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"G that this too too scolid flesh would relt,

thaw and resolve itself into a dew.n

HAMLET: Act 1, Scene 2.
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SUMMARY.

The thesis describes clinical and laboratory research
conducted between October 1972 and August 1975 during the
candidates tenure of a Research Fellowship in the Nuffield
Department of Obstetrics and Gynaecology, the University of
Oxford. All the clinical studies were performed in the

Maternity Department of the John Radcliffe Hospital, Oxford.

The central theme of the thesis is the phenomenon of
-cervical ripening which usually tskes place during the last
few weeks of pregnancy. Cervical ripening is recognised
clinically by the changes which occur in the cervix, and
these include softening of the tissues, progressive effacement
and finally dilatation of the cervix. As these changes take
place, the cervix becomes more anteriorly situated in the
pelvis and the presenting part may descend. Based on these
clinical criteria, a scoring system was developed which enabled

an objective assessment of three central questions:

1. Vhat mechanismg control cervical ripening?
2. What are the clinical implications of failure

of cervical ripening?

and 3. How may the clinical outccome for such patients

be improved?

The gignificance of an unripe cervix lies in its association
with prolongation of pregunancy beyond term and with increased

maternal and fetal morbidity especislly if labour is induced



induced/

by conventional methods. These problens are commoner and

more seriocus among primigravidae and so the research vas
concentrated on such patients. A major objective of the

work described in this thesis was to examine how prostaglandins
influenced cervical ripening and how they could be used

therapeutically to improve the clinical outcome.

The thesis begins with a historical review which is
presented in two parts: a critical review of induction of
labour, and an account of the discovery, development and
experience with prostaglandins up to the time the research
vas comnmenced. Increased knowledge and availability of
prostaglanding had progressed to the stage where these agents
were being investigated in a few centres for inducfion of

1

abortion and labour.

The historical review is followed by a discussion of the
current understanding of the physiological control of cervical
ripening. This appears to be a complex interazction of central
changes in the physical properties of cervical tissue, in
particular collagen fibres, and the gradual evolution over
several weeks of uterine contractility which will culminate
in the onset of labour. Both appear to be mainly the result

of hormonal changes..

The clinical studies are then presented. By means of

two studies, one retrospective and one prospective, amniotomy
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and intravenous oxytocin infusion ig shown to be a satisfactory
method of labour induction for primiparae who have ripe cervices
before the onset of labour; in sharp contrast the two studies
show that a poor response to this methed of induction may be

expected if the cervix is unripe at the time of amniotonmy.

Such patients show high rates of morbidity in the form
of prolonged labour, maternal pyrexia, caesarean section and

birth asphyxia.

A randomised, double blind study is then described in which
100 primipsrae had labour induced by amniotomy followed by
either intravenous prostaglandin E2 or intravenous oxytocin.
While those patients whoe received prostaglanding showed a
better response in terms of progress in labour and fever
adverse fetal effects, these benefilts were offset by frequent

and distressing maternal side effects such as vomiting and

a painful erythema at the site of infusion.

Attention then turned to local (intra-uterine) administration
of prostaglandins, following the success of this approach for
therapeutic abortion. To demonstrate its safety and effectiveness
in more advanced pregnancies, the extra-amniotic technique of

prostaglandin B, infusion was first applied to cases of

2
anencephaly and fetal death in utero. As well as affording
reagssurance that the technique night ugefully and safely be

applied in viable pregnancies, these studies alsc established

its value in management of these problematic non-viable
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pregnancies. After a pilot study of unselected cases of
labour induction, the method was applied vith good effect
in a large series of primiparae with very unripe cervices.
Thig achieved low rates of caesarean section and birth
agphyzia with almost total elimination of the maternal side

effects of prostaglandins.

The final clinical study in the thesis describes a
technique which was developed to achieve ripening of the
unripe cervix before labour induction is undertaken.
Prostaglandin E2 was suspended in a highly viscous gel
("Tylose“) and given as a single extra-smnictic bolus dose
to patients with an unripe cervix on the day before indvetion
of labour. In a series of 121 primiparae this was shown to
be a highly effective technique for ripening the cervix
and bringing about a shortening of labour and a similar
reduction of maternal and fetal morbidity as that seen with
extra—amniotic infusion of prostaglandin Eé' The value of
these techniques in cases of breech presentation, trial of

labour and previous caesarean sechbion is also discussed .

Laboratory studies carried on in parallel with the
clinical studies investigated the role of endogenocus
prostaglanding in parturition and cervical ripening.
Prostaglandins of the B and F series were shown to increase
sharply in the amniotic fluid between mid-pregnancy and term.

Higher levels were found in early spontaneous lsbour than in
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oxytocin induced labour at a time of greater uterine

N

than

activity, and in both types of case the levels rose steeply
during the active or acceleratory phase of labour. The

levelg of both B and P prostaglandins in amniotic fluid
obtained at the time of amniotomy and oxytocin induciticn were
found to be closely related to the degree of cervical ripeness,
the uterine seunsitivity to oxytoein and the length of induced

lahour.

The conclusions of the thesis are as follows:-

1) The phencmenon of cervical ripening in late pregnancy
is an essentizl part of the normal transition fron pregnancy

to spontanecus labour.

2) Failure of such ripening is an indication of an
abnormality in the endocrine milliev of the pregnancy
associated with impaired endogenous prosteglandin. production.
3) Induction of labour by conventional means withoubt regard
to the condition of the cervix is likely to result in

greater morbidity for those in whom it remains unripe.

4)  The use of extra-amniotic prostaglandin therapy in such
patients, either for induction of labour or for
pre-induction cervical ripening, will go smme way
towards restoring their prospects of a satisfactory

labour and delivery.

Tuture research should be directed to further understanding

of the mechanisms responsible for the spontanecus onset of labour.
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In this way, it is hoped that new ltechriques will be developed
which will enable nore precise control of uwiterine activity

and cervical changes s¢ as to ensure greater safety for

both mother and child.
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CEAPTER T

INTRODUCTT O

This thesis describes work carried ocut between
October 1972 and August 1975 while the candidate held a
Clinical Besearch Fellowship in the Nuffield Department of
Obstetrics and Gynaecology of the University of Oxford.
Before taking up this appoinitment I was Registrar in
Obstetrics and Gynaecology at Glasgow Royal Maternity Hospital
and Glasgow Royal Iafirmary. Vkile there I had acquired an
interest in prostaglandins encouraged by Professor M.C. Macnaughton
and Dr. AW.F. Miller, who had allowed me to participate in the
firat clinical trials in Scotland of prostaglanding for therapeutic

abortion (Miller, Calder and Macnaughton, 1972).

In Oxford I was fortunate to join a newly formed prostaglandin
research group leq by Mr. Mostyn Embrey, Clinical Reader in the
Huffield Department. The John Radcliffe Hosplital had been
opened earlier in 1972 to rehouse the maternity departments from
the Radcliffe Infirmary (Nuffield Department) and the
Churchill Hospital (Area Department). The new hospital
occupiéd a site adjacent to the Nuffield Institute for Medical

Research where the main emphasis was on reproductive biology.

Mr. Enbrey had a distinguished reputation as a research
worker, particulariy in the field of the physiology and
pharmacology of the uterus. As Tirst Assistant to the late

Professor J. Chasgsar Moir, his studies of the clinical effects
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of ergometrine, oxytocin, vasopressin and "Syntometrine" had
helped to shape the use of such agents iu clinical practice.
HMore recently he had been at the forefront of the emerging
regearch field of prostaglandins and was the first British

investigator to study their actions on the uterus.

The Research Group

Having attracted research funds from the Yorcester
Foundation for Experimental Biology, the Upjohn Company and
the World Health Organisation, Mr. Bmbrey was able %o form a
prostaglandin research group consisting of two clinicians,
two research nurses, a pharmscologist, two laboratory technicians
and a secretary. The pharmacologist was Dr. Keith Hillier who
had just completed three years at Mkerere Universify i
Kampala, Uganda, working with Professor $.15.F. Karim in an
extensive programme of prostaglandin research. Dr. Hillier
had employed bioclogical assay procedures to study physiological
roles of prostaglandins in human reproduction. On his arrival
in Oxford he set about developing more specific radio-immuno-~
logical methods which soon proved reliable for estimating
F prostaglandins in body fluids (Hillier and Dilley, 1974).
I was privileged to work under his supervision in the laboratory
uging these methods and to be involved subsequently in the
development and application of a similar assay procedure for
E prostaglandins. Our collaborative studies to measure
prostaglandins in body fluids during pregnancy and labour fomm

an important part of this thesis (Chapter 8).



Yhile maintaining a keen interest throughout, MHr. Embrey
delegated the responsibility for the clinical studies to the
two research clinicians, one of whom was mainly concerned with
abortion {Mr. I.Z. MacKenzie) and the other with labour (myzelf).
Ve were each greatly assisted by a research midwifery sister who
attended to the nursing care of the patients and assisted in

data recording.

Other Associates

When Professor A.C. Turnbull came from the Welsh Mational
School of Medicine in October 1973 to be MNuffield Professor
of Obstetriés and Gynaecology, he took a keen interest in the
research and gave valuable advice and encouragement. He was
already a leading authority on the control of myometrial
contractility and parturition. He was accompanied by a small
group of research workers actively interested in the field.
The research laboratories recelved a fresh impetus under the
day to day supervisgion of Dr. A.B.M. Anderson and the facilities
were developed for measuring a wide variety of hormones important
in human reproduction. Dr. A.P.F. FPlint and Dr. M.J.N.C. Keirse,
both of whom had a special interest in prostaglandins, alsoc
Jjoined the department. While this group concentrated mainly
on studies in the sheep, we pursued our studies in human subjects

and cloze contacts between the groups were maintained.

Profesgsor Turnbull had been mainly responsible for the
development of the fully automatic Cardiff Infusion System

and he encouraged me to use this apparatus in my studies.
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This was to prove most valuable, and a description of the system

is given in Appendix A,

Another group with whom valuable collaboration was possibdble
was that led by Dr. M.K. Ounsted. This was basically a group
of paediatricians concerned with neonatal d evelopment, and a
number of joint studies were carrvied out, some of which are

discussed in Chapter 7.

In addition to those mentioned, a wide variety of
individuals both in the hospital and in the Nuffield Institute
were kind enough to interest themselves in the research and to
offer helpful advice. The holding of regular seminars to
discuss work in progress in both establishments proved an

invaluable stimulus to sustaining and developing the research.

OUTLINE OF THE THESTS

The thesgis is presented in two volumes. Volune I contains
the main narrative in nine chapters. Volume II contains two
appendices describing clinical and laboratory methods, followed

by the tables, the figures and the list of references.

The subject of the thesis is the problem of the unripe cervix
in primiparous women. By late pregnancy the uterine cervix is
usually soft, short and partially dilated in contrast to the

long, firm, closed cervix of early and mid pregnancy. This
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change is called ripening. A small number of patients depart
from this pattern and the cervix remaing unripe. The thesis
is concerned with the reasons for failure of.ripening, the
clinical problems which result, and the developmeant of methods

to improve the clinical outcome.

The present Chapter describes the circumstances in which
the research work was conducted and gives an outline of the
thesis. The precise role of the candidate in the researecn

ig defined and acknowledgements are made to those who assisted.

Chapter 2 presents a historical review of the literature
relating to induetion of labour andﬁexamines in detail the
emerging interest in the actions of prostaglandins which was
gaining great momentum at the time the research was started.
The normal pattern of cervical ripening is described in detail

in Chapter 3 and a critical appraisal is made of the postulated

mechanisms controlling this important physiological process.

The starting point for the present thesis was the clinical
impression that the conventional method of induction of labour,
namely amniotomy followed by intravenous oxytocin infusion,
vas unsatisfactory in an important minority of patienfs.
Chapter 4 describes the two initial studies, one retrospective
and one prospective, which were undertaken by the author to
quantify this impression. The retrospective analysis was made
of all primiparous confinements occurring in the John Radeliffe

Hospital during a six months period; this strongly suggested
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that much of the morbidity, both fetal and maternal, was
concentrated among women whose labours had bheen induced in

the face of an unripe cervix. In the prospective study

the degree of cervical ripeness was measured precisely at the
time of amniotomy and this was related to the clinical outcome.
This study confirmed the association between amniotomy in

the presence of an unripe cervix and high complication rateé

during labour for both mother and fetus.

The following Chapters (5, 6 and 7) describe work carried
out by the author which had the central objective of developing
nethods to overcome the clinical problems presented by the
unripe cervix. The firgt method which was used was intravenous
prostaglandin therapy and in Chapter 5 a randomised, double hlind
trial is described in which patients were allocated t¢ treatment
with amniotomy and intravenous oxytocin or amniotomy and
intravenous prostaglandin EZ. This study showed that those
patients who received PGE2 had a lower incidence of fetal distress,
birth asphyxia and caesarean section, but these benefits were
of fset by an unacceptably high incidence of unpleasant maternal

side effects.

Attention was therefore turned to local routes of
prostaglandin administration in the hope of maintaining the
clinical benefit while minimising the unpleasant side effects.
The technique chosen was the exbtra-smniotic administration of
prostaglandins which had hitherto been limited to use for

therapeutic abortion. The development and the application of

LD
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this technique for induction of labour is described in Chapter 6.
Two distinct techniques were developed: firstly continuous
extra-amniotic infusion of a PGE2 solution to induce labour, and
subsequently the use of PGE2 in a viscous gel to brinz about
cervical ripening prior to induction of labour. Using these
methods in patients presenting with an unripe cervix the results
were much superior to those obtained with amniotomy and
intravenous oxytocin infusion and these resulis are presented in
Chapter 7. This chapter concludes with a review of the
experience of other workers using prostaglandins administered

by local routes to induce labour or to ripen the cervix,and with
a discussion of the safety of these techniques with particular

reference to the fetus.

In parallel with the elinical studies, lahoratory investigations
were conducted in an attempt to throw further light on the
mechanisms responsible for the phenomenon of the unripe cervix
and these are described in Chapter 8. Evidence is presented which
suggests that the primary prostaglandins play a ceatral role in
the proéesses of cervical ripening and the initiation of
parturition. This supports the hypothesis which is advanced
throughout the thesis that these two processes of cervieal
ripening and the onset of parturition are intimately and
essentially related. This is further discussed in Chapter 9
which concludes the thesis and, as well as interrelating the
clinical and laboratory data, considers the implications of the

research and the possible direction for subsequent investigations.
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Chapters 4 to 8 inclusive contain the original data included
in the thesis. This consists of nine separate but closely
related studies of which five have been published in scientific
Jjournals. Reprints of these are included.in Volume I at the
relevant points in the development of the thesis. These

five papers are as follows:—

In Chapter 5

"Comparison of intravenous oxytocin and prostaglandin E2

for induction of labour using automatic and non-automatic

infusion techniques",
by A.A. CALDER and I1.P. BMBREY.

Reprinted from the British Journal of Obstetrics and

Gynaecology. Volume 82, No. 9, September 1975.

In Chapter 6

"Intrauterine (extra-amniotic) prostaglandins in the

management of unsuccessful pregnancy".
by A.A. CALDER, I.Z. MACKENZIE and HM.P. EMBREY.

Reprinted from the Journal of Reproductive Medicine.
Volume 16, No. 5, May 1976.

"Rxtra~amniobic prostaglandin E2 for the induction of

labour at term".
by A.A. CALDER, M.P., EMBREY and XK. HILLIER.

Reprinted from the Journal of Obstetrics and Gynaecology

of the British Commonwealth. Volume 81, No. 1, Januvary 1974.

In Chapter 7

"Ripening of the cervix with extra-amniotic prostagiandin E2

in viscous gel before induction of labour".

by A.A. CALDER, M.P. EMBREY and T. TAIT.
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Reprinted from the British Journal of Obstetrics and

Gynaecology. Volume 84, No. 4, April 1977.

In Chapter 8

"Concentrations of prostaglandin ¥ in amniotic

2a
fluid and plasma in spontaneocus and induced labours".

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

Reprinted from the Journal of Obstetrics and
Gynaecoclogy of the British Commonwealth.
Volune 81, No. 4, April 1974,

PRECISHE ROLE OF THE CANDIDATE TN THE RESEARCH

As has already been stressed, the research was conducted
while I was a member of a research group consisting of nine
individuals and all the work described in the thesis was
therefore to some degree collaborative. Under the overall
direction of Mr. Imbrey, the research proceeded in three main
areas, namely, abortion, labour and laboratory and these were
under the immediate supervision of Mr. HMacKenzie, myself, and
Dr, Hillier, respectively. The work was discussed at all
stages among the group as a whole, but I had complete
freedom to initiate and direct the clinical labour studies
and, in consultation with Dr. Hillier, such laboratory studies

as had a bearing on labouxr.

Clinical Studies

[
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Clinical Studies

The clinical studies described in Chapters 4, 5, 6 and 7
were all conceived, organised and executed by myself under
the guidance of Mr. Embrey. I was responsible for the
selection of all patients and personally conducted all
- assessments of ceivical score and clinical procedures for
induction of labour and pre~labour cervical ripening. The
only exceptions to this were the last 42 of the 121 cases of
cervical ripening with PGE2 in viscous gel described in
Chapter 7. These cases were managed by Mr., T. Tait who

succeeded me as Clinical Research Pellow when I left Oxfeord.

After induction of labour the clinical management of
all patients was in the hands of the duty obstetric staff
but the nursing care of the patients remained the responsibility.
of Sister 3.E. Johnston, the research midwife who also

asgisted me with data collection and documentation.

The assessment, including the statistical analysis,
of all the clinical data was made by myself and I was principal
author and responsible for writing all the clinical papers

included in the thesis.

Laboratory Studies

The laboratory studies described in Chapter 8 were
conceived and designed in collaboration with Dr. Hillier.
I was responsible for selecting the patients to be studied

and for the collection and storage of all the biological

samples analysed. I personally carried out laboratoxry



laboratozm/

asséys for prostaglandings on a significant proportion of the
gamples but the majority of these were carried out by

Dr. Hillier or his technician, Mrs. Susan Dilley. The
measurements of progesterone, oesgtradiol 175 and cortisol
made in parallel with some of the prostaglandin estimations
were kindly performed by Dr. Anne Anderson and her laboratory

staff.

The paper included in Chapter 8 on the subject of
prostaglanding in spoﬁtaneous and induced labouirs was written
jointly by Dr. Hillier and myself. As overall director and
grant holder, Mr. Embrey's name appears on all the papers
and he often made helpful suggestions of amendments to the

original texts.

In compiling the thesis I have personally carried out
all the literature research and the composition of the text,
but I wish to acknowledge the invaluable assistance of a

large number of individuals.

ACKNOWLEDGEMENTS
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laboratory studies were also enhanced by Mrs. Susan Dilley who,
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of prostaglandins, remained cheerful and uncomplaining in spite
of the many frustrations inherent in the procedure and in

helping a clinician to learn it.

Sister Susan Johnston gave expert and sympathetic nursing
care to the patients and was most diligent in recording clinical
data on the mother, fetus and neonate. She developed a
valuable expertise in handling the complicated infusion and

monitoring apparatus used throughout the studies.

Miss M.J. Bremner~Milne was a most attentive and helpful

secretary to the group.

Professor A.C. Turnbull took an active and practical
interest in the research and fostered an atmogphere of
collaboration with his own group, of whom Dr. Anne Anderson

was especially helpful.

None of the research would have happened without the
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willing co~operation of the patients together with that of the
obstetricians, midwives, anaesthetists ard paediatricians

of the John Radcliffe Hogpital.

The main funding agencies for my part of the research
were the Worcester Foundation for Experimental Biology and the

Upjohn Company.

I wish to thank Miss Sylvia Barker in Oxford and
Mr, William McNally in Glasgow for expert art and

photographic assistance.

The thesis has been typed throughout by Hiss Thelmar Morrison

who has worked tirelessly and has shown remarkable patience. -

I have been encouraged throughout, to undertake the
fellowship, to pursue the research and to write the thesis
by Professor M.C. Macnaughton and Dr. P.VW. Howie. These
gentlemen have given unsparingly of their time to offer

invaluable advice and criticism.
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A CRITICAL REVIEYW OF TNDUCTION OF LABQUR

Over the centuries there have been times when man has
attenpted to interfere with the natural course of pregnancy
and bring about its interruption. His motives have been,
and continue to be,.either medical or social hut the
interference has often aroused passionate disagreement in

medical, theological, legal and lay circles.

The past century has witnessed dramatic changes in all
aspects of life and not least in obstetric practice. The
horrendous mortality rates, both fetal and maternal associated
with child-bearing in the late nineteenth and early twentieth
centuries have been steadily whittled down so that thsey are
now approaching irreducibly low levels. Each generation
has seen increased safety in childbirth, and women can now
embark on pregnancy free from the very real fears which beset

thelr grandmothers and great-grandmothers.

The same period has seen induction of labour increase
from an ocecasional weapon used in desperate straits usually
where the mother's life wag threatened, to a widespread
practice employed in some hospitals in almost half the total
confinements (Annual Reports for 1973 for the Simpson Memorial
Maternity Pavilion, Edinburgh and the John Radcliffe Hospital,
Oxfcrd). The steepest increase in its use has occurred in
the past dozen years, but as long ago as 1920 Reed in the
first igssue of the Americal Journal of Obstetrics and

Gynecology, (Reed 1920) advocated routine induction of labour
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at term on the grounds that "the end of profitable
intra~uterine 1ife had been accomplished and continuance
thereof is only ...... an invocation to all those

dangers, morbidities and mortalities which are so familiar

to us all". The passing years have secen a wider acceptance
of Reed's viewpoint, so very extreme in his day, and there
are those who consider that, in many respects, induced

labour may be preferable to spontaneous labour. They

point to the increased safety when the whole process is
conducted from s%art to finish in a well supervised maternity
hogpital. Cn the other hand, the sharp increase in the use
of induction of labour has had its stern critics (Dunn 1977).
It has been condemned as an unnatural interference contributing

t0 a variety of perinatal problems.

The obstetrician must, therefore, assess the palance
between the risks of continuing the pregnancy with those
of its interruption (figure 2.1). An important factor in
this assessment are those risks associated with thé method
chosen to interrupt the pregnancy, be it induction of labour
or elective caesarean section. The history of induction of
labour has been dictated by the constantly changing weight
of the different risk and benefit factors which a fuller
understanding of the pathology of pregnancy and the physiology

of labour has progressively brought about.



Indications for ITnduction of Labour

Induction of labour is indicated whenever the risks of
continued intra-uterine life are greater than those of induced
labour and delivery (Howie 1977). The risks to the undelivered
fetus are very great in severe pre-eclampsia, essential
hypertension, renal disease, rhesus iso-immunisation, diabetes
and fetal growth retardation. In these conditions the need
Tor induction of labour, usually before term, is not in dispute.
The frequency of these iﬁdications will vary depending on
the nature of the obstetric population but together they may
account for an induction rate of about 10 per cent (Tennant

and Black 1954).

The sharp increase in the use of induction of labour,
in recent years, owes much to the pioneer work on perinatal
mortality by Baird, Walker and Thomson (1954). They
established that prolonged pregnancy represented an increasing
risk to the fetus. For example, Walker, in his Blair-Bell
Memorial Lecture of 1§54 (Walker 1954) showed that 21% of
primigravidae delivered after 41 weeks. In this group,
however, there were 51% of all unexplained stillbirths,

83% of all anoxic stillbirths in labour, and 40% of all
traumatic deaths associated with difficult labour. These
risks were increased in association with increased maternal
age, mild pre-eclampsia, and impaired maternal weight gain.
A number of other reports {(Clayton 1941; Racker, Burgess

and Manly 1953; Butler and Bonham 1963) have confirmed
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these conclusions.

As a result of their epidemidogical studies, the
Aberdeen workers used induction of labour and caesarean
section more frequently and noted a sharp improvement in
verinatal mortality, particularly in the groups most at
rigk (Baird 1977). Other studies tended to confirm the value
of induction of labour in reducing the risks associated
with prolonged pregnancy (Racker, Burgess and Manly 1953;
Theobald 196%; Turnbull and Anderson 1968a). More recently,
MeNay et al (1977) in Glasgow examined the impact of an
aggressive induction policy upon perinatal mortality and
found that an increase in the induction rate from 15% to
35% was associated with a fall in the number of perinatal

deaths due to placental failure in late pregnancy.

Chalmers and his colleagues in Cardiff have challenged
the value of induction of labour in a series of papers
(Chalmers, Lawson and Turnbull 1976a, b; Chalmers et al 1976c).
They found that a high number of deaths due to anoxia and
birth trauma did not respond to an increase in the induction
rate from 9% to 26%. The reasons for the differences
between the Glasgow and Cardiff reports are not clear.
It may be that differing obstetric populations or differing
criteria of selection for induction may explain the apparent
contradictions. Although the precise indications for induction

of labour have not yet been finally determined, it is cerbainly
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clear that, for the forseeable future, the ability to control
the timing of delivery will remain an importnat weapon in

e

the obstetrician's armementarium.

Methods of Labour Induction

Through the ages a host of‘widely dif fering methods
have been used to try to induce labour or procure abortion.
The Ancient Greeks are said to have sometimes bound the mother
to a couch which was then upended and bounced against a bunch
of faggots. Other bizarre methods from Canada and Indo-China -
are illustrated in Figure 2.2 (a and b). The success rates

are not on record.

Munro Kerr, Johnstone and Phillips (1954), and Donald (1972)
have reviewed mediaeval practices for induction. A certain
Reverend Maister Alexis of Piemont in 1595 described a
comprehensive list of medicaments which he claimed could
stimulate the uterus. This included junniper bherries,
cinnamon, and castor oil (the last has still not gone out of
vogue in some institutions) and to these were added a century
later by Nicolas Culpepper in 1684 red pepper, Pennyroyal and
mugwort not to mention a concoction of swallow's nests and rain
wvater, strained and taken warm. Lven more exotic was a method
reconmended by Dr. Henry Bracken in 1735 whereby "the oil of
sweet almonds be applied, warm, with a bunch of feathers to

the privites and wvagina".



Probably the most important milestone was the introduction
of anniotomy by Demman in 1756. This remains a fundamental

part of labour induction to this day.

Theobald (1961) has described intact forewaters as
"the greatest single hindrance to progress in labour" and
vet only recently has it been possible to perform amniotomy
with impunity as a method of labour induction. Although
successful induction of labour may be anticipated in 80~90%
of patients following amniotomy alone (Tennant and Black 1954;
Manly 1956) in the absence of a suitable additional method
of stimulating myometrical contractions, the remaining
10-20% of patients remained an important deterrant to the use
of amnioctomy without a compelling indication. The sword of
Damccles was intra—uterine sepsis which inevitably follows
amniotomy if delivery is long delayed (McCallum and Govan 1963)
and demanded delivery by caesarean section in these case of

failed induction (MacVicar 1971).

The search continued therefore for methods which would
induce labour without the need to perform amniotomy. Kraus
introduced uterine bougies in 1850, and six years later
Scanzoni advocated hot carbolic acid douches. In 1861
Barnes adapted a traditional method which used pigs bladders
emnploying water £illed bags made of rubber. Hone of those

methods was reliable, and all carried risks.

In 1909 another milestone was passed when William Blair-Bell

published his account of the parturigenic properties of extracis
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of the posterior pituitary, (Blair-Bell 1309) thereby
initiating the chain of events which culmirnated with the
ldentification and therapeutic availability of oxytocin.

But progress rerained slow. "A Glasgow Manual of Cbstetrics!
(1924) edited by S.J. Cameron described only two methods of
labour induction, one the use of intra-uterine bougies, the
other a medical method combining the use of quinine (to
sensitise the uterus) and "pituitrin extract" to stimulate it
(Cameron 1924). In 1931 Drew-Smyth described hindwater
rupture of the wmembranes by means of a specially designed nmetal
catheter (Figure 2.3) the advantages of which were claimed to
be a reduction in the incidence of intra-~uterine infection and

"forewater preservation" (Domald 1966).

Even when oxytocin did become available in pure form,
several years elapsed before obstetricians learned to use it
rationally. As has so often happened in obstetrics, especially
with methods of labour induction, judgement was outstripped
by enthusiasm on the part of a few clinicians and catastrophes
occurred. It took only a few cases of injudicious management
to bring oxytocin into disrepute. Many older clinicians even
today fear oxytocin following bitter wmemories from those days,
and impose arbitrary limits on its use. At a famous meeting
in the United States Joseph Bolivar de Lee held up a rupbured
uvterus in one hand and a dead fetus in the other, quoting from
the scriptures (Proverbs 23, 32) in his condemnation of oxytocin:
"Tt biteth like a serpent, and stingeth like an adder”

(Mr. B.A. Williams, personal communication).



