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"Dilatation of the cervix may prove hurtful,
indeed may be dangerous to life, but not

when properly performed."

G.T. Gream. March, 1865.
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SUMMARY.




This thesis describes clinical research carried out
between October 1979 and January 1983. In the first
year of the research the candidate was Lalor Post-Doctoral
Fellow in the Glasgow University Department of Obstetrics
and Gynaecology, at Glasgow Royal Infirmary. From
December 1980, the candidate has been Senior Registrar
in the Department of Obstetrics and Gynaecology at

Stobhill General Hospital, Glasgow.

The thesis begins with a historical review of
dilatation of the cervix and then considers the anatomical
and physiological properfies of the cervix which affect its
physical properties. The ease with which the cervix can
be dilated is determined by the diameter of the cervical
canal prior to dilatation and by the compliance of the
cervical tissve. The diameter of the cervix is influenced
by the number of pregnancies which the patient has had.

The compliance of cervical tissue is affected by the complex
changes which take place in the collagen fibre matrix and
ground substance of the cervical stroma. A review of the
complications of first trimester termination of pregnancy

has shown that the earlier o pregnancy is terminated, the

less likely the patient is to have complications. The cervix
may sustain damage during dilatation of the cervix, which

may compromise her future reproductive capacity.



Attention is then turned to the problem of cervical
incompetence. The history of this condition is reviewed
and a discussion of the aids to diagnosis is presented.

The original work described in the thesis hinges on
measurements of. the force applied during surgical

dilatation of the cervix. These measurements were made
using an instrument which was developed by the author and
his.ossociqtes, specifically for the purpose of the studies
here presented. The factors which influence the passage

of a dilator through the cervix are discussed. Measurement
of the force required to dilate a cervix from 3 mm to 8 mm
which was defined as the Cervical Resistance Index (CRI),

takes account of many of these variable factors.

Measurement of Cervical Resistance Index was performed

on a total of 590 patients in 3 groups:-

1. 200 non-pregnant patients.

2. 355 pregnant patients undergoing first
trimester termination of pregnancy.

3. 35 patients with a history of previous

spontaneous mid-trimester abortion.

The study of non-pregnant patients was undertaken to
establish baseline values of cervical resistance. The
influence of parity, hormone status contraception and the

stage of the menstrual cycle on CRI is presented. Increasing



parity significantly reduces CRI. Postmenopausal women
show significantly higher CRI than pre-menopausal women,
while patients using Depo-Provera for contraception have

significantly lower CRI than normal cycling women.

The study of pregnant patients undergoing termination
of pregnancy was performed in order to evaluate the use of
four hormones (oestradiol, progesterone, medroxy-progesterone
acetate and prostaglandin E2) in bringing about changes in
cervical compliance. All these substances are thought to
play a role in the biological control of cervical softening
in late pregnancy. An increase in cervical compliance
makes the cervix easier to dilate and thus reduces the
likelihood of damage being sustained during dilatation.
Such damage has been shown to compromise a patient's future

reproductive capacity.

Prostaglandin E2 was shown to significantly reduce the
cervical resistance index in multiparous patients. In
nulliparous patients, this hormone did not have the consistent
effect on CRI seen in multiparous patients. Since nulliparous
patients are more likely than multiparous patients to suffer
damage to the cervix during dilatation, further research

should concentrate on making termination of pregnancy safer

for these women.



A study to measure cervical resistance index in
patients with a history of spontaneous mid-trimester
abortions is then described. This study was undertaken
to evaluate the use of this technique in assisting in the
diagnosis of cervical incompetence. The study identified
patients with abnormally low CRI.  The number of these
patients who hQQe subsequently conceived is small but
knowledge of the CRI has allowed a more rational management

and consequently improved obstetric performance.
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CHAPTER I,
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INTRODUCTION.

This thesis describes work carried out between October,
1979 and Januvary, 1983. In the first year of this work
the candidate was Lalor Post-Doctoral Fellow in the Glasgow
University Department of Obstetrics and Gynaecology at
Glasgow Royal Infirmary.  Subsequently as Senior Registrar
in Stobhill General Hospital, Glasgow, this work has

continued.

With the encouragement of Professor M.C. Macnaughton,
I was fortunate to join the research group headed by
Dr. Andrew Calder. This group had an established interest
in cervical function in pregnancy, especially at term.
The group therefore turned its attention to cervical function
in non-pregnant patients and in early pregnancy.
Mr. John Fisher of the Department of Clinical Physics and
Bioengineering, joined the research group and we developed
an instrument to measure the force required to pass surgical

dilators through the human cervix.
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With the developmeni of the instrument completed, the
research was directed to measuring the resistance of the
cervix to dilatation in three main areas, namely,
non-pregnant patients, pregnant patients undergoing first
trimester termination of pregnancy and patients with a
history of spontaneous mid-trimester abortion. The work
was discussed at all stages within the group but I had
complete freedom to initiate and direct the clinical

studies.

OUTLINE OF THE THESIS.

The subject of this thesis is observations of the
resistance of the human cervix to surgical dilatation.
The human cervix is dilated to allow endometrial biopsy
to be performed in many gynaecological conditions and also
prior to suction termination of pregnancy in the first
trimester. When difficulty is encountered at dilatation
of the cervix, the gynaecologist worries that the cervix
may be damaged with serious consequences for the patient’s

future reproductive life.

The studies were to assess the feasibility of
quantifying the forces required to achieve dilatation of

the cervix and also to study the feasibility of treatment
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. increasing cervical compliance and thereby reducing
k of cervical damage. The third aim of the study
investigate patients where a diagnosis of cervical
etence was considered, with the hope that this might
+ more rational selection of patients for treatment

is condition.

The present Chapter describes the circumstances in
h the research work was carried out, gives an outline
the thesis and acknowledges the help of those who

tsted.

Chapter 2 presents a historical review of the
literature on dilatation of the cervix, the anatomical and
physiological properties of the cervix which affect its
surgical dilatation. The problems encountered during
dilatation of the cervix for first trimester termination
of pregnancy are reviewed. The history of cervical
incompetence and of aids to diagnosis of this condition

are also discussed.
Chapters 3 and 4 cover the development of the
instrument used in the clinical studies and discuss various

methods of interpreting the data.

The following chapters (5, 6 and 7) describe the clinical
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ﬁrials performed by the author on a total of 590 patients.
Chapter 5 describes a study of 200 non-pregnant patients
undergoing dilatation and curettage. Particular attention”
is given to the effect of parity, hormone status and the
stage of the menstrual cycle on the resistance of the cervix..
In Chapter 6, 355 pregnant patients have been studied prior
to suction termination of. pregnancy. Treatment with
oestradiol, progesterone, medroxy-progesterone acetate and
various doses of prostaglandin E2 have been assessed.
Chapter 7 describes 35 patients with a history of spontaneous
mid~trimester abortion in an attempt to diagnose cervical
incompetence. The obstetric performance of those patients

who have subsequently become pregnant is discussed.

Chapter & presents the conclusions drawn from the

clinical studies.

Data from these studies have been published in

scientific journals as follows:-

In Chapter 3.

