go sane way 
tow ards r e s to r in g  t h e i r  p ro sp e c ts  o f a s a t i s f a c to r y  
lab o u r and d e liv e ry .

F u tu re  re sea rc h  should  be d ire c te d  to  f u r th e r  u n d ers tan d in g  

of th e  mechanisms re s p o n s ib le  fo r  th e  spontaneous onset o f la b o u r .



l a b o u r , /

In  t h i s  way, i t  i s  hoped t l ia t  new tech n iq u es  w i l l  be developed 

which w i l l  enab le  more p re c is e  c o n tro l of u te r in e  a c t i v i ty  

and c e r v ic a l  changes so  as to  en su re  g r e a te r  s a fe ty  fo r  

both  m other and c h ild .
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C H A P T E R

INTRODTJCTI OH

This th e s i s  d e sc r ib e s  work c a r r ie d  cu t between 

O ctober 1972 and August 1975 w hile  th e  can d id a te  h e ld  a 

C l in ic a l  R esearch F e llow sh ip  in  th e  N u ffie ld  Departm ent of 

O b s te tr ic s  and Gynaecology o f th e  U n iv e rs ity  of Oxford.

B efore ta k in g  up th i s  appointm ent I  was R e g is t r a r  in  

O b s te tr ic s  and Gynaecology a t  Glasgow Royal M ate rn ity  H o sp ita l 

and Glasgow Royal In f irm a ry . While th e re  I  had acq u ired  an 

in t e r e s t  in  p ro s ta g la n d in s  encouraged by P ro fe sso r  H,C, Macnaiighton 

and Dr. A.W.F. M il le r ,  who had allow ed me to  p a r t i c ip a t e  in  th e  

f i r s t  c l i n i c a l  t r i a l s  i n  S co tlan d  of p ro s ta g la n d in s  f o r  th e ra p e u tic  

a b o r tio n  (M il le r ,  C alder and Macnaughton, 1972).

In  Oxford I  was fo r tu n a te  to  jo in  a newly formed p ro s ta g la n d in  

re sea rch  group le d  by Mr. Hostyn Embrey, C lin ic a l  Reader i n  th e  

N u ff ie ld  D epartm ent. The John R a d c lif fe  H o sp ita l had been 

opened e a r l i e r  in  1972 to  rehouse the m a te rn ity  departm ents from 

th e  R a d c lif fe  In f irm a ry  (N u ff ie ld  Department) and th e  

C h u rc h ill H o sp ita l (Area D epartm ent). The new h o s p i ta l  

occupied a s i t e  a d ja c e n t to  th e  N u ff ie ld  I n s t i t u t e  fo r  M edical 

R esearch where th e  main emphasis was on re p ro d u c tiv e  b io lo g y .

Mr. Embrey had a d is tin g u is h e d  re p u ta t io n  a s  a re se a rc h  

w orker, p a r t i c u la r ly  in  th e  f i e l d  of the  physio logy  and 

pharmacology^ of th e  u te r u s .  As F i r s t  A ss is ta n t to  th e  l a t e  

P ro fe s so r  J .  C hassar M oir, h is  s tu d ie s  of the  c l i n i c a l  e f f e c t s
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of e rg o m etrin e , o x y to c in , v a so p re s s in  and ”S yn tom etrine” had 

h e lp ed  to  shape th e  u se  o f such ag en ts  in  c l i n i c a l  p r a c t ic e .  

More r e c e n t ly  he had been a t  th e  fo re f ro n t  of the emerging 

re se a rc h  f i e l d  of p ro s ta g la n d in s  and was the  f i r s t  B r i t i s h  

in v e s t ig a to r  to  study  t h e i r  a c tio n s  on th e  u te r u s .

The R esearch Group

Having a t t r a c t e d  re s e a rc h  funds from th e  R o rc e s te r  

Foundation  f o r  E xperim en ta l B io logy , the Upjohn Company and 

th e  World H ealth  O rg an isa tio n , Mr* Embrey was a b le  to  form a 

p ro s ta g la n d in  re sea rc h  group c o n s is t in g  of two c l in i c i a n s ,  

two re se a rc h  n u rse s , a  p h arm aco lo g ist, two la b o ra to ry  te c h n ic ia n s  

and a s e c re ta ry .  The p liarm acolog ist was Dr. K e ith  H i l l i e r  who 

had ju s t  com pleted th re e  y ea rs  a t  fh k e re re  U n iv e rs ity  in  

KampaRa, Uganda, working m .th  P ro fe sso r  S.M.M. Karim in  an 

e x ten s iv e  programme of p ro s ta g la n d in  re se a rc h . Dr. H i l l i e r  

had employed b io lo g ic a l  a ssay  p rocedu res to  s tudy  p h y s io lo g ic a l 

r o le s  of p ro s ta g la n d in s  in  human re p ro d u c tio n . On hi.s a r r i v a l  

in  Oxford he s e t  about d ev e lo p in g  more s p e c i f ic  radio-im m uno

lo g ic a l  methods which soon proved r e l i a b l e  f o r  e s tim a tin g  

F p ro s ta g la n d in s  in  body f lu i d s  ( H i l l i e r  and D ille y , 1974-) .

I  was p r iv i le g e d  to  work under h is  su p e rv is io n  i n  th e  la b o ra to ry  

u s in g  th e se  methods and to  be in v o lv ed  su b seq u en tly  i n  th e  

development and a p p l ic a t io n  o f a  s im i la r  assay  procedure  f o r  

E p ro s ta g la n d in s . Our c o l la b o ra t iv e  s tu d ie s  to  measure 

p ro s ta g la n d in s  in  body f lu id s  d u ring  pregnane/- and la b o u r form 

an im p o rtan t p a r t  of t h i s  th e s i s  (C hapter 8 ) .



l'flïile m a in ta in in g  a keen i n t e r e s t  tliroughou t, I-Ir. Embrey 

d e leg a ted  the  r e s p o n s ib i l i ty  f o r  the  c l i n i c a l  s tu d ie s  to  th e  

two re se a rc h  c l in i c i a n s ,  one of whom was m ainly  concerned w ith  

a b o rtio n  (Hr. I .Z .  MacICenzie) and the o th e r w ith  labou r (m y se lf) . 

Re were each g r e a t ly  a s s i s t e d  by a re se a rc h  m idw ifery s i s t e r  who 

a tte n d e d  to  th e  n u rs in g  ca re  o f th e  p a t ie n ts  and a s s i s te d  in  

d a ta  re c o rd in g .

O ther A sso c ia te s

Rhen P ro fe s s o r  A.G. T u rn b u ll came from the  R elsh  N a tio n a l 

School o f M edicine i n  O ctober 1973 to  be N u ff ie ld  P ro fe sso r  

o f O b s te tr ic s  and Gynaecology, he took  a keen i n t e r e s t  i n  th e  

re se a rc h  and gave v a lu ab le  adv ice  and encouragem ent. He was 

a lre a d y  a le a d in g  a u th o r i ty  on th e  c o n tro l  of m yom étrial 

c o n t r a c t i l i t y  and p a r tu r i t io n .  He was accompanied by a sm all 

group o f re se a rc h  w orkers a c t iv e ly  in te r e s t e d  in  th e  f i e l d .

The re se a rc h  la b o r a to r ie s  re c e iv e d  a f re s h  im petus under th e  

day to  day s u p e rv is io n  o f Dr. A.P.M. Anderson and th e  f a c i l i t i e s  

were developed f o r  m easuring  a wide v a r ie ty  of hormones im p o rtan t 

in  human re p ro d u c tio n . Dr. A .P .P . F l in t  and D r. M.J.N.O. H e irse , 

bo th  o f whom had a s p e c ia l  i n t e r e s t  in  p ro s ta g la n d in s , a lso  

jo in e d  th e  departm en t. R h ile  th i s  group co n ce n tra te d  m ainly  

on s tu d ie s  in  th e  sheep , we pursued our s tu d ie s  in  human s u b je c ts  

and c lo se  c o n ta c ts  betw een the  groups were m a in ta in ed .

P ro fe s s o r  T u rn b u ll had been m ainly re sp o n s ib le  fo r  th e  

development of th e  f u l l y  au to m atic  C a rd if f  In fu s io n  System 

and he encouraged me to  u se  t h i s  ap p ara tu s  i n  my s tu d ie s .
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T h is was to  prove most v a lu a b le , and a d e s c r ip t io n  of th e  system 

i s  g iven  in  Appendix A.

A nother group w ith  whom v a lu a b le  c o lla b o ra t io n  was p o s s ib le  

was t h a t  le d  by Dr. M.K. Ounsted. This was b a s ic a l ly  a group 

of p a e d ia tr ic ia n s  concerned w ith  n e o n a ta l developm ent, and a 

number of jo in t  s tu d ie s  were c a r r ie d  o u t, some o f which a re  

d iscu ssed  in  C hapter 7 .

In  a d d i t io n  to  th o se  m entioned, a wide v a r ie ty  of 

in d iv id u a ls  both in  th e  h o s p i ta l  and in  the  N u ff ie ld  I n s t i t u t e  

were k ind  enough to  i n t e r e s t  them selves in  th e  re sea rc h  and to  

o f f e r  h e lp fu l  a d v ice . The h o ld in g  o f re g u la r  sem inars to  

d isc u ss  work in  p ro g ress  in  b o th  e s ta b lish m e n ts  proved an 

in v a lu a b le  s tim u lu s  to  s u s ta in in g  and d evelop ing  th e  re s e a rc h .

OUTLINE OF THE THESIS

The th e s i s  i s  p re sen te d  i n  two volum es. Volume I  co n ta in s  

th e  main n a r r a t iv e  in  n in e  c h a p te rs . Volume I I  c o n ta in s  two 

appendices d e sc r ib in g  c l i n i c a l  and la b o ra to ry  m ethods, fo llow ed  

by th e  t a b le s ,  th e  f ig u r e s  and the  l i s t  o f r e fe re n c e s .

The s u b je c t of th e  th e s is  i s  the  problem o f  th e  u n rip e  c e rv ix  

in  p rim iparous women. By l a t e  pregnancy the  u te r in e  c e rv ix  i s  

u su a lly  s o f t ,  s h o r t  and p a r t i a l l y  d i la te d  in  c o n tra s t  to  the  

long , fiimi, c lo se d  c e rv ix  of e a r ly  and mid pregnancy. This
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change i s  c a l le d  r ip e n in g . A sm all nimber o f p a t ie n ts  dep art 

from t h i s  p a t te rn  and th e  c e rv ix  rem ains u n rip e . The th e s is  

i s  concerned w ith  th e  reaso n s  f o r  f a i l u r e  of r ip e n in g , th e  

c l i n i c a l  problem s which r e s u l t ,  and the  developm ent of methods 

to  jnp rove the  c l i n i c a l  outcome.

The p re sen t C hapter d e sc r ib e s  the  c ircum stances i n  which 

th e  re se a rc h  work was conducted and g ives an o u tlin e  of the 

t h e s i s .  The p re c ise  ro le  of th e  cand ida te  in  the  re sea rch  

i s  de fin ed  and acknowledgements a re  made to  th o se  who a s s i s te d .

C hapter 2 p re se n ts  a  h i s to r i c a l  review  of th e  l i t e r a t u r e  

r e l a t in g  to  in d u c tio n  o f  lab o u r and examines i n  d e ta i l  the  

emerging in t e r e s t  in  th e  a c t io n s  of p ro s ta g lan d in s  which was 

g a in in g  g re a t momentum a t  th e  tim e th e  re sea rc h  was s ta r te d .

The normal p a t te rn  of c e r v ic a l  r ip e n in g  i s  d e sc rib e d  in  d e t a i l  

i n  C hapter 3 and a c r i t i c a l  a p p ra is a l  i s  made o f  th e  p o s tu la te d  

mechanisms c o n tro l l in g  th i s  im portan t p h y s io lo g ic a l p ro cess .

The s t a r t i n g  p o in t f o r  th e  p re sen t th e s i s  was th e  c l i n i c a l  

Im pression  th a t  th e  co n v en tio n a l method of in d u c tio n  of la b o u r, 

namely amniotomy fo llow ed  by in trav en o u s  o x y to c in  in fu s io n ,  

was u n s a t i s f a c to ry  in  an im p o rtan t m in o rity  o f p a t ie n t s .

C hapter 4 d e sc r ib e s  th e  two i n i t i a l  s tu d ie s ,  one r e tro s p e c t iv e  

and one p ro sp e c tiv e , which were undertalcen by th e  au th o r t  o 

q u a n tify  th i s  im p ress io n . The re tro s p e c t iv e  a n a ly s is  was made 

of a l l  p rim iparous confinem ents occu rrin g  in  th e  John R a d c lif fe  

H o sp ita l du rin g  a s ix  months p e rio d ; t h i s  s tro n g ly  suggested
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th a t  much o f the  m o rb id ity , bo th  f e t a l  and m aterna,!, was 

c o n ce n tra te d  among women whose lab  ours had been induced in  

th e  fa c e  of an u n rip e  c e rv ix . In  the p ro sp e c tiv e  s tu d y  

th e  degree of c e rv ic a l  r ip e n e s s  was m easured p r e c is e ly  a t  the 

tim e of amniotomy and t h i s  was r e l a t e d  to  the c l i n i c a l  outcome.

T his s tudy  confirm ed th e  a s s o c ia t io n  between amniotomy in  

th e  p resence  of an u n r ip e  c e rv ix  and h igh  co m p lica tio n  r a te s  

d u rin g  lab o u r f o r  b o th  m other and f e tu s .

The fo llo w in g  C hapters (5y 6 and 7) d e sc r ib e  work c a r r ie d  

out by th e  au th o r which had th e  c e n tr a l  o b je c t iv e  o f develop ing  

methods to  overcome th e  c l i n i c a l  problems p re se n te d  by th e  

u n rip e  c e rv ix . The f i r s t  method which was u sed  was in trav e n o u s  

p ro s ta g la n d in  th e rap y  and in  C hapter 5 a random ised, double b l in d  

t r i a l  i s  d e sc rib e d  in  which p a t ie n t s  were a l lo c a te d  to  tre a tm e n t 

w ith  amniotomy and in trav e n o u s  oxy tocin  o r amniotomy and 

in trav e n o u s  p ro s ta g la n d in  T his study  showed th a t  th o se

p a t ie n t s  who re c e iv e d  had a low er in c id en ce  of f e t a l  d i s t r e s s ,

b i r t h  asphyxia  and caesa rean  s e c t io n ,  bu t th e se  b e n e f i ts  were 

o f f s e t  by an u n accep tab ly  h i ^  in c id en ce  of u n p le a sa n t m ate rn a l 

s id e  e f f e c t s .

A tte n tio n  was th e re fo re  tu rn e d  to  lo c a l  ro u te s  of 

p ro s ta g la n d in  a d m in is tra t io n  in  th e  hope o f m a in ta in in g  th e  

c l i n i c a l  b e n e f i t  w h ile  m inim ising  th e  u n p le a sa n t s id e  e f f e c t s .

The techn ique chosen was th e  e x tra -a m n io tic  a d m in is tr a t io n  o f 

p ro s ta g la n d in s  which had h i th e r to  been l im ite d  to  use  fo r  

th e ra p e u tic  a b o r tio n . The development and th e  a p p l ic a t io n  o f
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t h i s  tech n iq u e  fo r  in d u c tio n  o f la b o u r i s  d e sc rib ed  in  C hapter 6.

Two d i s t i n c t  tech n iq u es  were developed; f i r s t l y  con tinuous 

e x tra -a m n io tic  in fu s io n  of a PGEg s o lu t io n  to  induce la b o u r , and 

su b seq u en tly  th e  use  of PGE  ̂ in  a v isco u s  g e l to  b r in g  about 

c e r v ic a l  r ip e n in g  p r io r  to  in d u c tio n  o f la b o u r. U sing th e se  

methods in  p a t ie n ts  p re se n tin g  w ith  an u n rip e  c e rv ix  th e  r e s u l t s  

were much s u p e r io r  to  th o se  o b ta in ed  w ith  amniotomy and 

in trav e n o u s  o x y toc in  in fu s io n  and th e s e  r e s u l t s  a re  p re se n te d  in  

C hapter 7 . T his c h a p te r  concludes w ith  a review  o f th e  

ex p erien ce  o f o th e r  w orkers u s in g  p ro s ta g la n d in s  a d m in is te red  

by lo c a l  ro u te s  to  induce la b o u r or to  r ip e n  th e  c e rv ix ,a n d  w ith  

a  d is c u s s io n  of th e  s a f e ty  o f th e s e  te ch n iq u es  w ith  p a r t i c u l a r  

re fe re n c e  to  the  f e tu s .

In  p a r a l l e l  w ith  th e  c l i n i c a l  s tu d ie s ,  la b o ra to ry  in v e s t ig a t io n s  

were conducted in  an a ttem pt to  throw f u r th e r  l i ^ t  on th e  

mechanisms re sp o n s ib le  f o r  th e  phenomenon o f th e  u n rip e  c e rv ix  

and th e se  a re  d e sc rib e d  in  C hapter 8 . Evidence i s  p re se n te d  which 

su g g es ts  th a t  th e  p rim ary  p ro s ta g la n d in s  p lay  a c e n t r a l  r o le  in  

th e  p ro cesses  o f c e r v ic a l  r ip e n in g  and the i n i t i a t i o n  of 

p a r tu r i t i o n .  T h is  su p p o rts  the h y p o th es is  which i s  advanced 

th roughout the  t h e s i s  th a t  th e se  two p ro cesses  of c e r v ic a l  

r ip e n in g  and the  onset of p a r tu r i t io n  a re  in t im a te ly  and 

e s s e n t i a l ly  r e la te d .  This i s  f u r th e r  d iscu ssed  in  C hapter 9 

which concludes th e  th e s i s  and , a s  w e ll as i n t e r r e l a t i n g  th e  

c l i n i c a l  and la b o ra to ry  d a ta ,  co n s id e rs  the  im p lic a tio n s  of th e  

re s e a rc h  and th e  p o s s ib le  d i r e c t io n  fo r  subsequent in v e s t ig a t io n s .
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C hapters 4 to  8 in c lu s iv e  co n ta in  th e  o r ig in a l  da ta  in c lu d ed

in  th e  t h e s i s .  T his c o n s is ts  o f  nine s e p a ra te  h u t c lo se ly

r e la te d  s tu d ie s  o f which f iv e  have been p u b lish ed  in  s c i e n t i f i c  

jo u rn a ls .  R ep rin ts  o f th e se  a re  in c luded  in  Volume I  a t  th e  

re le v a n t p o in ts  in  th e  developm ent of th e  t h e s i s .  These

f iv e  papers a re  as fo l lo w s :-

In  C hapter 5
’'Comparison o f in trav en o u s  oxytocin  and p ro s ta g la n d in  
f o r  in d u c tio n  of lab o u r u s in g  au tom atic  and non-autom atic  
in fu s io n  te ch n iq u es" .

by A.A. CALDER and M.P. EMBREY.

R ep rin ted  from th e  B r i t i s h  Jou rn a l of O b s te tr ic s  and 
Gynaecology. Volume 82, No, 9» September 1975.

In  C hapter 6

" I n t r a u te r in e  (e x tra -a m n io tic )  p ro s ta g la n d in s  in  th e  
management o f u n su cc e ss fu l pregnancy" „

by A.A. CALDER, I .Z .  MACKENZIE and H.P. EMBREY.

R eprin ted  from  th e  Jo u rn a l o f R eproductive M edicine.
Volume 16, No. 5, May 1976.

"E x tra -am n io tic  p ro s ta g la n d in  f o r  th e  in d u c tio n  of 
lab o u r a t  te rm ".

by A.A. CALDER, H .P, EMBREY and K, HILLIER.

R ep rin ted  from th e  Jo u rn a l o f O b s te tr ic s  and Gynaecology 
of th e  B r i t i s h  Commonwealth. Volume 81, No. 1, January  1974.

In  C hapter 7

"R ipening of th e  c e rv ix  w ith  e x tra -a m n io tic  p ro s ta g la n d in  
in  v isco u s g e l b e fo re  in d u c tio n  o f la b o u r" .

by A,A. CALDER, H .P. EMBREY and T. TAIT.
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R ep rin ted  from th e  B r i t i s h  Jo u rn a l of O b s te tr ic s  and 
Gynaecology. Volume 84, No. 4, A p ril 1977»

In  C hanter 8

"C o n cen tra tio n s  of p ro s ta g la n d in  i^r am nio tic
f l u i d  and plasma in  spontaneous and induced labou rs"

by K. HILLIER, A.A. CALDER and M.P. EMBREY.

R ep rin ted  from the Jo u rn a l o f O b s te tr ic s  and 
Gynaecology of th e  B r i t i s h  Commonwealth.
Volume 81, No. 4, A p ril  1974.

PRECISE ROLE OF THE CANDIDATE IN THE RESEARCH

As has a lread y  been s t r e s s e d ,  th e  re sea rc h  was conducted 

w hile  I  was a  member of a re sea rc h  group c o n s is t in g  of n ine  

in d iv id u a ls  and a l l  th e  work d e sc rib ed  in  the  th e s i s  was 

th e re fo re  to  some degree c o l la b o ra t iv e . Under th e  o v e ra l l  

d i r e c t io n  of Mr, Embrey, th e  re sea rch  proceeded in  th re e  main 

a re a s ,  namely, a b o r t io n , labou r and la b o ra to ry  and th e se  were 

under th e  immediate s u p e rv is io n  of Mr. M ackenzie, m yself, and 

Dr. H i l l i e r ,  r e s p e c t iv e ly .  The work was d iscu ssed  a t  a l l  

s ta g e s  among th e  group as a  whole, b u t I  had com plete 

freedom to  i n i t i a t e  and d i r e c t  th e  c l i n i c a l  lab o u r s tu d ie s  

and, in  c o n s u lta t io n  w ith  Dr. H i l l i e r ,  such la b o ra to ry  s tu d ie s  

as had a b e a rin g  on la b o u r.

C lin ic a l  S tu d ies
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The c l i n i c a l  s tu d ie s  d e sc rib ed  in  C hapters 4, 5, 6 and 7 

were a l l  conceived , o rg an ised  and executed  by m yself under 

th e  guidance of Mr. Embrey. I  was re sp o n s ib le  f o r  th e  

s e le c t io n  of a l l  p a t ie n ts  and p e rso n a lly  conducted a l l  

assessm ents of c e rv ic a l  sco re  and c l i n i c a l  p rocedu res f o r  

in d u c tio n  of la b o u r and pre™ labour c e rv ic a l  ripen ing*  The 

only  ex cep tions to  t h i s  were th e  l a s t  42 of th e  121 cases  of 

c e r v ic a l  r ip e n in g  w ith  in  v isco u s g e l d e sc rib ed  in

C hapter 7* These cases  were managed by Mr» T. T a it  who 

succeeded me as C l in ic a l  R esearch Fellow  when I  l e f t  Oxford.

A fte r in d u c tio n  of la b o u r th e  c l i n i c a l  management of 

a l l  p a t ie n ts  was in  th e  hands of th e  duty o b s te t r i c  s t a f f  

bu t th e  n u rs in g  ca re  of the  p a t ie n ts  remained th e  r e s p o n s ib i l i ty  

of S i s t e r  3 .E . Jo h n sto n , the re se a rc h  midwife who a lso  

a s s i s te d  me w ith  d a ta  c o l le c t io n  and docum entation.

The assessm en t, in c lu d in g  th e  s t a t i s t i c a l  a n a ly s is ,  

of a l l  th e  c l i n i c a l  d a ta  was made by m yself and I  was p r in c ip a l  

a u th o r  and re sp o n s ib le  f o r  w r it in g  a l l  the  c l i n i c a l  papers  

in c lu d e d  in  th e  th e s is*

Laboratory  S tu d ie s

The la b o ra to ry  s tu d ie s  d esc rib ed  in  C hapter 8 were 

conceived and designed  in  c o lla b o ra t io n  w ith  D r. K i l l i e r .

I  was re sp o n s ib le  fo r  s e le c t in g  the p a t ie n ts  to  be s tu d ie d  

and f o r  th e  c o l le c t io n  and s to ra g e  of a l l  th e  b io lo g ic a l  

sam ples an a ly sed . I  p e rso n a lly  c a r r ie d  out la b o ra to ry
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a ssa y s  fo r  p ro s ta g la n d in s  on a s ig n i f ic a n t  p ro p o r tio n  of th e  

sam ples b u t the  m a jo rity  o f th e se  were c a r r ie d  out by 

Dr. H i l l i e r  or h is  te c h n ic ia n ,  Mrs* Susan D ille y , The 

measurements o f p ro g es te ro n e , o e s t r a d io l  17p and c o r t i s o l  

made i n  p a r a l l e l  w ith  some of th e  p ro s ta g la n d in  e s tim a tio n s  

were k in d ly  perform ed by Dr. Anne Anderson and h e r la b o ra to ry  

s t a f f .

The paper in c lu d e d  in  C hapter 8 on the  s u b je c t of 

p ro s ta g la n d in s  in  spontaneous and induced lab o u rs  was w r i t t e n  

jo in t ly  by Dr. H i l l i e r  and m y se lf . As o v e ra l l  d i r e c to r  and 

g ra n t h o ld e r , Mr. Em brey's name appears on a l l  th e  papers 

and he o fte n  made h e lp fu l  su g g e s tio n s  of amendments to  th e  

o r ig in a l  t e x t s .

In  com piling th e  th e s i s  I  have p e rso n a lly  c a r r ie d  ou t 

a l l  th e  l i t e r a t u r e  re se a rc h  and the  com position o f th e  t e x t ,  

bu t I  wish to  acknowledge th e  in v a lu a b le  a s s is ta n c e  o f a 

la rg e  number of in d iv id u a ls .
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Mr. Mostyn Embrey made th e  p ro je c t  p o s s ib le .  He r a i s e d  

th e  f in a n c e  f o r  th e  re s e a rc h  and throughout proved an id e a l  

s u p e rv is o r ,  s t r i k in g  a f in e  balance  between a llo w in g  me 

freedom to  develop th e  re s e a rc h  and m a in ta in in g  a keen and
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inform ed in t e r e s t .

The s u c c e ss fu l m arriage of c l i n i c a l  and la b o ra to ry  re se a rc h  

was w holly due to  th e  p e r s o n a l i ty  and e x p e r t is e  of Dr. K e ith  H i l l i e r .  

The ra p p o rt he developed w ith  Mr, MacKensie and m yself i s  th e  

ab id in g  memory of my re s e a rc h  a ttachm ent i n  Oxford. The 

la b o ra to ry  s tu d ie s  were a ls o  enhanced by Mrs. Susan D ille y  who, 

as w ell as d isp la y in g  p a r t i c u la r  s k i l l s  in  ra d i  o-immuno assay  

o f p ro s ta g la n d in s , rem ained c h e e rfu l and uncom plaining in  s p i t e  

o f the  many f r u s t r a t i o n s  in h e re n t in  th e  procedure and in  

h e lp in g  a c l in ic ia n  to  le a r n  i t .

S i s t e r  Susan Johnston  gave e x p e rt and sym pathetic  n u rs in g  

ca re  to  th e  p a t ie n ts  and was most d i l ig e n t  in  re c o rd in g  c l i n i c a l  

d a ta  on th e  m other, f e tu s  and neonate . She developed a 

v a lu ab le  e x p e r t is e  in  h an d lin g  th e  com plicated  in fu s io n  and 

m onito ring  a p p a ra tu s  used th roughout th e  s tu d ie s .

Miss M.J. Bremner-Milne was a  most a t t e n t iv e  and h e lp fu l 

s e c re ta ry  to  th e  group.

P ro fe s s o r  A.C. T u rn b u ll took  an a c t iv e  and p r a c t ic a l  . 

i n t e r e s t  i n  the  re s e a rc h  and fo s te re d  an atm osphere o f 

c o l la b o ra t io n  w ith  h is  own group, of whom D r. Anne Anderson 

was e s p e c ia l ly  h e lp fu l .

None of th e  re se a rc h  would have happened w ithou t th e
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w il l in g  c o -o p e ra tio n  o f  th e  p a t ie n ts  to g e th e r  vzith th a t  of th e  

o b s te t r i c ia n s ,  m idwives, a n a e s th e t i s t s  and p a e d ia tr ic ia n s  

o f th e  John R a d c lif fe  H o sp i ta l .

The main fund ing  ag en c ies  fo r  my p a r t  of the  re se a rc h  

were the  W orcester Foundation f o r  Experim ental B iology and the  

ÏÏpjohn Company.

I  w ish to  thank  Miss S y lv ia  B arker in  Oxford and 

Mr. W illiam  McNally in  Glasgow fo r  ex p ert a r t  and 

p ho tograph ic  a ss is ta n c e *

The th e s i s  has been typed  throughout by Miss Thelmar M orrison 

who has worked t i r e l e s s l y  and has shown rem arkable p a tie n c e .

I  have been encouraged th roughou t, to  u n d e rtak e  the  

f e llo w s h ip , to  pursue th e  re sea rc h  and to  w r ite  th e  th e s is  

by P ro fe s s o r  M.C. Macnaughton and Dr. P.W, Howie. These 

gentlem en have given u n sp a rin g ly  of t h e i r  tim e to  o f f e r  

in v a lu a b le  adv ice  and c r i t ic i s m .



C H A P T E R  2

HISTORICAL BACKGROUND TO THE THESIS

A CRITICAL REVIEW OP INDUCT ION OP LAB CUR. 

THE PROSTAGLAÎ'ÎDINS.



A CRITICAL REVIEW OF INDUCTION OP L.ABOUR

Over th e  c e n tu r ie s  th e re  have been tim es when man has 

a ttem p ted  to  in t e r f e r e  w ith  th e  n a tu r a l  course of pregnancy 

and b rin g  about i t s  in te r r u p t io n .  His m otives have been, 

and co n tinue  to  b e , , e i t h e r  m edical o r s o c ia l  bu t th e  

in te r f e re n c e  has o f te n  aroused  p a ss io n a te  d isagreem ent in  

m ed ical, th e o lo g ic a l ,  l e g a l  and la y  c i r c le s .

The p a s t cen tu ry  has w itn essed  d ram atic  changes in  a l l  

a sp e c ts  o f l i f e  and n o t l e a s t  in  o b s te t r ic  p ra c t ic e .  The 

horrendous m o r ta l i ty  r a t e s ,  b o th  f e t a l  and m a te rn a l a s s o c ia te d  

w ith  c h ild -b e a r in g  in  th e  l a t e  n in e te e n th  and e a r ly  tw e n tie th  

c e n tu r ie s  have been s te a d i ly  w h it t le d  down so th a t  they  a re  

now approaching  i r r e d u c ib ly  low le v e ls .  Each g e n e ra tio n  

has seen  in c re a se d  s a f e ty  in  c h i ld b i r th ,  and women can now 

embark on pregnancy f r e e  from th e  very  r e a l  f e a r s  which b e se t 

t h e i r  grandm others and g rea t-g ran d m o th ers .

The same p e rio d  has seen  in d u c tio n  o f lab o u r in c re a s e  

from an o c ca s io n a l weapon u sed  i n  d e sp e ra te  s t r a i t s  u s u a lly  

where th e  m o ther’s l i f e  was th re a te n e d , to  a  w idespread  

p r a c t ic e  employed in  some h o s p i ta ls  i n  alm ost h a l f  th e  t o t a l  

confinem ents ( Annual R eports f o r  1973 fo r  the Simpson Memorial 

M ate rn ity  P a v ilio n , Edinburgh and th e  John R a d c lif fe  H o s p i ta l ,  

O xford), The s te e p e s t  in c re a s e  in  i t s  use  has o ccu rred  in  

th e  p a s t dozen y e a r s ,  bu t as long ago as  1920 Reed in  th e  

f i r s t  is su e  of th e  Araerical Jo u rn a l of O b s te tr ic s  and 

Gynecology, (Reed 1920) advocated  ro u tin e  in d u c tio n  o f la b o u r



la b o u r /

a t  terra on th e  grounds th a t  " th e  end o f p r o f i t a b le  

in t r a - u t e r i i i e  l i f e  had been accom plished and con tinuance  

th e re o f  i s  only  . . . . . .  an in v o c a tio n  to  a l l  th o se

d angers, m o rb id itie s  and m o r t a l i t i e s  which a re  so f a m il ia r  

to  u s  a l l " .  The p a ss in g  y ea rs  have seen  a w ider accep tance  

o f Reed’s v iew p o in t, so very  extrem e in  h is  day , and th e re  

a re  th o se  who c o n s id e r t h a t ,  in  many re s p e c ts , induced 

la b o u r may be p re fe ra b le  to  spontaneous la b o u r . They 

p o in t to  th e  in c re a se d  s a f e ty  when the whole p ro cess  i s  

conducted from s t a r t  to  f i n i s h  i n  a w ell su p e rv ised  m a te rn ity  

h o s p i ta l .  On th e  o th e r  hand, th e  sharp  in c re a s e  in  the use  

of in d u c tio n  of lab o u r has had i t s  s te r n  c r i t i c s  (Dunn 1977)*

I t  lias been condemned as an u n n a tu ra l in te r f e r e n c e  c o n tr ib u t in g  

to  a v a r ie ty  o f p e r in a ta l  problem s.

The o b s te t r ic ia n  m ust, th e re fo re ,  a s s e s s  th e  b a lan ce  

between th e  r i s k s  of c o n tin u in g  the pregnancy ifith  th o se  

o f i t s  i n te r r u p t io n  ( f ig u re  2 . l ) .  An im p o rtan t f a c to r  in  

th i s  assessm ent a re  th o se  r is k s  a s s o c ia te d  w ith  th e  method 

chosen to  in te r r u p t  th e  pregnancy, be i t  in d u c tio n  o f lab o u r 

o r e le c t iv e  caesarean  s e c t io n .  The h is to r y  o f in d u c tio n  of 

lab o u r has been d ic ta te d  by th e  c o n s ta n tly  changing w eight 

of the  d i f f e r e n t  r i s k  and b e n e f i t  f a c to r s  which a f u l l e r  

u n d e rs tan d in g  o f th e  patho logy  o f  pregnancy and th e  physio logy  

of lab o u r has p ro g re s s iv e ly  b rought abou t.



In d ic a tio n s  f o r  In d u c tio n  of Labour

In d u c tio n  o f lab o u r i s  in d ic a te d  whenever the  r i s k s  o f 

con tinued  in t r a - u t e r i n e  l i f e  a re  g re a te r  th an  th o se  of induced 

lab o u r and d e liv e ry  (Howie 197?)• The r i s k s  to  th e  u n d e liv e re d  

f e tu s  a re  very  g re a t in  sev ere  p re -ec lam p sia , e s s e n t ia l  

h y p e rte n s io n , r e n a l  d is e a s e , rh e su s  iso -im m u n isa tio n , d ia b e te s  

and f e t a l  growth r e ta r d a t io n .  In  th e se  c o n d itio n s  th e  need 

f o r  in d u c tio n  of la b o u r , u s u a lly  b e fo re  term , i s  no t in  d is p u te . 

The frequency  of th e se  in d ic a t io n s  w i l l  vary  depending on 

th e  n a tu re  of th e  o b s te t r i c  p o p u la tio n  b u t to g e th e r  th ey  may 

account f o r  an in d u c tio n  r a t e  o f about 10 p e r cen t (Tennant 

and B lack 1954)•

The sharp  in c re a s e  in  th e  use  o f in d u c tio n  o f la b o u r, 

in  re c e n t y e a rs , owes much to  th e  p io n e e r work on p e r in a ta l  

m o r ta l i ty  by B a ird , W alker and Thomson ( l9 5 4 ) . They 

e s ta b lis h e d  th a t  prolonged pregnancy re p re se n te d  an in c re a s in g  

r i s k  to  th e  f e tu s .  For ex an p le . W alker, i n  h i s  B la i r -B e l l  

Memorial L ec tu re  of 1954 (W alker 1954) shoifed th a t  21^ of 

p rim ig rav id ae  d e liv e re d  a f t e r  41 weeks. In  th i s  group, 

however, th e re  were 51^ o f a l l  unexp lained  s t i l l b i r t h s ,

83/^ o f a l l  anoxic s t i l l b i r t h s  in  la b o u r, and 40^ o f a l l  

tra u m a tic  d ea th s  a s s o c ia te d  if i th  d i f f i c u l t  la b o u r. These 

r i s k s  were in c re a se d  i n  a s s o c ia t io n  w ith  in c re a se d  m a te rn a l 

ag e , m ild  p re -ec lam p sia , and im paired m aternal w eight g a in .

A number o f o th e r  r e p o r ts  ( C layton 1941; R acker, Burgess 

and Manly 1953; B u tle r  and Bonham 1963) have confirm ed
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th e se  c o n c lu s io n s .

As a r e s u l t  o f t h e i r  ep id em ü o g ica l s tu d ie s ,  th e  

Aberdeen w orkers used in d u c tio n  of labou r and caesarean  

s e c t io n  more f r e q u e n tly  and no ted  a sharp  improvement in  

p e r in a ta l  m o r ta l i ty ,  p a r t i c u l a r ly  in  the groups most a t  

r i s k  (B a ird  197?). O ther s tu d ie s  tended to  confirm  the  value 

o f in d u c tio n  of la b o u r  in  reducing  th e  r is k s  a s s o c ia te d  

w ith  pro longed pregnancy (R acker, Burgess and Manly 1953, 

Theobald 1963; T u rnbu ll and Anderson 1968a). More re c e n t ly ,  

MclTay e t  a l  (197T) in  Glasgow examined the  im pact of an 

a g g re ss iv e  in d u c tio n  p o lic y  upon p e r in a ta l  m o r ta l i ty  and 

found th a t  an  in c re a s e  i n  th e  in d u c tio n  r a t e  from 15^ to  

35^ was a s s o c ia te d  w ith  a f a l l  i n  the number of p e r in a ta l  

d ea th s  due to  p la c e n ta l  f a i l u r e  in  l a t e  pregnancy.

Chalmers and h is  c o lle ag u e s  in  C a rd if f  have ch a llenged  

th e  va lue  o f In d u c tio n  o f  lab o u r in  a s e r ie s  of papers 

(Chalm ers, Lawson and T u rn b u ll 1976a, b; Chalmers e t  a l  1976c). 

They found  th a t  a h igh  number of deaths due to  anoxia  and 

b i r t h  traum a d id  n o t respond to  an in c re a se  in  th e  in d u c tio n  

r a t e  from 9^ to  26^. The reasons f o r  th e  d if f e r e n c e s  

between the  Glasgow and C a rd iff  re p o r ts  a re  no t c l e a r .

I t  may be th a t  d i f f e r in g  o b s te t r ic  p o p u la tio n s  o r  d i f f e r in g  

c r i t e r i a  o f s e le c t io n  f o r  in d u c tio n  may ex p la in  th e  apparen t 

c o n tra d ic t io n s . A lthough th e  p re c is e  in d ic a t io n s  f o r  .in d u c tio n  

o f lab o u r have no t y e t been f i n a l l y  determ ined, i t  i s  c e r ta in ly
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c le a r  t h a t ,  f o r  th e  fo rs e e a b le  f u tu r e ,  th e  a b i l i t y  to  c o n tro l 

th e  tim in g  of delive;ry  w i l l  rem ain an im portnat weapon in  

th e  o b s te t r i c i a n ’s armamentarium.

Methods of Labour In d u c tio n

Through th e  ages a h o s t of w idely  d i f f e r in g  methods 

have been used to  t r y  to  induce lab o u r or p rocure  a b o r tio n .

The A ncient Greeks a re  s a id  to  have sometimes bound th e  m other 

to  a  couch which was th e n  upended and bounced a g a in s t  a bunch 

of fa g g o ts . O ther b iz a r r e  methods from Canada and Indo-China 

a re  i l l u s t r a t e d  in  F ig u re  2 .2  (a  and b ) . The success r a te s  

a re  no t on re c o rd .

Munro K err, Johnstone  and P h i l l ip s  ( l9 5 4 ) , and Donald (l972) 

have review ed m ediaeval p r a c t ic e s  fo r  in d u c tio n . A c e r ta in  

Reverend M ais te r A lex is o f Piémont in  1595 d e sc rib ed  a 

com prehensive l i s t  o f medicaments which he claim ed could  

s tim u la te  the  u te r u s .  T h is  in c lu d ed  ju n n ip e r b e r r ie s ,  

cinnamon, and c a s to r  o i l  ( th e  l a s t  has s t i l l  no t gone out of 

vogue in  some i n s t i t u t i o n s )  and to  th e se  were added a cen tu ry  

l a t e r  by N ico las  Culpepper i n  1684 red  pepper, Pennyroyal and 

mugv;ort n o t to  m ention a co n co c tio n  of sw allow ’s n e s ts  and r a in  

w a ter, s t r a in e d  and tak en  warm. Even more e x o tic  was a  method 

recommended by Dr. Henry B racken in  1735 whereby " th e  o i l  o f 

sweet almonds be a p p lie d , warm, w ith  a bunch of f e a th e r s  to  

th e  p r iv i t e s  and v a g in a " .



Probably th e  most im portan t m ile s to n e  was th e  in tr o d u c t io n  

o f amniotomy by Denman in  1756. T his rem ains a fundam ental 

p a r t  o f lab o u r in d u c tio n  to  t h i s  day*

Theobald (1961) h as d e sc rib e d  in t a c t  fo rew a te rs  as 

" th e  g re a te s t  s in g le  h in d ran ce  to  p ro g ress  i n  lab o u r"  and 

y e t only  re c e n tly  has i t  been p o s s ib le  to  perform  amniotomy 

w ith  im punity  as a method of la b o u r in d u c tio n . A lthough 

s u c c e s s fu l  in d u c tio n  of labou r may be a n t ic ip a te d  in  80-9Q^ 

o f p a t ie n ts  fo llo w in g  amniotomy a lone  (Tennant and B lack 1954; 

Manly 1956) in  the  absence of a  s u i ta b le  a d d i t io n a l  method 

o f s t im u la t in g  m yom etrical c o n tra c tio n s , th e  rem ain ing  

10-20^^ of p a t ie n ts  rem ained an im portan t d e te r r e n t  to  th e  u se  

of amniotomy w ithou t a com pelling  in d ic a t io n .  The sword of 

Damocles was in t r a - u t e r i n e  s e p s is  which in e v i ta b ly  fo llo w s  

amniotomy i f  d e liv e ry  i s  long  delayed  (McCallun and Govan 196p) 

and demanded d e liv e ry  by caesarean  s e c t io n  in  th e se  case o f  

f a i l e d  in d u c tio n  (MacVicar 1 9 7 l) -

The sea rch  con tinued  th e re fo re  fo r  methods which would 

induce lab o u r w ith o u t th e  need to  perform  amniotomy. Kraus 

in tro d u ce d  u te r in e  bougies in  1850, and s ix  y e a rs  l a t e r  

Scanzoni advocated h o t c a rb o lic  a c id  douches. In  1861 

Barnes adapted a t r a d i t i o n a l  method which used p ig s  b la d d e rs  

employing w ater f i l l e d  bags made of ru b b e r. None o f th o se  

methods was r e l i a b l e ,  and a l l  c a r r ie d  r i s k s .

In  1909 an o th er m ile s to n e  was passed  when W illiam  B la i r - B e l l  

p u b lish ed  h is  account of th e  p a r tu r ig e n ic  p r o p e r t ie s  of e x t r a c t s



e x t r a c t s /

of th e  p o s te r io r  p i t u i t a r y ,  ( B la ir -B e l l  1909) th e reb y  

in i t i a t in g -  th e  chain  o f ev en ts  which culm inated w ith  the  

id e n t i f i c a t i o n  and th e ra p e u tic  a v a i l a b i l i t y  of oxy tocin .

But p ro g ress  rem ained slow . "A Glasgow Manual o f O b ste tr ic s"  

( 1924) e d ite d  by S .J .  Cameron d e sc rib e d  only two methods of 

la b o u r in d u c tio n , one th e  use of in t r a - u t e r in e  bo u g ies , the 

o th e r  a m edical method combining th e  use of qu in ine  ( to  

s e n s i t i s e  th e  u te ru s )  and " p i 'b u itr in  e x tra c t"  to  s tim u la te  i t  

( Cameron 1924). In  1931 Drew-Smyth d esc rib ed  h indw ater 

ru p tu re  of th e  membranes by means o f  a s p e c ia l ly  designed  m etal 

c a th e te r  (F igure  2 .3 ) th e  advantages of which were claim ed to  

be a  re d u c tio n  i n  th e  in c id e n ce  o f in t r a - u t e r in e  in f e c t io n  and 

" fo re w a te r  p re se rv a tio n "  (Donald 1965).

Even when o x y to c in  d id  become a v a i la b le  in  pure form, 

s e v e ra l  y ea rs  e lap sed  b e fo re  o b s te t r ic ia n s  lea rn ed  to  use  i t  

r a t i o n a l ly .  As has so o f te n  happened in  o b s te t r i c s ,  e s p e c ia l ly  

w ith  methods of lab o u r in d u c tio n , judgement was o u ts tr ip p e d  

by enthusiasm  on th e  p a r t  o f a few c l in ic ia n s  and c a ta s tro p h e s  

occu rred . I t  took  on ly  a  few cases  of in ju d ic io u s  management 

to  b r in g  oxy tocin  in to  d is re p u te .  Many o ld e r  c l in ic ia n s  even 

today  f e a r  oxy tocin  fo llo w in g  b i t t e r  memories from th o se  days, 

and impose a r b i t r a r y  l im i t s  on i t s  u se . At a famous m eeting  

in  th e  U nited  S ta te s  Joseph B o liv a r de Lee h e ld  up a ru p tu red  

u te ru s  in  one hand and a dead f e tu s  in  th e  o th e r , q u o tin g  from 

th e  s c r ip tu r e s  (P roverbs 23, 32) in  h is  condemnation o f oxytocin : 

" I t  b i t e th  l ik e  a s e rp e n t , and s t in g e th  l ik e  an adder"

(Mr. E.A, W illiam s, p e rso n a l com m unication).



A school of th o u g h t of whom Theobald was th e  main proponent 

m ain ta in ed  th a t  o x y toc in  should  be used only a t  "p h y s io lo g ic a l"  

dose r a te s  (Theobald e t  a l  1948) th e  maximun a llow ed  being  

10 m il l iu n i ts /n i in u te .  I t  i s  now c le a r  th a t  t h i s  was based  

on m istak en  b e l i e f s  re g a rd in g  the  p h y s io lo g ic a l c o n tro l  of lab o u r 

and on wrong assum ptions reg a rd in g  th e  r o le  of o x y to c in .

While such a t t i t u d e s  undoubtedly  served  to  p rev en t t r a g e d ie s  

from oxy toc in  overdosage, th i s  o v e r-c au tio u s  approach r e s u l te d  

in  a  h ig h e r  f a i l u r e  r a t e  f o r  in d u c tio n  of la b o u r .

HacVicar ( l9 7 l)  review ed a l l  3 ,359 cases  of amniotomy f o r  

la b o u r in d u c tio n  i n  th e  Queen M other’ s H o sp ita l from 1965-1959. 

Three hundred and seven ty -one of th e se  p a t ie n ts  ( l l ^ )  were 

su b seq u en tly  d e l iv e re d  by c ae sa rean  s e c tio n , and in  alm ost 

e x a c tly  h a l f  o f  th e se  th e  s o le  in d ic a t io n  or main c o n tr ib u to ry  

in d ic a t io n  f o r  t h i s  was a f a i l u r e  of th e  u te ru s  to  c o n tra c t  

e f f e c t iv e ly .

\Ihen th e  a u th o r began h is  o b s t e t r i c a l  c a re e r  in  th e  

Queen M other’s H o s p i ta l ,  Glasgow, in  1959, a v a r ie ty  of methods 

were employed in  th e  25»4^ of p a t ie n ts  in  whom lab o u r was induced  

(T able 2 . l ) .  The c r i t e r i o n  o f su c c e ss fu l in d u c tio n  was d e liv e ry  

w ith in  24 h o u rs , and in  b a re ly  tw o -th ird s  (58^) of p a t ie n t s  

was th i s  ach ieved  ( Queen M other’ s H o sp ita l R eport 1968-1959)*

Four d i f f e r e n t  methods o f labour in d u c tio n  were employed 

r e f l e c t in g  a w ish  to  avo id  amniotomy and o x y to c in  th e rap y  i f



th e rap y  i f /

p o s s ib le . These a re  as shown in  Table 2 .2 . H ithou t a m p lif ic a tio n

th e  f ig u re s  a re  m is lead in g . F i r s t l y  method ( 2) (amniotomy a lo n e) 

appears the  most su c c e s s fu l in  ach iev in g  d e liv e ry  w ith in  24 hours 

( 91/ )  bu t i t  was p re c is e ly  because of a  su c c e ss fu l response  th a t  

p a t ie n ts  rem ained i n  t h i s  group. I f  th e  response  to  amniotomy 

alone was poor th en  oxy toc ic  s t im u la tio n  was u s u a lly  added a f t e r  

12 o r 24 h o u rs , bu t r a r e ly  im m ediately a f t e r  amniotomy, and the 

p a t ie n t  was th en  managed under method (3) or ( 4) .  b h a t seems 

rem arkab le, a mere te n  y e a rs  l a t e r ,  i s  th a t  alm ost 4 p e r cen t 

o f p a t ie n ts  managed by amniotomy alone were l a t e r  d e liv e re d  by 

caesarean  s e c t io n  f o r  f a i l e d  in d u c tio n  w ith o u t r e s o r t  to  o x y to c ic  

s t im u la tio n  ev e r b e in g  made. There may have been a d d i t io n a l  

c o n tr ib u to ry  f a c to r s  such as a  u te r in e  s c a r  in  some cases b u t 

th e se  f ig u re s  se rv e  to  u n d e rlin e  th e  cau tio n  of th e  day.

The p o o re s t r e s u l t s  were a s s o c ia te d  w ith  amniotomy and 

in trav en o u s  o x y toc in  in fu s io n ,  th e  method t'h ich  su b seq u en tly  

became th e  s tan d a rd  method o f lab o u r in d u c tio n . The reaso n  

f o r  th i s  paradox i s  th a t  t h i s  method was re se rv e d  f o r  p a t ie n ts  

in  whom undue d i f f i c u l t y  was a n t ic ip a te d  o r o th e r  methods had 

a lre a d y  f a i l e d .  Such p a t ie n ts  p robably  in c lu d ed  th e  h a rd  core  

o f la b o u r in d u c tio n  can d id a te s  w ith  which t h i s  th e s i s  i s  m ainly 

concerned.

The fo llo w in g  th re e  o r  fo u r  y ea rs  w itn essed  aocntinuing  r i s e  

in  in d u c tio n  r a te s  n a t io n a l ly  (d .H .S .S . 1974),

This r e s u l te d  from a number of developm ents in  th e  methods 

a p p lie d . The main ones a re  l i s t e d  h e r e : -



l i s t e d  h e r e ; -

1) The a p p re c ia tio n  th a t  in  most cases no th ing  

i s  gained  by d e lay in g  oxytocin  in fu s io n  

(B radfo rd  and Gordon 1968; P a tte rs o n  1 9 7 l)*

2) The re c o g n itio n  th a t  a la rg e  v a r ia t io n  e x is t s  
from p a t ie n t  to  p a t ie n t  in  th e  u te r in e  
s e n s i t i v i t y  to  o x y toc in  ( Embrey 1962;
hood 1972) .

3) The a p p l ic a t io n  of fundam ental pharm acolog ica l 
p r in c ip le s  le a d in g  to  th e  concept of ox^'-tocin 
" t i t r a t i o n "  in. which th e  dose r a te  i s  t i t r a t e d  
by lo g a rith m ic  increm ents a g a in s t th e  u te r in e  
response  (T u rn b u ll and Anderson 1968;
S c o tt  1972) .

4) The development o f s o p h is t ic a te d  m achines to  
c o n tro l th e  r a t e  o f oxy tocin  in fu s io n  
(î-îacVicar and Howie 1967; P rances, T u rn b u ll 
sud Thomas 1970; H am lett 1972).

The a t t r a c t io n s  of th e se  p o l ic ie s  were q u ic k ly  a p p re c ia te d . 