A school of thought of whom Theobald was the main proponent
naintained that oxytocin should be used only at "physiolozical®
dose rates (Theobald et al 1948) the maximun allowed being
10 millivnits/minute. It is now clear that this was based
on mistoken beliefs regarding the physiological centrol of Jabour

and on wrong assumptions regarding the role of oxytocin.

Vhile such atiitudes undoubtedly served to prevent tragedies
from oxytocin overdosage, this over—cautious approach resulted

in a higher failure rate for induction of labour.

MacVicar (1971) reviewed all 3,359 cases of amniotony for
labour induction in the Queen Mother's Hospital from 1965-1069.
Three hundred and seventy-one of these patients (11%) were
subsequently delivered by caesarean section, and in almost
exactly half of these the sole indication or mein contributory
indication for this was a failure of the uterus to contract

effectively.

When the aunthor began his obstetrical career in the
Queen Mother's Hospital, Glasgow, in 1969, a variety of methods
were employed in the 25.4% of patients in whom labour was induced
(Table 2.1). The criterion of successful induction was delivery
within 24 hours, and in barely two-thirds (68%) of patients

was this achieved (Queen Mother's Hospital Report 1968-1969).

Pour different methods of labour induction were employed

reflecting a wish to avoid amniotomy and oxytocin therapy if
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possible. These are as shown in Table 2.2.  Without amplificotion
the figures are misleading, Firstly method (2) (amniotomy alone)
appears the most successful in achleving delivery within 24 hours
(91%) but it was precisely because of a successful response that
pgtients remained in this group. If the response to amniobomy
alone was poor then oxytocic stimulation was usually added after
12 or 24 hours, but rarely immediately after amniotomy, and the
patient was then managed under method (3) or (4). Tthat seems
remarkable, a mere ten years later, is that almost 4 per cent

of patients managed by amniotony alone were later delivered by
caesarean section for failed induction without rescrt to oxytocic
stimulation ever being made. There may have been additional
contributory factors such as a uberine scar in some cases but

these figures serve to underline the caution of the day.

The poorest results were associzted with amniotomy and
intravenous oxytocin infusion, the method which subsequently
became the standard method of labour induction. The reason
for this paradox is that this method was reserved for patients
in whom‘undue difficulty was anticipated or other methods had
already failed. Such patients probably included the hard coxe
of labour induction candidates with which this thesis is meinly

concerned.

The following three or four years witnessed acctinuing rise

in induction rates nationally (DoH.S.So 1974).

This resulted from a number of developments in the methods

applied. The main ones are listed here:-



F

listed here:-

1) The appreciation that in most casges nothing
is gained by delaying oxyltocin infusion

(Bradford and Gordon 1968; Patterson 1971).

2) The recognition that a large veriation exists
from patient to patient in the uwberine
sengitivity to oxytocin (Fmbrey 1962;

Yood 1972).

3} The application of fundamental pharmacological
principles leading to the concept of oxytoein
"titration" in which the dose rate is tTitrated
by logarithmic increments against the uterine
response (Turnbull and Anderson 1968:

Scott 1972).

4) The development of sophisticated machines to
control the rate of oxytocin infusion
(MacVicar and Howie 1967; FPrances, Turnbull

and Thomas 1970; Hamlett 1972).

The attractions of these policies were quickly appreciated.
The uncertainty was largely removed from labour induction and
delayed labour disappeared. No longer did patients languish
after induction with the sun setting twice or more before they
were delivered, The incidence of failed induction of labour

and intra-uterine infection fell sharply.



The Hazards of Induction of Labour

Mention has already been made of gsome potential hazards of
labour induction and these will now be considered in greater
depth. Just as the main aim of obstebric care is to secure
8 healthy baby and a healthy mother, so the object of induction
of labour should be to achieve vaginal delivery of an infant in
optimal condition after a labour which has been both safe and
satisfying to the mother. It should at once be pointed out
that spontaneous labour is not always successful in these respects.
Many of the criticisms of induced labour in the past have pointed
to problems which were less the result of induction than of the
obstetric pathology which necesgitated it. Where studies have
been conducted on populations matched for these factors
(D'Esopo, Moore and Lenzi 1964; Booth and Kurdyak 1970;

Cole et al 1975) induction has not been found to cause increased

morbidity or mortality.

A nunber of potential hazards must be considered, however.

The most important are listed in Table 2.3.

Prematurity

Because induction results in artificial interruption of
pregnancy, the risk of delivering an immature infant is an ever
present one. Niswander and Paterson (1963) reported a perinatal
mortality of seven per thousand from prematurity and respiratory

failure in association with elective induction of labour, but
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this has not been general experience, (Husbands 19503 Brving
and Kenwick 1952) and clearly the value of this therapeutic
weapon depends heavily on the care with which it is applied.

One essential pre-requisite to induction is an acecurate
knowledge of the fetal maturity, and where this is in doubt,

as for instance when the menstrual history is unreliable,
additional steps must be taken to pinpoint it. Ultrasonic
measurements of the fetus, especially of the crown-rump length
in early pregnancy (Robinson 1973), and assessment of fetal
pulmonary surfactant by examining the amniotic fluid in late
pregnancy (Gluck et al 1971) are often helpful in such cases.

In practice, if rigorous attention is paid to establishing the
fetal maturity before labour is induced it should be possible to

avold delivery of an unexpectedly premature infant.

Neonatal Jaundice

Several reports have linked an increased incidence of
neonatal hyperbilirubinaemia with induction of labour or the
drugs by which it is achieved {Ghosh and Hudson 1972;
Davies et al 1973; Calder et al 1974; Roberts and Weaver 1974).
The jaundice hag been mild and transient however, and probably of
1ittle clinical importance. These studies only detected the
association by routine measurements of bilirubin, and it is notable
that studies of infants with clinically recognisable ( and
therefore perhaps significant) Jaundice (Friedman and

Sachtleben 1974) have failed to demonstrate any link with induction.
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Fetal Hypoxiz and Birth Asphyxia

It is difficult to assess the contribution of induced labour
to the development of fetal hypoxia and birth asphyxia. Patients
undergoing induction are very often those at greatest risk of
these problems during labour, regardless of vhether it is

spontaneous or induced.

The critical question is: all other things being equal,
ig induced labour more likely to cause fetal hypoxia than
spontaneous labour?  All the studies which have tried to
answer this question have suffered from the same failing; all
other things were not equal. In the study of IListon and Campbell
(1974) the babies from the induced group had a higher incidence
of depressed Apgar scores and special care unit admission,
but the mothers in the induced group were usually obstetrically
abrormal while the control group was esgsentially normal. The
studies of Turnbull and Anderson (1968) and Cole et al (1975)
which showed less fetal hypoxia (as indicated by meconium staining)
in labour among those patients in whom labour was induced, suffer

from a different type of bias, namely the difference in the timing

of delivery.

The best way to answer the question would be to carry out a
randomised controlled study of matched populations in which one
group had labour induced while in the other it was avrranged
that "spontaneoug" labour began at the same time. Tor obvious
reasons such a study is impossible. Nevertheless, it should be

our aim to pursue the study of the mechanisms controlling parturition
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g0 that ultimately we can carry out induction of labour that will

be identical in all respects to spontaneous labour.

For the meantime there are several theoretical reasons
vihy existing methods of induction of labour might'increase the
risks of fetal hypoxia. Donald (1966) has suggested that since
armiotic fluid is released by amniotomy this reduces the volume
of the uterine contents and must result in some gshrinkage of
the uterus as a whole. This, he suggests, must inevitably
caugse some retraction in the upper uterine segment with reduction
in the area of the placental site and blood flow therein. The
data of Caldeyro—~Carcia et al (1974) support- this theoretical
contention. He has demonstrated that early amniotomy in
gspontaneous labour causes more perinatal problems (type I fetal
heart decelerations, fetal skull moulding, depressed Apgar

scores) than if the membranes are maintained intact.

Mention nust also be made of the additiocnal risk of acute
asphyxia due fto cord prolapse at the time of amniotomy. This
ig of little importance however since intelligent awareness of
the type of case at risk should minimise this possibility; and
gince this complication is probably as. likely to happen at the
time of spontanecus membrane rupture, how much better that it
should occur when there is an examining finger present in the

vagina to detect it.



Infection

Mention has already been made of thils risk in association
with delay following amniotomy (McCallum and Govan 1963).
Althovgh Donald (1966) has stated that "there is no such thing
as an aseptic amniotomy" it is clearly important to adhere to
a strict aseptic technique both for amniotomy and vaginal examinations
in labour if the probiems of infection both to the fetusg and
the mother are to be minimised. The rational use of oxytocin
has greatly reduced this problem, but the potential hazard
of introducing infection remains one important drawback to

amniotomy.

Haemorrhage

Fetal haemorrhage may occur as a result of direct injury
to the fetus or placenta during asmniotomy. Fortunately this
is rare, particularly since the Drew Smythe catheter (Figure 2.3)
is deservedly on its way to the obstetric museun. The rare
possibility of a vasa praevia remaing and should encourage analysis
forkthe presence of fetal cells of any blood noted at amniotomy

(Mitchell, Anderson and Russell 1957).

Maternal bleeding, usually from the cervix, is much

commoner but is rarely s serious problem.

Caegsarean Section

It has been claimed (Bonnar 1976) that increased use of induction
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of labour could lead to a higher rate of caesarean section.
Vational figures do not bear this out (D.H.S.S. 1974).

Between 1965 and 1972 the rate of labour induction in hospitals
in England and Vales rose from 15 per cent to %5 per cent :
during the same peariod the caesarean section rate only rose

from 5.0 pexr cent to 5.3 per cent. Clearly a multitude of
factors are involved in detemining the caesarean secticn rate
especially when national figures are examined, but Cole, Howie
and Macnaughton (1975) found no increase in resort to caesarean
section when in a randomised controlled study, elective induction
of labour at term was compared with a more conservative
management. Other retrospective comparative studies have
supported the view that the induction rate is not the primary
factor in determining the caesaresn section rate (Chalmers

et al 1976e).

Nevertheless, the aim of inductinn of labour is to deliver

bables in better health than would happen without induction,

and should anticipate problems which might lead to fetzl distress
in labour. If this were successful one would expect a reduction
in the caesarean section rate but this has not materialised.

One reason for this may be the false assumption that the stresses
and strains of induced labour are identical toc those of spontaneous
labour. That this is patently not true, especially if the cervix

is unripe, is of central importance to this thesis.



Uterine Rupture

Awais and Levhersz (1970) have drawn attention to this
potential hazard in oxytocin inductions especially in
patients of high parity. ¥hen such an accldent happens
after the active intervention of induced labour there is
usually a tendency to blame the induction, But Howie (1977)
has pointed out that such accidents may zlso happen in
spontaneous labours. Clearly the careless use of oxytocin
nust increase the risk of uterine rupture but there is no

evidence that, properly controlled, it constitutes any

additional hazard.

Amniotic Fluid Embolism

In common with wterine rupture, when this rare but usually
fatal catastrophe strikes during or after induced labour,
recriminations follow and doubts are raised about the
contribution induction made to the event. Courtney (1974)
has reviewed the literature on this subject, and been able
to find depressingly few pointers to the etiology. There
is certainly no direct association with induction of labour;
indeed it might be argued that by rupturing the membranes and
allowing some of the liquor to drain away, the dangers of this

complication are slightly reduced.

Maternal Dissatisfaction

While perhaps not strictly a "hazard" of induction of labouw,
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there can be no doubt that maternal dissatisfaction with the
procedure has become increasingly apprarent in recent years
(Robinson 1975; Riley 1977). It has been clzined that
induction depersonalises the experience of childbirth so
that the mother feels that things are being done to her
rather than she doing them herself (Tweedie 1975). HMuch

of this dissatisfaction may derive from a failure to explain
properly to patients the reasons for induction, but there is
no doubt that they also derive in part from the defects of

the methods used and in part from the fact of the interference

itself.

Cartwright (1977) has investigated mothers experiences of
induction of labour. While she found no differences in the
degree of pain reported by mothers following induction than
following spontaneous labours, only 17 per cent indicated a
preference for induced labour.  This contrasts with much
higher rates for epidural analgesia (63%) and hospital
confinement (83%), and would seem to reflect a deep rooted
desire among women for "natural" spontaneous labour. In a
similar study Stewart (1977) found that many experienced

pain dvring amniotomy, especially if the cervix was unripe.



THE PROSTAGLANDTINS

In 1930 two Mew York gymaecologists reported an

observation and thereby set in motion a chain of events
which led to the discovery of a hitherto unknown group of
biologically active substances - ‘the prostaglendins.
Raphael Kurzrok and Charles C. Lieb noted that when attempting
to carry out artificial insemination in a humez subject,

5 ml. of semen injected into the uterine cavity was
promptly expelled back through the cervix. This did not
occur if Ringers solution was substituted for semen.  They
subsequently studied the in vitro response to semen of human
myometrial strips and showed that this could vary in different
conditions between stimulation and relaxation (Kurzrok and

Lieb 1930).

During the preceding 25 years a number of workers had
reported biological activity in extracts made from the prostate
and seminal vesicles. Jappelli and Scafa (1806) described
effects on the central nervous and cardiovascular systems of
dogs and rabbits following intravenous injection of extracts
of the dog prostate. Five years later Dubois and Boulet (1911)
found a similar extract could influence the mobility of thé
gut in dogs, cals, rabbits and sheep. These and other reports
by Thaon (1907), Camus and Gley (1907), ¢btzl (1910), and
Battez and Boulet {191%) all indicated the existence of
extractable substances with biological activity but no studies
were made of uterine responses, and interest declined until

re-awakened by the Xurzrok and ILieb report.



In 1933 M.¥W. Goldblatt of St. Thomas' Hospital, London,
read a paper to the Biochemical Soclely desecribing powerful
contractions of the isclated gulnea-pig uterus when alcohol
or acebone extracts of human seminal fluid were applied to
it (Goldblatt 1933). Working independently at the Karolinska
Institutet in Jtockholm, Von Euler made aimost simultaneous
and identical observabions not only with seminal extracts, but
also those of the accessory genital glands (Von Euler 1934).
He assumed the active principle found in semen to be a
secretion of the prostate gland and coined the name
"prostaglandin®; he also congidered the extract of seminal
vesicles to be a different substance which he called
"vesiglandin® (Von Fuler 19%6). When it later became clear
that a variety of different prostaglandin substances exigted
and it seemed likely that the different effects he had noted
with the two extracts were due to differences in the variety
and concentrations of different prostaglandins, the latter

name was abandoned.

Goldblatt had suggested that the effect he had observed
vas due to histamine (Goldblatt 1935) but Von Euler (1936)
disproved this by making an extract with ether, and proceeded
to demonstrate that his "prostaglendin" was capable of

stimulating human myometrial strips in vitro.

The foundation wasg thus laid for the momentous work
that followed. In 1947 Von Euler, s physiologist, persuaded

his colleague at the Karolinska Institutet, Sune Bergstf%m,
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a chemistry professor, to try to purify the active substance
from a concentrate of seminal vesicle material from Icelardic
sheep. The material was limited and little prosgress was made
until 1956 wvhen it was possible to organise collection of vast
nunbers of frozen sheep glands. Hence in the late 1950's
"prostaglandin” was shown to be not a single substance but

a mixture of several closely related unsaturated hydroxy fatty

aclds. This may explain the variable results seen previously.

The isolation in pure crystalline form from sheep prostate
glands of the first two prostaglanding was described in 1960
(Bergstrdm and §jdvsll 1960a, 1960b), and their chemical
structure in 1962 (Bergstrgm, Ryhage, Samuelsson and
Sjgvall 1962)6 Identification and characterisation of more
prostaglandins followved from sources other than the genital
tract so that ultimately as many as 17 natural compounds were
identified‘originating from practically every type of memmalian
tissue.

Following work by van Dofp et al (1964) in Holland and
groups at the Uniyersity of Harvard and at the Upjohn Couwpany
in Kalamazoo, biosynthesis and ultimately total chemical
synthesis of the primary prostaglandins became possible in the
early 1970's (Corey 1971; Axen Pike and Schueider 1972).

The scene was nov set for widespreadclinical trials.

By 1972, when the work described in this thesis began,
a large number of reports had appeared of the use of prostaglandins

for therapeutic abortion and induction of labour. Many of the
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early studies were made by Professor Karim in Kampala

(Karim et 21 1969; Xarim 197la, b and c) and these, together

with those in this country in London (Beazley, Devhurst and Gillespie
1970; Craft 1972), Glasgow (Miller, Calder and Macnaughton 1972;
Barr and Naismith 1972) and Oxford (Bmbrey 1970a and b, 1971)

and others in Sweden (Hiqjvist et al 1968) and the United States
(Anderson et al 1972) had investigated a variety of routes

of adminigstration. By 1972 it had been established that PGE2

was more potent than PGcmx and caused fevwer side effects.

During this time many biological observations were being
reported which are now known to be attributable to prostaglandins.
It was generally assumed that the presence in seminal fluid of
such potent substances could not be without purpose and that
they might facilitate sperm transport. Doubt was cast on this
by Karlson (1959) who suggested that uvterine stimulation was
more likely to hinder than to help sperm transport but Eliasson
(1959) by in vitro experiments and Bliasson and Posse (1960)
by others in vivo demonstrated that the usual effect of seminal
fluid was to inhibit rather than to stimulate uterine contractions.
This together with the later report by Sandberg, Ingleman~
Sundberg and Ryden (1964) that its effect on the fallopian
tubes was to stimulate their medial portions while relaxing
their outer portions led to the postulation that seminal
prostaglandins influence conditions in the female genital
tract to halt the ovum in the uterine ftube at the opiimal

point for fertilisation.



Meanwhile in Cardiff, Pickles had been pursuing a different
line of research. He had been intrigued by suggestions of the
existence of a "menstrual toxin". Dr. Schick of Vienna in
1919 notice that sometimes gifts of flowers handled by his
naid-servant quickly withered, and he learned that this only
happened when she was menstruating. He concluded that the
cause was a'menztrual toxin' secreted in the velmar sweat at
the time of menstruation. Other anecdotal accounts of this
kind reinforced thisg belief, and Macht and Davis (1934) were
able to show that ecrude menstrual toxin obtained from nmenses

could potentiate contractility of the rat vas deferens.

Pickles repeated this experinment with extracts of menstrual
fluid, endometrium and blood obtained during menstruation, and
extended the study to other smooth muscle systems including the
myometrium. He was able to postulate that menstrual fluid
contained a smooth muscle stimulant which was probably
responsible for the expulsive uterine contractions during
menstruation. He called this "wenstrusl stimulant®
(Pickles 1957). Later by chromatography two fractions were
distinguished, one containing "menstrual toxin'" and the other
"menstrual stimulant", the latter being lipid in nature
(clitheroe and Pickles 1961). Further chromatographic
studies (Bglinton et al 1963) showed that the menstrual
stimulant fraction contained a number of substances with
molecular structures similar to the prostaglandins which

Bergstrgm had characterised.

In other tissues a variety of smooth muscle stimulants

came to light and were given names associated with their sites
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of discovery. Thus "irin" {Ambache 1957) from the iris of
the rabbit, "medullin® (Lee et al 1965) from the renal medulla
of the rabbit, and "darmstoff® (Vogt 1949) from the frog
intestine were substances with properties which have since

been shown to be due to their prostaglandin content.

The sources of prostaglandins =are now known to embrace
a bewildering variety of mammalian tissues and fluids. In
the human alone their sites of occurrence and biological actions
are legion (see Tables 2.4 and 2.5; TFigure 2.4) and the
richest source found so far is the unlikely Carribean coral

Gorgonian plexaura homomalla (Schneider 1975).

Chemistry

Most of the credit for the chemical characterisation of
prostaglanding must go to Bergstrgm and his colléagﬁes at the
Karolinska Institutet in Stockholm. Indeed it was this group
who first recognised that the new phenomenon was not a single
substance but a variety of closely related lipid soluble
unsaturated hydroxy fatty acids. In 1957 Bergstrfm and
Sj%vall isolated two pure cystalline prostaglandins fronm
sheep seminal vegicles. ~One, more soluble in ether, they
called prostaglandin B; the other, more soluble in phosphate
buffer (spelt in Swedish with an F) they called prostaglandin F.
The ensuing years saw ildentification of several more variants,
so that 17 different naturally occurring prostaglandins are

now recognised. A1l prostaglandins are long chain hydroxy



hydroxy/

fatty acids with 20 carbon atoms arvanged with a cyclopentane
ring and two side chains. They are thus all derived from
the same bagic structure represented by the hypothetical

subgtance prostanocic acid (Figure 2.5).

There are four groups designated by the letters E, T,
A and B, according to the composition of the cyclopentane ring
(Figure 2.6). Naturally occurring prostaglanding of the
B and P series are referred to as primary prostaglandins since
all others are derived from these. The primary prostaglandins
are those of particular relevance to this thesis and are

illustrated in Pigure 2.7.

They all contain a hydroxyl group in position 15 and a
13, 14 trans double bond. Bach group is further divided
according to the degree of unsaturation of the side chains
and a numerdcal suffix is added depending on the number of
double bonds they contain (see Figure 2.7). Compounds of
the P series may be either  or P isomers depending on the
stereochemical arrangements of the hydroxyl groups in positions.

9 and 11, although only the o isomer occurs naturally.

Biosynthesis

Prostaglandins are synbthesised naturally from fatty acid
precursors, under the control of a microsomal enzyme system -~

prostaglandin synthetase. The initial precursor is linoleic



linoleic/
acid obtained from the diet and the main pathways are illustrated
in Mgure 2.8. This synthetic cavacity has now been demonstrated

in a wide variety of tissunes.

Once the biosyathetic pathways had been elucidated,
(van Dorp, Beerthius, Nugteren and Vonkeman 1964; Bergstrgm,
Danielsson and Samuelsson 1964) it was possible to exploit this
kmowledge to manmufacture primary prostaglandins in amounts
sufficient for the early clinical trials, but their availability
vas limited by supplies of enzynes. Only since total chemical
synthesis has been possible have prostaglandins become widely
available and this has been achieved mainly by the efforts of
Corey and his associates at Harvard (Corey 1971), and those of
scientists in the laboratories of the Upjohn Company at
Kalamazoo (Axen, Pike and Schneider 1972). An important honus
of this ability to synthesise prostaglandins chemically is the
seeningly limitless variety of analogues of prostaglanding wvhich
cen be produced. It is already clear that some such andlogues
may have distinct therapeutic advantages over natural compounds
especially in possessing greater specificity of actions, and
greater resistance to metabolic degradation. This gives rise
to hopes of overcoming two important limitations on the use of
primary prostaglandins, namely troublesome side effects and

short duration of action.

Metabolism

It should be emphasised that, although often loosely



loosely/

described as hormones, the primary prostaglandins do not behave
as hormones in the accepbed sense of substances released into the
circulation from a specific organ in order to influence the
activity of remote organs or ftissues. They are synthesissd and
released either at or adjacent to their site of action (Karim

and Hillier 1975).

Once in the general circulation they are rapidly metabolised.
Animal experiments suggest that as much as 90 per cent of primary
prostaglandins are inactivated during a single passage through
the lungs with a further proportion being removed by other
organs such as the liver. Samuelsson et al (1971) produced
evidence of a similar situation in the human whexn they showed
that only 3 per cent of intravenously injected 3H labelled
prostaglandin E2 remained unaltered in the plasma after 90 seconds,
and more than half the total radiocactivity can be recovered

from the urine within five hours.

There appear to be four main stages in the metabolic
degradation of primary prostaglandins. First the hydroxyl group
at position 15 is oxidised by 15 ~ OH prostaglandin dehydrogenase
to form the 15-keto metabolite. This is in turn rapidly
converted to the 15-keto, 1%, l4-dihydro compound vhen the
13, 14 double bond is reduced under the influence of [& 13-~
prostaglandin reductase. The remaining stages, pf-oxidation
of the carboxylic side chain and.QJ-—oxidation of the alkyl side

chain, then occur more slowuly.



It would seem likely from Samuelsson's observations
(Samuelsson et al 1971) and those of Vane (1969) that
netabvolic degradation of intravenously administered primary
prostaglandins is so rapid that 1itile or no pharmacological
effects should be expected except with very larze doses.
Clinical experieunce dozs not bear this out, howsver, and this
may be explained at least in part by the discovery
(Bygdeman et al 1974) that the metabolites (especially the
1%, l4-dihydro compound) possess some biological activity

as smooth muscle stimulants.



CLINICAL APPLICATIONS OF PRCSTAGLANDINS
TN OBSTETRICS AND GYNAECOLOGY

The speed with which new clinical applications of
prostaglandins appear is such that I propose to consider
here the situation which had been reached by late 1972, the
time the work described in this thesis was begun. Subsequent
developments will be discussed where applicable in the ensuing

chapters.

At that time the early cliniecal trials in the United Kingdom
had been completed, and the results were under scrutiny by the
Committee of Safety of lMedicines. Ag a result of the trials
the Committee granted the Upjohn Company permission in 1873

t0 release prestaglanding E2 and I commercially for use in

2¢q

hospitals for induction of labour and termination of pregnancy.

The areas of clinical applicatinn of these compounds which
had then been investigated can be considered under three main

headings:-

1) Therapeutic Abortion

2) Abnormal Pregnancies
(fetal death and abnormality)

3) Induction of Labour.

In reviewing the results of these studies I propose to make
only broad observations. Too much effort has been wasted in
the past in trying to compare the results of different studies

and express these in simple terms (1ike percentage success,



success,/

incidence of side effects, etc.) when owing to fundamental
differences in protocol — parity and gestational age of the
patient, dose schedule of the drug, criteria of success — the

studies are simply not comparable.

1) Theraveutic Abortion

With the passage of new legislation in 1967 the dewand
for therapeutic abortion in the United Kingdom increased sharply.
If performed before the 12th week of pregnancy, the procedure
was fairly straight forward since the uterus could be evacuated
gimply and with reasonable safety by the surgical method of
suction curettage (Stallworthy 1972). But difficulties arose
in more advanced pregnancies. The therapeutic options in such

caseg fell into two categories:

a) Surgical Methods
b} Methods of Inducing Abortion

a) Surgical Methods:

It is generally agreed that the risks inherent in
enptying the uterus by surgically dilating the cervizx,
rise very steeply after 12 weeks gestation. In
particular haemorrhage and sepsis are cormon (Tietze
and Lewit 1972). In most departments therefore the
surgical method of choice in such cases is hysterotonmy,
either abdominal or vaginal. This has a number of

gserious drawbacks. The primary operative mortality



nortality/
is high and the resulting uterine scar may rupture in
a subsequent pregnancy, and may call for elective
caesarean section to avoid this risk in labour. The
use of hysterotomy is now generally restricted tof
cases in which ftubal ligation is also requested.
The operation alsc carries a remarkably frequent
incidence of the delayed complication of implantation

endometriosis in the abdominal or vaginal scar

(stallworthy 1972).

b) HMethods of Inducing Abortion

Because of the drawbacks of surgical methods of
second trimester pregnancy termination, techniques
of inducing abortion were sought. A variety of
myometrial stimulants were tried including oxytocin
and ergometrine but because the myometrium in normal
second trimester pregnancies is relatively insensitive
to these agents, the results were unsatisfactory, even
when "sensitising" agents such as quinine or oestrogens
.were added. Other technigues such as the use of Utuh's
paste painted on the cervixz, or laminaria tents placed
in the endocervical canal were more effective but
carried a high morbidity rate, especially of haemorrhage

and sepsis.

Resort was made to intra-amniotic therapy, and
good results were reported using hypertonic solutions

of saline (Wagatsuma 1965) and glucose (Lewis, Smith



(Lewis, Smith/
and Speller 1969). It now seems clear that these
techniques worlked at least in part by causing local
release of prostaglandins from disrupted decidual
cells (Gustavii and Green 197'2)o But while highly
effective, these methods could also be dangerous and
deaths were reported due to overwhelming infection
in association with glucose therapy and due to
hypernatraemia with saline (Stallworthy 1972). More
recently hypertonic urea has been employed and seems
free of such risks (Craft and Musa 1971). A major
drawback of intra-amniotic therapy, however, is the
need for amniocentesis which cannot be reliably
performed before 14 or 15 weeks of pregnancy. Thus
in a patienﬁé who wished to preserve her childbearing
capacity, termination of pregnancy could only be
carried out before 12 or after 14 weeks with any
reasonable degree of safety, and even so the methods

left much to be desired.