"Use of a force measuring instrument during cervical
dilatation™.

by J. FISHER, G.S. ANTHONY, T.J. McMANUS, J.R.T. COUTTS
and A.A. CALDER.

Journal of Medical Engineering and Technology. Volume 5,

July, 1981.  Pages 194 - 195.
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In Chapters 5 and 6.

"Forces required for surgical dilatation of the pregnant
and non-pregnant human cervix"

by G.S. ANTHONY, J. FISHER, J.R.T. COUTTS and A.A.CALDER.
British Journal of Obstetrics and Gynaecology.

Volume 89, November, 1982. Pages 913 - 916.

In Chapter 6.

"The effect of exogeneous hormones ¢@n cervical resistance
in early pregnant human cervix".

by G.S. ANTHONY, J. FISHER, J.R.T. COUTTS and A.A. CALDER.
This paper has been submitted to the British Journal of

Obstetrics and Gynaecology.

In Chapter 7.

"Cervical Resistance in patients with previous spontaneous
mid-trimester abortion",

by G.S. ANTHONY, A.A; CALDER and M.C. MACNAUGHTON.

British Journal of Obstetrics and Gynaecology.

Volume 89, December, 1932. Pages 1046 - 1049.

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

of individvals.
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CHAPTER 2.

HISTORICAL BACKGROUND OF THE THESIS.

History of Dilatation of the Cervix.
Complications of Termination of Pregnancy.

Cervical Incompetence.
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HISTORY OF DILATATION

OF THE CERVIX.

Dilatation of the cervix has been carried out since
the time of Hippocrates (463 - 399 B.C.). In the
Hippocratic era the cervix was dilated to allow fumigation
of the uterus and instillation of medicaments, as many
ill-defined conditions of women were attributed to disease
of the uvterus. The dilators were hollow and usually made
of tin or lead, mounted on wooden handles (Figure 2.1).
Since anaesthesia was unknown at these times the dilators
were passed with the patient conscious. In A.D. 79,
Vesuvius erupted and buried the city and inhabitants of
Pompeii.  In the excavation of this city many centuries
later, vaginal speculae made of bronze and cervical dilators
of tin were uncovered ~ the first evidence that gynaecology

was practiced in these early times.

By the late nineteenth century, gynaecological
techniques had progressed little but laminaria and sponges
were in use for dilating the cervix. T. Galliard Thomas,
Professor of Gynaecology in New York in 1873, advocated the

following treatment for a 17 year old girl suffering from
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dysmenorrhoea. "She should be put under an anaesthetic
and a delicate sponge tent should be introduced into the
uterus and left there for four days. It should then be
replaced by another a little larger and the procedure
repeated every four days until the uterus is completely
dilated.  The irritation brought on by this will cause

congestion of the uterus and increase nutrition" !

This gradual dilatation of the cervix over several
weeks may have been beneficial in treating dysmenorrhoea,
while avoiding cervical damage but the high incidence of
pelvic infection as a result of this procedure would

undoubtably have caused as many problems as it solved.

Laminaria were gradually replaced by steel dilators,
principally those named after the German Gynaecologist,
Alfred Hegar (1830 - 1914). These dilators allowed a
gradual dilatation of the cervix over a much shorter time
than that advocated by Thomas, thus reducing the incidence

of infection.

Dilatation of the cervix was performed as a cure for
primary dysmenorrhoea from the nineteenth century until
about ten years ago. Clinicions had observed that
dysmenorrhoea was often abolished after the patient had

delivered a child and they assumed that this was as a result
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of the cervix being dilated during labour. In an effort
to reproduce this physiological cure of dysmenorrhoea,
patients were subjected to vigorous dilatation of the
cervix. It was felt that dilatation of the cervix would
rupture some of the muscle fibres of the cervix, thereby
leaving the patient with a greater diameter of cervical
canal.  Primary dysmenorrhoea was thought to be due to

the cervical canal obstructing the flow of the menses and

thus enlargement of the canal would relieve the obstruction.
Patients with primary dysmenorrhoea have been shown to have

abnormally high levels of prostaglandin synthetase. Drugs

which inhibit this enzyme have recently been shown to be

effective in the treatment of this condition, (Anderson et

1978).

Dilatation of the cervix is now undertaken in order to

obtain an endometrial biopsy for the diagnosis of numerous

gynaecological conditions and in order to permit evacuation

of the contents of o pregnant uterus.

al.,

To obtain anendometrial biopsy it is necessary to dilate

the cervix to about 8 mm to allow a uterine curette to pass

through the cervix. The curette is then used to scrape

portions of endometrium from the uterus which can be submitted

to histological examination. A typical set of dilators is

seen in Figure 2.2.
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In termination of pregnancy the cervix has to be
dilated to allow evacuation of the conception. The
diameter to which the cervix must be dilated is determined
by the gestational age of the pregnancy, a rough guide
being 1 mm dilatation for each week of gestation. After
dilatation of the cervix the uterus is emptied with a

flexible plastic suction canula of the type seen in Figure 2.3.

ANATOMY AND PHYSIOLOGY OF THE CERVIX.

The human cervix has two main roles to play between
conception and delivery of the foetus. The first role it
plays is that of a sphincter which holds the developing
ovum safe within the uvterus until late pregnancy.  This
role is then discarded and it has, under the influence of
myometrial contractility, to dilate up to 10 cm and allow
the foetus to pass safely through the birth canal. In
making the change from its pregnancy role to its labour role,
the cervix undergoes complex modification in structure and
function; from a relatively rigid structure which resists
surgical dilatation, to a soft compliant cervix which can
undergo dilatation to 10 cm in the course of a few hours

of labour.

A knowledge of the structure of the cervix is necessary

to understand its functions. Early workers who studied the
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cervix were concerned with where the corpus of the uterus
ended and ‘the cervix began. Aschoff (1905) described the
isthmus of the uterus as the portion which lay between the
anatomical internal os (where the cavity of the non-pregnant
uterus joins the cervix) and at the lower end, the
histological internal os (where the epithelium changed from
an endometrial type, to an endocervical type). The isthmus
is the part of the uterus which develops to form the lower

segment of the uterus during late pregnancy.

There followed much discussion on the function of the
isthmus and it was not until Danforth (1947) studied the
cervix that it came to be regarded as part of the uterus
rather than the cervix, because its structural elements are

similar to those of the corpus of the uterus.

Danforth also drew attention to the marked difference
in structure between the cervix which is predominantly
fibrous cannective tissue and the rest of the uterus which
is mainly muscular. Danforth studied not only the change
in the epithelial type but also found a marked transition
in the composition of the stroma at the level of Aschoff's
histological internal os, between the muscular uterus and
the fibrous cervix. This area he called the fibromuscular

junction.
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Composition of the Cervical Stroma.

The composition of the cervical stroma can be considered
under two headings, formed elements and ground substance.
The formed elements consist mainly of collagen fibres, a
small amount of elastic and about ten per cent smooth
muscle fibres. Danforth (1954) felt that the amount and
distribution of the smooth muscle made it unlikely that it
could contribute to the sphincteric action of the cervix in
early pregnancy.  Ground substance consists of glycosamino-
glycans in'proteoglycan complexes which incorporate varying
amounts of water in the tissue. The varying amounts of
water in the tissues, together with changes in the type of
collagen, are probably responsible for the changes in the

cervical compliance which are seen during pregnancy.