The u n c e r ta in ty  was la rg e ly  removed from la b o u r in d u c tio n  and 

delayed  lab o u r d isap p ea red . Ho lo n g e r d id  p a t ie n ts  la n g u ish  

a f t e r  in d u c tio n  w ith  th e  sun s e t t i n g  tw ice o r more b e fo re  they  

were d e liv e re d . The in c id e n ce  o f f a i l e d  in d u c tio n  of la b o u r 

and in t r a - u t e r i n e  in f e c t io n  f e l l  sh a rp ly .



The Hazards o f In d u c tio n  of Labour

Mention has a lre a d y  been made of some p o te n t ia l  hazards of 

lab o u r in d u c tio n  and th e se  w i l l  now be considered  in  g re a te r  

d ep th . J u s t  a s  th e  main aim o f  o b s te t r ic  care  i s  to  secure  

a h e a lth y  baby and a h e a lth y  m other, so the o b je c t o f in d u c tio n  

of la b o u r should be to  ach iev e  v a g in a l d e l iv e iy  o f an in fa n t  in  

op tim al co n d itio n  a f t e r  a lab o u r wiiich has been both s a fe  and 

s a t i s f y in g  to  th e  m other. I t  should  a t  once be p o in ted  out 

th a t  spontaneous lab o u r i s  n o t always su c c e ss fu l in  th e se  re sp e c ts . 

Many o f the  c r i t ic is m s  of induced lab o u r in  th e  p a s t have p o in ted  

to  problem s which were le s s  th e  r e s u l t  of in d u c tio n  than  of the  

o b s te t r i c  patho logy  which n e c e s s i ta te d  i t .  Where s tu d ie s  have 

been conducted on p o p u la tio n s  matched f o r  th e se  f a c to r s  

(b 'S so p o , Moore and Lenzi 1964; Booth and Kurdyak 1970;

Cole e t  a l  1975) in d u c tio n  has no t been found to  cause in c re a se d  

m o rb id ity  o r m o r ta l i ty .

A number o f p o te n t ia l  h azards must be co n sid e red , however.

The most im portan t a re  l i s t e d  in  T able 2«3*

P rem a tu rity

Because in d u c tio n  r e s u l t s  i n  a r t i f i c i a l  in te r r u p t io n  of 

pregnancy, th e  r i s k  of d e l iv e r in g  an immature in fa n t  i s  an ever 

p re se n t one. Niswander and P a te rso n  (l9S3) re p o rte d  a p e r in a ta l  

m o r ta l i ty  o f seven p e r  thousand from p rem a tu rity  and r e s p ir a to r y  

f a i l u r e  in  a s s o c ia t io n  w ith  e le c t iv e  in d u c tio n  o f la b o u r, bu t



b u t /

t h i s  has no t been g e n e ra l experien ce , (Husbands 1950; E rving 

and Kem/ick 1952) and c le a r ly  th e  v a lu e  of th i s  th e ra p e u tic  

weapon depends h e a v ily  on th e  ca re  w ith  which i t  i s  a p p lie d .

One e s s e n t ia l  p r e - r e q u is i t e  to  in d u c tio n  i s  an a c c u ra te  

knowledge of th e  f e t a l  m a tu r ity , and where th i s  i s  i n  doubt, 

a s  f o r  in s ta n c e  when the m enstrual h is to r y  i s  u n r e l ia b le ,  

a d d i t io n a l  s te p s  must be taken  to  p in p o in t i t .  U ltra so n ic  

measurements of th e  f e tu s ,  e s p e c ia l ly  o f th e  crown-rump len g th  

in  e a r ly  pregnancy (Robinson 1973), and assessm ent o f f e t a l  

pulmonary s u r fa c ta n t  by exam ining the  am n io tic  f lu i d  in  l a t e  

pregnancy (o iu ck  e t  a l  197l) a re  o f te n  h e lp fu l  in  such  c a se s .

In  p r a c t ic e ,  i f  r ig o ro u s  a t t e n t io n  i s  paid  to  e s ta b l is h in g  th e  

f e t a l  m a tu rity  b e fo re  lab o u r i s  induced i t  should be p o s s ib le  to  

avo id  d e liv e iy  o f an  u n ex p ec ted ly  prem ature in f a n t .

N eonatal Jaundice

S ev e ra l re p o r ts  have lin k e d  an in c re a se d  in c id en ce  of 

n eo n a ta l h y p e rb iliru b in ae m ia  w ith  in d u c tio n  o f  lab o u r or the  

drugs by wliich i t  i s  ach ieved  (Ghosh and Hudson 1972;

D avies e t a l  1973; C alder e t  a l  1974; R oberts and Heaver 1974)* 

The jau nd ice  has been m ild  and t r a n s ie n t  however, and probably  o f 

l i t t l e  c l i n i c a l  im portance . These s tu d ie s  only d e te c te d  the  

a s s o c ia t io n  by ro u tin e  measurements of b i l i r u b in ,  and i t  i s  n o ta b le  

th a t  s tu d ie s  of in f a n ts  w ith  c l i n i c a l l y  re c o g n isa b le  ( and 

th e re fo re  perhaps s ig n i f ic a n t )  jaund ice  (Friedm an and 

S ach tleben  1974) have f a i l e d  to  dem onstrate any l in k  w ith  in d u c tio n ,



F e ta l  Hypoxia and B ir th  Asphyxia

I t  i s  d i f f i c u l t  to  a s s e s s  th e  c o n tr ib u tio n  of induced labour 

to  th e  development of f e t a l  hypoxia and b i r t h  asphyx ia . P a t ie n ts  

undergoing  in d u c tio n  a re  very  o f te n  those  a t  g re a te s t  r i s k  of 

th e se  problems du rin g  la b o u r , re g a rd le s s  o f w hether i t  i s  

spontaneous o r induced .

The c r i t i c a l  q u e s tio n  i s :  a l l  o th e r th in g s  being  eq u a l,

i s  induced lab o u r more l i k e l y  to  cause f e t a l  hypoxia th an  

spontaneous lab o u r?  A ll th e  s tu d ie s  which have t r i e d  to  

answer t h i s  q u e s tio n  have s u f fe re d  from the  same f a i l i n g ;  a l l  

o th e r  th in g s  were not eq u a l. In  th e  study of L is to n  and Campbell 

( 1974) th e  b a b ie s  from the  induced  group had a h ig h e r in c id en ce  

of depressed  Apgar sco res  and s p e c ia l  care  u n i t  adm ission, 

b u t th e  m others in  th e  induced group were u s u a lly  o b s te t r i c a l ly  

abnormal w hile  the  c o n tro l group was e s s e n t ia l ly  norm al. The 

s tu d ie s  o f T u rnbu ll and Anderson (l968 ) and Cole e t  a l  (l97b) 

which showed le s s  f e t a l  hypoxia (a s  in d ic a te d  by meconium s ta in in g )  

i n  lab o u r among th o se  p a t ie n t s  in  whom labour was induced , s u f f e r  

from a d i f f e r e n t  type  o f b ia s ,  namely th e  d if fe re n c e  in  th e  tim in g  

o f d e l iv e ry .

The b e s t way to  answ er th e  q u e s tio n  would be to  c a rry  out a 

random ised c o n tro l le d  s tu d y  o f matched p o p u la tio n s  in  which one 

group had la b o u r induced w hile  in  th e  o th e r i t  was a rranged  

th a t  "spontaneous" la b o u r began a t  th e  same tim e. For obvious 

reaso n s such a s tu d y  i s  im p o ssib le . N ev e rth e le ss , i t  shou ld  be 

our aim to  pursue th e  s tudy  of the  mechanisms c o n tro l l in g  p a r tu r i t io n



p a r t u r i t i o n /

so th a t  u l t im a te ly  we can c a r ry  out in d u c tio n  o f  lab o u r th a t  w i l l  

be i d e n t i c a l  in  a l l  re s p e c ts  to  spontaneous la b o u r .

For th e  meantime th e re  a r e  s e v e ra l  th e o r e t i c a l  reasons 

why e x is t in g  methods of in d u c tio n  of lab o u r might in c re a s e  the 

r i s k s  of f e t a l  hypoxia , Donald ( 1966) has suggested  th a t  s in c e  

am nio tic  f lu id  i s  re le a s e d  by amniotomy t h i s  reduces th e  volume 

o f the u te r in e  c o n ten ts  and must r e s u l t  in  some sh rin k ag e  o f 

th e  u te ru s  as a w hole. T h is , he su g g e s ts , must in e v i ta b ly  

cause some r e t r a c t io n  in  th e  upper u te r in e  segment w ith  re d u c tio n  

in  th e  a re a  o f th e  p la c e n ta l  s i t e  and blood flow  th e r e in .  The 

d a ta  of C aldeyro -C arc ia  e t  a l  (l974) su p p o rt t h i s  t h e o r e t i c a l  

c o n te n tio n . He has dem onstrated  th a t  e a r ly  amniotomy in  

spontaneous la b o u r  causes more p e r in a ta l  problem s (ty p e  I  f e t a l  

h e a r t  d e c e le ra t io n s ,  f e t a l  s k u l l  m oulding, dep ressed  Apgar 

sco re s )  th an  i f  th e  membranes a re  m ain ta ined  i n t a c t .

Mention must a lso  be made o f  th e  a d d it io n a l  r i s k  of a cu te  

asphyxia  due to  cord  p ro lap se  a t  th e  tim e o f amniotomy. This 

i s  of l i t t l e  im portance however s in c e  i n t e l l i g e n t  aw areness of 

th e  type  o f case a t  r i s k  should  m inim ise t h i s  p o s s i b i l i t y ;  and 

s in ce  t h i s  co m p lica tio n  i s  p robab ly  a s . l i k e l y  to  happen a t  th e  

tim e of spontaneous membrane ru p tu re , how much b e t t e r  t h a t  i t  

shou ld  occur when th e re  i s  an  examining f in g e r  p re s e n t in  th e  

vag in a  to  d e te c t  i t .



In f e c t io n

M ention has a lre ad y  been made of t h i s  r i s k  in  a s s o c ia t io n  

w ith  d e lay  fo llo w in g  amniotomy (McCalliim and Govan 1963).

A lthough Donald (1966) has s ta t e d  th a t  " th e re  i s  no such th in g  

as an a s e p t ic  amniotomy" i t  i s  c le a r ly  im portan t to  adhere to  

a s t r i c t  a s e p tic  tech n iq u e  bo th  f o r  amniotomy and v a g in a l exam inations 

in  lab o u r i f  th e  problem s of in f e c t io n  both  to  the  f e tu s  and 

th e  m other a re  to  be m inim ised. The r a t io n a l  u se  of oxy tocin  

has g re a t ly  reduced t h i s  problem , b u t th e  p o te n t ia l  hazard  

o f in tro d u c in g  in f e c t io n  rem ains one im portan t drawback to  

anniotomy»

Haemorrhage

p e ta l  haemorrhage may occur as a  r e s u l t  o f d i r e c t  in ju r y  

to  th e  f e tu s  o r p la c e n ta  d u rin g  amniotomy. F o r tu n a te ly  t h i s  

i s  r a r e ,  p a r t i c u l a r ly  s in ce  th e  Drew Smythe c a th e te r  (F ig u re  2 .3 )  

i s  d ese rv ed ly  on i t s  way to  th e  o b s te t r i c  museum. The r a r e  

p o s s ib i l i t y  of a  vasa  p ra e v ia  rem ains and sho u ld  encourage a n a ly s is  

f o r  th e  p resen ce  o f f e t a l  c e l l s  of any blood no ted  a t  amniotomy 

(M itc h e ll ,  Anderson and R u sse ll  1957).

M aternal b le ed in g , u su a lly  from th e  c e rv ix , i s  much 

commoner b u t i s  r a r e ly  a, s e r io u s  problem .

C aesarean S ec tio n

I t  has been claim ed (Bonnar 1976) th a t  in c re a se d  use of in d u c tio n
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of la b o u r could le a d  to  a h ig h e r r a te  of caesarean  s e c t io n ,

ITational f ig u r e s  do not b e a r  t h i s  out ( d .H .S .S . 1974).

Between 1965 and 1972 th e  r a t e  o f labour in d u c tio n  in  h o s p i ta ls  

in  England and H ales ro se  from 15 p e r  cent to  55 p e r cent : 

du ring  th e  same p e rio d  th e  caesarean  s e c tio n  r a t e  only  ro se  

from 5=0 p e r  c en t to  5*5 p e r c en t. C le a rly  a m u ltitu d e  o f 

f a c to r s  a re  in v o lv ed  in  d e te rm in in g  th e  caesarean  s e c tio n  r a t e  

e s p e c ia l ly  when n a t io n a l  f ig u r e s  a re  examined, b u t C ole, Howie 

and Macnaughton (l975) found no in c re a se  in  r e s o r t  to  caesarean  

s e c tio n  when in  a random ised c o n tro lle d  s tu d y , 'e le c t iv e  in d u c tio n  

of la b o u r a t  term  was compared w ith  a more c o n se rv a tiv e  

management » O ther r e t r o s p e c t iv e  com parative s tu d ie s  have 

supported  th e  view th a t  th e  in d u c tio n  r a t e  i s  no t th e  prim ary 

f a c to r  in  de term in ing  the  caesarean  s e c tio n  r a t e  (Chalmers 

e t  a l  1976c).

N e v e rth e le s s , th e  aim of in d u c tio n  of la b o u r i s  to  d e l iv e r  

b ab ies  in  b e t t e r  h e a lth  th a n  would happen w ith o u t in d u c tio n , 

and should  a n t ic ip a te  problem s which might le a d  to  f e t a l  d i s t r e s s  

in  labour* I f  t h i s  were su c c e ss fu l one would expect a  re d u c tio n  

in  th e  caesarean  s e c t io n  r a t e  b u t t h i s  has no t m a te r ia l is e d .

One reason  f o r  t h i s  may be th e  f a l s e  assum ption th a t  th e  s t r e s s e s  

and s t r a in s  of induced la b o u r a re  id e n t ic a l  to  th o se  of spon taneous 

la b o u r. That t h i s  i s  p a te n t ly  not t r u e ,  e s p e c ia l ly  i f  th e  c e rv ix  

i s  u n r ip e , i s  of c e n tr a l  im portance to  th is  t h e s i s .
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U terin e  R upture

Awais and Leoliera (l970) have drav-m a t t e n t io n  to  th i s  

p o te n t ia l  hazard  in  o x y toc in  in d u c tio n s  e s p e c ia l ly  in  

p a t ie n ts  o f h igh  p a r i ty .  \Jhen such an a c c id e n t happens 

a f t e r  th e  a c t iv e  in te rv e n t io n  of induced  labour th e re  i s  

u s u a lly  a  tendency to  blame the in d u c tio n . But Howie (1977) 

has po in ted  out th a t  such a c c id e n ts  may a ls o  happen in  

spontaneous la b o u rs . C le a r ly  th e  c a re le s s  use of o x y toc in  

must in c re a se  th e  r i s k  o f u te r in e  ru p tu re  b u t th e re  i s  no 

evidence t h a t ,  p ro p e rly  c o n tro lle d , i t  c o n s t i tu te s  any 

a d d it io n a l  h aza rd .

Amniotic F lu id  Embolism

In  common w ith  u te r in e  ru p tu re , when t h i s  r a r e  b u t u s u a lly  

f a t a l  c a ta s tro p h e  s t r i k e s  du rin g  o r a f t e r  induced  la b o u r, 

re c r im in a tio n s  fo llow  and doubts a re  r a is e d  about th e  

c o n tr ib u tio n  in d u c tio n  made to  th e  even t. Courtney (l974 ) 

has review ed th e  l i t e r a t u r e  on th i s  s u b je c t, and been a b le  

to  f in d  d e p re ss in g ly  few p o in te rs  to  th e  e t io lo g y . There 

i s  c e r ta in ly  no d i r e c t  a s s o c ia t io n  w ith  in d u c tio n  of la b o u r; 

indeed  i t  might be argued th a t  by ru p tu r in g  th e  membranes and 

a llo w in g  some of th e  l iq u o r  to  d ra in  away, the dangers o f t h i s  

co m p lica tio n  a re  s l i g h t l y  reduced*

M aternal D is s a t i s f a c t io n

% i l e  perhaps no t s t r i c t l y  a "hazard" of in d u c tio n  o f la b o u r ,



la b o u r , /

th e re  can be no doubt th a t  m ate rn a l d i s s a t i s f a c t i o n  w ith  the  

procedure has become in c re a s in g ly  apparen t in  re c e n t  y ears  

(Robinson 1975; R ile y  1977). I t  has been claim ed th a t  

in d u c tio n  d e p e rso n a lis e s  the  ex p erien ce  o f c h i ld b i r th  so 

th a t  th e  mother f e e l s  th a t  th in g s  a re  b e in g  done to  h e r 

r a th e r  th an  she doing them h e r s e l f  (Tweedie 1975). Much 

of t h i s  d i s s a t i s f a c t i o n  may d e riv e  from a  f a i l u r e  to  ex p la in  

p ro p e rly  to  p a t ie n ts  th e  reasons f o r  in d u c tio n , b u t th e re  i s  

no doubt th a t  they  a lso  d e riv e  in  p a r t  from th e  d e fe c ts  of 

th e  methods used and i n  p a r t  from th e  f a c t  of th e  in te r f e re n c e  

i t s e l f .

C artw righ t (l977 ) has in v e s t ig a te d  m others ex p erien ces  o f 

in d u c tio n  of la b o u r . hdiile she found no d if f e r e n c e s  in  the  

degree of pa in  re p o r te d  by m others fo llo w in g  in d u c tio n  than  

fo llo w in g  spontaneous la b o u rs , only 17 p e r c en t in d ic a te d  a 

p re fe re n ce  fo r  induced la b o u r . T his c o n tr a s ts  m th  much 

h ig h e r r a te s  f o r  e p id u ra l a n a lg e s ia  (63^) and h o s p i ta l  

confinem ent (8 3 ^ ), and would seem to  r e f l e c t  a  deep ro o ted  

d e s ir e  among women f o r  "n a tu ra l"  spontaneous la b o u r . In  a 

s im i la r  s tu d y  S tew art (l977 ) found th a t  many ex p erienced  

p a in  d u rin g  amniotomy, e s p e c ia l ly  i f  th e  c e rv ix  was u n r ip e .



THE PROSTAGLANDINS

In 1930 two New York g y n aeco lo g is ts  reported , an 

o b se rv a tio n  and th e reb y  s e t  in  m otion a chain  of even ts  

which le d  to  th e  d isco v ery  of a  h i th e r to  unknown group of 

b io lo g ic a l ly  a c t iv e  su b stan ces  -  th e  p ro s ta g la n d in s .

Raphael Kurzrok and C harles C. Lieb no ted  th a t  when a ttem p tin g  

to  c a r ry  ou t a r t i f i c i a l  in sem in a tio n  in  a human s u b je c t ,

0*5 m l, of semen in je c te d  in to  th e  u te r in e  c a v ity  was 

prom ptly e x p e lled  back th rough  th e  cervalx. T his d id  not 

occur i f  R ingers s o lu t io n  was s u b s t i tu te d  f o r  sem en .' They 

su b seq u en tly  s tu d ie d  the in  v i t r o  response to  semen of human 

m yom étrial s t r i p s  and showed th a t  th i s  cou ld  vary  in  d i f f e r e n t  

c o n d itio n s  between s t im u la tio n  and re la x a t io n  (K urzrok and 

Lieb 1930) .

D uring th e  p reced ing  25 y e a rs  a  number of workers had 

re p o r te d  b io lo g ic a l  a -c tiv ity  in  e x t r a c ts  made from th e  p ro s ta te  

and sem inal v e s ic le s .  J a p p e l l i  and Scafa ( 19O6) d esc rib ed  

e f f e c t s  on th e  c e n tr a l  nervous and c a rd io v a sc u la r  systems of 

dogs and r a b b i t s  fo llo w in g  in trav e n o u s  in je c t io n  of e x tra c ts  

of th e  dog p r o s ta te .  F ive y e a rs  l a t e r  Dubois and B oulet ( 19I I )  

found a s im ila r  e x tr a c t  could  in f lu e n c e  the  m o b ility  of th e  

gu t in  dogs, c a ts ,  r a b b i t s  and sheep . These and o th e r  re p o r ts  

by Thaon (l90?)»  Camus and Gley ( 1907) , G otzl ( 19IO ), and 

B a tte z  and B oulet (l9 1 3 ) a l l  in d ic a te d  th e  e x is ten c e  of 

e x tra c ta b le  su b stan ces  w ith  b io lo g ic a l  a c t i v i t y  b u t no s tu d ie s  

were made of u te r in e  re sp o n se s , and in t e r e s t  d ec lin ed  u n t i l  

re-aw akened by th e  Kurzrok and Lieb r e p o r t .



In  1933 Ï'I.W. G -oldblatt of S t- Thomas’ H o sp ita l ,  London, 

re a d  a paper to  th e  B iochem ical S o c ie ty  d e sc r ib in g  pow erful 

c o n tra c tio n s  of th e  i s o la te d  g u in ea-p ig  u te ru s  when a lc o h o l 

o r  acetone e x tr a c ts  of human sem inal f lu id  were a p p lie d  to  

i t  (G o ld b la tt 1933)* Working in d ependen tly  a t  th e  K arolinslca 

I n s t i t u t e t  in  Stockholm , Von E u ler made alm ost sim ultaneous 

and id e n t i c a l  o b se rv a tio n s  not only w ith  sem inal e x t r a c t s ,  b u t 

a ls o  th o se  o f the  acce sso ry  g e n i ta l  g lands (Von E u le r 1934)•

He assumed the  a c t iv e  p r in c ip le  found in  semen to  be a 

s e c re t io n  o f  th e  p ro s ta te  g land and coined the name 

"p ro s ta g la n d in " ; he a lso  considered  the e x tr a c t  of sem inal 

v e s ic le s  to  be a  d i f f e r e n t  su b stance  which he c a l le d  

"v es ig lan d in "  (Von E u le r  1936). When i t  l a t e r  became c le a r  

th a t  a  v a r ie ty  of d i f f e r e n t  p ro s ta g la n d in  su b stan ces  e x is te d  

and i t  seemed l ik e ly  th a t  th e  d i f f e r e n t  e f f e c t s  he had no ted  

w ith  th e  two e x tra c ts  were due to  d if f e r e n c e s  in  th e  v a r ie ty  

and c o n c e n tra tio n s  of d i f f e r e n t  p ro s ta g la n d in s , th e  l a t t e r  

name was abandoned,

G o ld b la tt had suggested  th a t  th e  e f f e c t  he had observed

was due to  h is tam in e  (G o ld b la tt 1935) b u t Von E u le r  (l936 )

d isp ro v ed  t h i s  by making an e x tr a c t  w ith  e th e r ,  and proceeded  

to  dem onstrate  th a t  h i s  "p ro s tag lan d in "  was capab le  of 

s t im u la t in g  human m yom étrial s t r i p s  in  v i t r o .

The fo u n d a tio n  was th u s  la id  fo r  th e  momentous work

th a t  fo llo w ed . In  1947 Von E u le r, a p h y s io lo g is t ,  persuaded

h is  co lle ag u e  a t  th e  K a ro lin sk a  I n s t i t u t e t ,  Siune B ergstrom ,
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a chem istry  p ro fe s s o r ,  to  t r y  to p u r ify  th e  a c t iv e  su b stan ce  

from a co n ce n tra te  of sem inal v e s ic le  m a te r ia l  from Ic e la n d ic  

sheep* The r r a te r ia l  was l im ite d  and l i t t l e  p ro g ress  was made 

u n t i l  1956 when i t  was p o s s ib le  to  o rg an ise  c o l le c t io n  o f v a s t  

numbers of fro ze n  sheep  g lan d s. Hence in  th e  l a t e  1950*s 

" p ro s tag lan d in "  was shown to  be no t a s in g le  su b stan ce  b u t 

a  m ix tu re  of s e v e ra l  c lo s e ly  r e la te d  u n sa tu ra te d  hydroxy f a t t y  

a c id s . T h is  may e x p la in  th e  v a r ia b le  r e s u l t s  seen  p re v io u s ly .

The i s o la t io n  in  pure c r y s ta l l in e  form from sheep p r o s ta te

glands of th e  f i r s t  two p ro s ta g lan d in s  was d e sc rib e d  in  I960

(SergstrBm  and Sj*6vall 1960a, 1960b), and t h e i r  chem ical

s t r u c tu r e  in  1962 (B ergstrom , Ryhage, Samuelsson and

S jo v a ll  1962) .  I d e n t i f i c a t io n  and c h a r a c te r is a t io n  o f more

p ro s ta g la n d in s  fo llow ed  ficm  so u rces  o th e r  th an  th e  g e n i ta l

t r a c t  so th a t  u l t im a te ly  as many as 17 n a tu ra l  compounds were

id e n t i f i e d  o r ig in a t in g  from p r a c t ic a l ly  every type of msnraalian 

t i s s u e .

Follow ing work by van Dorp e t a l  ( 1964) in  H olland and 

groups a t  th e  U n iv e rs ity  o f  Harvard and a t  the  Upjohn Company 

in  Kalamazoo, b io s y n th e s is  and u l t im a te ly  t o t a l  chem ical 

s y n th e s is  of the prim ary p ro s ta g lan d in s  became p o s s ib le  in  th e  

e a r ly  1970 's  (Corey 1971; Axen P ike and S chneider 1972).

The scene was now s e t  f o r  w idespread  c l in ic a l  t r i a l s .

By 1972, when th e  work d esc rib ed  in  t h i s  th e s i s  began , 

a la rg e  number of r e p o r ts  had appeared of th e  use o f p ro s ta g la n d in s  

fo r  th e ra p e u tic  a b o r t io n  and in d u c tio n  of lab o u r. Many of th e
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e a r ly  s tu d ie s  were made hy P ro fe s s o r  Karim in  Kampala

(Karim e t a l  1969; Karim 1971a, b and c) and th e s e , to g e th e r

w ith  th o se  in  th i s  coun try  in  London (B eazley, Bewhurst and G il le s p ie

1970; C ra ft 1972), Glasgow (M ille r ,  C alder and Hacnaughton 1972;

B arr and K aism ith 1972) and Oxford (Slmbrey 1970a and b , 197l) 

and o th e rs  in  Sweden ( t ' i q v i s t  e t  a l  1968) and th e  U nited S ta te s  

(Anderson e t a l  1972) had in v e s t ig a te d  a v a r ie ty  of ro u te s  

of a d m in is tra tio n . By 1972 i t  had been e s ta b lis h e d  th a t  PGB  ̂

was more p o ten t th an  PGFg# and caused few er s id e  e f f e c t s .  ■

During t h i s  tim e many b io lo g ic a l  o b se rv a tio n s  were being  

re p o rte d  which a re  now known to  be a t t r ib u ta b le  to  p ro s ta g la n d in s .

I t  was g e n e ra lly  assumed th a t  th e  presence in  sem inal f lu i d  of 

such p o ten t su b stan ces  could no t be w ithou t purpose and th a t  

th ey  might f a c i l i t a t e  sperm t r a n s p o r t .  Doubt was c a s t on t h i s  

by K arlson  (l959 ) who suggested  th a t  u te r in e  s tim u la tio n  was 

more l ik e ly  to  h in d e r  th an  to  h e lp  sperm t r a n s p o r t  b u t E lia sso n  

( 1959) by in  v i t r o  experim ents and E lia sso n  and Posse ( i 960) 

by o th e rs  in  vivo dem onstrated  th a t  th e  u su a l e f f e c t  of sem inal 

f l u i d  was to  in l i ib i t  r a th e r  th an  to  s tim u la te  u te r in e  c o n tra c t io n s . 

T h is  to g e th e r  w ith  th e  l a t e r  re p o r t  by Sandberg, Inglem an- 

Sundberg and Ryden (1964) th a t  i t s  e f f e c t  on th e  f a l lo p ia n  

tu b es  was to  s tim u la te  t h e i r  m edial p o r tio n s  w h ile  re la x in g  

t h e i r  o u te r  p o r tio n s  le d  to  th e  p o s tu la t io n  th a t  sem inal 

p ro s ta g la n d in s  in f lu e n c e  c o n d itio n s  in  th e  fem ale g e n i ta l  

t r a c t  to  h a l t  th e  ovum in  th e  u te r in e  tube a t  th e  optim al 

p o in t f o r  f e r t i l i s a t i o n .



Meanwhile i n  C a rd if f ,  P ic k le s  had been p u rsu ing  a d i f f e r e n t  

l in e  o f re se a rc h . He had been in tr ig u e d  by su g g es tio n s  of the 

e x is te n c e  of a "m en stru al to x in " . Dr. Schick of Vienna in  

1919 n o tic e  th a t  sometimes g i f t s  of flow ers handled  by h is  

m aid -serv an t q u ick ly  w ith e red , and he le a rn ed  th a t  th i s  only 

happened when she was m enstruating*  He concluded th a t  the 

cause was a"m enstrua l to x in "  s e c re te d  in  th e  palm ar sweat a t  

th e  tim e of m en stru a tio n . O ther an ecd o ta l accounts of t h i s  

Icind re in fo rc e d  t h i s  b e l i e f ,  and Macht and Davis (l934) were 

ab le  to  show th a t  crude m en stru a l to x in  o b ta ined  from menses 

could  p o te n t ia te  c o n t r a c t i l i t y  o f th e  r a t  vas d e fe ren s .

P ic k le s  rep ea ted  t h i s  experim ent w ith  e x tr a c ts  of m en stru al 

f l u i d ,  endometrium and b lood  o b ta in ed  d u ring  m en stru a tio n , and 

extended th e  s tudy  to  o th e r  smooth muscle system s in c lu d in g  th e  

myometrium. He was a b le  to  p o s tu la te  th a t  m enstrual f lu id  

con ta in ed  a smooth m uscle s tim u la n t which was probably  

re sp o n s ib le  fo r  th e  ex p u ls iv e  u te r in e  c o n tra c tio n s  du ring  

m en stru a tio n . He c a l le d  t h i s  "m enstrual s tim u lan t"

(p ic k le s  1957) .  L a te r  by chrom atography two f r a c t io n s  were 

d is t in g u is h e d , one c o n ta in in g  "m enstrual tox in"  and th e  o th e r  

"m enstrual s t im u la n t" , th e  l a t t e r  be in g  l i p i d  in  n a tu re  

(C lith e ro e  and P ic k le s  1 9 6 l) . F u r th e r  chrom atographic 

s tu d ie s  (E g lin to n  e t  a l  1965) showed th a t  th e  m en stru a l 

s tim u la n t f r a c t io n  co n ta in ed  a number of su b stan ces  w ith  

m o lecu lar s t r u c tu r e s  s im ila r  to  th e  p ro s ta g lan d in s  which 

Bergstrom  had c h a ra c te r ise d *

In  o th e r t i s s u e s  a v a r ie ty  of smooth m uscle s tim u la n ts  

came to  l ig h t  and were g iven  names a sso c ia te d  w ith  t h e i r  s i t e s
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of d isco v e ry . Thus " i r in "  (Ambache 1957) fro n  th e  i r i s  of 

th e  r a b b i t ,  "m edullin" (Lee e t  a l  1965) from th e  re n a l m edulla 

of th e  r a b b i t ,  and "darm sto ff"  (Vogt 1949) from th e  fro g  

in t e s t i n e  were su b stan ces  w ith  p ro p e r t ie s  which have s in c e  

been shorn  to  be due to  t h e i r  p ro s ta g la n d in  c o n te n t.

The sources of p ro s ta g la n d in s  a re  now known to  embrace 

a b e w ild e rin g  v a r ie ty  of mammalian t i s s u e s  and f l u i d s .  In  

th e  human a lo n e  th e i r  s i t e s  of occurrence  and b io lo g ic a l  a c t io n s  

a re  le g io n  (s e e  T ables 2=4 and 2*5; F ig u re  2*4) and th e  

r ic h e s t  sou rce  found so f a r  i s  th e  u n lik e ly  C arribean  c o ra l  

Gorgonian p lex au ra  homomalla (S ch n e id er 1975).

Chem istry

Most o f th e  c r e d i t  f o r  th e  chem ical c h a r a c te r i s a t io n  o f
tt

p ro s ta g la n d in s  must go to  Bergstrom  and h is  c o lle a g u e s  a t  th e  

K aro lin sk a  I n s t i t u t e t  i n  Stockholm, Indeed i t  was t h i s  group 

who f i r s t  reco g n ised  th a t  th e  new phenomenon was not a s in g le  

su b stan ce  b u t a v a r ie ty  o f c lo s e ly  r e la te d  l i p i d  so lu b le  

u n s a tu ra te d  hydroxy f a t t y  a c id s .  In  1957 Bergstrfim and 

S jo v a ll  i s o la te d  two pure  c y s ta l l in e  p ro s ta g la n d in s  from 

sheep sem inal v e s ic le s .  ' One, more so lu b le  i n  e th e r ,  th e y  

c a l le d  p ro s ta g la n d in  E; th e  o th e r , more so lu b le  in  phosphate  

b u f f e r  ( s p e l t  in  Swedish w ith  an p) they c a l le d  p ro s ta g la n d in  P. 

The ensuing  y ea rs  saw i d e n t i f i c a t i o n  o f  s e v e ra l  more v a r i a n t s ,  

so t h a t  17 d i f f e r e n t  n a tu r a l ly  o ccu rrin g  p ro s ta g la n d in s  a re  

now reco g n ised . A ll p ro s ta g la n d in s  a re  long ch a in  hydroxy
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f a t t y  a c id s  w ith  20 carbon atoms arranged  w ith a cyclopentane 

r in g  and two s id e  chains* They a re  th u s  a l l  d e riv ed  from 

th e  same b a s ic  s t r u c tu r e  re p re se n te d  by th e  h y p o th e tic a l  

substance  p ro s ta n o ic  a c id  ( f ig u re  2 ,5 ) .

There a re  fo u r  groups d esig n a ted  by th e  l e t t e r s  S, P,

A and B, a cco rd in g  to  th e  com position of the  cyclopen tane r in g  

( f ig u re  2*6 ). N a tu ra lly  o ccu rrin g  p ro s ta g la n d in s  of th e  

E and F s e r ie s  a re  r e f e r r e d  to  as prim ary p ro s ta g la n d in s  s in ce  

a l l  o th e rs  a re  de riv ed  from th e se . The prim ary  p ro s ta g lan d in s  

a re  th o se  o f p a r t i c u l a r  re le v an c e  to  t l i i s  th e s i s  and a re  

i l l u s t r a t e d  in  F ig u re  2 .7 .

They a l l  cen t ai. n a  hydroxyl group in  p o s i t io n  15 and a 

13? 14 t r a n s  double bond. Each gi’oup i s  f u r th e r  di'^rided 

acco rd in g  to  th e  degree of u n s a tu ra t io n  o f th e  s id e  chains 

and a num erical s u f f ix  i s  added depending on the  number of 

double bonds they  c o n ta in  (se e  F igure  2*7). Compounds of 

th e  F s e r ie s  may be e i t h e r  « o r  p isom ers depending on the  

s te reo ch em ica l arrangem ents of th e  hydroxyl groups i n  p o s it io n s  

9 and 11, a lth o u g h  only  th e  a isom er occurs n a tu r a l ly .

B io sy n th es is

P ro s ta g la n d in s  a re  sy n th es ised  n a tu r a l ly  from f a t t y  a c id  

p re c u rso rs , u n d er the c o n tro l o f a  microsomal enzyme system -  

p ro s ta g la n d in  sy n th e tase*  The i n i t i a l  p re c u rso r  i s  l in o le ic
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a c id  o b ta in ed  from th e  d ie t  and th e  main pathways a re  i l l u s t r a t e d  

in  F ig u re  2 .8 . This s y n th e t ic  c ap a c ity  has now been dem onstrated  

in  a  wide v a r ie ty  of t i s s u e s .

Once th e  b io s y n th e tic  pathways had been e lu c id a te d ,

(van Dorp, B e e r th iu s , N ugteren and Vonlceman 1964; B ergstrom , 

D an ie lsson  and Samuelsson 1964) i t  was p o ss ib le  to  e x p lo i t  t h i s  

knowledge to  m anufacture  prim ary p ro s ta g lan d in s  in  amounts 

s u f f i c i e n t  fo r  th e  e a r ly  c l i n i c a l  t r i a l s ,  b u t t h e i r  a v a i l a b i l i t y  

was l im ite d  by s u p p lie s  o f enzymes. Only s in ce  t o t a l  chem ical 

sy n th e s is  has been p o s s ib le  have p ro s ta g lan d in s  become w idely  

a v a i la b le  and t h i s  h as been achieved  m ainly by th e  e f f o r t s  o f 

Corey and h is  a s s o c ia te s  a t  H arvard ( Corey 1 9 7 l) , and th o se  o f 

s c i e n t i s t s  i n  th e  la b o r a to r ie s  of the  Upjohn Company a t  

Kalamazoo (Axen, P ike  and S chneider 1972). An im p o rtan t bonus 

o f t h i s  a b i l i t y  to  s y n th e s is e  p ro s ta g lan d in s  ch em ica lly  i s  the 

seem ingly l im i t l e s s  v a r ie ty  o f  analogues of p ro s ta g la n d in s  which 

can be produced. I t  i s  a lre a d y  c le a r  th a t  some such analogues 

may have d i s t i n c t  th e ra p e u tic  advantages over n a tu r a l  compounds 

e s p e c ia l ly  in  p o sse ss in g  g re a te r  s p e c i f i c i ty  of a c t io n s ,  and 

g r e a te r  r e s is ta n c e  to  m etabo lic  d eg rad a tio n . T h is  g iv e s  r i s e  

to  hopes of overcoming two im p o rtan t l im i ta t io n s  on th e  use o f 

prim ary p ro s ta g la n d in s , namely troublesom e s id e  e f f e c t s  and 

s h o r t d u ra tio n  of a c t io n .

Metabolism

I t  should  be em phasised t h a t ,  a l t h o u ^  o f te n  lo o se ly
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d e sc rib e d  as hormones, th e  prim ary p ro s ta g la n d in s  do not behave 

as  hormones in  th e  accep ted  sense  o f  substances re le a s e d  in to  the 

c i r c u la t io n  from a s p e c i f ic  o rgan  in  o rder to  in f lu e n c e  th e  

a c t i v i t y  of remote organs o r t i s s u e s .  They a re  sy n th es ised  and 

re le a s e d  e i t h e r  a t  or a d ja c e n t t o  t h e i r  s i t e  of a c t io n  (Karim 

and H i l l i e r  1975).

Once in  th e  g en era l c i r c u la t io n  they  a re  ra p id ly  m etabo lised*  

Animal experim ents suggest t h a t  as mudi as 90 per cent of p rim ary  

p ro s ta g la n d in s  a re  in a c t iv a te d  d u rin g  a s in g le  passage th rough  

th e  lungs w ith  a  f u r th e r  p ro p o r tio n  be ing  removed by o th e r  

organs such as  th e  l i v e r .  Samuelsson e t  a l  ( l9 7 l )  produced 

ev idence of a s im ila r  s i t u a t io n  in  th e  human when they  showed
3

th a t  oru),y 3 p e r  cen t of in tra v e n o u s ly  in je c te d  H la b e l le d  

p ro s ta g la n d in  rem ained u n a lte re d  in  th e  plasma a f t e r  90 seco n d s , 

and more th a n  h a l f  th e  t o t a l  r a d io a c t iv i ty  can be reco v ered  

from th e  u r in e  w ith in  f iv e  h o u rs .

There ap p ear to  be fo u r  main s ta g e s  in  th e  m etabo lic  

d e g rad a tio n  of p rim ary  p ro s ta g la n d in s . F i r s t  th e  hydroxyl group 

a t  p o s i t io n  15 i s  o x id ised  by 15 -  OH p ro s ta g la n d in  dehydrogenase 

to  form the  15-keto  m e ta b o lite . T his i s  in  tu rn  ra p id ly  

converted  to  th e  15~keto , 13, 14-dihydro compound when th e  

13, 14 double bond i s  reduced  under th e  in f lu e n c e  of -1 3 -  

p ro s ta g la n d in  re d u c ta s e . The rem aining s ta g e s , p -o x id a tio n  

o f th e  ca rb o x y lic  s id e  chain  and ( J - o x id a t io n  o f  th e  a lk y l  s id e  

c h a in , then  occur more s low ly .



I t  vrould seem l ik e ly  from Sam uelsson 's o b se rv a tio n s  

(Sam uelsson e t  a l  197l) and those  of Vane ( 1969) th a t  

m etabo lic  d eg rad a tio n  of in tra v e n o u s ly  ad m in is te red  prim ary 

p ro s ta g la n d in s  i s  so ra p id  th a t  l i t t l e  o r no pharm acological 

e f f e c t s  shou ld  be expected  except w ith  very  la rg e  doses. 

C l in ic a l  experience  does n o t b ea r t h i s  o u t, however, and th i s  

may be ex p la in ed  a t  l e a s t  in  p a r t  by the  d isco v ery  

(Byg'deman e t  a l  1974) th a t  th e  m e ta b o lite s  ( e s p e c ia l ly  th e  

13, 14-d ih y d ro  compound) possess some b io lo g ic a l  a c t i v i t y  

as smooth m uscle s tim u la n ts .



CLINICAL APPLICATIONS OF PROSTAGLANDINS
IN OBSTETRICS AND GYNAECOLOGY

The speed vdth which new c l in i c a l  a p p lic a tio n s  of 

p ro s ta g la n d in s  appear i s  such th a t  I  propose to  co n sid e r 

h e re  th e  s i tu a t io n  which had been reached  by l a t e  1972, th e  

tim e th e  work d esc rib ed  in  t h i s  th e s i s  was begun. Subsequent 

developm ents w i l l  be d iscu ssed  where a p p lic a b le  in  the  ensuing  

c h a p te rs .

At th a t  tim e th e  e a r ly  c l i n i c a l  t r i a l s  in  th e  U nited Kingdom 

had been com pleted , and th e  r e s u l t s  were under s c ru tin y  by th e  

Committee of S a fe ty  of M edicines. As a r e s u l t  of th e  t r i a l s  

th e  Committee g ran ted  th e  Upjohn Company perm ission  in  1973 

to  r e le a s e  p ro s ta g la n d in s  and F com m ercially f o r  use in

h o s p i ta ls  f o r  in d u c tio n  of lab o u r and te rm in a tio n  of pregnancy.

The a re a s  of c l i n i c a l  a p p lic a t io n  of th e se  compounds which 

had th en  been in v e s t ig a te d  can be considered  under th re e  main 

h ead in g s : -

1) T h erap eu tic  A bortion
2) Abnormal P regnancies

( f e t a l  death  and abnorm ality )
3) In d u c tio n  of Labour.

In  rev iew ing  th e  r e s u l t s  of th e se  s tu d ie s  I  propose to  make 

only broad o b se rv a tio n s . Too much e f f o r t  has been w asted in  

th e  p a s t in  t r y in g  to  compare th e  r e s u l t s  o f d i f f e r e n t  s tu d ie s  

and ex p ress  th e se  in  sim ple term s ( l i k e  p ercen tage  su ccess ,



s u c c e s s , /

in c id en ce  of s id e  e f f e c t s ,  e t c . )  when owing to  fundam ental 

d if fe re n c e s  in  p ro to c o l — p a r i ty  and g e s ta t io n a l  age of th e  

p a t ie n t ,  dose schedu le  of th e  drug, c r i t e r i a  of su ccess  “  th e  

s tu d ie s  a re  sim ply n o t com parable.

l )  T h erap eu tic  A bortion

With th e  passage o f new le g i s l a t i o n  in  1967 th e  demand 

f o r  th e ra p e u tic  a b o r tio n  in  th e  U nited Kingdom in c re a se d  sh arp ly . 

I f  perform ed b e fo re  th e  12 th  week of pregnancy, th e  p rocedure 

was f a i r l y  s t r a ig h t  fo rtm rd  s in c e  th e  u te ru s  co u ld  be evacuated  

sim ply and w ith  reaso n ab le  s a f e ty  by th e  s u rg ic a l  method o f 

su c tio n  c u re tta g e  (s ta l lw o r th y  1972). But d i f f i c u l t i e s  a ro se  

in  more advanced p reg n an c ie s . The th e ra p e u tic  o p tio n s  in  such 

cases  f e l l  in to  two c a te g o r ie s :

a) S u rg ic a l Methods
b) Methods of Inducing  A bortion

a) S u rg ic a l Methods :

I t  i s  g e n e ra lly  agreed  th a t  th e  r i s k s  in h e re n t in  

em ptying th e  u te ru s  by s u rg ic a l ly  d i l a t i n g  th e  c e rv ix , 

r i s e  very  s te e p ly  a f t e r  12 weeks g e s ta t io n .  In  

p a r t i c u la r  haemorrhage and s e p s is  a re  common (T ie tz e  

and Lewit 1972). In  most departm ents th e r e f o r e  th e  

s u rg ic a l  method of cho ice  in  such cases  i s  hystero tom y, 

e i th e r  abdominal o r  v a g in a l . T his has a number of 

se r io u s  drawbacks- The prim ary o p e ra tiv e  m o r ta l i ty
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i s  h igh  and th e  r e s u l t in g  u te r in e  so ar may ru p tu re  in  

a  subsequent pregnancy, and may c a l l  f o r  e le c t iv e  

caesarean  s e c t io n  to  avoid  th i s  r i s k  in  la b o u r . The 

u se  of hystero tom y i s  now g e n e ra lly  r e s t r i c t e d  to  

cases in  which tu b a l  l i g a t io n  i s  a lso  re q u e s te d .

The o p e ra tio n  a lso  c a r r ie s  a rem arkably f re q u e n t 

in c id en ce  of th e  delayed  co m p lica tion  of im p la n ta tio n  

en d o m etrio sis  in  th e  abdominal o r v a g in a l s c a r  

(s ta l lw o r th y  1972).

b) Methods of Inducing  A bortion

Because of th e  drawbacks o f s u rg ic a l  methods of 

second t r im e s te r  pregnancy te rm in a tio n , te ch n iq u es  

of in duc ing  a b o r tio n  were sough t, A v a r ie ty  of 

m yom étrial s tim u la n ts  were t r i e d  in c lu d in g  o x y toc in  

and e rgom etrine  b u t because th e  myometrium in  normal 

second t r im e s te r  p reg n an cies  i s  r e l a t i v e ly  in s e n s i t iv e  

to  th e se  a g e n ts ,  th e  r e s u l t s  were u n sa tis fa c to ry ^ , even 

when " s e n s i t i s in g "  ag en ts  such as q u in in e  o r o estro g en s  

were added. O ther tech n iq u es  such as th e  u se  of U tu h 's  

p a s te  p a in te d  on th e  c e rv ix , or la m in a ria  t e n t s  p laced  

in  the  e n d o ce rv ic a l can a l were more e f f e c t iv e  bu t 

c a r r ie d  a h ig h  m o rb id ity  r a t e ,  e sp e c ia l ly  of haemorrhage 

and s e p s is .

R esort was made to  in tra -a m n io tic  th e ra p y , and 

good r e s u l t s  were re p o rte d  u s in g  h y p e rto n ic  s o lu t io n s  

of s a l in e  (Wagatsuma 1965) and g lucose (Le^ris, Sm ith
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and S p e lle r  1969)« I t  now seems c le a r  th a t  th e se  

tech n iq u es  worked a t  l e a s t  in  p a r t  by cau s in g  lo c a l 

re le a s e  of p ro s ta g la n d in s  from d is ru p te d  d ec id u a l 

c e l l s  (G u s ta v ii and Green 1972)* But w h ile  h ig h ly  

e f f e c t iv e ,  th e se  methods cou ld  a lso  be dangerous and 

dea th s  were re p o rte d  due to  overwhelming in f e c t io n  

in  a s s o c ia t io n  w ith  g lucose  th e rap y  and due to  

hypernatraem ia  w ith  s a l in e  ( s ta llw o r th y  1972). More 

r e c e n t ly  h y p e rto n ic  u rea  has been employed and seems 

f r e e  o f such r i s k s  (G ra ft and Musa 1 9 7 l)» A m ajor 

drawback of in tr a -a m n io tic  th e ra p y , however, i s  th e  

need f o r  am n iocen tesis  which cannot be r e l i a b ly  

perform ed b e fo re  14 o r 15 weeks of pregnancy. Thus 

in  a p a t ie n ts  who w ished to  p re se rv e  h e r c h ild b e a r in g  

c a p a c ity , te rm in a tio n  of pregnancy could  on ly  be 

c a r r ie d  out b e fo re  12 o r a f t e r  14 weeks w ith  any 

reaso n ab le  degree of s a f e ty ,  and even so th e  methods 

l e f t  much to  be d e s ir e d .

Such was th e  s t a t e  of a f f a i r s  b e fo re  th e  a v a i l a b i l i t y  

of p ro s ta g la n d in s  and t h i s  la rg e ly  e x p la in s  t h e i r  immediate 

im pact as ag en ts  f o r  th e ra p e u tic  a b o r tio n . The obvious 

b e n e f i t  was t h e i r  a b i l i t y  to  produce e f f e c t iv e  m yom étrial 

c o n tra c tio n s  a t  any s ta g e  o f pregnancy, som ething of which 

no h i th e r to  a v a ila b le  agen t had been capable*

The p ro p e rty  of th e  p ro s ta g la n d in s  to  s t im u la te  m yom étrial 

c o n tra c tio n s  had been c le a r ly  dem onstrated  by e a r ly  s tu d ie s
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(Smbrey 1966; Karim e t  a l  1968; Embrey and M orrison 1968).

Two q u estio n s  rem ained to  be re so lv ed ;

i )  Ubich compound was b e s t  s u ite d  as an a b o r t if a o ie n t?  
i i )  How could  th i s  c a p a c ity  be most e f f e c t iv e ly  u t i l i s e d ?

The answer to  both  th e se  q u e s tio n s  cen tred  on th e  m a tte r  of 

s id e  e f f e c t s .

As to  which compound was b e s t  s u i te d ,  th e  f i e l d  was q u ick ly

narrowed down to  PGE  ̂ and PGFk . Although i s  w idely^ ^ oc ^  cc

used  in  o th e r  c o u n tr ie s ,  PGEg gained  w ider p o p u la r ity  in  Europe 

because of g re a te r  po tency  and few er s id e  e f f e c t s  (Embrey and 

M orrison 1968; Bygdeman e t  a l  1968; Embrey 1969). The 

p re fe ren ce  f o r  PGP^ ^ iu  o th e r  p a r ts  of th e  w orld r e s u lte d  

from problem s of s t a b i l i t y  o f PGE^ in  h o t te r  c lim a te s .

In  o rd e r to  f in d  th e  b e s t  method of employing th e se  a g e n ts , 

s e v e ra l ro u te s  o f a d m in is tra tio n  were ex p lo red . I t  was q u ick ly  

apparen t th a t  o ra l  th e rap y  was u n s a t i s f a c to ry  s in ce  v e ry  la rg e  

doses were re q u ire d , and even in trav en o u s  th e rap y  was o fte n  

u n s a t i s f a c to ry  because o f an  in to le r a b le  le v e l  o f s id e  e f f e c t s  

( Embrey 1972), D esp ite  fav o u rab le  e a r ly  c laim s f o r  th e  v a lu e  

o f v a g in a l p e s s a r ie s  (Karim and Sharma 1971c) most o th e r  w orkers 

re p o rte d  a h igh  le v e l  o f s id e  e f f e c t s  su g g es tin g  th a t  system ic 

a b so rp tio n  i s  re q u ire d  (U iq v is t e t  a l  1972; B renner e t  a l  1972).

The e x p lan a tio n  of th e se  troublesom e s id e  e f f e c t s  l i e s  in  

two im portan t o b se rv a tio n s  a llu d e d  to  e a r l i e r ,  namely th e  la c k
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of s p e c i f i c i ty  o f th e se  compounds and th e  speed w ith  which th ey  

a re  m e tab o lised  in  th e  c i r c u la t io n .  F o r tu n a te ly , however, th e se  

su b stan ces  a re  lo c a l ly  a c t in g  and i t  was t h i s  th a t  le d  to  the 

development of i n t r a - u t e r i n e  ro u te s  as th e  most e f f e c t iv e  means 

of a d m in is te r in g  p ro s ta g la n d in s  f o r  second t r im e s te r  a b o r t io n .