Such was the state of affairs before the availability
of prostaglandins and this‘largely explains thelr immediate
impact as agents for therapeutic abortion. The obvious
benefit was their ability fto produce effective myometrial
contractions at any stage of pregnancy, something of which

no hitherto available agent had been capable.

The property of the prostaglandins to stimulate myometrial

contractions had been clearly demonstrated by early studies



studies/
(Bmbrey 1966; Karim et al 1968; Embrey and Morrison 1968).

Two questions remained to be resolved:

i) Which compound was best suited as an abortvifacient?

ii) How could this capacity be most effectively utilised?

The answer to both these questions centred on the matter of

aide effects.

As to which compound wag best suited, the field was quickly
narroved down to PGE2 and PGF2 o Although PGde ig widely
used in other countries, PGEE gained wider popularity in BEurope
because of greater potency and fewer side effects (Embrey and
Morrison 1968; Bygdeman et al 1968; EBumbrey 1969). The
preference for PGF2 o in other parts of the world resulted

from problems of stability of PGE, in hotter climates.

2
In order to find the best method of employing these agents,
several routes of administration were explored. It was quicidy
apparént that oral therapy was unsatisfactory since very large
doses were required, and even intravenous therapy was often
unsatisfactory because of an intolerable level of side effects
(Embrey 1972). Degpite favourable early claims for the value
of vaginal pessaries (Karim and Sharma 1971c) most other workers
reported a high level of side efflects suggesting that systemic

absorption is required (Vigvist et al 1972; Brenner et al 1972).

The explanation of these troublesome side effects lies in

tvo important observations alluded to earlier, namely the lack



lack/

of gpecificity of these compounds and the speed with which they
are metabolised in the circulation. Fortunately, however, these
substances are lécally acting and it was this that led to the
development of intra~uterine routes as the most effective neans

of administering prostaglandins for second trimester abortion.

Two different techniques were developed : intra-amniotic
and extra-amniotic, The intra-amniotic route will not be
considered further since it has no relevance to this thesis.
The extra—ammiotic route had previously been employed for
adninistration of dye substances such as rivanol for induction
of abortion (Nabriski et al 1971). The administration of
prostaglandins by this route was first reported by the Swedes
(wiqvist and Bygdeman 1970) and by Embrey and Hillier (1971).
Intermittent injections of PG solution were given (200 s PGE2
or 750 ug PGF2 o ) at two hourly intervals and this was found
to be highly effective with a minimum of side effects.

Embrey (1972) reported 61 per cent aborting within 24 hours

if PGFQ(x was employed and 79 per cent if PGE2 was employed.

The dosage required was only about a tenth of that required

by intravenous infusion and side effects were virtually eliminated.

Miller, Calder and Macnaughton (1972) modified the method
by giving a continuous extra-amniotic infusion with the aid of a
mechanical pump. This achieved a shortening of the mean time
taken to abort (frOm 22.2 hours to 15.75 hours) and gimplified

the practical management of the patients. After six years the



years the/
technigue remains the method of choice for terminating

2nd trimester pregnancies in Glasgow Royal Infirmary.

2)  Clinical Uses in Abnormal Pregnancies

The use of prostaglandins in the management of cases
complicated by fetal death in utero and hydatidiform mole
was reviewed by Miller in 1972. All the published work
to that time (Karim 1970; Beazley and Gillespie 1971;
Mlghie 1971; Xarim and Trussell 1971) described intravenous
therapy, and the total number of cases described in the five
reports (including Miller's own experience) amounted to only 87.
However, although the side effects commonly seen with intravenous
prostaglandin therapy had at times been troublesome, the use of
these agents appeared to represent a substantial improvement
over‘previous methods of dealing with patients in these difficult

clinical situations.

%)  Induction of Labour

By 1972 a number of reports had appeared describing the
use of prostaglandins for induction of labour at term. The
previous few years had seen a widespread move towards a uniform
approach to labour induction by amniotomy and immediate oxytocin
titration (Turnbull and Anderson 1968; Bradford and Gordon 1968),
and the appearance of new substances with oxytocic properties
led to the inevitable question of which agent was superior for

labour induction, oxytocin or prostaglanding? One of the



One of the/
conclusions of this thesis is that such a question was as futile
then as it is now, and that the choice of method of labour

induction should depend on the particular clinical circumstances.

Nevertheless, it was already clear that the prostaglandins
would make a congiderable impact as agents for labour induction.
Although successful induction had been reported by Karim and
Sharma (1971) using vaginal pessaries or rectal suppositories
the only routes extensively investigated had been oral and
intravenous. In general these agents had been used in
conjunction with amniotomy and a large number of reports had
been published (Embrey 1969; Xarim et al 1969; Embrey 1970:;
Korim et al 1970; Beazley, Dewhurst and Gillespie 1970; Beasley
and Gillespie 1971; EKarim and Sharma 1971; Barr and Haismith

1972; Craft 1972).

The place of these agents was reviewed in a Lancet leading
article in 1973. This emphasised that intravenous prostaglandins
had not established any wide popularity in routine obstetric
practice and seemed to have few advantages over oxytocin except
in situationg where the antidiuretic properties of oxytocin
(Roberts et al 1970) might be considered a drawback, such as
cardiac disease and severe pre-eclampsia. It was suggested
that amniotomy and oral prostaglanding had proved a convenient
and acceptable method of labour induction in patients with
favourable induction features where a good response and a

short labour could be anticipated.



CHAPTER 3

CURRENT CONCEPTS OF CERVICAT RIPBUING




CURRENT CONCEPTS OF CERVICAL RIPeNING

It has been convenitonal to regard the different dynamic
roles played by the corpus uteri and the cervix uteri during
parturition as active and passive respectively, and to consider
that this represents a reversal of the state of affairs which
has hitherto obtained during pregunancy. As a broad general-
isation this is true enough. On the face of things the
onset of labour witnesses a dramatic change in the behaviour
of both parts of the uterus: the apparently dormant corpus
wakens into life while the cervix can at last relax its weary

sentinel of keeping the door of the womb closed and its contents

safe within.

The need for a dormant corpus and a sentinel cervix is not
in dispute and failure on either part may lead to sbortion or
premature labour. Nevertheless, it is wrong to suppose that
the corpus uteri remains completely dormant tkroughout pregnancy
or that the cervix show; no gigns of relaxing its vigil before

the clinically recognisable onset of labour.

From the patient's point of view, pregnancy and labour are
distinct, and the transition from the one to the other is a
fairly sudden event associated with the recognition of rhythmic
contractions which cause discomfort. There may be additional
sudden events such as the passage per vaginam of a "show" of
blood and mucus, or spontaneous rupture of the fetal membdbranes.
Wood (1972) has pointed to a distinction, however, between

the clinical and the physiological onset of labour, and of



and of/

fundamental importance to this thesis is the acceptance that

in physiological terms the onset of labour is not so sudden as

it appears, rather that it involves a transitional phase ocecupying
several weeks which Demelin (1927) has called Y“pre-labouxr",

This time witnesses a steady increase in the contractile

activity of the upper uterine segment (CaldeyrouBarcia 1958)

of which the mother is usually hardly aware, and a progression

of changes in the shape, chemistry and physical characteristcs

of the cervix of which she is entirely unaware. It is this

progressive change in the cervix which is called ripening.

NORMAL PATTERN OF CERVICAL CHANGES
IN PREGNANCY

a) Shape Changes

it is first necessary to describe briefly the non-pregnant
cervix. It is a barrel shaped structure measuring about
2.5 = 3.5 cms. in length, and the same in diameter (Jeffcoate
1967). These measurements are almost certainly under-estimates
for the reproductive phase of life because they are probably
based in part on autopsy material largely from post-menopausal
women. The larger values are probably more accurate for the
childbearing years (see Table 3.1). The upper part of the
cervix has some smooth muscle fibres which connect with those
of the corpus and there is a thin layer of muscle peripherally

which connects with the muscle of the vagina, The remainder



remainder/
of the cervix is almost entirely composed of fibrous tissue

(mainly collagen). The endocervical canal is spindle shapad.

Within a very few weeks of conception clinically obvious
changes appear in the cervix. Indeed these are important
clinical signs of pregnancy and arve of diagnostic value. In
common with the vagina the cervix takes on a characteristic blée
colour and it becomes noticeably softer to the touch. Arterial
pulsation may also be detected indicating an increased blood
supply. The size and shape, however, show little change,
Calder and McManus (1977, unpublished observations) have
reasured the length of the cervix in vivo in the non-pregnant
and early pregnant subject by passing a Foley catheter into the
witerus and distending the balloon with 1 ml. of water; the
catheter was then retracted to bring the balloon against the
internal cervical os, and the catheter marked vhere it emesrged
from the external os. The catheter wag then removed, and the
distance between the balleoon and the mark recorded. As can
be seen from the results (Table 3.1) there is little change
in the observed cervical length during the first half of
pregnancy. In particular there is no evidence of an increase
in the length to suggest hypertrophy or reinforcement of the

cervix during this time.

Johngtone et al (1974) have measured the diémeter of the
endocervical canal at the level of the isthmus in non-pregnant
and early pregnant subjects using a specially designed instrument.

They found a steady but very slight increase in these measurements



measurementg/
during the first trimester {Table 3.2) but after 12 weeks
gestation the mean diameter was less than 25 per cent above

non-pregnant values.

Anderson and Turnbull (1969) have studied the changes
that ocecur in the cervix in later pregnancy. In a series of
77 healthy primigravidae with well documented pregnancies, they
performed serial vaginal examinations at 24, 28, 32, 34 and 36
wveeks gestation, and weekly thereafter until the onset of labouwr.
They recorded the times at which the external and internal os
could first adwit an examining finger, and at which the cervix
appeared to bhecome fully effaced. Their findings are illus-
trated in Figure 3.1 and point to the progressive nature of

the process as well as considerable inter-patient variability.

They also showed a clear relationship between the
development of these changes and the time of onset of spontaneous
labour. Thus the internal cervical os could admit an examining
finger at 32 weeks gesation in all those primigravidae who
subgequently laboured before 38 weeks gestation, in 55 per cent
of ‘those who laboured between 38 weeks and term, and in lesas
than 20 per cent of those vwhose pregnancies continued bheyond

tern. (Table 3.3).

Bishop (1964) devised a sophisticated scoring system to
assess the degree to which changes in the cervix have progressed
(Pigure 3.2). This approach which will be discussed in greater

detail in Chapter 4 is now widely accepted as the most satigfactory



satisfactory/

method of assessing cervical ripeness. Using this system he
performed 500 vaginal examinations in late prsgnancy, on
patients (parity unstated) who were then allowed to await

the onset of labour. He found (Figure 3.3) that a very ripe
cervix indicated by a cervical score of @ or more was associated
with the onset of labour after an average of two or three days,
and always within ten days, whereas if the cervix was very
unripe (score 3 or less) the average delay before labour was

two ~ three weeks and in some cases as much as five weeks.

Hendricks, Brennsr and Kraus (1970) made serial vaginal
examinations throughout pregnancy in 303 patients, and recorded
changes in cervical effacement, and dilatation, and the gtation
of the fetal head. In primigravid patients they estimated
that the mean cervical dilstation at the internal os increased
from 0.5 cms. four weeks before the start of labour to 1.8 cms.
during the final three days (Figure 3.4). They also recorded
a progressive increase in effacement of the cervix during the
same interval from 20 to 60 per cent (Figure 3.5) and progressive
descent of the fetal head. The same pattern was seen in
multigravidae although the absolute values for dilatation and

effacement were slightly greater throughout.

These studies establish a clear temporal link between the
process of cervical ripening and the spontaneous onset of labour.
Furthermore, three of the central elements of cerviecal ripening,
namely effacement and dilatation of the cervix and descent of

the fetal presenting part, are the essential requirements of



requirements of/

normal progressive labour, although the rate of change is
obviously very different. It seemg highly probable then
that similar mechanisms are responsgible for the cervical
changes during late pregnancy and duxing parturition, with a
sudden increase in rate at the start of recognisable labour

("clinical labour", Wood 1972).

Beazley (1975) in describing this change as one from
nen~progressive to progressive uterine activity appears to

be expressing a similar view.

Before proceeding to examine in greater depth the
mechanisms which may control cervical ripening it may be
worth congidering a further question: if we accept that
in most subjects the cervix has progressed to a high degree
of ripeness before the recognisable onset of labour, is it
possible for normal spountaneous labovr to begin while the
cervix remaing unripe? Routine clinical experience suggests
that this is rarely if ever seen, and the data from Bishop's
study (1964) supports this (Figure %.3). TFewer than one in
a hundred of his patients with cervical scores below 3 were
in labour within three days. Although these patients may
perhaps have laboured with the cervix still unripe or have
demonstrated uwnusually rapid cervical ripening before labour,
the other (perhaps likelier) explanation is that of observer
error in the cervical assessment. Vevertheless, it should
be pointed out that in very rare instances (Jeffcoate 1952)

complete annular detatchment of the cervix during labour has



labour has/
been seen suggesting lack of synchronisation between the
contractility of the upper uterine segment and the chaanges

in the lower segment and cervix.

b) Physical Changes in the Cervical Tissue

To examine the factors controlling cervical ripening, it
is first necessary to consider in greater detail the structure

of the cervix.

Struecture of the {ervix

The cervix is composed of two distinct fractions, namely
formed elements and ground substance. The mein formed element
is collagen which is organised in densely packed fibrous bundles.
Muscle fibres are sparse, and represent no more than 10 per cent
of the mass {Schwalm and Dubrauszky 1966). Furthermore, there
i8 no increase in the muscle content of the cerviz such as
occurs in the upper part of the uterus during pregnancy. In
contrast the collagen component predominates, and is in
proportion ten times more abundant in the cervix than in the

uterine fundus.

The muscle content of the cervix has been studied in detail
by Danforth and his colleagues (1947, 1954, 1960, 1964 and 1973).
Such muscle as is present is embedded in the collagenous matrix.
It is very sparse and consists of isolated attenuated strands
of smooth muscle except in the most peripheral areas of the

portio supravaginalis of the cervix where they tend fto be



to be/
concentrated. But the muscle of the cervix is much less
abundant than that of the corpus uteri, and shows no increase

in amount during pregnancy such as occurs in the corpus.

The ground substance (the term derives from a
mistranslation of the word "grundsubstanz" (fundamental
substance) used by early German histologists) of the cervix
is the extracellular, extrafibrillar amorphous matrix of
connective tissue (Hafez 1973). It has components derived from
fibroblasts such as acid mucopolysaccharidg acid mucoprotein,

water ions, cell metabolites and plasma proteins.

Alterations in Physical Characteristics of Cervix

The extent to which tigsue is able to yield to a mechanical
force has been called tissue compliance, and where the cervix
is concerned this largely depends on the behaviour of the
collagen elements. Bryant, Greenwell and Weeks (1968) studied
changes in tissue compliance in the cervix of the rat during
gestation and parturition. They found no significant change
in total collagen content, but a marked increase in hexosamine
and water coinciding with the time of maximum tissue compliance,
i.e., at term. They suggested that the degree of compliance
is an inverse function of the ratio of collagen to mucopoly—
saccaride content. The rise in hexosamine and water pre-partum
produces an imbalance in the cohesive and dispersive forces inter-
acting between the collagen fibres allowing longitudinal
cleavage of the bundles. Thus instead of being tightly bound

together the fibres are able to glide freely upon one another,

and the tensile strength of the tissue is reduced.



Danforth et al (1974) have studied the structural changes
in the human cervixz between the non-pregnant and post-partum
states. It must be siressed that because of the obviously
disruptive mechanical forces applied to the cervix during
labour, the post-partum cervix cannot be equated to that
immediately pre-partum. Nevertheless, restrictions on the
availability of suitablg tissue pre-vartum preclude direct
study of the structvre of the human cervix in late pregnancy,
and the post-~partum condition may shed some light on the
pre~partun situation. Danforth found that in the post-~partun
cerviz the collagen framevork had dissolved. The water content
had increased slightly and there was a marked decline in the
content of coliagen and glycoprotein. As well as an absolute
loss of collagen, the bundles were widely separated and appeared
able to slide on one another. In the ground substance
glycosaminoglycans were more abundant and gualitatively changed;
there appeared to be a ten~-fold incresse in keratin sulphate
over the non-pregnant level, and a large amouni of an unidentified
material, probably a glycosaminoglycan, which was almest absent

from the non-pregnant cervix.

Because the changes in the cervix during lzbour appear to
be a logical progression of those during ripening (indeed since
labour resembles an extension of pre~labour) we may reasonably
congider the possibility that the structural condition of the
post-partum cervix may be an extension of that of the ripe

pre~partum cervix.



Further, Turnbull and Anderson have drawn attention to
other body sites of connective tissue which undergo similar
changes during pregnancy - strize gravidarum avpear as a
result of a reduction in the tensile gstrength of the skin,
the pelvie joints relax and the mobility of the nipples and
the teeth increase. All these changes may be due to changes
in the ground substance of connective tissue, and may be side
effects of a physiological mechanism whose primary purvose

is to ripen the cervix.

FACTORS CONTROLLING CERVICAL RIPENING

Having established that cervical ripening has two components,
viz., a shape change and a change in the physical properties
of the cervix, we must now consider what factors bring these

changes about.

l) Mechanical Forces

The degree to which the shave of the cervix alters in
late pregnancy must depend in part on how compliant it has
become and in part on the degree to which such compliance
has been exploited by mechanical forces. The forces to which

the cervix may be subject are of three main types:

a) Uterine Contractility
b) Cervical Contractility

¢) Direct Pressure



a) Utering Contractility

The notion that the uterine muscle remains dormant
throuvghout pregnancy until the start of labour has long
since been dispelled. Caldeyro-Barcia (1958) has
demongtrated an evolutionary pattern of uterine
contractility throughout pregnancy and labour, By
recording amniotic fluld pressure at intervals throughout
pregnancy he was able to quantify uterine contractility:
he devised a system of expressing this quantity as a
product of the amplitude and frequency of contractions,
and expressed the results as millimetres of mercury per
10 minute period, units which became known as Montivideo

Units.

Thus he showed that during the first 30 weeks of
gestation the amount of uterine contractility remains
small (1ess than 20 Monﬁivideo Units) contractions
(usually called Braxton~Hicks contractions) being
infrequent and of low intensity. After 30 weeks there
is a very gradual increase in the intensity and freguency
of these contractions until the state of prelabour
commences, usually at around %6 weeks. From then until
the onset of labour there is a sharper increase with
contractions every 5 - 15 minutes with an awplitude of
15 -~ 30 m. Hg., i.e., uterine contractility in the
range 25 -~ 100 Hon@i&ideo Units. The range during labour

is normally 100 ~ 250 rfxongi’video Units.



Braxton-Hicks contractions used to be thought
purposeless but they probably play an important role
in cervical ripening. Since the progressive changes
seen in the cerviz during labour are the direct result
of uterine contractility it seems highly unlikely that
the contractions of prelabour do not also have a direct

bearing on the state of the cervix.

Turnbull and Anderson (1968) studied spontzneovs
contractility using a similar quantitative method and
confirmed the gradual increase during the last
8 ~ 10 weeks of pregnancy. In addition they showed
that the rate of increase was related to the time of
onset of labour: +they noted a sharp rise between 32 and 36
weeks, followed by a plateau in patients who lakoured
before term, but a much lower rise among patients in whom
labour was delayed beyond term. The tire course of these
observations corresponds with their previously menvioned
findings (fage 67 , Figure 3.1, Table 3.3) of cervical
changes (Anderson and Turnbull 1969) and support a close
relationship between uterine contractility and cervical

ripening.

b) Cervical Contractility

The relative sparseness of muscle tissue in the
cervix may or may not reflect itg functional importance;
and this has been the subject of some controversy.
bisagreement hags been voiced among anatomists and

physiologists and the debate remains unresolved.



It appears that the amount of muscle fissue is
very variable not only between subjects but also in
different parts of the cervix. Danforth (1954)
contends that the absolute amount is usually 10 - 15
per cent of the mass but occasionally may be as much as 45
per cent, but he describes a fibromuscular junction
corresponding approximately with the histologlical
internal cervical osgs of Aschoff, helow which the tissue

is predominantly fibrous.

Hughesdon (1952) claims that the outer or circum-
ferential fourth is museular while the inner three-fourths
are collagenous. These differing views probably arise
from different methods of obtaining material and from
differences in the pregnant and non-pregnant state,
Danforth takes the view that such muscle as there is
in the cervix consists of isolated attenuateistrands of &
smooth muscle embedded in a heavy collagen matrix: they
are more abundant in the region of uterine vessels
than elgewhere, and bear a much cloéer resenblance to
the muscle of the upper vagina than to that of the
uterine corpus. He suggests that their functional
importance lies in affording protection for vesselg
during pregnancy and labour and perhaps also in returning

the cerviz to its normal contours after delivery.

Many observers have suggested that the cervix might
be capable of independent contractility. Nixon (1951)

Coutinho (1976) and MacKenzie (1977) have produced



produced/

convincing traces of cervical contractility obtained

oyt

{llier and

1

using intra-cervical balloons in vivo. ifajek,
Karim (1970) have shown similar effects in vitro in response
to prostaglandins but such pressure changes as have been seen
in the cervix in vivo may have been due in part to trans-—
nitted stresgses from the uterine corpus or elsewhere and

in part to a primary response of cervical muscle,

c) Direct Pressure

The resting pressure of the amniotic fluid ~ the
tonus - alters very little as pregnancy progressed
(Caldeyro-Barcia 1958). The mean level of about
5 - 7T mm Hg in mid-pregnancy rises to around 10 mm Hg
in pre-labour and first stage labour, and it sesms unlikely
that so small an increase could have an important part
to play in cerviecal ripening. In cases complicated by

tense polyhydramnios it is not uncommon to find a tightly

closed uneffaced cervix.

Local pressure influences are probably of greater
importance, Just as normal progressive labour appears
to reguire a well fitting presenting part over which the
cervix and lower uterine segment may be stretched by the
traction of the upper segment fibres, the normal process
of cervical ripening may require similar conditions.
Thus malposition or malpresentation of the fetus nay

contribute to a failure of cervical ripening.

A well fitting presenting part may act not merely



merely/

as a cast over vhich the cervix can be moulded into
ripeness by the Braxton-Hicks contractions. Embrey

and Mollison (1967) have shown that gradual ripening

of the cervix may be artificially induced by the
introduction of a Toley catheter so_that its balloon
lies just beyond the internal cervical os. This effect
appears to be due to a direct pressure stimulus to

the tissues, although it is probably mediated by local
endocrine changes (see later). Lindgren (1955) has
demonstrated pressure differentials in different areas
of the uterus even when the fetal membrares are intact,
and that after engagement of the fetal head in the
pelvis the pressure on the lower uterine segment and
cerviz may be as much as three or fourfold higher than
the corresponding pressure on the upper seguent. This
influence, especially when accentuated by gravity with the

mother ambulant, may contribute to the ripening process.

Neursl Influences

The uterus and cervix are innervated by both sympathetic

and parasympathetic fibres of the pelvic antonomic systenm

(Johnston and Whillis 1954). It is unlikely that the nervous

connections of the uterus play more than a minor role in

controlling uterine contractility, except perhaps at spinal

reflex level. Uterine action in labour and delivery may be

entirely normal in patients with complete ftransection of the

gpinal cord or division of the presacral plexus (Turnbull and



Turnbull and/

Anderson 1972).

Nevertheless, neural influences in the form of emotional
upsets such as anxiety or fear could theoretically interfere with
normal cervical ripening. Coupland (1969) has demonstrated
the presence of a network of cholinergic fibres in the cervix,
but the functional importance of these are not clear. Yhere
the uterus is concerned Garrett (1954) first showed the ability
of noradrenaline o gtimulate uterine contractility in late
pregnancy and that of adrenaline to inhibit it. Owman,
Rosengren and Sjbberg (1967) have used histochemical fluorescent
techniques to identify  and B- adrenergic receptors in
the myometrium, and found noradrenaline to be mainly o -adrenergic
(stimulating contractions) and adrenaline mainly .p- adrenergic
(inhibiting them), confirming the earlier observations of

Garrett.

Sone of the synthetic betamémetic amines such as "Ritodrine"
and "Salbutamol" can be effective irhibitors of premature labour
(Landesman et al 1971; ILiggins and Vaughan 1973) but there is
no evidence that endogenous catecholamines normally inhibit
uterine contractions (Liggins et al 1977). Furthermore,

Zuspan (1970) found little change in the urinary excretion of
either adrenaline or noradrenaline through the course of human
pregnancy with the levels at term almost identical to non-

pregnant levels.

While the possibility cannot be discounted, it seems



seens/

improbable that emotional factors could interfere to a
significant extent with the normal pattern of uterine
contractility in late pregnancy. Bven more difficult
to imagine are any direct influences on the cervix
effecting either the muscular activity or the physical

properties of the tissue.

3)  Hormonal Effects

Hormones probably exert the most important influence
in the control of cervical ripening. They msy be involved
in all the aspects already discussed which bring about the
shape change of ripening, i.e., changes in the physical
properiies of the tissue, control of uterine and cerviecal

contractility, and mediation of pressure andneural effects.
A large number of endocrine substances may be involved
at different stages and these will now be considered

individually.

a) Qestrogens

Oestrogens have been shown to induce myometrial
hypertrophy, actomyosin foimation, storage of high
energy phosphates, and the development of myometrial
cell membrane potentials and myometrial excitability
{Reynolds 1949; Csapo 1962) in short, to prepare and

sensitise the uterus for the needs of labour. Jarvinen et al



Jarvinen et al/
(1965), Pinto et al (1967) and Larsen et al (1973) fourd
increased.uterine contractility in women 2t term in
response to large systemic doses of oestrogens but

this did not result in induction of labour.

The very low levels of oestrogens found in
pregnancies complicated by placental sulphatase
deficiency are associated with prolongation of pregnancy,
and failure to respond to induction of lavour especially
in primigravidae (France, Seddon and Liggins 1973). Of
even greater interest is the tendency in these pregnancies
for the cervix to fail to ripen. There is good theoretical
support for the contention that ocestrogens may play a
direct role in modifying cervical collazen. Firstly
cestradiol 17.f is known to meodify collagen in other
body sites, such as skin (Henneman 1973). Leppi and
Kinnison (1971) using histochemical and electron micro-
scopic techniques have demonstrated loosening and
scattering of the collagen fibrils in the cervix of mice

treated with oestradiol.

The evidence in women is more tenuous. In addition
to the observations in sulphatase deficiency already
nentioned, Pinto et al (1964) have claimed to have
produced clinical evidence of cervical softening in the
human cervix in late pregnancy by intravenous infusion of
oestradiol 173 in large doses, They have suggested that

this hormone is responsible for the changes in the cervical



cervical/
ground substance (see page 71 ) which modify the tensile

strength of collagen.

In support of these claims is the finding that the
levels of oestradiol 17-pg measured in the peripheral
circulation rise steadily during the last six weeks of
pregnancy (Turnbull et al 1974), that is the time of
rapidest cervieal ripening (Figure 3.6). These two events
could be closely related if indeed increasing production
of oegtradiol results in an increase in Braxton-Hicks
contractility, end also a direct reduction in cerviecal

resistance.

b) Progesterone

By its very name this hormone has traditiocnally
been ccnsidered to he essential for maintenance of pregrancy.
Certainly surgical removal of the corpus luteum in the
early weeks of pregnancy before the placenta has taken
over responsibility for progesterone production, will
result in abortion (Osapo, Pulkkinen and Wéist 1973) which
may be prevented by exogenous replacement of progesterone.

Less certain is an essential role in later pregnancy.

Csapo has long expounded his theory of the progesterone
"hlock! on the onset of labour (Csapo 1959) but, as
Bengtsson (1973) has pointed out, groups other than
Csapo’s (Csapo et al 1971) have consistently failed to

denonstrate any drop in peripheral progesterone levels



levels/

before labour starts {Woolever and Coldfien 1965; Runnebaun and
Zander 1971; ‘furnbull et al 1974). Turnbull et =21 (1974)
showed a steady decline from nean levels of around 160 ﬁg./mlﬁ, =
five weeks before labour, teo 115 #gn/ml. cne week before sz
hand, but found no further fall during labour. TFarther

doubt is cast on the "block" theory by the consistent

Tailure of experiments fto inhibit uterine activity with

large doses of progesterone or medroxyprogesterone

whether given intramuscularly, intravencusly, intra-

amniotically or even intra-myometrially (Fendricks et al

1961; Wood et al 1963). One possible explanation for

this (Liggins et al 1977) is that progesterone receptors

in the late pregnancy uterus may be fully saturated at

normal plasma progesterone concentrations and that a

waning influence of progesterone requires either its

displacement by another substance or reduction in the

abgolute number of binding sites. Weither of these

changes has yet been described.

