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ABSTRACT

The role of the Fallopian tube in assisted reproduction remains unclear. The work
described in this thesis was undertaken; (1) to study cyclical oestrogen and
progesterone receptor changes in the endometrium and Fallopian tube, (2) to
determine ultrastructural similarities and differences between endometrial and
endosalpingeal epithelia at the different stages of the cycle, (3) to collect tubal fluid
and attempt to isolate tubal specific proteins, and (4) to determine the clinical impact
of tubal environment in assisted reproduction by conducting a randomised trial
comparing tubal and uterine embryo replacements after in vitro fertilisation of

oocytes.

Oestrogen (ER) and progesterone receptors were studied with specific monoclonal
antibodies and employing an immunohistochemical technique. The results showed
that, in the tube, both the isthmic and ampullary epithelial and stromal ER increased
in the follicular phase to a peak at mid cycle, then declined in the late luteal phase
whilst the fimbrial end depicted an opposite pattern of staining. Progesterone
receptors persisted in all tubal wall layers and endometrial stroma throughout the
cycle, but disappeared completely from endometrial gland epithelium in the late luteal
phase. The ultrastructural study showed; (1) an increase in ciliated cells along the
tube being highest at the fimbria, (2) late follicular phase increase in cytoplasmic
fragments and cellular material within the isthmic lumen, but not in the outer tubal
segments and (3) similar secretory pattern and surface epithelial changes in the
endometrial gland, isthmic and ampullary tubal epithelia. Gel electrophoresis of tubal
flushing demonstrated two non-serum bands appearing in the late follicular and luteal

phases of the cycle.

One hundred and two women were included in the randomised controlled study.
Analysis of all treatment cycles (n=227) showed that; (1) the first attempt resulted
in a pregnancy rate per embryo transfer (PR/ET) of 29% for tubal and 20% for
uterine replacements, and an implantation rate (IR) of 15% and 12% respectively,
and (2) women with unexplained infertility benefit most following tubal transfer
(PR/ET; tubal 32%, uterine 15% - IR; 14% and 7% respectively). Factors



associated with increased PR in the first attempt include previous pregnancies, absent
female or male factors, unexplained infertility, and human chorionic gonadotrophin

luteal support.

Despite an apparently higher PR and IR following tubal transfer, no significant
differences were observed in the multiple pregnancy and live birth rates, nor in the
implantation rate in cycles resulting in pregnancy. These findings suggest that the

embryos’ quality is not enhanced following tubal transfer.
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CHAPTER 1
LITERATURE REVIEW

1.1 INTRODUCTION

The oviduct holds a fundamental position in reproduction. It transports both gametes
and zygotes and provides an essential environment for fertilisation and cleavage of
the fertilised egg (Hamner, 1973). Oviductal fluid provides the medium in which
these processes take place. Tubal fluid volume, composition, and ability to support
sperm capacitation and embryo development correlate with the hormonal status of the
mother (Mastroianni and Go, 1979). Moreover, certain cycle dependant oviduct
specific proteins have been identified both in animals and humans. Equally important
is the observation that the subsequently introduced technique for assisted reproduction
of Gamete Intra Fallopian Transfer (GIFT) produced higher pregnancy rates than
conventional in vitro fertilisation and uterine embryo transfer (IVF-UET) (Asch et
al, 1984). Since then, it is believed that the tubal environment is a major contributor
to this success. However, the accumulation of more data from properly conducted
clinical trials has given conflicting results and hence the subject remains a

controversial one.

The original aim of this thesis was to study one aspect of tubal environment, viz
secreted tubal proteins. However, to determine whether the tubal environment is the
major contributor to the higher success rates, it became apparent that comparison
with the uterine environment is essential. Similarly, extensive search of the literature
showed that several biological variables may account for the variation between the
two environments hence the study has been widened accordingly. Investigation has
been carried out into both the endometrium and Fallopian tube from the same subjects
in an attempt to determine cyclical variations in Oestrogen and Progesterone receptors
(ER, PR) and ultrastructural changes under different hormonal conditions. By
identifying structural and functional similarities and differences between the two sites,

functional differentiation may be identified.
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1.2 ANATOMICAL CONSIDERATIONS
1.2.1 GENERAL DESCRIPTION
1.2.1.1 The Fallopian tube

The oviduct was originally described by Gabriele Fallopius (1523-1562) who termed
it the "tuba uteri" after its resemblance to a brass musical instrument. In this thesis,
the term "oviduct" will be used to refer to the mammal generally, and the term

"Fallopian tube" or "tube" to the human exclusively.