Harkness and Harkness (1959) have shown in rats that
in pregnancy the collagen fibres of the cervix undergo
hypertrophy and as a result of these changes the circumfer-
ence to which the cervix could be stretched increased three
to four times that of the non-pregnant cervix. These
authors also noted that the extensibility of the pregnant
rat cervix increased eleven-fold over the non~-pregnant
values.  The rat cervix undergoes a process of "softening",
prior to labour, similar to that seen in the human cervix.
It is difficult to obtain human pregnant cervix for study

but it is probable that similar changes are present in the
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physical properties of the human cervix.

Danforth (1960) showed histological changes in the
collagen fibre matrix of the human cervix after labour.
At the end of labour the collagen fibres are reduced in
size and highly branched, while there is also a dissociation
of the component fibrils. Von Maillot, Stuhlsatz and
Gentsch (1981) suggest that there is an initial stretching
of the collagen fibres and then they slip over each other.
To allow slipping of the fibres, the proteinaceous links
between the fibrils have to be broken down by enzymes..
Collagen accounts for about 50 per cent of the dry weight
of the cervix, (Danforth 1960) and it is probable that
"softening" of the cervix involves changes in the framework
of the collagen fibres. The changes in the collagen matrix
are probably influenced by at least four hormones; oestrogen,
progesterone, prostaglandin and relaxin but the precise

mechanism of these changes is still not completely understood,

(Calder 1980).

PHYSICAL PROPERTIES OF THE CERVIX.

The cervix acts as a visco-elastic tissue (Black 1975).
It can be considered as a tissuve with an elastic component
which like a spring, will recoil when stretched. It it

had only elastic properties, then it would always quickly
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return to its original shape and diameter after stretching.
This property is independent of the time taken to stretch

the tissve.

The viscous element of cervical tissue can be considered
like a shock absorber. When a shock absorber is compressed,
tluid is displaced and then gradually returns to its original
position, while retaining a "memory" of the fact that it has
been compressed. This component of the physical property
of cervical tissue is dependant on the rate of dilatation.
Thus, the time taken to compress the tissue will affect the
amount of force required to achieve compression. It is this
viscous property of the cervix which mokes it necessary to
dilate the cervix a little at a time. If the cervix were
truly elastic, then one could dilate the cervix in one step
to the required diameter. In clinical practice a slow rate
of dilatation is achieved by using a series of dilators which
increase in diameter by 1 mm and by taking about two seconds
for each dilatation. To dilate the cervix in one step to
the required diameter, taking the same time for dilatation,
would require a large amount of force because of the viscous
element of the tissuve. When excessive forces are applied
to a tissue there is always the possibility that the tissue

will sustain damage.
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qugk et al. (1975b) in an in vitro study of human
cervix, using a force measuring device, found that after
passing the same dilator through a cervix fourteen times
at five second intervals, the force required to dilate the
cervix on the last occasion had reduced to about fifty
per cent of that required in the first passage of the

dilator.

The difference between the first and second passage
of the dilator was about three to five per cent of the force
required on the first passage. By the last dilatation much
smaller reductions in force were being found. This finding
of gradual reduction in the force required to pass the
dilator on each successive occasion, shows that the viscous
element is present and the cervix is retaining a "memory"
of the fact that it has been dilated. The reduction in
the force required to pass the dilator on each successive
occasion is small. In clinical practice one usually passes
the dilator once and it is the first passage of a dilator
which meets the greatest resistance. Black's study also
showed the typical pattern of increasing force being required
to pass dilators of increasing diameter. Despite the gradual
reduction in the force required to pass a dilator on
successive occasions, the next size of dilator required a
larger force than that used on the first passage of the

smaller dilator. If it were possible to perform multiple
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insertions of a dilator at five second intervals and then
change the dilator for the next size in this time before

the viscous element has recovered, this might lead to a
reduction in the force required for the passage of the next
dilator size. The time interval between different dilator
sizes 1s as important as the time between repeated dilatations
with the same size of dilator. The technique of multiple

insertions of o dilator does not have any beneficial effect

in clinical practice.

Forces Involved in Dilatation of the Cervix.

In order to surgically dilate the cervix two forces
need to be overcome, friction and compressibility of the
cervix. Friction is present between the taper of the
dilator and the cervical canal, only while the dilator is
moving through the canal. Friction probably accounts for
a fairly small proportion of the total force required to
pass a dilator through the cervical canal, since there is
no appreciable reduction in the amount of force needed to
pass the dilator, when the forward movement of the dilator
is stopped. Once the dilutor has stopped moving, it
continues to compress the cervical canal and prevents it
returning to its original diameter. Cervical mucus will
also lubricate the dilator and so reduce friction between

the dilator and the cervical canal.
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The compressibility of the cervix depends on the
diameter of the cervical canal and on the compliance of the
cervical tissue. The diameter of the cervical canal is
affected by the number of previous pregnancies which the
patient has had, Halliday, Jacobs and Heyns (1958) and
Johnstone et al. (1974).

In order to measure the ease with which a cervix may
be dilated, one can measure the axial force exerted on
the tapered dilator. Dilatation tokes place over the
tapered portion of the dilator and this in turn exerts a
cicumferential force on the cervical canal. It is possible
to directly measure the circumferential force on the cervical
canal.  To do this, it is necessary to design a dilator
which expands radially. Measurement of the force required
to open the jaws of such a dilator gives the circumferential
force excrted on the cervical canal. This type of dilator
is very complex and only one small study has been reported

with this type of instrument (Bentov and Stubblefield 1980).

In clinical practice, a dilator is pushed through the
cervix and the procedure repeated with increasing diameters
of dilator. It is relatively simple to design an apparatus
which will measure the force transmitted from the operator's
hand to a dilator and as this involves fewer moving parts,

the likelihood of mechanical failure is reduced. We
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therefore decided to develop this type of instrument.

COMPLICATIONS OF TERMINATION OF PREGNANCY.

Complications of first trimester termination of pregnancy
may be considered in two categories, namely, those occurring
at the time of the procedure and secondly, late sequelae of
the procedure which may affect future reproductive life.

In considering complications at the time of termination of
pregnancy, the method of termination is important. The
method of termination is dependant on the gestational age of
the pregnancy. In Glasgow, dilatation of the cervix

followed by suction curettage is used to terminate pregnancies
up to twelve weeks gestation. Thereafter extra-amniotic
infusion of prostaglandin E2 is used to terminate the
pregnancy. In America and parts of Eastern Europe, suction
curettage is often carried out up to sixteen weeks of

gestation.

Laminaria absorb fluid which then produces an increase
in the diameter of the laminaria. They have been used in
America to produce dilatation of the cervix prior to
termination. These devices have never been popular in the
United Kingdom but they are effective in producing a gradual

dilatation of the cervix.
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Cervical Damage.