Two d i f f e r e n t  tech n iq u es  were developed : in tr a - a m n io t ic  

and e x tra -a m n io tic . The in tra -a m n io tic  ro u te  w i l l  n o t be 

considered  f u r th e r  s in c e  i t  has no re lev an ce  to  th i s  t h e s i s .

The e x tra -a m n io tic  ro u te  had p re v io u s ly  been employed f o r  

a d m in is tra tio n  of dye su b stan ces  such as r iv a n o l  f o r  in d u c tio n  

of a b o r tio n  (N ab risk i e t  a l  1 9 7 l) • The a d m in is tra t io n  of 

p ro s ta g la n d in s  by th i s  ro u te  was f i r s t  re p o r te d  by th e  Swedes 

(W iqvist and Bygdeman 1970) and by Embrey and H i l l i e r  ( l 9 7 l ) .  

I n te r m i t te n t  in je c t io n s  o f PG s o lu tio n  were g iven  (200 PGE  ̂

o r 750 pg PGFg ^ ) a t  two ho u rly  in te r v a ls  and t h i s  was found

to  be h ig h ly  e f f e c t iv e  w ith  a minimum of s id e  e f f e c t s ,

Embrey (l972 ) re p o rte d  61 p e r c en t a b o r tin g  w ith in  24 hours 

i f  PGFg^ was employed and 79 p e r cen t i f  PGEg was employed.

The dosage re q u ire d  was only  about a te n th  o f  th a t  re q u ire d  

by in trav en o u s  in fu s io n  and s id e  e f f e c t s  were v i r t u a l l y  e lim in a ted ,

M ille r ,  C alder and Macnaughton (l972) m o d ified  th e  method 

by g iv in g  a con tinuous e x tra -a m n io tic  in fu s io n  w ith  th e  a id  o f a 

m echanical pump. T his ach ieved  a sh o rte n in g  o f th e  mean tim e 

taken  to  a b o r t (from 22,2  hours to  15*75 hours) and s im p lif ie d  

th e  p r a c t ic a l  management of th e  p a t ie n t s .  A f te r  s ix  yearn  the
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techn ique  rem ains th e  method of choice fo r  te rm in a tin g  

2nd t r im e s te r  p reg n an cies  in  Glasgow Royal Infirm ai-y .

2) C lin ic a l  Uses in  Abnormal Pregnancies

The u se  of p ro s ta g la n d in s  in  the  management of cases 

com plicated  by f e t a l  d eath  in  u te ro  and h y d a tid ifo rm  mole 

was review ed by M ille r  in  1972, A ll th e  p u b lish ed  work 

to  th a t  tim e (Karim 1970? B eazley and G il le s p ie  1971?

F i l s h ie  1971? Karim and T r u s s e l l  197l) d e sc rib e d  in trav en o u s  

th e ra p y , and th e  t o t a l  number o f cases d e sc rib e d  in  th e  f iv e  

r e p o r ts  ( in c lu d in g  M i l le r 's  own experience) amounted to  only 87. 

However, a lth o u g h  th e  s id e  e f f e c t s  commonly seen  w ith  in trav en o u s  

p ro s ta g la n d in  th e ra p y  had a t  tim es been troub lesom e, th e  u se  of 

th e se  ag en ts  appeared  to  re p re se n t a s u b s ta n t ia l  improvement 

over p rev io u s  methods o f d e a lin g  w ith  p a t ie n ts  in  th e se  d i f f i c u l t  

c l i n i c a l  s i t u a t io n s .

3) In d u c tio n  of Labour

By 1972 a number o f r e p o r ts  had appeared d e sc r ib in g  th e  

use o f p ro s ta g la n d in s  f o r  in d u c tio n  of la b o u r a t  term . The 

prev ious few y e a rs  had seen  a w idespread move tow ards a uniform  

approach to  la b o u r in d u c tio n  by amniotomy and immediate oxy tocin  

t i t r a t i o n  (T u rn b u ll and Anderson 1968; B radford  and Gordon I 968) , 

and th e  appearance of new sub stan ces  w ith  o x y toc ic  p ro p e r t ie s  

le d  to  th e  in e v i ta b le  q u e s tio n  of which a g e n t was su p e r io r  f o r  

lab o u r in d u c tio n , o x y to c in  o r p ro s ta g lan d in s?  One of th e
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co n c lu sio n s  of th i s  th e s i s  i s  th a t  such a q u e s tio n  was as f u t i l e  

th en  as i t  i s  now, and th a t  th e  choice o f method of lab o u r 

in d u c tio n  should  depend on th e  p a r t i c u la r  c l i n i c a l  c ircu m stan ces .

N e v e rth e le ss , i t  was a lre a d y  c le a r  th a t  th e  p ro s ta g la n d in s  

would make a co n s id e ra b le  im pact as ag en ts  f o r  la b o u r in d u c tio n . 

Although s u c c e ss fu l in d u c tio n  had been re p o rte d  by Kaiim and 

Sharma ( l9 7 l)  u s in g  v a g in a l p e s s a r ie s  or r e c t a l  s u p p o s ito r ie s  

th e  only ro u te s  e x te n s iv e ly  in v e s t ig a te d  had been o ra l  and 

in tra v e n o u s . In  g en e ra l th e s e  agen ts  had been used  in  

c o n ju n c tio n  w ith  amniotomy and a la rg e  number o f r e p o r ts  had 

been p u b lish ed  (Embrey 1969; Karim e t  a l  1969; Embrey 1970;

Karim e t  a l  1970; B eazley , Bewhurst and G i l le s p ie  1970; B eazley  

and G il le s p ie  1971; Karim and Sharma 1971; B arr and N aism ith  

1972; C ra ft 1972).

The p lace  of th e se  a g en ts  was review ed in  a  Lancet le a d in g  

a r t i c l e  in  1973. T his em phasised th a t  in trav en o u s  p ro s ta g la n d in s  

had no t e s ta b lis h e d  any wide p o p u la r ity  in  r o u t in e  o b s te t r i c  

p ra c t ic e  and seemed to  have few advantages over oxy tocin  excep t 

in  s i tu a t io n s  where th e  a n t id iu r e t i c  p ro p e r t ie s  of oxy tocin  

(R oberts  e t  a l  1970) m ight be con sid ered  a drawback, such as 

c a rd ia c  d isea se  and sev e re  p re -ec lam p sia . I t  was su g g es ted  

th a t  amniotomy and o ra l  p ro s ta g la n d in s  had proved a conven ien t 

and a cc e p tab le  method o f lab o u r in d u c tio n  in  p a t ie n t s  w ith  

fav o u rab le  in d u c tio n  f e a tu re s  where a good resp o n se  and a 

s h o r t  lab o u r could  be a n t ic ip a te d .
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CURRENT CONCEPTS OF CERVICAL RIPENING

I t  has heen co n v en ito n a l to  reg ard  th e  d i f f e r e n t  dynand-C 

ro le s  p layed  hy th e  corpus u t e r i  and the c e rv ix  u t e r i  du ring  

p a r tu r i t i o n  as a c t iv e  and p a ss iv e  r e s p e c t iv e ly ,  and to  co n sid e r 

th a t  th i s  re p re s e n ts  a r e v e r s a l  of th e  s t a t e  of a f f a i r s  which 

has h i th e r to  o b ta ined  d u rin g  pregnancy* As a broad g e n e ra l

i s a t i o n  t h i s  i s  t ru e  enough. On th e  fa c e  of th in g s  th e  

onset o f la b o u r w itn e sse s  à d ram atic  change in  th e  behaviour 

of b o th  p a r ts  of th e  u te ru s ;  th e  ap p a ren tly  dormant corpus 

wakens in to  l i f e  w hile  th e  c e rv ix  can a t  l a s t  r e la x  i t s  weary 

s e n t in e l  of keep ing  th e  door of th e  womb c lo se d  and i t s  c o n ten ts  

s a fe  w ith in .

The need f o r  a dormant corpus and a s e n t in e l  c e rv ix  i s  not 

in  d isp u te  and f a i l u r e  on e i t h e r  p a r t  may lead  to  a b o rtio n  or 

prem ature la b o u r . N e v e rth e le ss , i t  i s  wrong to  suppose th a t  

th e  corpus u t e r i  rem ains com pletely  dormant th ro ughou t pregnancy 

o r th a t  th e  c e rv ix  shows no s ig n s  of re la x in g  i t s  v i g i l  b e fo re  

th e  c l i n i c a l l y  re c o g n isa b le  o n se t of la b o u r.

From th e  p a t i e n t 's  p o in t of view , pregnancy and lab o u r a re  

d i s t i n c t ,  and th e  t r a n s i t i o n  from th e  one to  th e  o th e r i s  a 

f a i r l y  sudden ev en t a s s o c ia te d  w ith  th e  re c o g n itio n  of rhythm ic 

c o n tra c tio n s  which cause d isco m fo rt. There may be a d d i t io n a l  

sudden even ts such a s  th e  passage p e r vaginam o f  a  "show" of 

b lood and mucus, o r spontaneous ru p tu re  of th e  f e t a l  membranes. 

Wood ( 1972) has p o in ted  to  a d i s t in c t io n ,  however, between 

th e  c l i n i c a l  and th e  p h y s io lo g ic a l onset of la b o u r , and of



and o f /

fundam ental im portance to  t h i s  th e s i s  i s  th e  accep tance th a t  

in  p h y s io lo g ic a l terms th e  onset of lab o u r i s  not so sudden as 

i t  ap p ea rs , r a th e r  th a t  i t  in v o lv es  a t r a n s i t i o n a l  phase occupying 

s e v e ra l  weeks which Demelin (192?) has c a l le d  " p re - la b o u r" .

T his tim e w itn e sse s  a  s tea d y  in c re a se  in  th e  c o n t r a c t i l e  

a c t i v i t y  of th e  upper u te r in e  segment (C aldey ro -B arc ia  1958) 

of which th e  m other i s  u su a lly  h a rd ly  aw are, and a p ro g ress io n  

of changes in  th e  shape, chem istry  and p h y s ica l c h a ra c te r is h c s  

of th e  c e rv ix  of which she i s  e n t i r e ly  unaw are. I t  i s  th i s  

p ro g re ss iv e  change in  th e  c e rv ix  which i s  c a l le d  r ip e n in g .

NORMAL PATTERN OF CERVICAL CHANGES 
IN PREGNANCY

a) Shape Changes

I t  i s  f i r s t  n ecessa ry  to  d e sc rib e  b r ie f ly  th e  non-pregnant 

c e rv ix . I t  i s  a b a r re l  shaped s t ru c tu re  m easuring about 

2 .5  -  5*5 cmss in  le n g th , and th e  same in  d iam eter ( je f f c o a te  

1967) .  These measurements a re  alm ost c e r ta in ly  u n d e r-e s tim a tes  

f o r  th e  re p ro d u c tiv e  phase o f l i f e  because th ey  a re  probably  

based  in  p a r t  on au topsy  m a te r ia l la rg e ly  from post-m enopausal 

women. The la r g e r  v a lu es  a re  p robab ly  more a c c u ra te  f o r  th e  

c h ild b e a r in g  y ea rs  (se e  Table 3 * l) .  The upper p a r t  of th e  

c e rv ix  has some smooth m uscle f ib r e s  which connect w ith  those  

o f th e  corpus and th e re  i s  a th in  la y e r  of muscle p e r ip h e ra l ly  

which connects w ith  the  m uscle of th e  v ag in a . The rem ainder



rem ainder/

of th e  c e rv ix  i s  alm ost e n t i r e ly  composed of f ib ro u s  t i s s u e  

(m ainly  c o lla g e n ) . The en d o ce rv ica l can a l i s  sp in d le  shaped.

W ithin a v e ry  few weeks of concep tion  c l i n i c a l l y  obvious 

changes appear i n  th e  c e rv ix . Indeed th e se  a re  im p o rtan t 

c l in i c a l  s ig n s  o f pregnancy and a re  of d ia g n o s t ic  v a lu e . In  

common w ith  th e  vag ina th e  c e rv ix  tak es  on a c h a r a c t e r i s t i c  b la e  

co lo u r and i t  becomes n o tic e a b ly  s o f te r  to  th e  to u ch . A r te r ia l  

p u ls a t io n  may a ls o  be d e te c te d  in d ic a t in g  an in c re a se d  b lood 

supply . The s iz e  and shape, however, show l i t t l e  change,

C alder and McManus (l977? unpub lished  o b se rv a tio n s )  have 

measured th e  le n g th  of th e  c e rv ix  in  v ivo  in  th e  non-pregnant 

and e a r ly  p regnan t s u b je c t by p ass in g  a Foley c a th e te r  in to  th e  

u te ru s  and d is te n d in g  th e  b a llo o n  w ith  1 ml. of w a ter; th e  

c a th e te r  was th en  r e t r a c te d  to  b r in g  th e  b a llo o n  a g a in s t  th e  

in te r n a l  c e rv ic a l  os, and th e  c a th e te r  marked where i t  emerged 

from th e  e x te rn a l  os. The c a th e te r  was then  removed, and th e  

d is ta n c e  between the  b a llo o n  and th e  mark reco rd ed . As can 

be seen from th e  r e s u l t s  (T able 5 . l )  th e re  i s  l i t t l e  change 

in  th e  observed c e r v ic a l  le n g th  d u ring  th e  f i r s t  h a l f  of 

pregnancy. In  p a r t i c u la r  th e re  i s  no evidence o f an in c re a s e  

i n  th e  le n g th  to  suggest hypertrophy  or re in fo rcem en t of th e  

c e rv ix  d u rin g  t h i s  tim e.

Johnstone e t  a l  (1974-) have measured th e  d iam eter of th e  

en d o cerv ica l can a l a t  th e  le v e l  of th e  isthm us in  non-p regnan t 

and e a r ly  pregnan t s u b je c ts  u s in g  a s p e c ia l ly  designed  in s tru m e n t. 

They found a steady  b u t very  s l ig h t  in c re a se  i n  th e se  m easurem ents



m easurem ents/

during  th e  f i r s t  t r im e s te r  (Table 3 ,2 ) but a f t e r  12 weeks 

g e s ta t io n  th e  mean d iam eter was le s s  than 25 per cen t above 

non-pregnant v a lu e s ,

Anderson and T u rn b u ll (l96g) have s tu d ie d  th e  changes 

th a t  occur in  th e  c e rv ix  in  l a t e r  pregnancy. In  a s e r i e s  of 

77 h e a lth y  p rim ig rav id ae  w ith  w e ll documented p re g n a n c ie s , they  

perform ed s e r i a l  v a g in a l exam inations a t  24, 28, 32, 34 and 36 

weeks g e s ta t io n , and weekly th e r e a f t e r  u n t i l  th e  o n se t of la b o u r. 

They reco rded  th e  tim es a t  which th e  e x te rn a l and i n t e r n a l  os 

could  f i r s t  admit an exam ining f in g e r ,  and a t  which th e  c e rv ix  

appeared  to  become f u l l y  e ffa c e d . T h e ir f in d in g s  a re  i l l u s 

t r a t e d  in  F igu re  3 .1  and p o in t to  th e  p ro g re ss iv e  n a tu re  of 

th e  p ro cess  as w e ll as c o n s id e ra b le  i n t e r - p a t i e n t  v a r i a b i l i t y .

They a lso  showed a c le a r  r e la t io n s h ip  between th e  

development o f th e se  changes and the  tim e of onset o f spontaneous 

la b o u r. Thus th e  in t e r n a l  c e r v ic a l  os could adm it an exam ining 

f in g e r  a t  32 weeks g e sa tio n  in  a l l  those  p rim ig rav id ae  who 

su b sequen tly  laboured  b e fo re  38 weeks g e s ta t io n , in  55 p e r  cen t 

o f  those  who laboured  between 38 weeks and terra , and i n  le s s  

th an  20 p e r cen t o f th o se  whose p regnancies con tinued  beyond 

terra (T able 3 .3 ) .

Bishop ( 1964) dev ised  a  s o p h is t ic a te d  sc o r in g  system  to  

a sse s s  th e  degree to  which changes in  th e  c e rv ix  have p ro g ressed  

(F igu re  3 .2 ) .  T his approach which w i l l  be d iscu ssed  in  g re a te r  

d e t a i l  in  C hapter 4 i s  now w idely  accep ted  as th e  most s a t i s f a c to r y



s a t i s f a c to r y /

method of a s s e s s in g  c e r v ic a l  r ip e n e s s . Using th i s  system he 

perform ed 500 v ag in a l exam inations in  l a t e  pregnancy, on 

p a t ie n ts  ( p a r i ty  u n s ta te d )  who were th en  allow ed to  aw ait 

the  onset of lab o u r. He found (F ig u re  3*3) th a t  a very  r ip e  

c e rv ix  in d ic a te d  by a c e r v ic a l  sco re  of 9 or more was a s s o c ia te d  

w ith  th e  on set of lab o u r a f t e r  an average of two or th re e  days, 

and always w ith in  te n  days, whereas i f  th e  c e rv ix  was very  

u n rip e  (sc o re  3 o r le s s )  th e  average d e lay  b e fo re  lab o u r was 

two -  th re e  weeks and in  some cases as much as f iv e  weeks.

H endricks? Brenner and Kraus (l970) made s e r i a l  v a g in a l 

exam inations throughout pregnancy in  305 p a t i e n t s ,  and reco rd ed  

changes in  c e r v ic a l  e ffacem en t  ̂ and d i l a t a t i o n ,  and th e  s t a t io n  

of th e  f e t a l  head . In  p r im ig ra v id  p a t ie n ts  th ey  estim ated  

th a t  th e  mean c e rv ic a l  d i l a t a t i o n  a t  th e  in te r n a l  os in c re ase d  

from 0=5 cms, fo u r  weeks b e fo re  th e  s t a r t  of lab o u r to  1«8 cms. 

d u rin g  the  f i n a l  th re e  days (F ig u re  3 .4 ) .  They a lso  recorded  

a p ro g re s s iv e  in c re a s e  i n  effacem ent of th e  c e rv ix  d u rin g  th e  

same in te r v a l  from 20 to  60 p e r cen t (F igure  3*5) and p ro g re s s iv e  

descen t o f th e  f e t a l  head . The same p a t te r n  was seen in  

m u ltig rav id ae  a lth o u g h  th e  a b so lu te  v a lu es  f o r  d i l a t a t i o n  and 

effacem ent were s l i g h t ly  g re a te r  th roughou t.

These s tu d ie s  e s ta b l i s h  a  c le a r  tem poral l in k  between th e  

p ro cess  o f c e rv ic a l  r ip e n in g  and th e  spontaneous onset of lab o u r. 

F urtherm ore , th re e  of th e  c e n tr a l  e lem ents of c e rv ic a l r ip e n in g , 

namely effacem ent and d i l a t a t i o n  of th e  c e rv ix  and descen t of 

th e  f e t a l  p re se n tin g  p a r t ,  a re  th e  e s s e n t ia l  requ irem en ts of
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normal p ro g re s s iv e  la b o u r, a lthough  the  r a te  of change i s  

obv iously  very  d i f f e r e n t .  I t  seems h ig h ly  probable  then  

th a t  s im ila r  mechanisms a re  re s p o n s ib le  fo r  the  c e rv ic a l  

changes du rin g  l a t e  pregnancy and during  p a r tu r i t io n ,  w ith  a 

sudden in c re a s e  in  r a te  a t  th e  s t a r t  of re c o g n isa b le  lab o u r 

( " c l i n i c a l  la b o u r" , Wood 1972).

B eazley (l975 ) in  d e sc r ib in g  t h i s  change as one from 

n o n -p ro g ress iv e  to  p ro g re ss iv e  u te r in e  a c t i v i t y  appears to  

be ex p re ss in g  a s im ila r  view.

B efore p roceed ing  to  examine in  g re a te r  depth  th e  

mechanisms which may c o n tro l c e r v ic a l  r ip e n in g  i t  mâ r be 

w orth  c o n s id e rin g  a f u r th e r  q u e s tio n : i f  we accep t th a t

in  most s u b je c ts  th e  c e rv ix  has p rogressed  to  a  h ig h  degree 

of r ip e n e ss  b e fo re  th e  re c o g n isa b le  onset of la b o u r , i s  i t  

p o s s ib le  f o r  normal spontaneous la b o u r to  beg in  w hile  th e  

ce rv ix  rem ains un rip e?  R outine c l i n i c a l  experience  su g g ests  

th a t  t h i s  i s  r a r e ly  i f  ev er seen , and th e  d a ta  fro n  B ishop ’s 

s tu d y  ( 1964) su p p o rts  t h i s  (F igu re  3 -3 ) . Fewer than  one in  

a  hundred o f h is  p a t ie n ts  w ith  c e rv ic a l  sco re s  below 3 were 

in  la b o u r w ith in  th re e  days. A lthough th e se  p a t ie n ts  may 

perhaps have laboured  w ith  th e  c e rv ix  s t i l l  u n rip e  o r have 

dem onstrated  u n u su ally  ra p id  c e rv ic a l  r ip e n in g  b e fo re  la b o u r, 

th e  o th e r  (perhaps l i k e l i e r )  ex p lan a tio n  i s  th a t  of ob serv er 

e r r o r  in  th e  c e v / ic a l  assessm en t. N ev erth e le ss , i t  should 

be p o in te d  out th a t  in  very ra re  in s ta n c e s  ( je f f c o a te  1952) 

com plete a n n u la r  detatchm ent o f th e  c e rv ix  during  lab o u r has
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been seen su g g es tin g  lack  of sy n ch ro n isa tio n  between the  

c o n t r a c t i l i t y  of the  upper u te r in e  segment and th e  changes 

in  the  low er segment and c e rv ix .

b) P h y s ic a l Changes in  th e  C erv ica l T issu e

To examine th e  f a c to r s  c o n tro l l in g  c e r v ic a l  r ip e n in g , i t  

i s  f i r s t  necessa ry  to  c o n s id e r in  g re a te r  d e t a i l  the  s t r u c tu r e  

o f th e  c e rv ix .

S tru c tu re  o f the  Qervix

The c e rv ix  i s  composed of two d i s t i n c t  f r a c t io n s ,  namely 

formed elem ents and ground su b stan ce . The main form ed elem ent 

i s  c o lla g en  which i s  o rg an ised  in  densely  packed f ib ro u s  b u n d le s . 

Muscle f ib r e s  a re  s p a r s e , and re p re se n t no more th a n  10 p e r cen t 

of the  mass (Schwalm and Dubrauszky 1966), F u rtherm ore , th e re  

i s  no in c re a s e  in  th e  muscle con ten t o f  th e  c e rv ix  such as 

occurs i n  th e  upper p a r t  o f th e  u te ru s  d u rin g  pregnancy. In  

c o n tra s t  th e  c o lla g en  component predom inates, and i s  in  

p ro p o r tio n  ten  tim es more abundant in  th e  c e rv ix  th an  in  th e  

u te r in e  fundus.

The m uscle con ten t o f th e  c e rv ix  has been s tu d ie d  in  d e t a i l  

by D anforth  and h is  c o lle ag u e s  ( 194-7, 19.54, I960, 1964 and 1975) - 

Such m uscle as i s  p re s e n t i s  embedded in  the  co llag en o u s m a tr ix . 

I t  i s  very  sp a rse  and c o n s is ts  o f i s o la te d  a t te n u a te d  s t r a n d s  

of smooth muscle excep t in  th e  most p e r ip h e ra l  a re a s  of th e  

p o r t io  su p ra v a g in a lis  of th e  c e rv ix  where they  te n d  to  be



to  b e /

co n ce n tra te d . But th e  muscle of the ce rv ix  I s  much le s s  

abundant th an  th a t  of th e  corpus u t e r i ,  and shows no in c re a se  

in  amount du rin g  pregnancy such as occurs in  th e  corpus.

The ground substan ce  ( th e  term  d e riv e s  from a 

m is tra n s la t io n  of th e  word "grundsubstanz" (fundam ental 

substance) used by e a r ly  German h i s to lo g is t s )  of th e  c e rv ix  

i s  th e  e x t r a c e l lu la r ,  e x t r a f i b r i l l a r  amorphous m a trix  of 

connective  t i s s u e  (Hafez 1913)• I t  has components d e riv ed  from 

f ib r o b la s ts  such as  a c id  m ucopolysaccharide a c id  m ucoprotein, 

w ater io n s , c e l l  m e ta b o lite s  and plasma p ro te in s .

A lte ra t io n s  in  P h y s ic a l C h a r a c te r is t ic s  of C ervix

The e x te n t to  which t i s s u e  i s  ab le  to  y ie ld  to  a m echanical 

fo rc e  has been c a l le d  t i s s u e  com pliance, and where th e  c e rv ix  

i s  concerned th i s  la rg e ly  depends on th e  b eh av iou r of th e  

c o llag en  e lem en ts . B ryan t, G reenwell and Weeks (1968) s tu d ie d  

changes in  t i s s u e  com pliance in  the  c e rv ix  of th e  r a t  du rin g  

g e s ta t io n  and p a r tu r i t io n .  They found no s ig n i f ic a n t  change 

in  t o t a l  c o lla g en  c o n te n t, b u t a  marked in c re a s e  in  hexosamine 

and w ater c o in c id in g  w ith  th e  tim e of maximum t i s s u e  com pliance, 

i . e . ,  a t  term . They su g gested  th a t  the  degree of com pliance 

i s  an in v e rse  fu n c tio n  of th e  r a t i o  of c o llag en  to  mucopoly- 

sa c c a rid e  c o n te n t. The r i s e  i n  hexosamine and w ater p re-partum  

produces an im balance i n  th e  cohesive and d is p e r s iv e  fo rc e s  i n t e r 

a c t in g  between th e  c o llag en  f ib r e s  a llow ing  lo n g itu d in a l  

c leavage o f th e  b u n d les. Thus in s te a d  of be ing  t i g h t l y  bound 

to g e th e r  th e  f ib r e s  a re  a b le  to  g lid e  f r e e ly  upon one a n o th e r ,

and th e  t e n s i l e  s tre n g th  of th e  t i s s u e  i s  reduced .



B anforth  e t  a l  (l974) have s tu d ie d  th e  s t r u c tu r a l  changes 

in  th e  human c e rv ix  between the non-pregnant and post-partum  

s t a t e s .  I t  must be s t r e s s e d  th a t  because of th e  obv iously  

d is ru p t iv e  m echanical fo rc e s  a p p lie d  to  the c e rv ix  d u rin g  

la b o u r, th e  post-partum  c e rv ix  cannot be equated to  th a t  

im m ediately  p re-partum . N e v erth e le ss , r e s t r i c t i o n s  on th e  

a v a i l a b i l i t y  of s u i ta b le  t i s s u e  p re-partum  p rec lu d e  d i r e c t  

s tudy  of th e  s t r u c tu r e  of th e  human c e rv ix  in  l a t e  pregnancy, 

and th e  post-partum  c o n d itio n  may shed some l ig h t  on th e  

p re-partum  s i tu a t io n .  B anforth  found th a t  in  th e  post-partum  

c e rv ix  th e  co llag en  framework had d is so lv e d . The w ater co n ten t 

had in c re a se d  s l i g h t l y  and th e re  was a marked d e c lin e  in  th e  

co n ten t of c o llag en  and g ly c o p ro te in . As w e ll as an a b so lu te  

lo s s  o f co lla g en , th e  bundles were w idely  s e p a ra te d  and appeared 

a b le  to  s l id e  on one a n o th e r . In  th e  ground substance

glycosam inoglycans were more abundant and q u a l i t a t iv e ly  changed; 

th e re  appeared to  be a te n - fo ld  in c re a se  in  k e r a t in  su lp h a te  

over th e  non-pregnant l e v e l ,  and a la rg e  amount of an u n id e n t i f ie d  

m a te r ia l ,  probably  a glycosam inoglycan, which was alm ost ab sen t 

from th e  non-pregnant c e rv ix .

Because th e  changes in  th e  c e rv ix  during lab o u r appear to  

be a lo g ic a l  p ro g ress io n  of th o se  d u rin g  r ip e n in g  (indeed  s in c e  

lab o u r resem bles an e x ten s io n  of p re -la b o u r)  we may reaso n ab ly  

c o n s id e r  th e  p o s s ib i l i t y  th a t  th e  s t r u c tu r a l  c o n d itio n  of th e  

post-partum  c e rv ix  may be an ex ten s io n  of th a t  of th e  r ip e  

pre-partum  c e rv ix .



F u r th e r , T urnbu ll and Anderson have drawn a t te n t io n  to  

o th e r  body s i t e s  of connec tive  t i s s u e  which undergo s im ila r  

changes d u ring  pregnancy -  s t r i a e  gravidarum appear as a 

r e s u l t  of a re d u c tio n  in  th e  t e n s i l e  s tre n g th  of th e  sk in , 

th e  p e lv ic  jo in ts  re la x  and th e  m o b ility  of the  n ip p le s  and 

th e  te e th  in c re a s e . A ll th e se  changes may be due to  changes 

in  th e  ground su b stan ce  o f co n n ec tiv e  t i s s u e ,  and may be s id e  

e f f e c t s  o f a p h y s io lo g ic a l mechanism whose prim ary purpose 

i s  to  r ip e n  th e  c e rv ix .

FACTORS CONTROLLING GlgRVIGAL RIPENING

Having e s ta b lis h e d  th a t  c e r v ic a l  r ip e n in g  has two com ponents, 

v i z . ,  a  shape change and a diange in  th e  p h y sica l p ro p e r tie s  

of th e  c e rv ix , we must now co n sid e r what f a c to r s  b r in g  th e se  

changes ab o u t.

l )  M echanical F orces

The degree to  which th e  shape o f th e  c e rv ix  a l t e r s  in  

l a t e  pregnancy must depend in  p a r t  on how com pliant i t  has 

become and in  p a r t  on th e  degree to  which such com pliance 

has been e x p lo ite d  by m echanical fo rc e s .  The fo rc e s  to  which 

th e  c e rv ix  may be su b je c t a re  of th re e  main ty p es:

a) U te rin e  C o n tr a c t i l i ty
b) C erv ica l C o n t r a c t i l i ty
c) D ire c t P ressu re



a) U te rin e  C o n tr a c t i l i ty

The n o tio n  th a t  th e  u te r in e  muscle rem ains donnant 

th roughout pregnancy u n t i l  th e  s t a r t  of la b o u r has long 

s in ce  been d is p e l le d .  G aldeyro-B arcia  (l95S ) has 

dem onstrated  an e v o lu tio n a ry  p a t te rn  of u te r in e  

c o n t r a c t i l i t y  throughout pregnancy and la b o u r . By 

re c o rd in g  Em niotic f l u i d  p re ssu re  a t  in t e r v a l s  th roughou t 

pregnancy he was a b le  to  q u a n tify  u te r in e  c o n t r a c t i l i t y :  

he dev ised  a system of ex p ress in g  th i s  q u a n ti ty  as a  

p roduct of th e  am plitude and frequency of c o n tra c tio n s , 

and exp ressed  th e  r e s u l t s  as m illim e tre s  o f mercury per 

10 m inute p e r io d , u n i t s  which became known as M ontivideo 

U n its .

Thus he showed th a t  du ring  the  f i r s t  30 weeks of 

g e s ta t io n  th e  amount of u te r in e  c o n t r a c t i l i t y  rem ains 

sm all ( l e s s  th an  20 M ontivideo U n its) c o n tra c tio n s  

(u s u a lly  c a l le d  B raxton-H icks c o n tra c tio n s )  being  

in f re q u e n t and of low in te n s i ty .  A f te r  30 weeks th e re  

i s  a v e ry  g rad u a l in c re a s e  in  th e  i n te n s i ty  and frequency  

o f th e se  c o n tra c tio n s  u n t i l  th e  s t a t e  of p re la b o u r 

commences, u s u a lly  a t  around 36 weeks. Prom th en  u n t i l  

th e  o nset of lab o u r th e re  i s  a sh a rp e r in c re a s e  w ith  

c o n tra c tio n s  every  5 - 1 5  m inutes w ith  an am plitude  of 

15 "  30 mm. E g ., i . e . ,  u te r in e  c o n t r a c t i l i t y  in  the  

range 25 -  100 Mon^avideo U n its . The range d u rin g  lab o u r 

i s  norm ally  100 -  250 M ontivideo U n its .



B raxton-H icks c o n tra c tio n s  used to  be thought 

p u rp o se le ss  bu t th ey  probab ly  play an im portan t ro le  

in  c e rv ic a l  rip en in g *  Since th e  p ro g ress iv e  changes 

seen  in  th e  c e rv ix  d u rin g  labour a re  th e  d i r e c t  r e s u l t  

of u te r in e  c o n t r a c t i l i t y  i t  seems h ig h ly  u n lik e ly  th a t 

th e  c o n tra c tio n s  o f p re la b o u r do n o t a lso  have a d ir e c t  

b e a rin g  on th e  s t a t e  of th e  c e rv ix ,

T u rn b u ll and Anderson ( 1968) s tu d ie d  spontaneous 

c o n t r a c t i l i t y  u s in g  a  s im i la r  q u a n t i ta t iv e  method and 

confirm ed th e  g rad u a l in c re a se  du ring  the  l a s t  

8 - 1 0  weeks of pregnancy. In  a d d it io n  they showed 

th a t  th e  r a te  of in c re a se  was r e la te d  to  th e  tim e of 

o nset of lab o u r: th ey  no ted  a sharp  r i s e  between 32 and 56

w eeks, fo llow ed  by a p la te a u  in  p a t ie n ts  who laboured  

b e fo re  te r n ,  b u t a  much low er r i s e  among p a t ie n ts  in  whom 

lab o u r was delayed  beyond term . The tim e course  of th e se  

o b se rv a tio n s  co rresponds w ith  t h e i r  p re v io u s ly  mentioned 

f in d in g s  (page 67 , F ig u re  3 .1 , Table 3*3) of c e rv ic a l  

changes (Anderson and T u rn b u ll 1969) and support a c lo se  

r e la t io n s h ip  betw een u te r in e  c o n t r a c t i l i t y  and c e r v ic a l  

r ip e n in g .

b) C erv ica l C o n t r a c t i l i ty

The r e la t iv e  sp a rse n ess  of muscle t i s s u e  in  th e  

c e rv ix  may o r may n o t r e f l e c t  i t s  fu n c tio n a l im portance, 

and th i s  has been th e  s u b je c t of some co n tro v e rsy . 

D isagreem ent has been vo iced  among an a to m ists  and 

p h y s io lo g is ts  and th e  debate  rem ains u n reso lv ed .



I t  appears th a t  th e  amount of muscle t i s s u e  i s  

very  v a r ia b le  not only betw een su b je c ts  but a ls o  in  

d i f f e r e n t  p a r ts  of th e  c e rv ix , B anforth  (l954) 

contends th a t  th e  a b so lu te  amount i s  u su a lly  10 -  15 

p e r cent o f th e  mass b u t o c c a s io n a lly  may be a s  much as  45 

p e r c e n t, b u t he d e sc r ib e s  a fib ro m u scu la r ju n c tio n  

correspond ing  approx im ate ly  w ith  the  h is to lo g ic a l  

i n t e r n a l  c e r v ic a l  os o f A schoff, below which th e  t i s s u e  

i s  p redom inantly  f ib r o u s ,

Hughesdon (l952 ) claim s t h a t  th e  o u te r  o r circum 

f e r e n t i a l  fo u r th  i s  m uscular w hile  the in n e r  th re e - fo u r th s  

a re  co llag en o u s . These d i f f e r in g  views p robab ly  a r i s e  

from d if f e r e n t  methods of o b ta in in g  m a te r ia l  and from 

d if fe re n c e s  in  th e  p regnan t and non-pregnant s t a t e ,  

B anfo rth  ta k es  the view th a t  such muscle as th e r e  i s  

in  th e  c e rv ix  c o n s is ts  of i s o la te d  a t te n u a te ' s tr a n d s  of 

smooth muscle embedded in  a  heavy co llag en  m a tr ix : they

a re  more abundant in  th e  re g io n  of u te r in e  v e s s e ls  

th an  e lsew here, and b ea r a much c lo s e r  resem blance to  

th e  muscle o f th e  upper vag ina  than  to  th a t  o f th e  

u te r in e  co rp u s . He su g g es ts  th a t  t h e i r  fu n c t io n a l  

im portance l i e s  in  a f fo rd in g  p ro te c t io n  f o r  v e s s e ls  

d u rin g  pregnancy and lab o u r and perhaps a lso  i n  r e tu rn in g  

th e  c e rv ix  to  i t s  normal co n to u rs  a f t e r  d e l iv e ry .

Many o bservers  have suggested  th a t  th e  c e rv ix  m ight 

be capable  o f independent c o n t r a c t i l i t y .  Mixon ( l9 5 l)  

Coutinho (1976) and Mackenzie (l977) have produced



produced /

convincing  t r a c e s  of c e r v ic a l  c o n t r a c t i l i t y  o b ta in ed  

u s in g  in t r a - c e r v ic a l  balloons in  v iv o . lia jak , H i l l i e r  and 

Karim (l970) have shown s im ila r  e f f e c t s  in  v i t r o  in  response  

to  p ro s ta g la n d in s  bu t such p re ssu re  changes as have been seen  

in  th e  c e rv ix  in  v ivo  may have been due in  p a r t  to  t r a n s 

m itte d  s t r e s s e s  from th e  u te r in e  corpus or elsew here and 

in  p a r t  to  a prim ary response  of c e rv ic a l  m uscle,

c) D ire c t P re ssu re

The r e s t in g  p re s su re  of th e  am nio tic  f lu i d  -  th e  

tonus -  a l t e r s  very  l i t t l e  as pregnancy p ro g ressed  

( G aldeyro-B arcia  1958). The mean le v e l  o f about 

5 -  7 mm Hg in  m id-pregnancy i l s e s  to around 10 mm Hg 

in  p re - la b o u r  and f i r s t  s ta g e  la b o u r, and i t  seems u n l ik e ly  

th a t  so sm all an in c re a s e  could  have an im p o rtan t p a r t  

to  p lay  in  c e r v ic a l  r ip e n in g . In  cases  com plicated  by 

te n se  polyhydram nios i t  i s  not uncommon to  f in d  a t i g h t l y  

c lo se d  u n effaced  c e rv ix .

Local p re s su re  in f lu e n c e s  a re  p robab ly  of g re a te r  

im portance . J u s t  a s  normal p ro g re s s iv e  lab o u r ap p ears  

to  re q u ire  a w ell f i t t i n g  p re se n tin g  p a r t  over which th e  

c e rv ix  and low er u te r in e  segment may be s t r e tc h e d  by th e  

t r a c t i o n  of the  upper segment f ib r e s ,  th e  normal p ro c e ss  

of c e r v ic a l  r ip e n in g  may re q u ire  s im ila r  c o n d itio n s .

Thus m a lp o s itio n  or m a lp re se n ta tio n  o f  th e  f e tu s  may 

c o n tr ib u te  to  a f a i l u r e  of c e r v ic a l  r ip e n in g .

A w ell f i t t i n g  p re se n tin g  p a r t  may a c t  no t m erely



m ere ly /

as a c a s t  over which th e  c e rv ix  can he moulded in to  

r ip e n e ss  by th e  B raxton-H icks c o n tra c tio n s , Einhrey 

and M ollison  ( 1967) have shown th a t  g ra d u a l r ip e n in g  

of th e  c e rv ix  may he a r t i f i c i a l l y  induced by th e  

in tr o d u c t io n  of a Foley c a th e te r  so th a t  i t s  b a llo o n  

l i e s  ju s t  beyond th e  in te r n a l  c e r v ic a l  os. This e f f e c t  

appears to  be due to  a d i r e c t  p re ssu re  s tim u lu s  to  

th e  t i s s u e s ,  a lth o u g h  i t  i s  probably  m ediated  by lo c a l  

endocrine  changes (se e  l a t e r ) ,  L indgren (l955 ) has 

dem onstrated  p re s su re  d i f f e r e n t i a l s  in  d i f f e r e n t  a re as  

o f th e  u te ru s  even when th e  f e t a l  membranes a re  i n t a c t ,  

and th a t  a f t e r  engagement of th e  f e t a l  head in  th e  

p e lv is  th e  p re s su re  on th e  low er u te r in e  segment and 

c e rv ix  may be as much as th re e  o r fo u r fo ld  h ig h e r  th an  

th e  co rrespond ing  p re s su re  on th e  upper segm ent. This 

in f lu e n c e , e s p e c ia l ly  when accen tu a ted  by g ra v ity  w ith  the 

m other am bulant, may c o n tr ib u te  to  th e  r ip e n in g  p ro cess .

2) N eural In f lu e n c e s

The u te ru s  and c e rv ix  a re  in n e rv a te d  by b o th  sym pathetic  

and p arasy m p ath e tic  f ib r e s  of the  p e lv ic  autonom ie system 

(Jo h n sto n  and b h i l l i s  1954)® I t  i s  u n lik e ly  t h a t  th e  nervous 

co n n ec tio n s  of th e  u te ru s  p lay  more th an  a m inor r o le  in  

c o n tro l l in g  u te r in e  c o n t r a c t i l i t y ,  except perhaps a t  sp in a l 

r e f le x  le v e l .  U te rin e  a c t io n  in  lab o u r and d e liv e ry  may be 

e n t i r e ly  normal in  p a t ie n ts  w ith  com plete t r a n s e c t io n  of th e  

s p in a l cord o r d iv is io n  of th e  p re s s e ra i  p lexus (T u rnbu ll and



T u rnbu ll and /

Anderson 1972).

N e v e rth e le ss , n e u ra l in f lu e n c e s  in  the form of em otional 

u p se ts  such as  a n x ie ty  o r f e a r  could th e o r e t ic a l ly  in te r f e r e  w ith  

normal c e rv ic a l  r ip e n in g . Coupland (1969) has dem onstrated  

the  p resen ce  of a netw ork of c h o lin e rg ic  f ib r e s  in  the  c e rv ix , 

bu t th e  fu n c tio n a l  im portance of th e se  a re  n o t c le a r .  Where 

th e  u te ru s  i s  concerned G a rre tt  (l954) f i r s t  showed th e  a b i l i t y  

of n o ra d re n a lin e  to  s t im u la te  u te r in e  c o n t r a c t i l i t y  in  l a t e  

pregnancy and th a t  of a d re n a lin e  to  i n h ib i t  i t .  Cb-nnan,

Rosengren and S jb b erg  ( 1967) have used h is to c h em ic a l f lu o re s c e n t

tech n iq u es  to  id e n t i f y  oi end p- ad re n e rg ic  re c e p to rs  in

th e  myometrium, and found n o ra d re n a lin e  to  be m ainly a -a d re n e rg ic

( s t im u la t in g  c o n tra c tio n s )  and a d re n a lin e  m ainly p- a d ren e rg ic

( in h ib i t in g  them ), confirm ing  th e  e a r l i e r  o b se rv a tio n s  of

G a r re t t .

Some of th e  s y n th e t ic  betam ém etic amines such a s  "R ito d rin e"  / 

and ’’Salbutam ol" can be e f f e c t iv e  in h ib i to r s  of prem ature lab o u r 

(handesman e t  a l  1971; b ig g in s  and Vaughan 1973) b u t th e re  i s  

no ev idence th a t  endogenous catecholam ines norm ally  in h ib i t  

u te r in e  c o n tra c tio n s  (b ig g in s  e t  a l  1977), F urtherm ore,

Zuspan ( 1970) found l i t t l e  change in  th e  u r in a ry  e x c re tio n  of 

e i t h e r  a d re n a lin e  o r  n o rad ren a lin e  through th e  course  of human 

pregnancy w ith  th e  le v e l s  a t  term  alm ost id e n t ic a l  to  non

pregnan t le v e l s .

While th e  p o s s ib i l i ty  cannot be d isco u n ted , i t  seems
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im probable th a t  em otional f a c to r s  could  i n t e r f e r e  to  a 

s ig n i f ic a n t  e x te n t w ith  th e  normal p a t te rn  of u te r in e  

c o n t r a c t i l i t y  in  l a t e  pregnancy. Even more d i f f i c u l t  

to  im agine a re  any d i r e c t  in f lu e n c e s  on th e  c e rv ix  

e f f e c t in g  e i t h e r  th e  m uscular a c t i v i t y  o r the  p h y s ic a l 

p ro p e r t ie s  o f th e  t i s s u e .

3) Hormonal E f fe c ts

Hormones p robab ly  e x e r t th e  most im portan t in f lu e n c e  

i n  th e  c o n tro l o f c e rv ic a l  r ip e n in g . They may be in v o lv ed  

in  a l l  th e  a sp e c ts  a lre a d y  d iscu ssed  which b r in g  about th e  

shape change of r ip e n in g , i . e . ,  changes in  th e  p h y s ic a l 

p ro p e r t ie s  o f th e  t i s s u e ,  c o n tro l of u te r in e  and c e r v ic a l  

c o n t r a c t i l i t y ,  and m ed ia tio n  of p re ssu re  an d n eu ra l e f f e c t s .

A la rg e  number o f en d ocrine  substances may be in v o lv ed  

a t  d i f f e r e n t  s ta g e s  and th e se  w i l l  now be co n sid e red  

in d iv id u a l ly ,

a) O estrogens

O estrogens have been shown to induce m yom étrial 

h y p ertrophy , actom yosin fo rm atio n , s to ra g e  of h ig h  

energy phosphates, and th e  development of m yom étrial 

c e l l  membrane p o te n t ia l s  and m yom étrial e x c i t a b i l i t y  

(Reynolds 1949; Csapo 1962) in  s h o r t ,  to  p rep a re  and 

s e n s i t i s e  th e  u te ru s  f o r  th e  needs of la b o u r . J a rv in e n  e t  a l
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( 1965) ,  P in to  e t  a l  (196?) and Larsen e t  a l (l973 ) fourd. 

in c re a se d  u te r in e  c o n t r a c t i l i t y  in  women a t  terra in  

response  to  la rg e  system ic  doses of oestro g en s but 

t h i s  d id  not r e s u l t  in  in d u c tio n  of lab o u r.

The v e ry  low le v e ls  of oestrogens found in  

p regnancies com plicated  by p la c e n ta l  su lp h a ta se  

d e f ic ie n c y  a re  a s s o c ia te d  w ith  p ro lo n g a tio n  of pregnancy, 

and f a i l u r e  to  respond  to  in d u c tio n  of lab o u r e s p e c ia l ly  

in  p rim ig rav id ae  (F ran ce , Seddon and L igg ins 1973)® Of 

even g re a te r  i n t e r e s t  i s  th e  tendency in  th e se  p regnancies  

fo r  th e  c e rv ix  to  f a i l  to  r ip e n . There i s  good th e o r e t ic a l  

support f o r  th e  c o n te n tio n  th a t oestro g en s may p lay  a 

d i r e c t  ro le  in  m odify ing  c e rv ic a l  c o lla g en . F i r s t l y  

o e s t r a d io l  17-P i s  known to  modify co llag en  in  o th e r  

body s i t e s ,  such as s k in  (Henneman 1973)- Leppi and 

K innison ( l9 7 l )  u s in g  h is to ch em ica l and e le c tro n  m icro

sco p ic  tech n iq u es  have dem onstrated lo o sen in g  and 

s c a t t e r in g  of th e  c o lla g e n  f i b r i l s  in  th e  c e rv ix  of mice 

t r e a te d  w ith  o e s t r a d io l .

The evidence i n  women i s  more tenuous. In  a d d it io n  

to  th e  o b se rv a tio n s  in  su lp h a ta se  d e fic ie n c y  a lre ad y  

m entioned, P in to  e t  a l  (1964) have claim ed to  have 

produced c l in ic a l  ev idence of c e rv ic a l  s o f te n in g  in  th e  

human cem rix in  l a t e  pregnancy by in trav en o u s  in fu s io n  of 

o e s tr a d io l  17  ̂ in  la rg e  d o ses . They have suggested  th a t  

th i s  hormone i s  re s p o n s ib le  f o r  th e  changes in  the  c e r v ic a l
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ground su b stance  (see  page 71 ) which modify th e  t e n s i l e  

s t r e n g th  of c o lla g en .

In  su p p o rt of th e se  c laim s i s  the  f in d in g  th a t  th e  

le v e ls  of o e s tr a d io l  17-p  measured in  th e  p e r ip h e ra l  

c i r c u la t io n  r i s e  s te a d i ly  d u rin g  th e  l a s t  s ix  weeks of 

pregnancy (T u rn b u ll e t  a l  1974), th a t  i s  th e  tim e of 

r a p id e s t  c e r v ic a l  r ip e n in g  (F ig u re  3 .6 ) .  These irwo ev en ts  

could be c lo s e ly  r e la te d  i f  indeed  in c re a s in g  p ro d u c tio n  

of o e s t r a d io l  r e s u l t s  in  an in c re a s e  in  S rax ton-H icks 

c o n t r a c t i l i t y ,  and a ls o  a d i r e c t  re d u c tio n  in  c e rv ic a l 

r e s is ta n c e .

b) P ro g es te ro n e

By i t s  v e ry  name th i s  hormone has t r a d i t i o n a l l y  

been co n sid e red  to  be e s s e n t ia l  f o r  m aintenance o f p regnancy . 

C e r ta in ly  s u rg ic a l  removal o f th e  corpus luteum  in  the  

e a r ly  weeks o f pregnancy b e fo re  the  p la c e n ta  has tak en  

over r e s p o n s ib i l i ty  f o r  p ro g es te ro n e  p ro d u c tio n , t d l l  

r e s u l t  i n  a b o r tio n  ( Csapo, Pu lkk inen  and t p i s t  1973) which 

may be p rev en ted  by exogenous rep lacem ent of p ro g e s te ro n e . 

Less c e r ta in  i s  an e s s e n t ia l  ro le  in  l a t e r  pregnancy,

Csapo has long  expounded h is  th eo ry  o f th e  p ro g es te ro n e  

"block" on th e  o n se t of la b o u r ( Csapo 1959) b u t ,  as 

B engtsson (l9 7 3 ) has p o in ted  o u t, groups o th e r  th an  

C sapo 's  ( Csapo e t  a l  197l) have c o n s is te n t ly  f a i l e d  to  

dem onstrate  any drop in  p e r ip h e ra l  p ro g es te ro n e  le v e l s
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b e fo re  la b o u r s t a r t s  (vfoolever and G oldfien  1965; Runnebaun and 

Zander 1971; T u rn b u ll e t  a l  1974). T u rn b u ll e t  a l  (l974) 

showed a s tead y  d e c lin e  from mean le v e ls  o f around 160 rAg./ml, , 

f iv e  weeks b e fo re  lab o u r, to  115 m g,/m l. one week befo re  

hand, b u t found no f u r th e r  f a l l  d u ring  la b o u r. F u r th e r  

doubt i s  c a s t  on th e  "block" th eo ry  by th e  c o n s is te n t 

f a i l u r e  of experim ents to  in l i ib i t  u te r in e  a c t i v i t y  w ith  

la rg e  doses of p ro g este ro n e  o r m edroxyprogesterone 

w hether g iven  in tra m u sc u la r ly , in tra v e n o u s ly , i n t r a -  

a m n io tic a l ly  o r  even in tra -m y ometr i a l l y  (H endricks e t  a l  

I 96I ;  Wood e t  a l  1963). One p o ss ib le  ex p lan a tio n  fo r  

t h i s  (b ig g in s  e t  a l  1977) i s  th a t  p ro g es te ro n e  re c e p to rs  

in  th e  l a t e  pregnancy u te ru s  may be f u l l y  s a tu ra te d  a t  

norm al plasma p ro g es te ro n e  c o n c e n tra tio n s  and th a t  a 

waning in f lu e n c e  o f p ro g es te ro n e  re q u ire s  e i t h e r  i t s  

d isp lacem ent by a n o th e r substance  or re d u c tio n  in  th e  

a b so lu te  number o f b ind ing  s i t e s .  N e ith e r of th e se  

changes has y e t been d e sc r ib e d .