A possible influence of progesterone in nommal or
abnormal cervical ripening due to the presence or zbsence
of Braxton-Hicks contractions as determined by the foregoing
congsiderations cannot be ruled out. Ainother, more
direct influence on the cervix must also be considered.
Jeffrey, Coffey and Bisen (1971) have demonstrated in
tissue culture that progesterone may inhibit collagenase
activity in the uterus and more recently Hillier (1977)
has made gimilar observations on a culture of cervical

tissue, These studies raise the poszibility that



that/

progesterone might inhibit cervical ripening until the
peripheral levels begin to decline in the last few

weeks of pregnancy(Turnbuil et al 1974).

¢) Catecholemines

The possible roles of catecholamines have already
been discussed under the heading "Neural Influerces"

(page 78 ) and will not be considered further here.

4)  Relaxin

The role of relaxin in human pregnancy is, to say
the least, obscure. It has long been thought to be
responsible for increasing the mobility in pregnancy of
such Joints as the pubic symphysis and the sacrc-iliac
joints (Donald 1966). A possible link between this
(presumably) connective tissue change arnd those occurring
in the cervix has already been s uggested (page 73 ).
Leppi and Kinnison (1971) have demonstrated such an effect
of relaxin oﬁ the cervix of the mouse. The collagen
fibrils were loosened and scattered but this effect

remains to be confirmed in the human.

Several years ago its possible role as a uterine
inhibitor was mooted (Kroc, Steinetz and Beach 1959),
but while interesting results were obtained in several
animal species, clinical trials involving women in labour
proved inconclusive. For a number of reasons these

studies cannot he taken to demonstrate that relaxin is of

no importance in human parturition. ?irstly, human



human/
relaxin has not yet been made available for clinical
trials and the poreine relaxin used may be inactive
in the human (Bryant 1972). Secondly the doses used
may have been too low (Slate and Mengert 1960) and thirdly
most studies looked at the effects of relaxin on artificially
induced uterine contractility, and this may not reflect
its role in physiological situations (Porter 1972).
Bryant (1972) has developed a specific radioimmuncassay Tor
human relaxin and the roles of relaxin in human pregnancy

may soon become clearer.

e) Oxvtocin

Oxytocin is another hormone whose traditional role
in the control of uterine contractions now seems in
congiderable doubt. The notion that it is the physio-
logical activator. of the uterus in labour was based
mainly on two facts: that the uterus at term is vexry
sensitivé to oxytocin, and that oxytocin induced labour
closely resembles spontaneous labour. This notion has
been widely held since the days of Blair-RBell (1909) and.,
as Chard (1977) has pointed out, remains to this day the
standard teaching in many textbooks of obsteirics. But,
although oxytocin may be found in a proportion of blood
samples taken during first stage labour and a higher
proportion during the second stage (Figure3.7) there is
no evidence of increased maternal secretion of oxytocin
before the onset of labour (Chard 1973%). It should be

pointed out, however, that Chard has suggested that oxytocin



oxytocin/
is releagsed by the posterior pituitary in intermittent
spurts; while this explains why the hormone is only
detected in a proportion of blood samples in lzbour, it
could also explain why it has not so far been found before
labour. Chard et al (1971) have also shown consistently
high levels of oxytocin in fetal plasme at delivery and
in demonstrating an arterio-venous gradient in the
umbilical vessels have suggested uptake of oxytocin at
the placenta. Of further interest was their finding of
levels around 5 yy per ml., again with an arterio-venous
gradient, in cases delivered by elective caesarean section
who had not been in labour. VWhile the haemochorial placenta
of the human mother presents conceptual difficulties in
suggesting a direct action on the myometrium of fetal
oxytocin without it{first passing through the maternal
circulation, this observation may have some minor

significance in the process of cervical ripening.

Finally, the little that is known of the factors
causing release of oxytocin may be relevant (apart from
mampary stimulation which is unlikely to be). TFerguson
(1941) wos able to demonstrate that local stimulation
to the vagina and cervix during labour was often followed
by heightened uterine activity and acceleration in its
Progress. This became known as Ferguson's reflex and in
1961 Debackere, Peeter: and Tuyttens used an elegant
cross circulation experiment in sheep to show that the

effect was mediated by an oxytocic hormone which was later



1ater/
confirmed by Roberts and Share (1968) to be oxytocin.
This may go some way towards explaining the mechanism
whereby leocal mechanical stimulil modify the condition

of the cervix (see page 77 ).

) Prostaglandins

The sbility of prostaglandins to stimulate uterine
contractions at any stage of pregnancy (see page 58 )
makes them likely candidates for a role in the contribution
made by Braxton-Hicks contractions to cervical ripening.
Kloeck and Jung (1973) have shown that PGE2 is released
when myometrial strips are stretched in a water bath.
Stretching has long been thought to play a role in the
evolution of myometrial contractility and this finding may
point to an important mechanism in the production of
Braxton~Hicks contractions. The possibility of a similar

mechanism causing local release of PGE. from stretching the

2
cervix, could have an important direct bearing on physical
changes in the cervix. Conrad and Euland (1976) studied the
stretch modulus of human cervical tissue in vitro and

showed that this wag reduced by addition of PGE2 to the
bathing solution. They alsc found lower stretch moduli

in cervical tissue {taken post-partum from patients whose
labours had been induced with PGE2 than i1f they had been
spontaneous or oxytocin induced. The tissue studied

was described ag the fibrous inner pori{ion of the cervix

and at no stage was contractility, either spontaneous or

induced, ohserved. This suggests that the effect of the



effect of the/
PGEZ wag on the comnnective tissue elements rather than on
muscle. Others, (Najak Hillier and Karim 1970; ¥arim
and Ratnam 1974) heve purported to show contractility of
the cervix in response to prostaglandins but the aratomical
structure of the cervixz makes these of doubiful importance
in the process of ripening. More recently Fitzpatrick (1976)
has infused PGF2 into the arterial supply of the cervix in pregnant

sheep, and reported softening and dilatation of the cerviz.

Lastly, continuing the theme of Ferguson's reflex
begun in the last section (page 86), Flint et al (1974)
have récently shown a rise in utero-ovarian venous
prostaglandin F levels in sheep following vaginzl or
cervical stimulation, and later (Flint et al 1975) that
this appeared to result from the reflex release of oxytocin.
L possible role of exogenous prostaglandins derived from
seminal fluid must 2lso be considered but Anderson and
Turnbull (1969) could detect no association between the
ripeness of the cervix and the frequency of coitus during

pregnancy

SUMMARY.

The most important factors likely to play a part in the
normal process of cervical ripening are illustrated in Figure 3.8.
Ripening consists of two main changes, namely a change in the
physical properties of the tissue of the cervix (especially

oollagen) and a shape change.



In the first of these, chemical changes in the ground
substance alter the cohesive and dispersive forces actingl
between the collagen fibres so that they glide more readily
upon one another and this reduces the tensile strength of
the collagen bundles. Thisg change wnay be princip}y controlled
by cestradiol although prostaglanding and relaxin may also be
important. In addition there may be an absolute reduction
in the mass of collagen due to the action of collagenase, perhaps

after withdrawal of inhibition of this enzyme by progesterone.

The second, the shape change, is the early or preliminary
manifestation of the changes which proceed much more rapidly
during labour, namely effacement and dilatation. There seens
little doubt that the same set of circumstances produce these
changes in late pregnancy as do so in labour, l.e., the combined
effect of uterine contractions and local pressure from the

presenting part of the fetus.

For a high degree of cervical ripening to be produced it
seems likely that well developed tissue changes must be
exploited by efficient Braxton-Hicks contractions., Failure in
either respect will lead to failure of cervical ripening and the

clinical problems which this brings.



CHAPTER 4

A REVIEY OF EXISTING METHODS OF IJIANAGEMENT:
AMNIOTOMY AND IWIRAVENOUS OXYTOCIN TNFUSION 117 PRIMIGRAVIDAE




AMNICTOMY AND INTRAVENOUS OXYTOCIN INFUSION
TN PRIMIGRAVIDARE

Existing Methods of Managsement

This chapter attempts to define the clinical problems
associated with failure bf cervical ripening in primiparous
women, and the deficiencies of the methods of management
available in the early 1970's. Although several workers
(Garrett 1960; Embrey and Anselmo 1962) had emphasised the
poor results from induction of labour if the cervix was uaripe,
others (Tennant and Black 1954; Manly 1956) had stated that
no regard should be taken of the cervical state before
performing amniotomy. Indeed Manly (1956) saw "no cause
for alarm if labour has not ensued within three days". Many
highly respected teachers of obstetrics held that if there were
indications for induction of labour, the step should be taken
decisively and that if the method failed and caesarean section
was required, this had to be accepted as the justifiable cost
of the particular indication for induection. When oxytocin
began to be used more rationally (Turnbull and Anderson 1968)
results improved generally, with 90 per cent of patients
delivered within 12 hours of induction, and a fall in the
caesarean section rate. This might have suggested that the
unripe cervix had ceased to be a problem, but the Medical and
Clinical Report for 1973 of the Simpson Memorial Naternity
Pavilion, Edinburgh, posed the following question: "Is it not
possible that we are still failing to pay sufficient attention

to the unripe cervix and by failing to do so are laying on



leying on/

unnecessary trouble for our patients and ourselves?! The
same crifticism could probably have been made with some
Justification in most of the maternity hospitals in the land.
Little or no attention was generally paid to the cervix when a

decision was made to carry out induction of labour.
To agsess the importance of the state of the cervix, two

studies were made in the John Radcliffe Hospital, one retrospesctive

and one prospective.

RETROSPRCTIVE STUDY

A retrogpective analysis was made of the confinements
condvuctved in the specialist unit of the hospital during the
six months period, March to Avgust inclusive, 1974. During
this time 2,173 patients were delivered of whom 1,250 were

multiparas (57%) and 923 primiparas (43%).

The pattern of delivery among the primiparas was examined
in detail. Tuenty-six (2.8%) were delivered by elective
caesarean section. Labour began spontareously in 360 (39%)
and was induced in 537 (58%). This period coincided with the
peak incidence of induction of labour in the hospital, which has
since seen a steady decline (Turnbull 1977). With the exception
of a small number whose labours were induced by amniotomy and
intravenous prostaglandin E2 infusion (see Chapter 5), the

method of induction was amniotomy and intravenous oxytoein



oxytocin/

titration. Bighty~six of the patients whose labours began
gpontaneously were given intravenous oxytocin to augment labour
(including 37 patients admitted near term following spontaneous
rupture of the membranes in whom uterine contractions had not
begun). Thus a total of 643 (70%) from the total 923 primi- \1\'?:_1
parous population received some form of oxytocic stimulation.
The outcome in those 897 patients who were allowed to labour

is summarised in Table 4.1.

There was no instance of intrapartum stillbirith and the
overall results ezamined in this way appear satisfactory.
Eighty-two per cent of the patients had labours lasting less
then 12 hours and the mean duration was 9.1 hours, with even

better results following induced labour..

One must expect higher rates of caesarean gection and birth
asphyxia in the induced group since this will inevitably contain
almost all cases with impaired placental function (pre-eclampsia,
fetal growth retardation, ete.). Nevertheless, close examination
of the 76 cases of non-~elective caesarean section showed that
a2ll but three could be attributed to one of three primary
indications for the operation, namely fetal distress, cephalo-
pelvic dispropprtion 63:- failure to progress in labour. The
three other causes were severe pre-eclampsia in one case,
maternal distress in one and cord prolapse in one. The brealk-
down of these cases by indication for caesarean section and
mode of onset of labour is shown in Table 4.2. Turther

analysis of the duration of labour and the degree of cervical



cervical/
dilatation reached before caesarean section, and the condition
of the neonates related to the main indication for caesarean

section is set out in Table 4,.%.

The most striking observation in this analysis is that
"failure to progress in labour" was only found as the main
indication for caesarean section among patients in whom labour
had been induced, and this occurred in 4.1% of such patients.
Their labours were prolonged and were characterised by
inco~ordinate uterine action and poor cervical dilatation.

The fetal outcome in these patients appeared worse than in those
sectioned for disproportion, suggesting a greabter degree of

stress to the fetus from such labours.

It might be argued that cephalo-pelvic disproportion cannot
be ruled oult in some cases delivered by caesarean section for
"fetal distress" or “"failure to progress in labour".  While this
may be so it is unlikely to apply in many cases in this analysis
since the incidence of disproportion among the swell nourished
Oxford primigravidae is unlikely to be much higher than the
%% sectioned (four electively and 25 during labour) for this

stated reason.

While "failed induction" (in the old sense of failure of the
uterus to contract following amniotomy) was not seen, sonme
might regard the cases of "failure to progress" as "failed
inductions" and failure to produce uterine action capable of

leading to vaginal delivery can properly be regarded zs failure



failure/

of the method. They may indeed represent the same clinical

problemn.

A number of different obstetricians had carried out the
inductions, but because the case notes included a format fox
recording cervical findings at induction, it was possible to
divide according to their cervical state those 6% primigravidae
who had caesarean sectiong after induced labour into three broad
groups namely ripe, intermediate and unripe (Table 4.4). 1t
was immediately clear that caesarean gection was much commoner

in those with an unripe cervixz at the time of induction.
1Y

Vhereas the cases who had caesarean sections on account
of disproporiion and "other" indications had an even scatter
of cervical ripeness at induction, those sectioned for fetal
distress more commonly had an unripe cervix at the time of
induction and this was even more striking in those who

demonstrated failure to progress in labour.

It was also possible to calculate for sach case an approxi-
mate cervical score (see Appendix A) at the +ime of anniotomy.

The mean score so obtained in each group is shown in Table 4.4.

For comparison the case-sheets of a further 63 patients
were selected at random from the total group of 537 primi-
gravidae who had labour induced. These were examined in the sane
way and the cervix found to have been ripe in 18, intermediate

in 31 and unripe in 14. The mean approximate cervical score



cervical score/
was 5.9 and this was significantly greater than for those who

came to caesarean section (4.0).

The conclusion from this retrospective study was that
cagsarean section was more commonly required in patients vho
had come to induction of labour with an unripe cervix, and
this was particularly apparent among those requiring the
operation on account of fetal distress or failure %o progress
in labour. Having in mind, however, the defects of such a
retrospective study (particularly in respect of inter-observer
error) a detailed prospective study was carried out to further

examine the question,

PROSPECTIVE STUDY

During a six weeks period from 27th October, until
12th Decenber, 1974, the candidate personally carried out all
labour inductions in primigravidas referred for the purpose,
who fullfilled the criteria: 152 cms. or more in height,
gsingleton pregnancy, vertex presentation, 38 weeks gestation
or more, no prior evidence of spontaneous labour. This.

produced a series of 125 primigravid inductions.

The indicationg for induction were as shown in Table 4.5.

Forewater amniotomy was performed in every case and a



and a/

cervical score recording (Bishop (1964) systen modified, see
Figure 3.2 and Appendix A : Clinical Kéthods). The scores in
the patients studied ranged from 1 to 11 and the mean was 5.4
(Figure 4,1)° in electrode was attached at this time to the
fetal scalp and a fluid filled catheter passed into the amniotic
cavity; these were attached to a Hewlett-Packard 8021 A cardio-—
tocograph to give a continuous record of the fetal heart rate
and the intra-uterine pressure (see Appendix A). The intra~
uterine pressure signal was algo used in conjunction with the
fully avtomatic Cardiff Infusion apparatus to control the dose
rate of the intravenous oxytocin infusion which was commenced
vithin 15 minutes of amniotomy. The uée of this apparatus
(Figure 4.2; for a description see Appendix A) allowed
uniformity of dosage since this was determined by the response
of the uterus and thus free of any possible bias on the part of
the attendants. The obstetric management of the patient was
thereafter entirely in the hands of the duty obstetric staff.

Epidural analgesia was employed in 95 (76%) of the total 125 cases.

Labour and Delivery

In Figure 4.3 the time from amniotomy to delivery is plotted
againgt the cervical score at induction. There is a strong
inverse correlation between these two factors (r = -~ (0.E8;

P << 0.001) Seventy—eight per cent of all patients were
delivered within 12 hours of induction: every patient witha
score greater than six was delivered within this time, but fewer

than 40 per cent of those with a score below four.



The brealidown of length of labour and mode of delivery by

cervical state was as showun in Table 4.6.

Sporntansous delivery was commoner the riper the cervix
at induction, but this was partly related to the length of
labour. Those with longer labours more commonly requested
epidural analgesia and hence reguired forceps deliveries because
of failure of the secondary powers (Hoult, MNelLennan and Carrie 1976).
By contrast all 13 cases requiring caesarean section had scores
of five or less. Indeed as the cervical score fell so the
caesarean section rate rose, and all five patients with a score

of one were eventually delivered in this way (Figure 4.4).

The indications for caesarean secltion were disproportion
in two cases, fetal distress in four and failure to progress in
seven (Table 4.7). Those cages in whom failure to progress
in labour was the primary indication for caesarean section
appeared to have a satisfactory pattern of uterine contractility,
but they were the loﬁgest in lzbour and achieved the slowest
and least cervical dilatation. Delivery usually becaﬁe
necessary wvhen after 18 hours or more of glow progress the fetal

condition began to deteriorate.

Petal and maternal complications were also found to be
related to the cervical state at induction (Table 4.8). The
individual Apgar scores at one minute are plotted against the
cervical score in Figure 4.5. All the babies who required to
be resuscitated by endotracheal intubation and intermitfent

positive pressure ventilation were born to mothers whose cervical



cervical/

scores were five or less.

This study served to reinforce the findings of the
retrogpective study, and in particular to identify the common
and unsatisfactory pattern of labour which may follow amniotomy
and oxytocin infusion in the primigravida if the cervix is
unripe. VWhereas the qverall results for the group as a whole
{mean length of labour 10.2 hours, caesarean section rate
10 per cent, maternal pyrexia rate 10 per cent, birth asphyxia
rate 9 per cent) might appear acceptable in the context of
induced labour for recognigable obstetric abnormalities, they
conceal within them a small hard core whose results are clearly
unacceptable, namely those with an unripe cervix. The resulis
in these patients (mean length of labour 14.9 hours, caesarean
section rate 32%, maternal pyrexia rate 329, birth asphyxia
rate 2%%) are unsatisfactory, especially when one considers that
the induction rate in all primigravidae was approaching 60 per cent,
and this must have included many patients with trivial obstetric

abnormalities.

Examination of the results from the opposite view point,
that is those 94 primigravidae who did not have an wripe
cervix (scores 4 ~ 12), shows that the mean length of labour
was 8.2 hours, the caesarean section rate 3%, the maternal pyrexia
rate 2% and the birth asphyxia rate 4%. This suggests that the
indifferent results after induction of labour were much more
related to the state of the cervix than to the obstetric

complications which called for induction.



If failure of cervical ripening were never encountered
the results fron induction of labour would be greatly improved.
The studies described, while identifying and guantifying the
clinical problem of the unripe cervix, offer nothing in the way
of a solution. They show that amniotomy and oxytocin titration
is an inappropriate management if the cerviz is unripe, but
vhat alternatives would be better? To try to answer thisg
question we must first examine the possible reasons for the

poor results and then consider the therapeutic options.

The two most likely reasons for poor resulis are:-

1) If the cervix is unripe, the uterus may be less

responsive to the method of induction.
and

2) The mechanical work required to overcome the
unripe cervix is too great and may put too much

stress on the feto-placental unit.

There is some theoretical support for the first in that
uterine sensitivity to oxytocin normally develops only in late
pregnancy (Csapo and Sauvage 1968) during the time when the
cervix is normally ripening. Indeed these two events may be
associated in that the cervix may ripen because of the increase
in contractility of the uterus as its sensitivity increases
(see page 65 ). That being so, better results might be

expected if prostaglanding were used, since the uterus is highly

sensitive to these agents at any stage of pregnancy (Embrey 1975).

1t is self-evident that if the main factor responsible for

-,
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responsible for/

producing effacement and dilatation of the cervix in labour

is uterine contractility, the more unripe the cervix is at

the outset, the more uterine work will be required.
Caldeyro-Barcia and Poseiro (1959) have stated that the induction
of labour requires 200 - 300 contractions of 40 mm. Hg. intensity
or greater if the cervix is unripe, but less than 100 if it is
ripe; and Cibils (1972) has quantified the mechanical work
required from the uterus to ripen the cervix. The distinct
clinical impression was gained in the course of the studies
described in this Chapter that of the five elements of the
cervical score, the least valuable prognostic index was the
degree of dilatation of the cervix. Analysis of the points
awarded for each element according to whether labour was longer
or shorter than the median confirmed this impression (see Table 4.9). -
The most valuable index was the level of the presenting part,
followed by the degree of effacement and the consistency of

the cervix. It geems that the time consuming part of the

latent phase of labour is that part concerned with effacing the
cervix and allowing descent of the head. Once the cervix is
fully effaced, dilatation can readily proceed. This is borne
out by the finding that in most cases wectioned for failure to
progress in labour, effacement of the cervix had never properly

taken place.

Caldeyro-Barcia et al (1974) have produced evidence that
fetal hypoxia is more likely to occur if amniotomy is performed

early in spontaneous labour than if deferred until dilatation of



dilatation of/

the cervix is well advanced. The same may be true of induced
labour and this may become clinically apparant especially in
cases that require a prolonged latent phase of cervical
effaceuwent because the cervix is unripe. Another advantage
in a methoed of labour induction might be avoidance of the need

for amniotomy.

The therapeutic options in the management of the unripe

cervix may now be examined. There are four:

1} Carry out elective caesarean section.

2) Delay delivery in the hope the cervix will ripen
in the meantime.

%) Employ more suitable methods of labour induction,
perhaps avoiding amniotomy and employing
prostaglandins,

4) Attempt to produce a ripe cervix before inducing

labour.

Options 3 and 4 will be discussed in later chapters but

consideration will now be given totions 1 and 2.

Iilective Caesarean Section

There are some pregnancles in which, hecause of deterio-
rating placental function, the stress of even the easiest
of labours would be undesirable. Ilective caesarean section
is the appropriate management of such cases regardless of the
state of the cervix. Logically this would also seem appropriate

in cases with marginally better placentsl function if the



if the/
cervix is unripe. However, 10 apply such nanagement in a
blanket fashion to all patients with an unripe cervix would

he wduly radical.

Tirstly the maternal risks associatbed with caesarean
section are not trivial (Report on Confidential Enquiries
into Maternal Deaths in England and Wales 1970 - 1972).
Secondly it should be stressed that while the results in the
"anripe group" in the prospective study were extremely pcor,
by no means all 31 patients had an unsatisfactory outconme.
Twenty~one of the mothers were delivered vaginally in a mean
time of 12.9 hours, and twenty of the 31 babies had one minute
Apgar scores of 7 or better. Had all 31 mothers been delivered
electively by caesarean section, substantially more than half
would have had the operation unnecessarily. Caegarean section
is not yet so safe, either in the short term or in respect of

future pregnancies, that it may be performed lightly or without

good cause,

Delaying the Delivery

It is a recognised practice in some departments that if
the cervix ig found to be unripe delivery is delayed to await
ripening. Clearly if the indications for induction are trivial .
such a courge would seem sensible. Unfortunately, the results
are often disappointing. The data (Figure 3.3) from the study
of Bishop (1964) indicate that if the cervix was ripe (score 9-12)

labour began within an average of 2 - 3 days, but if unripe



unripe/

(score 0-3) the interval was almost three wesks.

Such a delay might be justified in relatively normal
pregnancies (although the dangers associated with prolonged
pregnancy would begin to mount); it could not bve Justified if
the indications were pressing. Any improvement in the state
of the cervix may be bought at the cost of impaired placental
function, even in normal pregnancies allowed to continuve long
after term. Ve have personal experience of stillbirths
occurring vhile cervical ripening was awaited. Delaying the
delivery is at best a temporary expedient which may not be in

the best interests of the mother or her baby.

Furthermore, it may be a mistake to assume that the cervix
is unripe simply because the ripening process has been delayed.
Clayton (1941, 1953), Stewart and Bernard (1954) and Walker (1959)
have all shown that the incidence of abnormal uterine action in
labour is increased in pregnancies which continue beyond term.
This may be not so much the result of the delayed onset of labour
as the cause of it; in other words there may be a fundamental
defect in uterine function. This may contribute to unripeness

of the cervix and waiting may not cure it.

Since the optimum clinical solution to the problem of
the unripe cervix does not lie either in the use of elective
caesarean section or in the postponement of induction, it was
necesgsary to find alternative methods of management. The
search for such methods is the central theme described in the

next three chapterse.



CHAPTER 5

AMNTOTOMY AND TNTRAVENOUS PROSTAGLANDIN EZ—-

AS AN ATTERNATIVE TO
AVMNIOTOMY AND INTRAVENOUS OXYTOCIN




AMNTOTOMY AND  INTRAVENCOUS PROSTAGLANDIN E2
T0

A3 AN ALTERNATIVE 7
AMINTOTOMY AND INTRAVENQUS OXYTOCTN

In the search foramore succeséful methed of induction
of labour for the primigravida with an unripe cervix, the first
nodification investigated was the substitution of prostaglandin
E2 for oxytocin in the standard method of amniotomy and
intravenous oxytocin infusion. The literature contained a
large number of reports of the use of B and T prostaglandins
administered intravenously for induction of labour (FEmbrey 1969;
Beazley, Dewhurst and Gillespie 1970; Embrey 1970;_ Karim
et al 1970; Anderson et al 1971; Beazley and Gillespie 1971;
Karim 1971; Xinoshita et al 1971; Roberts and Turnbull 1971;
Anderson, Hobbins and Speroff 1972; Elias 1972; Hogaki 1972;
Ring 1972; Scher et al 1972; Spellacy and Gall 1972;
Vakhariya and Sherman 1972; Vroman et al 1972; Brown et gl 1973;
Laros, Witting and Work 1973; MNaismith, Barr and MacVicar 1973;
Spellacy et al 1973; Thiery et al 1973; Witting, Laros and
Work 1973; Caballero et al 1974; Thiery et al 1974). Iineteen
of these papers described experience with intravenous PGF2 o
for induction of labour in a total of 893 patients and nine of
the reports concerned the use of PGE2 in 886 patients {500 of whom
were contributed by Karim (1971) in a single report). Experience
with PGE1 wag limited to 39 patients described in three of the

reports and only two papers mentioned the use of PGF,  in each

1«
instance for one patient only.

Because the protocols differed widely with regard to



regard to/

indications for induction of labour, parity, gestational age,
dosage of prostaglandins, timing of amniotomy, criteria of
success and method of recording side effects, it is not

possible to draw other than the broadest comparisons and
conclusions from these studies. In particular, very few of

the authors made any mention of the cervical findings at the time
of induction so that no opinion could be formed on the value

of prostaglanding in the specific problem of the unripe cervix.

Nevertheless, the following conclusions could be drawn:

1) Prostaglendins (especially PGE, and PGF2a)
infused intravencusly in combination with
amniotomy are effective agents for induction

of labour.

2) WVhile fixed dose rate schedules may be effective

an escalating dose gives better resulis.

3)  The therapeutic dose range appears narrower
than with oxytocin so that uterine hyper-

stimulation may occur if the dose is too great.

4) Maternal side effects (nausea, vomiting,
diarrhoea, pyrexia, shivering, pain and
erythema at the site of :i.nfusion) may occur
with the doses necessary to induce labour.
These are more common and troublesome

with PGFEQ than with PGE2.

5) PGE2 and PGan appear about equally effective

for labour induction at tem.

Comparisons of I.V. Prostaglanding with Oxytocin

Ten of the above mentioned reports have attempted fto make



to make/

a comparison bhetween either or both prostaglandins end oxytocin.
The almost invariable conclusicn of these studies has been that
prostaglandins appear about as safe and effective as oxytoein
in inducing labour. On the other hand, the higher incidence
of irritating side effects (around 5% of patients overall) is
an important drawback. The only suggested advantage of
prostaglanding was the theoretical one of having no anti-
diuretic effect similar to that of oxytocin but this is rarely

of eliniecal importance (Roberts et al 1970).