Hulka and Higgins (1961) investigated the effect of
dilatation of the cervix in the non-pregnant state. One
hundred and fifty-four patients who were about to undergo
total hysterectomy were subjected to dilatation of the
cervix, immediately prior to removal of the uterus. The
cervix was dilated with Hegar dilators up to 12 mm and
fellowing removal of the uterus, the cervix and uterus
were opened longitudinally. Thirty-nine per cent of patients
had sustained tears of the internal os to a depth of 2 mm and
a further twenty-two per cent had tears of over 5 mm in depth.
The tears in the internal os had a charocteristic pattern of
a longitudinal tear, beginning in the cervical canal deepest
at the level of the internal os and tapering off in the
isthmic portion of the uterus. An important feature of this
study was that tHese tears were not visible at the time of

the procedure and did not give rise to undue haemorrhage.

Hulka et al. (1974) in a study of the force required to
dilate the cervix at termination of pregnancy, drew attention
to the greatly increased force required to dilate the cervix
beyond 11 mm particularly in nulliparous patients.

Dilatation beyond this diameter often produced a sudden fall
in the force required to dilate the cervix and Hulka postulates
that this was due to the occurrence of the tears seen in his

non-pregnant study. The occurrence of these tears may explain
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the sudden "give" encountered during cervical dilatation.
Fitzpatrick and Dobson (1979) in studies of sheep cervix,
subjected portions of the cervix to stretching and tound
that the cervix initially was able to withstand fairly
high tension, until the epithelium of the canal ruptured
and following this rupture the cervical tissue continued
to stretch but at a much lower tension, until complete
rupture of the tissue occurred . These findings in

sheep cervix have been confirmed by our research group.
The occurrence of these epithelial tears, while not giving
rise to undue haemorrhage, probably often remain undiagnosed,
as they are not visible and may account for the failure of

the cervix to act as a sphincter in subsequent pregnancies.

The cervix may sustain a second type of injury when
the volsellum tears off the anterior lip of the cervix
during dilatation. This type of injury may not damage the
patency of the internal os but often gives rise to haemorrhage
and is therefore easily spotted at operation. This injury
is easily treated at the time of operation with a few sutures
which restore the cervix to its normal configuration and
also achieve haemostasis.  Cadesky, Rivinsky and Lyons (1981)
describe this injury occurring in two out of twenty-nine
patients (6.9%), undergoing termination of pregnancy up to
sixteen weeks gestation, by dilatation and evacuation. He

states that this injury is not due to dilatation of the cervix
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but as the volsellum provides counter traction during
dilatation, it must repreéent the use of excessive force
in dilatation. In the patients studied in Chapter 7,
this type of injury was seen in two patients in a series
of three hundred and fifty-five patients (0.5%) when
dilatation of the cervix was reserved for pregnancies

below twelve weeks gestation,

Incidence of Cervical Laceration.

Harman, Fish and Tyson (1981) in a study of 810 patients
undergoing first trimester termination of pregnancy in
Manitoba, Canada, had an incidence of 3.09 per cent cervical
lacerations. Their patients were limited to ten weeks
gestation for primigravidae and eleven weeks for multigravidae.
Atienza, Burkman and King (1980) in a series of 1,602 suction
terminations, found the incidence of cervical lacerations to
be 1.37 per cent. It is interesting that the rate was
2.7 per cent in nulliparous and 0.23 per cent in multiparous

patients and 46.19 per cent of their patients were nulliparous.

Stallworthy, Moolgaoker and Walsh (1971) showed the
incidence of cervical laceration to be 3.9 per cent in
primigravidae but surprisingly the rate in multiparous patients
was 3.3 per cent. Suction termination was used up to

fourteen weeks gestation in this study.
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Johnstone et al. (1976) showed that in cases where the
cervix had been dilated beyond 12 mm to permit suction
curettage, the diameter of the internal os was significantly
higher than in those cases in which dilatation was restricted
to 12 mm. These studies were performed six weeks after
suction termination and confirmed the view that cervical
trauma is more likely when excessive dilatation of the cervix
is used. Excessive dilatation of the cervix can be avoided
by restricting suction termination to pregnancies of less

than twelve weeks.

Atienza, Burkman and King (1980) showed a ten-fold
increase in the incidence of cervical trauma in nulliparous
women, compared to multiparous women and it is to the
nulliparous women that our attention should be focussed in
attempts to increase cervical compliance and thereby reduce

the incidence of cervical damage.

Uterine Perforation.

The uvterus may be perforated at two sites, the fundus
of the uterus and the cervix. These injuries arise from
different types of accident. Perforation of the fundus
can occur when a sudden "give" is encountered during
dilatation of the cervix. The unexpectced “"give" reduces

control of the dilator which may then pass through the fundus.
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Following dilatation of the cervix, the fundus may be
perforated if instruments are inserted into the uterus
to remove the products of conception. With the

introduction of the Karman Catheter and other flexible
plastic suction curettes, the need for instrumentation

should now be rare.

Harman, Fish and Tyson (1981) found the incidence
of uterine perforations to be 0.74 per cent in their
study using rigid plastic suction curettes, followed by
sharp curettage. Atienza, Burkman and King (1980) using
flexible suction curettes, found the rate of perforation
to be 0.1 per cent. They also report two cases (0.05%)
where the uterus was perforated at the level of the
cervix. They ascribe this injury to the creation of «
false passage during dilatation of the cervix, when the
direction of the cervical canal had not been appreciated.
Vaginal examination and sounding of the cervical canal
prior to dilatation of the cervix, should diagnose

malpositions of the uterus.

Haemorrhage.

Blood loss at the time of operation, using the techniques

already described, should be very low. Hulka et al.(1974)
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measured blood loss in 70 suction terminations and

found it to be consistently below 50 mls. Harman, Fish
and Tyson (1981) report 9 cases of haemorrhage in 810
suction termination, with 3 patients requiring transfusion.
In the cases presented in Chapter 6, only 1 case out of
355 patients (0.28%) required blood transfusion. In

this series excessive blood loss only occurred when the
assessment of gestation had been underestimated at the
initial clinical examination and suction termination was

performed after twelve weeks gestation.

Anaesthesia.

In North America, the standard anaesthetic for
suction termination is local anaesthetic in the form of
a paracervical block, while in the United Kingdom, most
patients have suction termination carried out under general
anaesthesia. Harman, Fish and Tyson (1981) had anaesthetic
problems in 2.35 per cent of patients undergoing suction
termination with a general anaesthetic. None of the
anaesthetic problems were serious and there were no

anaesthetic deaths.

Peterson et al. (1981) calculated the comparative risks

of death from ancesthesia in induced abortion before twelve
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weeks gestation. He compared statistics for local and

general anaesthesia after excluding pre-existing disease.
He found the rates to be 0.37 per 100,000 abortions under
general anaesthesia and 0.15 per 100,000 abortions under

local anaesthesia,
With the use of local anaesthesio for suction termination,

the risk of anaesthetic problems are reduced, with the added

benefit of shorter in-patient stay in hospital.

Retained Products.