A p o s s ib le  in f lu e n c e  o f p ro g es te ro n e  in  normal or 

abnormal c e rv ic a l  r ip e n in g  due to  th e  p resen ce  o r absence 

of B raxton-H icks c o n tra c tio n s  as  determ ined by th e  fo reg o in g  

c o n s id e ra tio n s  cannot be ru le d  o u t. A nother, more 

d i r e c t  in f lu e n c e  on th e  c e rv ix  must a lso  be co n sid e red .

J e f f r e y ,  Coffey and B isen  ( l9 7 l)  have dem onstrated  in  

t i s s u e  c u l tu re  th a t  p ro g este ro n e  may in h i b i t  c o llag en ase  

a c t i v i t y  in  th e  u te ru s  and more re c e n t ly  H i l l i e r  (l9 7 7 ) 

has made s im i la r  o b se rv a tio n s  on a c u ltu re  of c e rv ic a l  

t i s s u e .  These s tu d ie s  r a is e  th e  p o s s ib i l i t y  th a t

j  I . 5.
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p ro g este ro n e  might in h ib i t  c e rv ic a l  r ip e n in g  u n t i l  th e  

p e r ip h e ra l le v e l s  beg in  to  d e c lin e  in  th e  l a s t  few 

weeks of p regnancy(T urnbu ll e t  a l  1974).

c) Gatecholam ines

The p o s s ib le  ro le s  of catecho lam ines have a lre a d y  

been d iscu ssed  under th e  head ing  "N eural In f lu en c e s"

(page 78 ) and w i l l  no t be considered  f u r th e r  h e re .

d) R elax in

The ro le  o f r e la x in  in  human pregnancy i s ,  to  say 

th e  l e a s t ,  obscu re . I t  has long  been though t to  be 

re sp o n s ib le  f o r  in c re a s in g  th e  m o b ility  in  pregnancy of 

such jo in t s  as th e  pub ic  symphysis and th e  s a c r o - i l i a c  

jo in t s  (Donald 1966). A p o s s ib le  lin lc  betw een t h i s  

(presum ably) co n n ec tiv e  t i s s u e  change and th o se  o ccu rrin g  

in  th e  c e rv ix  has a lre a d y  been su g g es te d  (page 73 ) .

Leppi and K inn ison  ( l9 7 l)  have dem onstrated  such  an e f f e c t  

of r e la x in  on th e  c e rv ix  of th e  mouse. The c o llag en  

f i b r i l s  were loosened  and s c a t te re d  bu t t h i s  e f f e c t  

rem ains to  be confirm ed in  th e  human.

S ev era l y e a rs  ago i t s  p o ss ib le  ro le  a s  a u te r in e  

i n h ib i to r  was mooted (K roc, S te in e tz  and Beach 1959), 

bu t w h ile  in t e r e s t in g  r e s u l t s  were o b ta in e d  in  s e v e ra l 

anim al s p e c ie s , c l i n i c a l  t r i a l s  in v o lv in g  women in  lab o u r 

proved in c o n c lu s iv e . For a  number of reaso n s th e se  

s tu d ie s  cannot be tak en  to  dem onstrate t h a t  r e la x in  i s  of

no im portance i n  human p a r tu r i t io n .  F i r s t l y ,  nunan
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r e la x in  has not y e t been made a v a ila b le  f o r  c l i n i c a l  

t r i a l s  and the  p o rc in e  r e la x in  used  may be in a c t iv e  

in  the  human ( B ryant 1972), Secondly th e  doses used 

may have been too  low ( S la te  and Mengert I 960) and th i r d ly  

most s tu d ie s  looked a t  th e  e f f e c ts  of r e la x in  on a r t i f i c i a l l y  

induced u te r in e  c o n t r a c t i l i t y ,  and th i s  may not r e f l e c t  

i t s  r o le  in  p h y s io lo g ic a l s i tu a t io n s  (P o r te r  1972).

B ryant (l9 7 2 ) has developed a s p e c i f ic  radioimmunoassay f o r  

human r e la x in  and th e  r o le s  of r e la x in  in  human pregnancy 

may soon become c le a r e r .

e) Oxytocin

O xytocin i s  an o th e r hormone whose t r a d i t i o n a l  ro le  

in  th e  c o n tro l  of u te r in e  c o n tra c tio n s  now seems in  

c o n s id e ra b le  doubt. The n o tio n  th a t  i t  i s  th e  physio

lo g ic a l  a c t i v a to r ' o f th e  u te ru s  in  lab o u r was based 

m ainly on two f a c t s :  t h a t  the  u te ru s  a t  t e m  i s  very

s e n s i t iv e  to  o x y to c in , and th a t  oxy tocin  induced lab o u r 

c lo s e ly  resem bles spontaneous la b o u r. This n o tio n  has 

been w idely  h e ld  s in c e  th e  days of B la i r - E e l l  ( 1909) and, 

as Chard (l977) has p o in ted  o u t, rem ains to  th i s  day th e  

s tan d a rd  te ac h in g  in  many tex tbooks o f o b s te t r i c s .  B ut, 

a lthough  oxy tocin  may be found in  a p ro p o r tio n  of b lood 

samples tak en  d u rin g  f i r s t  s tag e  lab o u r and a h ig h e r 

p ro p o r tio n  d u rin g  th e  second s tag e  (F ig u re 3 .7) th e re  i s  

no ev idence o f in c re a se d  m aternal s e c re t io n  o f oxy tocin  

b e fo re  the  onset o f la b o u r ( Chard 1973)* I t  should  be 

p o in ted  o u t ,  however, th a t  Chard has suggested  th a t  oxy tocin
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i s  re le a s e d  by th e  p o s te r io r  p i t u i t a r y  in  in te r m i t te n t  

s p u r ts ;  w hile  th i s  e x p la in s  why the  hormone i s  only 

d e te c te d  in  a p ro p o r tio n  of b lood  samples i n  la b o u r, i t  

could  a ls o  ex p la in  why i t  has no t so f a r  been found b e fo re  

la b o u r. Chard e t a l  ( l9 7 l )  have a ls o  shown c o n s is te n t ly  

h igh  le v e ls  of oxy tocin  in  f e t a l  plasma a t  d e liv e ry  and 

i n  d em onstra ting  an a r te r io -v e n o u s  g ra d ie n t in  th e  

u m b ilic a l v e s s e ls  have suggested  up take  of o x y toc in  a t  

the  p la c e n ta . Of f u r th e r  i n t e r e s t  was t h e i r  f in d in g  o f 

le v e ls  around 5 pu p e r m l.,  ag a in  w ith  an a r te r io -v e n o u s  

g ra d ie n t ,  in  cases d e liv e re d  by e le c t iv e  cae sa rean  s e c t io n  

who had no t been in  la b o u r. While th e  haem ochoria l p la c e n ta  

o f the  human m other p re se n ts  concep tua l d i f f i c u l t i e s  in  

su g g es tin g  a d i r e c t  a c t io n  on th e  myometrium of f e t a l  

o cy to c in  w ith o u t i t ^ f i r s t  p a ss in g  through th e  m aternal 

c i r c u la t io n ,  t h i s  o b se rv a tio n  may have some minor 

s ig n if ic a n c e  in  th e  p ro cess  of c e rv ic a l  r ip e n in g .

F in a l ly ,  th e  l i t t l e  th a t  i s  Imown of th e  f a c to r s  

cau sin g  r e le a s e  o f o x y toc in  may be re le v a n t  ( a p a r t  from 

mammary s tim u la tio n  which i s  u n lik e ly  to  b e ) . Ferguson 

( 1941) uas a b le  to  dem onstrate  th a t  lo c a l  s t im u la t io n  

to  th e  vag ina  and c e rv ix  d u rin g  labou r was o f te n  fo llow ed  

by he ig h ten ed  u te r in e  a c t i v i t y  and a c c e le r a t io n  in  i t s  

p ro g re s s . This became known as F erguson’ s r e f le x  and in  

1961 B ebackere, P e e te rs  and T uy ttens used  an e leg a n t 

c ro ss  c i r c u la t io n  experim ent in  sheep to  show th a t  th e  

e f f e c t  was m ediated by an o x y to c ic  hormone which was l a t e r
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confirm ed by R oberts and Share (l963) to  be o x y to c in .

T his may go some way tow ards e x p la in in g  th e  mechanism 

whereby lo c a l  m echanical s t im u li  modify th e  c o n d itio n  

of the  c e rv ix  ( see page 77 ) .

f )  P ro s ta g la n d in s

The a b i l i t y  of p ro s ta g la n d in s  to  s tim u la te  u te r in e  

c o n tra c tio n s  a t  any s ta g e  o f pregnancy (see  page 58 ) 

makes them l ik e ly  can d id a te s  f o r  a  r o le  in  th e  c o n tr ib u tio n  

made by B raxton-H icks c o n tra c tio n s  to  c e r v ic a l  r ip e n in g , 

K loeck and Jung (l973) have shown th a t  PGB  ̂ i s  re le a s e d  

when m yom étrial s t r i p s  a re  s tr e tc h e d  in  a w a ter b a th . 

S tr e tc h in g  has long  been thought to  p lay  a r o le  in  th e  

e v o lu tio n  o f m yom étrial c o n t r a c t i l i t y  and th i s  f in d in g  may 

p o in t to  an im p o rtan t mechanism in  th e  p ro d u c tio n  of 

Braxtonr-Hicks c o n tra c tio n s . The p o s s ib i l i ty  o f a s im ila r  

mechanism causing  lo c a l  re le a s e  of PGE  ̂ from s t r e t c h in g  the 

c e rv ix , cou ld  have an  im p o rtan t d i r e c t  b e a r in g  on p h y s ic a l 

changes in  th e  c e rv ix , Conrad and Buland (l9 7 6 ) s tu d ie d  th< 

s t r e t c h  modulus o f human c e r v ic a l  t i s s u e  in  v i t r o  and 

showed th a t  th i s  was reduced  by a d d it io n  of PGB  ̂ to  th e  

b a th in g  s o lu t io n .  They a lso  found low er s t r e t c h  m oduli 

in  c e rv ic a l  t i s s u e  tak en  post-partum  from p a t ie n t s  whose 

la b o u rs  had been induced w ith  PGBg th a n  i f  they  had been 

spontaneous o r o x y to c in  induced . The t i s s u e  s tu d ie d  

was d e sc rib e d  as th e  f ib ro u s  in n e r  p o r f t io n  of th e  c e rv ix  

and a t  no s ta g e  was c o n t r a c t i l i t y ,  e i t h e r  spontaneous o r 

induced , observed. T his su g g es ts  th a t  th e  e f f e c t  of the
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PGE  ̂ was on th e  con n ec tiv e  t i s s u e  elem ents r a th e r  th an  on

m uscle. O thers , (N ajak , H i l l i e r  and Karim 1970; Karim

and Ratnam 1974) have p u rp o rted  to  show c o n t r a c t i l i t y  of

th e  c e rv ix  in  resp o n se  to  p ro s ta g la n d in s  bu t th e  anatom ical

s t r u c tu r e  of th e  c e rv ix  makes th e se  of d o u b tfu l im portance

in  the  p ro cess  o f r ip e n in g . More r e c e n tly  F i t z p a t r ic k  (1976)

has in fu se d  PGF^ in to  the  a r t e r i a l  supply  of th e  c e rv ix  in  p regnan t

sheep, and re p o rte d  s o f te n in g  and d i l a t a t i o n  of th e  c e rv ix .

L a s t ly , co n tin u in g  th e  theme of Ferguson’ s r e f le x  

begun in  th e  l a s t  s e c t io n  (page 8 6 ), F l in t  e t a l  (l974 ) 

have re c e n t ly  shown a r i s e  in  u te ro -o v a r ia n  venous 

p ro s ta g la n d in  F le v e ls  in  sheep fo llo w in g  v a g in a l or 

c e rv ic a l  s t im u la t io n , and l a t e r  ( F l in t  e t  a l  1975) th a t  

th i s  appeared to  r e s u l t  from the  r e f le x  re le a s e  of oxy tocin .

A p o ss ib le  ro le  of exogenous p ro s ta g la n d in s  d e riv e d  from 

sem inal f lu id  must a lso  be considered  b u t Anderson and 

T u rnbu ll ( 1969) could  d e te c t  no a s s o c ia t io n  between th e  

r ip e n e ss  of the  c e rv ix  and th e  frequency o f  c o i tu s  d u rin g  

pregnancy

SUMMARY

The most im p o rtan t f a c to r s  l ik e ly  to  p lay  a p a r t  in  th e  

normal p ro cess  of c e r v ic a l  r ip e n in g  a re  i l l u s t r a t e d  i n  F igure  5*8. 

R ipening c o n s is ts  o f two main changes, namely a change in  the 

p h y s ic a l p ro p e r t ie s  o f th e  t i s s u e  of the c e rv ix  ( e s p e c ia l ly  

co llag en ) and a shape change.



In  th e  f i r s t  o f th e s e ,  chem ical changes in  th e  ground 

substan ce  a l t e r  th e  cohesive  and d is p e rs iv e  fo rce s  a c tin g  

between th e  c o llag en  f i b r e s  so th a t  they  g lid e  more re a d i ly  

upon one an o th e r and t h i s  reduces th e  t e n s i l e  s tre n g th  of 

th e  c o llag en  b u n d les. Tliis change may be p r in c ip ly  c o n tro lle d  

by o e s t r a d io l  a lth o u g h  p ro s ta g la n d in s  and r e la x in  may a lso  be 

im p o rta n t. In  a d d it io n  th e re  may be an ab so lu te  re d u c tio n  

in  th e  mass of c o lla g en  due to  th e  a c t io n  o f co lla g en a se , perhaps 

a f t e r  w ithdraw al of i n h ib i t i o n  of t h i s  enzyme by p ro g es te ro n e .

The second, th e  shape change, i s  th e  e a r ly  o r  p re lim in a ry  

m a n ife s ta tio n  of th e  changes which proceed much more r a p id ly  

du rin g  la b o u r, namely effacem ent and d i l a t a t io n .  There seems 

l i t t l e  doubt th a t  th e  same s e t  of c ircum stances produce th e se  

changes in  l a t e  pregnancy as  do so in  la b o u r, i . e . ,  th e  combined 

e f f e c t  of u te r in e  c o n tra c t io n s  and lo c a l  p re ssu re  from th e  

p re s e n tin g  p a r t  of th e  f e tu s .

For a  h ig h  degree o f c e rv ic a l  r ip e n in g  to  be produced i t  

seems l i k e l y  th a t  w e ll developed t i s s u e  changes must be 

e x p lo ite d  by e f f i c i e n t  B raxton-H icks c o n tra c t io n s . F a ilu re  in  

e i t h e r  re sp e c t w i l l  le a d  to  f a i l u r e  of c e rv ic a l  r ip e n in g  and th e  

c l in ic a l  problem s which th i s  b r in g s .
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AMNIOTOJvIY AND ÏÎÎTRAVEHOUS 0XIT0CI2Ï INFUSION 
IN PRINIGRAVIDAS

E x is tin g  Methods of Management

This c h ap te r  a ttem p ts  to  d e fin e  th e  c l i n i c a l  problems 

a s s o c ia te d  w ith  f a i lu r e  of c e r v ic a l  rip en in g ' in  p r in ip a ro u s  

women, and th e  d e f ic ie n c ie s  o f th e  methods of management 

a v a i la b le  in  th e  e a r ly  1970’s .  A lthough se v e ra l w orkers 

(G a rre tt  I960; Embrey and Anselme 1962) had emphasised th e  

poor r e s u l t s  from in d u c tio n  o f lab o u r i f  th e  c e rv ix  was u n r ip e , 

o th e rs  (Tennant and B lack 1954; Manly 1956) had s ta te d  th a t  

no re g a rd  should  be tak en  of th e  c e r v ic a l  s t a t e  b e fo re  

perform ing  amniotomy. Indeed Manly (1956) saw "no cause 

f o r  alarm  i f  lab o u r has n o t ensued w ith in  th re e  d ays" . Many 

h ig h ly  re sp e c te d  te a c h e rs  of o b s te t r ic s  h e ld  th a t  i f  th e re  were 

in d ic a t io n s  f o r  in d u c tio n  o f la b o u r, the s te p  should be tak en  

d e c is iv e ly  and th a t  i f  th e  method f a i l e d  and caesarean  s e c tio n  

was re q u ire d , t h i s  had to  be accep ted  as th e  j u s t i f i a b l e  c o s t 

of th e  p a r t i c u la r  in d ic a t io n  f o r  in d u c tio n . When oxybocin 

began to  be used  more r a t io n a l ly  (T u rn b u ll and Anderson 1968) 

r e s u l t s  improved g e n e ra l ly , w ith  90 p e r cen t of p a t ie n ts  

d e liv e re d  w ith in  12 hours o f in d u c tio n , and a f a l l  in  th e  

caesarean  s e c t io n  r a t e .  T his m ight have suggested  th a t  th e  

u n rip e  c e rv ix  had ceased  to  be a problem , b u t th e  M edical and 

C l in ic a l  Report f o r  1973 of th e  Simpson Memorial M ate rn ity  

P a v ilio n , Edinburgh, posed th e  fo llo w in g  q u e s tio n : " I s  i t  not

p o s s ib le  th a t  we a re  s t i l l  f a i l i n g  to  pay s u f f i c i e n t  a t te n t io n  

to  th e  u n rip e  c e rv ix  and by f a i l i n g  to  do so a re  la y in g  on
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unnecessary  tro u b le  f o r  our p a t ie n ts  and o u rse lv es?"  The 

same c r i t ic is m  co u ld  probably  have been made w ith  some 

j u s t i f i c a t i o n  in  most o f the  m a te rn ity  h o s p i ta ls  i n  th e  lan d .

L i t t l e  o r no a t t e n t io n  was g e n e ra lly  paid to  th e  c e rv ix  when a 

d e c is io n  was made to  c a r ry  out in d u c tio n  of la b o u r .

To a s s e s s  th e  im portance of th e  s t a t e  o f the  c e rv ix , two 

s tu d ie s  were made in  th e  John R a d c lif fe  H o sp ita l , one r e t r o s p e c t iv e  

and one p ro sp e c tiv e .

RETROSPECTIVE STUDY

A re tro s p e c t iv e  a n a ly s is  was made o f th e  confinem ents 

conducted in  th e  s p e c i a l i s t  u n it  o f th e  h o s p i ta l  d u rin g  th e  

s ix  months p e r io d , March to  August in c lu s iv e ,  1974* D uring 

t h i s  tim e 2,173 p a t ie n ts  were d e liv e re d  of whom 1,250 were 

m u ltip a ra s  (57^) and 923 p rim ip aras  (43 /)*

The p a t te r n  of d e liv e ry  among th e  p rim ip aras  was examined 

in  d e t a i l .  T w enty-six  (2o8 /) were d e liv e re d  by e le c t iv e  

caesarean  s e c t io n .  Labour began spon taneously  in  560 (3 9 /) 

and was induced in  537 (5^)-*  This p e rio d  c o in c id ed  "̂ -zith th e  

peak in c id en ce  o f in d u c tio n  o f lab o u r in  th e  h o s p i ta l ,  wliich has 

s in c e  seen  a s teady  d e c lin e  (T u rn b u ll 1977). V ith  the  e x cep tio n  

o f a sm all number whose lab o u rs  were induced by amnio tomy and 

in trav e n o u s  p ro s ta g la n d in  in fu s io n  (see  C hapter 5)» th e  

method of in d u c tio n  was amniotomy and in trav e n o u s  oxy tocin
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t i t r a t i o n .  E ig h ty -s ix  o f the  p a t ie n ts  whose la b o u rs  began 

spon taneously  were g iven  in trav e n o u s  oxy tocin  to  augment lab o u r 

( in c lu d in g  37 p a t ie n ts  ad m itted  n e a r term  fo llo w in g  spontaneous 

ru p tu re  of th e  membranes in  whom u te r in e  c o n tra c tio n s  had n o t 

begun) . Thus a t o t a l  of 643 (7 0 /) from th e  t o t a l  923 p rim i-  ■> ?

parous p o p u la tio n  re c e iv e d  some form of o x y to c ic  s t im u la t io n .

The outcome in  th o se  897 p a t ie n ts  who were allow ed to  lab o u r 

i s  summarised in  Table 4»1»

There was no in s ta n c e  of in tra p a rtu m  s t i l l b i r t h  and th e  

o v e ra l l  r e s u l t s  examined in  t h i s  way appear s a t i s f a c to r y .

E ighty-tw o p e r c en t of th e  p a t ie n t s  had lab o u rs  l a s t in g  le s s  

th a n  12 hours and th e  mean d u ra tio n  was 9 .1  h o u rs , w ith  even 

b e t t e r  r e s u l t s  fo llo w in g  induced l a b o u r .■

One must expect h ig h e r  r a te s  o f caesa rean  s e c t io n  and b i r t h  

asphyx ia  in  th e  induced group s in ce  th i s  w i l l  in e v i ta b ly  co n ta in  

alm ost a l l  cases w ith  im paired  p la c e n ta l  fu n c tio n  (p re -e c lam p sia , 

f e t a l  growth r e ta r d a t io n ,  e t c . ) .  N e v e rth e le ss , c lo se  exam ination 

o f th e  76 cases o f n o n -e le c tiv e  caesarean  s e c t io n  showed th a t  

a l l  bu t th re e  could  be a t t r ib u te d  to  one of th re e  prim ary 

in d ic a t io n s  f o r  th e  o p e ra tio n , namely f e t a l  d i s t r e s s ,  cephalo - 

p e lv ic  d isp ro p o rtio n  o r f a i l u r e  to  p ro g ress  in  la b o u r. The 

th re e  o th e r  causes were sev e re  p re -ec lam p sia  in  one case , 

m aternal d i s t r e s s  in  one and cord p ro lap se  in  one. The b reak 

down of th e se  cases by in d ic a t io n  f o r  caesarean  s e c t io n  and 

mode o f onset of la b o u r i s  shown in  T able  4 .2 . F u r th e r  

a n a ly s is  of th e  d u ra tio n  of lab o u r and th e  degree of c e r v ic a l
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d i l a t a t i o n  reached  b e fo re  caesa rean  s e c t io n , and the  c o n d itio n  

of th e  neonates r e la te d  to  th e  main in d ic a t io n  f o r  caesarean  

s e c t io n  i s  s e t  out in  Table 4e3.

The most s t r ik in g  o b se rv a tio n  in  th i s  a n a ly s is  i s  th a t  

" f a i l u r e  to  p rog ress in  labour" was only found as th e  main 

in d ic a t io n  f o r  caesa rean  s e c t io n  among p a t ie n ts  i n  whom la b o u r 

had been induced , and t h i s  occurred  in  4 .1 /  of such p a t ie n t s .  

T h e ir lab o u rs  were p ro longed and were c h a ra c te r is e d  by 

in c o -o rd in a te  u te r in e  a c t io n  and poor c e rv ic a l  d i l a t a t i o n .

The f e t a l  outcome in  th e se  p a t ie n ts  appeared worse th an  in  th o se  

se c tio n e d  f o r  d isp ro p o rtio n , su g g es tin g  a g r e a te r  degree of 

s t r e s s  to  th e  f e tu s  from such la b o u rs .

I t  m ight be argued th a t  c ep h a lo -p e lv ic  d isp ro p o r tio n  cannot 

be ru le d  out in  some cases  d e liv e re d  by caesa rean  s e c t io n  f o r  

" f e t a l  d i s t r e s s "  o r  " f a i l u r e  to  p ro g ress  in  la b o u r" . W hile t h i s  

may be so i t  i s  u n l ik e ly  to  apply  in  many cases  in  t h i s  a n a ly s is  

s in c e  th e  in c id en ce  o f d isp ro p o rtio n  among th e  w e ll n o u rish ed  

Oxford p rim ig rav id ae  i s  u n lik e ly  to  be much h ig h e r  th a n  th e  

3 /  s e c tio n e d  (fo u r  e le c t iv e ly  and 25 d u ring  lab o u r) f o r  t h i s  

s ta t e d  rea so n .

While " f a i le d  in d u c tio n "  ( in  th e  o ld  sense  of f a i l u r e  of the  

u te ru s  to  c o n tra c t  fo llo w in g  amni.otomy) was n o t seen , some 

m ight re g a rd  th e  cases  o f " f a i lu r e  to  p ro g ress"  as " f a i l e d  

in d u c tio n s"  and f a i l u r e  to  produce u te r in e  a c t io n  capab le  o f 

le a d in g  to  v a g in a l d e liv e ry  can p ro p e rly  be regarded  as  f a i l u r e
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of th e  method. They may indeed  re p re se n t th e  same c l i n i c a l  

problem .

A number ox d i f f e r e n t  o b s te t r ic ia n s  had c a r r ie d  out th e  

in d u c tio n s , bu t because th e  case n o te s  in c luded  a form at f o r  

re c o rd in g  c e rv ic a l  f in d in g s  a t  in d u c tio n , i t  was p o s s ib le  to  

d iv id e  acco rd in g  to  t h e i r  c e r v ic a l  s t a t e  th o se  63 p rim ig rav id ae  

who had caesarean  s e c t io n s  a f t e r  induced lab o u r in to  th re e  broad 

groups namely r ip e ,  in te rm e d ia te  and u n rip e  (Table 4 .4 ) .  I t  

was im m ediately  c le a r  th a t  caesa rean  s e c t io n  was much commoner 

i n  th o se  w ith  an u n rip e  c e rv ix  a t  th e  tim e of in d u c tio n .

Whereas th e  cases  who had caesarean  s e c tio n s  on account 

of d isp ro p o rtio n  and "other*" in d ic a t io n s  had an even s c a t t e r  

o f c e r v ic a l  r ip e n e ss  a t  in d u c tio n , th o se  sec tio n e d  f o r  f e t a l  

d i s t r e s s  more commonly had an u n rip e  c e rv ix  a t  th e  tim e of 

in d u c tio n  and t h i s  was even more s t r i l i in g  in  th o se  who 

dem onstrated  f a i l u r e  to  p ro g ress  in  lab o u r.

I t  was a ls o  p o s s ib le  to  c a lc u la te  f o r  each case an ap p ro x i

mate c e r v ic a l  sco re  (se e  Appendix A) a t  th e  tim e of amniotomy.

The mean sco re  so o b ta in ed  in  each group i s  shown in  Table 4*4.

For com parison th e  c a se -sh e e ts  of a f u r th e r  63 p a t ie n ts  

were s e le c te d  a t  random from th e  t o t a l  group of 537 p rim i

g rav idae  who had lab o u r induced . These were examined in  th e  same 

way and th e  c e rv ix  found to  have been r ip e  in  18, in te rm e d ia te  

in  31 and u n rip e  in  14. The mean approxim ate c e rv ic a l  score



c e r v ic a l  s c o re /

was 5 .9  and t h i s  was s ig n i f ic a n t ly  g re a te r  th an  f o r  those  who 

came to  caesarean  s e c t io n  ( 4 . 0) .

The co n c lu sio n  from t h i s  r e tro s p e c t iv e  s tu d y  was th a t  

cae sa rean  s e c t io n  was more commonly re q u ire d  in  p a t ie n ts  who 

had come to  in d u c tio n  o f lab o u r w ith  an u n rip e  c e rv ix , and 

t h i s  was p a r t i c u la r ly  ap p aren t among those  r e q u ir in g  the  

o p e ra tio n  on account of f e t a l  d i s t r e s s  o r f a i l u r e  to  p ro g ress  

i n  la b o u r . Having in  mind, however, th e  d e fe c ts  o f such a 

r e t ro s p e c t iv e  s tudy  ( p a r t i c u la r ly  in  re sp e c t of in te r - o b s e r v e r  

e r ro r )  a  d e ta i le d  p ro sp e c tiv e  s tu d y  was c a r r ie d  out to  f u r th e r  

examine th e  q u e s tio n .

PROSPECTIVE STUDY

D uring a s ix  weeks p e rio d  from 27th  O ctober, u n t i l  

12 th  December, 1974? th e  can d id a te  p e rso n a lly  c a r r ie d  out a l l

la b o u r in d u c tio n s  in  p rim ig rav id as  r e f e r r e d  f o r  th e  purpose ,

who f u n f i l l e d  th e  c r i t e r i a ;  152 cms, o r more in  h e ig h t ,  

s in g le to n  pregnancy, v e r te x  p re s e n ta t io n , 38 weeks g e s ta t io n  

o r more, no p r io r  ev idence of spontaneous la b o u r . T h is 

produced a s e r ie s  o f 125 p rim ig rav id  in d u c tio n s .

The in d ic a t io n s  f o r  in d u c tio n  were a s  shown in  T able 4*5

F orew ater amniotomy was perform ed in  ev ery  case and a
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c e r v ic a l  sco re  re c o rd in g  (Bishop ( 1964) system m od ified , see 

F ig u re  3 .2 and Appendix A : C l in ic a l  M ethods). The sco res  in  

th e  p a t ie n ts  s tu d ie d  ranged from 1 to  11 and the  mean was 5 .4  

(F ig u re  4 . l ) .  An e le c tro d e  was a tta c h e d  a t  t h i s  tim e to  th e  

f e t a l  sc a lp  and a f lu id  f i l l e d  c a th e te r  passed  in to  th e  amn i o t ic  

c a v ity ;  th e se  were a tta c h e d  to  a H ew lett-Packard  8021 A c a rd io -  

tocog raph  to  g ive  a con tinuous rec o rd  of th e  f e t a l  h e a r t  r a t e  

and th e  i n t r a - u t e r in e  p re s su re  (se e  Appendix a ) . The i n t r a 

u te r in e  p re s su re  s ig n a l  was a lso  used in  co n ju n c tio n  w ith  th e  

f u l l y  au tom atic  C a rd iff  In fu s io n  appara tu s to  c o n tro l  th e  dose 

r a t e  o f the  in trav e n o u s  oxytocin  in fu s io n  which was commenced 

w ith in  15 m inutes of amniotomy. The use of t h i s  a p p ara tu s  

(F ig u re  4 .2 ; f o r  a d e s c r ip t io n  see  Appendix A) allow ed 

u n ifo rm ity  o f dosage s in c e  th i s  was determ ined hy th e  response  

o f th e  u te ru s  and th u s  f r e e  of any p o s s ib le  b ia s  on th e  p a r t  of 

th e  a t te n d a n ts .  The o b s te t r ic  management of the p a t ie n t  was 

th e r e a f t e r  e n t i r e ly  i n  the  hands o f th e  duty o b s te t r ic  s t a f f .  

E p id u ra l a n a lg e s ia  was employed i n  95 (76/^) o f th e  t o t a l  125 c ase s .

Labour and D elivery

In  F igure  4 .3  th e  time from amniotomy to  d e l iv e ry  i s  p lo t te d  

a g a in s t  th e  c e r v ic a l  sco re  a t  in d u c tio n . There i s  a  s tro n g  

in v e rse  c o r r e la t io n  between th e se  two fa c to rs  ( r  = -  0 .6 8 ;

P • « .  0 . 001). S ev en ty -e ig h t p e r cen t of a l l  p a t i e n t s  were 

d e liv e re d  w ith in  12 hours of in d u c tio n : every  p a t ie n t  w ith  a

sco re  g re a te r  th a n  s ix  was d e liv e re d  w ith in  t h i s  tim e , but few er 

th a n  40 p er cent of th o se  w ith  a sco re  below fo u r .



The breakdown of len g th  of lab o u r and mode of d e liv e ry  by 

c e r v ic a l  s t a t e  was as shown in  Table 4 .6 .

Spontaneous d e liv e ry  was commoner th e  r ip e r  th e  c e rv ix  

a t  in d u c tio n , bu t th i s  was p a r t ly  r e la te d  to  the  le n g th  of 

la b o u r . Those w ith  lo n g e r lab o u rs  more commonly req u ested  

e p id u ra l a n a lg e s ia  and hence re q u ire d  fo rceps d e l iv e r ie s  because 

of f a i l u r e  of th e  secondarj^ powers (H oult, McLennan and C a rrie  1976) 

By c o n tra s t  a l l  13 ca se s  re q u ir in g  caesarean  s e c t io n  had sco res 

of f iv e  or l e s s .  Indeed  as  th e  c e r v ic a l  sco re  f e l l  so th e  

caesarean  s e c t io n  r a t e  ro s e ,  and a l l  f iv e  p a t ie n ts  w ith  a sco re  

o f one were e v e n tu a lly  d e liv e re d  in  t h i s  way (F ig u re  4 .4 ) .

The in d ic a t io n s  fo r  caesarean  s e c tio n  were d isp ro p o rtio n  

in  two c a se s , f e t a l  d i s t r e s s  in  fo u r and f a i l u r e  to  p ro g ress  in  

seven (T able 4 .7 )•  Those cases  in  whom f a i l u r e  to  p ro g ress  

in  lab o u r was th e  p rim ary  in d ic a t io n  fo r  caesarean  s e c t io n  

appeared  to  have a s a t i s f a c to r y  p a t te r n  of u te r in e  c o n t r a c t i l i t y ,  

b u t they  were th e  lo n g e s t i n  la b o u r and ach ieved  th e  slow est 

and l e a s t  c e rv ic a l  d i l a t a t i o n .  D e livery  u s u a lly  became 

n e ce ssa ry  when a f t e r  18 ho u rs  or more of slow p ro g ress  th e  f e t a l  

c o n d itio n  began to  d e te r io r a te .

P e ta l  and m a te rn a l co m plica tions were a lso  found to  be 

r e l a t e d  to  the  c e r v ic a l  s t a t e  a t  in d u c tio n  (T able 4 .8 ) .  The 

in d iv id u a l  Apgar sco re s  a t  one m inute a re  p lo t te d  a g a in s t th e  

c e r v ic a l  sco re  in  F igure  4 .5 -  A ll the b ab ies  who re q u ire d  to  

be r e s u s c i ta te d  by e n d o tra ch e a l in tu b a tio n  and in te r m it te n t  

p o s i t iv e  p re s su re  v e n t i l a t io n  were born to  m others whose c e r v ic a l



c e r v ic a l /

sco res  were f iv e  o r le s s ,

T his s tudy  served  to  r e in fo r c e  the  f in d in g s  o f th e  

r e tro s p e c t iv e  s tu d y , and in  p a r t i c u la r  to  id e n t i f y  the  common 

and u n s a t i s f a c to ry  p a t te r n  of lab o u r which may fo llo w  amniotomy 

and oxy toc in  in fu s io n  in  th e  p rira ig rav id a  i f  th e  c e rv ix  i s  

u n r ip e . Whereas th e  o v e ra l l  r e s u l t s  f o r  th e  group as a whole 

(mean le n g th  of lab o u r 10*2 h o u rs , caesarean  s e c t io n  ra te  

10 p e r c e n t , m ate rn a l p y re x ia  r a te  10 p e r c e n t, b i r t h  asphyx ia  

r a t e  9 p e r cen t) m ight appear a c c e p ta b le  in  th e  co n tex t of 

induced la b o u r f o r  re c o g n isa b le  o b s te t r ic  a b n o rm a litie s , they  

conceal w ith in  them a  sm all h a rd  core whose r e s u l t s  a re  c le a r ly  

u n accep tab le , namely th o se  w ith  an u n rip e  c e rv ix . The r e s u l t s  

in  th e se  p a t ie n ts  (mean le n g th  o f lab o u r 14.9 h o u rs , caesarean  

s e c t io n  r a t e  32^ ,̂ m a te rn a l p y rex ia  r a t e  32/)* b i r t h  asphyxia  

r a t e  23^) a re  u n s a t i s f a c to r y ,  e s p e c ia l ly  when one co n sid e rs  th a t  

th e  in d u c tio n  r a te  i n  a l l  p rim ig rav id ae  was approaching  60 p e r c e n t ,  

and t h i s  must have in c lu d ed  many p a t ie n ts  w ith  t r i v i a l  o b s te t r i c  

a b n o rm a lit ie s •

Exam ination o f th e  r e s u l t s  from th e  o p p o site  view p o in t ,  

t h a t  i s  th o se  94 p rim ig rav id ae  who d id  not have an u n rip e  

c e rv ix  (sc o re s  4 -  1 2 ), shows th a t  th e  mean le n g th  of lab o u r 

was 8 .2  h o u rs , th e  c ae sa rean  s e c tio n  r a te  3^? th e  m aternal p y rex ia  

r a t e  2/o and th e  b i r t h  asphyx ia  r a te  4^» T his su g g ests  th a t  the  

in d i f f e r e n t  r e s u l t s  a f t e r  in d u c tio n  of labour were much more 

r e la te d  to  th e  s t a t e  of th e  c e rv ix  th an  to  th e  o b s te t r ic  

co m plica tions which c a l le d  f o r  in d u c tio n .



I f  f a i l u r e  o f c e rv ic a l  r ip e n in g  were never encountered  

th e  r e s u l t s  from in d u c tio n  of la b o u r would be g r e a t ly  improved. 

The s tu d ie s  d e sc rib e d , w hile  id e n t i f y in g  and q u a n tify in g  th e  

c l i n i c a l  problem of the  u n rip e  c e rv ix , o f f e r  n o th in g  in  th e  way 

o f a  s o lu t io n .  They show th a t  amniotomy and o x y toc in  t i t r a t i o n  

i s  an in a p p ro p r ia te  management i f  th e  c e rv ix  i s  u n r ip e , b u t 

what a l t e r n a t iv e s  would be b e t te r ?  To t r y  to  answ er th i s  

q u e s tio n  we must f i r s t  examine th e  p o s s ib le  rea so n s  f o r  th e  

poor r e s u l t s  and th en  c o n s id e r th e  th e ra p e u tic  o p tio n s .

The two most l i k e ly  reaso n s f o r  poor r e s u l t s  a r e : -

1) I f  th e  c e rv ix  i s  u n r ip e , th e  u te ru s  may be le s s  
re sp o n siv e  to  th e  method o f  in d u c tio n .

and

2) The m echanical work re q u ire d  to  overcome th e  
u n rip e  c e rv ix  i s  too  g re a t and may p u t to o  much 
s t r e s s  on the f e to - p la c e n ta l  u n i t .

There i s  some th e o r e t ic a l  support f o r  th e  f i r s t  in  th a t  

u te r in e  s e n s i t i v i t y  to  o x y to c in  norm ally  develops only  in  l a t e  

pregnancy (Csapo and Sauvage 1968) d u ring  th e  tim e when th e  

c e rv ix  i s  norm ally  r ip e n in g . Indeed th e se  two ev en ts  may be 

a s s o c ia te d  in  th a t  the  c e rv ix  may r ip e n  because o f th e  in c re a s e  

in  c o n t r a c t i l i t y  of th e  u te ru s  a s  i t s  s e n s i t i v i t y  in c re a s e s  

(se e  page 65 ) .  That b e in g  so , b e t t e r  r e s u l t s  m ight be 

expected  i f  p ro s ta g lan d in s  were used , s in ce  th e  u te ru s  i s  h ig h ly  

s e n s i t iv e  to  th e s e  agen ts  a t  any s tag e  o f pregnancy ( Embrey 1975)

I t  i s  s e l f - e v id e n t  th a t  i f  th e  main f a c to r  re sp o n s ib le  f o r



re sp o n s ib le  f o r /

producing  effacem ent and d i l a t a t i o n  of th e  c e rv ix  in  lab o u r 

i s  u te r in e  c o n t r a c t i l i t y ,  th e  more u n rip e  th e  c e rv ix  i s  a t  

the  o u ts e t ,  th e  more u te r in e  work w i l l  be re q u ire d .

C aldey ro -B arc ia  and P o se iro  (l959) have s ta te d  th a t  th e  in d u c tio n  

o f la b o u r re q u ire s  200 -  300 c o n tra c tio n s  o f 40 mm. Hg. in t e n s i ty  

o r g r e a te r  i f  th e  c e iv ix  i s  u n r ip e , bu t le s s  th an  100 i f  i t  i s  

r ip e ;  and C ib i ls  (l972) has q u a n tif ie d  th e  m echanical work 

re q u ire d  from th e  u te ru s  to  r ip e n  th e  c e rv ix . The d i s t in c t  

c l i n i c a l  im p ressio n  was gained i n  th e  course of th e  s tu d ie s  

d e sc rib e d  in  t h i s  C hapter th a t  of th e  f iv e  e lem ents of th e  

c e r v ic a l  s c o re , th e  l e a s t  v a lu ab le  p ro g n o s tic  index  was th e  

degree of d i l a t a t i o n  o f th e  c e rv ix . A nalysis  of th e  p o in ts  

awarded fo r  each elem ent acco rd in g  to  w hether la b o u r was lo n g e r 

o r  s h o r te r  th an  th e  median confirm ed t h i s  im p ress io n  (see  Table 4»9) 

The most v a lu a b le  index  was th e  le v e l  of th e  p re s e n tin g  p a r t ,  

fo llow ed  by th e  degree o f effacem ent and th e  co n s is te n cy  of 

th e  c e rv ix . I t  seems th a t  th e  tim e consuming p a r t  of th e  

l a t e n t  phase o f la b o u r i s  th a t  p a r t  concerned w ith  e f fa c in g  th e  

c e rv ix  and a llo w in g  descen t o f th e  head. Once th e  c e rv ix  i s  

f u l l y  e ffa c e d , d i l a t a t i o n  can r e a d i ly  p roceed . T h is i s  borne 

out by th e  f in d in g  th a t  in  most cases  sec tio n e d  f o r  f a i l u r e  to  

p ro g ress  in  la b o u r , effacem ent o f th e  c e rv ix  had never p ro p e rly  

talc en p la c e .

C aldeyro -B arc ia  e t  a l  (l974) have produced evidence th a t  

f e t a l  hypoxia i s  more l ik e ly  to  occur i f  amniotomy i s  perform ed 

e a r ly  in  spontaneous lab o u r th an  i f  d e fe rre d  u n t i l  d i l a t a t i o n  o f



d i l a t a t i o n  o f /

th e  c e rv ix  i s  w e ll advanced. The same may he t r u e  of induced 

lab o u r and th i s  may become c l i n i c a l l y  apparen t e s p e c ia l ly  in  

cases  th a t  r e q u ire  a prolonged l a t e n t  phase of c e r v ic a l  

effacem ent because th e  c e rv ix  i s  u n rip e . Another advantage 

in  a method of la b o u r in d u c tio n  might be avoidance of th e  need 

fo r  amniotomy.

The th e ra p e u tic  o p tio n s  in  th e  management of th e  u n rip e  

c e rv ix  may now be examined. There a re  fo u r :

1) C arry out e le c t iv e  caesarean  s e c t io n .
2) Delay d e liv e ry  in  th e  hope th e  c e rv ix  w i l l  r ip e n

in  th e  meantime.

3) Employ more s u i ta b le  methods of lab o u r in d u c tio n ,
perhaps a v o id in g  amniotomy and employing
p ro s ta g la n d in s ,

4) A ttem pt to  produce a r ip e  c e rv ix  b e fo re  inducing
la b o u r.

O ptions 3 and 4 w i l l  be d iscu ssed  in  l a t e r  c h ap te rs  b u t 

c o n s id e ra tio n  w i l l  now be g iven  to c p tio n s  1 and 2,

E le c t iv e  C aesarean S e c tio n

There a re  some p reg n an c ie s  in  which, because of d e te r io 

r a t in g  p la c e n ta l  fu n c tio n , th e  s t r e s s  of even th e  e a s ie s t  

o f lab o u rs  would be u n d e s ira b le . E le c tiv e  caesa rean  s e c t io n  

i s  th e  a p p ro p r ia te  management o f such cases r e g a rd le s s  o f th e  

s t a t e  of th e  c e rv ix . L o g ica lly  th i s  would a ls o  seem a p p ro p r ia te  

in  cases w ith  m arg in a lly  b e t t e r  p la c e n ta l fu n c tio n  i f  th e



i f  th e /

c e rv ix  i s  u n r ip e . However, to  apply  such management in  a 

b la n k e t fa sh io n  to  a l l  p a t ie n ts  w ith  an u n rip e  c e rv ix  would 

be unduly r a d ic a l .

F i r s t l y  th e  m a te rn a l r i s k s  a s s o c ia te d  w ith  caesarean  

s e c tio n  a re  n o t t r i v i a l  (R eport on C o n fid e n tia l E n q u iries  

in to  M aternal D eaths in  England and Wales 1970 -  1972).

Secondly i t  should  be s t r e s s e d  th a t  w hile  th e  r e s u l t s  in  th e  

"u n rip e  group" in  th e  p ro sp e c tiv e  study were extrem ely  p oo r, 

by no means a l l  31 p a t ie n ts  had an u n s a t i s f a c to r y  outcome. 

Twenty-one of th e  m others were d e liv e re d  v a g in a l ly  in  a mean 

tim e of 12.9  h o u rs , and tw enty of th e  31 b ab ies  had one m inute 

Apgar sco res  of 7 o r b e t t e r .  Had a l l  31 m others been d e liv e re d  

e le c t iv e ly  by cae sa rean  s e c t io n ,  s u b s ta n t ia l ly  more th an  h a l f  

would have had th e  o p e ra tio n  u n n e c e s sa r ily . Caesarean, s e c t io n  

i s  n o t y e t so s a f e ,  e i t h e r  in  th e  sh o r t terra o r i n  r e s p e c t  of 

fu tu re  p reg n an c ie s , t h a t  i t  may be perform ed l i ^ t l y  o r  w ithou t 

good cause .

D elaying th e  D e liv e ry

I t  i s  a reco g n ised  p ra c t ic e  in  some departm ents t h a t  i f  

th e  c e rv ix  i s  found to  be u n rip e  d e liv e ry  i s  delayed  to  aw ait 

r ip e n in g . C le a r ly  i f  th e  in d ic a t io n s  f o r  in d u c tio n  a re  t r i v i a l  

such a course  would seem s e n s ib le .  U n fo rtu n a te ly , th e  r e s u l t s  

a re  o f te n  d is a p p o in tin g . The d a ta  ( f ig u re  3*3) from th e  s tudy  

of B ishop ( 1964) in d ic a te  th a t  i f  the c e rv ix  was r ip e  (sc o re  9-12) 

lab o u r began w ith in  an average of 2 -  3 days, b u t i f  u n rip e



u n r ip e /

(sco re  0-3) th e  in te r v a l  was alm ost th re e  weeks.

Such a delay m ight be j u s t i f i e d  in  r e l a t i v e ly  normal 

p reg n an cies  (a lth o u g h  th e  dangers a s s o c ia te d  w ith  prolonged 

pregnancy would begin  to  m ount); i t  could, n o t be j u s t i f i e d  i f  

th e  in d ic a tio n s  were p re s s in g . Any improvement in  th e  s ta t e  

of th e  c e rv ix  may be bought a t  th e  co st o f im paired  p la c e n ta l  

fu n c tio n , even in  normal p reg n an cies  allow ed to  con tinue  long 

a f t e r  term . We have p e rso n a l experience  of s t i l l b i r t h s  

o c cu rrin g  w hile  c e rv ic a l  r ip e n in g  was aw aited . D elay ing  th e  

d e l iv e ry  i s  a t  b e s t a  tem porary exp ed ien t which may not be in  

th e  b e s t  i n t e r e s t s  of th e  m other o r h e r  baby.

Furtherm ore, i t  may be a  m istake  to  assume th a t  th e  c e rv ix  

i s  u n rip e  sim ply because th e  r ip e n in g  p ro cess  has been delayed* 

C layton ( l9 4 1 , 1953), S tew art and Bernard (l954) and W alker (l959) 

have a l l  shown th a t  th e  in c id en ce  of abnormal u te r in e  a c t io n  in  

la b o u r i s  in c re a se d  in  p regnancies  which co n tin u e  beyond term . 

T his may be no t so much th e  r e s u l t  of th e  delayed  onset of la b o u r 

as th e  cause o f i t ;  in  o th e r  words th e re  may be a fundam ental 

d e fe c t in  u te r in e  fu n c tio n . T his may c o n tr ib u te  to  u n rip en ess

of th e  c e rv ix  and w a itin g  may n o t cure i t .

S ince th e  optimum c l in i c a l  s o lu t io n  to  th e  problem of 

th e  u n rip e  c e rv ix  does n o t l i e  e i th e r  in  th e  u se  of e le c t iv e  

cae sa rean  s e c t io n  o r in  th e  postponem ent o f in d u c tio n , i t  was 

n ecessa ry  to  f in d  a l t e r n a t iv e  methods of management. The 

sea rc h  f o r  such methods i s  th e  c e n t r a l  theme d e sc r ib e d  in  the  

nex t th re e  chap ters*
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AS AN ALTERNATIVE TO 
AMNIOTOMY AND INTRAVENOUS OXYTOCIN

In  th e  sea rch  f o r  a more su c c e ss fu l method of in d u c tio n  

of lab o u r f o r  the  p rim ig rav id a  w ith  an u n rip e  c e rv ix , th e  f i r s t  

m o d if ic a tio n  in v e s t ig a te d  was th e  s u b s t i tu t io n  of p ro s ta g la n d in  

Eg f o r  oxy tocin  in  the  s tan d a rd  method of amniotomy and 

in trav en o u s  o x y to c in  in fu s io n . The l i t e r a tu r e  co n ta in ed  a 

la rg e  number o f re p o r ts  of th e  u se  of B and F p ro s ta g la n d in s  

ad m in is te red  in tra v e n o u s ly  fo r  in d u c tio n  of lab o u r (Embrey 1969; 

B easley , Dewhurst and G il le s p ie  1970; Embrey 1970; Karim 

e t  a l  1970; Anderson e t  a l  1971; Beaaley and G il le s p ie  1971; 

Karim 1971; K in o sh ita  e t  a l  1971; R oberts and T u rn b u ll 1971; 

Anderson, Robbins and S p e ro ff 1972; E lia s  1972; Hogaki 1972;

Ring 1972; Scher e t  a l  1972; S p e llacy  and G all 1972;

V akhariya and Sherman 1972; Vroman e t  a l  1972; Brown e t  a l  1973; 

L aros, W ittin g  and Work 1973; N aism ith, B arr and MaoVicar 1973; 

S p e llacy  e t  a l  1973; T h iery  e t a l  1973; W ittin g , Laros and 

Work 1973; C ab a lle ro  e t  a l  1974; T hiery  e t  a l  1974). N in e teen

of th e se  papers d e sc rib ed  experience  v d th  in tra v e n o u s  PGFg ^ 

f o r  in d u c tio n  o f  lab o u r in  a t o t a l  of 893 p a t ie n ts  and n ine  o f 

th e  re p o r ts  concerned th e  u se  of PGBg in  886 p a t i e n t s  (500 o f whom 

were c o n tr ib u te d  by Karim ( l9 7 l)  in  a s in g le  r e p o r t ) .  E xperience 

w ith  PGE^ was l im ite d  to  39 p a t ie n ts  d e sc rib e d  in  th re e  o f th e  

r e p o r ts  and only  two p ap ers  m entioned th e  u se  o f PGF^ ^ in  each 

in s ta n c e  f o r  one p a t ie n t  only .

Because th e  p ro to c o ls  d if f e r e d  w ide ly  ;d .th  reg a rd  to
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in d ic a t io n s  f o r  in d u c tio n  of la b o u r , p a r i ty ,  g e s ta t io n a l  age, 

dosage of p ro s ta g la n d in s , tim in g  of amniotomy, c r i t e r i a  o f 

su ccess  and method o f  re c o rd in g  s id e  e f f e c t s ,  i t  i s  n o t 

p o s s ib le  to  draw o th e r  than  th e  b ro ad est com parisons and 

co n c lu sio n s  from th e se  s tu d ie s .  In  p a r t i c u la r ,  very  few of 

th e  a u th o rs  made any m ention o f the  c e r v ic a l  f in d in g s  a t  the tim e 

of in d u c tio n  so th a t  no op in ion  cou ld  be formed on th e  v a lu e  

o f p ro s ta g la n d in s  in  th e  s p e c i f ic  problem of th e  u n rip e  c e rv ix . 

N e v e rth e le ss , th e  fo llo w in g  conclusions could be draim :

1) P ro s ta g la n d in s  ( e s p e c ia l ly  PGS  ̂ and LGP^^) 
in fu se d  in tra v e n o u s ly  i n  com bination w ith  
amniotomy a re  e f f e c t iv e  ag en ts  fo r  in d u c tio n  
of la b o u r ,

2) While f ix e d  dose r a t e  schedules may be e f f e c t iv e  
an e s c a la t in g  dose g ives b e t t e r  r e s u l t s .