The oviduct is a muscular tube with an epithelial lining. It is generally divided into
5 anatomical regions: the infundibulum, fringed by epithelial covered fimbriae and
opening via the tubal ostium into the peritoneal cavity, the ampulla, the ampullary-
isthmic junction (ALJ), the isthmus and the intramural or interstitial portion contained
in the wall of the uterus at the uterotubal junction (UTJ). The oviduct has three
muscular coats. The inner longitudinal layer is lost approximately 2.5 c¢m distal to
the cornual end and for most of its remaining length, external longitudinal and
internal circular muscle coats are only identified. The epithelial lining and mucosa
are thrown into folds, also known as "rugae" or "plicae" and the proportions of
muscle and mucosa vary along the length of the oviduct. The outer longitudinal layer
of muscle is not as distinct as the other layers of the tubal wall. In the isthmus, the
circular and outer layers are separated by a collagenous layer containing the blood
vessels of the tubal wall. In vitro, the circular layer exhibits a higher contractile
frequency than the outer longitudinal layer and its duration of contraction is
considerably shorter. At the time of ovulation, the contractile frequency is

significantly increased.

The innermost longitudinal layer also exhibits regular spontaneous muscular activity,
but its frequency is significantly higher than in the other layers. It has also been
suggested (David and Czernobilsky, 1968) that a sphincteric action may result from
the contraction of the inner longitudinal and circular layers. In the interstitial region
of the tube, the inner longitudinal layer appears to be a continuation of the

subendometrial muscular layer of the uterus. The similarity between the tubal and
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endometrial layers is not surprising in view of the common embryological origins of
the two organs from the mullerian duct. The function of the smooth muscle is to
promote transport of ova and spermatozoa, albeit in different directions, by a
complex pattern of integrated movements in combination with epithelial ciliary
activity. The mesosalpingeal muscle elements are probably of great importance
during ovum pick-up, since the fimbriae come into close contact with the surface of
the ovary and move back and forth over the ovulatory follicle to remove the viscous

mass of oocyte and corona cells.

The ampulla is the longest portion of the Fallopian tube, measuring 5 to 8 ¢cm in
length. Its luminal diameter varies tenfold from 1 to 2 mm at its junction with the
isthmus to more than 1 cm near its distal end. The inner longitudinal musculature
is contained as scattered muscle bundles dispersed within the lamina propria of the
complex epithelial folds seen in this area. More recently, Vizza et al (1995)
demonstrated that the myosalpinx of the human ampulla is not organised into clear
cut longitudinally, circularly or spirally arranged layers, but as multidirectional
smooth muscle cell bundles probably designed to stir than push the tubal contents.
The infundibulum is the trumpet shaped distal portion of the oviduct terminating in
the fimbriae. It is the functional site of transition from ovum pick-up to ovum
transport. The ovarian fimbria is probably essential for ovum pick-up, during which
the densely ciliated fimbria are brought into close contact with the cumulus mass
surrounding the ovum, and the ovum is thus conducted into the tubal ostium
(Pauerstein and Eddy, 1979).