Only one of these studies (Beazley and Gillespie 1971)
was conducted on a double blind basis. PGE2 was compared with
oxytocin and the results were virtually identicel, but the
patients vere not matched for factors known to affect labour
such as age, parity and gestation and in particular no account
was taken of the state of the cervix. Another study (Vakhariya
and Sherman 1971) did differentiate on the basis of a cervical
score (range O — 16) into "difficult” (0 - 5) and “easy"
(6 - 16) inductions, but all the patients were multiparous
and this factor was therefore probably less important. ity
patients were classified as difficult inductions and 25 received
each drug. Amniotomy was performed when contractions were
established and on the rather arbitrary basls of vaginal delivery
within 8% hours of induction, 23 oxytocin cases and 22 PGF,
cases were considered to have had a successful outcome., Only
one patient in each group required caesarean section, one because

of fetal distress and one because of failure of descent of a

breech presentation; this perhaps suggests that an unfavourable



unfavourable/
cervix is a less serious problem in multiparous patients than

in primiparzs.

In the other studies that compared prostaglandin E2 and
oxytocin, Brown, Hamlett and Hibbard (1973) state that amniotomy
was performed at the outset "following pelviec assessment" but
no data on the state of the cervix is presented. Karin (1971)
makes no mention of the cervical state (nor even maternal age,
parity or gestional age) and his failure rate of 3% per cent
for oxytocin against 4 per cent for PGE2 suggests that he could
not have been employing oxytocin in a manner designed to ensure
ite maximum efficiency. The other studies,which compared
PGFzﬂa with oxytocin,suffered from similardefects and since our

main concern is with PGE2, these will not be considered further.

In order to examine the possibility that intravenous PGE2
following amniotomy would be more effective than intravenous
oxytocin for the primigravida with an unripe cexrvix, a double
blind %rial was desiguned. The study is described in the following

paper.

PGE2 was preferred to PGthx for two reasons. Firstly, the
two compounds appeared on the face of published evidence to be
about equally effective, but PGE2 was rather freer of side effects.
Secondly, although the muscle of the cexrviz may have little
functional importance (page 76 ) there vas some evidence
(Embrey and Morrison 1968; WNajak, Hillier and ¥arim 1970;

Karim and Ratnam 1974) that PGE2 might relaz the muscle of the



of "che/

cervix and lovwer segment which would clearly be preferable

to the opposite effect which had been attributed to PGcmx‘
The paper described 100 primigravidae with cervical scores

of O ~ 6. Because subsequent clinical studies are concerned

only with primigravidae with the most unripe cervices (scores

0 - 3) the data for those patients in the series with scores

of O ~ 3 have been extracted and are presented separately

on page 112,



£
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Data for Patients with Cervical Scores QO - 3

Thirty-four of the 100 patients had cervical scores between
0 and 3, and 17 of these patients received each drug. The
nunbers are therefore small but the details of lazbour, delivery

and adverse effects in the two groups are shown in Table 5.1.
g D

Intravenous PGE2 appeared moreeffective than oxyvocin in
achieving cervical effacement and dilatation; the latter drug
again being associated with the pattern of "failure to progresg"
in labour. This was the indication for caesarean section in
four of the five oxytocin cases sectioned. The operation was
performed in these four cases after a mean of 20.2 hours by
which time the mean cervical dilatation was only 3+ cm. The
other case was sectioned because of cephalopelvic disproportion

after 13.7 hours and a cervical dilatation of 4+ cm.

In the two PGE2 cases requiring caesarean section, the
indication was failure to progress in labour in one case
(cervix 4 cm dilated after 16.0 hours) and fetal distress in

the other (cervix 7 cm dilated after 11.2 hours).

Although the numbers are small there is some support from
these data for the view that the use of PGE2 produced uterine
action that was more efficient than oxytocin in causing cervical
effacement and dilatation. Fetal distress and birth asphyxia

were also less common. Hovwvever, the unpleasant maternal side



maternal side/
effects, while never becoming intolerable, wers sufficient of

a disadvantage to offwset the benefits.

It was originally planned to follow up this study with
another using systemic prostaglandin E2 (intravenous or oral)
without amniotomy to investigate the theoretical henefit of
intect fetal membranes (page 40 ). This plan was abandoned
after a pilot study of five patients, two who received
intravenous PGE2 and three who received orzl PGE2 tablets.

This had demonstrated that the methods were clearly less effective

than if combined with amniotomy, and the side effects were worse.

The literature contained 17 reports of the use of orsl
PGES’2 for term labour induction (Karim and Sharma 1971la, 1972;
Barr 1972, 197%; Elias 1972; TFilshie 1972; Craft 1973a, 1973b;
Kelly, Flynn and Bertrand 1973; Thiery et al 1973b, 1974a;
Yip, Ma and Ng 1973; Corson and Bolognese 1974; Elder and
Stone 1974; Murnaghan et al 1974; Wilkin et al 1974;
Laurensen and Wilson 1975), an experience of over 1,700 patients.
As with infravenous studies the protocels varied widely especially
in respect of parity, gestational age and whether or not cervical
state was considered. - Although sare authors clainmed success
even if the cervixz was unripe, this was the commonest reason
given for fallure and did not encourage optimism that oral
prostaglandinsg might provide the solution to the problen.

However, the main reason systemic routes of prostaglandin therapy



therapy/
wvere not pursued further was that investigations of local routes

had begun, and were already yielding much more proemising resulis.

The main conclusion from this study, therefeore was that
there was little to choose between intravenous prostaglandin EZ
and oxytocin for induction of labour in primigravidae. The
advantage of prostaglandin E2 was to achieve better cervical
dilatation in the most unfavourable cervices but this was off-set
by its increased systemic side effects. It was hoped that by
applying prostaglandins locally, the advantageous cervicel effects
might be increased and the disadvantageous systemic complications
reduced. The studies which were undertaken to explore the
potential value of local prostaglandinsg in the unripe cervix

are described in the next two chaplers.
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DEVELOPMENT AWD APPLICATION OF IETIODS
OF _LOCAL (EXTRA-AMNIOTIC) PROSTAGLANDIN
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DEVELOPMENT AND APPLICATION OF METHODS OF
LOCAL (EXTRA~AMNIOPIC) PROSTAGLAIDIN ADMINISTRATION
FOR _ THMDUCTION OF TABCUR

The foregoing chapters have identified the deficiencies
of hitherto available methods of induction of labour if the
cerviz is unripe. Amniotomy and intravenous oxytocin infusion
proved unsatisfactory and although intravenous infusion of
prostaglandin 32 appeared capable of gtimulating uterine action
which was more efficient for cexvical effacement and dilatation
than that produced by intravenous oxytocin, its use was limited

by maternal side effects.

The preceding few years had seen extensive investigation
of the use of prostaglanding for therapeutic abortion, notably
in the second trimester of pregnancy. While it had been showmn
that such pregnancies could be successfully terminated by
intravenous infusion of PGE2 (Karim and Filshie 1972) or PGan
(Karim 1971c) and even by intramuscular (Rarim et al 1971) or
oral (Karim 1971b) administration of these agents, the dose regquired
by systemic routes was large, so that side effects were very

commonly produced (Hendricks et al 1971; Hillier and Embrey

1972).

There are several reasons for this. It is now clear that
in most of their physiological roles the primary prostazglandins
are synthesised and released at or close to their site of action,
and do not behave as circulating hormones (Embrey 1975).

Purthermore they are rapidly metabolised in the circulation,



circulation,/

particularly during passage through the lungs (XKarim and Rao
1975) so that very large doses are required by systemic routes
to achieve effective levels at the target organ, in this case
the uterus. This, together with the lack of specificity of
these compounds, explains the high level of side effects.

Both PGE2 and PGFZcx are known to influence contractility of

a wide variety of smooth muscle systems such as those in gut.
(Bennett 1972), air passages. (Cuthbert 1973), and blood vessels
(Makano 1973). They are also implicated in such processes as
pain and inflammation (Vane 1973)° It is hardly surprising then
that gystemic administration for therapeutic abortion resulted
in such side effects as nausea, vomiting, diarrhoea, pain and
erythema at the site of infusion, and pyrexia as well as
ocecasional instances of headache, visual upsets and tachycardia.
Although the dose required for induction of labour is generally
much lower, this is less true if the cervix is unriype, hence
the incidence of troublesome side effects encountered in the

study described in the last chapter.

The logical solution to this problem was to deliver the
prostaglandins closer to the site of action. Despite eaxly
optimistic reports (Karim and Sharma 1971lc) vaginal pessaries
proved disappointing for therapeutic abortion, the dose required
suggesting thét their mode of action involved absorption from
the vagina into the systemic circulation {Caldwell et al 1972).
Accordingly, side effects were not substantially reduced

(Miller and Calder 1971, unpublished observations).



Attention then turned to intra-uterine adminisﬁration and
two techniques were developed namely intra-amniotic and
extra-smniotic. Intra~amniotic therapy has proved to be
effective for the induction of aborfion (Brenner et al 1973),
but this technique has obvious disadvantages for induction of
labour in the mature pregnancy. The instillation of
prostaglandins into the amniotic fluid in the regquired amocunts
could induce spasm of the umbilical vessels and impalr placental
blood flow (Hillier 1970). Furthermore, its use would require
amniocentesis which carries the risk of direct damage to the
placenta. For these reasons, intra-amniotic therapy has not
been considered suitable for induction of labour, and will not

be discussed further.

The extra-amniotic route had been used in the past to
adninister acridine dyes such as aminacrine in order to induce
abortion (Nabriski et al 1971). Prostaglandins were first
given by this route by Wigvist and Bygdeman {1970) who were
successful in terminating 11 of 12 first trimester pregnancies
using repeated extra-amniotic doses of either PCF, or PGE,.
Independently, Embrey and Hillier (1971) applied z similar
technique in second trimester pregnancies. They employed a
Foley catheter introduced through the cervix and retained in
place by distending the balloon (which lay just above the
internal cervical os) with 20 -~ 40 nl vater. Bolug doses
of PGE, 200yg or PGF, , 750 ug. were given every two hours

via the catheter into the éxtra-amniotic space. Applying

this technique to a large series (Embrey, Hillier and Mahendran



(Embrey, Hillier and Hahendran/
1972) they reported sucecessful abortion within 24 hours in

41 of 61 (67%) who received PGF and in 27 of 3% (82%)

2 o
who recelved PGEe, The mean time taken fto abortion was

22.4 hours for the series as a whole, but was shorter for
PGE2 (19.5 nours) than Tor PGFZcx (24.1 hours). The doge

of prostaglandins necessary to induce abortion was lower than

with systemic routes of administration, and side effects were

notably veduced.

At Glasgow Royal Infirmary, Miller, Calder and Macnaughton
(1972) employed a modification of Embrey's technique for
2nd trimester abortion. Instead of intermittent dosage, the
prostaglanding were delivered by a mechanical pump as a
continuous infusion. Abortion was successfully induced within
24 hours in 47 of 52 second trimester pregnancies (90%) who
received PCE, at a rate of 1.5 - 4.5g per mimute. The uean
time to abortion was 15.8 hours and the incidence of side
effects was very low. This method also simpiified the nursing
care of the patients and it remains the method of choice for
termination of second trimester pregnancies in Glasgow Royal

Infirmary and many other hospitals.

The advantages of the extra-~amniotic route over systemic
routes of progstaglandin therapy for temmination of pregnancy were
so obvious both in efficacy and in the absence of side effects
that it seemed likely that the same might apply in more advanced

pregnancies. It also geemed possible that the unripe cervix



cervix/
at term might have much in common with the cervix in the second
trimester, both in its physical characteristics and in its poor

response to oxytocin therapy.

Before applying this technique of extra-amniotic prostaglandin
treatment to term pregnancies, however, i+t was first necessary
to seek re-agsurance about the safety of such an approach.
There vas no particular anxiety about the drug itself.
Prostaglanding had been widely used for labour induction by
systemic routes and appeared to be free of serious harmful
effects. The uncertainty centred on how the term pregnant

uterus would respound to direct application of prostaglandins.

In the first and second trimesters of pregnancy the uterus
regsponds in one of two ways to extra-amniotic prostaglandins
(Embrey and Hillier 1971; HacKenzie, Hillier and Embrey 1975).
The usual response is a gradual increase in uferine tone and
frequent low amplitubte contractions which graduvally increase
(see Figure 6.1). In some cases, however, an immediate rise
in uterine tone follows the injection, causing severe pain.
Thisg responsé is more commonly seen if bleeding accompanies
insertion of the extra—amniotic catheter, and 1% has been
attributed to rapid systemic absorption of the drug. Although
the second pattern is the more extreme, both are associated
with a rise in basal uterine tone which would be unacceptable
in term labour because of the risk of placental compression

and fetal hypoxia.



Yhereas it was felt that the response of the uterus to
progtaglanding was more likely to be a function of the
gestational age than of the route of proztaglandin sdministration,
1t was felt essential that the safety of the extra-amniotic
method was first demonstrated on advanced non-viable pregnancies.
In this way, information would also be gained which would acti
ags a guide to the optimum dosage regimes to be used in viable

Pregnancies,

Suitable cases for this study were provided by instances
of fetal death in utero and anencephaly in late pregnancy.
The fetal death cases also provided a useful model to allay
another aunxiety, namely intra-uterine infection. In the early
days of extra-amniotic therapy for induction of abortion, the
method wag criticised becaunse of the danger of introducing
infection into the uterus (Roberts, Cassie and Turmbull 1971).
Extensive experience subsequently with the method has not
substantizted these fears (Bmbrey 1975) mainly because the
induction -~ abortion interval is kept short. Hevertheless,
the theoretical risk remained and it was felt that it would
be re-assuring to show that this complication could he aveided
in cases with a dead fetus, potentially those most likely to

manifest any intra-uterine infection.

The technique of continuous extra-amniotic infusion of
prostaglandins was applied then to cases of fetal death in uvtero
and anencephaly and the early results were reported by Embrey,
Calder and Hillier (1974). The method immediately vroved
highly effective and was subsequently applied in a large series

of 72 cases of unsuccessful pregnancy, comprising 50 of fetal
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fetal/
death in utero, 13 of anencephaly and 9 of hydatidiform mole.

This experience is described in the paper which follows.



This chapter has described the devlopment and validation
of a new method of labour induction. The use of the extra-
amniotic route of prostaglandin administration proved to have
gimilar benefits for labour induction., as it had previously done
for induction of abortion, notably in reduction of the dose
required and accordingly of the side effects encountered.
As a routine method of inducing lahour at term in cases with
a favourable cervix, it appeared to have no particular advantages
over existing methods, and it was certainly more complex. On
the other hand, it had been shown capable of inducing progressive
labour while the fetal membranes were nmaintained intact and
these early studies suggested that it might prove particularly
valuable in the management of the unripe cervix. The application

of the method in such circumstances is described in the chapter

which followse.

-
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MANAGEMENT OF THE UNRIPE CERVIX IH NULLIPARAE
BY T0OCAL ADMIWISTRATTION OF PROSTAGLANDIY EZ«“

This Chapter describes the results of the methods whose
developuent was described in the previous Chapter when applied
to a total of 216 nulliparous viomen in whom the cervix was very
unripe. Two distinet approaches were applied, namely induction
of labour by extra-amniotic PGE2 infusion, and prostaglandin

therapy in order to ripen the cervix prior to induction of

labour.
INDUCTION OF ILABOUR BY
EXTRA-AMNTIOTTIC THWNFUSION O PGEZa
Patients

Labour was induced by extra-amniotic infusion of PGE2 in

95 patients with cervieal scores 0 - 3. They are considered

under four categories.

i) Sixty-two fullfilled the selection criteria
applied in the prospective study of amniotomy
and oxybtocin infusion described in Chapter 4.
They were primigravidae, five feel or nmore in
height, at or beyond 38 weeks gestation with
a single fetus pregenting by the vertex,
who had shown no prior evidence of spontaneous
labour. This group were considered to
constitute the purest experimental model.

The mean cervical score was 2.0.




score was 2.0.

ii) Bleven patients fullfilled these criteria in
all respectssave the presentation of the fetus
which was breech. The mean cervical score in

this group was 2.2.

iii) Ten patients fullfilled the criteria of
category i) except in respect of stature.
They were less than five feet tall, and were

to undergo a formal trial of labour. The mean

cervical score was 2.1.

iv) Finally, twelve patients were in their second
pregnancy, but were nulliparous in the real
sensge of never having undergone parturition.
They had all been delivered by elective

caesavrean section in their only previous

pregnancy. The mean cervical score was 2.2.

All the patients in the series were between 16 and 38 years
of age, and had obstetric indications for induction of labour

(see Table 7.1).

Method

The method of induction was that described in the paper
included in the last Chapter (Calder, Embrey and Hillier 1974)

with the following modifications:-

1) A Foley catheter ( 26 French gauge) was used, and
the balloon distended with 20 ml sterile waterxr
to retain it in place. A plain Nelaton catheter

had been employed in the previous study so that
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the effect of prostaglandin infusion could be assessed
independently of the known stimulatory effect (Bmbrey
and Mollison 1957) of a cervical balloon. Having
demonstrated the effectiveness of the method there was
no need to adhere to this condition, and the added
effect of the balloon of a Foley catheter could be
ugsefully exploited. There were four further advantages
of this: to introduce a plain Nelaton catheter success-
fully it was usually necessary for the cervix to admit
the catheter plus the operator's finger; in contrast
the Foley catheter could be introduced into a more
tightly closed endocervical canal and if necessary
could be drawn into position by gently beginning to
distend the balloon while it was still in the canal.

It could thus be used in much less favourable cases, and
indeed in our experience it has never proved impossible
to insert a Fdley catheter. Secondly, the balloon
retained the catheter in place - it had otherwise been
necesgary to tape the catheter to the patient'sthigh
near the vaginal introitus, and this was not always
gsatisfactory. Thirdly, to ensure that the Nelaton
catheter would remain in place, it had been necessary
to introduce it for 10 to 12 cm. beyond the internal
cervical os, which increased the risks of 'accidental
membrane rupture, or placental separation (ten per cent
of patients had to be excluded from the earlier study
because of these complications). Fourthly, the Foley
catheter was always extruded through the cervix wvhen
dilatation had reached a certain stage (around 3 cms.).
This was recognised by cessation of the normal intra-
uterine pressure tracing pattern and when this happened

a vaginal examination and amniotomy were usually performed.

The second modification concerned the infusion itself.
A very cautious approach had been employed in the

initial study, poth in the concentration of the PGE2
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golution, and in iteg rate of increase. Becausge

the solution was sodilute (1.5 ug PGE. per ml)

it was necessary to deliver a fairly iarge volune
to achieve the desired regponse. The average
maximum dose regquired had been around 1.5 ug PGE2
per minute or 60 ml fluid per hour. This inevitably
led to some leak back of fluid and on occasion
misled the attendants into supposing the fetal

membranes had ruptured spontanecusly.

It was decided to employ a solution containing

5 ug PGE2 per ml. (Even this was cautious -~ Hiller
and Mack (1974) went as high as 100‘yg/m1). To
simplify matters this was infused at an initial

rate of 1.0 pg per minute with a maximum permitted
dose of 3 yg per minute. This meant a fluid volume
of 12,24 or 36 ml per hour, and leakage became much
less of a problem.

Using a Hewlett-Packard 8021 A cardiotocograph the same
strict fetal monitoring precautions were employed as in the
earlier gstudy. E#trusion of the Foley catheter interrupted
the recording of intra-uterine pressure. and, to restore this,
an intra-amniotic catheter was introduced at the time of
amniotomy. A fetal scalp electrode was also attached at this
time, and direct electronic fetal heart monitoring substituted

for the trans—-abdominal ultrasonic technique.

Continuous lumbar epidural block was employed when
indicated for control of hypertension, or when regquested
for pain relief, and 69 of the mothers (73%) had this form
of analgesia. The indications for induction of labour are

shown in Table T.1l.




Details of labour, delivery and morbidity (fetal and

maternal) are set out in Table 7.2.

Uterine contractions commenced in all patients within a
short time of the start of prostaglandin infusion. The Foley
catheter was expelled within 9 hours in all cases (mean 4,1 hours)
and amniotomy was performed shortly thereafter. If after a
further 2 hours the uterine contractions appeared to have
waned, an intravenous infusion of oxyltocin was begun using the
fully automatiec Cardiff Infusion System; +this was necessary in
31 of the 95 patients, the remaining 64 progressing to delivery

without further stimulation.

All vatients were delivered within 24 hourg (range HeH = 22,7
hours) and the mean birth weight was %,250 ¢ (range 1,940 ~
4,%60 G). In only two patients was the lowest dose rate of
PGE2 {1 ug per minute) sufficient; +the majority required either
2 1g per mimute (37 patients) or the maximum rate of 3 ug per
minute (56 paﬁients). The mean total dose in the series was

605 ng (range 200 — 1,250 ug ).

Mode of Delivery

A vaginal delivery was achieved in 80 of the 95 patients
in the series. 0f these, 59 vere assisted vaginal deliveries,
and 21 spontaneous. The high rate of operative vaginal
deliveries (62% of the total) was accounted for by three factors:

the inclusion of 9 breech deliveries, the preference for




for/
assisted delivery in cases of previous caesarean section, but
mainly by the frequency with which epidural analgesiz resulted

in delay in the second stage of labour.

Caegarean Section

Caesarean section was performed in 15 cases (16%). The
details of the indications for the operation in the different

categories are shown in Table 7.3.

In category i) — three of the 62 patients required emergency

caesarean section on account of fetal hypoxia, 5.5, 7.1 and

10.2 hours after induction, and at 4 cmg., 5 cms. and 8 cms.
cervical dilatation. The Apgar scores at one minute were

4, 8 and 4 respectively. Three further cases in this group
required the operation because of cephalo-pelvic disproportion
after 9.6, 11.5 and 20.2 hours. The cervix was 6 cms. dilated
in one of these and fully dilated in the other two, and the

Apgar scores after one minute were 5, 6 and 9. In no instance

was the operation required for failure to progress in labour.

In categoxry ii) -~ two of the eleven cases of breech
presentation required caesarean delivery. In one, fetal
bradycardia developed soon after amniotomy was performed and
caesarean section produced a baby with an Apgar score of
4 at one minute. In the other, the cervix had dilated to
9 cm after 13.8 hours but the breech iemained high and

caesarean sectlon was performed for feto-pelvie disproportion.




dispr0portionu/

The one minute Apgar score was 7.

Three of the ten cases in category iii) (small stature) were
delivered by caesarean seclbion, one on account of fetsl distress,
and two becauge of disproportion. The fetal distress tcok the
form of profound bradycardia at 5 cm dilatation; +he baby hed an
Apgar score of 8 at one minute. The cases of disproportion
were delivered after 11.1 and 14.0 hours at full dilatation and

8 cn respectively. Both babies were in good condition at

birth.

In category iv) ~ four of the twelve patients who had a
previous history of caesarean section required to have the
operation repeated. In one patient, Type II fetal heart
decelerations developed 14.5 hours after induction. On vaginal
examination the cervix was found to be 6 cm dilated, ard the
urbilical cord could be felt beside the presenting part. A
healthy infant, Apgar 8 at one minute, was delivered by
immediafe caesarean section. In a second case, the cperation
was carried out with the cexrviz 5 cm dilated after 1%.5 hours,
following two hours of persistent febal and maternal tachycardia.
The Apgar score of the baby was 9 at one minute, and although
the indication for operation is given as fetal distress, an
additional factor was undoubtedly anxiety over the possibility
of dehiscence of the previous section scar. Phis was found
to be intact. In the third case the cervix reached full
dilatation after 15.0 hours, but the presenting part remained

above the ischial spines and caesarean section was performed for
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disproportion. The Apgar score was 8 at one nminute.

In the final case labour was induced at tern because of
static maternal weilght, and eclinical Tetel growih reiardation.
The cervical score was 1. The Foley catheter was exfruded
after 7.7 hours and a total dose of 900 g PGEQ. The cervizx
was 3 cm dilated and amniotomy released ligquor that was slightly
blood stained. After a further twe hours the contragtions
were poor and initravenous oxyitocin therapy was commenced. Over
the next five hours there was 1little improvement in the contractions,
and no progress in cerviecal dilatation. At the end of this time
Type IT fetal heart decelerations supervened and so caesarean
section was performed. The previous scer in the lower uterine
segment wag found to have partially dehisced. A live infant
weighing 2,680 ¢ was delivered with a one minute Apgar score
of 4 (9 at five minutes). The uterus was repaired and the total
blood loss was 1,200 ml. Both mother and baby recovered

satisfactorily.

Maternal Complications

Apart from the case of partial scar dehiscence just referred
to there were no serious maternal complications. There was one
cage of retained placenta, snd a blood loss greater than 500 ml
was recorded at eleven deliveries, eight of which vere caesarean

sections.




& pyrexia greater than 3800 occurred in 12 mothers in the
series (Table T.2) but in most this appeared to be mainly the
regult of dehydration; in only itwe were antibiotics exhibited,
one of whom had a proven urinary infection and the other was
presumed to have intra-uterine infection, although this was

never confirmed bacterioclogically.

I'etal Complications

There was one perinatal death in the series. The haby,
whose mother belonged to category iv) had multiple congenital
abnormalities including a diaphragmatic hernia and partial bowel
atresia. He died after surgery on thefourth day. Fone of

the neonates showed evidence of infection acquired in utero.

Only four of the neonates (4%) were classified by virtue
of an Apgar score below 5 as demonstrating birth asphyxia
(Table 7.2). A1l were delivered by caesarean section and have
already been described. 41l responded well to resuscitation.
The mean one minute Apgar score for the series asg a whole was

8.3.

No instance of uterine hyperstimulation occurred such as
to trigger the hypey@nus ("spasm") alarm on the Cardiff apparatus
(i.e. an intra«uterine pressure greater than 30 mm Hg sustained
for longer than two minutes) nor were there any lesser episodes

associated with fetal heart rate changes.




Conment

The resultls achieved with this method in these cases with
highly unripe cervices represented a considerable lmprovement on
previous methods, particularly in respect of the reduced
caesarean section rate and The lower incidence of birth asphyxia.
The most notable finding was the disappearance (except in the
instance of scar dehisoence) of failure to progress in labour

as an indication for taesarean delivery

The resulls for patients in category i) will be fully
discussed at the end of this chapter in relation to strictly
comparable patients treated by other methods. Heanwhile,

consideration will be given to the results in the other categories.

Firstly, breech presentation: it is often suggested that
inco-ordinate labour is commoner in breech presentations, perhaps
because of a less well-fitting presenting part. The results in
the small series of cases presented here were satisfactory, and
labour was not prolonged. Perhaps the virtue of intact fetal
membranes in early labour has special advantages in breech

presentations.

The cases of trial of labour algo produced gratifying results.
It would be quite wrong to suggest that an efficient method of
labour induction could overcome other than the most minor
degrees of disproportion, and no such claim is made here.
Vhat is suggested is that it allows conduct of a much more

satisfactory trial of labour. In all seven cases in the whole

e S

s
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series vwho reguired caesarean section for feto-pelvic disprovortion,
the cervix was at least 6 cm dilated (in four ceses fully dilated)
before the diagnosis wag established. This meant that the
operation could be performed with a large degree of certainty

as to that diagnosis.

The implications of this are considerable for the future
obstetric management of these patients. When a trial of labour
ig commenced with an unripe cervix which fails to efface fully
or dilate more than a few centimeltres, the adequacy of the
pelvis for vaginal delivery remains uncertain. This neans
that in future pregnancies the choice lies between elective
caesarean section or a potentially hazardous repeat trial of
labour in the presence of a caesarean section scar. It is
clearly desirable that the adequacy of the pelvis should be
determined during the initial trial of labour by ensuring
adequate cervical dilatation. If the adequacy of the pelvis
is in doubt and the cervix is unripe, the use of extra-amniotic

PGE2 greatly assists in the achievement of this objective.




PROSTAGLANDIN THERAPY TO RIPEN THE CERVIX
BEVORE TNDUCTION OF TABCUR

The second part of the Chapler examines the possibility of
bringing about a ripe cervix before induction of labour and
describes a method of doing so. The desire to make the cervix
ripe before induction was not & new one, and other methods have
been tried in the past with little success. Prolonged intra—
venous infusion of oxytocin before amniotomy has been widely
employed, but it is tedious for both patient and attendants,
and the results are disappointing (Lilienthal and Ward 1971).
Oral prostaglandin theyapy has azlso heen tried but no clear

benefit was demonstrated (FPriedman and Sachtelben 1975; Veiss

et al 1975).