3) The th e ra p e u t ic  dose range appears narrow er 
than  w ith  oxy toc in  so  th a t  u te r in e  hyper
s t im u la t io n  may occur i f  th e  dose i s  to o  g re a t .

4) M aternal s id e  e f f e c t s  (nausea , vom iting , 
d ia r rh o e a , p y re x ia , sh iv e r in g , p a in  and 
erythem a a t  th e  s i t e  of in fu s io n ) may occur 
w ith  th e  doses n e ce ssa ry  to  induce la b o u r .
These a re  more common and troublesom e
w ith  PGFg^ th an  w ith  PGE^.

5) PGEg and PGF^^ appear about e q u a lly  e f f e c t iv e  
f o r  lab o u r in d u c tio n  a t  term .

Comparisons of I .V . P ro s ta g la n d in s  with Oxytocin

Ten of th e  above m entioned re p o r ts  have a ttem p ted  to  make
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a comparison between e i t h e r  or both p ro s ta g la n d in s  and oxytocin* 

The alm ost in v a r ia b le  co n clu sio n  o f th e se  s tu d ie s  has been th a t  

p ro s ta g lan d in s  appear about as s a fe  and e f f e c t iv e  as ox3’"tocin  

i n  in d u c in g  la b o u r. On the  o th e r  hand, the h i ^ e r  in c id en ce  

of i r r i t a t i n g  s id e  e f f e c t s  (around 5/̂  o f p a t ie n ts  o v e ra ll)  i s  

an im portan t drawback. The only  suggested  advantage of 

p ro s ta g la n d in s  was th e  th e o r e t i c a l  one of hav ing  no a n t i -  

d iu r e t i c  e f f e c t  s im ila r  to  th a t  of oxytocin  b u t t h i s  i s  r a r e ly  

o f c l i n i c a l  im portance (R oberts  e t a l  1970)*

Only one o f  th e se  s tu d ie s  (B eazley and G il le s p ie  197l) 

was conducted on a double b lin d  b a s is .  PGS^ was compared w ith  

oxy toc in  and th e  r e s u l t s  were v i r t u a l l y  i d e n t i c a l ,  b u t th e  

p a t ie n t s  were n o t matched fo r  f a c to r s  known to  a f f e c t  lab o u r 

such as age, p a r i ty  and g e s ta t io n  and in  p a r t i c u la r  no account 

was tak en  of th e  s ta t e  o f th e  cervix* A nother s tudy  (V akhariya 

and Sherman 197l) d id  d i f f e r e n t i a t e  on th e  b a s is  o f a c e r v ic a l  

sco re  (range  0 -  16) in to  " d i f f i c u l t "  (O -  5) and "easy"

(6 -  16) in d u c tio n s , b u t a l l  th e  p a t ie n ts  were n u lt ip a ro u s  

and t h i s  f a c to r  was th e re fo re  p robab ly  le s s  im p o rtan t. F i f ty  

p a t ie n ts  were c l a s s i f i e d  a s  d i f f i c u l t  in d u c tio n s  and 25 rece iv ed  

each drug* Amniotomy was perform ed when c o n tra c t io n s  were 

e s ta b lis h e d  and on the  r a th e r  a r b i t r a r y  b a s is  of v ag in a l d e liv e ry  

w ith in  8y hours of in d u c tio n , 23 oxy tocin  cases and 22 PGFg ^ 

cases  were co n sid e red  to  have had a su c c e ss fu l outcome. Only 

one p a t ie n t  in  each group re q u ire d  caesarean  s e c t io n ,  one because 

o f f e t a l  d i s t r e s s  and one because of f a i l u r e  o f descen t o f a  

b reech  p re s e n ta t io n ;  t h i s  perhaps suggests  th a t  an unfavourab le
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c e rv ix  i s  a l e s s  s e r io u s  problem in  m ultiparous p a t ie n ts  than  

in  p rim ip a ra s .

In  th e  o th e r  s tu d ie s  th a t  compared p ro s ta g la n d in  and 

o x y to c in , Brown, H am lett and H ibbard (l973) s ta t e  t h a t  amniotomy 

was perform ed a t  th e  o u ts e t  " fo llo w in g  p e lv ic  assessm ent" but 

no d a ta  on the  s t a t e  of th e  c e rv ix  i s  p re sen ted . Karim ( l9 7 l)  

makes no m ention o f th e  c e rv ic a l  s t a t e  (no r even m aternal ag e , 

p a r i ty  o r g e s tio n a l age) and h is  f a i l u r e  r a t e  of 33 p e r  cent 

f o r  oxy tocin  a g a in s t  4 p e r  cen t f o r  PGEg su g g ests  th a t  he  could 

n o t have been employing ox y to c in  in  a  manner designed  to  ensure 

i t s  maximum e f f ic ie n c y . The o th e r  s tu d ies ,w h ich  compared 

PGFg ^ w ith  oxytocin , s u f fe re d  from s im ila r  d e fec ts  and s in c e  our 

main concern  i s  m th  PQE^r th e se  vn.ll no t be considered  f u r th e r .

In  o rd e r  to  examine th e  p o s s ib i l i t y  th a t  in trav en o u s  PGE  ̂

fo llo w in g  amniotomy would be more e f f e c t iv e  th an  in trav en o u s  

oxy toc in  f o r  th e  p rim ig rav id a  w ith  an u n rip e  c e rv ix , a  double 

b l in d  t i d a l  vras desig n ed . The study  i s  d e sc rib ed  in  th e  fo llo w in g  

p ap er.

PGE  ̂ 'Ifus p re fe r re d  to  PGF^ ^ f o r  tv70 rea so n s . F i r s t l y ,  th e  

tvro compounds appeared  on th e  fa c e  of p u b lish ed  ev idence to  be 

about e q u a lly  e f f e c t iv e ,  b u t PGE  ̂ was r a th e r  f r e e r  of s id e  e f f e c t s .  

Secondly , a lth o u g h  the  muscle o f th e  c e rv ix  may have l i t t l e  

fu n c tio n a l  im portance (page 76 ) th e re  vras some evidence 

(Embrey and M orrison 1968; N ajak, H i l l i e r  and Karim 1970;

Karim and Ratnam 1974) th a t  PGE  ̂ might r e la x  th e  muscle of th e
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c e rv ix  and low er segment which would c le a r ly  he p re fe ra b le  

to  th e  o p p o site  e f f e c t  which had been a t t r ib u te d  to  PGF^ cc *

The paper d esc rib ed  100 p rim ig rav id ae  w ith  c e r v ic a l  sco res  

of 0 -  6, Because subsequent c l i n i c a l  s tu d ie s  a re  concerned 

only w ith  p rim ig ra v ida,e w ith  th e  most u n rip e  c e rv ic e s  (sc o re s  

0 - 5 )  th e  d a ta  f o r  those  p a t ie n ts  in  the  s e r i e s  w ith  sco res  

o f 0 -  3 have been e x tra c te d  and a re  p resen ted  s e p a ra te ly  

on page 112,





Da ta  fo r  Pat i e n t s w ith  C erv ica l Scores 0 -  3

T h ir ty - fo u r  of th e  100 p a t ie n ts  had c e rv ic a l sco res  between 

0 and 3 y and 17 of th e se  p a t ie n ts  re ce iv ed  each d iu g . The 

numbers a re  th e re fo re  sm all b u t the  d .e ta ils  of la b o u r, d e liv e ry  

and adverse  e f f e c t s  in  th e  two groups a re  shown in  Table 5*1*

In trav en o u s PG3^ appeared  more e r fa c tiv e  th a n  o x y toc in  in  

ach iev in g  c e r v ic a l  effacem ent and d i l a t a t i o n ;  the l a t t e r  drug 

ag a in  being  a s s o c ia te d  w ith  th e  p a t te rn  o f " f a i lu r e  to  p ro g ress"  

in  la b o u r. T his was th e  in d ic a t io n  fo r  caesarean  s e c t io n  in  

fo u r  o f th e  f iv e  oxy toc in  cases  sec tio n ed . The o p e ra tio n  was 

perform ed in  th e se  fo u r cases  a f t e r  a mean of 20,2 hours by 

which tim e th e  mean c e r v ic a l  d i l a t a t i o n  was only  3 r  cm. The 

o th e r case was se c tio n e d  because of cep h a lo p e lv ic  d is p ro p o r tio n  

a f t e r  13*7 hours and a c e r v ic a l  d i l a t a t io n  of 4 t  cm.

In  th e  two PGE^ cases r e q u ir in g  caesarean  s e c t io n , the  

in d ic a t io n  was f a i l u r e  to  p ro g ress  in  lab o u r i n  one case 

(cer^rix  4 cm d i la te d  a f t e r  16 .0  hours) and f e t a l  d i s t r e s s  in  

th e  o th e r  (c e rv ix  7 cm d i l a t e d  a f t e r  11.2  h o u rs ) .

Although th e  numbers a re  sm all th e re  i s  some su p p o rt from 

th e se  d a ta  f o r  the  view th a t  th e  use of PGEg produced u te r in e  

a c t io n  th a t  was more e f f i c i e n t  th an  oxy tocin  i n  causing  c e r v ic a l  

effacem ent and d i l a t a t i o n .  P e ta l  d i s t r e s s  and b i r t h  asphyxia  

were a ls o  l e s s  common. However, th e  u n p leasan t m ate rn a l s id e



m atern a l s id e /

e f f e c t s ,  w hile never becoming in to le r a b le ,  were s u f f i c i e n t  of 

a d isad van tage  to  o f f - s e t  th e  b e n e f i ts .

I t  was o r ig in a l ly  p lanned to  fo llow  up t h i s  s tudy  vrith 

a n o th e r u s in g  system ic p ro s ta g la n d in  (in trav en o u s  or o ra l)  

w ith o u t amniotomy to  in v e s t ig a te  th e  th e o r e t ic a l  b e n e f i t  of 

in t a c t  f e t a l  membranes (page 40 ) .  T his p lan  was abandoned 

a f t e r  a p i l o t  stud^'- of f iv e  p a t ie n t s ,  two who rece iv ed  

in trav e n o u s  PGE  ̂ snd th re e  who re c e iv e d  o ra l  PGE  ̂ t a b l e t s .

This had dem onstrated  th a t  th e  methods were c le a r ly  l e s s  e f f e c t iv e  

th a n  i f  combined w ith  amniotomy, and the s id e  e f f e c t s  were w orse.

The l i t e r a t u r e  co n ta in ed  17 re p o r ts  o f th e  u se  of o ra l 

PGEg f o r  term  lab o u r in d u c tio n  (Karim and Sharma 1971a, 1972;

B arr 1972, 1975; E l ia s  1972; P i l s h ie  1972; C ra f t 1973a, 1973b; 

K e lly , P lynn and B ertran d  1973; T hiery  e t  a l  1973b, 1974a;

Y ip, Ha and Bg 1973; Corson and Bolognese 1974; E ld e r and 

Stone 1974; Murnaghan e t  a l  1974; W ilkin  e t  a l  1974;

L aurensen and W ilson 1973), an ex p erien ce  of over 1 ,700 p a t i e n t s .  

As w ith  in trav e n o u s  s tu d ie s  th e  p ro to c o ls  v a r ie d  w idely  e s p e c ia l ly  

in  re s p e c t o f p a r i ty ,  g e s ta t io n a l  age and w hether o r not c e r v ic a l  

s t a t e  was co n sid e red . A lthough seme au th o rs  claim ed su ccess  

even i f  the  c e rv ix  was u n r ip e , t h i s  was th e  commonest re a so n  

given fo r  f a i l u r e  and d id  n o t encourage optimism, th a t  o ra l  

p ro s ta g la n d in s  m ight p rov ide  th e  s o lu tio n  to  th e  problem .

However, th e  main reaso n  system ic  ro u te s  of p ro s ta g la n d in  th e ra p y



th e ra p y /

were n o t pursued  f u r th e r  was th a t  in v e s t ig a t io n s  of lo c a l  ro u te s  

had begun, and were a lre ad y  y ie ld in g  much more prem ising  re s u lts »

The main conclusion  from t h i s  s tu d y , th e re fo re  was th a t  

th e re  was l i t t l e  to  choose between in trav en o u s  p ro s ta g la n d in  

and oxy toc in  f o r  in d u c tio n  o f  labour in  p rim ig rav id ae . The 

advantage of p ro s ta g la n d in  was to  ach ieve b e t t e r  c e rv ic a l  

d i l a t a t i o n  in  the  most u n fav ourab le  ce rv ice s  but th i s  was o f f - s e t  

by i t s  in c re a se d  system ic s id e  e f f e c t s .  I t  was hoped th a t  by 

ap p ly ing  p ro s ta g la n d in s  lo c a l ly ,  th e  advantageous c e rv ic a l  e f f e c t s  

m ight be in c re a se d  and th e  d isadvan tageous system ic  co m p lica tio n s  

reduced . The s tu d ie s  which were undertaken  to  exp lo re  the  

p o te n t ia l  v a lu e  of lo c a l  p ro s ta g la n d in s  in  the u n rip e  c e rv ix  

a re  d e sc rib ed  in  th e  nex t two c h a p te rs .
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DBPELOPî«®NT AND APPLICATION OF METHODS OF 
LOCAL (EXTRA-MFIOTIC) PROSTAGLANDIN ADMINISTRATION 

FOR INDUCTION OF LABOUR

The fo reg o in g  c h ap te rs  have id e n t i f i e d  the  d e f ic ie n c ie s  

of h i th e r to  a v a ila b le  methods of in d u c tio n  o f labour i f  the 

ce rv ix  i s  u n r ip s .  Amniotomy and in trav e n o u s  oxy tocin  in fu s io n  

proved u n s a t i s f a c to r y  and a lth o u g h  in trav e n o u s  in fu s io n  of 

p ro s ta g la n d in  E^ appeared  capable o f s t im u la t in g  u te r in e  a c tio n  

which was more e f f i c i e n t  f o r  c e r v ic a l  effacem ent and d i l a t a t io n  

th an  th a t  produced by in trav e n o u s  o xy toc in , i t s  u se  was l im ite d  

by m ate rn a l s id e  e f f e c t s .

The p reced in g  few y e a rs  had seen ex ten s iv e  in v e s t ig a t io n  

o f th e  u se  o f p ro s ta g la n d in s  fo r  th e ra p e u tic  a b o r t io n , no tab ly  

in  the  second t r im e s te r  o f pregnancy, t /h i le  i t  had been shown 

th a t  such p regnancies  could be s u c c e s s fu lly  te rm in a ted  by 

in trav en o u s  in fu s io n  o f PGE^ (Karim and F i l s h ie  1972) or PGF^^ 

(Karim 1971c) and even by in tra m u sc u la r  (Karim e t a l  197l) o r 

o ra l  (Karim 1971b) a d m in is tra tio n  o f th e se  a g e n ts , th e  dose re q u ire d  

by system ic  ro u te s  was la rg e ,  so t h a t  s id e  e f f e c t s  were very  

commonly produced (H endricks e t  a l  1971; H i l l i e r  and Embrey 

1972).

There a re  s e v e ra l  reaso n s f o r  t h i s .  I t  i s  now c le a r  th a t  

in  most of t h e i r  p h y s io lo g ic a l r o le s  the  p rim ary  p ro s ta g lan d in s  

a re  sy n th e s ise d  and re le a s e d  a t  o r c lo se  to  t h e i r  s i t e  of a c t io n , 

and do not behave as c i r c u la t in g  hormones (ïümbrey 1975).

Furtherm ore th ey  a re  ra p id ly  m etab o lised  in  th e  c i r c u la t io n ,



c i r c u l a t i o n , /

p a r t i c u la r ly  d u rin g  passage th rough  th e  lungs (Karim and Rao 

1975) so th a t  very  la rg e  doses a re  re q u ire d  by system ic  ro u te s  

to  ach ieve  e f f e c t iv e  l e v e l s  a t  th e  ta r g e t  o rgan , in  t h i s  case  

the  u te ru s .  T h is , to g e th e r  w ith  th e  lack  of s p e c i f i c i t y  of 

th e se  compounds, e x p la in s  th e  h igh  le v e l  o f s id e  e f f e c t s .

Both PGBg and PGP^ ^ a re  knoi-m to  in f lu e n c e  c o n t r a c t i l i t y  of 

a wide v a r ie ty  of smooth muscle system s such as th o se  in  g u t . 

(B ennett 1972), a i r  p a ssag es . (C u thhert 1973), and b lood v e s s e ls .  

(Makano 1973)• They a re  a lso  im p lic a te d  in  such p ro cesses  as 

p a in  and inflam m ation  (Vane 1973)- I t  i s  h a rd ly  s u r p r is in g  th e n  

th a t  system ic a d m in is tra tio n  fo r  th e ra p e u tic  a b o r t io n  r e s u l te d  

in  such s id e  e f f e c t s  as nausea , vom iting, d ia rrh o e a , pa in  and 

erythem a a t  th e  s i t e  o f in fu s io n , and py rex ia  as  w e ll  as  

o ccas io n a l in s ta n c e s  of headache, v is u a l  u p s e ts  and ta c h y c a rd ia . 

Although th e  dose re q u ire d  fo r  in d u c tio n  o f  la b o u r i s  g e n e ra lly  

much low er, t h i s  i s  l e s s  t ru e  i f  th e  c e rv ix  i s  u n r ip e , hence 

th e  in c id en ce  o f troublesom e s id e  e f f e c ts  encountered  in  th e  

study  d e sc rib ed  in  th e  l a s t  c h a p te r .

The lo g ic a l  s o lu t io n  to  t h i s  problem was to  d e l iv e r  th e  

p ro s ta g lan d in s  c lo s e r  to  th e  s i t e  o f a c tio n . D esp ite  e a r ly  

o p tim is t ic  r e p o r ts  (Karim and Sharma 1971c) v a g in a l p e s s a r ie s  

proved d isa p p o in tin g  f o r  th e ra p e u tic  a b o r tio n , th e  dose re q u ire d  

su g g es tin g  th a t  t h e i r  mode of a c t io n  invo lved  a b so rp tio n  from 

th e  vagina in to  th e  system ic  c i r c u la t io n  (C aldw ell e t  a l  1972). 

A ccordingly , s id e  e f f e c t s  were n o t s u b s ta n t ia l ly  reduced 

(M ille r  and C alder 1971, unpub lished  o b s e rv a tio n s ) .



A tte n tio n  then -turned to  in t r a - u t e r i n e  a d m in is tra tio n  and 

two tech n iq u es  were developed namely in tra -a m n io tic  and 

e x tra -a m n io tic . In tra .-an in io tic  therapy  has proved to  be 

e f f e c t iv e  f o r  th e  in d u c tio n  of a b o r tio n  (B renner e t  a l  1973), 

bu t t h i s  techn ique  has obvious d isad v an tag es  f o r  in d u c tio n  of 

lab o u r in  th e  m ature pregnancy. The i n s t i l l a t i o n  o f 

p ro s ta g lan d in s  in to  th e  am nio tic  f l u i d  in  th e  re q u ire d  amounts 

could  induce spasm of th e  u m b ilic a l v e s s e ls  and im p a ir p la c e n ta l  

blood flow  ( H i l l i e r  1970). F urtherm ore, i t s  u se  would re q u ire  

am niocen tesis  which c a r r ie s  the  r i s k  of d i r e c t  damage to  the  

p la c e n ta . For th e se  re a so n s , in tr a -a m n io tic  th e rap y  has no t 

been co n sid ered  s u i ta b le  fo r  in d u c tio n  of la b o u r , and w i l l  n o t 

be d iscu ssed  f u r th e r .

The e x tra -a m n io tic  route had been used  in  th e  p a s t  to  

a d m in is te r  a c r id in e  dyes such as  am inacrine in  o rd e r  to  induce 

a b o r tio n  (h a b r is k i  e t  a l  1 9 7 l)* P ro s ta g la n d in s  were f i r s t  

g iven  by t h i s  ro u te  by W iqvist and Bygdeman (l970) who were 

su c c e ss fu l in  te rm in a tin g  11 of 12 f i r s t  t r im e s te r  p reg n an c ie s  

u s in g  re p e a te d  e x tra -a m n io tic  doses of e i t h e r  PGP^ ^ o r PGE^» 

In d ep en d en tly , Embrey and H i l l i e r  ( l9 7 l)  a p p lie d  a  s im ila r  

tech n iq u e  in  second t r im e s te r  p reg n an cies . They employed a 

Foley c a th e te r  in tro d u ced  through the  c e rv ix  and r e ta in e d  in  

p lace  by d is te n d in g  th e  b a llo o n  (which lay  ju s t  above th e  

i n t e r n a l  c e rv ic a l os) w ith  20 -  40 ml w ater. Bolus doses 

o f PGB  ̂ 200 ĵ g o r P^F^ ^ 750 qg, were given every two hou rs 

v ia  th e  c a th e te r  in to  th e  e x tra -a m n io tic  sp ace . A pplying 

t h i s  techn ique  to  a  la rg e  s e r ie s  (Embrey, H i l l i e r  and Mahendran



(Embrey, H i l l i e r  and M ahendran/

1972) they re p o rte d  s u c c e ss fu l a b o rtio n  w ith in  24 hours in

41 of 61 (67^) who re c e iv e d  PGF„ and in  27 of 33 (82/0^ cc
vdio re c e iv e d  PGE . The mean time taken  to  a b o rtio n  was 

2
22 .4  hours f o r  the  s e r ie s  a s  a  w hole, bu t was s h o r te r  f o r  

PGBg (l9o5  hours) than  fo r  PGF^ ^ ( 24.1  h o u rs ) . The dose 

of p ro s ta g la n d in s  n e ce ssa ry  to  induce a b o r tio n  was low er th an  

w ith  system ic  ro u te s  of a d m in is tra t io n , and s id e  e f f e c t s  were 

n o ta b ly  reduced .

At Glasgow Royal In f irm a ry , M ille r ,  C alder and Macnaughton 

( 1972) employed a m o d if ic a tio n  o f Embrey’s techn ique fo r  

2nd t r im e s te r  a b o r tio n . In s te a d  o f in te r m it te n t  dosage, th e  

p ro s ta g la n d in s  were d e liv e re d  by a m echanical pump as a 

con tinuous in fu s io n . A bortion  was s u c c e s s fu lly  induced w ith in  

24 hours in  47 of 52 second t r im e s te r  p regnancies (90^) who 

re c e iv e d  PCE^ a t  a r a te  of 1 .5  -  4 .5  pg p er m inute . The mean 

tim e to  a b o r tio n  was 15*8 hours and th e  in c id en ce  of s id e  

e f f e c t s  was very  low. This method a lso  s im p lif ie d  the  n u rs in g  

c a re  of th e  p a t ie n ts  and i t  rem ains th e  method o f  choice f o r  

te rm in a tio n  of second t r im e s te r  p regnancies in  Glasgow Royal 

In f irm a ry  and many o th e r  h o s p i ta l s .

The advan tages of th e  e x tra -a m n io tic  ro u te  over system ic 

ro u te s  of p ro s ta g la n d in  th e ra p y  fo r  te rm in a tio n  of pregnancy were 

so obvious bo th  in  e f f ic a c y  and in  the  absence o f s id e  e f f e c t s  

th a t  i t  seemed l i k e ly  th a t  th e  same m i ^ t  app ly  in  more advanced 

p reg n an c ie s . I t  a lso  seemed p o s s ib le  th a t  th e  u n rip e  c e rv ix



c e rv ix /

a t  term m ight have much in  common w ith  the c e rv ix  in  th e  second 

t r im e s te r ,  bo th  in  i t s  p h y s ica l c h a r a c te r i s t i c s  and in  i t s  poor 

response  to  oxy tocin  therapy»

B efore ap p ly ing  t h i s  techn ique of e x tra -a m n io tic  p ro s ta g la n d in  

tre a tm e n t to  term p reg n an c ie s , however, i t  was f i r s t  necessary  

to  seek re -a ssu ra n c e  about th e  s a f e ty  of such an approach.

There was no p a r t i c u la r  a n x ie ty  about the  drug i t s e l f .  

P ro s ta g la n d in s  had been w idely  used fo r  la b o u r in d u c tio n  by 

system ic  ro u te s  and appeared to  be f r e e  of s e r io u s  harm ful 

e f f e c t s .  The u n c e r ta in ty  c e n tre d  on how the  term pregnant 

u te ru s  would respond to  d i r e c t  a p p l ic a t io n  o f p ro s ta g la n d in s .

In  th e  f i r s t  and second t r im e s te r s  o f pregnancy the  u te ru s  

responds in  one of two ways to  e x tra -a m n io tic  p ro s ta g la n d in s  

(Embrey and H i l l i e r  1971; IfacKensie, H i l l i e r  and Embrey 1975)*

The u su a l re sp o n se  i s  a  g rad u a l in c re a se  in  u te r in e  tone and 

fre q u e n t low a m p litu te  c o n tra c tio n s  which g ra d u a lly  in c re a se  

(se e  F ig u re  6 .1 ) .  In  some c a se s , however, an im m ediate r i s e  

in  u te r in e  to n e  fo llo w s  th e  in je c t io n ,  causing  severe  p a in .

This response  i s  more commonly seen i f  b leed in g  accompanies 

in s e r t io n  of th e  e x tra -a m n io tic  c a th e te r ,  and i t  has been 

a t t r ib u te d  to  ra p id  system ic  a b so rp tio n  o f th e  drug . Although 

th e  second p a t te rn  i s  th e  more extrem e, bo th  a re  a s s o c ia te d  

w ith  a r i s e  in  b a sa l u te r in e  tone which would be u n accep tab le  

in  term  lab o u r because of th e  r i s k  o f p la c e n ta l  com pression 

and f e t a l  hypoxia .



Whereas i t  was f e l t  t h a t  th e  response of th e  u te ru s  to  

p ro s ta g la n d in s  was more l i k e ly  to  be a fu n c tio n  o f the  

g e s ta t io n a l  age th an  of th e  ro u te  of p ro s ta g la n d in  a d m in is tr a t io n , 

i t  was f e l t  e s s e n t ia l  th a t  the  s a f e ty  o f the e x tra -a m n io tic  

method was f i r s t  dem onstrated  on advanced n o n -v iab le  p re g n a n c ie s . 

In  th i s  way, in fo rm a tio n  would a lso  be gained  which would a c t  

as a guide to  th e  optimum dosage regim es to  be u sed  in  v ia b le  

p reg n an c ie s .

S u ita b le  cases f o r  th i s  study were p rov ided  by in s ta n c e s  

of f e t a l  death  i n  u te ro  and anencephaly in  l a t e  pregnancy .

The f e t a l  death  cases  a lso  prov ided  a u s e fu l  model to  a l l a y  

an o th er a n x ie ty , namely in t r a - u t e r in e  in f e c t io n .  In  the  e a r ly  

days of e x tra -a m n io tic  th e rap y  f o r  in d u c tio n  of a b o r t io n , th e  

method was c r i t i c i s e d  because of th e  danger of in tro d u c in g  

in f e c t io n  in to  th e  u te ru s  (R o b erts , C assie  and T u rn b u ll 1971). 

E x tensive  experience  su b seq u en tly  m th  th e  method has not 

s u b s ta n t ia te d  th e se  f e a r s  ( Embrey 1975) m ainly because th e  

in d u c tio n  -  a b o r tio n  in te r v a l  i s  kep t s h o r t ,  N e v e r th e le s s , 

th e  th e o r e t ic a l  r i s k  rem ained and i t  was f e l t  t h a t  i t  would 

be re -a s s u r in g  to  show th a t  th i s  co m p lica tio n  could  be avo ided  

in  cases i i i th  a dead f e t u s ,  p o te n t ia l ly  those  most l ik e ly  to  

m an ife st any in t r a - u t e r i n e  in f e c t io n .

The techn ique  of continuous e x tra -a m n io tic  in fu s io n  of 

p ro s ta g la n d in s  was a p p lie d  then  to  cases of f e t a l  d e a th  in  u te ro  

and anencephaly and th e  e a r ly  r e s u l t s  were re p o r te d  by Embrey, 

C alder and H i l l i e r  (1974-). The method im m ediately  proved 

h ig h ly  e f f e c t iv e  and was subsequen tly  a p p lie d  i n  a la rg e  s e r ie s  

o f 72 cases  o f u n su cc e ss fu l pregnancy, com prising 50 of f e t a l



f e t a l /

death  in  u te ro ,  13 of anencephaly  and 9 of h y d a tid lfo rm  mole, 

T his experience  i s  d e sc rib e d  in  the paper which fo llo w s .



T his c h ap te r  has d e sc rib e d  the  devlopment and v a l id a t io n  

of a  new method of la b o u r  in d u c tio n . The use o f th e  e x tra -  

am nio tio  ro u te  of p ro s ta g la n d in  a d m in is tra t io n  proved to  have 

s im i la r  b e n e f i ts  f o r  la b o u r  in d u c tio n , a s  i t  had p re v io u s ly  done 

fo r  in d u c tio n  of a b o r t io n , n o ta b ly  in  re d u c tio n  of th e  dose 

re q u ire d  and a c c o rd in g ly  o f th e  s id e  e f f e c t s  encountered»

As a ro u tin e  method o f in ducing  lab o u r a t  term  in  ca se s  w ith  

a  fav o u rab le  c e rv ix , i t  appeared  to  Imve no p a r t i c u l a r  advantages 

over e x i s t in g  m ethods, and i t  was c e r ta in ly  more complex. On 

th e  o th e r  hand, i t  had been shorm capable cf in ducing  p ro g re ss iv e  

la b o u r w h ile  th e  f e t a l  membranes were m ain ta ined  i n t a c t  and 

th e se  e a r ly  s tu d ie s  su g g ested  t h a t  i t  might prove p a r t i c u la r ly  

v a lu a b le  i n  th e  management of th e  u n rip e  c e rv ix . The a p p l ic a t io n  

of the  method in  such c ircu m stan ces  i s  d e sc rib e d  in  th e  c h a p te r  

which fo llow s*
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MAHAGEr-îBNT OF THE TOTRIPE CERVIX IN IdJLLIPAR.\E 
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ÎLUTAGEMEîiT OF Ttfâ UMIPS CERVIX IN NULLIPARAE 

BT LOCAL ADMINISTRATION OF PROSTAGLANDIN

This C hapter d e sc rib e s  the  r e s u l t s  of the  methods whose 

development was d e sc rib e d  in  th e  p rev ious C hapter when a p p lie d  

to  a t o t a l  o f 216 n u llip a ro u s  women i n  whom the  c e rv ix  was very- 

u n r ip e . Two d i s t i n c t  approaches were a p p lie d , namely in d u c tio n  

o f la b o u r by e x tra -a m n io tic  PGE  ̂ in fu s io n , and p ro s ta g la n d in  

th e rap y  in  o rd e r  to  r ip e n  th e  c e iv ix  p r io r  to  in d u c tio n  of 

la b o u r .

INDUCTION OF LABOUR BY 
EXTRA-AMNIOTIC INFUSION OF PGS.

P a t ie n ts

Labour was induced by e x tra -a m n io tic  in fu s io n  o f PCE^ i n  

95 p a t ie n ts  vn.th c e rv ic a l  sco res  0 - 3 .  They a re  c o n s id e re d  

under fo u r  ca teg o rie s»

i )  S ix ty -tw o  f u l l f i l l e d  th e  s e le c t io n  c r i t e r i a  
a p p lie d  in  th e  p ro sp e c tiv e  s-fcudy o f amniotomy 

and o x y to c in  in fu s io n  d e sc rib ed  in  C hapter 4 ,
They were p rim ig ra v idae, f iv e  f e e t  o r more in  
h e ig h t, a t  or beyond 38 weeks g e s ta t io n  w ith 
a s in g le  f e tu s  p re s e n tin g  by th e  v e r te x , 
who had shown no p r io r  evidence of spontaneous 
lab o u r. T h is  group were considered  to  
c o n s t i tu te  th e  p u re s t experim en tal model.
The mean c e rv ic a l  sco re  was 2 .0 .
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sco re  was 2«0.

i i )  E leven p a t ie n ts  f u l l f i l l e d  th e se  c r i t e r i a  in  
a l l  r e s p e c ts  save th e  p re s e n ta t io n  of th e  f e tu s  
which was b reech  > The mean c e r v ic a l  sco re  in  
t h i s  group was 2*2.

i i i )  Ten p a t ie n ts  f u l l f i l l e d  th e  c r i t e r i a  of 
ca teg o ry  i )  except i n  re s p e c t o f  s ta tu r e .
They were le s s  th an  f iv e  f e e t  t a l l ,  and were 
to  undergo a form al t r i a l  o f la b o u r . The mean 
c e r v ic a l  sco re  was 2 .1 .

iv )  F in a l ly ,  tw elve p a t ie n ts  were in  t h e i r  second 
pregnancy, b u t were n u ll ip a ro u s  in  th e  r e a l  
sense  o f nev er hav ing  undergone p a r tu r i t io n .
They had a l l  been d e liv e re d  by e le c t iv e  
caesarean  s e c t io n  in  t h e i r  on ly  p rev ious 
pregnancy. The mean c e rv ic a l  sco re  was 2 .2 .

A ll th e  p a t ie n ts  in  the s e r i e s  were between 16 and 38 y e a rs  

o f ag e , and had o b s te t r i c  in d ic a t io n s  fo r  in d u c tio n  o f lab o u r 

(se e  T able 7 * l ) •

Method

The method of in d u c tio n  was th a t  d esc rib ed  in  th e  paper 

in c lu d e d  in  th e  l a s t  C hapter ( C ald er, Embrey and H i l l i e r  1974) 

w ith  the  fo llo w in g  m odifications:™

l )  A Foley c a th e te r  ( 26 French gauge) was u sed , and 
th e  b a llo o n  d is ten d ed  w ith  20 ml s t e r i l e  w a ter 
to  r e ta in  i t  in  p la c e . A p la in  N elaton  c a th e te r  
had been employed in  th e  p rev ious s tudy  so th a t



so t h a t /

th e  e f f e c t  of p ro s ta g la n d in  in fu s io n  co u ld  be a sse sse d  
in d ep en d en tly  o f the  known s tim u la to ry  e f f e c t  (Embrey 

and M ollison  1967) of a  c e r v ic a l  b a llo o n - Having 
dem onstra ted  the  e f fe c t iv e n e s s  of th e  method th e re  was 
no need to  adhere  to  t h i s  c o n d itio n , and th e  added 
e f f e c t  o f th e  b a llo o n  of a Foley c a th e te r  could  be 

u s e f u l ly  e x p lo i te d .  There were fo u r  f u r th e r  advan tages 
o f t h i s :  to  in tro d u c e  a p la in  N elaton  c a th e te r  su cc e ss 

f u l l y  i t  was u s u a l ly  n ecessa ry  fo r  th e  c e rv ix  to  adm it 
th e  c a th e te r  p lu s  the  o p e r a to r 's  f in g e r ;  in  c o n tra s t  
th e  Foley c a th e te r  co u ld  be in tro d u ce d  in to  a  more 
t i g h t l y  c lo se d  en d o ce rv ic a l c a n a l and i f  n ecessa ry  
cou ld  be drawn in to  p o s i t io n  by g e n tly  b eg in n in g  to  
d is te n d  th e  b a llo o n  w h ile  i t  was s t i l l  i n  th e  c an a l.

I t  co u ld  th u s  be used  in  much le s s  fa v o u ra b le  c a se s , and 
in d eed  in  our ex p erien ce  i t  has nev er proved im p o ssib le  

to  i n s e r t  a F o ley  c a th e te r .  Secondly , the  b a llo o n  
re ta in e d  th e  c a th e te r  in  p la ce  -  i t  had o thervrise been 
n e ce ssa ry  to  ta p e  th e  c a th e te r  to  th e  p a t i e n t 's t h i ^ i  
n e a r  th e  v a g in a l i n t r o i t u s ,  and t h i s  was n o t always 
s a t i s f a c t o r y .  T h ird ly , to  ensure t h a t  th e  N elaton 
c a th e te r  would rem ain  i n  p la c e , i t  had been  n e ce ssa ry  
to  in tro d u c e  i t  f o r  10 to  12 cm. beyond th e  in te r n a l  
c e r v ic a l  o s , which in c re a s e d  the r i s k s  o f ’a c c id e n ta l  
membrane ru p tu r e ,  o r p la c e n ta l  s e p a ra t io n  ( te n  p e r  cen t 
of p a t i e n t s  had to  be excluded  from th e  e a r l i e r  s tu d y  
because  o f th e se  c o m p lic a tio n s ) . F o u r th ly , the  Foley  

c a th e te r  was always ex tru d ed  t h r o u ^  th e  c e rv ix  when 
d i l a t a t i o n  had reached  a c e r ta in  s ta g e  (around 3 cm s.) . 
T h is  was reco g n ised  by c e s s a t io n  of th e  normal i n t r a 
u te r in e  p re s s u re  t r a c in g  p a t te r n  and when t h i s  happened 
a v a g in a l exam ination  and amniotomy w ere u s u a l ly  perform ed,

2) The second m o d if ic a tio n  concerned the  in fu s io n  i t s e l f .

A v e ry  c a u tio u s  approach had been employed in  th e  
i n i t i a l  s tu d y , bo th  in  th e  c o n c e n tra tio n  o f the PGE
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s o lu t io n ,  and in  i t s  r a te  of in c re a se . Because 
th e  s o lu tio n  was so d i lu te  (l»5  pg PGEg p e r ml) 
i t  was n ece ssa ry  to  d e l iv e r  a f a i r l y  la rg e  volume 
to  ach ieve th e  d e s ire d  re sp o n se . The average 
maximum dose re q u ire d  had been around 1 .5  qg PGS  ̂
p e r m inute o r 60 ml f lu id  p e r hour. T h is in e v i ta b ly  
led  to  some le ak  back of f l u i d  and on o ccasio n  
m isled  th e  a t te n d a n ts  in to  supposing th e  f e t a l  
membranes had ru p tu red  spon taneously .

I t  was decided  to  employ a s o lu t io n  c o n ta in in g  
5 qg PGEg p e r  ml. (Even th i s  was c au tio u s  -  K i l le r  
and Hack (l974) went as h i ^  as lO O ^ g /m l). To 
s im p lify  m a tte rs  t h i s  was in fu sed  a t  an  i n i t i a l  
r a t e  of 1 .0  qg p e r  m inute w ith  a  maximum p e rm itte d  
dose of 5 pg p e r  m inute. This meant a f l u i d  volume 
of 12,24 o r 36 ml p e r hour, and leakage became much 
le s s  of a  problem .

Using a H ew lett-P ackard  8021 A ca rd io to co g rap h  th e  same 

s t r i c t  f e t a l  m on ito ring  p re c au tio n s  were employed as in  th e  

e a r l i e r  s tu d y . E x tru s io n  o f  th e  Foley c a th e te r  in te r r u p te d  

th e  rec o rd in g  of i n t r a - u t e r i ne p re ssu re , and, to  r e s to r e  t h i s ,  

an in tra -a m n io tic  c a th e te r  was in tro d u ced  a t  th e  tim e of 

amniotomy, A f e t a l  s c a lp  e le c tro d e  was a ls o  a tta c h e d  a t  t h i s  

tim e , and d i r e c t  e le c tro n ic  f e t a l  h e a r t  m o n ito rin g  s u b s t i tu te d  

f o r  th e  tran s-ab d o m in a l u l t r a s o n ic  te ch n iq u e .

Continuous lumbar e p id u ra l  b lock was employed when 

in d ic a te d  f o r  c o n tro l  o f h y p e rte n s io n , or when re q u e s te d  

f o r  p a in  r e l i e f ,  and 69 of th e  m others (73^) had t h i s  form 

of a n a lg e s ia .  The in d ic a t io n s  f o r  in d u c tio n  o f  lab o u r a re  

shown in  Table 7 -I*



R esu lt s

D e ta ils  of la b o u r , d e l iv e ry  and m orb id ity  ( f e t a l  and 

m ate rn a l) a re  s e t  out in  Table 7 .2 .

U te rin e  c o n tra c tio n s  commenced in  a l l  p a t ie n ts  w ith in  a 

s h o r t  tim e of th e  s t a r t  o f p ro s ta g la n d in  in fu s io n . The Foley 

c a th e te r  was ex p e lled  w ith in  9 hours in  a l l  cases (mean 4»1 hours) 

and amniotomy was perform ed s h o r t ly  th e r e a f te r .  I f  a f t e r  a 

f u r th e r  2 hours th e  u te r in e  c o n tra c tio n s  appeared to  have 

waned, an in trav en o u s  in fu s io n  of oxytocin  was begun u s in g  th e  

f u l l y  au tom atic  C a rd if f  In fu s io n  System; t h i s  was n ecessa ry  in  

31 of th e  95 p a t i e n t s ,  th e  rem ain ing  64 p ro g re ss in g  to  d e liv e ry  

w ith o u t f u r th e r  s t im u la t io n .

A ll p a t ie n ts  were d e liv e re d  w ith in  24 hours (range 5*5 -  22.7  

ho u rs) and th e  mean b i r t h  w eight was 3,250 G (range  1,940 ~

4,360 g ) . In  only  two p a t ie n ts  was the low est dose r a t e  of 

PGEg (1 qg p e r m inute) s u f f i c i e n t ;  th e  m a jo rity  re q u ire d  e i th e r  

2 qg p er m inute (37 p a t ie n ts )  o r th e  maximum r a te  o f 3 qg p e r 

m inute (56 p a t i e n t s ) .  The mean t o t a l  dose in  th e  s e r ie s  was 

605 qg (range 200 ■» 1,250 qg ) .

Mode o f D e liv ery

A v a g in a l d e liv e ry  was ach ieved  in  80 o f th e  95 p a t ie n ts  

in  th e  s e r i e s .  Of th e s e , 59 were a s s is te d  v a g in a l d e l iv e r ie s ,  

and 21 spontaneous. The h i ;^  r a te  o f o p e ra tiv e  v a g in a l 

d e l iv e r ie s  (62^ of th e  t o t a l )  was accounted fo r  by th re e  fa c to rs ;  

th e  in c lu s io n  o f 9 b reech  d e l iv e r ie s ,  th e  p re fe ren ce  f o r
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a s s i s te d  d e liv e ry  in  case s  of p rev ious caesarean  s e c tio n , but 

m ainly by th e  frequency w ith  which e p id u ra l  a n a lg e s ia  r e s u l te d  

in  d e lay  in  th e  second s ta g e  of la b o u r.

C aesarean S e c tio n

C aesarean s e c t io n  was perform ed in  15 cases  (l6^o). The 

d e t a i l s  o f th e  in d ic a t io n s  f o r  th e  o p e ra tio n  in  th e  d i f f e r e n t  

c a te g o r ie s  a re  shown in  T able 7 .3 -

In  ca teg o ry  i )  -  th re e  of th e  62 p a t ie n ts  re q u ire d  emergency 

caesa rean  s e c t io n  on account of f e t a l  hypoxia, 5*5, 7-1  and 

10.2 hours a f t e r  in d u c tio n , and a t  4 cms*, 5 cms. and 8 cms* 

c e rv ic a l  d i l a t a t io n .  The Apgar sco res  a t  one m inute were 

4» 8 and 4 r e s p e c t iv e ly .  Three f u r th e r  cases in  t h i s  group 

re q u ire d  the  o p e ra tio n  because of c ep h a lo -p e lv ic  d isp ro p o rtio n  

a f t e r  9 .6 , 11*5 and 20 .2  hours. The c e rv ix  was 6 cms. d i l a t e d  

in  one of th e s e  and f u l l y  d i la te d  in  th e  o th e r  two, and th e  

Apgar sco re s  a f t e r  one m inute were 5, 6 and 9. In  no in s ta n c e  

was th e  o p e ra tio n  re q u ire d  f o r  f a i lu r e  to  p ro g ress  in  la b o u r .

In  ca teg o ry  i i )  -  two o f  th e  e leven  cases o f breech  

p re s e n ta t io n  re q u ire d  caesarean  d e liv e ry . In  one, f e t a l  

b ra d y c a rd ia  developed soon a f t e r  amniotomy was perform ed and 

c aesa rean  s e c t io n  produced a baby w ith an  Apgar sco re  o f 

4 a t  one m inute . In  th e  o th e r ,  th e  c e rv ix  had d i la te d  to  

9 cm a f t e r  13 .8  hours b u t th e  b reech  remained h ig h  and 

caesarean  s e c tio n  was perform ed f o r  f e to -p e lv ic  d is p ro p o r tio n .
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The one m inute Apgar sco re  was 7-

Three of th e  ten  cases in  category  i i i )  (sm all s ta tu r e )  were 

d e liv e re d  hy caesarean  s e c tio n , one on account of f e t a l  d i s t r e s s ,  

and two because of d is p ro p o r tio n . The f e t a l  d i s t r e s s  took the 

form of profound b ra d y c a rd ia  a t  5 cm d i la t a t io n :  the  baby had an

Apgar sco re  of 8 a t  one m inute. The cases of d isp ro p o r tio n  

were d e liv e re d  a f t e r  11 .1  and 14 .0  hours a t  f u l l  d i l a t a t i o n  and 

8 cm r e s p e c t iv e ly .  Both b ab ies  were in  good c o n d itio n  a t  

b i r t h .

In  c a teg o ry  iv )  -  fo u r  of th e  tw elve p a t ie n ts  who had a 

p rev io u s  h is to r y  of caesarean  s e c t io n  re q u ire d  to  have the  

o p e ra tio n  re p e a te d . In  one p a t i e n t ,  Type I I  f e t a l  h e a r t  

d e c e le ra tio n s  developed 14.5 hours a f t e r  in d u c tio n . On v a g in a l 

exam ination  the  c e rv ix  was found to  be 6 cm d i la te d ,  and th e  

u m b ilic a l cord cou ld  be f e l t  b e sid e  th e  p re s e n tin g  p a r t .  A 

h e a lth y  in f a n t ,  Apgar 8 a t  one m inu te , was d e liv e re d  by 

immediate caesarean  s e c t io n .  In  a second ca se , th e  o p e ra tio n  

was c a r r ie d  ou t w ith  the  c e rv ix  5 era d i la te d  a f t e r  13«5 ho u rs , 

fo llo w in g  two h o u rs  of p e r s i s te n t  f e t a l  and m ate rn a l ta c h y c a rd ia . 

The Apgar sco re  o f th e  baby was 9 a t  one m inu te , and a lth o u g h  

th e  in d ic a t io n  f o r  o p e ra tio n  i s  g iven as  f e t a l  d i s t r e s s ,  an 

a d d i t io n a l  f a c to r  was undoubtedly  a n x ie ty  over th e  p o s s i b i l i t y  

of deh iscence  of th e  p rev ious s e c tio n  s c a r .  T h is was found 

to  be i n t a c t .  In  th e  th i r d  case th e  c e rv ix  reached f u l l  

d i l a t a t i o n  a f t e r  15 .0  h o u rs , b u t the p re se n tin g  p a r t  rem ained 

above th e  i s c h i a l  sp in es  and caesarean  s e c tio n  was perform ed fo r
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d is p ro p o r tio n . The Apgar sco re  was 8 a t one m inu te .

In  th e  f i n a l  case  lab o u r was induced a t  te r n  because o f 

s t a t i c  m a te rn a l wei.ght, and c l i n i c a l  f e t a l  growth r e ta r d a t io n .

The c e r v ic a l  sco re  was 1. The Foley  c a th e te r  was ex truded  

a f t e r  7»7 ho u rs  and a t o t a l  dose of 900 qg PC-Ê * The c e rv ix  

was 3 cm d i la te d  and amniotomy re le a s e d  l iq u o r  th a t  was s l i g h t l y  

blood s ta in e d . A fte r  a f u r th e r  two hours th e  c o n tra c tio n s  

were poor and in trav e n o u s  o x y to c in  th e rap y  was commenced. Over 

the  next f iv e  hou rs th e re  was l i t t l e  improvement in  th e  c o n tra c tio n s , 

8,nd no p ro g re s s  in  c e r v ic a l  d i l a t a t i o n .  At the  end of t h i s  tim e 

Type I I  f e t a l  h e a r t  d e c e le ra t io n s  supervened and so caesarean  

s e c t io n  was perform ed. The p rev io u s  s c a r  in  the  low er u te r in e  

segment was found to  have p a r t i a l l y  d eh isced . A l i v e  in f a n t  

w eighing 2,680 G was d e liv e re d  w ith  a  one m inute Apgar sco re  

of 4- (9 a t  f iv e  m inutes) . The u te ru s  was re p a ire d  and th e  t o t a l

blood lo s s  was 1,200 m l. Both m other and baby reco v ered

s a t i s f a c t o r i l y .

M aternal C om plications

A part from th e  case  o f  p a r t i a l  so a r deh iscence  ju s t  r e f e r r e d  

to  th e re  were no s e r io u s  m aternal co m p lica tio n s. There was one 

case  o f r e ta in e d  p la c e n ta ,  and a blood lo s s  g r e a te r  th an  500 ml 

was reco rded  a t  e lev e n  d e l iv e r ie s ,  e ig h t  o f which were caesarean  

s e c t io n s .



A p y rex ia  g r e a te r  th a n  38^0 occurred  in  12 m others in  th e  

s e r i e s  (T able  To2) b u t in  most th i s  appeared  to  be m ainly th e  

r e s u l t  o f d eh y d ra tio n ; in  only two were a n t ib io t i c s  e x h ib ite d , 

one of whom had a proven u r in a ry  in f e c t io n  and the  o th e r  was 

presumed to  have in t r a - u t e r i n e  in f e c t io n ,  a lthough  t h i s  was 

never confirm ed b a c te r io lo g ic a l ly .

F e ta l  C om plications

There was one p e r in a ta l  death  in  th e  s e r i e s .  The baby, 

whose m other belonged to  c a teg o ry  iv )  had m u ltip le  c o n g e n ita l 

a b n o rm a litie s  in c lu d in g  a d iaphragm atic  h e rn ia  and p a r t i a l  bowel 

a t r e s i a .  He d ied  a f t e r  su rg e ry  on th e  fo u rth  day. Hone of 

th e  neo n ates  showed ev idence  of in fe c t io n  acq u ired  in  u tero*

Only fo u r  o f th e  n eo n ates  (4/^) were c l a s s i f i e d  by v i r tu e  

o f an Apgar sco re  below 5 a s  dem o n stra tin g  b i r t h  asphso:ia 

(T able 7 *2 ). A ll were d e l iv e re d  by caesarean  s e c t io n  and have 

a lre a d y  been d e sc r ib e d . A ll responded w ell to  r e s u s c i t a t io n .

The mean one m inute Apgar sco re  f o r  th e  s e r ie s  as a  whole was 

8 .3 .

No in s ta n c e  of u te r in e  h y p e rs tim u la tio n  occurred  such as 

to  t r i g g e r  th e  hypep'bnus ("spasm ") alarm  on th e  C a rd if f  a p p a ra tu s  

( i . e .  an i n t r a - u t e r i n e  p re s su re  g re a te r  th an  30 mm Hg s u s ta in e d  

f o r  lo n g e r th a n  two m inu tes) n o r were th e re  any l e s s e r  ep iso d es  

a s s o c ia te d  w ith  f e t a l  h e a r t  r a t e  clianges.
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The r e s u l t s  ach ieved  w ith  t h i s  method in  th e se  cases  w ith  

h ig h ly  u n rip e  c e rv ic e s  re p re se n te d  a co n s id e rab le  improvement on 

p re v io u s  m ethods, p a r t i c u l a r ly  i n  re s p e c t  o f th e  reduced 

cae sa rean  s e c t io n  r a t e  and th e  low er in c id en ce  of b i r t h  a sp h y x ia . 

The most n o ta b le  f in d in g  was th e  d isappearance  (e x c e p t in  th e  

in s ta n c e  of s c a r  deh iscence) of f a i l u r e  to  p ro g re s s  i n  la b o u r 

as an in d ic a t io n  f o r  C aesarean  d e liv e ry

The r e s u l t s  f o r  p a t ie n ts  i n  ca teg o ry  i )  w i l l  be f u l l y  

d isc u sse d  a t  th e  end of t h i s  c h a p te r  in  r e l a t i o n  to  s t r i c t l y  

com parable p a t ie n ts  t r e a te d  by o th e r  methods. M eanwhile, 

c o n s id e ra tio n  w i l l  be g iven  to  th e  r e s u l t s  in  th e  o th e r  c a te g o r ie s .