Post-operative complications centre round the problem
of products of conception remaining in the uterus. Retained
products prevent complete retraction of the uterine muscle
and therefore can give rise to increased haemorrhage. The
other main problem of retained products is that they provide
an ideal culture medium for bacteria and so can give rise
to pelvic infection which may ultimately, if untreated,
cause tubal damage or septicaemia. Beric, Kupresanin
and Hulka (1972) found retained products in 12.4 per cent
of cases at six weeks and 100 per cent of cases at twelve
weeks, although all the terminations in this series were
performed with 6 mm suction curettes. Harman, Fish and

Tyson (1981) found retained products to be a problem in
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2.5 per cent of cases. The larger size suction curettes
provide a greater area of the aspiration openings which
are more appropriate in dealing with the increasing size
of foetal parts that are encountered with increasing
gestational age. Correct selection of suction curette
for each case will minimise the incidence of complications

arising from retained products of conception.

Amniotic Fluid Embolism.

This rare and often fatal condition has been described
as a complication of termination of pregnancy in the United
States. Between 1972 and 1978, fifteen cases of amniotic
fluid embolism were reported, while approximately one
million pregnancies were terminated annually.  The incidence
of this complication is thus very low but it does account
for twelve per cent of deaths associated with legally induced
abortion, (Guidotti, Grimes and Cates 198l).  This
complication was predominantly associated with mid-trimester
abortions, performed using hypertonic solutions of urea
and saline. There was a sixty per cent incidence of
disseminated intravascular coagulation associated with these
deaths. The incidence of amniotic fluid embolism rose
from nil at twelve weeks gestation to 7.2 deaths per 100,000
abortions at twenty-one weeks (Guidotti, Grimes and Cates,

1981). One case has been recorded when suction termination
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of pregnancy was performed at sixteen weeks Cates et al.,
(1981). Amniotic fluid embolism occurred during the
suction termination and the patient died from a ruptured

liver, sustained during the resuscitation procedure.

This complication can be avoided by performing
termination of pregnancy as early as possible in the pregnancy.
This is best achieved by minimising the delay between the
referral from the general practitioner and the patient having
the procedure performed. Harman, Fish and Tyson (1980)
reported that thirty per cent of their patients actually
presented in the first trimester of pregnancy but did not

undergo termination until mid-trimester.

The average delay between consultation and admission for
operation in the first trimester was 11.8 days. This is

obviously unacceptable in the provision of abortion services.

The main conclusion to be drawn from this study of
immediate complications of first trimester termination of
pregnancy, is that the earlier the procedure is done in a
pregnancy, the less likelihood there is of complications

arising.
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The Effect of Termination of Pregnancy

on Subsequent Pregnancies.

With the increasing nuhbers of patients undergoing
termination of pregnancy much attention has been focussed
on the performance of these patients in future pregnancies.
Macnaughton (1961) has shown that patients who start their
reproductive life with a spontaneous abortion, have an
increased incidence of threatened abortion, prematurity
and perinatal loss in their second pregnancy. Keirse
et al. (1978) showed that the increased incidence of
premature delivery in those patients with a previous
spontaneoﬁs abortion was related mainly to those
pregnancies which ended in the second trimester and not
in the first trimester. The incidence of pre-term labour
was also related to the number of previous spontaneous

mid-trimester abortions.

Wright, Campbell and Beazley (1972) found a ten-fold
increase in the incidence of spontaneous mid-trimester
abortion in patients who had previously had a first trimester
termination of pregnancy, compared to those with no previous
termination. Seventy-nine per cent of the patients in
this study had undergone termination in private clinics and

many of them were before the current Abortion Act was
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introduced, so that accurate details of the gestation at

which the procedures were performed, were not available.

Richardson and Dixon (1976) in a study of 211 patients
who had undergone vaginal termination of pregnancy, found
a foetal loss rate of 17.5 per cent compared with 7.5 per
cent in o group of similar parity who had had a spontaneous
abortion. Unfortunately this study did not compare these
patients with o matched group of normal pregnant patients.
In this study 4.3 per cent of the pregnancies after legal
abortion ended in first trimester abortion, 8.5 per cent
in mid-trimester abortion and 13.7 per cent in pre~-term
delivery. It is interesting that 11 patients in this
study were known to have suffered cervical laceration and
these patients had a foetal loss rate of 45.5 per cent,
only 1 pregnancy went beyond 36 weeks gestation. No details

of the gestation at which the pregnancy was terminated were

available.

Liu, Melville and Martin (1972) showed a similar pattern
of increased rates of mid-trimester abortion following first
trimester termination of pregnancy.  Subsequently 4.4 per
cent of pregnancies ended in spontaneous mid-trimester
abortion, compared with 0.5 per cent in patients whose
previous pregnancy ended in spontaneous first trimester

abortion.
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The working party on sequaelae of abortion (WHO 1979)
also found significantly higher rates of mid-trimester
abortion and premature delivery following first trimester

termination of pregnancy.

Placenta Praevia.

Barrett, Boehm and Killam (1981) have drawn attention
to the increased rate of placenta praevia after first trimester
termination of pregnancy. In their study they compare the
rate of placenta praevia in deliveries in Tenesse between
1972 and 1974,(prior to liberalisation of the Abortion Law)
with the rate between 1978 and 1980. The incidence of
placenta praevia in 1972 to 1974 was 1 in 318 pregnancies,
while the incidence of induced abortion was 0.6 per cent.
No case of placenta praevia was seen in patients who previously
had undergone induced abortion. Between 1979 and 1980 the
incidence of placenta praevia was 1 in 109 deliveries and the
incidence of induced abortion was 10.1 per cent. The
incidence of placenta praevia in patients who had undergone
termination of pregnancy was 4.6 per cent. This higher
incidence of placenta praevia after first trimester termination
is worrying but to date these figures have not been confirmed

in the United Kingdom.

These retrospective studies all show to varying degrees,

an increased risk of spontaneous mid-trimester abortion and
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premature delivery following first trimester termination of
pregnancy. The precise risk is hard to define and what

is required is a large prospective study of patients after
termination of pregnancy. There are obvious difficulties

in such a study. Population shift, patients changing

name and of course the problem outlined by Richardson and
Dixon (1976), of patients not informing the obstetric staff

of previous terminations. The patient's general practitioner
may also fail to notify the obstetric staff, or may not

in fact be aware that the patient has had a termination of

pregnancy.

CERVICAL INCOMPETENCE.

The concept of incompetence of the cervix to act as a
sphincter to retain a conception was first raised in 1865
by Gream. In a letter to the Lancet, he commented on a
technique described by J. Marion Sims, the father of American
Gynaecology. Sims advocated dividing the cervix from the
external os to the internal os with a scalpel, as a treatment
for sterility and dysmenorrhoea. The technique seemed to be
successful in treating dysmenorrhoea, although complications
of the operation included profound haemorrhage, pelvic abscess

and even death.
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Gream drew attention to a problem which arose if the
patient did become pregnant after this operation. He
noted that in many cases at about 16 weeks gestation, the
cervix was already more than a finger dilated, similar to
the state of late pregnancy and gradually the membranes
herniated through this prematurely dilated cervix.
Abortion inevitably followed this finding.  Gream rightly
attributed the abortion to the previous surgery and the
technique soon fell by the wayside. Sims is now remembered
for the introduction of his vaginal speculum rather than

this disastrous operation that he advocated.