1.2.1.2 The uterus

The uterus is a thick-walled, muscular, hollow organ shaped like a pear, its tapering
end being the cervix which projects into the upper vagina. It is flattened in the
antero-posterior plane. Its dimensions vary according to parity, the nulliparous organ
measures approximately 9 cm in overall length, 6 cm in maximum width and 4 cm
antero-posteriorly in its thickest part. The wall is 1-2 cm thick and the length of the
uterine cavity is usually 7.5-8.0 cm. The uterus is made up of the corpus (body),
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isthmus and cervix. The part of the body situated above the level of the insertion of
the fallopian tubes is described as the fundus. The areas of insertion of the Fallopian
tubes are termed the cornua (horns). The opening of the cervix into the vagina is
the external os and the opening of cervix into the uterine cavity is the internal os.
The cavity of uterus is triangular in shape when seen from the front, but is flattened
to a slit when seen from the side. It communicates with the vagina through the
cervical canal, and with the lumen of each Fallopian tube at the two cornua. The
main mass of the uterine wall is composed of involuntary muscle fibres which for the
most part run obliquely in a criss-cross spiral fashion. The more superficial fibres,
however, are arranged longitudinally and are continuous with those forming the outer
coats of the tubes and vagina. Internal to the muscle layers is the endometrium
which is directly applied to the muscle so that its deeper parts often interdigitate with
the fibromuscular tissue. The whole of the fundus, the anterior wall as far as the
isthmus, and the posterior wall as far as the attachment of the vagina to the cervix
are covered with peritoneum. The sides of the uterus between the attachment of the
two leaves of the broad ligament, the lower anterior uterine wall, and the whole of
the cervix except for the posterior aspect of its supravaginal part are devoid of

peritoneal coat (Jeffcoate, 1975).

1.2.2 VASCULAR SUPPLY
1.2.2.1 The Fallopian tube

The arterial blood supply of the Fallopian tube is derived from the uterine and
ovarian arteries. Generally, the uterine artery supplies the medial two-thirds of the
tube, and the ovarian artery the remainder. Each of these vessels yields two or three
branches, which together furnish distinct arcades of vessels along the length of the
tube. The arterioles from the tubal arcade run through the serous and subserous coats
to supply the different layers of the tube. It is likely that autoregulation shunts the
blood supply under varying physiological conditions. The venous drainage generally
parallels the arterial supply, with interconnecting capillary networks being noted at
various levels in the tubal tissue. Studies of the human tubal microvascular
architecture (MVA) (Koritke and Gillet, 1967; Koritke et al, 1968) demonstrated that
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fimbrial MVA differs from that of isthmic or ampullary mucosa in that arteries are
more numerous and are located peripherally around a central core venule. Further,
variations during the menstrual cycle were observed in that mucosal arterioles became
increasingly coiled and reached a maximum at the time of menstruation with changes
being most marked in the fimbriae. Mucosal venules also became markedly dilated

at the time of ovulation and maximally at the time of menstruation.

More recently, examination of the MVA of the rabbit oviduct by the corrosion
vascular cast-scanning electron microscope method showed characteristic variations
along the length of the oviduct (Verco, 1983). The differences being observed
predominantly in the subserosal and submucosal areas. The isthmus has a randomly
interconnecting subserosal venous plexus surrounding the myosalpinx and a mucosa
which is well supplied by arterioles. The ampulla has parallel branching of
subserosal arteries and veins and a mucosa supplied by few arterioles which drain
into plentiful large veins originating high in the plical core. The fimbriae are
supplied by parallel branching arteries and veins. These findings suggest that the
subepithelial capillary plexus of the apical region of the plicae probably contains high
pressure blood in the isthmus and low pressure blood in the ampulla with consequent
effects on, (1) the net fluid flow between the interstitial fluid and intravascular

compartments and (2) ovum transport.

The Fallopian tube is rich in lymphatics. Three lymphatic networks drain the
mucosa, muscularis and serosa respectively. Upon emerging from the intrinsic
system of the tube, the lymphatic vessels combine, enter the mesosalpinx and run
upward in the broad ligament to the para-aortic lymph nodes. Although there is no
evidence that tubal lymphatics are involved in counter-current transfer mechanisms,

such a role can not be excluded (Hunter, 1988).

1.2.2.2 The uterus

The uterine artery arises from the anterior division of the internal iliac artery. It runs

forwards and inwards in the base of the broad ligament, crossing above and almost
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at right angles to the ureter, and approaches the uterus at the level of the internal os.
Here it gives off a descending branch to supply the lower cervix, a circular branch,
and the main trunk turns upwards to supply the uterus at all levels. The main
branches to the uterus each divide into an anterior and posterior arcuate artery which
are disposed circumferentially in the myometrium and anastomose with those of the
other side in the midline. The arcuate arteries give off serosal branches and radial
arteries which penetrate the myometrium to end as basal arteries to supply the
endometrium. The uterine artery ends by anastomosing with the ovarian artery to
form a continuous arterial arch. The venous drainage of the uterus mirrors its
arterial supply and communicates with the pampiniform plexus in the broad ligament
and the vaginal plexuses. The lymphatic drainage of the lower part of the body of
the uterus passes mostly to the external iliac lymph nodes, accompanying those from
the cervix. From the upper part of the body, the fundus and the uterine tube the
vessels accompany those of the ovary to the lateral aortic and pre-aortic lymph nodes
and few pass to the external iliac lymph nodes. The region near the point of entry
of the uterine tube has additional drainage by lymphatics which accompany the round

ligament to the abdominal wall and thence to the superficial inguinal nodes.