Ve developed a different approach as a refinement of the
technique described in the earlier part of this Chapter. It
arose as the result of two different observations in the earlier
experience with prostaglandins for induction of labour and abortion.
The first was the observation that vhen extra—amniotic prosta~-
glandins were used to induce labour, the procedure fell quite
distinctly into two parts with amniotomy as the watershed; if
after expulsion of the Foley catheter amniotomy was not
performed within an hour or two, then the uterine contractions
usvally waned and c¢linical labour stopped, but in the meantime
an unripe cervix had been converted to a riper Une. It was
also notable that, although the degree of dilstation at the time

of catheter expulsion was fairly constant at around 3 cm, the
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interval from amniotomy to delivery varied very widely (3.7 -
18.1 hours), and the factor which seemed to govern this most

was the degree of cervical effacement. In other words although
the cervix was invariably around % cm dilated it was not
invariably ripe in a real sense, in particular often remaining

thick and uneffaced (Figure 7.1).

The other experience that was utilised was the use of the
highly viscous gel methyl hydrozyethyl cellulose ("Tylose")
as a vehicle in which to suspend prostaglandins for a sustained
release effect. This had already been used by the group with
good effect as a single shot method of extra-amniotic prosta-
glandin therapy for termination of pregnancy(MacKenzie, Hillier
and Embrey 1975) and management of fetal death in utero (Calder,
Macgenzie and Fmbrey 1976). Laboratory studies by Dr. Hillier
had shown that prostaglanding continued to be released from

this gel for up to six hours.

These two comsiderations encouraged the belief that a
prostaglandin containing gel might be employed as a single
shot to effect cervical ripening prior to induction of labour.
This project was begun in late 1974 and preliminary results
were reported at the Third International Congress on Prosta-
glandins in Florence in May 1975 (Calder, Hillier and Embrey 1975).
Subsequently this expefience vas extended to a series of 121
primiparae with cerviecal scores O - 3% and this is described

in the paper which follows.






The indiecztions for induction of labour are not given

in the paper but will be found in Table 7.4, Cne hundred

and 2ix of the patients correspond in their selection criteria
with category i) in the earlier part of this Crapvpter
remaining 15 comprise 6 in catepory ii) (breech presentstiod)
and @ in category iii) (trial of labour on account of small
stature), In addivien the method was applied in six cases
corresponding to category iv) (previqus czesarean section) and
the data for the different categories is presented separatvely
in Table T.5. The information from Table ITI in the paper

iz illustrated graphically in Figure 7.2. The control group
described in the paper are those patients with cervical scores
0 - 3 from the prospective study of smniotcmy and oxyitocin
infusion described in Chapter 4 (page 96 ). The details of

caseg delivered by caesarean section are shown in Table 7.06.

Other Studies

The literature now contains nine other reports describing
the use of local prestaglandin therapy for induction of labour
or cervical ripening. The data from these papers are summarised
in Table T.7. In the first six studies listed the emphasis is,
2t least in part, on the unripe cervix (three relate to induction
of labour and three to pre-induction cervical ripening). In
the other twc studies the aim is a simplified method of labour
induction vhere the cervix is alwready ripe. Although a2ll report
g fundamentally similar approach there were a number of method-
ological differences in the treatment routes and regimes, as

shown in the Table,



Unripe Cervix - Induction of Labour

Calder and Embrey (1973) reported a small series of seven
primigravidas with the most highly unripe cervices (cervical
scores 0 or 1) whose labours were induced with extra~smniotic
PG32 infusion. The gestational age range was 28 weeks to term
and all had clamant indications for delivery (severe pre-eclampsia
(2), diabvetes (2), chronic renal disease, rhesus iso-immunization
and fetal growth retardation). There was one perinaztalloss :

a baby of only 720 G disd at 28 weeks gestation a2 few hours

after a delivery which had been necessitated by fulminating
pre—eclampsia. The other six bables were all born in good
conditicn with one minute Apgar scores of 8 or vetter. Mo
evidence of uterine hyperstimulation was seen and this small
series is presented here to illustrate the valus of the technique

in pre~term inductions with the wmost unpromisinz features.

Miller and Mack (1974) reported on the use of the technique
in 69 patients with a wide spectrum of parity and cervical
ripeness. Forty-eight were considered unfavourable (score
0 - 5) and 21 favourable (score 6 - 9). The series included

four cases of anencephaly.

The pattern of labour and delivery was similar to other
studies (see Table 70?)0 The réther high caesarean section
rate of 17.4 per cent was mainly due to 2 high incidence of the
operation on account of mechamical problems (11.6%). There
were three perinatal deaths in this series but in none could the

cause bhe attributed to the method of labowr induction. One




One/
ingtance of uterine hyperstimulation was recorded resulting
from an accidental bolus overdose of PG soluticn when the

catheter was being connected 1o the infusion pumop.

Heuberz (1975) reported his experience iming a simplified
technique in 37 patients with what he called "uninducible"
cervices (soores 0 - 3). He gave bolus doses of PGE2 in
saline extra~amniotically via a Foley catheter. A test dose
of 50 pg vas followed after 30 minutes by 100 pg and this dose
wag repeated two hours and again four hours later. Intravenous
oxytocin infusion was commenced after a further interval of
one hour. The method proved very successful and rather
surprisingly no ubterine hyperstimulation was revorted with
PGE2 therapy alone, although two instances occurred after
oxytocin was commenced. The caesarean section rate was 13,5
per cent. The birth asphyxia rate is not recorded butthe

mean one minubte Apgar score was T.7.

Unripe Cervix = Pre-induction Cervical Ripening

Qur reports of the cervical ripening technigue using PGEa
in tylose (Calder, Hillier and Bmbrey 1975) were followed by
reports of other workers' experience with the technique
(Shepherd, Sims and Craft 1976; Thiery et al 1977, 1978).
Shepherd, Sims and Craft treated 15 patients with cervical scores
0 - 4 (mean 2.1). They also studied a control group who

received the gel alone and in neither group was a Foley catheter

usedo The mean improvement in cervical score in the treatment
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group vas 4.9 against 0.8 for the control group. (ne patient

in each group required caesarean section, and the mean length

of induced labour was shorter in the treated patients than in the
controls. The number of patients was small, and parousg women
were included, but this study clearly demonstrated that the

value of the technique was mainly due to the action of PGE2

rather than to any local effect of the tylose gel or a Foley

catheter.

Thiery et al have described their experience with the
technique in Belgium in two reports (1977, 1978). They have
studied a total of 196 normal women at term (cervical score
0 - 4) who were undergoing "elective" induction of labour.

This is taken bto mean without obstetric in@dc%ions, ie.€., A

very low risk group. They followed the met;od of Calder, Hillier
and Embrey {1975) except in the timing of amniotomy. _PG-E2
therapy was given at midnight and, assuming ripening had

occurred, amniotomy was performed 7 to 8 hours later in contrast
with the 18 hour interval we allowed. 1In five subjects they

felt that cervical ripening had been insufficient to permit
amniotomy, and this was deferred while a second dose of PGE2

gel vas given. The mean improvement in cervical score before
ammiotomy for the whole group was 3.7 for nulliparee and 4.1

for prrous women. The mean time from treatment to delivery was:
1%.9 hours and only nine patients (5%) required caesarean section,
all on account of cephalo-pelvic disproportion.  These workers

did not record the incidence of birth asphyxia as indicated by
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a low Apgar score but they reported that there were no untouard
perinatal or maternal effects and indeed the purpose of the
gecond study (Thiery et al 1978) was to look specifically for

fetal complications.

Very recently MacKenzie and Embrey (1977) have reported
a simplified technique of cervical ripening by intra-vaginal
Peﬁg in gel. They have employed a very much larger dose of
PE3, (2.0 or 5.0 mg) in a different gel (2 or 4% sodium
carboxymethyl cellulose) given high into the vagina 16 - 18 hours
before induction of labour. In a serieg of 168 primigravidae
(cervical scores O — 3) they reported results very similar to
those obtained using the extra-amniotic route. The mean
length of induced labour was 10.5 hours and the rates of
caesarean section and birth asphyxia were 12.4 per cent and
8.9 per cent respectively. They reported no maternal or fetal
side effects or complications, but since publication of the
report they have encountered some instances of uterine hyper-
stimulation with the larger dose.necessitating emergency

caesarean section on at least one oceasion (MacKenzie9 personal

communication).

Ripe Cexrvix -~ Induction of Labour

A peripheral development from experience with prostaglandin
gels for cervical ripening is also worthy of mention. Because

a number of patients were found to have become established in
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labour following therapy and the nature of the resultiang labour
proved so satisfactory, the technique has been applied as a
method of labour induction when the cervix is rive. Mellows,
Sims and Craft (1977) gave %00 ug PGE2 in tylose extra-amnicdically
to 120 patients with cervical scores of 6 or greater. Delivery
was accomplished in 75 per cent of cases without furthér
stimulation, and in the remainder after amniotony and oxytocin
therapy. These authors report that following this experience the
method has become the routine for labour induction in Queen

Charlotte's Maternity Hospital.

In our own department, Kennedy et al (1978) have given
400 ng PCE, in tylose endocervically (i.e. between high vaginally
and extra~ammiotically) to induce labour in 30 women with cervical
scores of 6 or greater. They compared these with two other
matched groups both treated by amniotomy and followed either
by oral PGE2 or intravenous oxytocin. The method wag much
superior to amniotomy with oral PGEz and compared favourably
for efficiency with amniotomy plus intravenous oxytocin. The
patients' reactions to the methéds of induction were assesséd,
and the PGE2 gel technique emerged as the most widely acceptable,
perhaps because the resulting labour so closely resembled

spontaneocus labour.

General Observations from the Experience of the Author and Others on the
Bfficacy and Safety of Local Prostaglandin Therszpy in Perm Pregnancies,

All forms of obstetric interference carry some risk and when

nevw techniques are introduced which appear to bve very effective,
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it is vital that their potential risks should be identified

and minimised. The primary prostaglanding are uterine stimulants
of the most potent kind, and in addition exhibit a multitude

of widely differing biological properties. The concluding

part of this Chapter is devoted to examining the experience

with locally administered prostaglandins in an effort to define
how these techniques may be employed with the maximum degree

of efficacy and safety.

Over the years obstetric practice has clearly identified the
main maternal hazards of labour and induction of labour as
intra-partum and post-partum haemorrhage, and the need %o
resort to caesarean section. All these complications are
easily recognised and measurable, and there is no evidence
to suggest that, properly used, the methods of local prostaglandin
therapy described have increased the risks. Indeed it may be

claimed with some Justification that they have done the opposite.

The possible risks to the fetus are more imponderable, but
before discussing these in detail it may be worth considering
in greater depth the importance of the minor methodological

variations employed by different authors.

1. Catheter

The value of the additional influence of the balloon of
a Poley catheter on the unripe cervix (Embrey and Mollison 1967)

has already been referred to, Most authors have employed a
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Poley catheter if the cervix is unripe and the other advantages

of this were discussed on page 132. The balloon size was varied
between 20 and 50 ml, however, and although the larger size may
allow therapy to be continued until more cervical dilatation is
achieved, against this must be set the danger of causing an
unstable lie in a fetus with an already high presentinz part.

A balloon size of 20 ml is probably large enough for most cases.
Regardless of the type of catheter used, it is considered important
to insert the catheter with the lumen open so that any bleeding

provoked within the uterus immediately becomes apparant.

2. Prostaglandin Therapy

The features which have varied most between different
studies have been the dose, volume and concentration of
prostaglandin therapy. Where a solution has been given
extra-~amniotically the dose rate has varied between 0.3 and
3.0 pg per minute, the volume of wvehicle between 1.8 and 100 ml
per hour and the concentration of the solution between 1.5 and
100 pg per ml. Among those using gel therapy the bolus dose
has varied between 250 pug and 5.0 mg, the volume between 3 and
12 m1l and the concentration between 25 and 500 pg per ml although
it should be emphasized that these highest doses and concentrations

were given vaginally by MacKenzie and Bubrey (1977) and not into

the uterus.

Most authors appear to agree on the safe and effective
extra~amniotic dose both for induction of labour (about
1~ 3¥@3/min) and for cervical ripening (between 250 and 500 pg

in gel). VYhen solution is used the concentration is of some
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importance. Reference has already been made (page 133} to the
problem of leakage of solution from the system if it is too
dilute. On the other hand too concentrated a solution brings

the danger of accidental hyperstimulation such as that described
by Miller and Mack (1974) which followed an accidental bolus

dose while the catheter was being connected to the pump. There
would seem no benefit from using so concentrated a solution

as ‘the 100 ug/ﬁl they employed. A balance must be struck

but 2 solution of 5 -~ 10 ug/ml would seem to allow a large enough
nargin of safety while eliminating leaksge problems. (The
volume of infusion required with a solution of 10 pg at the maximum

dose of % ug/min is less than 20 ml per hour).

Heuberg (1975) gave repeated bolus doses of 100 pg PGE2 in
4 ml solution into the extra-amniotic space and suggested +that
thig was a safe and effectivé method which avoided the need for
complex equipment. There must hardly be a hospital in the land
that does not now possess some form of infusion pump and the
risk of hyperstimulation with Neuberg's technique would seen
to subordinate safety to simplicity and convenience. These
risks have recently been stressed by Thiery and Amy (1977)
who have condemned the practice of giving bolus doses of
prostaglandins in solution to term pregnancies as being frankly
dangerous. In the same vay, while the vaginal gel technique
of MacKenzie and Imbrey (1977) has obvious and powerful attractions
the problemns of hyperstimulation they heve recently encountered
with the 5 mg dose (page 148) emphasise the need to continue
investigations to find the most effective method and dosage

with the widest pogsible safety margins.

A e)

~




Direct Effects on the Fetus

The methods at our disposal are barely adeguate to assess
harmful influences to the fetus of obstetric procedures. The
limitations of the Apgar score and of methods of neurological
assessment of the neonate are well recognised and the longer
the interval from birth the more difficult does it beccme to
make meaningful developmental assessments because of the

multitude of envirommental influences.

Nevertheless, the short and long term hazards to the
offspring fron drugs used to induce labour must continue
to be a vitally important area of study. Thig is particularly
so vhere prostaglanding are concerned because ¢f their diversity
of effects on body functions. The data presented in this
Chapter and the studies of other authors already reviewed
are reassuring in their failure to demonstrate any direct ill~
effect of local prostaglanding on the febus or neonate, asphyxial
or otherwisze. Thiery et al (1978) made a study of patient's
recelving PGE2 gel for cervical ripening with the express purpose
of detecting deleterious effects on the fetus. They carried out
routine fetal scalf blood sampling at the time of amniotonmy,
and again during the second stage of lghour to assess the acid-
base and lactaterpyrurate status on these sawmples, and also on
samples obtained at the time of delivery from the umbilical
artery and vein, and the maternal femoral artery. They also
carried out continuous fetal heart recording throughout and
Apgar score assessment at birth. They were unable to detect
any deleterious effects on the fetus as a result of the use of

PGE2 gel.



It appears that, so long as care is talen to prevent
vterine hyperstimulation, the healthy fetus is wnlikely to
suffer ill-effects from the use of prestaglandinsg to induce
labour. Closer consideration must, however, be given to
highly complicated pregnancies in which placental function may
be seriously impaired. This is especially so in view of the
warning by Brosens, Dixon and Robertson (1974 a, b) that
prostaglanding should not be used in cases of pre-~eclampsia
and essential hypertension. They suggest that the nomal
vaso~constrictive effect of prostaglandins on the uteroplacental
(spiral) arteries (Moghissi and Murray 1970) might be exaggerated
in these clinieal conditions, increasing the risk of fetal
hypoxia. This contention was based on structural chanzes they
had describved in the spiral arteries of patients with these
hypertensive states (Brosens, Robertson and Dixon 1972). Calder
et al (1974) disputed this theory citing electron microscopic
evidence on the ultra-structure of the spiral arteries (Sheppard
and Bonnar 1974) which suggested that these vessels might become
unresponsive to vasoactive agents and was at odds with the
findings of Brosens et al 1972. They alsc reported experience
in a series of 23 patients with moderate or severe pre-eclampsia
vhose labours were induced between 36 and 38 weeks gestation by
amniotomy and intravenous PGE2 or oxytocin given in a double
blind fashion, and a further 18 primiparae with unripe cervices
also between 36 and 38 veeks gestation induced by continuous
extra-amniotic PGEz. In the first study the only patient who

required caesarean section for fetal distress belonged to the

oxytocin group. The mean Apgar score at one minute was 7.C



was 7uO/
with oxytocin and 8.1 with PGE2° In the seccnd study ftwe
patients had caesarean sections for fetal distiress and the
mean Apgar score for the group as a whole was 8.0,

The conclusion was that there was no evidence of any harmful
effect of PGEz in such pregnancies and this was suppo;%ed by
Jacomb and Hinchley (1974) who reviewed 283 cases of essential

hypertension or pre-eclampsia who had received 2GF or PGE

2« 2
intravenously. The mean Apgar score at one minute was 8.2 and
at five minutes 9.4 and only four infants (1.@i) had Apgar scores
below 5 at five minutes. Lauerson and Wilson (1975) reported

similar findings in cases of pre-eclampsia and hypertension, and

also in five cases of maternal diabetes.

Clark, Ryan and Brody (1973) infused PeF,  intra-arterially
in pregnant bitches and even with dose rates as high as 100
per miﬁute were unable to demonstrate any increase in the
uwtero-placental vascular tone, and while allowence must be

made for species differences, this adds further reassurance

as to the safety of the prostaglandins in pregrancy.

Induction of labour has also been implicated as a causative
factor in neonatal jaundice, with oxytocin in particular the
object of suspicion (Ghosh and Hudson 1972; Davies et el 1973).
In order to investigate the possible effect of vrostaglandins
in this area CGalder et al (1974) measured the neonatal bilirubin

level on day five in four groups of 30 primigravidae. In the
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first two groups labour was induced by amniobony and intravencus
oxytocin or PGEE. The third group had exira-amniotic PGEZ
infusion and the fourth laboured spontanecusly throughout. The
results are shown in Figure T7.3. There was no significant
difference between the first two groups but both showed
significantly higher levels of bilirubin than the spontaneous
group. The results in the group receiving extra-amniotic PGE2
fell between the spontaneous group and the two amniotomy groups
and did not differ significantly from any other group. The
results suggested that the cause of neonatal jaundice after
induced labour perhaps lies more in the fact of the interruption
of pregnancy (causing marginal immaturity) or in early amniot oy
than in a direct drug effect. There was certainly no evidence
that PGE2 carried a greater rigsk of causing neonatal jJjaundice

than exisiting methods of labour induction.

Finally, Ounsted, Hendrick and Calder (1978) carried out a
follow-up study of 235 babies born to primigravid mothers between
July 1973 and October 1974 who fell into the same four groups as
described in the last paragraph. The babies were examined and
the mothers interviewed on the first and fourth days after
delivery and again after two months. The observers were not
aware of the group to vhich each mother belonged. The groups
cannot be regarded as strictly comparable because of differences
in the antecedent obstetric complications but it was re-assuring
that no major differences emerged. In particular there were

no sequelae attributable to prostaglandin therapy. The incidence

A3 O
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of resviratory, cerebral, infective or thermoregulatory problems
was evenly distributed among the three induction groups. One
hundred and fifty mothers stated a wish to breast Teed thelr
babies, and their success in egtablishing lactation was broadly

similar in the four groups.

At the two month examination the average daily weight gain
of the babies was the same in all groups. The incidence of
feeding provlens (usually colic or "wind") was lowest in the
intravenous prostaglandin group. Medical problems had been

evenly distributed among the four groups.

Using a standard questiomnaire the mothers were agked
about their babies' responses to their attentions and the interaction
between mother and child was observed during the interview.
The value of such assessments is uncertain but no differences
vere Tound between groups for this factor or for establishment
of feeding and sleeping routines. These data do not suggest
that the use of prostaglandins had any effect on the subsequent

mother~child relationship.

Choice of Technique

The results presented in this chapter confirm the value
of the extra-amniotic route of prostaglandin administration

in the management of the primipara with an unripe cerviz. In
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Table 7.8 these results are preseanted alongside those obtained
using amniotomy and intravenous oxybocin infusion (Chapter 4)
and amniotomy and intravenous PGE2 infusion (Chavter 5) for
those patients who fulfil the strict criteria apvlied to
select category (1) patients (see page 130). This excludes

patients with obvious sources of intrapartuonm complications

such ag those with breech presentations and those of small stature.

It is clear that the use of prostaglandins achieved much
superior results than the use of oxytocin. As has been seen
in Chapter 5, intravenoug PGEz, while moreeffective than intravenous
oxytocin, was associated with an unacceptable level of maternal
side effects in these difficult inductions. Ho such side effects
were encoantered when extra-amniotic prostaglandins were used
and this would seem to represent the best approach to the problem

of the unripe cervix.

The question remains however: which technique is to be
preferred, infusion of PGEz solution to induce 1abour; or
PGE2 gel therapy to ripen the cervix beforehand? There is
little to choose between the results achieved either in efficacy

or salely and the answer would appear to lie in the question of

acceptability, both to patients and staff.

The patients appeared generally to prefer the gel ripening

technique. They accepted the need for treatment aimed at

prevaring them for labour and those who went into labour as a
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result of the treatment conszidered this a honus. Those wno did
not came fresh to induction the following morninz after a nights
rest. In contrast, those who had labour induced with PGE2
infusion from the starting point of an unripe cervix often found
the technique disagreeable and the total length of labour was often
disappointingly long. This latfer problem was overcome with the
gel technique by dividing the process into two distinct parts.
During the first part the patient did not expect to be making
progress in labour and was therefore less likely to become

disheartened.

The attendanits also preferred the PGE2 gel technique,
mainly because of its simplicity. The need for complex infusion
equipnent and adjustment of dose is avoided. An indication
of this is the wide extent to which the technigue has been
adopted in other centres. In addition to those studies
already referred to (Table 7.7) the technique has been applied
to good effect in many hospitals and this inspite of the trouble
involved in getting the gel prepared; the pharmaceutical
industry have so far been reluctant to produce ready-packed

gel containing prostaglandins.

Conclusions

This chapter draws together all the original clinical

data presented in the thesis; +the next describes the laboratory
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studies performed to examine the physiological role of

prostaglanding in cervical ripening and parturition.

The overriding conclusion of the clinical studies is
that to date insufficient attention has been paid to the
state of the cervix in relation to induction of labour, perhaps
because of a lack of effective methods of dealing with it.
Local prostaglandin therapy provides at least 2 partial answer
to the problem and it is likely that new or inproved techniques
will be developed in due course. A uniform method of induction
of labour has many attractiong, but until the normal physiology
of cervical ripening and parturition is fully understood and
can be accurately reproduced it will remain necessary to apply
methods which meet the particular requirements of the individual

Pa'ti enk.



CHAPTER 8

LABORATORY STUDIES TO DETERMINE TE
PHYSTOLOGICAL ROLE OF THE PRIMARY PROSTAGIANDINS
IN _CERVICAL RIPEWING




LABORATORY STUDIES TO DETERMINE THE PHYSTOLOGICAL ROLE
7 THY  PRIMARY PROSTAGLANDINS T¥ CERVICAL RIPHEITIG

This Chapter describes laboratory investigations of the
levels of the primary vrostaglandins and certain steroid hormones
in amniotic fluid and peripheral venous plasma during pregnancy,
and labour. The purpose of these studies was %o assess the
physiological role of the prostaglandins in the processes of

cervical ripening and parturition.

The methodology used for the collection and assay of

samples is set out in Appendix B.

THY ROLE Off PROSTAGLANDINS IN TLABCOUR

The first study conducted investigated the levels of I
prostaglandins (the assay for E prostaglandins was not then
developed in our laboratory) in samples of amniotic fluid and
naternal periﬁﬁ;ral plasma obtained seriélly during spontaneous

and induced labour. This study is described in the paper

which follows.
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FURTHER DISCUSSION OF
THE ROLE OF PROSTAGLANDIES I TABOUR

Studies of Faternal Peripheral Blood

There are major difficulties in obtaining and interpreting

data from maternal circulating prostaglandins for the following

reasonsi—

4)

The primary prostaglandins do not behave like conventional
hormones and achieve thelr target via the genersl circula-
tion. They are released close to their site of action,
s0 that levels detected in the circulation may be a poor

reflection of their physiological imporiance (see pageill@.

The rate of metabolism of these compounds is very rapid
(Bmbrey 1975) with as much as 90% inactivated by a single
passage through the lungs, so that it may be impossible
to detect subtle changes in the rate of PG synthesis in

the uterus by examining the peripheral blcod.

Different asssy methods (bioassay, gas/liquid chromatography
and mass spectrophetometry, and radio-immunoassay) have
vielded widely different results in similar situations

and the multitude of influences which have a bearing

on the different methods make validation of resulis

most difficult.

Even accepting the limitations of peripherzl levels as

a reflection of physiological behaviour, the difficulties
are legion in ensuring that the levels in the sample
being assayed are the same as those in the maternsl
circulation when it wag collected. TFirsily, synthesls
and netabolism can be significantly effected by trauna
during venepuncture both from the needle and the use of

a tourniquet (leading article, Prostaglandins 1972)

and this may continue after withdrawz of the blood mainly
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due to the action of enzymes contained in plotelet

A~

0]

(Smith et al 1973). These problens may be minimised
by collecting the blood into cooled syringes containing
P& mynthetase inhibitors but 3 prostaglandirs may
continue to be generated during storage (Jubiz and
Prailey 1974) and the influence of the temperature

of the sample at the time of extraction must zlso be

congidered (Karim and Hillier 1975).

For these reasons many of theearly reports of circulating
levels of primary prostaglandins (including those reported
and cited in the foregoing paper) are now regarded as being
invalid because the levels are erroneously high (Bmbrey and
Hillier 1977). lleagurement of the main plasma metabolite
may be more valuable and this has been the subject of a study
by Gréen et al (1974), They suggest that plasma levels of
15-keto-13, 14-dihydro PGFZ(xmay be more meaningful than those
of the parent prostaglandin because it is not forrmed during
plasma collection and is less rapidly degraded by the lungs.
These authors also ghowed a slight rise in the levels of this
netabolite in late pregnancy, and then a much greater increase
(10 to 30 fold) during active labour (see Figure 8.2). Hamberg
(1974) showed a gradual increase during pregnancy of tﬂe najor
urinary metabolite of PGF2OC suggesting a steady rise in vrostaglandin

production.

Studies of Amniotic Fluid

Auniotic fluid does not suffer from the sare liritations
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as maternal plasma as an area of investigation of prostaglandin
activity in pregnancy and labour. The following advantages

make it a much nmore valuable subject of study:

1) It is readily accesgible yet it is very close to the

centre of activity in the uterus.

2) It may be collected in large amounts or in serial smaller

amounts without difficulty.

%) It does not metabolise or synthesise prostaglandins
(Keirse, Williamson and Turnbull 1975) so that its
prostaglandin content may be a quantitative
reflection of the prostaglandin synthesis of tissues

in the uwterine millieu.

Despite these advantages, an important reservation must be
the doubt surrounding the significance of amniotic f£luid
prostaglandins. Are they there in a passive capacity naving
spilled into the amniotic fluid during activity elsewhers,
or in an active capacity in which the amniotic fluid acts
as a reservoir? Vhatever the answer to this question and
vhatever their source, the dynamic fluctuations in prostaglandin
levels that occur during labour must reflect changes in the
rates of sgynthesis or metabolism or both, and the higher
levels we detected in early spontaneous labour compared with
established induced labour, represented one of the first concrete
pointers to an active role of prostaglandins in the initiation
of labour. The subsequent steep rise in levels of ¥ prosta-
glandins during the acceleratory phase of labour has been

confirmed by Salmon and Amy (1973) and by Keirse, Flint and
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Purnbull (1974) and shown also to apply to E prostaglandins
(Keirse and Turnbull 1975) although these studies relied on
single samples of liguor all obtained at the time of amniotomy
in large nuwnbers of patlients at varying stages of labour.

(Figure 8.3).