F i r s t l y ,  b reech  p re s e n ta t io n ;  i t  i s  o f te n  su g g es te d  th a t  

in c o -o rd in a te  la b o u r i s  commoner in  b reech  p re s e n ta t io n s ,  perhaps 

because of a l e s s  w e l l - f i t t i n g  p re s e n tin g  p a r t .  The r e s u l t s  in  

th e  sm all s e r ie s  of cases  p re se n te d  h e re  were s a t i s f a c t o r y ,  and 

la b o u r  was n o t p ro longed . P erhaps th e  v i r tu e  o f  i n t a c t  f e t a l  

membranes in  e a r ly  la b o u r  has s p e c ia l  advan tages i n  b reech  

p r e s e n ta t io n s .

The cases  o f t r i a l  of la b o u r a ls o  produced g r a t i f y in g  r e s u l t s ,  

I t  would be q u i te  wrong to  su g g es t th a t  an e f f i c i e n t  method of 

la b o u r  in d u c tio n  cou ld  overcome o th e r  than 'the m ost minor 

deg rees  of d is p ro p o r t io n , and no such claim  i s  made h e re .

V/hat i s  su g g ested  i s  t h a t  i t  a llo w s conduct o f  a  much more 

s a t i s f a c to r y  t r i a l  o f la b o u r. In  a l l  seven c a s e s  in  th e  whole
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s e r i e s  who re q u ire d  caesa rean  s e c t io n  f o r  f e to - p e lv ic  d is p ro p o r t io n , 

th e  c e rv ix  was a t  l e a s t  6 cm d i la te d  ( in  fo u r cases  f u l l y  d i la te d )  

b e fo re  th e  d ia g n o s is  was e s ta b l is h e d .  This meant t h a t  th e  

o p e ra tio n  cou ld  be perform ed w ith  a  la rg e  degree of c e r t a in ty  

as to  th a t  d ia g n o s is .

The im p lic a tio n s  of t h i s  a re  co n s id e ra b le  fo r  th e  f u tu r e  

o b s te t r i c  management of th e se  p a t i e n t s .  Ihien a  t r i a l  o f la b o u r 

i s  commenced w ith  an u n rip e  c e rv ix  which f a i l s  to  e f fa c e  f u l l y  

or d i l a t e  more th an  a few c e n tim e tre s , the  adequacy o f th e  

p e lv is  f o r  v a g in a l d e l iv e ry  rem ains u n c e r ta in . T h is means 

th a t  in  fu tu r e  p reg n an cie s  the  ch o ice  l i e s  between e le c t iv e  

caesarean  s e c t io n  o r a p o te n t i a l ly  hazardous re p e a t t r i a l  o f 

la b o u r i n  the  p resen ce  o f a  cae sa rean  s e c t io n  s c a r .  I t  i s  

c l e a r ly  d e s ir a b le  th a t  th e  adequacy o f the  p e lv is  sh o u ld  be 

determ ined  d u ring  th e  i n i t i a l  t r i a l  of labou r by en su rin g  

adequate  c e r v ic a l  d i l a t a t i o n .  I f  the adequacy of th e  p e lv is  

i s  i n  doubt and th e  c e rv ix  i s  u n r ip e , th e  u se  of e x tra -a m n io tic  

PGS^ g r e a t ly  a s s i s t s  in  th e  achievem ent of t h i s  o b jec tiv e*
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PROSTAGLANDIN THERAPY TO RIPEN THE CERVIX 
BE],'ORE INDUCTION OP LABOUR

The second p a r t  of th e  C hapter examines th e  possib ilité?- o f 

b r in g in g  about a r ip e  c e rv ix  b e fo re  in d u c tio n  o f lab o u r and 

d e sc r ib e s  a method of doing so . The d e s ir e  to  make th e  c e rv ix  

r ip e  b e fo re  in d u c tio n  was no t a new one, and o th e r  methods have 

been t r i e d  in  the p a s t w ith  l i t t l e  su cc e ss . Prolonged i n t r a 

venous in fu s io n  o f  o:cytocin b e fo re  amniotomy has been w idely 

employed, b u t i t  i s  te d io u s  f o r  bo th  p a t ie n t  and a t te n d a n ts ,  

and th e  r e s u l t s  a re  d is a p p o in tin g  (L i l ie n th a l  and Ward 1971).

O ral p ro s ta g la n d in  th e rap y  has a ls o  been t r i e d  b u t no c l e a r  

b e n e f i t  was dem onstrated  ( Friedman and S ach te lb en  1975; Weiss 

e t  a l  1975).

We developed a d i f f e r e n t  approach as  a re fin em en t of th e  

tech n iq u e  d e sc rib e d  in  the  e a r l i e r  p a r t  o f t h i s  C hapter. I t  

a ro se  as  th e  r e s u l t  of two d i f f e r e n t  o b se rv a tio n s  in  th e  e a r l i e r  

exp erien ce  w ith  p ro s ta g la n d in s  f o r  in d u c tio n  o f la b o u r and a b o r t io n . 

The f i r s t  was th e  o b se rv a tio n  th a t  when e x tra -a m n io tic  p ro s ta 

g lan d in s  were used  to  induce la b o u r, the p rocedure  f e l l  q u ite  

d i s t i n c t l y  in to  two p a r ts  w ith  amniotomy as th e  w atershed ; i f  

a f t e r  e x p u ls io n  o f th e  Foley c a th e te r  amniotomy was n o t 

perform ed w ith in  an  hour or two, then  th e  u te r in e  c o n tra c tio n s  

u s u a lly  waned and c l i n i c a l  labou r stopped, b u t in  the  meantime 

an u n rip e  c e rv ix  had been co n v erted  to  a r i p e r  one. I t  was 

a lso  n o ta b le  t h a t ,  a lth o u g h  th e  degree o f d i l a t a t i o n  a t  the  tim e 

of c a th e te r  ex p u ls io n  was f a i r l y  c o n s ta n t a t  around 5 cm, th e
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in te r v a l  from amniotomy to  d e l iv e ry  v a r ie d  v e ry  w idely  (3*7 -  

18»1 h o u rs ) , and th e  f a c to r  w hidi seemed to  govern t h i s  most 

was th e  degree o f c e r v ic a l  e ffacem en t. In  o th e r  words a lth o u g h  

th e  cei'v ix  was in v a r ia b ly  around 3 cm d i la te d  i t  was not 

in v a r ia b ly  r ip e  in  a  r e a l  sen se , i n  p a r t i c u la r  o f te n  rem ain ing  

th ic k  and u n e ffaced  (F ig u re  7 « l ) .

The o th e r  ex p erien ce  th a t  was u t i l i s e d  was th e  u se  o f th e  

h ig h ly  v isco u s  g e l m ethyl hydroxyethy l c e l lu lo s e  ( ’’T ylose") 

a s  a v e h ic le  in  which to  suspend p ro s ta g la n d in s  f o r  a  s u s ta in e d  

re le a s e  e f f e c t .  T his had a lre a d y  been  used by th e  group w ith  

good e f f e c t  a s  a s in g le  sh o t method of e x tra -a m n io tic  p ro s ta 

g la n d in  th e rap y  f o r  te rm in a tio n  o f pregnancy(M acKensie, H i l l i e r  

and Ihnbrey 1975) and management of f e t a l  d e a th  in  u te ro  ( C ald er, 

Mackenzie and Embrey 1976). L aborato ry  s tu d ie s  by Dr. H i l l i e r  

had shown th a t  p ro s ta g la n d in s  con tinued  to  be re le a s e d  from 

t h i s  g e l f o r  up to  s ix  h o u rs .

These two c o n s id e ra tio n s  encouraged the  b e l i e f  th a t  a 

p ro s ta g la n d in  c o n ta in in g  g e l m ight be employed a s  a  s in g le  

sh o t to  e f f e c t  c e r v ic a l  r ip e n in g  p r io r  to  in d u c tio n  of la b o u r .

T h is  p ro je c t  was begun in  l a t e  1974 and p re lim in a ry  r e s u l t s  

w ere re p o r te d  a t  th e  T h ird  I n te r n a t io n a l  Congress on P ro s ta 

g lan d in s  in  F lo ren ce  in  May 1975 ( C alder, H i l l i e r  and Embrey 1975) 

S ubsequently  t h i s  ex p erien ce  was extended to  a s e r ie s  of 121 

p rim ip a rae  w ith  c e r v ic a l  sco res  0 - 3  and t h i s  i s  d e sc r ib e d  

in  th e  paper which fo llo w s .
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The in d ic a t io n s  f o r  in d u c tio n  o f labou r a re  n o t given 

in  the  pa%:er bu t w i l l  be found in  Table 7 .4 . One hundred 

aud s ix  of th e  p a t ie n ts  correspond  in  t h e i r  s e le c t io n  c r f . t e r i a  

u i th  ca teg o ry  i )  in  th e  e a r l i e r  p a r t  of t h i s  C hap ter, and th e  

rem ain ing  15 com prise 6 in  c a te g o ry  i i )  (b reed i p re s e n ta t io n )  

o.nd 9 in  ca teg o ry  i i i )  ( t i d a l  o f la b o u r on accoun t of sm all 

s t a t u r e ) . In  a d d it io n  the  method was a p p lie d  in  s ix  cases  

co rrespond ing  to  ca tego ry  iv )  (p rev io u s  caesarean  s e c tio n )  and 

th e  data  f o r  the  d i f f e r e n t  c a te g o r ie s  i s  p re se n te d  s e p a ra te ly  

in  Table 7 .5 . The in fo rm a tio n  from Table I I I  i n  the paper 

i s  i l l u s t r a t e d  g ra p h ic a lly  in  F ig u re  7 .2 . The c o n tro l  group 

d e sc rib e d  in  the  paper a re  th o se  p a t ie n ts  v?ith c e r v ic a l  s c o re s  

0 - 5  from th e  p ro sp e c tiv e  s tudy  of amniotcray and oxy toc in  

in fu s io n  d e sc rib e d  in  C hapter 4 (page 96 ) .  The d e t a i l s  of 

cases  d e liv e re d  hy c ae sa rean  s e c t io n  a re  shox-m i n  T able  7* 6,

O ther .Studies

The l i t e r a t u r e  nov;' c o n ta in s  n in e  o th e r  r e p o r t s  d e sc r ib in g  

th e  u se  o f lo c a l  p ro s ta g la n d in  th e ra p y  f o r  in d u c tio n  of la b o u r  

o r c e rv ic a l  r ip e n in g . The d a ta  from th ese  pap ers  a re  summarised 

in  Table 7 .7 .  In  th e  f i r s t  s ix  s tu d ie s  l i s t e d  th e  em phasis i s ,  

a t  l e a s t  in  p a r t ,  on th e  u n rip e  c e rv ix  ( th r e e  r e l a t e  to  in d u c tio n  

of labou r and th re e  to  p re - in d u c tio n  c e r v ic a l  r ip e n in g ) .  In  

th e  o th e r  two s tu d ie s  th e  aim i s  a s im p lif ie d  method of la b o u r  

in d u c tio n  where th e  c e rv ix  i s  a lre ad y  r ip e .  A lthough a l l  r e p o r t  

a fundam entally  s im i la r  approach th e re  were a number of method

o lo g ic a l d j,ffe ren ces  in  th e  tre a tm e n t ro u te s  and reg im es, as 

shown in  th e  T ab le .



U nripe C ervix  ™ In d u c tio n  of Labour

C alder and Embrey (l975 ) re p o r te d  a  sm all s e r ie s  of seven 

p riin ig rav id ae  w ith  th e  most h ig h ly  u n rip e  c e rv ic e s  ( c e rv ic a l  

sc o re s  0 o r l )  whose lab o u rs  were induced w ith  e x tra -a m n io tic  

PGSp in fu s io n . The g e s ta t io n a l  age range was 28 weeks to  term 

and a l l  had clam ant in c d c a tio n s  f o r  d e liv e ry  (s e v e re  p re -ec lam p sia  

( 2) ,  d ia b e te s  ( 2) ,  ch ro n ic  r e n a l  d ise a se , rh e su s  iso -im m u n isa tio n  

and f e t a l  growth r e t a r d a t io n ) .  There was one p e r in a ta l lo s s  : 

a baby o f on ly  720 G d ied  a t  28 weelcs g e s ta t io n  a few hours 

a f t e r  a, d e liv e ry  which had been  n e c e s s i ta te d  by fu lm in a tin g  

p re-eclam psia .. The o th e r  s ix  b a b ie s  were a l l  b o m  in  good 

c o n d itio n  w ith  one m inute Apgar sc o re s  of 8 o r b e t t e r .  Uo 

ev idence  o f u te r in e  h y p e rs tim u la tio n  was seen  and t h i s  sm all 

s e r i e s  i s  p re se n te d  h e re  to  i l l u s t r a t e  th e  v a lu e  of th e  tech n iq u e  

in  p re -te rm  in d u c tio n s  w ith  th e  most unprom ising f e a tu r e s .

M l l e r  and Mack (l974 ) re p o r te d  on the  u se  of th e  technd.que 

in  69 p a t ie n ts  w ith  a  wide spectrum  of p a r i ty  and c e r v ic a l  

r ip e n e s s .  F o r ty -e ig h t  were co n sid e red  un fav o u rab le  (sco re  

0 - 5 )  and 21 fa v o u ra b le  (sc o re  6 - 9 ) .  The s e r i e s  in c lu d ed  

fo u r  case s  o f anencephaly .

The p a t te r n  o f labou r and d e l iv e ry  was s im i la r  t o  o th e r  

s tu d ie s  (se e  T ab le  7 .7 ) .  The r a th e r  h i ^  cae sa re a n  s e c tio n  

r a t e  of 1 7 ,4  p e r cen t was m ain ly  due to  a h igh  in c id e n c e  of th e  

o p e ra tio n  on accoun t o f m echanical problem s ( l l * 6 ^ ) . There 

were th re e  p e r in a ta l  d e a th s  in  t h i s  s e r ie s  b u t in  none could, the  

cause be a t t r i b u t e d  to  th e  method of labour in d u c tio n . One
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in s ta n c e  o f u te r in e  h y p e rs tim u la tio n  was reco rd ed  r e s u l t in g  

from an a c c id e n ta l  bo lu s  overdose o f PG s o lu t io n  when th e  

c a th e te r  was b e in g  connected to  th e  in fu s io n  pump.

ï'îeuberg ( 1975) re p o r te d  h i s  ex p erien ce  u s in g  a s im p lif ie d  

techn ique  in  57 p a t ie n ts  vdth what he c a l le d  "u n in d u c ib le"  

c e rv ic e s  (s c o re s  0 - 5 ) -  He gave bo lus doses o f PGS^ in  

s a l in e  e x tra -a m m .o tic a lly  v ia  a  Poley c a th e te r .  A t e s t  dose 

of 50 |j.g was fo llow ed  a f t e r  50 m inutes by 100 pg and t h i s  dose 

was re p e a te d  two hours and a g a in  fo u r hours l a t e r .  In trav en o u s 

o x y to c in  in fu s io n  was commenced a f t e r  a  f u r th e r  in te r v a l  o f 

one hour. The method proved very  s u c c e s s fu l and r a th e r  

s u r p r is in g ly  no u te r in e  h y p e rs tim u la tio n  was re p o r te d  w ith  

PGE^ th e ra p y  a lo n e , a lth o u g h  two in s ta n c e s  o c cu rred  a f t e r  

oxy toc in  was commenced. The cae sa rean  s e c t io n  r a t e  was 15.5 

p e r c e n t .  The b i r t h  asphyx ia  r a t e  i s  n o t  re co rd ed  but the 

mean one m inute Apgar sco re  was 7 .7 .

U nripe C ervix -  P re - in d u c tio n  C e rv ica l R inen ing

Our r e p o r ts  o f th e  c e r v ic a l  r ip e n in g  tech n iq u e  u s in g  PGEp 

in  ty lo s e  ( C a ld er, H i l l i e r  and Embrey 1975) were fo llow ed  by 

r e p o r ts  of o th e r  w orkers ' ex p erien ce  w ith  th e  teclm ique 

(sh ep h erd , Sims and C ra ft 1976; T h iery  e t  a l  1977# 1978). 

Shepherd, Sims and C ra ft t r e a te d  15 p a t ie n t s  w ith  c e r v ic a l  s c o re s  

0 - 4  (mean 2 . l ) . They a ls o  s tu d ie d  a c o n tro l  group who 

re c e iv e d  the  g e l  a lo n e  and in  n e i th e r  group was a Foley c a th e te r  

usedo The mean improvement i n  c e r v ic a l  sco re  in  th e  tre a tm e n t
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group was 4 .9  a g a in s t  0 .8  f o r  th e  c o n tro l group. One p a t ie n t  

in  each group re q u ire d  caesarean  s e c t io n , and th e  mean len g th  

of induced  lab o u r was s h o r te r  in  th e  t r e a te d  p a t ie n ts  than  in  th e  

c o n tro ls .  The number of p a t ie n ts  was sm all, and parous women 

were in c lu d e d , b u t th is  study c le a r ly  dem onstrated  th a t  th e  

v a lu e  o f th e  te ch n iq u e  was m ainly due to  the a c t io n  o f  PGBp 

r a th e r  th a n  to  any lo c a l  e f f e c t  of th e  ty lo s e  gel or a Foley 

c a th e te r .

T h ie ry  e t  a l  have d e sc rib e d  t h e i r  experience  w ith  th e  

techn ique in  Belgium in  two r e p o r ts  (1977, 1978), They have 

s tu d ie d  a t o t a l  of 196 normal women a t  term  ( c e r v ic a l  sco re

0 - 4 )  who were undergoing  " e le c t iv e "  in d u c tio n  of la b o u r .

This i s  talc en to  mean w ithou t o b s te t r ic  in d u c tio n s , i . e . ,  a 

very  low r i s k  group. They follow ed the method o f C alder, H i l l i e r  

and Bmbrey (l975) excep t in  th e  tim in g  of amniotomy. PGE^ 

th e rap y  was g iven  a t  m idn igh t and, assum ing r ip e n in g  had 

o ccu rred , amniotomy was perform ed 7 to  8 hours l a t e r  in  c o n tra s t  

w ith  th e  18 hour in t e r v a l  we a llow ed . In  f iv e  s u b je c ts  they  

f e l t  th a t  c e r v ic a l  r ip e n in g  had been in s u f f i c i e n t  to  p e rs ii t  

amniotomy, and t h i s  was d e fe rre d  w hile  a  second dose of PGE^ 

g e l was g iv e n . The mean improvement in  c e r v ic a l  sco re  b e fo re  

amniotomy f o r  the  whole group was 5*7 f o r  n u l l ip a ra e  and 4*1 

f o r  pvrous women. The mean tim e from tre a tm e n t to  d e l iv e r y  was - 

15*9 hou rs and on ly  n in e  p a t ie n ts  (5/^) re q u ire d  caesarean  s e c t io n ,  

a l l  on account of c ep h a lo -p e lv ic  d is p ro p o r t io n . These w orkers 

d id  n o t re c o rd  the  in c id e n ce  of b i r t h  asphyx ia  as in d ic a te d  by
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a low Apgar sco re  b u t they  re p o r te d  th a t  th e re  were no untoifard 

p e r in a ta l  or m ate rn a l e f f e c t s  and indeed  the  purpose of th e  

second stu d y  (T h iery  e t  a l  1978) was to  look  s p e c i f i c a l l y  f o r  

f e t a l  co m p lica tio n s .

Very re c e n tly  1-IacKensie and Embrey (l977) have re p o r te d  

a s im p lif ie d  tech n iq u e  of c e r v ic a l  r ip e n in g  by in t r a - v a g in a l  

PGBg in  g e l .  They have employed a very  much la r g e r  dose of

( 2 .0  o r  5 .0  mg) in  a d i f f e r e n t  ge l (2 o r 4^  sodium 

carboxym ethyl c e l lu lo s e )  g iv en  h igh  in to  the  v ag in a  16 -  18 hours 

b e fo re  in d u c tio n  of la b o u r. In  a  s e r ie s  of 168 p rim ig rav id ae  

(cervD.cal sco res  0 - 5 )  th ey  re p o r te d  r e s u l t s  v e ry  s im ila r  to  

th o se  o b ta ined  u s in g  th e  e x tra -a m n io tic  ro u te . The mean 

le n g th  o f induced  labour was 10«5 hours and the  r a t e s  o f 

caesa rean  s e c t io n  and b i r t h  asphyx ia  were 12.4  p e r  c en t and 

8o9 p e r cen t r e s p e c t iv e ly .  They re p o r te d  no m a te rn a l or f e t a l  

s id e  e f f e c t s  or co m p lic a tio n s , b u t s in ce  p u b l ic a t io n  of the 

r e p o r t  th ey  have encoun tered  some in s ta n c e s  of u te r in e  hyper

s tim u la tio n  m th  th e  l a r g e r  dose n e c e s s i ta t in g  emergency 

caesarean  s e c t io n  on a t  l e a s t  one occasion  (llacE enzie , p e rso n a l 

com m unication).

Ripe C ervix -  In d u c tio n  o f Labour

A p e r ip h e ra l  developm ent from experience  w ith  p ro s ta g la n d in  

g e ls  fo r  c e rv ic a l  r ip e n in g  i s  a ls o  worthy of m en tion . Because 

a number o f p a t ie n ts  were found to  have become e s ta b l is h e d  in
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la b o u r fo llo w in g  th e rap y  and th e  n a tu re  o f the  r e s u l t in g  lab o u r

proved so s a t i s f a c to r y ,  th e  techn ique  has been ap p lied  as a

method of lab o u r in d u c tio n  when th e  c e rv ix  i s  r ip e .  Mellows,

Sims and C ra ft (1977) gave 500 nq PGE in  ty lo s e  e x tra -a m n ii ic a l ly
2

to  120 p a t ie n ts  w ith  c e r v ic a l  sco re s  of 6 o r g re a te r .  D e liv ery  

was accom plished in  75 p e r  cen t of cases w ithou t f u r th e r  

s t im u la tio n , and i n  th e  remaiuider a f t e r  amniotomy and oxytocin  

th e ra p y . These au th o rs  re p o r t  th a t  fo llo w in g  t h i s  experience  th e  

method has become th e  ro u tin e  f o r  la b o u r in d u c tio n  in  Queen 

C h a r lo t te 's  M ate rn ity  H o sp ita l .

In  o u r own departm en t, Kennedy e t  a l  (l978) have given 

400 PQ PGEg  in  ty lo s e  e n d o c e rv ic a lly  ( i . e .  between h ig h  v a g in a lly  

and e x tra -a m n io tic a l ly )  to  induce lab o u r in  50 women w ith  c e r v ic a l  

sc o re s  o f 6 o r  g r e a te r .  They compared th e se  w ith  two o th e r 

m atched groups b o th  t r e a te d  by amniotomy and fo llow ed  e i th e r  

by o r a l  PG-Ŝ  o r in tra v e n o u s  o x y to c in . The method was much 

s u p e r io r  to  amniotomy w ith  o ra l  PGE  ̂ and compared fav o u rab ly  

f o r  e f f ic ie n c y  w ith  amniotomy p lu s  in trav en o u s  oxy toc in . The 

p a t i e n t s ' r e a c t io n s  to  the  methods of in d u c tio n  were a sse sse d , 

and th e  PGE^ gel tech n iq u e  emerged a s  th e  most w idely  a c c e p ta b le , 

perhaps because th e  r e s u l t i n g  lab o u r so c lo s e ly  resem bled 

spontaneous la b o u r.

General O bservations from th e  Experience o f th e  Author and O thers on th e  
E ff ic a c y  and S a fe ty  o f Local P ro s ta g la n d in  Therany in  Term P reg n a n c ies .

A ll forms of o b s t e t r i c  in te r f e re n c e  c a rry  some r i s k  and when 

new tech n iq u es  a re  in tro d u ce d  which appear to  be yery  e f f e c t iv e ,
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i t  i s  v i t a l  th a t  t h e i r  p o te n t ia l  r i s k s  should  he i d e n t i f i e d  

and m inim ised. The prim ary  p ro s ta g la n d in s  a re  u te r in e  s tim u la n ts  

of th e  most p o te n t k in d , and in  a d d itio n  e x li ih i t  a m u ltitu d e  

o f w idely  d i f f e r in g  b io lo g ic a l  p ro p e r t ie s .  The conclud ing  

p a r t  o f t h i s  C hapter i s  devoted to  exam ining th e  experience  

w ith  lo c a l ly  ad iriin is te red  p ro s ta g lan d in s  in  an e f f o r t  to  d e f in e  

how th e se  tech n iq u es  may be employed w ith  th e  maximum degree 

o f e f f ic a c y  and s a f e ty .

Over th e  y e a rs  o b s te t r i c  p r a c t ic e  has c l e a r ly  i d e n t i f i e d  th e  

main m a te rn a l h azard s  o f labour and in d u c tio n  o f lab o u r as 

in tra -p a r tu rn  and p o s t-partum  haem orrhage, and th e  need to  

r e s o r t  to  caesarean  s e c t io n .  A ll th e se  co m p lica tio n s  a re  

e a s i ly  re co g n ised  and m easurab le , and th e re  i s  no evidence 

to  su g g est t h a t ,  p ro p e r ly  u sed , th e  methods o f lo c a l  p ro s ta g la n d in  

th e rap y  d e sc rib e d  have in c re a se d  the  r i s k s .  Indeed i t  may be 

claim ed w ith  some j u s t i f i c a t i o n  th a t  they  have done th e  o p p o s ite .

The p o s s ib le  r i s k s  to  th e  f e tu s  a re  more im ponderab le , bu t 

b e fo re  d is c u s s in g  th e se  i n  d e t a i l  i t  may be w orth  c o n s id e r in g  

in  g r e a te r  dep th  th e  im portance of th e  m inor m eth o d o lo g ica l 

v a r ia t io n s  employed by d i f f e r e n t  a u th o rs .

1. C a th e te r

The v a lu e  of th e  a d d i t io n a l  in f lu e n c e  of th e  b a llo o n  of 

a Foley  c a th e te r  on the  u n rip e  c e rv ix  (Embrey and M ollison  196?) 

has a lre a d y  been r e f e r r e d  to .  Most a u th o rs  have employed a
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Foley c a th e te r  i f  th e  c e rv ix  i s  u n rip e  and th e  o th e r  advan tages 

of t h i s  were d iscu ssed  on page 152. The b a llo o n  s iz e  was v a r ie d  

between 20 and 50 m l, however, and a lthough  th e  l a r g e r  s iz e  may 

allow  th e ra p y  to  be co n tinued  u n t i l  more ce rv û ca l d i l a t a t i o n  i s  

ach iev ed , a g a in s t  th i s  must be s e t  the  danger o f causing  an 

u n s ta b le  l i e  i n  a  f e tu s  w ith  an a lre a d y  h igh  p re se n tin g  p a r t ,

A b a llo o n  s iz e  o f 20 ml i s  p robab ly  la rg e  e n o u ^  fo r most c a se s . 

R eg ard less  of th e  ty p e  of c a th e te r  used , i t  i s  co n sid e red  im p o rtan t 

to  i n s e r t  the  c a th e te r  w ith  th e  lumen open so th a t  any b le e d in g  

provoked w ith in  th e  u te ru s  im m ediately  becomes a p p a ren t.

2 . P ro stag lan d i.n  Therapy

The f e a tu re s  which have v a r ie d  most between d i f f e r e n t  

s tu d ie s  have been th e  dose, volume and c o n c e n tra tio n  of 

p ro s ta g la n d in  th e ra p y . Waere a s o lu t io n  has been given 

e x tra -a m n io t ic a l ly  th e  dose r a t e  has v a r ie d  between 0 ,5  and 

5*0 pg per m inu te , th e  volume of v e h ic le  betw een 1 .8  and 100 ml 

p e r hour and th e  c o n c e n tra tio n  o f th e  s o lu t io n  betw een 1 .5  and 

100 |ig per m l. Among th o se  u s in g  g e l th e ra p y  th e  bo lu s  dose 

has v a r ie d  between 250 pg and 5 .0  mg, th e  volume between 5 and 

12 ml and th e  c o n c e n tra tio n  between 25 and 500 pg p e r ml a lth o u g h  

i t  should  be em phasized th a t  th e se  h i p e s t  doses and c o n c e n tra tio n s  

were g iven  v a g in a l ly  by MacKenz.ie and Embrey (l977) and n o t in to  

th e  u te ru s .

Most a u th o rs  appear to  ag ree  on the  s a fe  and e f f e c t iv e  

e x tra -a m n io tic  dose bo th  fo r  in d u c tio n  of lab o u r (about

1 - 5  pg /m in) and f o r  c e r v ic a l  r ip e n in g  (betw een 250 and 500 pg 

in  g e l ) .  m e n  s o lu t io n  i s  used th e  c o n c e n tra tio n  i s  of some
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im portance. R eference has a lre a d y  been made (page 155) to  th e  

problem o f leakage  o f s o lu t io n  from th e  system  i f  i t  i s  to o  

d i lu t e .  On th e  o th e r  hand to o  co n cen tra ted  a s o lu t io n  b r in g s  

th e  danger o f a c c id e n ta l  h y p e rs tim u la tio n  such a s  t h a t  d e sc rib e d  

by H i l le r  and Hack (1974) which fo llow ed  an a c c id e n ta l  bo lus 

dose w hile the  c a th e te r  was b e in g  connected to  th e  pump. There 

would seem no b e n e f i t  from u s in g  so c o n ce n tra te d  a s o lu t io n  

as th e  100 p g /m l th ey  employed. A b a lance  must be s tru c k  

b u t a s o lu t io n  o f  5 -  10 pg/m l would seem to  a llo w  a la rg e  enough 

m argin o f s a f e ty  w hile  e lim in a tin g  leakage problem s, (The 

volume of in fu s io n  re q u ire d  w ith  a s o lu tio n  o f 10 pg a t  th e  maximum 

dose o f 5 pg/m in  i s  l e s s  th an  20 ml per h o u r) ,

Reuberg (l9 7 5 ) gave re p e a te d  b o lu s  doses of 100 pg in

4 ml s o lu t io n  in to  th e  e x tra -a m n io tic  space and su g g ested  th a t  

t h i s  was a s a fe  and e f f e c t iv e  method which avo ided  the  need fo r  

complex equipm ent. There must h a rd ly  be a h o s p i t a l  in  th e  land  

th a t  does no t now p o sse ss  some form of in fu s io n  pump and th e  

r i s k  o f h y p e rs tim u la tio n  w ith  R eu b erg 's  te d in iq u e  would seem 

to  su b o rd in a te  s a f e ty  to  s im p l ic i ty  and convenience. These 

r i s k s  have r e c e n t ly  been s t r e s s e d  by T h ie ry  and Amy (1977) 

who have condemned th e  p r a c t ic e  of g iv in g  bo lus doses o f 

p ro s ta g la n d in s  in  s o lu t io n  to  terra p reg n an cies  a s  b e in g  f ra n k ly  

dangerous. In  th e  same way, w hile  the v a g in a l g e l tech n iq u e  

o f MacICenzie and Embrey (l9 7 7 ) has obvious and pow erfu l a t t r a c t i o n s  

th e  problem s of h y p e rs tim u la tio n  they have r e c e n t ly  encoun tered  

w ith  th e  5 mg dose (page 148 ) emphasise th e  need to  co n tin u e  

in v e s t ig a t io n s  to  f in d  th e  most e f f e c t iv e  method and dosage 

w ith  th e  w id est p o s s ib le  s a f e ty  m arg ins.



D ire c t E f fe c ts  on the Fetus

The methods a t  our d isp o sa l a re  b a re ly  adequate to  a sse ss  

harm ful in f lu e n c e s  to  th e  f e tu s  of o b s te t r ic  p rocedures. The 

l im i ta t io n s  of th e  Apgar sco re  and of methods of n e u ro lo g ic a l 

assessm ent of th e  neonate  a re  w e ll recogn ised  and th e  long-er 

th e  in te r v a l  from b i r t h  the  more d i f f i c u l t  does i t  become to  

make m eaningful developm ental assessm ents because of th e  

m u ltitu d e  of env ironm enta l in f lu e n c e s .

N e v e rth e le ss , the sh o r t  and long term  h azards to  th e  

o ff sp r in g  from drugs used  to  ind u ce  lab o u r must con tinue  

to  be a v i t a l l y  im p o rtan t a re a  of s tu d y . This i s  p a r t i c u la r ly  

so where p ro s ta g la n d in s  a re  concerned because of t h e i r  d iv e r s i ty  

o f e f f e c t s  on body fu n c tio n s . The d a ta  p re sen ted  in  th i s  

C hapter and th e  s tu d ie s  o f o th e r  a u th o rs  a lread y  review ed 

a re  re a s s u r in g  in  t h e i r  f a i l u r e  to  dem onstrate any d i r e c t  ill™  

e f f e c t  of lo c a l  p ro s ta g la n d in s  on the  fe tu s  o r neo n ate , a sp h y x ia i 

o r o th e rif ise . T h iery  e t  a l  (l978) made a study o f p a t i e n t 's  

re c e iv in g  PGBg g e l fo r  c e r v ic a l  r ip e n in g  w ith  the ex p ress  purpose 

o f d e te c tin g  d e le te r io u s  e f f e c t s  on th e  f e tu s .  They c a r r ie d  out 

ro u tin e  f e t a l  s c a lp  b lood  sam pling a t  th e  tim e of amniotomy, 

and a g a in  during  the  second s tag e  of la b o u r to  a sse ss  th e  a c id -  

base  and la c ta te^ ^ p y ru ra te  s ta tu s  on th e se  sam ples, and a lso  on 

sam ples ob ta ined  a t  th e  tim e o f d e liv e ry  from th e  u m b ilic a l 

a r te r y  and v e in , and th e  m a te rn a l fem oral a r t e r y .  They a ls o  

c a r r ie d  out con tinuous f e t a l  h e a r t  re co rd in g  th roughout and 

Apgar sco re  assessm ent a t  b i r t h .  They were unable  to  d e te c t  

any d e le te r io u s  e f f e c t s  on th e  fe tu s  a s  a r e s u l t  of th e  u se  of 

PGEg g e l.



I t  ap p ears  t l ia t ,  so long  as ca re  i s  taken  to  p reven t 

u te r in e  h y p e rs tim u la tio n , th e  h e a lth y  fe tu s  i s  u n l ik e ly  to  

s u f f e r  i l l - e f f e c t s  from th e  use  of p ro s ta g la n d in s  to  induce 

labouir. C lo se r c o n s id e ra tio n  m ust, hovrever, be g iven  to  

h ig h ly  com plicated  p reg n an cies  i n  wliich p la c e n ta l  fu n c tio n  may 

be s e r io u s ly  im paired . This i s  e s p e c ia l ly  so in  view o f th e  

w arning by B rosens, Dixon and R obertson  (l974  a , b) th a t  

p ro s ta g la n d in s  should  not be used  in  cases of p re -ec lam p sia  

and e s s e n t ia l  h y p e rte n s io n . They suggest t h a t  th e  normal 

v a s o - c o n s t r ic t iv e  e f f e c t  o f p ro s ta g la n d in s  on th e  u te ro p la c e n ta l  

( s p i r a l )  a r t e r i e s  ( ilo g h iss i and Hurray 1970) m ight be ex ag g era ted  

in  th e se  c l i n i c a l  c o n d itio n s , in c re a s in g  th e  r i s k  of f e t a l  

hypox ia . T his c o n te n tio n  was based on s t r u c tu r a l  changes th e y  

had d e sc rib e d  in  th e  s p i r a l  a r t e r i e s  o f  p a t ie n ts  m th  th e se  

h y p e rte n s iv e  s t a t e s  (B rosens, R obertson and Dixon 1972). C alder 

e t  a l  ( 1974) d isp u ted  t h i s  th eo ry  c i t i n g  e le c tro n  m ic ro sco p ic  

ev idence on th e  u l t r a - s t r u c t u r e  of th e  s p i r a l  a r t e r i e s  ( Sheppard 

and Bonnar 1974) which su g g ested  th a t  th e se  v e s s e ls  might become 

un resp o n siv e  to  v a so a c tiv e  a g en ts  and was a t  odds w ith  the  

f in d in g s  of Brosens e t  a l  1972. They a ls o  re p o r te d  ex p erien ce  

in  a s e r i e s  of 25 p a t i e n t s  w ith  m oderate or s e v e re  p re -ec lam p sia  

whose la b o u rs  were induced between 56 and 58 weeks g e s ta t io n  by 

amniotomy and in trav en o u s  PGE  ̂ or o x y toc in  g iven  in  a double 

b lin d  fa sh io n , and a f u r th e r  18 p rim ip arae  w ith  u n rip e  c e rv ic e s  

a ls o  betw een 56 and 58 weeks g e s ta t io n  induced by co n tin u o u s 

e x tra -a m n io tic  PGE^. In  th e  f i r s t  s tudy  th e  o n ly  p a t ie n t  who

re q u ire d  caesarean  s e c t io n  f o r  f e t a l  d i s t r e s s  belonged to  th e  

ox y to c in  group. The mean Apgar sco re  a t  one m inute was 7*0
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w ith  oxy tocin  and 8 .1  w ith  PGE^» In  th e  second study two 

p a t ie n ts  had caesa rean  s e c tio n s  f o r  f e t a l  d i s t r e s s  and th e  

mean Apgar sco re  f o r  the  group a s  a  whole was 6*0.

The c o n c lu s io n  was t h a t  th e re  was no evidence of any harm ful 

e f f e c t  o f PGEg in  such p reg n an c ie s  and t h i s  was supported  hy 

Jacomb and H inch ley  (1974) who review ed 283 case s  of e s s e n t ia l  

h y p e rte n s io n  o r p re -ec lam p sia  who had rece iv ed  PGP^ ^ or PGS^ 

in tra v e n o u s ly . The mean Apgar sco re  a t  one m inute was 8*2 and 

a t  f iv e  m inutes 9*4 and only f o u r  in f a n ts  ( 1 . 4/ )  had Apgar sco re s  

below 5 a t  f iv e  m inu tes. la u e rso n  and W ilson (l975 ) re p o r te d  

s im i la r  f in d in g s  in  cases  of p re -ec lam p sia  and h y p e rte n s io n , and 

a ls o  in  f iv e  cases  of m ate rn a l d iabetes*

C la rk , Ryan and Brody (l9 7 3 ) in fu se d   ̂ i n t r a - a r t e r i a l l y  

i n  p reg n an t b i tc h e s  and even w ith  dose r a te s  as h ig h  as 100 

p e r m inute were unable to  dem onstra te  any in c re a s e  in  the  

u te r o - p la c e n ta l  v a sc u la r  to n e , and w hile  allow ance must be 

made f o r  sp e c ie s  d if f e r e n c e s ,  t h i s  adds f u r th e r  reassu ran ce  

as to  th e  s a f e ty  o f th e  p ro s ta g la n d in s  i n  pregnancy.

In d u c tio n  of lab o u r has a ls o  been im p lic a te d  as a c a u sa tiv e  

f a c to r  in  n e o n a ta l ja u n d ic e , w ith  oxytocin  in  p a r t i c u la r  th e  

o b je c t of su sp ic io n  (Ghosh and Hudson 1972; D avies e t  a l  1973)- 

In  o rd e r to  in v e s t ig a te  the  p o s s ib le  e f f e c t  of p ro s ta g la n d in s  

i n  t h i s  a re a  C alder e t  a l  (l9 7 4 ) measured th e  n e o n a ta l b i l i r u b in  

le v e l  on day f iv e  in  fo u r  groups of 30 p rim ig rav id ae . In  th e
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f i r s t  two groups lab o u r was induced by amniotomy and in trav e n o u s  

ox y to c in  or PGS^* The t h i r d  group Imd e x tra -a io n io tic  PGE  ̂

in fu s io n  and th e  fo u r th  laboured  spon taneously  th ro u ^ .o u t .  The 

r e s u l t s  a re  shown in  F ig u re  7*3. There was no s ig n i f ic a n t  

d if fe re n c e  between th e  f i r s t  two groups but bo th  shared  

s ig n i f i c a n t ly  h ig h e r  le v e ls  o f b i l i r u b i n  than  th e  spontaneous 

group. The r e s u l t s  in  the  group re c e iv in g  e z tra -a m n io t ic  PGB  ̂

f e l l  between th e  spontaneous group and th e  two amniotomy groups 

and d id  n o t d i f f e r  s i g n i f i c a n t ly  from any o th e r group. The 

r e s u l t s  su ggested  th a t  th e  cause o f n e o n a ta l jau n d ice  a f t e r  

induced  lab o u r perhaps l i e s  more in  th e  f a c t  of th e  in te r r u p t io n  

of pregnancy (cau s in g  m arg ina l im m aturity) o r in  e a r ly  am niotany 

th an  in  a  d i r e c t  drug e f f e c t .  There was c e r ta in ly  no ev idence  

t l ia t  PGB  ̂ c a r r ie d  a g r e a te r  r i s k  of causing  n e o n a ta l jau n d ice  

than  e x is t in g  methods of la b o u r in d u c tio n .

F in a l ly ,  Ounsted, H endrick and C alder (l97S ) c a r r ie d  out a 

fo llo w -u p  study  o f 235 b ab ies  born  to  p rim ig ra v id  m others between 

J u ly  1973 and O ctober 1974 who f e l l  i n to  the  same fo u r groups as 

d e sc rib e d  in  th e  l a s t  p a rag rap h . The b a b ie s  were examined and 

th e  m others in te rv iew ed  on th e  f i r s t  and fo u r th  days a f t e r  

deliverer and ag a in  a f t e r  two m onths. The o b se rv e rs  were not 

aware of th e  group to  which each m other belonged. The groups 

cannot be reg ard ed  as  s t r i c t l y  comparable because o f d if f e r e n c e s  

in  th e  an teced en t o b s te t r i c  co m plica tions b u t i t  was r e - a s s u r in g  

th a t  no m ajor d if f e r e n c e s  emerged. In  p a r t i c u l a r  th e re  were 

no seque lae  a t t r i b u t a b l e  to  p ro s ta g la n d in  th e ra p y . The in c id e n ce
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of r e s p i r a to r y ,  c e r e b ra l ,  in f e c t iv e  o r th e rm o reg u la to ry  problem s 

was even ly  d i s t r ib u te d  among the  th re e  in d u c tio n  g roups. One 

hundred and f i f t y  m others s ta t e d  a w ish to  b re a s t  fe ed  t h e i r  

b a b ie s , and t h e i r  su ccess  in  e s ta b l is h in g  l a c t a t io n  was b ro ad ly  

s im ila r  in  th e  fo u r  g roups.

At the  two month exam ination  th e  average  d a ily  w eight g a in  

of th e  b a b ie s  was th e  same in  a l l  groups. The in c id e n ce  o f 

feed in g  problem s (u s u a lly  c o l ic  or 'hànd") was low est i n  th e  

in trav e n o u s  p ro s ta g la n d in  group. M edical problem s had been 

evenly  d i s t r ib u te d  among th e  fo u r  groups.

U sing a s ta n d a rd  q u e s tio n n a ire  th e  m others were asked 

about t h e i r  b a b ie s ' re sp o n ses  to  t h e i r  a t t e n t io n s  and th e  i n t e r a c t io n  

between m other and c h ild  was observed du rin g  th e  in te rv ie w .

The v a lu e  o f such a ssessm en ts  i s  u n c e r ta in  bu t no d i f f e r e n c e s  

were found between groups fo r  t h i s  f a c to r  o r fo r  e s ta b lish m e n t 

of fe e d in g  and s le e p in g  ro u t in e s .  These d a ta  do n o t su g g es t 

th a t  th e  u se  of p ro s ta g la n d in s  had any e f f e c t  on th e  subsequen t 

m o th e r-ch ild  r e la t io n s h ip .

Choice of Technique

The r e s u l t s  p re se n te d  i n  t h i s  c h ap te r  confirm  the  v a lu e  

o f th e  e x tra -a m n io tic  ro u te  o f p ro s ta g la n d in  a d m in is tra t io n  

in  th e  management o f th e  p rim ip a ra  w ith  an u n rip e  c e rv ix . In
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Table 7*8 th e se  r e s u l t s  a re  p re sen te d  a lo n g s id e  th o se  o b ta in ed

u s in g  amniotomy and in trav e n o u s  o:cytocin in fu s io n  (C hapter 4)

and amniotomy and in trav e n o u s  PGE^ in fu s io n  (C h ap ter 5) f o r

th o se  p a t ie n ts  who f u l f i l  th e  s t r i c t  c r i t e r i a  a p p lie d  to

s e le c t  ca teg o ry  ( l )  p a t ie n ts  (se e  page 130). T h is  excludes

p a t ie n t s  w ith  obvious so u rces o f in trap a rtu m  co m p lica tio n s

such as th o se  w ith  b reech  p re s e n ta t io n s  and th o se  of sm all s t a tu r e .

I t  i s  c le a r  t h a t  th e  use of p ro s ta g la n d in s  ach iev ed  much 

s u p e r io r  r e s u l t s  th a n  th e  use of o x y to c in . As h a s  been seen  

in  C hapter 5, in trav e n o u s  PGE^» tH iile  more e f f e c t iv e  th a n  in tra v e n o u s  

o x y to c in , was a s s o c ia te d  w ith  an unaccep tab le  le v e l  of m a ternal 

s id e  e f f e c t s  in  th e se  d i f f i c u l t  in d u c tio n s . ITo such  s id e  e f f e c t s  

were encoun tered  when e x tra -a m n io tic  p ro s ta g la n d in s  were used  

and t h i s  would seem to  r e p re s e n t  th e  b e s t  approach to  th e  problem 

of th e  u n rip e  c e rv ix .

The q u e s tio n  rem ains however: which te ch n iq u e  i s  to  be

p re fe r re d ,  in fu s io n  o f PGE^ s o lu t io n  to  induce la b o u r , o r 

PGEp g e l th e rap y  to  r ip e n  the  c e rv ix  beforehand? There i s  

l i t t l e  to  choose between th e  r e s u l t s  ach ieved  e i t h e r  in  e f f ic a c y  

o r s a f e ty  and th e  answer would ap p ear to  l i e  in  th e  q u e s tio n  of 

a c c e p ta b i l i ty ,  b o th  to  p a t ie n ts  and s t a f f .

The p a t ie n t s  appeared  g e n e ra lly  to  p r e f e r  th e  g e l r ip e n in g  

te ch n iq u e . They accep ted  th e  need fo r  tre a tm e n t aimed a t  

p re p a rin g  them f o r  la b o u r and those  who went in to  lab o u r as  a
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r e s u l t  o f th e  tre a tm e n t co n sid e red  t h i s  a bonus. Those who d id  

n o t came f re s h  to  in d u c tio n  th e  fo llo w in g  morning a f t e r  a night's 

r e s t .  In  c o n tr a s t ,  th o se  who had lab o u r induced w ith  

in fu s io n  from the  s t a r t i n g  p o in t of an u n rip e  c e n /ix  o f te n  found 

th e  tech n iq u e  d is a g re e a b le  and th e  t o t a l  len g th  of labou r was o f te n  

d is a p p o in tin g ly  long . This l a t t e r  problem was overcome w ith th e  

g e l te ch n iq u e  by d iv id in g  th e  p ro cess  in to  two d is t in c t  p a r ts .

D uring th e  f i r s t  p a r t  th e  p a t ie n t  d id not expect to  be making 

p ro g re ss  in  lab o u r and was th e re fo re  le s s  l ik e ly  to  become 

d ish e a r te n e d .

The a t te n d a n ts  a lso  p re fe r re d  th e  gel tech n iq u e ,

m ainly  because o f i t s  s im p l ic i ty .  The need fo r  complex in fu s io n  

equipment and ad justm en t of dose i s  avoided. An in d ic a t io n  

of t h i s  i s  th e  wide e x te n t to  which th e  techn ique  has been 

adopted  in  o th e r  c e n tre s .  In  a d d i t io n  to  th o se  s tu d ie s  

a lre a d y  r e f e r r e d  to  (T able 7«>7) th e  techn ique has been a p p lie d  

to  good e f f e c t  i n  many h o s p i ta ls  and th i s  in s p i t e  of th e  t ro u b le  

in v o lv ed  i n  g e t t in g  th e  g e l p rep a red ; the  pharm aceu tica l 

in d u s try  have so f a r  been r e lu c ta n t  to  produce ready-packed 

g e l c o n ta in in g  p ro s ta g la n d in s .

C onclusions

T his c h a p te r  draws to g e th e r  a l l  the  o r ig in a l  c lird .c a l 

d a ta  p re se n te d  in  the  th e s i s ;  th e  nex t d e sc rib e s  the  la b o ra to ry
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s tu d ie s  perform ed to  examine the p h y s io lo g ic a l r o le  of 

p ro s ta g la n d in s  in  c e rv ic a l  r ip e n in g  and p a r tu r i t i o n .

The o v e rr id in g  co n clu sio n  of th e  c l i n i c a l  s tu d ie s  i s  

th a t  to  da te  i n s u f f i c i e n t  a t t e n t io n  has been p a id  to  th e  

s t a t e  of th e  c e rv ix  in  r e l a t i o n  to  in d u c tio n  of la b o u r , perhaps 

because of a la ck  of e f f e c t iv e  methods of d e a lin g  w ith  i t .

Local p ro s ta g la n d in  th e ra p y  p ro v id es  a t  l e a s t  a p a r t i a l  answer 

to  th e  problem and i t  i s  l i k e ly  th a t  new or im proved tech n iq u es  

u / i l l  be developed in  due co u rse . A uniform  method of in d u c tio n  

of la b o u r has many a t t r a c t i o n s ,  b u t u n t i l  th e  norm al physio logy  

o f c e r v ic a l  r ip e n in g  and p a r tu r i t i o n  i s  f u l l y  u n d ers to o d  and 

can be a c c u ra te ly  reproduced  i t  w i l l  rem ain n ecessa ry  to  app ly  

methods which meet th e  p a r t i c u l a r  requ irem en ts  o f th e  in d iv id u a l  

p a t i e n t .
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LABORATORY STUDIES TO DETERMINE THE PFfSIOLOGICAL ROLE 
OF THE PRIMARY PROSTAGLANDINS IN CERVICAL RIPENING

This C hapter d e sc r ib e s  la b o ra to ry  in v e s t ig a t io n s  of the 

le v e ls  of th e  prim ary p ro s ta g la n d in s  and c e r ta in  s te r o id  hormones 

in  am nio tic  f l u i d  and p e r ip h e ra l  venous plasma d u rin g  pregnancy, 

and la b o u r. The purpose of th e se  s tu d ie s  was to  a s s e s s  th e  

p h y s io lo g ic a l r o le  of th e  p ro s ta g la n d in s  in  th e  p ro cesses  of 

c e rv ic a l  r ip e n in g  and p a r tu r i t i o n .

The methodology used, f o r  th e  c o l le c t io n  and assay  of 

sam ples i s  s e t  out in  Appendix B.

THE ROLE OF PRCSTAGLANDINS IN LABOUR

The f i r s t  s tu d y  conducted in v e s t ig a te d  the  l e v e l s  of F 

p ro s ta g la n d in s  ( th e  a ssay  fo r  E p ro s ta g la n d in s  was n o t then

developed in  our la b o ra to ry )  in  samples o f am n io tic  f l u i d  and
/

m atem a l  p e riH p e ra l plasm a o b ta in ed  s e r i a l l y  d u rin g  spontaneous 

and induced la b o u r . T h is s tu d y  i s  d esc rib ed  in  th e  paper 

which fo llo w s .
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FURTHER DISCUSSION OF 
TUB HOLS OP PROSTAGLAiDIFS IN LiVBOUR

S tu d ie s  of Nate m a l  P e r ip h e ra l  Blood

There a re  m ajor d i f f i c u l t i e s  in  o b ta in in g  and in te r p r e t in g

d a ta  from m ate rn a l c i r c u la t in g  p ro s ta g la n d in s  f o r  th e  fo llo w in g

re a s o n s :-

1) The prim ary p ro s ta g la n d in s  do not behave l ik e  conven tional 
hormones and ach ieve  t h e i r  t a r g e t  v ia  the  g en era l c i r c u la 
t io n .  They a re  re le a s e d  c lo se  to  t h e i r  s i t e  of a c t io n ,  
so t h a t  le v e ls  d e te c te d  in  th e  c i r c u la t io n  may be a poor 
r e f l e c t io n  of t h e i r  p h y s io lo g ic a l im portance (see  page 11^ .