1.2.3 NERVOUS SUPPLY
1.2.3.1 The Fallopian tube

The oviduct is served by both sympathetic and parasympathetic nerves which carry
both sensory and motor fibres. The sympathetic supply of the isthmus and a portion
of the proximal ampulla is by postganglionic fibres via the hypogastric plexus (T10
to L2). The distal ampulla and fimbriae are supplied by postganglionic fibres arising
from the coeliac, aortic and renal ganglia (T10-11) and travel with the ovarian
vessels. The isthmus and AIJ are supplied by additional postganglionic sympathetic
fibres originating from peripheral ganglia near the vagina, and they also show rich
distribution of adrenergic nerve terminals while in contrast the adrenergic supply to
the smooth muscle of the ampulla is sparse (Brundin 1965; Owman et al, 1967). The
parasympathetic supply of the tube is also dual. The distal portion is supplied by

vagal fibres from the ovarian plexus. The sacral parasympathetic fibres (S2-4) are

28



conveyed to the pelvic plexuses ganglia and from which, short postganglionic fibres
supply the interstitial portion of the isthmus (Pauerstein and Eddy, 1979). The

nervous supply of the myosalpinx may play a role in mixing the luminal contents.

1.2.3.2 The uterus

The sympathetic nerves to the uterus are sensory and possibly motor and are
supplied by the pelvic (inferior hypogastric) plexuses. The fundus of the uterus
probably receives additional twigs from nerves which accompany the ovarian vessels.

Parasympathetic nerve supply to the uterus except in its lower part is doubtful.

1.2.4 EPITHELIAL LINING
1.2.4.1 The Fallopian tube

Cyclical changes in the human tubal epithelium during the menstrual cycle were first
described by Holtzbach (1908) and further expanded by Novak and Everett (1928).
Four cell types have been described in the epithelium of the Fallopian tube: (1)
ciliated cells, (2) non-ciliated "secretory"” cells (3) intercalary or "peg" cells, and (4)
indifferent cells (Pauerstein and Eddy, 1979). The latter two may represent

exhausted secretory cells or deciliated cells.

The ciliated cells are square, with relatively large, round or oval nuclei, and are more
abundant at the apices of epithelial folds. Their proportion progressively declines
from the fimbriae towards the isthmus. They undergo little morphological and
ultrastructural changes during the ovarian cycle. There are conflicting reports as to
the degenerative changes and decrease in cell numbers during pregnancy. In the
puerperium, the ciliated cells decrease in number and size, and following the
menopause they persist without significant regression until the late postmenopause,

when deciliation becomes apparent, particularly on the fimbriae.

Non-ciliated "secretory” cells have granular cytoplasm and oval nuclei which are

orientated with their long axis parallel to the long axis of the cell. They vary in
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shape and appearance with the phase of the menstrual cycle. They attain their
maximum height in the late proliferative phase, and form a protruding dome or
cupola. These domes may extrude cytoplasmic and nuclear contents into the lumen.
Cellular integrity is repaired before the subsequent menses. Ultrastructural changes
compatible with increased secretory activity also become apparent during the ovarian

cycle (section 1.4.2.1).