Gestational Changes in Ampiotic Fluid Prostaglandins

Salmon and Amy (1973), Hibbard et al (1974), and Hillier,
Calder and MacKenzie (1974) showed a rise in F prostaglandins
in amniotic fluid in late pregnancy, but before the onset of
labour. Cur own data for both E and F prostaglandins in 10
patients between 14 and 22 weeks gestation and 42 patients
between 38 and 42 weeks gestation are shown in Table 8.1
and in Figure 8.1. In the Iigure, the scale of gestation
is discontinuous hetween 22 and 38 weeks, and this, together
with the continuing rise between 38 weeks and 42 weeks shown
in the figure suggests that, rather than being linear, the
rise is slow at first becoming more rapid in the latter weeks
of pregnancy. It seems a reasonable hypothesis that this
trend might follow the evolutionary trend of uterine

contractility during pre-~labour (Caldeyro-Barcia 1958).

We were unable to obtain samples for analysis during the
time between 22 and 38 weeks gestation in nommal pregnancies
because during this time amniocentesis is rarely performed
except in pathological circumstances, but Dray and Frydwman (1975)

studied the period between 30 and 39 weeks gestation in 18 subjects.
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The indication for the amnioccenteses was not recerded. Their
findings are shown in Figure 8.4 which éhows the steepest rise
in PGE2 occurring between 35 and 37 weeks gestation and a
doubling in the level of PGEZ between 35 and 32 weeks. These
worlters could detect no prostaglandins E2 or Fea in the early
second trimester and they found the rise in PGFZa occurred

later and was less marked, in contrast with the almost parallel
rise in B and P prostaglandins (allowing for a 5~fold difference
in absolute levels) observed in our study (Figure 8.1). Dray
and Frydman also suggested that the ratio of PGE2 to PGFga
became reversed during labour, with PGFZa predominating after
3-4 cm cervical dilatation. This raises the poasibility that
the more important role of PGE2 might be to modify the condition

of the cervix in late pregnancy while PGF2Oc is more important

~as a myometrial stimulant once labour is established.

Tamby Raja et al (1977) have measured E and P prostaglandin
levels in amniocentesis samples between 36 weeks and term and
have shown a massive and steady rise in both over that time.

The mean value for PGF rose from 58 pg/ml at 36 weeks to

4276 peg/ml at term with a corresponding rise in PGE over the

same interval from 0.46 ng/ml to 4.26 ng/ml. These authors
algso found that the levels of PGF obtained at arniotomy in
patients induced after term for pogt-maturity were significantly
lover than the levels in amniocentesis samples from patients

who laboured at or around term, and in the post-mature patients

the levels correlated with the degree of cervical ripeness.
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These Findings lend further support to the hypothesis that the
pregnancy vhich continues beyond term with an unripe cervix

may be endocrinologically abnormal.

The Source of Amniotic Pluid Prostaglandins in
Late Pregnancy and labour

Since prostaglandins were first identified in the amniotic
fluid by Karim (1966) much interest has centred on their site of
origin. A number of possible sources have been suggested

including the decidua, the placenta, the fetal membranes and

the fetus itself.

Decidua has long been known to be a rich source of
prostaglandins.(Karim and Devlin 1967) and Gustavii (Gustavii 1972
Gustavii and Green 1972) has suggested that labour results from
release of these when decidval cells are stressed by stimuli
such as hypoxia or ischaemia. Disruption of the decidual
cells was also shown to be an important'process in the mechanism
of hypertonic saline induced abortion. The ability of
prostaglanding to cross the fetal membranes into the amniotic

fluid has been demonstrated by Hillier, Czlder and MacKenzie (1974).

The felal membranes also appear tc be a possible source of
prostaglanding with the demonstration by Keirse and Turnbull
(1976) that the chorion can metabolise and almost certainly
synthesise them. This offers an explanation for the important

role of amniotomy in induction of labour as well as the
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fluctuations in amniotic fluid levels seen around the time of
anniotomy in spontaneous labour in our own studies {Hillierw,
Calder and Embrey 1974). It may algo explain at least in
part, the changes seen ag a result of local interference in
the form of vaginal examination, membrane sweep and catheter
insertion (Embrey and Mollison 1967)o Mitchell et al (1977)
have recently shown that such procedures are gquickly reflected
by a rise in the circulating levels of 15-keto-13,l4-dihydro

prostaglandin I (Figure 8.5).

The importance of local stimulation of the lower genital
tract in the generation of prostaglandins has already been
discussed in Chapter 35 (page 87 ).  One further observation
is worth recording here. The use of a cervical vibrator is
a peopular method accelerating desultory labour in Japan and
elgevhere. This often results in rapid diletation of the
cervix while the instrument is applied. During the use of
such an instrument we tock the opportunity (Calder 1975a)
of ceollecting serial samples of amniotic fluid. The levels
of B and P prostaglandins measured before, during and after
application of the instrument are shown in Pigure 8.6. The
fetal membranss had already been rupbured so the source of
the increased production of both prostaglandins is uncertain,

although the decidua remain the likeliest source..

The role of the fetus in the initiation of parturition is

currently the centre of intense investigation, and not surprisingly
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a fetal production of prostaglandins has alsc bsen postulated

to explain their presence in the amniotic fluid. Challis et al
(1974) measured plasma PGP levels in the matemszl and fetal
circulations at vaginal delivery and elective czesarean section.
Although the levels were consistently higher in the fetus than
in the mother, this could be explained simply on the basisz that
the fetal pulmonary circulation, the main site of PG degradation
is largely by-passed in utero. The fetal levels were also
higher if the mother had laboured and delivered than if she had
undergone elective caesarean section but there was no consistent
difference in levels bebtween the wmbilical artery and vein,

A fetal source could therefore not be confirmed and the authors
could claim to have shown no more than an increasing level of
PGF within the fetal compartment during active labour. The
possibility of a fetal contribution has not been wuled out, but
by studies on cases of intra-uterine fetal death we have shown
(Hillier, Calder and lMacKenzie 1974) that such & source was

not obligatory for the normal pattern of aprearance of amniotic
fluid prostaglandins in labour (Figure 8.7). A steady rise

in the liquor PGF levels was noted before amniotomy in samples
obtained vié a trans-abdominal catheter inserted at amniocentesis.
The familiar fluctuating pattern was seen following amniotomy

followed by a very much greater rise preceding delivery.

Algo of interest were our studies on cases of anencephaly.
This model is important in the study of fetal endocrinology
because of the absence of the fetal pituitary, wut although the

levels remained lower prior to rupture of the membranes, a sharp
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rige was again seen thereafter (Figure 8.8).

This rather different pattern is probably nore the result
of thedifferent physical make-up of the anencaphalic fetus
{poor aresenting part) and the associated hydramnios than of any
differences in fetal endocrinology. One could postulate
the the rate of PG production in thisg case may have been very
gimilar to that in previous exanmples: the slower rise in
liquor concentration may be due to a greater dilution effect
with hydramnios and the steep rise after ammiotomy may be
due to the sudden reduction in the liquor volume producing
the oppogite effect. In addition a sudden change in uterine

wall tengion may increase the rate of PG synthesis.

AMNIOILC FLUID PROSTAGLANDINS AKD STEROIDS IH RELATION TO
CERVICAL, RIPEWESS AND THE RESPONSE TO_ ILABOQUR INDUCTIOLN

A number of observationg have been made in this thesis
concerning the factors which may control the process of cervical
ripening. Some of these appear to be interrelated and the

following are highlighted:-

1) Cervical ripening appears to be an integral part of
the transition from pregnancy through "pre-labour!

to "clinical labour" (Chapter 3).

2) Failure of the primiparocus cervix to ripen is
associated with a poor clinical response to induction
of labour by amniotomy and intravenous oxytocin infusion
(Chapter 4).



(Chapter 4).

3) Better results can be obtained in such cases if
prostaglandins are used especially by the extra-

amniotic route (Chapters 5-7).

4) The primary prostaglandin levels in amniotic

£luid rise in late pregnancy perhaps in zssociation

ne
with "pre-labour" and cervical ripening {present Chapter).

To further pursue the possible association between these
factors, we carried out biochemical studies on a proportion
of the patients described in the prospective study reported
in Chapter 4. In that study, 125 primiparous women coveriag
the spectrum of cervical ripeness had labour induced between
38 and 42 weeks gestation by amnlotomy and intravenous oxytocin
infusion, and the c¢linical outcome was found to be closely

related to the degree of cerviecal ripeness.

In 42 of these 125 primiparas, a sample of maternal venous
blood was withdrawn before induction, and vhen the intra—amniotic
catheter was inserted immediaﬁel& after amniotomy a 10 ml sample
of amniotic fluid was collected. This was immediately stored
at -20% together with the plasma from the venous blood sample.
Two of the blood sampleg cleotted and were thus unsuitable so
that the study was conducted on 40 plasma samples and 42 amniobtic
fluid samples. The 1aboratory methods employed in the assays

are described in Appendix B.

The levels of oestradiol 17p and progesterone were measured

by radio-immunoassay in all 40 plasma samples. For the reasons
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already stated (page 164) it was decided not to attempt to
mneasure prostaglandins in the peripheral plasna samples.

The levels of the primary prostaglandins (B and F) were
measured by radio-immunoassay in all 42 amniotic fluid samples
and vhere the availability of samples would allow, cestradiol 173
(40 samples), progesterone (30) and cortisol (25) were also
measured. The mean values for all the sanples analysed
together with the range and standard deviation in each case

are given in Table 8.2. The results were then analysed
according to the state of the cervix at induction, the
sensitivity of the uterus to oxytocin and the length of induced
labour. Statistical analysis was carried out using the

Mann-Yhitney rank sum test for non-parametric data (Siegel 1956) o

Cervical State

The cervical score at induction varied between 1 and 11
(mean 6.0 £ 2.9 8.D. ). The cervix was considered %o be
vanripe if the score was 4 or less, intermediate if 5-8, and
ripe if greater than 8. The results in the ripe and unripe
cases are compared in Table 8.3. The amnioctic fluid of
those patients with a ripe cervix contained significantly
higher levels of both E and F prostaglandins and also of
oestradiol 17B than those with an unripe cervix. No significant
differences emerged for either of the substances (oestradiol 178
and progesterone) measured in the plasma or for the levels of

progesterone or cortiscl measured in the amniotic filuid,



The prostaglandin results are shown graphically in
Mgure 8.9, This sheows only a small increase in levels
between unripe and intermediate cases, but a puch larger rise
in ripe cases. This adds further weight to the hypothesis
that prostaglandins have a central role in the initiation of
labour if it is accepted that cases with a very ripe cervix
are on the brink of spontaneous labour. It also suggests that
i1f the prostaglandins are responsible for vipening the cervix
the time course of ripening may not be linear but rather
gradval in the early stages and more rapid towards the onset
of labour. This would not be surprising in view of the
observations in other parts of this thesis concerning the
evolution of uterine activity, the appearance of prostaglandins
in the amniotic fluid, and the pattemn of cérvical dilatation

in labour, all of which seem to follow a similar pattern.

Oxytocin Sensitivity

Because of the use of the Fully Automatic Cardiff Infusion
System in all these cases it was possible to obtain an index
of the uterine sensitivity to oxytocin in each case. From
the description of this apparatus (Appendix A) it will be seen
that the dose rate of the oxytocin infusion is determined
automatically by the feed-back to the apﬁaratus of the uterine
contractile response. Thus when the machine receives the
information that the uterine contractility is adequate, no.
further increase is made in the dose rate (Figure B.H).
A uterus that is very sensitive to oxytocin will reach this

point at a low rate of infusion while one that is insensitive
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will require a much higher rate, and the final dose rate chosen
by the apparatus can be taken as an inverse function of the

oxytocin sensitivity of the uterus.

The maximum dose rate reached in each patient varied from
3 to 32 milliunits per minute (mean 13.2 ta.5 5.D.). Those
patients in vwhom the rate remained below 8 mu per minube
throughout were considered to be "oxytocin sensitive" and those
in whom it rose above 16 pu per minute were considered
"oxytocin insensitive'. The results in the sensitive and
insensitive cases are compared in Table 8.4. The liquor amnii
of patients who proved oxytocin sensitive contained significantly
higher levels of both & and T prostaglandins, aand also of
oestradiol 175. The levels of cortisol in the 1ligquor,

oestradiol in the plasma and progesterone from both sources

showed no significant differences.

Length of Labour

The time from amniotomy to delivery rangedfrom 2.6 to
27.4 hours (mean 10.4 i 5.6). The median btime was 8.7 hours.
Those labours which lasted less than 6 hours were considered
as short, 6-10 hours as intermediate, and more than 10 hours
ag long. The results for patients with short and long labours
are compared in Table 8.5. The levels of both B and B
prostaglandins differ significantly for this factor (see
Figure BLBJ but no signficant differences were found in any of

the other results.



Discussion

ounirteind

Qur failure to demonstrate any association between the
plasma levels of oestradiol and progesterone and the response
to labour induction conflicts with the experience of
Johansson (1968) who found that following & standard infusion
rate of oxytocin, those patients who showed a rapid response
had sigrificantly lower plasma progesterone levels than those
vho showed a slow or minimal response. However, Shabaan,
Jandial and Klopper (1974) could demonstrate no correlation
between the plasma level of these placental steroids and the

success or otherwise of amniotomy alone in inducing labour.

The results of our amniotic fluid studies are so similasr
when analysed'according to the three factors (cervical score,
oxytocin sensitivity and length of labour) that it might be
presumed that the same groups of patients represented the
extreme ends of the spectrum in each instance. This was not
the case. Indeed of the 16 patients who were included under
at least one of the "favourable" parameters (ripe cervix,
oxytocin sensitive, short labour) only four were found to
occur in all three, and similarly only four of the 19 patients
who fell into at least one "unfavourable" category (unripe cervix,
oxytocin insensitive, long labour) belonged to all three

categories.

These two groups of four patients represent the most obvious
extremes of the spectrum we are studying, and ezamination of

their prostaglandin values (Table 8.6) shows that they differ
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nore widely than any of the hitherto examined groups.

Bour patients in the series had caesarean sections and their
progtaglandin results are also shown in Table 8.6. The
indications for the operation were failure to progress in 2 cases,
fetal distress in one and disproportion in the other. Only
one of the two cases of failure to progress fell into all
three unfavourable categories (the other had an unripe cervix
and a long labour, but was intermediate in oxytocin sensitivity).
Nevertheless the prostaglandin results in these two cases (Tavle 8.6)
vhile not quite the lowest recorded in the series (see Table 8.2),

were the lowest of any definable group.

While it cannot be claimed that these results demonstrate
that prostaglandins are responsible for the nomal process of
cervical ripening, they at least establish a close 1link between
the two. The possibility must be conceded that the rise in
the levels of amniotic fluid prostaglandins and the cervical
ripening are both the result of a third factor. The most
likely candidate for such a role would appear to be ocestradiol
17 (see Chapter 3) which is known to stimulate prostaglandin

synthesis in some species (Thx{rburn, Challis and Currie 1977)

These studies offer an endocrinological explanation for
the poor outcome of oxytocin induced labour in the primﬁara ¢
with an unripe cervix, and for the improved resulits when

prostaglandins are used. The patient with an unripe cervix
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is deficient in endogenous prostaglandin activity, and perhars
alsgo in other factors. The clinical studies described in the
foregoing Chapters indicate that steps taken to correct this
deficiency by supplying exogenous prostaglandins go at least
part of the way towards restoring nommality and allowing a

satisfactory ocutcome.



CHAPTER 9

CONCLUSIONS
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"It ig a basic tenet of medicine that the nearer a
therapeutic manoeuvre approximates to a natural physioclogical

event, the more effective and safer it will be" (Chard 1977).

The phenomenon of cervical ripening in the last few
weeks of pregnancy is an integral part of the evolution of
izbour. The evidence presented in this thesis indicates
an obligatory interrelationship between three factors, all
of which normally exhibit the same pattern of development.
They are imperceptible in early and mid pregnancy, they
gather speed during the third trimester and they gain fuil

momentum during labour.

The three factors are:-

1) Uterine contractions.
2) Cervical changes.

and 3) Endogenous prostaglandin production.

The major conclusion of this thesis is that unless this
pattern of development is well advanced, induction of labour
by conventional means will carry a high failure rate with a
significantly increased morblidity for both the mother and her
child. In the past the importance of this has tended to be
obscured by its relative rarity and by the excellence of the

results in the great majority of patients undergoing induction

o A
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of labour. It is none the less an iatrogenic and aveidable
occurrence. The circunstances likely to lead to such an
outcome may be recognised by a simple clinical examination ‘o

assess the degree of ripeness of the cervix.

It has long been the clinical impression of many
obstetricians that if the cervix is unripe, induction of lzbour
may be less successful. An essential part of this thesis was the
use of a scoring system to assess cervical ripeness and so

bring objectivity to a hitherto highly subjective impression.

The first part of the original work descrived in the thesis
had the aim of quantifying this long standing clinical impression
(Chapter 4). 1In the event, the results indicated that the
problem of the unripe cervix in the primigravida may be even
greater than obsftetricians had fully appreciated. They
dispelled the belief that had arisen that the use of amniotomy
folloved by immediate escalating intravenoué infusion of
oxytocin had overcome most if not all of the problems associated
with induction of labour. The overall results were bebtter but
there remained a small, hard core of resistant patients in
whom the response was unsatisfactory due to prolonged labour,
fetal asphyxia and the need for caesarean section. The
typical pattern of labour in these cases was of poor progress
as Jjudged by cervical effacement and dilatation,in spite of

apparently adequate uterine contractions.

LU=



The purpese of the subseguent clinical studies
(Chapters 5, 6 and 7) was to develop techniques which
might improve the results in patients requiring induction
of labour in the face of an unripe cervix. Prostaglandins
were chosen as likely to be of value because of their ability
to induce labour or abortion at any stage of pregnancy
regardless of the gtate of the cervix, and because of
experimental evidence that they might play = role in the

control of labour.

The major clinical studies investigated the walue of
intravenous and extra—amniotic prostaglandin therapy for
induvetion of labour in such cases. Intravenous therapy
proved effective but it produced disagreeable maternal side
effects. . This problem was overcome by employing the
extro—-amniotic route. Side effects vwere minimal, presumably
because systenic therapy was avoided. As a logical extension
of this experience a further technique was developed of
delivering extra-amniotic prostaglandin therapy as a bolus
dose invviscous gel for sustained release. This proved

highly effective for ripening the cerviz before induction

of labour.

These techniques of local prostaglandin therapy achieved
a narked improvement in the resulis in primigravidae where the
cervix was unripe, and these clinical findings were reinforced by

the laboratory measurements of prostaglandin levels during

Jd O O



during/

pregnaancy and labour (Chapter 8). The laboratory results
point strongly towards an important role of the ovrimary
prostaglanding in the physiology of cervical rivening and

parturition.

The main conclusiors of the thesis are thus as follows:-

1) The phenomenon of cervical ripening in late vpregnancy
is an essential part of the normal transition from pregnancy

to spontaneous labour. -

2) Tailure of such ripening is an indication of an
abnormality in the endocrine millieu of the pregnency

associated with impaired endogenous prostaglandin production.

%) Induction of labour by conventional means without regard
to the condition of the cervix is likely to result in

greater morbidity for those in whom it remains unripe.

4) The use of extra-amniotic prostaglandin therapy in such
patients, either for induction of lsbour or for
pre-induction cervieal ripening, will go scme way
towards restoring their prospects of a satisfactory

labour and delivery.

The results of the research emphasise that we should
no longer resign ourselves to philosophical acceptance of a poor
outcome of induced labour because the cervix is unripe. Labéur
and delivery remain potentially dangerous events for both
mother and child and these dangers are exaggerated in the

patient with an unripe cervix. The apprecach to the management



management/

of these patients suggested in the thesis regquires more
effort and inconvenience on the obstetrician's part.

It requires that all patients in whom induction of labour is
planned should have an examination to ensure that the cervix
is ripe, and if it is mnot, local prostaglandins should be em~

ployed. The added inconvenlience will be rewarded with

better results and increased safety for the patients,

The search must continve for a fuller understanding
of the physiology of the cervixz and the uterus and for
improved techniques of managing the problem of the unripe
cervix. Preliminary experiments with locel ocestradiol therapy
(Gordon and Calder 1977) have indicated that this msy reduce the
resistance offered by cervical collagen; the potential
roles of relaxin and collagenase remain almost completely
unexplored. In time the use of a combiration or a sequence
of agents may be beneficial, but not until we fully under-
stand the complex processes of cervical ripening and
parturition can be expect to provide optimal care for i

mother and child.
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APPENDIX

CLINICAL METHODS



The gpecislised clinical techniques which were developed
during the course of the research are described in the main
text of the thesis. This appendix is confined to description
of the patients who participated, the system of data collection,
and the equipment employed for drug infusion and infra-partum

nonitoring.

Patients

All patients described in the thesis were resident in the
Oxford area and were delivered in the speeialist units of the
John Radeliffe Hospital, Maternity Department. The large
majority were primigravidae since the problemns associated
with an unripe cervix are greater and more freguent in such
patients. By concentrating on primigravidae variable factors
due to parity were eliminated and vwhere comparisons vere made
between different methods of management (Chepier ) the
following strict criteria of selection were employed to further
exclude factors which might bias such comparisons: primigravidae
of five feet or more in height with a single fetus presenting
by the head, who were between 38 and 42 weeks gesthation, and

had shown no evidence of spontaneous labour.

Consent

Al) patients who participated in the inn0vative techniques



techniques/

described or who provided samples of bleod or eamniotic fluid,

gave full and informed consent to so doing. The research projects
described in the thesis were all approved by the Bthical

Committee of the Oxford Ares Health Authority.

The Jervical Score

Throughout the studies, with the exception of those
cases of fetal death in utero, and anencephaly (since the
station of the presenting part could not be accurately
assessed), the state of the cervix was assessed using a
scoring system based on that described by Bishop (1964)
but slightly modified (see Figure 3.3 for original system
and modified system). The score comprises points awarded
for each of five features: cerviecal dilatation, cervical
effacement (or length), the consistency of the cerviz and its
position (i.e. posterior - towards the sacrum, intermediate
or anterior - towards the pubic symphysis), and finally the
level of the fetal presenting part relative to the pelvis
(the station). At the outset of these studies the following

modifications to the Bishop system were made:-

1) Dilatation: The Bishop system expressed this
ag "Qw, "l-2", w341 or H5-6Y cms.
Thus a dilatation of 2.5 cm could not
be scored since it fell between 1 and
2 points. Ve therefore mecdified
assessnent of dilatation to "less than
v, ni=2%, "2-4", "more than 4".

(If the dilatation was assessed as



assessed as/

exactly 2 cn, one point was awarded).

2) Effacement: Dishop expressed this as a percentage,
but this was felt to be insufficiently
precise especially since it was not
clear what O or 100 per cent represented.
Ve therefore replaced this by length
in cm, thus "more than 4", M2.4",

"i-2" and "less than 1%.

=

3) Position:

P

Bishop awarded 2 points for an anterior

|

cervix and 1 point if intermediate.
Since we considered this the least
important factor, we decided to award
no peints if the cervix was posterior,

otherwise 1 point was awarded.

o alterations were made in scoring Consistency or Station,

but one result of the modifications was that the maximum possible
score was reduced from 1% to 12. All cervicel scores were

assessed personally by the author so that inter--cbserver error

was eliminated.

Data Collection

This scoring system was incorporated into z report form
which was used in every case in the trisal. & copy of this
report form is to be found at the erd of this appendix. The
central section is in the form of a partogravh on which cervical
dilatation was charted (upWards on the chart) as well as cervical

effacement and descent of the presenting part (downwards on the



on the/

chart). The value of charting effacement in this way lies
in the faect that in cases of induced labour with an unripe
cervix, no dilastation or descent mey occur for several hours
after induction and during this time effacement may be the

only index of progress.

Intra-partum Management

Almost all the patients in the studies were nursed during
labour by the research midwifery sister who recorded all
relevant data. In general vaginal examinations were nmade every
three to four hours, either by the author or in his absence

by the research sister.

Fquipment

a) Drug Infusion

Throughout the studies the Fully Automatic Cardiff
Infusion System was employed for drug infusion {Figure 4.2).
When intravenous oxytocic therapy was given (Chapter 4 -
prospective study, Chapter 5, Chapter 7 -~ after cervical ripening)
the amplitude of the uterine contractions was recorded by means
of a fluid filled manomefer catheter introduced into the
amniotic cavity via the cervix at the time of amnioctomy. This
was connected to a strain gauge pressure transducer. The
infusion rate of the drug was then controlled automatically
by the "closed-loop" system whereby the uiterine response is

alloved to modify the speed of the infusion punp. The infusion



infusion/

puap congists of a motor driving a peristelic pump with six
rellers which is applied to a silicone rubber section of the
intravenous infusion giving set. There are twe methods of
centrol of the dose rate. This can either be set and adjusted
by hand or it can be advanced automatically. Yhen czytocin is
employed, 10 units in 500 nl infusion fluid allows a dose range

of 1 - %2 milliunits per minute.

Yhen the automatic mode is employed the initial rate of
1 mu per minute is increased logarithmically by the action of
a servo motor which controls the pump speed. Left unmodified
the dose is steadily increased on a logarithmic scale in which
it decubles every 12.% minutes and would reach 32 mu per minute
after 62.5 minutes. The pharmacological basis for the use of

logarithmic increment has heen defined by Scott (1972).

If the "closed-loop" system is not employed the midwife is
responsible for switching the apparatus to a steady rate of
infusion wheg she considers that labour is established.

When the "closed-loop" system ie employed the rate is controlled
by the uterine response as illustrated in Figure 8.8. The dose
rate increases until the first occasion on vhich the intra-uterine
pressure rises above 30 mm Hg. This event causes the servo
notor to switch off and the dose rate then remains constant.

The servo motor again switches on when the intra-uterine pressure
has remained below 30 mm Hg for more than two minutes. The

dose rate is thus adjusted until the situation is reached when



when /
contractions of 30 mm Hg or greater are occurring regularly
with latent intervals of less than two minutes, by which tine

the appropriave dose rate has been found and the servo notor

remaing switched off.

In addition the apparatus incorporates several safety
mechanisms whereﬁy infusion of the drug is imnmediately dis-
continued if there is danger of overdosage or malfunction.
Thug if the drug resérvoir empties or the recording‘catheter
becomes blocked the pump is switched off and an alarm sounds.
Algo if uterine spasm occurs and the pressure remains above
30 mm Hg for longer than two minutes or above 80 mm Hg for
longer than ten seconds, the machine switches off. These
latter alarms provided a built in device for detecting

uterine hyperstimulation and for the purposes of our studies

(Chapters 5, 6 and 7) we defined this complication as a pattern

of intra-uterine pressure such as wouid trigger these alamms.

The apparatus was also used exclusively Tor extre-amniotic
infusion of pfostaglandins (Chapters 6 and 7). Prior %o
amniotomy the intra-uterine pressure signal was recorded from
the extra-amniotic space and this was linked to the slarm systems,
but the "cloged-loop" system was not empleyed for extra-zmniotic
prostaglandin therapy. The servo motor was not employed, the

dosge rate being adjusted by hand.



h) Intra-partum Monitoring

Intra-partum monitoring of the fetal heart rate and
uterine contractility was performed in every case using a
Hewlett~Packard 8021A Cardiotocograph which was purchased
with research funds. In addition to the facility for direct
fetal heart recording from an elecirede placed on the fetal
scalp, this had an ultrasonic facility fér external fetal
heart recording from a transducer placed on the maternal
abdonen and this was invariably emplojed in cases with intact
fetal membranes. The monitor alsc incorporated intra~uterine
pressure measurement by means of a strain gauge transducer and
this was simply linked to the one on the Cardiff Infusion
System by a fluid filled catheter so that the intra-uterine

pressure signal was available to both machines.
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- Results

Outcome of labour

AlSB.

Weight of infant . gms)

Description of labour

Apgar score (1) (5)

Evidence of fetal distress

Blood loss at delivery

FetalpH . Time interval after induction

Evidence of occipito~posterior position

Pelvimetry results

Summary of analgesia

Infant B.P.D.

Degree of moulding

Dosage summary

Total dosage

Pre-amninotomy dosage & time

Induction [ labour Interval

Assessment of results

Total treatment time

induction / delivery interval




APPENDTIX B

LABORATORY IMETHODS



This appendix describes the techniques used for the
collection and storage of bioclogical samples ard the
assay of prostaglandins and steroids in biological fluids

for the studies described in Chapter 8.

Collection of Samvples

The following procedures were adopted for collection

of samples:

HMaternal Plasma:

-10 ml samples of maternal blood were withdrawn
from a peripheral vein and transferred to a tube
containing lithium heparin as an anticoagulant.
The blood was centrifuged at 3,000 r.p.m. for 15 minutes,
the plasma decanted off into plain tubes and immediately

frozen and stored at - 20°C until assay.