Gream's theory of the inability of the cervix to act
as a sphincter to contain a conception seems to have been
forgotton and it was not until the French authors Palmer
and Lacomme (1948) in a paper entitled "La béance de 1’
orifice intérne cause d'avortements a repetition"”, again
drew attention to the fact that when the cervix was dilated
in early pregnancy, abortion invariably resulted and these
patients were likely to suffer recurrent mid-trimester

abortion.

At this time the main cause of this condition was high
amputation of the cervix at pelvic floor repair. Lash
and Lash (1950) gave the now accepted classical description

of abortion due to cervical incompetence, when one found
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repeated mid-trimester abortion. The abortion was
characterised by rupture of the membranes, followed by
relatively painless extrusion of the conception. They
also emphasised the finding of the dilated cervix in the

absence of perceptable uterine activity.

Evolution of Therapy.

Lash and Lash (1950) described a characteristic finding
of a thinned portion of the cervix anteriorly at the time
of the abortion.  They pointed out that obstetric and

gynaecological trauma may be responsible for causing this

defect.

It was thus hardly surprising that three years later,
Lash (1953) described an operation to correct this defect
in the cervix. In the non-pregnant state the blodder was
pushed up off the cervix and a diamond of cervical tissue
was then excised. The cervix was reconstituted with

sutures, thereby reducing the lumen of the cervical canal.

Palmer and Lacomme (1948) would also seem to have thought
of this type of defect in the cervix and in the case they
reported, performed an operation on the cervix in which two

catgut sutures were inserted into the anterior wall of the
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cervical canal, to reinforce it and reduce the lumen.
Following this procedure, the patient was successfully

delivered of a live child.

In 1961 Lash outlined the problems encountered by his
type of repair and it is not surprising that haemorrhage,
infection and rupture of the uterus figure in the

complications of this procedure.

The late Professor V.N. Shirodkar disagreed with the
hypothesis of Lash and Lash, that the defect lay solely in
the anterior part of the cervix and felt that it was much
more likely that there was an intrinsic weokness in the
cervix which allowed it to possively dilate. Shirodkor
(1951), described a method of treating cervical incompetence
by encirclement, using three strands of chromic catgut to
form a purse-string round the internal os. The technique
involved incising the anterior vaginal wall over the cervix,
pushing up the bladder and then inserting the suture at the
level of the internal os, underneath the vaginal skin.

By 1955, Shirodkar had found that catgut was inadequate as

it was soluble and repeat cerclage was often necessary.

In the same year he described the technique of using fascia
lata to make the purse-string and this did not dissolve.

With this type of suture he described the successful treatment

Gl

of thi7i cases who had previously had between four and eleven
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spontaneous mid-trimester abortions.

At the same time as Shirodkar was developing his
technique in Bombay, McDonald in Australia was also looking
at methods of treating cervical incompetence. In 1951
while working in England he had treated one case of cervical
incompetence with a purse-string suture of chromic catgut,
inserted through the vaginal cervix with a knot tied in the
vagina.  This technique had the advantage that it caused
less disturbance at the cervix and the suture could be cut
later in the pregnancy, prior to labour. Like Shirodkar's
catgut suture it had the disadvantage of being soluble and
he found it was often necessary to repeat the procedure
some time later in the pregnancy. His first case in 1951,
required three sutures in all at two weekly intervals but
the patient was delivered of a live child of 6 lbs 4 ozs,
having previously had four mid-trimester losses. Back
in Australia, McDonald continued his work and began using
a suture of No. 4 mersilk, inserted through the exocervix
with five or six bites being taoken. Particular attention
was given to ensure that a deep bite was taken in the

posterior lip of the cervix.

McDonald (1957) published the results of his first
seventy cases with 43 per cent foetal survival. It is of
interest that in all of these cases, the cervix was already

dilated. The common clinical presentation of these patients
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was with vaginal discharge, lower abdominal discomfort
and a lump in the vagina which on inspection proved to be

the bag of forewaters protruding beyond the internal os.

Aetiology of Cervical Incompetence.

There has been general agreement that cervical
incompetence is usually an acquired condition. The condition
arises following trauma to the cervix at gynaecological

preocedures and in obstetrics at the delivery of the foetus.

The types of gynaecological procedure which are likely
to result in trauma to the cervix have changed in the time
since Palmer and Lacomme first suggested the condition in
1948. The change in aetiological factors merely represents
the changes in gynaecological practice that have occurred
since then. Palmer and Lacomme (1948), Fisher (1957) and
Shirodkar (1955), mention high amputation of the cervix at
pelvic floor repair as being one of the main causes of
cervical incompetence. McDonald (1957) found this to be
a cause in three of his seventy patients. Of the previous
gynaecological procedures which the patients had undergone,
thirty had had dilatation and curettage, a further five
patients had undergone wide dilatation of the cervix for
dysmenorrhoea and two had undergone cauterisation of the

cervix. It is interesting that of the five patients who
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had been subjected to dilatation of the cervix for
dysmenorrhoea, eighteen pregnancies produced only one live
child, which subsequently died of prematurity. It is
indeed fortuitous that dilatation of the cervix is gradually
losing favour in the treatment of dysmenorrhoea.  These
figures suggest it 1s too dangerous a procedure to carry

out for this condition when the success of this procedure

has not been established.

McDonald (1980) found that out of 269 cases of cervical
incompetence, amputation of the cervix had fallen to
3 per cent. There was a history of conisation of the cervix
in 7.8 per cent and dilatation of the cervix in 68.8 per cent.
By this time he had also seen 23 patients who had developed
cervical incompetence as a result of treatment for
dysmenorrhoea in their youth.  Of the large number of patients
who had previously had dilatation of the cervix, the incidence
of the procedure being carried out to enable termination of

pregnancy to be performed, was rising.

Cole (1982) studied all patients who received a cervical
suture in Scotland between June, 1976 and May, 1977.
Three hundred and eight patients received a suture and of
these, forty patients had previously undergone a termination

of pregnancy.
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Between 1970 and 1979 the number of patients undergoing
suction termination of pregnancy in Scotland, rose from
5,254 to 7,754 (Scottish Health Statistics 1979).  The
greatest increase was seen in single women under twenty
years of age, with the rate rising from 4.9 per 1,000 women
in 1970 to 9.7 per 1,000 women in 1979. With increasing
frequency of abortion, it may be that there will be «

similar rise in the incidence of cervical incompetence,

(Kuhn and Pepperall 1977).

Diagnosis of Cervical Incompetence.

A history of recurrent mid-trimester abortion in which
premature rupture of the membranes, painless dilatation of
the cervix and expulsion of the products of conception, is
highly suggestive of cervical incompetence. There has been
a gradual change in the policy of advocating surgical treatment
for cervical incompetence. When McDonald and Shirodkar first
described their sutures, operation was carried out during
pregnancy, after dilatation of the cervix had occurred and
often when the membranes had herniated through the cervix.
Current practice is to insert the suture at a much earlier
stage of the pregnancy (McDonald 1963) in the hope that
the suture will prevent the cervix dilating and the membranes
herniating through the cervix. Once the membranes rupture,

the chances of saving +the pregnancy are very poor (Cushner

1963).
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The trend towards earlier insertion of the suture has
been associated with a rise in the foetal survival rate
from 43 per cent (McDonald 1957) to 86.5 per cent
(McDonald 1980).