1.2.4.2 The uterus

Cyclical changes in the uterus occur as a result of the ovarian cycle. Immediately
following menstruation the endometrium is thin; narrow, straight glands are lined by
cuboidal epithelium and the stroma is compact. As oestrogen levels increase in the
proliferative phase, the glands become longer but remain straight; the epithelial lining
becomes tall and columnar, and the nuclei occupy a basal position. The stromal cells
increase in number and become more loosely packed together, the whole stroma
being vascular and abundant. Following ovulation, progesterone levels begin to rise
and induce secretory changes. The glands become more tortuous and corkscrew-like.
The epithelial lining demonstrates a series of changes during which the nuclei become
displaced from their basal position towards the centre of the cell by the formation of
subnuclear vacuoles. The gland lumina are seen to contain more secretion as the
days go by, until maximum secretion, rich in glycogen, is achieved about day 25 of
a 28-day cycle. Stromal cells further increase in size and are loosely arranged,
giving the stroma an oedematous appearance which may resemble the decidua of
early pregnancy. Endometrial arterioles become increasingly coiled. With declining
levels of oestrogen (E) and progesterone (P), endometrial shrinkage occurs and there
is constriction of the spiral arteries, stasis, necrosis and bleeding. The stratum
functionalis breaks down and is cast off as menstrual flow, leaving the deeper stratum
basalis as the source of regeneration of the functional layer. Cyclical ultrastructural

changes in the endometrium are described in section 1.4.2.2.
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1.3 TUBAL TRANSPORT

The basic mechanisms of gamete transport are remarkably similar in all mammals.
Oviductal gamete transport may be influenced by smooth muscle contraction, ciliary
activity, the hydrodynamics of luminal fluids and the hormonal status of the female.
Essential to the mechanism of ovum entry into the fallopian tube is the physical
interaction between the ovum within its investment of follicular cells and the cilia on
the surface of the fimbriated infundibulum. Blandau (1973) has shown that the ovum
is literally pulled or stripped from the surface of the ovulating follicle by the action
of the densely arranged cilia and is rapidly propelled into the ampulla. Ova that have
been artificially denuded of their follicular cells and placed on the fimbrial surface
are seen simply to rotate and not to be displaced towards the tubal ostium (Blandau,
1969). Ovum passage into the tube is also aided by the constant to-and fro movement
of the ovaries relative to the fimbriated infundibulum, this being caused by the
heightened muscular activity of the supporting mesenteries and ligaments. The
fimbria of the mammalian oviduct are intimately applied to the ovaries at the time of
ovulation, and in a number of species extend around the ovary in the form of a bursa.
Complete ovarian bursae are not found in humans but the fimbriae expand at
ovulation to form an effective ovarian bursa whose ciliated surface is in close contact
with the ovary. In rabbits and women, ampullary transport of ova is primarily
through ciliary action (Halbert et al, 1976; Pauerstein, 1978). Ciliary activity,
beating towards the AIJ shortly after ovulation (Blandau and Verdugo, 1976), is
responsible for ovum transport from the ovarian surface into the ampulla (Blandau
et al, 1979). Waves of contractile activity in the different compartments of the
myosalpinx also contribute to the transport of ova to the AIJ. The distinct circular
and longitudinal muscle layers, enable segmental activity to occur in the wall of the
tube with displacement of the ova in a downward direction. Such smooth muscle
activity is also influenced by the ratio of ovarian steroids, and as noted many years
ago (Corner, 1923; Seckinger, 1923), is normally accentuated close to the time of
ovulation. This enables ovum transport to the site of fertilisation to be accomplished
in a matter of 6 to 45 minutes as in cats, monkeys, pigs and rabbits (Harper, 1961;
Blandau, 1969; Hunter, 1974; Blandau and Verdugo, 1976; Eddy, 1976) or up to 30
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hours or more in women (Croxato and Ortiz, 1975; Pauerstein, 1975), indicating that
the ampulla is probably the site of fertilisation. The slower ovum transport in women
- has been attributed to the absence of ciliary crowns from their tubal ciliated cells.
The ovum remains in the vicinity of the AIJ for much of its tubal sojourn due to the
contraction or spasm of the musculature in this area (Blandau et al, 1979). Powerful
constriction is activated shortly after ovulation via the dense adrenergic innervation
in this area (Brundin, 1965; Brundin et al, 1969).