Assays were performed on matarnal plasma samples
for progesterone and oestradiol in the study described on
page 172, and for prostaglandin Fy in the study described
in the paper included at page 163. As has been pointed
out in the text (page 165) the measurementsof plasma
prostaglandins are now considered invalid because of

prostaglandin synthetase activity during sample collection.

Amniotic Fluid:

Amniotic fluid samples were collected into plain
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plain/

containers which were immediately frozen and stored at
-20%. In five instances (three in spontaneous labour
plus the cases of anencephaly and fetal death) serial
samples were obtained before amniotomy via a trans—
abdominal catheter introduced at amniocentesis.
These cases had all had a previous amniocentesis for
diagnostic purposes and the catheters were introduced
at the same point. A Tine epidural type polythene
catheter was used. The lumen volume of the catheter
was less than 1 ml,so the first 2 ml was discarded at

each sampling, the next 5 ml being taken as the sample.

Serial samples in all other cases were obtained
via a transcervical polythene catheter introduced at
the time of amniotomy. The lumen volume of this
catheter was about 4 ml, so the first 10 ml was discarded
cach time and the following 5 ml taken as the sample.
The single samples in which preostaglandins and steroids .
were measured in the last study described in Chapter 8
(page172 ) were all collected (10 ml) via the same type

of catheter at the time of amniotomy.

PROSTAGLANDIN ASSAYS

The methods used for the prostaglandin assays were based
on those described by Hillier and Dilley (1974). They consisted
of extraction and separation of the prostaglandins by chroma-~
tography on silica gel microcolumns and radioimmunoassay of
the E and I compounds using highly selective antisera. All

the assays were performed in duplicate.



Afatisera

The antiserum to PGFZafhad been raised in rabbits and
was supplied by the Upjohn Company. The PGEZ antiserum was
also raised in rabbits and was provided by the Vorcester
Foundation for Experimental Biology. The cross reactivities

of these antisera with other prostaglandins and metabolites

are shown in Table B.1l.

Extraction Procedure

The prostaglandins were extracted from the'samples

as follows:—

3H-—PG 5,000 d.p.m. was added to a 1 ml

aliquot of the sample (EHQPGE2 for the B assay and

A tracer of

BHwPGFZR for the F assay). 5 ml petroleun ebther was
then added and the tube vortexed before centrifuging

at 2,000 rep.n. for 4 - 5 minutes. The vuvpper petroleum
spirit layer was then decanted off and discarded.

% ml of an extraction mixture containing isopropancl,
ethyl acetate and 0.1.N. hydrochloric acid in the ratio
5 3 3t 1 was then added to the tube which was again
vortexed before the addition of 2 ml of ethyl acetate
saturated with water and 3 ml of water saturated with
ethyl acetate. The tube was again vortexed and
centrifuged at 2,000 r.p.m. for 5 minutes. The upper
organic phase was then pipetted off onto approximately
0.3 G anhydrous sodium sulphate to remove superficial
water. The organic phase was then transferred to a

5 ml glass tube and after a further washing of the
sodiumsulphate with 1 ml ethyl acetate the combined
organic phase was evaporated to dryness under a stream

of nitrogen at 450C.

g



Colunn Chromatography

Micro columns were prepared using Pasteur pivetites with
an internal diameter of 0.5 cm and a working length of
9 cm. Thege were plugged with Whatman GF/B glass fibre
paper and the tightness of the packing adjusted so that the
ultimate solvent flow through the column was between 0.2 and
0e3 ml per minute under the maximum solvent head which
included a 10 ml reservoir. This range of flow rate gave
reproducible separation and recoveries, Silica gel
(Kieselgel 0.05 -~ 0.2 mm Merck 7 - 325 mesh) 0.75 G was
slurried in Analar redistilled chloroform and loaded into
the column to a height of 4 ~ 4.5 cn. Glass fibre paper
(Whatman GF/C) was placed on top of the silica gel to prevent

digturbance of the surfacse.

The evaporated extract was reconstituted in 0.1 ml of
% nethanol in chloroform and loaded onto the column. A
second and third washing with 0.1 ml of 1% methenol in
chloroform and 0.1 ml of chloroform respéctively was used

to ensure maximum transference of extract to the column.

The elution characteristics of the different groups of
prostaglandins were initially determined using tritiated
prostaglandins A, B and Fa added separately or itogether to
test samples (see Hillier and Dilley 1974). This established

that the groups could be separated by the following elution
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elution/

sequence : 3 ml chloroform; 7 ml 1.5% methanol in chlorofora
(A and B prostaglandins) 9 ml 3.5% methanol in chloroforn

(E prostaglandins); 5 ml 15% methanol in chloroform

(Fa prostaglandins). Bach solvent volume was =zllowed to
descend by gravity to the surface of the gilica gel before

addition of the next solvent systen.

The results of an experiment to determine the recoveries
of the different prostaglandin groups from amniotic fluid and
tissue are shown in Figure B.1. The recoveries of the
A, E and T groups from the columns were respectively
4055, 51% and 60§ with amniotic fluid and 62%. 52% and 1007

with tissue.

Radicimmunoassay Procedure

The lyophilized prostaglandin antisera were dissolved
in phosphate buffer (pH 7.4); an initial dilution of
approximately 1 in 500 was used giving a final dilution of
1 inl500 for the incubation mixture. The PG fractions
from the column were evaporated to dryness and reconstituted
in 5 ml phosphate buffer. A fifth part of this was counted
in dioxan based scintillation fluid to estimate the recovery
from the extrazection and separation procedures. 50 1, 100
and 200 pl of the reconstituted extract were incubated with

100 ul of the PG antiserum for 30 minutes at room temperature.



temperature./
The incubation volume was made up to 300 pl in each case

using phosphate buffer,

The tubes were then placed in ice and approximately
10,000 d.p.m's of 3H--PG label were added. The tubes vere
then vortexed and incubated on ice at 400 for a further
60 mimutes. 100 K1 of 0.5% gelatiyﬁn solution in phosphate
buffer was then added followed by 1 nl of dextran coated
charcoal to separate free and bound fractions. The tubes
vere vortexed and stood in ice for a total of ten minutes from
the moment of adding charcoal to the last tube and then

centrifuged at 4 °¢ at %,000 r.p.m. for 5 minutes.

The supernatant was decanted into 10 ml dioxan based
scintillation fluvid, shaken and counted in the scintillation

counter.

Standard curves were constructed with each assay using
0, 10, 25, 50, 70, 100, 150 and 200 pg of the PG in question
and the amount of PG in each sample was calculated from the standard
curve and expressed asg ng/hl of fluid after appropriate correction

for dilution and recovery.

The reproducibility of the assay for PGFOC is shown in
PMigure B.2. The separation method used simply separated the

prostaglandins into their major subgroups and no further



further/
separation, for instance of FZa and Fla , vwas made. For
thig reason the results are expressed as either PGFo

or PGE concentrations or alternatively as PGFZa or PGE2

equivalents.

STEROID ASSAYS

The agsays for progesterons, ocestradiol 175 and cortisol
were all performed under the direction of Dr. A.B.lI. Anderson
uging the techniques in routine use in the research laboratory.
These were radioimmunoassay procedures using highly specific
antisera raised in sheep to bovine serum albumin conjusgates
of the steroids in guestion. The minutiae of the techniques

will not be discussed further here.
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TABLE 2,1

Figures derived from the Clinical Report of the
Queen Mother's Hogpital, Glasgow,
for the 2 year period 1868 - 1969.

GENERAL STATISTICS

Total Number of Births 6,001
Perinatal Hortality Rate 29.5 per 1,000 live and stillbirths,

Sponteneous Vertex Delivery 4,167 .. oo (69.45)

Asisted Breech Delivexy 171 .. oo ( 2.80)
Operative Vaginal Delivery o fel

(Forceps + Vacuunm) L1920 - -+ (19.6%)
Caesarean Section 4735 . oo ( 7.8%)
Elective Caesarean Section 147 .. eo ( 2.5%

Induction of Labour 1 eo (25,450
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TABLE 2.3

POTENTIAL HAZARDS OF TNDUCTION OF LABCUR

Prematurity
Jaundice
Hypoxia Fetal

(Infection

(Haemorrhage

(Caesarean Section
Maternal g

Uterine Rupture

(Amniotic Embolism

gDissatisfaction



TABLE

2.4

Occurrence of progtaglanding in humen tissues and fluids.

source
Seminal fluid P
Henstrual Tluid cene
Endometrium eeen
©Amniotic fluid cese
liaternal blood JRP
Decidua eus
Pallopian tube e

L )

DY

e® e

v o

MY

LI

o e

TR Y

Umbilical and placental vessels

Tetael circulation cees

Agueous humour e
Adult blood e
Urine cen o
Gastric juice cees
Gastric nucosa coe e
Hcerine sweat e
Kidney cee e

Skin
Iung .

Thymus cee o
Thyroid ceee
Nervous tissue ceas
Cardiac muscle cen s
Gingival tissue ceae

Cerebrospinal fluvid ...

-

L

“- o0 0

LU

Prostaglanding

caen E, *, A, B
and 19 hydroxy derivatives

B, P

b i

~ . -

-

SR HEEEEESE RS
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(Karim and Rao 1975)



TABLE 2.5

Some areas of biological invelvement of prosteglandins.

Central nervous system function.
Meiosig..

Contrel of intraocular pressure.
Bronchoconstriction; bronchodilatation.
Control of blood pressure.

Gastrointestinal motility and secretion..

Pancreatic Tunction.

Renal blood flow.

Inhibitvion of platelet adhesiveness and
aggregation.

Inflammation.

Pain.

Lipid metabolism.

(Karim and Rao 1975)
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TABLE 3.1

Measurements of the length of the cervix
(internal-external os) in the non~pregnant
and pregnant subjects.

Number of Mean Cervical Length
Category Subjects (mm Lt s.p)
Hon-pregnant 5 44.C .8
Lesgs than 12 weeks pregnant 2 45.5 % 10.6
12 - 14 weeks pregnant 11 45.3 % 9.3
15 —~ 18 weeks pregnant 10 44,3 * 6.%
19 - 22 weeks pregnant 2 44.0 : 8.4

(Calder and McManus 1978, unpublished observations)
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TABLER 3.2

Meagurements of the diameter of the
endocervical canal in non-pregnant
and pregnant subjects.

Number of Mean Cervical Diameter

Catégory Subjects (om £ 5.0.)
Nulliparag
Ton-pregnant 13 7.6 £ 1.1
8 - 9 weeks pregnant 20 8.2 ¥ 1.2
10 - 11 weeks pregnant 21 8.6 £ o.8
12 or more weeks pregnant 5 9,3 1

Multiparas

1

Hon--pregnant 30 8.0 1.0
8 - 9 weeks pregnant 24 8.5.% 1.0
10 - 11 weeks pregnant 22 9.5 £ 1.0
12 or more weeks pregnant T 9.9 to.e

(data from Johnstone, Boyd, McArthy and McClure Brown 1974)



TABLE 3.3

Cervical findings in priwmigravidas at 32 weeks gestation in
relation to the time of onset of spontaneous labour.

Onset of
TLabour
Before %8 weeks
38~%9 weeks
40-41 weeks

41 weeks or later

Bxternal os
Admits 1 IMinger

Internal os
Admits 1 Finzer

1002
T0%
55¢%
40%

10065
55%
2055
10%

Data of Anderson and Turnbull 19569.
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TABLE 4.5

Prospective study of induction of labour in primigravidas.
p g

INDICATIONS FOR TNDUCTION OF TLABOUR

Hypertengive States .... oo 63
Suspected Placental Insufficlency 27
Prolonged Pregnancy .... cees 22

Other (Maternal Age, Diabetes) .o 13

TOTAL .. ceoe ceas . ewes 125
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TABLE 4.9

Mnalysis of the constituents of the
cervical score in relation
to length of labour.

POINTS AWARDED PFOR EACH FACTCR

Labour longer Labour shorter

than Median than Median Ratio
Dilatation 70 101 1.4
Length 6% 141 2.2
Consistency 4% 91 2.1
Position 33 50 1.5
Level 17 62 3.6

37



TABLE 5.1

Data for patients from double blind comparison
of intravenous PGEH, and oxytocin
with cervical scores O -~ 3.

PGbgn

Tumber of Patients «e¢ cee oo 17

Induction/Delivery Interval
(hours - S,D,) e aaes ... 12,6 pa 2.9

Caesarean Section cee  ves  ees 2
Forceps fer eve e eee ea 12
Spontaneous . c.. el eee s )
Birth Asphyxia ... ..¢ oo o 1
Maternity Pyrexia see  ses  wan 8
Pain/Erythema at Infusion Site .. 14
Vomiting eee cor e een eee 2

Oxyvitocin

e S

17

1+

13.3

1

10

[@ IR RV

4.1



TABLAE 7.1

Induction of labour by extra-amniotic

PGE2 infusion.

INDICATIONS FOR  INDUCTION

Hypertensive States . ... 40

Prolonged Pregnancy . ... 25

Placental Insufficiency ... 22

Obher . e cee cav  wee 8

Total . ... +ver oo cue 95
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T ABLDG

T2

Induetion of Labour by extre-~esmuniotic I’G}EI? infugion.

DEIATLS _OF  LABOUR, DELIVERY MORBIDITY,
PREVIOUS
CEPHALIC PRERCH SHALL CARSAREAN
BSENTATION  PRESENTATI OF STATURE SECTTON

( CATEGORY g { CATEGORY) (camnaoayg ( BATEGORY
1) @) (...(3) (4)
Hunber of Potlents 62 11 10 12
lean Cervicnl Score 2.0 Zal 2.1 . 262
Hean Time To Catheter Expulsion A3 58 o7 Iy
(Hours & S5.D.) wle5 wlel wle2 =lel
Mean Amniotomy-Delivery Interval B8 14 NE 6 4_6 o1
Houra £ SeDs Ty 9;;219 wda T w2 g d
Hegn Induotion-Dolivery Interval 1346 1347 11,9 1042
(Hours # SeD.) £460 14,0 £3560 E

llode of Delivery:
Caesarean Sectlion 6 2 3 4
Assisted Vaginal Delivery 40 9 4 6
Spontbanecus Vaginal Delivery 16 0 3 2
Holernal Pyrexip, 7 1 1 3
Biyth Asphyxio 2 1 0 1
Mean Appar Scoro:

1 Mj.nute 804 7*5 9-0 810
5 linutes 9.8 9.9 10.0 De8
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TABLE 7.4

Progtaglandin gel therapy to ripen the
cervix before induction of labour.

INDICATTORS TFOR TINDUCTION OF LABOUR

Hypertensive States vee  ane  aa. OT
Prolonged Pregnancy ses  ses  aes 22
Suspected Placental Insufficiency . 16

Other (Matermal Age, etc.) ... ... 16

v eee  w.. 121

[——

Total ... oe eee  ow



Progbaglandin gel therapy to ripen the cexrvix before induction of lahour.

DETATLS

TABLE _Teb

or | LABOUR, DELTVRRY

AND _MORBIDITY

PREVIGIS
CEPHALIC BRIECH SHALL CAESAREAN
PRESENIATTON PRESENT AT O SPATURE ‘SECTION
(CATEGORY% (CATEGORY) ECATEGCﬁY) gc&wﬂueﬂi
(1) (_(2) ) (3)._.) (4)
Tumber of Patients 106 6 9 6
Hean Cervical Score:
Bafore Treatment 2e% 2.5 22 245
Mier Treatment 6.7 646 6el 6.5
Inprovement in Score 440 4el 349 440
Jmndotomy-Delivery Intervals 1049 10.0 848 %4
llours (Hean & Sl.D. £4,8 k2.8 L2.7 £2.2
Mode of Deliverys
Casnarean Section 10 #] T 1
Assisted Vaginal Delivewry 65 6 2 4
Spontaneous Vaginal Deliveny 1 0 0 1
Iaternal Pyrexiss 4 0 1 0
Blrih Asphyzia: 7 1 0 0
Hean Apgar Scores
1 Minute 769 Ba9 8.7 Ol
5 Miautes 9.3 907 J.8 10.0
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TABLE 7.7
(oPEN OUT)
LOGAL, PROSTACLANDTIY B, THERAPY
Summary of other pubiished reportis
Intravenous
Mumber Oxyiocic Length of
of Patients Cervical Route of Type of Added After labour Caesarean Birth
Authors (Prinipares) Adm Seore  Administretion  Catheter Tehicle Dose Comcentrabion _ Amniotomy (nours}  Section  Asphyxia
. Induction - .
Calder & Imbrey T +naue - N Poley s Infugion 5 N 1
(1973) {(n G 0, 1 Extre~immiotic  (5giny saline 0.,5-2,0 g/min 5 afol  (Ozytocin) 13.1 0 (14.7%)
s Induction
Hiler & Mack 55 o e Foley s . 23 12 11
(1974) (43) i 09 FrbrachmmloBC (s50nyy 0 0arme e R0 (oo 28 G (18.59)
" Induchion Repeated .
Heuberg 37 ' Charkmgs . s ey Toley RPN . . / 38 z 5 ot
(1975) (30) wm‘mmﬁw Q3 Gxtre-imniotic (45 n1) Saline bowcwowommm of 25 g/ml (o xytoel z) 14,6 (13.57) Stated
123
.Shapherd, Sims = Pre~Induction . R i
2 2 15 o o Nt i . . - . " - lict ot wx ot
wwmmwww (13) MMWMMMM Ot Bxtra-imnmiotic Helaton gel (Tylose) Bolus 250 g 25 glwl stated Stated (6.77) Stated
. . Pre-Induction = o
Thiery et al 156 s b A (yied Foley el (Tei Bolus - 538 o g How
(1977, 1972) (139) St o-4 BREra-inmotic (59 n1) el (771088) 550 or 500 & 5 gful (pem,) 3.9 (4,67 stated
lacenzie Pre-Induction Gel
168 ) s Bolus ii2 21 n
& Eabrey Cervical 0=3% Vaginal Telaton  (Carbory-methyl- o= 200-500 g/l - 105 o o
(1977) (168) Ripening celtulose) 260 or 5.0 mg (0xytocin) (12.57) (8.97)
Hellows, 120 Industion \ 20 s ok
Sing & Crg ) Lxtra-ionioti Tielat e T, g/s s N —— e
wu?mq«.wmﬁ (38) wmwmwm, 611 ztra-imnioctic THelaton el {Tylose) Bolus 300 g 25 gfml (Cxyocin) 8.7 (2.7 stated
Henpedy, Quinn, 30 Induction . 7 4 4
Howie & Calder -0 Endom=Cervi Tel {7 1 s : \ . - e
,.oﬁ.mw qmwwpmr (15) wmmw.mﬁ 62 ndo-Cervical elaton gel {Tylose) Bolus 400 g 80 g/ml {oxysocin) 8.1 (13.3) (3.37)

# In the Studi

es of Thiery et al, amniotomy was performed routinely 7 = 8 houws after wmxm therapy
and the figure given represenis ithe fime from vmmm therapy to delivery.
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TABLE 8,2

CAmniotic fluid prostaglanding and
steroids and plasma steroids in
late pregnancy.

(all values are ng/ml).

Number Range +
Substance Measured Of Values ean - S.D»
Liquor +
Prostaglandin B 42 0.27 - 13.93 3.87 - 3.31L
Liquor
Prostaglandin F 42 0.11 - 3.25 0.67% 0.75
Iiguor
Oestradiol 17g 40 0.18 - 1.50 0.56 = 0.31
Liquor
Progesterone %0 10.6 - 47.0 21.7 ¥ 8.3
Liquor +
Cortisol 25 13.8 - 52.3 31.9 - 8.8
Plasma
Oestradiol 17p 40 8.1 - 34.2 16,8 * 6.1
Plasma
Progesterone 40 75 - 265 137.5 - 40.1
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TABLE

8.3

Amniotic fluid prostaglanding and stercids and
plasma steroids in late pregnancy.
Analysis of results in relation to cervical state.

(all ng/ml;

number of estimations shown in brackets).

Unrive Cervix p Value®

Substance Ripe Cervix
Liquor 6.27 & 5,66
Prostaglandin B (10)
Liquor 1.54 £ 1,03
Prostaglandin T (10)
Tiquor 0.74 £ 0.%2
Oestradiol 17ﬁ (9)
Liquor 26.2 L 7.4
Progesterone (6)
Liquor 36.8 L 6.4
Cortisol (5)
Plasma 14.5 £ 3.2
Oestradiol lTB (9)
Plasma 157.4 % 44.3
Progesterone (9

2.77 £ 1,67 <0.005
(15)

0.36 = 0.13 <0.001
(15)

0.49 £ 0.24 <o0.01
(14)

17.2 ¥ 5.9 .S,
(7)

23,8 L 5,2 N.S.
(9)

16,3 L 5.9 7.8,
(14)

129.2 % 35,2 N.S.
(14)

( * MANN-WHITNEY RANK SUM TEST)

49



TABLE

8a4

Analysis of results in respect of oxytocin seansitivity.

(A1l ng/ml;

Substance

Liquor
Prostaglandin B

Ligquor
Progtaglandin F

Liguor
Oegtradiol 175

Liguor
Progesterone

Liquor
Cortisol

Plasma
Qestradiol lTB

Plasma
Progesterone

Oxytocin
Sensitive

5.76 £
(12)

1.26 %

(11)
© 0.64 ¥

(9)
235.4 =
(9)
35,4 T
(5)

3.89
1.10
0.29
7.6
6.3

13.4 =

(10)

4.3

131.8 T 43.6
(10)

(* MAN-WHITNEY RANK

aumber of estimations shown in brackets).

Oxytocin
Insensitive p Value#
1.60 ¥ 0.99  «<0.005
(7)
0.28% 0.10 <0.005
(7) _
0.32 £ 0.11 <0.01
(7)
18.4 T 5.9 W.S.
(6)
26.7 £ 5.6 W.S.
(6)
16.2 L 5.6 N.S.
(7)
4.4 F 44,5 N.S.
(7)

SUM TEST).



TABLE

8.5

Results analysed by length of labour.
(al1 ng/ml; numbers of estimations shown in braczets).

Substance Short Tabour Lone Labour n Value®

Liquor 7.13 £ 4.85 2,47 1,85 <o.01
Prostaglandin E (9) (14)

Liquor 1.27 ¥ 0.99 0.33% 0.15  <0.005
Prostaglandin F (9) (14)

Liquor 0.70 % 0,33 0.37 % 0.14 N.S.
Oestradiol 17g (8) (14)

Liguor 25.8 I 8.9 17.3 ¥ 5.1 N.S.
Progesterone (5) (11)

Liquor 37.7 % 14.4 27.9 £ 5.0 N.S.
Cortisol (5) (10)

Plasma L 16,0 T 4.3 14.0 £ 3.0 ¥.S.
Oestradiol 17g 8 (14)

Plasma 146.6 ¥ 55,4  121.2 ¥ 30.2 N.S.
Progesterone 8 (14)

( * MANN-WHITNEY RANK SUM TEST).
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T ABLE B.1

CROSS REACTIVITY OF PROSTAGLANDIN

ANTISERA

PGF antiserum

PCT, 1005
PGF, o 64%
PGI, 7%
PCE, -

15 Keto PGT, 0.3%
PGA, 0.0001%
PGB -

2

PGE antiserun

1.6%
1005
128%

1.8%
0.28%
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FIGURE 2.1

WHEN TO DELIVER ?
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RISKS IF
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PREGNANCY
CONTINUES

PREGNANCY
INTERRUPTED]




FIGURE 2.2a
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Induction of Labour:

FI GuR 2.2b

a method employed in earlier times in
Cochin China (now Vietnam). The
accoucheur balances himself with a pole
while standing on the shoulders of the

kneeling patient.



FIGURE 2.5

THE DREL-SMYTII CATHETER

(The stillette has been removed from the liunen of
the catheter).



FIGURE 2.4

Steroidogenesis Umbilical blood
vessel function
Dysmenorrhoea Ovulation
Prostaglandin
Parturition Effects on fertility
Action on uterus
Induction Induction Delayed ovum Effect on Luteolysis Effect on
of labour of aboartion transport via implantation sperm
action on sites transport

fallopian tube

Bstablished and postulated roles of prostaglandins

in human reproduction.
(Embrey 1975).
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PIGURE 3,2
PELVIC SCORE
o 1 3
Dilatation (cms) o__ -2 3-4 5-6
Effacement (7,) 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 3
Dilatation (cms)| less than 1 -2 2-4  |more than 4
Length (cms)  |more thand4 2-4 1-2 | lessthan 1
Consistency firm | average soft
Position posterior mid-
—_— anterior —
Level 0-3__ 0-2 0-1:0 *

Total Score

( Calder , Embrey and Hillier 1974 )

Scoring system originally proposed by Bishop (1964) and modified

system (Calder et al 1974) used throughout clinical studies.
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FIGURE 3.7

100
1st stage 2nd stage
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20 |-
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Detection of oxytocin in the maternal circulation (chara 1973).
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FPIGURE 4.4

MODE OF DELIVERY

- y .8 49 12
100
i Oerrrenncnnnnananes Q,,
80 B ...’«««
L_ .
60—
?b -
40—
20—
0

0-2 3-5 6-8 9-11
CERVICAL SCORE

»=—-m (Caesarean Section
e——e Spontaneous Vaginal Delivery
o0 Epidural Analgesia

Mode of delivery related to cervical score (the rate of forceps
delivery was fairly constant at around 50 per cent).
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TOTAL SERUM BILIRUBIN (mg/100ml)

FIGURE 7.3
0 ?
16
12
8 b
4 _—
Group A Group B Group C Group D
Intravenous Intravenous Extra Spontaneous
Oxytocin Prostaglandin Amniotic
EZ Prostaglandin
Eo
Mean 9.6 9.1 7.9 6.4
S.D. +3.9 +4, 9 +4.4 +3.9

Serum bilirubin levels on day 5 from neonates of primiparous

mothers whose labours were induced by one of the three

methods shown or spontaneous.

The horizontal bars represent

the mean in each group (Calder et al 1974).



FPTGURE 8.1
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n = (19) (14)  (16) (12}

GESTATION, days

Changes in the amniotic fluld content of prostaglandins B and F
in primigravidas as gestation advances.

(Vertical lines indicate S.D.).



FTGURE 8,2
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before Cervical dilatation ¢cm
parturition

Levels of 15-keto~17,14~dihydro PGFZa in the maternal ciroulation

before and during labour.
1
(Green et al 1974).



FITGURE 8,3

ZSF

-

ng PG/ml

10—

CERVICAL DILATATION (cm)

Amniotic fluid levels of E and T prostaglandins at different
stages of spontanecus labour.

(Kierse, Flint and Turnbull 1974).
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FIGURE 8.8

2 ™ ANENCEPHALIC FETUS fzs.sa

20 =

18 [~

12 |-

PG Foa equiv ng/ml

Amniotic fluvid levels of prostaglandin F during labour in a
case of anencephaly

(Hillier, Calder and MacKenzie 1974) .



FIGURE 8.9

2.
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(a8
2 ] 0.4
(15) an (10)
0 11 b L1
0-4 5-8 9-12

Unfavourable Intermediate Favourable

CERVICAL SCORE

Levels of B and F prostaglandins in smniotomy samples of
amniotic fluid in 42 primigravidae.
Results related to cervical score.

(Vertical lines indicate S.D.).
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FPIGURE 8,11

10 — — 2.0
T
o - Q
|
|
|
|
8 — - 1.6 0
6 — 1.2 —
- E
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o | _
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2 jon ]
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2 ! | v
w [N
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w o
o
2 |- — 0.4
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0 i1 17 Ll
<6 6-9 9-15 >15

LENGTH OF LABOUR, hrs.

Amniotic fluid levels of I and T prostaglandins in amniotomy
samples from 42 primigravidas.
Results related to subsequent length of induced labour.

(Vertical lines indicate S.D.).



FIGURE B.l

20000 —

16000

12000

80001

4000

mi ELUATE
[EHCI,| 1.5% MeOH in CHCI, | 3,5% MeON in CHCI, t15% MeOH in CHCI,

Chromatographic separation of prostaglandins on silica gel
microcolumns: the continuous line represents biological fluid

3H—PG added to the fluid

3 1
H PGE,

and the dotted line tissue. The amounts of
before chromatography were: 3H-PGA, 32,960 d.p.m;
29,390 d.p.m; 3H--PGF2 o %5, 080 d.p.m.
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