The criteria for selection of cases for cervical
cerclage varies in the numerous reported series. There
is a paradox, in that if selection of cases is not accurate,
then cases who do not have cervical incompetence will improve

the results of the procedure.

There is still considerable doubt as to the efficiency
of cervical cerclage in the treatment of cervical
incompetence. Patients with repeated spontaneous mid-trimester
abortions are usually keen that "something is done" to help
achieve a successful pregnancy. The obstetrician has a
dilemma, whether to do something of unproven value -~ insert
a suture, or do nothing. Pressure from ihe patient often
pushes the balance towards insertion of a suture. The
current randomised trial of cervical cerclage being run by
the Medical Research Council and Royal College of Obstetricians
and Gynaecologists underlines this uncertcinty and will

hopefully shed light on the value of this procedure.

With the move towards earlier treatment in pregnancy,

there has been an interest in developing diagnostic tests
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help reach the diagnosis of cervical incompetence.

se diagnostic tests can be considered in two groups:=-

1. In early pregnancy before the development
of cervical incompetence.

2. Between pregnancies.

Tests in early pregnancy before cervical incompetence
is clinically obvious, depend on showing a degree of
dilatation of the cervix. Palmer, (1950) states that in
cases where the cervix would admit an 8 mm dilator, cervical
incompetence invariably occurred in that pregnancy. This
diagnostic aid has stood the test of time and is still used
in many centres when coming to a decision as to whether to
perform a cervical cerclage procedure. The test is now

usually done about fourteen weeks gestation (McDonald 1963).

More recently, attempts have been made to measure the
dilatation of the cervical canal using ultrasound. This
is a specialised technique which requires considerable
training and expertise in ultrasound. It does have the
advantage that it can exclude other causes of mid-trimester
abortion, such as foetal abnormality and uterine abnormalities,
(Sarti et al 1979). As the technique is non-invasive, it
is possible to perform the test serially, throughout pregnancy

without risk to the foetus. Brook et al. (1981) performed
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ultrasound measurements on twenty-four women in whom it was
planned to perform cervical cerclage because of the past
obstetric history and compared these patients with a control

group of nineteen women who had normal obstetric histories.

The mean width of the internal os in the cerclage
group was 2.57 + 0.36 cm, compared with 1.67 + 0.23 cm.
It is also of note that following insertion of the suture,
the width of the internal os was not affected.  These
mean diometers seem unduly large, but Brook et al.(1981)
commented that these are the widths measured by ultrasound
and cannot be compared with the width measured by Hegar
dilators. The finding that the diameter of the internal
os is not reduced by cerclage, suggests that the suture is
preventing further dilatation of the cervix and therefore
the earlier in pregnancy the suture is placed, the greater
the chance of success, which is in keeping with McDonald's

(1963) experience.

Methods of Diagnosis Between Pregnancies.

Hysterography has been used as a test to diagnose
cervical incompetence since 1950. The technique involves
instillation of radio-opaque dye into the uterine cavity
via a cannula and then taking x-rays of the uterus. This

technique allows visualisation of the shape of the isthmic
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portion of the uterus and also of the dilatation of the
cervical canal. Rubovitz, Cooperman and Lash (1953) and
Youseff (1958) found that more information about the shape

of the isthmic portion of the uterus could be obtained by
modifying the technique and inflating a balloon in the
vterine cavity with radio-opaque dye. Gradual reduction

of the volume of dye and traction on the cannula holding

the balloon, made it possible to see cases of conical
dilatation of the isthmic portion, as well as dilatation of
the cervical canal. They felt that these findings indicated

cervical incompetence.

The disadvantage of these techniques were that they
require considerable exposure ito x-rays and it is not possible
to obtain accurate measurements of the dilatation of the
cervical canal and isthmus of the uterus. Mann (1961)
modified the balloon technique and had a two-stage filling
balloon which initially filled the cavity of the uterus and
then expanded in the cervical canal and isthmic portion of
the uterus. With this technique he was able to measure
the diameter of the internal os and cervical canal. This
technique does allow measurement of the cervical canal but
still however requires a considerable raodiological expertise

to enable interpretation of the data.



56

In Chapter 7 data from a study of cervical resistance
in patients with a history of spontaneous mid-trimester
abortion, will be presented in order to evaluate the use

of this technique in diagnosing cervical incompetence.

Complications of Cervical Cerclage.

Cervical cerclage should only be undertaken when a
diagnosis of cervical incompetence i1s certain, as the
procedure has several complications, including maternal
death, (Dunn, Robinson and Steer, 1959)., Other serious
complications include Vesico-vaginal fistula (Bates and
Cropley, 1977) which was particularly associated with
Shirodkar type suture of mersilene tape. Uterine rupture
has been reported by Thurston (1963) when a suture was not
removed at the onset of labour. The suture may also cut
out of the cervix during labour if it is not removed,
causing considerable cervical damage. It is thus important
that the patient is aware of the suture and that the ante-natal

case sheet clearly records the presence of a suture.

The other main complication of cervical cerclage is
infection and in particular chorioamnionitis. This
condition which is often followed by premature labour is
seen in increasing rates in patients with premature rupture

of the membranes and in patient who have a cervical stitch
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in situ, (Creatsos et al. 1980). Charles and Edwards (1981)
found that the incidence of chorioamnionitis increased from
fourteen per cent when the suture was inserted before

nineteen weeks, to thirty-nine per cent when the suture

was placed after nineteen weeks of pregnancy. This increased
rate is attributed to greater dilatation of the cervix at the
time of insertion of the suture. Brook et al. (1981) showed,
using ultrasonography, that the diameter of the cervical

canal was not reduced with the insertion of a cervical suture.
Cervical cerclage would therefore seem to prevent further
dilatation of the cervix and the earlier the suture is placed,

the less likely the cervix is to be dilated.

A further complication of insertion of a cervical suture
is the effect on the myometrium. Lipshitz (1975) reported
that myometrial stimulation was o side effect of cervical
cerclage and Bibby et al. (1979) showed that a significant
rise in 13, 14 ~dihydro 15 keto prostaglandin F (PGFM) ,
occurred during the insertion of a cervical suture. PGFM is
a major circulating metabolite of Prostaglandin F2 which is
a potent myometrial stimulant and this presumably accounts

for this undesirable side effect of cervical cerclage.

Cervical dystocia is reported as a complication of

cerclage. The cervix may fail to dilate in labour, as a
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result of an intense reaction of fibrosis to the suture
material. Kuhn and Pepperall (1977) found cervical

dystocia in 5.4 per cent of cases, with the majority of
patients having had a Shirodkar type suture. Robboy (1973)
reported cases of cervical dystocia which did not require
caesarean section but resulted in severe cervical laceration.
This complication if not diagnosed may lead to further

damage to an already incompetent cervix and place the patient
at risk of uterine rupture. Early recourse to caesarean

section will overcome this complication.