Interaction of the spermatozoa with tubal epithelial cells is thought to have a number
of possible functions including the formation of a sperm reservoir, the maintenance
of sperm viability and the prevention of polyspermic fertilisation of oocytes (Barratt
and Cooke, 1991). In vitro studies of this interaction in the human Fallopian tube
(Pacey et al, 1995) showed that spermatozoa can demonstrate a strong physical
interaction with epithelial cells obtained from women at all stages of the menstrual
cycle, but that this contact appeared to be random and there was no evidence of any
taxis toward epithelial cells. This interaction was confirmed ultrastructurally where
both spermatozoa and epithelial membranes were seen to be in close apposition.
Transport in the isthmus is unique because it must be capable of effecting,
sequentially, movement of sperm and ova in opposite directions. Several factors may
contribute to this unique property; (1) Evidence from experimental animals suggest
that spermatozoa may be largely sequestrated in the isthmus in the preovulatory
interval, only to be released for further pro-ovarian transport when ovulation has
occurred and products of ovulation have entered the tube, (2) Jansen (1978, 1980),
suggested that secretions in the isthmus are different from those in the ampullary
region, and hypothesised that the presence of abundant tenacious mucus may be the
essential vehicle for efficient transit of motile sperm at the time of ovulation in a
direction opposite to that of ciliary beating and fluid flow and it may also protect the
sperm from such ciliary activity. The presence of this mucus for 2-3 days after
ovulation may be a major factor in locking the ovum in the ampulla. Subsequent
alterations in fluid dynamics in the isthmic lumen lead to disappearance of the mucus
allowing ovum transport to the uterus. Relaxation of the musculature, may at least

in part, assist with this rapid transit of the ovum. It is believed that adrenergic
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receptor activity or prostaglandins release are the mediators of such an effect (Black,
1974; Spilman, 1976), (3) Verco (1984) studied the changes in rabbit oviduct
microvasculature after ovulation induction and showed dilatation of the isthmic
subserosal venous plexus at 24 hours, but not at 48 hours after an ovulatory dose of
human chorionic gonadotrophin injection. He speculated, that this plexus acts as a
sphincter and decreases the luminal diameter which coupled with the intraluminal
mucus observed by Jansen (1978), could occlude the isthmic lumen to ova, and (4)
Another factor relevant to isthmic transport is the possible influence of the developing
embryo on tubal function. In hamsters and rats, embryos and unfertilised oocytes
enter the uterus at different times after ovulation, while in horses only embryos enter
the uterine cavity (Van Niekerk and Gerneke, 1966; Betteridge and Mitchell, 1974).
More recently, Freeman et al (1992) have provided evidence to support the
hypothesis that the horse embryo initiates oviductal transport to the uterine cavity
possibly by secreting a chemical factor. In women, Croxatto et al (1972) reported
that unfertilised ova were recovered from the uterine cavity on the second or third
postovulatory days, whereas fertilised eggs could be recovered on the fourth and fifth
postovulatory days. In a subsequent publication (Croxatto et al, 1978), ova were
recovered from the Fallopian tube (mainly in the ampullary portion) between 24 and
96 hours after the serum luteinizing hormone (LH) peak and none at later intervals
while, the earliest recovery from the uterine cavity was at 96 or 120 hours after the

LH surge.

1.4 THE TUBAL ENVIRONMENT

In this context, the term environment (milieu, atmosphere) is defined as all the
conditions and influences affecting the development of an organism. Encompassed
in the term "tubal environment", researchers must take into account all the factors
(mechanical, physical and neuro-endocrine) that interact with and influence the
different anatomical structures of the Fallopian tube. It is the summation of all these
events that constitutes the tubal environment and thus it is constantly changing and
may even vary between the different parts of the Fallopian tube at various stages of

the menstrual cycle to produce a number of "micro-environments". A continuous
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exchange of materials takes place not only between the fluid in the lumen and the
cells of the endosalpinx, but with peritoneal, follicular and uterine fluids and when
present, sperm, eggs, cumulus cells, and preimplantation embryos. Unfortunately,
due to its relative inaccessibility for in-vivo examination, functional studies of the
Fallopian tube continue to depend on in vitro culture of specimens removed at
operations, from which attempts to extrapolate kinetic events may be made. A key
factor that determines the cyclic nature of tubal changes is variation in the level of
circulating steroid hormones, E and P during the ovarian cycle. The ovarian steroids
exert an overwhelming impact on all segments of the Fallopian tube and uterus and
affect every aspect of growth, differentiation and function, including both quantitative

and qualitative responses to other hormones.