2) The r a t e  of m etabolism  of th e se  compounds i s  ve iy  ra p id  
(Smbrey 1975) w ith  as much a s  90^ in a c t iv a te d  by a s in g le  
passage th rough  th e  lu n g s , so th a t  i t  may be im p o ssib le  
to  d e te c t  s u b tle  changes in  th e  r a t e  of PC sy n th e s is  in  
th e  u te ru s  by examining th e  p e r ip h e ra l b lood .

3) D if fe re n t assay  methods (b io a ssa y , g a s / l iq u id  chrom atography 
and mass sp ec trp p h o tb m etry , and radio-im m unoassay) have 
y ie ld e d  w idely  d i f f e r e n t  r e s u l t s  in  s im ila r  s i tu a t io n s  
and the m u ltitu d e  of in f lu e n c e s  which have a b e a r in g  

on th e  d i f f e r e n t  methods malce v a l id a t io n  o f r e s u l t s  
most d i f f i c u l t .

4) Even a c c e p tin g  th e  l im i ta t io n s  of p e r ip h e ra l  le v e ls  as 
a  r e f l e c t io n  o f p h y s io lo g ic a l b eh av io u r, th e  d i f f i c u l t i e s  
a re  le g io n  in  en su rin g  th a t  th e  le v e ls  in  th e  sample 
be ing  assayed  a re  th e  same as th o se  in  the  m aternal 

c i r c u la t io n  when i t  was c o l le c te d .  F i r s t l y ,  sy n th e s is  
and m etabolism  can be s ig n i f ic a n t ly  e f fe c te d  by traum a 
d u rin g  venepuncture  b o th  from th e  n eed le  and th e  use of 
a to u rn iq u e t ( le a d in g  a r t i c l e ,  P ro s tag lan d in s  1972) 
and t h i s  may co n tin u e  a f t e r  w ithdraw i o f th e  b lood m ainly  y/ q
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due to  th e  a c t io n  of eusymes co n ta in ed  in  p l a t e l e t s  

(Sm ith e t  a l  1973). These problem s may he m inim ised 
by c o l le c t in g  th e  blood in to  cooled  sy rin g es  co n ta in in g  
PG sy n th e ta se  in h ib i to r s  bu t 3 p ro s ta g la n d in s  may 
co n tin u e  to  be g en era ted  d u rin g  s to ra g e  ( ju b is  and 
F r a i ley  1974) and th e  in f lu e n c e  of th e  tem p era tu re  
of th e  sample a t  th e  tim e of e x t r a c t io n  must a lso  be 
co n sid e red  (Karim and H i l l i e r  1975).

For th e se  rea so n s  many of th e  early  re p o r ts  of c i r c u la t in g  

le v e l s  o f prim ary p ro s ta g la n d in s  ( in c lu d in g  th o se  re p o r te d  

and c i te d  in  th e  fo reg o in g  paper) a re  now reg a rd ed  as b e in g  

in v a l id  because the  le v e ls  a re  e rro n eo u sly  h ig h  (Smbrey and 

H i l l i e r  1977). Measurement of th e  main plasma m e ta b o lite  

may be more v a lu a b le  and t h i s  has been th e  su b je c t of a  s tudy  

by Green e t  a l  (19 7 4 ). They su ggest th a t  plasm a le v e ls  o f 

1 5 -k e to -1 3 î 14-d ihydro  PGF^^may be more m eaningful th an  th o se  

o f th e  p a re n t p ro s ta g la n d in  because i t  i s  no t form ed d u ring  

plasm a c o l le c t io n  and i s  le s s  r a p id ly  degraded by th e  lu n g s«

These a u th o rs  a lso  showed a s l ig h t  r i s e  in  the le v e l s  of t h i s  

m e ta b o lite  in  l a t e  p regnancy , and th en  a much g r e a te r  in c re a s e  

(lO to  30 fo ld )  d u rin g  a c t iv e  lab o u r (se e  F ig u re  8*2 ). Hamberg

( 1974) showed a g rad u a l in c re a s e  d u ring  pregnancy of th e  m ajor 

u r in a ry  m e ta b o lite  of PGFg^ su g g es tin g  a steady  r i s e  in  p ro s ta g la n d in  

p ro d u c tio n .

S tu d ie s  of Amniotic F lu id

Amniotic f l u i d  does not s u f f e r  from th e  same l im i ta t io n s
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as m a te rn a l plasma as an a re a  of in v e s t ig a t io n  o f p ro s ta g la n d in  

a c t i v i t y  in  pregnancy and la b o u r . The folloi-fing advantages 

malce i t  a much more v a lu a b le  su b je c t of s tu d y :

1) I t  i s  r e a d i ly  a c c e s s ib le  y e t  i t  i s  very  c lo se  to  th e  
c e n tre  of a c t i v i t y  in  th e  u te r u s .

2 ) I t  may be c o l le c te d  in  la rg e  amoimts or in  s e r i a l  sm a lle r 
amounts w ith o u t d i f f i c u l t y .

3 ) I t  does n o t m e tab o lise  o r sy n th e s is e  p ro s ta g la n d in s  
(K e irse , W illiam son and T u rnbu ll 1973) so th a t  i t s  
p ro s ta g la n d in  c o n ten t may be a  q u a n t i ta t iv e  
r e f l e c t i o n  o f th e  p ro s ta g la n d in  sy n th e s is  of t i s s u e s  
in  th e  u te r in e  m i l l i e u .

D esp ite  th e se  ad v an tag es, an im p o rtan t r e s e rv a t io n  must be 

th e  doubt su rro u n d in g  th e  s ig n if ic a n c e  of am n io tic  f lu id  

p ro s ta g la n d in s . Are th ey  th e re  in  a p a ss iv e  c a p a c ity  having  

s p i l l e d  in to  th e  am n io tic  f lu id  during  a c t i v i t y  e lsew here , 

o r in  an a c t iv e  c a p a c ity  in  which th e  am nio tic  f l u i d  a c ts  

as a  re s e rv o ir?  W hatever th e  answer to  t h i s  q u e s tio n  and 

w hatever t h e i r  so u rc e , th e  dynamic f lu c tu a t io n s  in  p ro s ta g la n d in  

le v e l s  th a t  occur d u rin g  la b o u r must r e f l e c t  changes in  th e  

r a te s  of s y n th e s is  o r m etabolism  or b o th , and th e  h i ^ e r  

le v e ls  we d e te c te d  in  e a r ly  spontaneous lab o u r compared w ith  

e s ta b l is h e d  induced la b o u r , re p re se n te d  one of the  f i r s t  co n cre te  

p o in te r s  to  an a c t iv e  r o le  of p ro s ta g la n d in s  in  th e  i n i t i a t i o n  

o f la b o u r . The subsequen t s te e p  r i s e  in  le v e ls  o f F p ro s ta 

g lan d in s  d u rin g  th e  a c c e le r a to iy  phase of lab o u r has been 

confirm ed by Salmon and Amy (l973 ) and by K e irs e , F l in t  and
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T u rn b u ll (l97d) and shown a ls o  to  app ly  to  E p ro s ta g la n d in s  

(K e irse  and T u rn b u ll 1973) a lth o u g h  th e se  s tucij.es r e l i e d  on 

s in g le  samples o f l iq u o r  a l l  o b ta in ed  a t  th e  tim e of amniotomy 

in  la rg e  numbers of p a t ie n ts  a t  vary ing  s ta g e s  o f la b o u r 

(F ig u re  8» 3)*

G e s ta tio n a l Changes in  Am niotic F lu id  P ro s ta g la n d in s

Salmon and Amy ( l9 7 3 ) , H ibbard e t  a l  ( l9 7 4 ) , and H i l l i e r ,

G alder and HacKenzie (1974) showed a r i s e  in  F p ro s ta g la n d in s  

in  a im io tic  f l u i d  in  l a t e  p regnancy, b u t b e fo re  th e  o n se t of 

la b o u r . Our own d a ta  f o r  b o th  E and F p ro s ta g la n d in s  in  10 

p a t ie n ts  between 14 and 22 weeks g e s ta t io n  and 42 p a t ie n t s  

between 38 and 42 weeks g e s ta t io n  a re  shorn in  Table 8 .1  

and in  F ig u re  8 .1 .  In  th e  F ig u re , th e  s c a le  of g e s ta t io n  

i s  d isco n tin u o u s  betw een 22 and 38 weelcs, and t h i s ,  to g e th e r  

w ith  th e  co n tin u in g  r i s e  between 38 weeks and 42 weeks shown 

in  th e  f ig u re  su g g es ts  t h a t ,  r a th e r  th a n  be ing  l i n e a r ,  th e  

r i s e  i s  slow a t  f i r s t  becoming more ra p id  i n  th e  l a t t e r  weeks 

o f pregnancy. I t  seems a rea so n a b le  h y p o th e s is  th a t  th i s  

t re n d  m ight fo llo w  th e  e v o lu tio n a ry  t re n d  of u te r in e  

c o n t r a c t i l i t y  d u rin g  p re - la b o u r  (C a ld ey ro -B arc ia  1958).

Ve were unable to  o b ta in  sam ples fo r  a n a ly s is  d u rin g  th e  

tim e between 22 and 38 weeks g e s ta t io n  in  noim al p reg n an c ies  

because d u rin g  t h i s  tim e am nio cen tes is  i s  r a r e ly  perform ed 

excep t in  p a th o lo g ic a l c ircu m stan ces , b u t Dray and Fry dm an (l975 ) 

s tu d ie d  th e  p e rio d  betw een 30 and 39 weeks g e s ta t io n  in  18 su b je c ts .
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The in d ic a t io n  f o r  th e  am niocen teses was no t reco rd ed . T h e ir

f in d in g s  a re  shown in  F igu re  8 .4  which shows th e  s te e p e s t  r i s e

in  PGEg o c cu rrin g  between 35 and 37 weeks g e s ta t io n  and a

d o ub ling  i n  th e  le v e l  o f PGEg between 35 and 39 w eeks. These

w orkers cou ld  (fetect no p ro s ta g la n d in s  o r  in  th e  e a r ly

second t r im e s te r  and th e y  found th e  r i s e  in  PGF^^ occurred

l a t e r  and was le s s  m arked, in  c o n tr a s t  w ith  th e  a lm ost p a r a l l e l

r i s e  in  E and F p ro s ta g la n d in s  (a llo w in g  f o r  a  5 - f o ld  d if f e r e n c e

in  a b so lu te  le v e ls )  observed  in  o u r s tudy  (F ig u re  8 .1 ) .  Dray

and Frydman a lso  su g gested  th a t  th e  r a t i o  o f PGS^ to  PGFg ^

became re v e rse d  d u rin g  la b o u r , w ith  PGP„ p redom inating  a f t e rd a
3-4  cm c e r v ic a l  d i l a t a t i o n .  T h is  r a i s e s  th e  p o s s ib i l i t y  th a t  

th e  more im p o rtan t r o le  o f PGE^ m ight be to  m odify th e  c o n d itio n  

o f th e  c e rv ix  in  l a t e  pregnancy w h ile  PGFg i s  more im p o rtan t 

as  a m yom étrial s t im u la n t once la b o u r i s  e s ta b l is h e d .

Tamby R aja e t  a l  ( l9 7 7 ) have measui‘ed E and F p ro s ta g la n d in  

le v e ls  in  am n io cen tesis  sam ples between 36 weeks and term  and 

have shown a m assive and s te a d y  r i s e  i n  b o th  over th a t  tim e .

The mean v a lu e  f o r  PGP ro se  from 58 pg/m l a t  36 weeks to  

4276 pg/m l a t  term  with a co rrespond ing  r i s e  in  PGE over th e  

same in t e r v a l  from 0 .4 6  ng/rnl to  4-26 ng /m l. These a u th o rs  

a ls o  found th a t  th e  le v e l s  of PGP o b ta in ed  a t  amniotomy in  

p a t ie n ts  induced  a f t e r  term  f o r  p o s t-m a tu r ity  were s ig n i f i c a n t ly  

low er th a n  th e  le v e ls  in  am n io cen tes is  sam ples from p a t ie n ts  

who lab o u red  a t  o r around term , and in  th e  p o s t-m a tu re  p a t ie n ts  

th e  le v e l s  c o r r e la te d  w ith  th e  degree of c e r v ic a l  r ip e n e s s .
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These f in d in g s  len d  f u r th e r  su p p o rt to  th e  h y p o th e s is  th a t  th e  

pregnancy which co n tin u es  beyond term  w ith  an u n r ip e  c e rv ix  

may be e n d o c r in o lo g ic a lly  abnorm al.

The Source of Am niotic F lu id  P ro s ta g la n d in s  in  
L ate  FregTiancy and Lab our

S ince  p ro s ta g la n d in s  were f i r s t  id e n t i f i e d  in  the  am n io tic  

f l u i d  by Karim ( 1966) much i n t e r e s t  has c e n tre d  on t h e i r  s i t e  of 

o r ig in ,  A number o f p o s s ib le  so u rces  have been su g g es ted  

in c lu d in g  th e  decid u a , th e  p la c e n ta , the  f e t a l  membranes and 

th e  f e tu s  i t s e l f .

Decidua has  long  been  known to  be a  r ic h  so u rce  of 

p ro s ta g la n d in s  (Karim and D evlin  196?) and G u s ta v ii (G u s ta v ii  1972; 

G u stav ii and Green 1972) has suggested  th a t  la b o u r  r e s u l t s  from 

re le a s e  of th e s e  when d e c id u a l c e l l s  a re  s t r e s s e d  by s t im u l i  

such as  hypoxia o r  isch aem ia . D is ru p tio n  o f  th e  d e c id u a l 

c e l l s  was a ls o  shoim to  be an im p o rtan t p ro c e ss  i n  th e  mechanism 

of h y p e rto n ic  s a l in e  induced  a b o r tio n . The a b i l i t y  of 

p ro s ta g la n d in s  to  c ro ss  th e  f e t a l  membranes in to  the  am n io tic  

f l u i d  has been dem onstra ted  by H i l l i e r ,  C alder and M ackenzie (1974)

The f e t a l  membranes a lso  appear to  be a p o s s ib le  so u rce  o f 

p ro s ta g la n d in s  w ith  th e  dem o n stra tio n  by K e irse  and T u rn b u ll 

( 1976) th a t  th e  ch o rio n  can m e tab o lise  and alm ost c e r ta in ly  

s y n th e s is e  them. T h is  o f f e r s  an e x p lan a tio n  f o r  th e  im p o rtan t 

r o le  of amniotomy in  in d u c tio n  o f la b o u r  a s  w e ll as  th e
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f lu c tu a t io n s  in  am n io tic  f l u i d  le v e l s  seen around th e  tim e o f 

amniotomy in  spontaneous lab o u r in  our own s tu d ie s  ( H i l l i e r ,

C alder and Embrey 1974)* I t  may a ls o  ex p la in  a t  l e a s t  in  

p a r t ,  th e  changes seen  as a r e s u l t  of lo c a l  in te r f e r e n c e  in  

th e  form of v a g in a l exam ination , membrane sweep and c a th e te r  

in s e r t io n  (Embrey and M o lliso n  1967). M itch e ll e t  a l  (1977) 

have re c e n t ly  shown th a t  such p rocedures a re  q u ic k ly  r e f le c te d  

by a r i s e  in  th e  c i r c u la t in g  le v e l s  o f 15”k e to -1 3 ,1 4 -dihydro 

p ro s ta g la n d in  P (F ig u re  8 ,5 ) .

The im portance of lo c a l  s t im u la tio n  of th e  low er g e n i ta l  

t r a c t  in  th e  g e n e ra tio n  o f p ro s ta g la n d in s  has a lre a d y  been 

d iscu ssed  in  C hapter 3 (page 87 ) .  One f u r th e r  o b se rv a tio n  

i s  w orth re c o rd in g  h e re . The use of a c e r v ic a l  v ib r a to r  i s  

a p o p u la r method a c c e le r a t in g  d e su lto ry  la b o u r in  Japan and 

e lsew here . This o fte n  r e s u l t s  in  ra p id  d i l a t a t i o n  of th e  

c e rv ix  w hile  th e  in s tru m en t i s  a p p lie d . D uring th e  u se  of 

such an in s tru m en t we to o k  th e  o p p o rtu n ity  ( C alder 1975a) 

of c o l le c t in g  s e r i a l  sam ples of am niotic  f l u i d .  The le v e ls  

of E and F p ro s ta g la n d in s  measured b e fo re , d u rin g  and a f t e r  

a p p l ic a t io n  o f th e  in s tru m e n t a re  shown i n  F ig u re  8 .6 .  The 

f e t a l  membranes had a lre a d y  been  ru p tu red  so the  so u rce  of 

th e  in c re a se d  p ro d u c tio n  of b o th  p ro s ta g lan d in s  i s  u n c e r ta in ,  

a lthough  th e  decidua rem ain th e  l i k e l i e s t  s o u r c e . .

The ro le  of th e  f e tu s  in  th e  i n i t i a t i o n  of p a r tu r i t i o n  i s  

c u r re n tly  th e  c e n tre  of in te n s e  in v e s t ig a t io n ,  and n o t s u r p r i s in g ly
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a f e t a l  p ro d u c tio n  o f p ro s ta g la n d in s  has a lso  been p o s tu la te d  

to  e x p la in  t h e i r  p resence  in  th e  am nio tic  f l u i d .  C h a llis  e t a l  

( 1974) m easured plasma PGF le v e l s  in  th e  mate m a l  and f e t a l  

c i r c u la t io n s  a t  v a g in a l d e l iv e ry  and e le c t iv e  caesarean  s e c t io n .  

Although th e  le v e ls  were c o n s is te n t ly  h ig h e r in  th e  f e tu s  th a n  

in  th e  m other, t h i s  could  be ex p la in ed  sim ply on the b a s is  th a t  

th e  f e t a l  pulmonary c i r c u la t io n ,  th e  main s i t e  of PG d eg ra d a tio n  

i s  la rg e ly  by-passed  in  u te r o .  The f e t a l  le v e ls  were a ls o  

h ig h e r  i f  th e  m other had lab o u red  and d e liv e re d  th an  i f  she had 

undergone e le c t iv e  caesarean  s e c t io n  b u t th e re  was no c o n s is te n t  

d if f e re n c e  in  le v e l s  between th e  u m b ilic a l a r t e r y  and v e in .

A f e t a l  source could  th e re fo re  n o t be confirm ed and the  a u th o rs  

cou ld  claim  to  have shown no more than  an in c re a s in g  l e v e l  of 

PGF w ith in  th e  f e t a l  compartment during  a c tiv e  la b o u r . The 

p o s s i b i l i t y  of a  f e t a l  c o n tr ib u tio n  has no t been ru le d  o u t, bu t 

by s tu d ie s  on cases o f i n t r a - u t e r in e  f e t a l  d ea th  we have shown 

( H i l l i e r ,  C alder and î-îacKenzie 1974) th a t  such a source  was 

n o t o b lig a to ry  f o r  th e  normal p a t te rn  of appearance o f  am n io tic  

f l u i d  p ro s ta g la n d in s  in  lab o u r (F ig u re  8 . 7) .  A s tea d y  r i s e  

in  th e  l iq u o r  PGF le v e ls  was no ted  b e fo re  amniotomy in  samples 

o b ta in ed  v ia  a  tran s-ab d o m in a l c a th e te r  in s e r te d  a t  a m n io cen te s is . 

The f a m il ia r  f lu c tu a t in g  p a t te r n  was seen fo llo w in g  amniotomy 

fo llo w ed  by a  very  much g r e a te r  r i s e  p reced in g  d e liv e ry .

Also of i n t e r e s t  were our s tu d ie s  on cases o f anencephaly . 

T his model i s  im p o rtan t in. th e  study of f e t a l  endocrino logy  

because o f the  absence of th e  f e t a l  p i t u i t a r y ,  b u t a l t h o u ^  th e  

le v e ls  rem ained low er p r io r  to  ru p tu re  o f th e  membranes, a sharp
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r i s e  was ag a in  seen  th e r e a f t e r  (F ig u re  8 .8 ) ,

T his r a th e r  d i f f e r e n t  p a t te r n  i s  probably  more the  r e s u l t  

o f th e  d i f f e r e n t  p h y s ic a l  make-up of th e  an en cap h alic  fe tu s  

(poor p re se n tin g  p a r t)  and th e  a s s o c ia te d  hydramnios than  of any 

d if f e r e n c e s  in  f e t a l  end o crin o lo g y . One could p o s tu la te  

th e  the  r a te  of PG p ro d u c tio n  i n  t h i s  case may have been v e ry  

s im i la r  to  t h a t  in  p rev io u s  exam ples: th e  slow er r i s e  in  

l iq u o r  c o n c e n tra tio n  may be due to  a g re a te r  d i lu t io n  e f f e c t  

w ith  hydram nios and th e  s te e p  r i s e  a f t e r  amniotomy may be 

due to  th e  sudden re d u c tio n  i n  th e  l iq u o r  volume producing 

th e  o p p o site  e f f e c t .  In  a d d it io n  a sudden change in  u te r in e  

w a ll te n s io n  may in c re a s e  the  r a t e  o f PG s y n th e s is .

AMNIOTIC FLUID PE03TAGLANDIIT3 ALU) STEROIDS IN RELATION TO 
CERVICAL RIPENESS AND THE RESPONSE TO LABOUR INDUCTION

A number of o b se rv a tio n s  have been made in  t h i s  th e s i s  

concern ing  th e  f a c to r s  which may c o n tro l th e  p ro cess  of c e r v ic a l  

r ip e n in g . Some of th e se  ap p ea r to  be in t e r r e l a t e d  and th e  

fo llo w in g  a re  h ig h l ig h te d :-

1) C erv ica l r ip e n in g  appears  to  be an in te g r a l  p a r t  of 

th e  t r a n s i t i o n  from pregnancy th rough  "p re -la b o u r"  
to  " c l i n i c a l  labour" (C hap ter 3)*

2 ) F a ilu re  of th e  p rim iparous c e rv ix  to  r ip e n  i s  
a s s o c ia te d  w ith  a poor c l i n i c a l  response  to  in d u c tio n
of lab o u r by amniotomy and in trav en o u s  oxy toc in  in fu s io n  

(c h a p te r  4) .
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3) B e t te r  r e s u l t s  can be o b ta ined  in  such case s  i f  
p ro s ta g la n d in s  a re  used  e s p e c ia l ly  by th e  e s t r a -  
a in n io tic  ro u te  (C hap ters 3 -7 ) .

4) The prim ary  p ro s ta g la n d in  le v e l s  in  am n io tic  
f l u i d  r i s e  in  l a t e  pregnancy perhaps in  a s s o c ia t io n

w ith  "p re -la b o u r"  and c e r v ic a l  r ip e n in g  (p re s e n t C h ap te r) .

To f u r th e r  pursue th e  p o ss ib le  a s s o c ia t io n  between th e se  

f a c to r s ,  we c a r r ie d  out b iochem ical s tu d ie s  on a p ro p o r tio n  

o f th e  p a t ie n t s  d e sc rib e d  in  the  p ro sp e c tiv e  s tudy  re p o r te d  

in  C hapter 4. In  th a t  s tu d y , 125 p rim iparous women co vering  

th e  spectrum  of c e rv ic a l  r ip e n e s s  had lab o u r induced  between 

38 and 42 weeks g e s ta t io n  by amniotomy and in tra v e n o u s  ox y to c in  

in fu s io n ,  and th e  c l i n i c a l  outcome was f  ound to  be c lo s e ly  

r e la te d  to  th e  degree o f c e r v ic a l  r ip e n e s s .

In  42 of th e se  125 p rim ip a ras , a  sample o f m a te rn a l venous 

blood was w ithdraw n, b e fo re  in d u c tio n , and when th e  in t r a - a m n io t ic  

c a th e te r  was in s e r te d  im m ediately  a f t e r  amniotomy a 10 ml sample 

o f am n io tic  f l u i d  was c o l le c te d .  T h is  was im m ediately  s to re d  

a t  -20^0 to g e th e r  w ith  th e  plasma from th e  venous b lood  sam ple. 

Two of th e  blood sam ples c lo t te d  and were th u s  u n s u i ta b le  so 

th a t  th e  s tu d y  was conducted on 40 plasma sam ples and 42 am n io tic  

f l u i d  sam ples. The la b o ra to ry  methods employed in  th e  a ssay s  

a re  d e sc rib ed  i n  Appendix B.

The le v e ls  o f o e s t r a d io l  17(3 and p ro g es te ro n e  were measured 

by radio-im m unoassay in  a l l  40 plasma sam ples. For th e  reaso n s
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a lre a d y  s t a t e d  (page 164) i t  was decided no t t o  a tte m p t to  

measure p ro s ta g la n d in s  in  th e  p e r ip h e ra l  plasma sam ples.

The le v e ls  of th e  p rim ary  p ro s ta g lan d in s  (e  and E) were 

measured by radio-im m unoassay in  a l l  42 am n io tic  f lu i d  sam ples 

and where th e  a v a i l a b i l i t y  of samples would allow , o e s t r a d io l  17 p 

(40 sam p les), p ro g es te ro n e  (30) and c o r t i s o l  ( 25) were a ls o  

m easured. The mean v a lu es  f o r  a l l  the  samples an a ly sed  

to g e th e r  w ith  th e  range and s tan d a rd  d e v ia t io n  in  each case  

a re  given i n  T able 8 .2 . The r e s u l t s  were th en  an a ly sed  

acco rd in g  to  th e  s t a t e  of the c e rv ix  a t  in d u c tio n , th e  

s e n s i t i v i t y  o f th e  u te ru s  to  oxy tocin  and th e  le n g th  of induced  

lab o u r. S t a t i s t i c a l  a n a ly s is  was c a r r ie d  o u t u s in g  th e  

H ann-iJhitney rank sura t e s t  fo r  n o n -p ara rae tric  d a ta  ( S ie g e l 1856) <

C erv ica l S ta te

The c e r v ic a l  sco re  a t  in d u c tio n  v a r ie d  between 1 and 11 

(mean 6 .0  -  2 .9  S.D. ) .  The c e rv ix  was co n sid e red  to  be

u n rip e  i f  th e  sco re  was 4 o r  l e s s ,  in te rm e d ia te  i f  5 -8 , and 

r ip e  i f  g re a te r  than  8 , The r e s u l t s  in  th e  r ip e  and u n rip e  

cases  a re  compared in  T able  8 . 3 . The am n io tic  f l u i d  o f 

th o se  p a t ie n t s  w ith  a r ip e  c e rv ix  con ta in ed  s ig n i f i c a n t ly  

h ig h e r  le v e ls  o f bo th  E and E p ro s ta g la n d in s  and a ls o  of 

o e s t r a d io l  17p th an  th o se  w ith  an u n rip e  c e rv ix . No s ig n i f i c a n t  

d if f e r e n c e s  emerged fo r  e i t h e r  o f the  su b stan ces  ( o e s t r a d io l  1 7 p 

and p ro g es te ro n e) measured in  the  plasma or fo r  th e  le v e ls  of 

p ro g es te ro n e  or c o r t i s o l  m easured in  th e  am n io tic  f l u i d .
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The p ro s ta g la n d in  r e s u l t s  a re  shown g ra p h ic a lly  in  

F igu re  8 .9 ,  T his shows only  a sm all in c re a se  in  le v e l s  

between u n rip e  and in te rm e d ia te  c a s e s , but a much la r g e r  r i s e  

i n  r ip e  c a se s . T his adds f u r th e r  w eight to  the  h y p o th esis  

th a t  p ro s ta g la n d in s  have a c e n tr a l  ro le  in  th e  i n i t i a t i o n  of 

lab o u r i f  i t  i s  accep ted  th a t  cases w ith  a veirj r ip e  c e rv ix  

a re  on th e  b r in k  of spon taneous la b o u r . I t  a lso  su g g es ts  t h a t  

i f  th e  p ro s ta g la n d in s  a re  re sp o n s ib le  f o r  r ip e n in g  th e  c e rv ix  

th e  tim e co u rse  of r ip e n in g  may no t be l in e a r  bu t r a th e r  

g rad u a l in  th e  e a r ly  s ta g e s  and more ra p id  tow ards th e  onset 

o f la b o u r . T his would n o t be s u rp r is in g  in  view of th e  

o b se rv a tio n s  in  o th e r  p a r t s  o f th i s  th e s i s  concern ing  the  

e v o lu tio n  o f u te r in e  a c t i v i t y ,  th e  appearance of p ro s ta g la n d in s  

in  th e  am n io tic  f l u i d ,  and th e  p a t te rn  o f  c e r v ic a l  d i l a t a t i o n  

in  la b o u r , a l l  of which seem to  fo llo w  a s im ila r  p a t te r n .

Oxytocin S en sitiv it? /-

Because of th e  use of th e  F u lly  A utom atic C a rd if f  In fu s io n  

System in  a l l  th e se  case s  i t  was p o ss ib le  to  o b ta in  an in d ex  

of th e  u te r in e  s e n s i t i v i t y  to  oxy tocin  i n  each case . From 

th e  d e s c r ip t io n  of th i s  a p p a ra tu s  (Appendix a) i t  w i l l  be seen  

th a t  the  dose r a t e  of th e  oxy toc in  in fu s io n  i s  determ ined 

a u to m a tic a lly  by the  feed -b ack  to  th e  ap p ara tu s  of the  u t e r in e  

c o n t r a c t i l e  re sp o n se . Thus when th e  machine re c e iv e s  th e  

in fo rm atio n  th a t  the  u te r in e  c o n t r a c t i l i t y  i s  ad eq u a te , no. 

f u r th e r  in c re a se  i s  made in  th e  dose r a t e  (F ig u re  8.1($ .

A u te ru s  th a t  i s  v e ry  s e n s i t iv e  to  oxy tocin  w i l l  reach  t h i s  

p o in t a t  a low r a t e  o f in fu s io n  w hile  one th a t  i s  in s e n s i t iv e
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w i l l  r e q u ire  a much h ig h e r  r a t e ,  and th e  f i n a l  dose r a t e  chosen 

by th e  ap p ara tu s  can be tak en  as  an in v e rse  fu n c tio n  of th e  

oxytocin  s e n s i t i v i t y  of th e  u te ru s .

The maximum dose r a t e  reach ed  in  each p a tie n t  v a r ie d  from 

3 to  32 m i l l i u n i t s  p e r m inute (mean 13.2 -  9*5 8 ,D .) .  Those 

p a t ie n ts  in  whom th e  r a t e  rem ained below 8 mu p e r m inute 

th r o u ^ o u t  were co n sid ered  to  be "o x y to c in  s e n s i t iv e "  and th o se  

in  whom i t  ro se  above 16 mu p e r  m inute were co n sid e red  

"ox^rtocin in s e n s i t iv e " .  The r e s u l t s  in  th e  s e n s i t iv e  and 

in s e n s i t iv e  case s  a re  compared in  Table 8,4* The l iq u o r  am nii 

of p a t ie n ts  who proved o x y to c in  s e n s i t iv e  c o n ta in ed  s ig n i f i c a n t ly  

h ig h e r le v e ls  o f bo th  E and F p ro s ta g la n d in s , and a lso  of 

o e s t r a d io l  1?^. The le v e ls  of c o r t i s o l  in  the l iq u o r ,  

o e s t r a d io l  in  th e  plasm a and p ro g es te ro n e  from bo th  so u rces  

showed no s ig n i f ic a n t  d i f f e r e n c e s .

Length of Labour

The tim e from amniotomy to  d e liv e ry  ranged from 2 .6  to  

27*4 hours (mean 10 .4  -  5 .6 ) .  The median tim e was 8 .7  h o u rs . 

Those lab o u rs  wliich la s t e d  l e s s  th an  6 hours were considered  

as  s h o r t ,  6-10 hours as in te rm e d ia te ,  and more th a n  10 hours 

as lo n g . The r e s u l t s  f o r  p a t ie n ts  w ith  sh o rt and long  la b o u rs  

a re  compared in  T able 8 .5 .  The le v e ls  o f bo th  S and P 

p ro s ta g la n d in s  d i f f e r  s ig n i f i c a n t ly  fo r  t h i s  f a c to r  (see  

F ig u re  8 .n )  bu t no s ig n f ic a n t  d if f e r e n c e s  were found in  any of 

th e  o th e r  r e s u l t s .
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Our f a i l u r e  to  dem onstrate  any a s s o c ia t io n  "between th e  

plasm a le v e ls  of o e s t r a d io l  and p rog estero n e  and th e  re sp o n se  

to  la liou r in d u c tio n  c o n f l i c t s  w ith  th e  ex p erien ce  of 

Johansson ( 1968) who found th a t  fo llo w in g  a s tan d a rd  in fu s io n  

r a t e  of o x y to c in , th o se  p a t ie n ts  who showed a ra p id  response  

had s ig n if ic a n tly  low er plasma p ro g es te ro n e  le v e ls  th a n  th o se  

who showed a slow o r  minimal re sp o n se . However, Sha"baan,

J a n d ia l  and K lopper (1974) could  dem onstrate  no c o r r e la t io n  

"between th e  plasm a le v e l  of th e se  p la c e n ta l  s te r o id s  and th e  

success o r o th e rw ise  of amniotomy alone in  in d u c in g  la b o u r .

The r e s u l t s  of our am n io tic  f lu id  s tu d ie s  a re  so s im i la r  

when a n a ly sed  acco rd in g  to  th e  th re e  f a c to r s  ( c e r v ic a l  s c o re , 

o x y to c in  s e n s i t i v i t y  and le n g th  of labou r) th a t  i t  m i ^ t  be 

presumed th a t  th e  same groups o f p a t ie n ts  re p re se n te d  the 

extrem e ends of th e  spectrum  in  each in s ta n c e . T h is  was n o t 

th e  case . Indeed  of th e  16 p a t ie n t s  who were in c lu d e d  u n d er 

a t  l e a s t  one o f th e  " fav o u rab le"  param eters ( r ip e  c e rv ix , 

oxy toc in  s e n s i t iv e ,  sh o r t  lab o u r) only  fo u r  were found to  

occur in  a l l  th r e e ,  and s im i la r ly  only  fo u r  o f th e  19 p a t ie n t s  

who f e l l  i n to  a t  l e a s t  one "unfavourab le" c a te g o ry  (u n rip e  c e rv ix , 

oxy toc in  in s e n s i t iv e ,  long  lab o u r) belonged to  a l l  th re e  

c a te g o r ie s .

These two groups of fo u r  p a t ie n t s  re p re se n t the  most obvious 

extrem es of th e  spectrum  we a re  s tu d y in g , and exam ination  of 

t h e i r  p ro s ta g la n d in  v a lu es  (T ab le  8 .6 )  shows th a t  th ey  d i f f e r
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more w id e ly  than  any o f th e  h i th e r to  examined g roups.

Four p a t ie n ts  in  th e  s e r ie s  had caesa rean  s e c t io n s  and t h e i r  

p ro s ta g la n d in  r e s u l t s  a re  a lso  shown in  Table 8 ,6 .  The 

in d ic a t io n s  f o r  th e  o p e ra tio n  were f a i l u r e  to  p ro g re s s  i n  2 c a se s , 

f e t a l  d i s t r e s s  in  one and d is p ro p o r tio n  in  the  o th e r .  Only 

one of th e  two cases of f a i l u r e  to  p ro g ress  f e l l  in to  a l l  

th re e  u n fav o u rab le  c a te g o r ie s  ( th e  o th e r  had an u n r ip e  c e rv ix  

and a long  la b o u r , bu t was in te m e d ia te  in  o x y to c in  s e n s i t i v i t y )  * 

N ev erth e le ss  th e  p ro s ta g la n d in  r e s u l t s  in  th e se  two cases  (T ab le  8 .6 )  

w hile  n o t q u i te  th e  low est reco rd ed  in  the s e r i e s  (se e  T ab le  8 .2 ) ,  

were th e  low est of any d e f in a b le  group*

While i t  cannot be claim ed th a t  th e se  r e s u l t s  dem onstra te  

th a t  p ro s ta g la n d in s  a re  re sp o n s ib le  fo r  th e  noim al p ro c e ss  of 

c e r v ic a l  r ip e n in g , th ey  a t  l e a s t  e s ta b l i s h  a  c lo se  l in k  between 

th e  two* The p o s s i b i l i t y  must be conceded th a t  th e  r i s e  in  

th e  le v e l s  of am n io tic  f l u i d  p ro s ta g la n d in s  and th e  c e r v ic a l  

r ip e n in g  a re  bo th  th e  r e s u l t  of a t h i r d  f a c to r .  The most 

l ik e ly  can d id a te  f o r  such a r o le  would appear to  be o e s t r a d io l  

1 7 p (see  C hapter 3) which i s  known to  s t im u la te  p ro s ta g la n d in  

sy n th e s is  in  some sp e c ie s  (Tho r  buiai, C h a l lis  and C u rrie  1977)*

These s tu d ie s  o f f e r  an  e n d o c r in o lo g ic a l e x p la n a tio n  fo r  

th e  poor outcome o f oxy tocin  induced  lab o u r in  th e  p rim para  /

w ith  an u n rip e  c e rv ix , and fo r  th e  improved r e s u l t s  when 

p ro s ta g la n d in s  a re  used . The p a t ie n t  w ith  an  u n r ip e  c e rv ix
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i s  d e f ic ie n t  in  endogenous p ro s ta g la n d in  a c t i v i t y ,  and perhaps 

a ls o  in  o th e r  f a c to r s .  The c l i n i c a l  s tu d ie s  d e sc rib e d  in  th e  

fo reg o in g  C hapters in d ic a te  t h a t  s te p s  tak en  to  c o rre c t t h i s  

d e f ic ie n c y  by su p p ly in g  exogenous p ro s ta g la n d in s  go a t  l e a s t  

p a r t  o f the  way tow ards r e s to r in g  no rm ality  and a llo w in g  a 

s a t i s f a c to r y  outcome.
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COITGLUSIONS
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CONCLUSIONS

" I t  i s  a b a s ic  te n e t  o f m edicine th a t  the  n e a r e r  a 

th e ra p e u t ic  manoeuvre approxim ates to a n a tu r a l  p h y s io lo g ic a l 

ev en t, th e  more e f f e c t iv e  and s a f e r  i t  w i l l  be" ( Chard 1977)»

The phenomenon o f ce rv i.ca l r ip e n in g  in  the  l a s t  few 

weeks of pregnancy i s  an in te g r a l  p a r t  of th e  e v o lu tio n  of 

la b o u r. The evidence p re se n te d  in  t h i s  th e s i s  in d ic a te s  

an o b lig a to ry  in te r r e l a t io n s h ip  between th re e  f a c to r s ,  a l l  

of which norm ally  e x lr ib it  the  same p a t te r n  o f  developm ent.

They a re  im p e rc e p tib le  i n  e a r ly  and mid pregnancy, they  

g a th e r  speed d u rin g  th e  th i r d  t r im e s te r  and th ey  g a in  f u l l  

momentum d u rin g  la b o u r.

The th re e  f a c to r s  a r e ; -

1) U te rin e  c o n tra c t io n s .
2) C erv ica l changes.

and 3) Endogenous p ro s ta g la n d in  p ro d u c tio n .

The m ajor co n c lu s io n  of t h i s  th e s i s  i s  t h a t  u n le s s  th i s  

p a t te r n  of developm ent i s  w e ll advanced, in d u c tio n  of lab o u r 

by co n v en tio n a l means w i l l  c a r ry  a  h igh  f a i lu r e  r a t e  w ith  a 

s ig n i f i c a n t ly  in c re a s e d  m o rb id ity  f o r  both th e  m other and h e r 

c h i ld .  In  th e  p a s t  th e  im portance of t h i s  has tended  to  be 

obscured by i t s  r e l a t i v e  r a r i t y  and by the  e x ce lle n ce  of th e  

r e s u l t s  in  th e  g re a t  m a jo rity  o f  p a t ie n ts  undergo ing  in d u c tio n
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of labouro I t  i s  none th e  l e s s  an ia tro g e n ic  and av o id ab le  

o ccu rren ce . The c ircu m stan ces  l ik e ly  to  le a d  to  such an

outcome may be reco g n ised  by a sim ple c l i n i c a l  exam ination  to  

a s s e s s  th e  degree of r ip e n e s s  of th e  c e rv ix .

I t  has long  been th e  c l i n i c a l  im p ress io n  of many 

o b s te t r ic ia n s  t h a t  i f  th e  c e rv ix  i s  u n rip e , in d u c tio n  o f  lab o u r 

may be le s s  s u c c e s s fu l .  An e s s e n t ia l  p a r t  of t h i s  th e s i s  was th e  

use of a s c o r in g  system to  a sse ss  c e rv ic a l  r ip e n e s s  and so 

b r in g  o b je c t iv i ty  to  a  h i th e r to  h ig h ly  s u b je c t iv e  im p ress io n .

The f i r s t  p a r t  of th e  o r ig in a l  work d e sc rib e d  in  the  th e s i s  

had th e  aim of q u a n tify in g  t h i s  long s tan d in g  c l i n i c a l  im p ress io n  

(c h a p te r  4 ) . In  th e  ev en t, the  r e s u l t s  in d ic a te d  th a t  th e  

problem of th e  u n r ip e  c e rv ix  i n  th e  p rim ig rav id a  may be even 

g r e a te r  th an  o b s te t r ic ia n s  had f u l l y  a p p re c ia te d . They 

d is p e l le d  th e  b e l i e f  t h a t  had a r is e n  th a t  th e  use of amnd.otoiny 

fo llow ed  by im m ediate e s c a la t in g  in trav en o u s  in fu s io n  o f 

oxy tocin  had overcome most i f  not a l l  of th e  problem s a s s o c ia te d  

w ith  in d u c tio n  o f la b o u r . The o v e ra l l  r e s u l t s  were b e t t e r  b u t 

th e re  rem ained a sm a ll, h a rd  core of r e s i s t a n t  p a t ie n ts  i n  

whom th e  resp o n se  was u n s a t i s f a c to r y  due to  pro longed  la b o u r , 

f e t a l  asphyxia  and th e  need fo r  caesarean  s e c t io n . The 

ty p ic a l  p a t te r n  of la b o u r  in  th e se  cases was o f poor p ro g ress  

as judged by c e rv ic a l  effacem ent and d i l a t a t io n ,  in  s p i t e  o f 

a p p a re n tly  adequate  u te r in e  c o n tra c t io n s .
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The purpose of the  subsequent c l i n i c a l  s tu d ie s  

(c h a p te rs  6 and 7) was to  develop tech n iq u es  which 

might improve th e  r e s u l t s  in  p a t ie n t s  re q u ir in g  in d u c tio n  

o f lab o u r in  th e  fa c e  o f an u n rip e  c e iv ix . P ro s ta g la n d in s  

were chosen as l ik e ly  to  be of va lue  because of t h e i r  a b i l i t y  

to  induce lab o u r or a b o r tio n  a t  any s tag e  of pregnancy 

re g a rd le s s  of the  s t a t e  of th e  c e rv ix , and because of 

ex p erim en ta l ev idence th a t  they  might p lay  a ro le  in  th e  

c o n tro l of la b o u r.

The m ajor c l i n i c a l  s tu d ie s  in v e s t ig a te d  the  va lue  o f  

in trav e n o u s  and e x tra -a m n io tic  p ro s ta g la n d in  th e ra p y  fo r  

in d u c tio n  o f la b o u r in  such c a s e s . In trav en o u s th e ra p y  

proved e f f e c t iv e  but i t  produced d isa g re e a b le  m ate rn a l s id e  

e f f e c t s . . This problem was overcome by employing th e  

e x tra -a m n io tic  ro u te . S ide e f f e c t s  were m inim al, presum ably 

because system ic th e ra p y  was avoided . As a lo g ic a l  e x ten s io n  

of t h i s  ex p erien ce  a f u r th e r  techn ique  was developed of 

d e l iv e r in g  e x tra ^ a m n io tic  p ro s ta g la n d in  th e ra p y  as  a bo lus 

dose in  v isco u s  g e l f o r  s u s ta in e d  r e le a s e .  T his proved 

h ig h ly  e f f e c t iv e  f o r  r ip e n in g  th e  c e rv ix  b e fo re  in d u c tio n  

o f lab o u r.

These tech n iq u es  of lo c a l  p ro s ta g la n d in  th e ra p y  ach ieved  

a marked improvement in  th e  r e s u l t s  in  p rim ig ra v id ae  where th e  

c e rv ix  was u n r ip e , and th e se  c l i n i c a l  f in d in g s  were re in fo rc e d  by 

th e  la b o ra to ry  m easurements of p ro s ta g la n d in  le v e l s  d u rin g
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pregnancy and lab o u r (C hap ter 8 ) .  The la b o ra to ry  r e s u l t s  

p o in t s tro n g ly  tow ards an im p o rtan t ro le  of th e  prim ary 

p ro s ta g la n d in s  in  th e  physio logy  of c e rv ic a l r ip e n in g  and 

p a r tu r i t io n .

The main conclusions of th e  th e s i s  a re  th u s  a s  fo l lo w s ;-

1) The phenomenon of c e rv ic a l  r ip e n in g  in  l a t e  pregnancy
i s  an e s s e n t ia l  p a r t  of th e  normal t r a n s i t i o n  from pregnancy 
to  spontaneous lab o u r.

2 ) F a i lu re  of such r ip e n in g  i s  an in d ic a t io n  o f an 
abno rm ality  in  th e  endocrine  m il l ie u  of the pregnancy 

a s s o c ia te d  w ith  im p a ired  endogenous p ro s ta g la n d in  p roduction ,

3 ) In d u c tio n  o f lab  ou. r  by co n v en tio n a l means w ith o u t reg a rd  
to  the  c o n d itio n  of th e  c e rv ix  i s  l ik e ly  t o  r e s u l t  in  
g r e a te r  m o rb id ity  f o r  th o se  in  whom i t  rem ains u n r ip e ,

4) The use o f e x tra -a m n io tic  p ro s ta g la n d in  th e ra p y  in  such 
p a t i e n t s ,  e i t h e r  f o r  in d u c tio n  of la b o u r or f o r  
p re - in d u c tio n  c e r v ic a l  r ip e n in g , w i l l  go some way 
tow ards r e s to r in g  t h e i r  p ro sp e c ts  o f a s a t i s f a c to r y  
lab o u r and d e l iv e ry .

The r e s u l t s  of th e  re s e a rc h  em phasise th a t  we should  

no lo n g e r r e s ig n  o u rse lv es  to  p h ilo so p h ic a l accep tance  of a  poor 

outcome of induced  la b o u r because th e  c e rv ix  i s  u n r ip e . Labour 

and d e liv e ry  rem ain p o te n t i a l ly  dangerous even ts  f o r  bo th  

m other and c h ild  and th e se  dangers a re  exaggera ted  in  th e  

p a t ie n t  w ith  an u n r ip e  c e rv ix . The approach to  th e  management
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of th e se  p a t ie n ts  suggested  in  th e  th e s i s  r e q u ire s  more 

e f f o r t  and inconvenience on th e  o b s t e t r i c i a n ’s p a rt..

I t  re q u ire s  th a t  a l l  p a t ie n ts  i n  whom in d u c tio n  of lab o u r i s  

planned should  have an exam ination  to  ensure  th a t  th e  c e rv ix  

i s  r ip e ,  and i f  i t  i s  n o t ,  lo c a l  p ro s ta g la n d in s  should  be em

p loyed . The added inconvenience w i l l  be rew arded vrith 

b e t t e r  r e s u l t s  end in c re a se d  s a fe ty  fo r  th e  p a t i e n t s .

The sea rch  must con tinue f o r  a  f u l l e r  u n d e rs tan d in g  

of th e  physio logy  o f th e  c e rv ix  and th e  u te ru s  and fo r  

improved tech n iq u es  o f managing th e  problem of th e  u n ripe  

c e rv ix . P re lim in a ry  experim ents w ith  lo c a l  o e s t r a d io l  th e ra p y  

(Gordon and G alder 197?) have in d ic a te d  th a t  t h i s  may reduce th e  

r e s is ta n c e  o ffe re d  by c e r v ic a l  c o lla g en ; th e  p o te n t ia l  

r o le s  of r e la x in  and co lla g en a se  rem ain alm ost com pletely  

unexp lo red . In  tim e th e  use of a com bination o r  a sequence 

of ag en ts  may be b e n e f ic ia l ,  bu t not u n t i l  we f u l l y  under

s tan d  th e  complex p ro cesses  of c e r v ic a l  r ip e n in g  and 

p a r tu r i t io n  can be expec t to  p rov ide  optim al c a re  f o r  

m other and c h i ld .
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A P P E N D I X  A

CLIITIGAL METHODS



The s p e c ia l is e d  c l i n i c a l  tech n iq u es  which were developed 

d u rin g  th e  course ox th e  re se a rc h  a re  d esc rib ed  in  th e  mtiin 

t e x t  o f the  t h e s i s .  T his appendix i s  confined  to  d e s c r ip t io n  

o f th e  p a t ie n ts  who p a r t i c ip a te d ,  th e  system of d a ta  c o l le c t io n ,  

and th e  equipment employed fo r  drug in fu s io n  and in tra -p a r tu m  

m o n ito rin g .

P a t ie n ts

A ll p a t ie n ts  d e sc rib ed  in  th e  th e s i s  were r e s id e n t  In  th e  

Oxford a re a  and were d e liv e re d  in  th e  s p e c i a l i s t  u n i t s  o f th e  

John R a d c lif fe  H o sp ita l , M atern ity  Departm ent. The la rg e  

m a jo rity  were primd.g*ravidae s in c e  the  problem s a s s o c ia te d  

w ith  an u n rip e  c e rv ix  a re  g re a te r  and more fre q u e n t in  such 

p a t ie n t s .  By c o n c e n tra tin g  on p rim ig rav id ae  v a r ia b le  f a c to r s  

due to  p a r i ty  were e lim in a te d  and where com parisons were made 

betw een d i f f e r e n t  methods o f management (c h a p te r  7) th e  

fo llo w in g  s t r i c t  c r i t e r i a  of s e le c t io n  were employed to  f u r th e r  

exclude  f a c to r s  which m i ^ t  b ia s  such com parisons; p rim ig rav id ae  

o f f iv e  f e e t  or more in  h e ig h t w ith  a s in g le  f e tu s  p re s e n tin g  

by th e  h ead , who were betw een 38 and 42 weeks g e s ta t io n ,  and 

had shown no ev idence o f spontaneous la b o u r.

Consen t

A ll p a t ie n ts  who p a r t i c ip a te d  in  th e  in n o v a tiv e  te ch n iq u es
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d e sc r ib ed  o r  who provided samples of blood o r  am nio tic  f l u i d ,  

gave f u l l  and informed consent to  so doing. The resea rch  p r o je c t s  

d esc ribed  i n  the  t h e s i s  were a l l  approved by the E th ic a l  

Committee of th e  Oxford Area H ealth  A u tho rity .

The C erv ica l  Score

Throughout th e  s tu d ie s ,  w ith  th e  ex cep tio n  of those  

cases  o f f e t a l  d ea th  in  u te ro ,  and anencephaly (s in c e  th e  

s t a t io n  of th e  p re se n tin g  p a r t  could not be a c c u ra te ly  

a s s e s s e d ) , the  s t a t e  of th e  c e rv ix  was a sse ssed  u s in g  a 

sc o r in g  system  based on th a t  d e sc rib ed  by Bishop ( 1964) 

b u t s l ig h t ly  m odified  (se e  F ig u re  3*3 fo r  o r ig in a l  system 

and m odified  system ). The sco re  com prises p o in ts  awarded 

f o r  each of f iv e  f e a tu re s ;  c e r v ic a l  d i l a t a t i o n ,  c e rv ic a l 

effacem ent (o r  le n g th ) ,  th e  co n sis ten cy  of 'the c e rv ix  and i t s  

p o s i t io n  ( i . e .  p o s te r io r  -  tow ards the  sacrum, in te rm e d ia te  

o r a n te r io r  -  tow ards the  pubic sym physis), and f i m l l y  the  

le v e l  of th e  f e t a l  p re s e n tin g  p a r t  r e l a t i v e  to  th e  p e lv is  

( th e  s t a t i o n ) .  At th e  o u ts e t  o f th e se  s tu d ie s  th e  fo llo w in g  

m o d if ica tio n s  to  th e  Bishop system  were m ade:-

1) D i la ta t io n ; The Bishop system exp ressed  th i s
as "0 " , "1 -2 " , "3-4" o r "5-6" cms.
Thus a d i l a t a t i o n  o f 2 .5  cm could  n o t 
be sco red  s in c e  i t  f e l l  between 1 and 
2 p o in ts .  ¥e th e re fo re  m odified  
assessm ent of d i l a t a t i o n  "tx) " le s s  than  
1", "1 -2 " , "2 -4 " , "more than  4".
( i f  th e  d i l a t a t io n  was a sse sse d  as
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e x a c tly  2 cm, one p o in t was aw arded).