This review of cervical incompetence shows that cervical
cerclage has major side effects which may further compromise
the patients reproductive capacity. These side effects
make it essential that good case selection is employed before
undertaking a cerclage procedure. Cervical cerclage is not
without side effects and should only be used in cases of

proven cervical incompetence.



59

CHAPTER 3.

DEVELOPMEMT OF AW IMNSTRUMENT TC MEASURE THE

FORCE REQUIRED TO PASS A DILATOR

THROUGH THE CERVIX.
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DESIGN OF FORCE "MEASURING INSTRUMENT.

A specially designed instrument has been constructed
in the Departiment of Clinical Physics and Bioengineering
of the West of Scotland Health Boards, in Glasgow, by

Mr. John Fisher.

The instrument consists of a set of graduated dilators
(Figure 3.1) from 3 mm o 10 mm. The dilators are
manutactured with the diameter increasing by 1 mm per dilator.
The tip of this dilator is tapered at an angle of eight
degrees to the axis over the last centimetre and the diameter
of the dilator increases by one millimetre over this taper.
Dilatation of the cervical canal takes place over the tapered
portion of the dilator. Hulka et al. (1974) have shown
that tapered dilators reqguire less force to dilate the cervix
than the conventional Hegar dilator which has a slightly
rounded end.  The dilators are manufactured from stainless

steel and are sterilised by immersion in Gluteraldehyde

(Cidex).

The dilators screw into the force sensing handle which
is seen in Figure 3.2. A cylindrical stainless steel casing
(A); contains a linear displacement transducer (B);

a compression spring (C) and a stainless steel piston (D).
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The transducer sensor (E) is attached to the inner end of
the piston and the dilators are in turn screwed into the
ovuter end. The piston assembly is free to slide on

polytetrafluoethylene bushes.

An axial force on the dilator displaces the piston
against the spring and the displacement is monitored by
the transducer. The spring gives a displacement of one
millimetre for a five kilogram force. This small
displacement ensures precise control of the dilators.
The input and output signal from the transducer are passed
through a sealed connector (G) at the rear of the instrument.
The output signal is processed by Phillips Displacement
Convertor PR 871 - giving an output of 0.1 volt D.C. for
a 0.45 kilogram force. This is displayed on a Devices

MX 212 - 2 channel recorder (Figure 3.3)

Use of the Instrument.

All patients were studied under general anaesthesia.
The patient was placed in the lithotomy position and the
vulva and vagina cleansed and draped in the usual fashion
for minor gynaecological surgery. The cervix was grasped
with Volsellum forceps to steady it during the procedure.
With the operator gowned and gloved, the force sensing

handle was held in a sterile towel and the smallest dilator
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screwed into the handle. | The dilator was then passed
through the cervix by applying steady pressure via the
handle. In view of the time dependence of the viscous
element of cervical tissue, it was endeavoured to make
the time taken to pass the dilator standard, by having

all estimations performed by the author.

It is not practical to ensure that every passage of
a dilator lasts exactly the same time but the effect of
time on dilatation will be discussed in Chapter 4. Once
the dilator had passed through the cervix it was unscrewed

and the procedure repeated with each dilator in turn.

Each dilator which met resistance produced a deflection
on the graph paper of the Devices recorder. A permanent
record (Figure 3.4) of each patient was kept and the record
analysed at completion of the operation.  The height of
each peak on the graph was measured,a deflection of 0.5 cm
representing a force of one kilogram. The force required
to dilate the cervix from 3 mm to 8 mm was calculated.

This force we defined as the Cervical Resiétance Index (CRI).

Once the operator is familiar with the instrument it
is as easy to use as a conventional set of cervical dilators.
The force sensing handle is simple, portable and at a cost

of £300., relotively cheap. The instrument has only one
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moving part,the piston, whose movement of the transducer
sensor in the transducer, alters the electromagnetic field
which is then measured. Calibration of the instrument
can alter if the tension in the compression spring alters,
if changes occur in the electronics of the displacement
convertor or, if the recorder calibration alters. In
the three years that the instrument has been in use, its
calibration has: been regularly checked and it has not

altered. It has thus proved to be a very reliable

instrument.
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CHAPTER 4.

ANALYSIS OF DATA OBTAINED DURING MEASUREMENT

OF THE FORCE REQUIRED TO PASS A DILATOR

THROUGH THE CERVIX.
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CHARACTERISTICS OF FORCES REQUIRED

o

TO PASS A DILATOR THROUGH THE CERVIX.

Using the instrument described in Chapter 3, a record
of the force required to pass a series of dilators through
the cervix was obtained (Figure 3.4). From this record it
was apparent that, in general, increasing diameters of
dilators require increasing forces to pass through the cervix.
This pattern has been seen in three groups of patients studied,
namely - non-pregnant patients pregnant patients and patients
with a history of previous spontaneous mid-trimester abortion.
This finding was also observed by Hulka et al. (1974);
Black et al. (1975); Liu et al. (1975) and Atienza, Burkman
and King (1980). In a few cases this pattern was not
observed when there was a fall in the force required to pass
the dilator, after a few dilators had shown the more usual

increasing force pattern.

This finding probably indicated the occurrence of a
cervical tear at the level of the internal os, similar to
those described by Hulka and Higgins (1961). Hulka et al.
(1974) also found this type of pattern when dilatation

exceeded 12 mm.

From the specimen recording (Figure 3.4) it can also
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be seen that passage of a dilator produced a quick rise in
the force applied to the dilator, followed by an even quicker
reduction in the force, once the taper of the dilator had
passed through the interndal os. The average time taken to
pass a dilator through the cervix was about two seconds.

The time between passage of different sized dilators was

kept to a minimum. The author performed all dilatations

in order to standardise the technique of passing the dilator
and in the hope that the time taken for this would be uniform.
Three experienced Consultant Gynaecologists have also used
the instrument to check whether the author's technique of
passing a dilator through the cervix was comparable with
their usual technique. No significant difference in the
time token to pass the dilators through the cervix was noted

in this study.

Liv et al. (1975) and Black et al. (1975b) using
hysterectomy specimens of uterus and cervix, claim to have
standardised the time taken to pass a dilator through the
cervix to five seconds but this was during an in vitro study.
In vivo, it is not possible ‘o know in advance how long

it will talce to overcome the cervical resistance.



67

The Effect of Time Taken to Pass a Dilator Through the Cervix.

Black et al. (1975) have drawn attention to the visco=-
elastic properties of cervical tissue and in particular that
the viscous element of the cervix is time dependant. Hulka
et al. (1974) and Atienza Burkman and King (1980) in their
studies on forces required for surgical dilatation, expressed
the results as Forcétime integers. This figure was derived
from computing the force required to pass the dilator and
the time which was taken for passage of the dilator through
the cervix. The technique used by the author was to
measure the height of each peak achieved when resistance was
encountered to dilatation and then by summation the total
fofce r;qﬁired to dilqte.a cervix from 3 mm to 8 mm was

calculated (CRI).

In order to establish the relationship<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>