1.4.1 OESTROGEN AND PROGESTERONE RECEPTORS

Early studies in animal models demonstrated the ability of the uterus to take up and
retain larger amounts of radioactively labelled oestrogen than any other organ. This
was later explained by the presence of a specific, high affinity receptor protein
which, after binding oestrogen, becomes activated and interacts with the genome to
stimulate the synthesis of specific ribonucleic acids (RNAs). The mechanism of
oestrogen action in target cells was originally hypothesised to consist of a number of
steps including (1) diffusion of oestrogen into a target cell, (2) high-affinity, specific
binding of oestrogen to a cytoplasmic receptor, (3) activation of the ER complex, (4)
translocation of the activated complex to the nucleus and (5) binding to nuclear
chromatin and (6) induction of specific RNAs. According to this hypothetical model
the majority of ER protein is cytoplasmic under low oestradiol conditions
(postmenopausal women) and nuclear when the receptor is saturated by high levels
of oestradiol (proliferative phase) (Gorski et al, 1968; Jensen et al, 1968). This
model has been challenged and recent evidence suggests that both ER and PR are
located in the nucleus (Gorski et al, 1986; Garcia et al 1988; Lessey et al, 1988;
Press and Greene, 1988). ER and PR interactions have been studied and
characterised for several years using a number of techniques. The technique of

sucrose density gradient ultra-centrifugation of fractionated cells has been used
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extensively to determine receptor binding in different tissues. These steroid binding
assays provide quantitative information about steroid receptor content, but the
methods require disruption of the tissues and hence, do not provide any anatomical

information about the cellular location or tissue heterogeneity of these receptors.

Comparative studies of immunocytochemistry assays (ICA) and steroid binding assays
for ER (West et al, 1987), have shown that changes in the degree of nuclear staining
revealed by ICA parallel changes in the cytosolic and total ER, but not the amount
found in the nuclear fraction. ICA studies of frozen sections are most likely to reveal
antigens in their native locations. Thus the above findings support the view that the
so-called cytosolic ER resides in the nucleus of living cells, and that the techniques
of homogenisation and centrifugation artifactually distribute the total ER into nuclear
and cytosolic fractions. Other studies have compared tissue steroid binding site
counts obtained by autoradiographic techniques with the levels obtained by
biochemical determinations (Lindenbaum et al, 1987). In these studies, the grain
counts reflect the distribution and specific cell type in which binding sites are found.
The site and time at which binding sites are found reflect the target tissue response
to serum hormonal events. These techniques have been replaced by ICA studies
using monoclonal antibodies (MOAB) specifically developed against ER and PR
* (Greene et al, 1980; Press and Greene, 1988). Their specificity and sensitivity are
now well documented (Greene and Jensen, 1982; Greene and Press, 1987; Greene
et al, 1988). By virtue of their structure, they bind conjugated and free receptors
allowing the total receptor content of the tissues as well as their location in the

different cell types to be determined.

Variations in endometrial and oviductal ER and PR levels during the menstrual cycle
have been described in humans and animals using biochemical and ICA techniques.
Biochemical analyses of ER and PR levels in the different segments of the oviduct
at the different stages of the cycle have been conflicting with some studies showing
no variation in the segments investigated (Punnonen and Lukola, 1981; Pino et al,
1982) while others reporting that the receptor content varied in the different segments
of the tube at the different phases of the menstrual cycle (Pollow et al, 1981, 1982).
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ICA techniques using MOAB have demonstrated ER and PR in the cell nuclei of
endometrial glandular and stromal cells (Garcia et al, 1988; Lessey et al, 1988) and
in the mammalian oviduct (McClellan et al, 1984, Perrot-Applanat et al, 1985) with
the highest receptor content seen in the uterine fundus and ampullary region (Coppens
et al, 1993). Exogenous progesterone treatment was reported to modulate
endometrial and oviductal ER and PR levels (West and Brenner, 1985; McClellan et
al, 1986; Press et al, 1986; West et al, 1986). Differential suppression of PR in the
endometrium was also reported following progesterone treatment (West et al, 1986)
or during the luteal phase of a natural cycle (Garcia et al, 1988). In the rabbit
oviduct, Hyde et al (1989) showed variations in PR under different hormonal
conditions and that oestradiol treatment resulted in differential regulation of PR in the

isthmic and ampullary epithelia.