2) E ffacem ent: Bishop expressed  th i s  as a p e rcen tag e ,
hu t t h i s  was f e l t  to  be i n s u f f i c i e n t l y  

p re c is e  e s p e c ia l ly  s in ce  i t  was no t 
c le a r  what 0 o r 100 p e r cen t re p re se n te d .
We th e re fo re  rep laced  th i s  by le n g th  
in  cm, th u s  "more th an  4 " , "2 -4 " ,
"1-2" and " le s s  than 1".

3) P o s i t io n : Bishop awarded 2 p o in ts  fo r  an a n te r io r
c e rv ix  and 1 p o in t i f  in te rm e d ia te .

S ince we co n sid ered  t h i s  th e  l e a s t  
im p o rtan t f a c to r ,  we decided  to  award 
no p o in ts  i f  th e  c e rv ix  was p o s te r io r ,  
o therw ise  1 p o in t was aw arded.

No a l t e r a t i o n s  were made in  sco rin g  C onsistency  o r S t a t i o n , 

b u t one r e s u l t  of th e  m o d if ic a tio n s  was th a t  th e  maximum p o s s ib le  

sco re  was reduced from I 3 to  12. A ll c e rv ic a l  s c o re s  were 

a sse sse d  p e rs o n a lly  by th e  a u th o r  so th a t  in te r - o b s e r v e r  e r r o r  

was e lim in a te d .

D ata C o lle c tio n

This s c o r in g  system  was in c o rp o ra te d  in to  a re p o r t  form 

which was used in  every  case in  the t r i a l .  A copy of t h i s  

re p o r t  form i s  to  be found a t  th e  end of t h i s  appendix . The 

c e n tr a l  s e c tio n  i s  in  th e  form of a pantograph on which c e r v ic a l  

d i l a t a t i o n  was ch a rted  (upwards on th e  c h a r t)  a s  w e ll as c e r v ic a l  

effacem ent and descen t of th e  p re se n tin g  p a r t  (downwards on th e
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c h a r t ) .  The v a lu e  of c h a r tin g  effacem ent in  th i s  way l i e s  

in  th e  f a c t  th a t  in  cases o f induced labour w ith an u n rip e  

c e rv ix , no d i l a t a t i o n  o r descen t may occur fo r  s e v e ra l hours 

a f t e r  in d u c tio n  and d u rin g  t h i s  tim e effacem ent may be the 

only  index of p ro g re s s .

In tra -p a rtu rn  Mana geme nt

Almost a l l  the  p a t ie n ts  in  th e  s tu d ie s  were nursed  d u rin g  

lab o u r by th e  re se a rc h  m idw ifery s i s t e r  who reco rd ed  a l l  

re le v a n t d a ta . In  g en era l v a g in a l exam inations were made every  

th re e  to  fo u r  h o u rs , e i th e r  by th e  au th o r or in  h is  absence 

by th e  re se a rc h  s i s t e r .

Equipment

a) Drug In fu s io n

Throughout th e  s tu d ie s  th e  F u lly  Autom atic C ardifff 

In fu s io n  System was employed f o r  d iu g  in fu s io n  (F ig u re  4 .2) .

VJhen in trav e n o u s  o x y to c ic  th e rap y  was given (C hapter 4 -  

p ro sp e c tiv e  s tu d y , C hapter 5 , C hapter 7 -  a f t e r  c e rv ic a l  r ip e n in g )  

th e  am plitude of th e  u te r in e  c o n tra c tio n s  was reco rded  by means 

o f a f lu id  f i l l e d  manometer c a th e te r  in tro d u ced  in to  th e  

am nio tic  c a v ity  v ia  th e  c e rv ix  a t  the  tim e of anniotom y. T his 

was connected to  a s t r a i n  gauge p re ssu re  tra n s d u c e r . The 

in fu s io n  r a t e  of the  d rug  was then  c o n tro lle d  a u to m a tic a lly  

by th e  " c lo sed -lo o p "  system  whereby the u te r in e  resp o n se  i s  

allow ed to  modify the speed of th e  in fu s io n  pump. The in fu s io n
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puj.ip c o n s is t s  of a motor d r iv in g  a p e r i s t a l i c  pump w ith  s ix  

r o l l e r s  which i s  a p p l ie d  to  a s i l i c o n e  rubber s e c t io n  of the  

in trav en o u s  in fu s io n  g iv in g  s e t .  There a re  two methods o f 

c o n t ro l  of the  dose r a t e .  This can e i t h e r  be s e t  and a d ju s te d  

by hand or i t  can be advanced a u to m a t ic a l ly ,  hhen oxytoc in  i s  

employed, 10 u n i t s  i n  500 ml in fu s io n  f l u i d  a llow s a dose range 

o f 1 -  32 r a i l l i u n i t s  pe r  m inute .

When the au tom atic  mode i s  employed the i n i t i a l  r a t e  of 

1 mu p e r m inute i s  in c re a se d  lo g a r i th m ic a lly  by th e  a c t io n  o f 

a  servo  motor which c o n tro ls  th e  pump speed. L e ft unm odified 

th e  dose i s  s te a d i ly  in c re a se d  on a lo g a rith m ic  s c a le  in  which 

i t  doubles every 12,5 m inutes and would reach  32 mu p e r m inute 

a f t e r  62,5 m inutes. The pharm acolog ical b a s is  fo r  th e  u se  of 

lo g a rith m ic  increm ent has been d efin ed  by S c o tt ( l9 7 2 ) .

I f  th e  "c lo sed -lo o p "  system  i s  not employed the midwife i s  

re sp o n s ib le  fo r  sw itch in g  th e  ap p ara tu s  to  a s tead y  r a te  of 

in fu s io n  when she co n s id e rs  th a t  labour i s  e s ta b l is h e d .

When th e  "c lo sed -lo o p "  system i s  employed th e  r a t e  i s  c o n tro l le d  

by th e  u te r in e  resp o n se  as i l l u s t r a t e d  in  F ig u re  8 ,8 . The dose 

r a t e  in c re a s e s  u n t i l  the  f i r s t  occasion  on which th e  i n t r a - u t e r i ne 

p re ssu re  r i s e s  above 30 mm Hg. This even t causes the servo  

m otor to  sw itch  o f f  and the  dose r a te  then rem ains c o n s ta n t.

The servo  m otor ag a in  sw itch es  on when the in t r a - u t e r i n e  p re s su re  

has remained below 30 mm Hg f o r  more than  two m in u tes . The 

dose r a t e  i s  th u s  a d ju s te d  u n t i l  th e  s i tu a t io n  i s  reached  when
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c o n tra c tio n s  of 30 mm Hg or g re a te r  a re  o ccu rring  re g u la r ly  

w ith  l a t e n t  in te rv a ls  of le s s  than  two m inutes, hy which tim e 

th e  a p p ro p r ia te  dose r a t e  has been found and the  servo  motor 

rem ains sw itched o f f .

In  a d d it io n  th e  a p p ara tu s  in c o rp o ra te s  s ev e ra l s a fe ty  

mechanisms whereby in fu s io n  o f  th e  drug i s  im m ediately d is 

con tinued  i f  th e re  i s  danger of overdosage o r m alfu n c tio n .

Thus i f  th e  drug r e s e r v o i r  em pties o r th e  reco rd in g  c a th e te r  

becomes b locked  the  pump i s  sw itched  o f f  and an alarm  sounds.

Also i f  u te r in e  spasm occurs and th e  p re ssu re  rem ains above

30 mm Hg f o r  lo n g e r th an  two m inutes or above 80 mm Hg fo r

lo n g e r th an  te n  seconds, th e  machine sw itches o f f .  These

l a t t e r  alarm s provided  a b u i l t  in  device fo r  d e te c t in g  

u t e r i ne h y p e rs tim u la tio n  and f o r  the  purposes of our s tu d ie s  

(c h a p te rs  3, 6 and 7) we d e fin ed  t h i s  com p lica tio n  as  a p a t te r n  

o f i n t r a - u t e r i n e  p re s su re  such a s  would t r i g g e r  th e se  a larm s.

The ap p ara tu s  was a ls o  used  e x c lu s iv e ly  fo r  e x tra -a m n io tic  

in fu s io n  of p ro s ta g la n d in s  (C hapters 6 and 7 ) .  P r io r  to  

amniotomy the in t r a - u t e r i n e  p re s su re  s ig n a l  was recorded  from 

th e  e x tra -a m n io tic  space and t h i s  was lin k ed  to  th e  alarm  system s, 

bub th e  "c lo sed -lo o p "  system was not employed fo r  e x tra -a m n io tic  

p ro s ta g la n d in  th e ra p y . The servo  motor was n o t employed, the  

dose r a t e  be ing  a d ju s te d  by hand.



b) In tra -p a rtu m  M onitoring

In tra -p a rtu m  m onito ring  of the f e t a l  h e a r t  r a te  and 

u te r in e  c o n t r a c t i l i t y  was perform ed in  every case  u s in g  a 

H ew lett-P ackard  8021A C ardio tocograph which was purchased 

w ith  re sea rc h  fun d s. In  a d d itio n  t o  th e  f a c i l i t y  f o r  d i r e c t  

f e t a l  h e a r t  re c o rd in g  from an e le c tro d e  p laced  on the f e t a l  

s c a lp , t h i s  had an  u l t r a s o n ic  f a c i l i t y  f o r  e x te rn a l  f e t a l  

h e a r t  re c o rd in g  from a tra n sd u c e r  p laced  on th e  m aternal 

abdomen and t h i s  was in v a r ia b ly  employed in  cases  w ith  in t a c t  

f e t a l  membranes. The m onitor a lso  in c o rp o ra te d  in t r a - u t e r in e  

p re s su re  measurement by means of a s t r a i n  gauge tra n s d u c e r  and 

t h i s  was sim ply lin k e d  to  th e  one on the  C a rd if f  In fu s io n  

System by a f lu i d  f i l l e d  c a th e te r  so th a t  th e  in t r a - u t e r i n e  

p re s su re  s ig n a l  was a v a ila b le  to  b o th  m achines.



nduction of labour trial

lam e Series number.

lospital num ber Date

^ge Parity Drug allocation

.DD. G estation Route of administration

lure/ unsure Indication for Induction

Nationality Marital status Social class

lelght (Inches)_______  W eight (tbs) Shoe size Blood group

lervical assessm ent; Dilatation (cms)

Length (cms)

Consistency

Position

Level

0 1 2 3

less than 1 1 -2 2 - 4 more than 4 __

more tban 4. 2 - 4 1-2 less than 1

firm auarage _ soft ....

pn<itarior mid
anterior

0 - 3 0 - 2  ___ 0 - 1 - 0 ----- +

Total score

,m nlotom y

rug com m enced

D ate Tim e

H in d /fo re

Liquor

Ime of delivery D uration of 2nd s tag e



Labour record

Ti me
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Results

O utcom e of labour

Weight of infant tgms) Apgar score (1) (5)

Description of labour

Blood loss at delivery

Evidence of fetal distress

Fetal pH Time interval after induction

Evidence of occipito-posterior position. infant B.P.D.

Pelvimetry results Degree of m oulding

Summary of analgesia

Dosage summary Total dosage

Pre-amninotomy dosage & tim e Total treatm ent time

Induction /  labour Interval induction /  delivery interval

A ssessm ent of results
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LABORATORY METHODS

1



T his appendix d e sc r ib e s  th e  tech n iq u es  used fo r  th e  

c o l le c t io n  and s to ra g e  of b io lo g ic a l  samples and the  

a ssay  of p ro s ta g la n d in s  and s te r o id s  in  b io lo g ic a l  f lu id s  

f o r  th e  s tu d ie s  d e sc rib ed  in  C hapter 8 .

C o lle c tio n  o f Samples

The fo llo w in g  p rocedures were adopted f o r  c o l le c t io n  

of sam ples;

M aternal P lasm a:

10 ml sam ples o f m aternal b lood were withdrawn 
from a p e r ip h e ra l  v e in  and t r a n s f e r r e d  to  a tube 
c o n ta in in g  lith iu m  h e p a r in  as an a n tic o a g u la n t.
The b lood  was c e n tr ifu g e d  a t  3,000 r .p .m . f o r  15 m in u te s , 
th e  plasma decanted  o f f  in to  p la in  tu b es  and im m ediately  
fro ze n  and s to re d  a t  -  20^0 u n t i l  a ssa y .

Assays were perform ed on m aternal plasm a sam ples 
f o r  p ro g este ro n e  and o e s t r a d io l  in  th e  s tudy  d e sc r ib e d  on 
page 172 , and f o r  p ro s ta g la n d in  Pa in  th e  study d e sc rib e d  
in  th e  paper in c lu d ed  a t  page 163. As has been p o in te d  
ou t in  th e  te x t  (page 165) th e  m easuranen tsof plasm a 
p ro s ta g la n d in s  a re  now co n sidered  in v a l id  because o f 
p ro s ta g la n d in  sy n th e ta se  a c t i v i t y  d u rin g  sample c o l le c t io n

Amniotic F lu id :

Amniotic f lu i d  sam ples were c o l le c te d  in to  p la in
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c o n ta in e rs  which, were im m ediately  fro zen  and s to re d  a t  

■20^0. In  f iv e  in s ta n c e s  ( th re e  in  spontaneous lab o u r 
p lu s th e  case s  of anencephaly  and f e t a l  d ea th ) s e r i a l  
sam ples were o b ta in ed  b e fo re  amniotomy v ia  a t r a n s 
abdominal c a th e te r  in tro d u ced  a t  am n io cen tes is .
These cases had a l l  had a p rev ious am n io cen tes is  f o r  
d ia g n o s tic  purposes and th e  c a th e te r s  were in tro d u ce d  
a t  th e  same p o in t. A f in e  e p id u ra l type po ly thene
c a th e te r  was u sed . The luiaen volume of th e  c a th e te r
was le s s  th a n  1 m l,so  th e  f i r s t  2 ml was d isca rd e d  a t  
each sam pling, th e  n ex t 5 ml being  tak en  as the sam ple.

S e r i a l  sam ples in  a l l  o th e r  cases were o b ta in ed  
v ia  a  t r a n s c e r v ic a l  po ly thene  c a th e te r  in tro d u ce d  a t  
th e  tim e of amniotomy. The lumen volume of t h i s  
c a th e te r  was about 4 ml, so the f i r s t  10 ml was d isca rd e d  
each tim e and th e  fo llo w in g  5 ml talcen as  th e  sam ple.
The s in g le  sam ples in  which p ro s ta g la n d in s  and s te r o id s  
were m easured in  th e  l a s t  study  d e sc rib e d  in  C hapter 8 
(page 172 ) were a l l  c o l le c te d  (lO ml) v ia  th e  same type  

of c a th e te r  a t  th e  tim e of amniotomy.

PROSTAGLANDIN ASSAYS

The methods used  f o r  th e  p ro s ta g la n d in  a ssay s  were based  

on th o se  d e sc rib e d  by H i l l i e r  and D ille y  ( l9 7 4 ) . They c o n s is te d  

of e x tra c t io n  and s e p a ra tio n  o f th e  p ro s ta g la n d in s  by chroma

tography  on s i l i c a  g e l microcolumns and radioim m unoassay of 

th e  E and F compounds u s in g  h ig h ly  s e le c t iv e  a n t i s e r a .  A ll 

th e  a ssay s  were perform ed in  d u p lic a te .
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A n tise ra

The an tiserum  to  PGF^ had been ra is e d  in  r a b b i ts  and2 a
was su p p lied  by th e  Upjohn Company. The PCE  ̂ an tiserum  was 

a lso  r a is e d  in  r a b b i ts  and was provided by the  W orcester 

Foundation fo r  Experim ental B iology. The c ro ss  r e a c t i v i t i e s  

of th e se  a n t i  s e ra  m th  o th e r  p ro s ta g lan d in s  and m e ta b o lite s  

a re  shown in  Table B .l .

E x tra c tio n  Procedure

The p ro s ta g la n d in s  were e x tra c te d  from th e  samples 

as fo l lo w s :-

A t r a c e r  o f H-PG 3,000 d.p.m . was added to  a 1 ml 
a l iq u o t of th e  sample (^H-PGE^ f o r  th e  S assay  and 
^H-PGFg^ fo r  th e  F a s s a y ) . 5 ml petroleum  e th e r  was 
th en  added and th e  tube vo rtexed  b e fo re  c e n tr ifu g in g  
a t  2 ,000 r .p .m . f o r  4 - 5  m inutes. The upper petroleum  
s p i r i t  la y e r  was th e n  decanted o f f  and d isca rd e d .
3 ml of an e x tra c t io n  m ix ture  co n ta in in g  iso p ro p an o l, 
e th y l a c e ta te  and 0 .1 -N. h y d ro ch lo ric  a c id  in  th e  r a t i o  
3 : 3 : 1  was then  added to  the  tube which was ag a in  
v o rtex ed  b e fo re  th e  a d d itio n  o f 2 ml of e th y l a c e ta te  

s a tu ra te d  w ith  w a te r and 3 ml of w ater s a tu ra te d  w ith  
e th y l a c e ta te .  The tu b e  was ag a in  v o rtex ed  and 
c e n tr ifu g e d  a t  2,000 r .p .m . f o r  5 m inu tes. The upper 
o rgan ic  phase was th e n  p ip e tte d  o f f  onto approx im ately  
0 .3  G anhydrous sodium su lp h a te  to  remove s u p e r f ic ia l  
w ater. The o rg an ic  phase was then  t r a n s fe r r e d  to  a 
5 ml g la ss  tube  and a f t e r  a f u r th e r  washing of th e  
sodium sulphat e  w ith  1 ml e th y l a c e ta te  th e  combined 
o rgan ic  phase was evapo ra ted  to  dryness under a stream  

of n itro g e n  a t  45^0.
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G o luaii Chromât o graphy

Micro coluionB were p rep ared  u s in g  P a s te u r  p ip e t te s  w ith  

an in te r n a l  d iam eter of 0 .5  cm and a working le n g th  of 

9 cm. These were plugged w ith  Vlliatman GF/b g la s s  f i b r e  

paper and th e  t ig h tn e s s  of th e  packing a d ju s te d  so  th a t  th e  

u l t im a te  so lv en t flow th rough  the column was betw een 0 .2  and 

0 .3  ml p e r m inute under th e  maximum so lv en t head which 

in c lu d ed  a 10 ml r e s e r v o i r .  T his range of flow r a t e  gave 

re p ro d u c ib le  s e p a ra tio n  and re c o v e r ie s .  S i l i c a  g e l 

(K ie se lg e l 0 .05 -  0 .2  mm Merck 7 -  325 mesh) 0 .75  G was 

s lu r r i e d  in  A nalar r e d i s t i l l e d  chloroform  and lo ad ed  in to  

th e  column to  a h e ig h t of 4 -  4 ,5  cm. G lass f i b r e  paper 

(khatman GP/c) was p laced  on to p  o f th e  s i l i c a  g e l to  p rev en t 

d is tu rb a n c e  of th e  su rfa c e .

The evaporated  e x tr a c t  was re c o n s t i tu te d  in  0 .1  ml o f 

1/v m ethanol in  ch loroform  and loaded  onto the column. A 

second and th i r d  washing w ith  0 .1  ml of l̂ A m ethanol in  

ch loroform  and 0 ,1  ml of chloroform  re s p e c tiv e ly  was used 

to  ensure  maximum tra n s fe re n c e  of e x t r a c t  to  th e  column.

The e lu t io n  c h a r a c te r i s t i c s  o f th e  d i f f e r e n t  groups of 

p ro s ta g la n d in s  were i n i t i a l l y  determ ined u s in g  i n i t i a t e d  

p ro s ta g la n d in s  A, E and added s e p a ra te ly  o r to g e th e r  to  

t e s t  samples (see  H i l l i e r  and D ille y  1974). T h is  e s ta b l is h e d  

t l ia t  th e  groups could  be s e p a ra te d  by the fo llo w in g  e lu t io n
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sequence : 3 ml chloroform ; 7 ml 1 .5^  m ethanol in  chloroform  

( a and B p rostag land ins); 9 ml 3*5f^ m ethanol in  chloroform  

(e p ro s ta g la n d in s ) ;  5 ml 15/^ m ethanol in  chloroform  

(F q, p ro s ta g la n d in s ) . Each so lv en t volume was allow ed to  

descend hy g ra v ity  to  th e  s u rfa c e  of the  s i l i c a  g e l befo re  

a d d it io n  o f th e  nex t so lv en t system .

The r e s u l t s  of an experim ent to  determ ine th e  re c o v e rie s  

of th e  d i f f e r e n t  p ro s ta g lan d in  groups from am nio tic  f lu id  and 

t i s s u e  a re  shown in  F igu re  B . l .  The re c o v e rie s  o f  th e  

A, E and F groups from th e  columns were re s p e c t iv e ly  

40̂ Of 51̂ b and 60̂ ? w ith  am nio tic  f l u i d  and 6 2 /. 52fj and lOO/ 

w ith  t i s s u e .

Radioimmunoassay Procedure

The ly o p h iliz e d  p ro s ta g la n d in  a n t i s e r a  were d is so lv e d  

in  phosphate b u f fe r  (pH 7 .4 ) ;  an i n i t i a l  d i lu t io n  o f 

approx im ate ly  1 in  500 was used g iv in g  a f i n a l  d i lu t io n  o f 

1 in  1500 f o r  th e  in c u b a tio n  m ix tu re . The PG f r a c t io n s  

from the  column were evapo ra ted  to  dryness and re c o n s t i tu te d  

in  5 ml phosphate b u f fe r .  A f i f t h  p a r t o f t h i s  was counted 

in  dioxan based s c i n t i l l a t i o n  f l u i d  to  e s tim a te  th e  recovery  

from th e  e x tra c t io n  and s e p a ra tio n , p ro ced u res . 50 |^1, 100 jjI

and 200 |j 1  of th e  r e c o n s t i tu te d  e x tr a c t  were in cu b ated  w ith  

100 pi of th e  PG an tiserum  f o r  30 m inutes a t  room tem p era tu re .
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The in c u b a tio n  volume uas made up to  300 pi in  each case 

u sin g  phosphate b u f fe r .

The tu b es  were th en  p laced  in  ic e  and approx im ate ly  
310,000 d .p .m 's  of H-PG la b e l  were added. The tu b e s  were 

th en  v o rtex ed  and in cu b a ted  on ic e  a t  4°G f o r  a f u r th e r  

60 m inu tes . 100 h i  of 0.5/^ g e la t id n  s o lu tio n  in  phosphate /

b u f f e r  was then  added fo llow ed  by 1 ml of de x tra n  coated  

ch arco a l to  s e p a ra te  f r e e  and bound f r a c t io n s .  The tubes 

were v o rtexed  and. stood  in  ic e  f o r  a  t o t a l  o f te n  m inutes from 

th e  moment of add ing  ch arco a l to  the  l a s t  tube  and th en  

c e n tr ifu g e d  a t  4 a t  3 ,000 r .p .m . f o r  5 m inu tes.

The su p e rn a ta n t was decan ted  in to  10 ml dioxan based  

s c i n t i l l a t i o n  f l u i d ,  shaken and counted in  th e  s c i n t i l l a t i o n  

c o u n te r .

S tandard  cu rves were c o n s tru c te d  w ith  each a ssay  u s in g  

0 , 10, 25, 50, 70 , 100, 150 and 200 pg of the  PG in  q u e s tio n  

and th e  amount of PG in  each sample was c a lc u la te d  from the  s ta n d a rd  

curve and ex p ressed  as ng/ml o f f lu i d  a f t e r  a p p ro p r ia te  c o r re c t io n  

f o r  d i lu t io n  and reco v ery .

The r e p r o d u c ib i l i ty  o f th e  assay  f o r  PGF^ i s  shown in  

F igu re  B .2 . The s e p a ra tio n  method used sim ply se p a ra te d  th e  

p ro s ta g la n d in s  in to  t h e i r  m ajor subgroups and no f u r th e r
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s e p a ra tio n , f o r  in s ta n c e  of F_ and , was made. For2a  l a
t h i s  reaso n  th e  r e s u l t s  a re  expressed  as e i th e r  PGFa 

o r PGE c o n ce n tra tio n s  or a l t e r n a t iv e ly  as  PGF^^ o r PGF^ 

e q u iv a le n ts .

STEROID ASSAYS

The a ssay s  f o r  p ro g e s te ro n e , o e s tr a d io l  17  ̂ and c o r t i s o l  

were a l l  perform ed under th e  d ir e c t io n  o f Dr. A.B.ÎÎ. Anderson 

u s in g  th e  tech n iq u es  in  ro u tin e  use in  the re se a rc h  la b o ra to ry  

These were radioimmunoassay procedures u s in g  h ig h ly  s p e c i f ic  

a n t i s e r a  r a is e d  in  sheep to  bovine serum album in con ju g ates  

o f th e  s te r o id s  in  q u e s tio n . The m inu tiae  o f  th e  tech n iq u es  

w i l l  n o t be d iscu ssed  f u r th e r  h e re .
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T A B L E  2 . 1

F ig u res  deriv ed  from th e  C lin ic a l  Report o f the 
Queen M other's H o sp ita l?  Glasgow, 
f o r  th e  2 y e a r p e rio d  1968 -  1969.

GEIH3RAL STATISTICS

T o ta l Humber of B irths

P e r in a ta l  M o rta lity  Rate

A sis te d  Breech D elivery

O pera tive  V aginal D e liv ery  
(Forceps + Vacuum)

Caesarean S ec tio n

E le c tiv e  Caesarean S e c tio n

In d u c tio n  of Labour

6,001

29.5 per 1,000 l iv e  and s t i l l b i r t h s .

Spontaneous V ertex  D e liv e ry  4,167

171

1,190

4 7 2

147

1.55g

(S9.4?-) 

( 2 . ^ )

(19.6?5)

( 7 . e n  

( 2.55Î) 

(25.4??)
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T A B L E  2. 3

POTENTIAL HAZARDS OF INDUCTION 0? LABOUR

M aternal

P rem atu rity  

Jaundice  

Hypoxia 

In fe c t io n  

Haemorrhage 

C aesarean S ec tio n  

U te rin e  Rupture 

Amniotic Embolism 

D is s a t is f a c t io n

P e ta l



T A B L 2.4

Occurrence of p ro s ta g la n d in s  in  human t i s s u e s  and f lu id s .

Source P ro s ta g la n d in s

Seminal f l u i d  . . . . * * « -----  E, F,  A, B
. . . . • • - and 19 hydroxy d e i i

M enstrual f lu i d  . . . . • * * -----  E, P
Endometrium . . . . » • * -----  E, F
ih m io tic  f lu id  . . . . * • • ___  E, F
M aternal hlood . . . . « • * E, F
Decidua . . . . -----  E, F
F a llo p ia n  tu b e  . . . . • * • E, F
U m bilical and p la c e n ta l  ves 3els . . . .  E, F
F e ta l  c i r c u la t io n  . . . . • • • ___  F
Aqueous humour . . . . ___  B
A dult blood . . . . ___  E, F , A
U rine . . . . E, F
G a s tr ic  ju ic e  . . . . • • • ____ E
G a s tr ic  mucosa . . . . ____ E
E ccrine  sweat . . . . ___  E
Kidney . . . . •  m m ____ A, E
Skin . . . . • % * ___  B, F
Lung . . . . • * * . . . .  E, F
Thymus . . . . •  m m ____ E .
Thyroid . . . . •  •  • . . . .  E, F
Hervous t i s s u e  . . . . * • • ____ E, F
C ardiac muscle . . . . • • • ____ E
G ing ival t i s s u e  . . . . m  m  m ___  E
C ereb rosp ina l f l u i d  . . . . m m m ___  F

(Karim, and Rao 1975)



T A B L E  2. 5

Some a re a s  of b io lo g ic a l  involvem ent o f p ro s tag lan d in s ,

C en tra l nervous system  fu n c tio n - 
M eiosis.
C ontro l of in t r a o c u la r  p re ssu re . 
B ro n ch o co n s tric tio n ; b ro n c h o d ila ta tio n . 
C on tro l of b lood  p re s su re . 
G a s t r o in te s t in a l  m o t i l i ty  and s e c re tio n . 
P a n c re a tic  fu n c tio n .
Renal blood flow .
I n h ib i t io n  of p l a t e l e t  adhesiveness and 

a g g re g a tio n .
Inflam m ation .
P a in .
L ip id  m etabolism .

(Karim and Rao 1975)



T A B L E  3. 1

Measurements of the len g th  o f  th e  c e rv ix  
( in te r n a l - e x te r n a l  os) in  th e  non-pregnant 

and pregnant s u b je c ts .

2  <

C ategory
Humber of Mean C erv ica l Length 
S u b jec ts  (ran -  3 . D . ) _____

H on-pregnant 5

Less th an  12 weeks pregnant 2

12 -  14 weeks p regnan t 11

15 “ 18 weeks pregnant 10

19 ” 22 weeks pregnant 2

44 .9  -  9 .8  

45 .5  -  10.6

4 5 .3  -  9 .3

4 4 .3  -  6 .3  

44 .0  — 8*4-

(C a ld er and McManus 1978, unpublished  o b se rv a tio n s)
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T A B L E  3. 2

Measurements of the  d iam eter of th e  
en d o o erv ica l canal in  non-pregnant 

and pregnant s u b je c ts .

Number of Mean C erv ica l D iam eter 
Category S u b jec ts   (mm -  S,D._)_______

N u llip a ra e
N on-pregnant 13 7 .6  t 1 .1

8 - 9  weeks pregnant 20 8 .2  - 1.2

10 -  11 weeks pregnant 21 8 .6  ± 0 .8

12 o r more weeks, pregnant 5 9 .3  - 1 ,1

N on-pregnant 30 8 .0  - 1 .0

8 - 9  weeks pregnant 24 8 .5  - 1 .0

10 -  11 weeks p regnan t 22 9 .3  - 1 .0

12 o r more weeks p regnan t 7 9 .9  - 0 .8

(d a ta  from Johnstone , Boyd, McArthy and McClure Brown 1974)
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T A B L E  3o3

C erv ica l f in d in g s  in  p rim ig rav id as  a t  32 weeks g e s ta t io n  in  
r e l a t io n  to  th e  tim e o f onset of spontaneous la b o u r .

Onset of 
Labour

Externa,! os 
Admits 1 F in g e r

In te rn a l  os 
Adm its  1 F in g e r

B efore 38 weeks 

38-39 weeks 

40-41 weeks 

41 weeks or l a t e r

100^

7 0 /

5 5 /

4 0 /

lOĈ o

55̂ ^

20/
1 0 /

D ata of Anderson and T urnbu ll 1969.
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T A B L E  4. 5

P ro sp ec tiv e  s tudy  o f in d u c tio n  of la b o u r in  p rim ig rav id as ,

INDICATIONS FOR INDUCTION OF LABOUR

H ypertensive  S ta te s  . . . .  . . . .  63

Suspected P la c e n ta l  In su ff ic ie n c y  27

Prolonged Pregnancy . . . .  . . . .  22

Other (M aternal Age, D iabetes) . .  13

TOTAL  .......................................    125
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T A B L E  4 .9

A nalysis of th e  c o n s t i tu e n ts  o f th e  
c e rv ic a l  sco re  in  r e la t io n  

to  le n g th  of la b o u r.

POINTS AWARDED FOR EACH FACTOR

3  7

Labour lo n g e r 
th an  Median

Labour s h o r te r  
than  Median R atio

D ila ta t io n

Length

C onsistency

P o s it io n

Level

70

63

43

33

17

101

141

91

50

62

1 .4  

2 . 2  

2 . 1

1.5

3 .6



T A B L E 5 .1

D ata fo r  p a t ie n ts  from double b l in d  comparison 
of in trav en o u s  BGE_ and oxy tocin  

w ith  c e rv ic a l  sco res  0 -  3-

_ P ^ Oxytocin

Number of P a t ie n ts  . . .  . . . 17 17

In d u c tio n /D e liv e ry  I n te r v a l
(hours “ S .D .) ......................... 1 2 .6  i  2 .9 1 3 .3  -  4 .1

Caesarean S ec tio n  . . .  . . .  . . . 2 5

Forceps ..........................  . . . 12 10

Spontaneous ............................................ 3 2

B ir th  Asphyxia ...................................... 1 3

M atern ity  P y re r ia 8 5

Pain/E rythem a a t  In fu s io n  S i te  . . 14 0

Vom iting ................................................. 2 1
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T A B L E  7«1

In d u c tio n  of labour by e x tra -a n m io tic  
PGE  ̂ in fu s io n .

INDICATIONS FOR INDUCTION 

H ypertensive  S ta te s  . . . .  40

Prolonged Pregnancy . . . .  25

P la c e n ta l  In s u f f ic ie n c y  . . .  22

Other . . . .  . . .  . . .  . . .  8

T o ta l ■ . . .  . . .  . . .  . . .  95



T A B L E  '

In d u c tio n  of Labour by extra'-^am niotio PGEp in fu s io n .

CEPHALIC BREECH SMALL
PRESmïTATION PRESENTATION STATURE
(C/lTEaORY ) (CATEGORY) (CATEGORY)

f (2 )  ) ( (s )  )

l a a t e L - C J j S ^ a 62 11 10

a s æ .J ® Q !ls a i.J s a s a 2 .0 2 .2 2 .1

Moan Time To Catheter Expulsion ,4 .3 ,3 .7_ '™{[Hou%' 11% D% T ±1.5 ±1.1 ±1.2

(Hours ± S.D .)
8 .8

± 3 .4
,9 .4
% .9 ±2l?

Hcan Induction^^Dôliverv In te rv a l  
(Hours * S.Ü .)

13.6
±4.0

13.7
± 4 .0

1 1 .9
± 3 .0

Mode of D elivery  s«aiia»dfgagft;’wqpw<wt'6ftriastt,s.WBriteregawM»a»tafJM«Masâ>Æia>
Caesarean S ec tio n 6 2 3
A ssis ted  V aginal D elivery 40 9 4
Spontaneous V aginal D elivery 16 0 3

m t e a i n a w a 7 1 1

fflrtli„AgphEda 2 1 0

îteaa_4EËSE..â£e£a!
1 Minute 8 .4 7 .3 9 .0
5 Minutes 9 .8 9 .9 10.0

PREVIOUS
0AE3AREAU

SECTION
(OATEOORI
( W

12

. 2 .2

,3 .7  
±1.1

- 1-
G .l
2*4

10.2
± 3 .2

4
6
2

3

1

8.0
9 .8
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T A B L E  7. 4

P ro s ta g la n d in  g e l th e ra p y  to  r ip e n  th e  
c e rv ix  b e fo re  in d u c tio n  of lab o u r.

INDIGATIOIFS FOR INDUCTION OP LABOUR

H ypertensive  S ta te s  ..........................  67

Prolonged Pregnancy ..........................  22

Suspected  P la c e n ta l  In s u f f ic ie n c y  ► 16

O ther (M aternal Age, e t c . ) ........... 16

T o ta l ...........................    121



Prostaglandin g e l th e rap y  to  r ip e n  the  eerirlx  b e fo re  in d u c tio n  o f lab o u r

, DELIVERY AMD MORBIDITY&ii»«Niatiiwaw»w«eaeweW.MF*«*Fi6mME7»>wi'eaEîy»i#OT«*»iwBiaiiTOfi8«iwea»«eBBWfe»üirveeaifla

number of P a tie n ts

Mean C erv loal Soore:i«Wj»8'.',i6»'sia*«1irsceM‘StihiS»i*eMlia*dî*a
B efore Treatment 
A fter Treatm ent 
Impi’ovement i n  Score

Hours (Mean it S*.

CEPHALIC
PRESENTATION

BRI3E0H
PRESENTATION

(category) ( category) 

106 6

2 .?
6 .5
4.0

10.9
±4,8

6.6 
4# 1

1 0 .0
±2 .8

SHAM,
STATBRE

(CATEGORY) 
( (^0 )

PREVIOUS
CAESAREAM

SECTION
(CATEGORY 
( (4)

2 .2
6.1
^ .9

8.8
±2.7

2 .5
6 .5
4 .0

9 .4
±2 .2

Mq^ of D elivery:
Caesarean S ec tio n  
A ss is ted  V aginal D elivery  
Spontaneous V aginal DeHvery

M aternal P yrex ia :

B irth  Asphyxia:

1 Minute
5 M inutes

10
65
51

4

7

7 .9
9.5

0
6
0

0

1

8 .9
9 .7

7
2
0

1

0

8 .7
9.8

1
4
1

0

0

9 .2
10.0
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T A B L E

Ainniotic f lu id  p ro s ta g lan d in s  and 
s te r o id s  and plasma s te r o id s  in  

l a t e  pregnancy,
( a l l  v a lu es  a re  n g /m l).

Number Range
Substance Measured Of Values Mean -  S.D-

Liquor
P ro s ta g la n d in  E 42 0 .27 -  15.93 5.87 -  5.51

Liquor
P ro s ta g la n d in  P 42 0 .11  -  5*25 0.67 ~ 0.75

Liquor
O e s tra d io l 1 ? p 40 0 .18  -  1.50 0,56 -  0 .51

Liquor
P ro g este ro n e  ,50 10.6 -  47 .0  21.7  -  8 .5

Liquor
C o rtis o l 25 15.8  -  52.5 51 .9  -  8 .8

Plasma
O e strad io l 17 p 40 8 .1  -  54.2 16.8  ~ 6 .1

Plasma
P ro g este ro n e  40 75 -  265 137.5 -  40.1



4 9

T A B L E 8 .5

Arûniotic f l u i d  p ro s ta g la n d in s  and s te r o id s  and 
plasma s te r o id s  in  l a t e  pregnancy.

A nalysis  of r e s u l t s  in  r e l a t i o n  to  c e rv ic a l s t a t e .
( a l l  ng/m l; 

number of e s tim a tio n s  shown in  b r a c k e ts ) .

Substance Ripe C ervix U nripe 'Cervix p Value*

Liquor
P ro s ta g la n d in  E

6.27 -  
(10)

5.66 2.77 -  
(15)

1 .67 < 0 .0 0 5

L iquor
P ro s ta g la n d in  F

1 .54  -  
(10)

1 .05 0.56 i  
(15)

0 .15 < 0 .0 0 1

Liquor
O e s trad io l 17 p

0 .7 4  -  
(9)

0 .52 0.49 -
(14)

0 .24 < 0 .0 1

Liquor
P rogeste rone

26.2  -  
(6)

7 .4 17.2 -
(7)

5 .9 U.S.

L iquor
C o r t is o l

56 .8  i  
(5)

6 .4 25.8 i  
(9)

5 .2 U.S.

Plasma
O e s tra d io l 17 p

14 .5  -  
(9)

5 .2 16.5 i  
(14)

5 .9 U .S.

Plasma
P rogeste rone

157.4  i  
(9)

44 .5 129.2 -  
(14)

5 5 .2 U .S.

( ^ MAim-bHITNEY RMIK SUM TEST)
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T A B L E  8 . 4

A nalysis  o f r e s u l t s  in  re s p e c t o f oxy tocin  s e n s i t iv i ty .  
(A ll ng/inl; number of e s tim a tio n s  shovm in  b ra c k e ts )  .

O xytocin Oxytocin
Substance S e n s i t iv e  In s e n s i t iv e  p Value

Liquor
P ro s ta g la n d in  E

5.76 i  
(11)

5.89 1.60 i
(7)

0 .99 < 0 ,0 0 5

Liquor
P ro s ta g la n d in  P

1.26 i  
(11)

1.10 0 .28  i
(7)

0.10 < 0 .0 0 5

Liquor
O e strad io l 17p

■ 0o64 -  
(9)

0.29 0.52 i  
(7)

0 .11 < 0 .0 1

L iquor
P rogesterone

25 .4  -  
(9)

7 .6 18.4  -  
(6)

5.9 U.S.

L iquor
C o rtiso l

55 .4  -  
(5)

6 .5 26 .7  -
(6)

5 .6 U.S.

Plasma
O e strad io l 17 p

15.4  -  
(10)

4 .5 16.2 ± 
(7)

5.6 U.S.

Plasma
P ro g este rone

151.8 -  
(10)

45.6 144 «4 ” 
(7)

44.5 U.S.

(* MAU-miTUEY RAM SUM TEST).



u  X

T A B L E  8 . 5

R esu lts  analysed  By len g th  o f la b o u r.
( a l l  ng/m l; numbers o f e s tim a tio n s  shown in  b ra c k e ts )

Substance S hort Labour Long Labour p Value*

Liquor
P ro s ta g la n d in  E

7 .15  -  4.85 
(9)

2.47 -  1 .85 
(14)

< 0 .0 1

L iquor
P ro s ta g la n d in  F

1.27 -  0 .99
(9)

0.55  -  0 .15  
(14)

< 0 .0 0 5

Liquor
O e s tra d io l 17p

0 .70  i  0 ,55
(8)

0 .57  “ 0 .1 4  
(14)

U .S.

L iquor
P rogeste rone

25 .8  ± 8 .9  
(5)

17.5 “ 5 .1  
(11)

U.S.

L iquor
C o r tis o l

57.7  -  14 .4  
(5)

27.9 "  5 .0  
(10)

U .S.

Plasma
O e s trad io l 17 p

16.0 -  4 .5  
(8)

14.0  -  5 .0  
(14)

U .S.

Plasma
P ro g este rone

146.6 ~ 55 .4  
(8)

121.2 -  50 .2  
(14)

U.S.

( * MAl̂ IN-EHITNSY RAM SUM TEST).
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T A B L E  B. l

CROSS REACTIVITY OP PROSTAGLANDIN ANTISERA

PGP an tiserum  PGB an tiserum

PGPg o; 100^ 1 .6^

PGP^ ^ 64^

PCEg 7fo lOOfo

PGE  ̂ -  128^

15 Keto PGPg 0 .5 ^

PGA 0.0001^ 1 .8^

PGB  ̂ -  0 .280
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F I G U R E S



F  I  G ü  11 s  2 . 1

W H E N  T O  DELIVER ?

R I S K S  IF

P R E G N A N C Y
C O N T I N U E S

R I S K S  IF 
P R E G N A N C Y  

INTERRUPTED



FIGURE 2 .2a
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F I G u R 2.2b

In d u c tio n  of Labour: a method employed in  e a r l i e r  tim es in  
Cochin China (now Vietnam ). The 
accoucheur b a lances h im se lf w ith  a pole 
w hile  s tan d in g  on th e  sh o u ld ers  of th e  
k n e e lin g  p a t ie n t .



F I G U R E  2. 5

THE DREli-SMYTII CATHETER
(The s t i l l e t t e  has been removed from the liunen of 

th e  c a th e te r ) .
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F I G U R E  2. 4

S t e r o i d o g e n e s i s Umb i l i c a l  bl ood
vessel  f u n c t i o n

Dy s m e n o r r h o e a Ov u l a t i o n

Prostaglandin

P a r t u r i t i o n - ^

I
A c t i o n  on u t e r u s

Ef fects on f e r t i l i t y

I n d u c t i o n  I n d u c t i o n
of l abou r  of a b o r t i o n

Delayed ovum 
t r a n s p o r t  vi a 
a c t i o n  on 
f a l l o p i a n  t ube

Ef fect  on
i m p l a n t a t i o n
s i t es

Lu t eo l y s i s Ef f ec t  on
sper m
t r a n s p o r t

E s ta b lis h e d  and p o s tu la te d  ro le s  o f  p ro s ta g la n d in s  
in  human rep roduction*

(Embrey 1975)*
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F I G U R E  3 . 2

PELVIC SCORE

0 1 2 3

Dilatation (cms) 0 _ 1-2 _ 3-4_ 5-6

Effacement ( % ) 0-30 _ 40-50_ 60-70_ 80

Consistency firm average soft

Position posterior mid anterior

Level 0-3 0-2 0-1:0

Total Score 

(Bishop 1964)

CERVICAL SCORE

0 1 2

Dilatation (cms) less than 1 l - 2 _ _ 2 - 4

Length (cm s) more than 4 2 - 4 ___ 1-2

Consistency firm av erag e soft

Position posterior mid-
anterior —

Level 0 -3  _ _ 0 - 2 0-1 : 0 _

more than 4 

less than 1

Total Score

( C o ld e r , Embrey and  Millier 1974 )

Scoring  system  o r ig in a l ly  proposed by Bishop (1964) and m odified  

system (C a ld er e t  a l  1974) nsed throughout c l i n i c a l  s tu d ie s .



FIGURE 3 .^

to
to

K
Ph

t=>

M
Vri

CD

cn

G O

(T
O
CO

ID

tn

CM

o
m o

CM
o

W08V1 3W0J38 SAVO

u
rl
o
,Q
d

1—1

(r4
O

+>
o
«

o
n7f
o
q
q
rj

-M
c:
o
FL
CO

O

+>
ouo

«M
o

VO
>> cr>
cd 1—11—1
0> A

rd O
.C

O to
•H

4-> PP
O

+>

t)O
+>
cd

rH
0)u
a>

o
Ü
to

1—1
cd
o

V
Ü
Ü

— '
Ü

•H
>

rH
OfU



FICrüRd) 3.4

'd-

pq
ce;
Ira
ü
i-i

»o

R

CN

OC
3
O
C Q<

i
1

s
I
Q)

K
%
CO

•ë<D

O«H
-pco

(D nd

:g g
t)D f-1 fl <U

0

k
rH

CO

1

♦H

I 
§
ce o 

-p -H ce H 
«H nd

M a
g

Q)
ü

%

( ) NOliViVlia 1VDIAa3D Q>p

I



FIGURE 5 o5

tA

M
Pi
Iz,
Ü
M
fi|

»o

CÛ

Q.1

CN

(7o) 1N3W3DVJJ3 1VDIAÏI3D

IAA
%

IOJ
8(H

a

0
&;iH
CO

1
Q) 'çj 

§
W) A
.3 § 
g  f,
. m

.8Ü

§M



FICURB 3 .6

(Tiu jad 5u ) 3N0 W3iS3 0 0Wd

0
cdCH

rd
o
kO

a o
CN

a
o

pn
pH
{=•
Ü
M
R-i

X )

• H

K H
u

K H CM

CJI
tn

o
CLK H

in
kO

kO CM GO
CN

(IIU J 9 d  5 u )  - |0 iaW d iS 30

cc
ZD
CD
CD
c t

or
CD

CD

tn
w
w

0)
A
o

%rQ
H
x - \cj

r H

EH

W
■53 
&

r - I  - Pm
r—i O

g
w(D
0
•d 
§
CD

1 
0)

CQ0
gPi

I
A
P  

•H
10 

I



100

oÛL.

OJ
CL

80

60

40

20

1st stage

V

2nd stage

V

D etec tio n  of oxy tocin  i n  th e  m aternal c i r c u la t io n  (Chard 1973)
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F I G U R E  4 . 4

MODE OF D E L I V E R Y

n 16 48 49 1 2

1 0 0

%

9-116 - 83-50 - 2

C E R V I C A L  S C OR E

"  C a e s a r e a n  S e c t i o n
•  S p o n t a n e o u s  V a g i n a l  D e l i v e r y
o — o  E p i d u r a l  A n a l g e s i a

Mode of d e liv e ry  r e la te d  to  c e rv ic a l  sco re  ( th e  r a te  of fo rcep s  
d e liv e ry  was f a i r l y  c o n s ta n t a t  around 50 p e r c e n t ) .
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F I G - Ï Ï R E  7. 3

o
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•i*.CQ

CO

o

M e a n  

S .  D.

G r o u p  A 
I n t  r a v e  n o  u  s 

O x y t o c i  n

9.6 
±3. 9

G r o u p  B G r o u p  C
I n t r a v e n o u s  E x t r a

P r o s t a g l a n d i n  A m n i o t i c  
Eo

G r o u p  D 
S p o n t a n e o u s

9.1
±4. 9

P r o s t a g  i a n d l n  

^2 

7. 9 
±4. 4

6.4 
±3. 9

Serum b i l i r u b in  le v e ls  on day 5 from neonates of prim iparous 
m others whose lab o u rs  were induced  by one of the th re e  

methods shown o r spon taneous. The h o r iz o n ta l  b a rs  re p re se n t 

th e  mean in  each group (C alder e t  a l  1974)•
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F I G U R E  8 . 1

6

5

4

3

2

1

0
266-272 273-280 281-2929 8 - 1 5 4

( 1 9 ) 114 ) ( 1 6 ) ( 1 2 )

1. 2

1. 0

0.8

0.6

0 . 4

o
CL.

0. 2

GESTATI ON,  days

Changes in  th e  am nio tic  f lu i d  co n ten t of p ro s ta g lan d in s  E and F 
in  p rim ig ra v idas as  g e s ta t io n  advances.

(V e r tic a l  l in e s  in d ic a te  S .D .) .
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1 5 10
Cervical  d i l atat ion  c m

L evels of 1 5 -k e to - l^ ,1 4 -d ih y d ro  PGF^^ in  th e  m a te rn a l c i r c u la t io n
b e fo re  and during  lab o u r.

(Green e t  a l  1974).
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F I G U R E  8 , 3

O P C F

e  PCE

E
O
a.
enc

C E R V I C A L  D I L A T A T I O N  ( c m )

Am niotic f lu id  le v e ls  of B and F p ro s ta g lan d in s  a t  d i f f e r e n t  
s ta g e s  o f spontaneous la b o u r.

(K ie rse , F l i n t  and T urnbull 1974).
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F I G U R E  8. 8

A N E N C E P H A L I C  F E T U S ^2 8 .5 4
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H O U R S

J
A R M

J L

Am niotic f lu id  le v e ls  of p ro s ta g la n d in  F during  la b o u r in  a
case  of anencephaly  

( U i l l i e r ,  C alder and KacKenzie 1974).
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0 . 8

0 . 4

0 - 4  5 - 8  9 - 1 2

U n f a v o u r a b l e  I n t e r m e d i a t e  F a v o u r a b l e

C E R V I C A L  SCORE

L evels of E and F p ro s ta g la n d in s  i n  amniotociy sam ples of 
am nio tic  f lu id  in  42 p rim ig rav id ae .
R esu lts  r e la te d  to  c e rv ic a l  sc o re ,

(V e r t ic a l  l in e s  in d ic a te  S .D .) ,
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< 6  6 " 9  9 - 1 5  > 1 5

LENGTH OF LABOUR,  h r s .

Amniotic f lu id  le v e ls  of E and F p ro s ta g la n d in s  in  amniotomy 
sam ples from 42 p rim igrav i d a s .

R e su lts  r e la te d  to  subsequent len g th  o f induced lab o u r. 
(V e r t ic a l  l in e s  in d ic a te  S .D .) .
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ml ELUATE

I C H C lJ  1.5H MeOH In CHCIj  | 3.5% MeOH In CHCi t l5 %  MeOH In CHCI]

Chromatographic s e p a ra tio n  o f p ro s ta g lan d in s  on s i l i c a  g e l 
microcoluunns: the  continuous l in e  re p re se n ts  b io lo g ic a l  f l u i d
and th e  d o tte d  l in e  t i s s u e .  The amounts of H-PG added to  th e  f l u i d
b e fo re  chrom atography were: 3H-PGA, 32,960 d.p.m ;

29,390 d.p.m ; &-PGFg ^ 35, 080 d.p.m .
H PGÏÏ,
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