Comparative studies of ER and PR content in the human (Pollow et al, 1981) and
Cynomolgus Macaques (West and Brenner, 1983) oviducts and endometria at the
different stages of the menstrual cycle using biochemical techniques were reported.
To this investigator’s knowledge, there were no comparative ICA studies between the
different segments of Fallopian tube and the uterus in humans other than the studies
reported in this Thesis (Chapter 3) and published recently (Amso et al, 1994a).

1.4.2 ULTRASTRUCTURAL CHANGES

Oestrogen and P are also known to affect endometrial and tubal epithelial
ultrastructure. Interpretation of various findings with respect to the influence of E
and P as reported in the literature is, however, limited by a number of factors; (1)
it is not always clearly stated which region of the oviduct or uterus is being
investigated, (2) it is difficult to compare results from different mammals with one
another or different regions of the oviduct in different women, (3) the phase of the
menstrual cycle is often determined on the basis of the number of days elapsing since
menstruation though in some studies of luteal phase development of the endometrium,
accurate timing with LH surge was carried out, and (4) no efforts have been made

to compare the uterus and the Fallopian tube ultrastructurally within the same subject
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and at different phases of the menstrual cycle.

Cyclical changes of the Fallopian tube and endometrium have been extensively
studied independently by light microscopy (LM) and electron microscopy (EM) as
well as histochemistry and ultracytochemistry. These studies correlate morphological
changes with changes in the steroid hormones during the menstrual cycle and have
led to the concept that structural modifications reflect changes in metabolic functions
and that both are endocrine related. However, a degree of variability between
individuals does exist, the extent of which depends on a number of factors such as
(1) the definition of a normal subject, (2) adequate dating of the biopsy, (3) the
position of the biopsy in relation to the uterus, (4) adequacy of sampling and
orientation of the specimen, and (5) the subjective nature of current methods of
analysis. Recent studies on human glandular epithelium in the luteal phase, timed
from the LH surge, show relatively small intersubject variation which may indicate
that the cellular events in the glandular epithelium, between ovulation and the mid-

luteal phase, are precisely regulated (Dockery et al, 1988a,b).

1.4.2.1 Cyclical tubal changes

Bjorkman and Fredricsson (1962) were among the first to report the ultrastructural
features of the human oviduct epithelium and since then the greater resolution of
electron microscopy has confirmed and extended LM observations.  Scanning
electron microscopy (SEM) studies of the epithelial surface of the tubal plicae has
demonstrated the different cell types (ciliated and non-ciliated secretory cells) and
their distribution along the Fallopian tube as well as the cyclical variations they
undergo (Ferenczy et al, 1972b). There is controversy as to the proportion of these
cells in different sections of the tube. Ferenczy et al (1972b) found that the cell types
occurred in approximately equal numbers and proportions along the different sections
of the Fallopian tube. However, ciliated cells were more prominent on the plical
plateaus than in the crypts (Ferenczy et al, 1972b; Patek et al, 1972a). Jansen (1984)
reported that ciliated cells were predominant in the fimbria whereas secretory cells

were found mainly in the isthmus. Distinction between the two cell types is not
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absolute and occasionally differentiating cells have been found to display both cilia
and secretory granules (Jansen and Bajpai, 1982). Mitosis have been rarely seen in
the adult tube at any stage of the menstrual cycle and thus there is presumably little
change in cell number. The secretory cells have been found to show the most
conspicuous cyclical changes, especially in the isthmus. Early in the cycle, the
apices of the secretory cells have prominent microvilli and the cilia appear discrete.
At midcycle (high E levels), apocrine secretion occurs and secretory material
obscures the cilia (Jansen, 1984). Additionally, "serous" granules have been found
in the apical cytoplasm of the secretory cells, and this was reported to be more
evident in the isthmus than in the ampulla of the macaque oviduct (Jansen and Bajpai,
1983). Throughout the ovulatory period, a high degree of secretory activity was
found particularly in the isthmus, although it was also seen in the ampulla (Ferenczy
and Richart, 1974; Ludwig and Metzger, 1976). In the second half of the cycle,
secretory activity was less, granules were no longer seen, and ribosomes were found
to lie freely in the cytoplasm rather than attached to granular endoplasmic reticulum
(Bjorkman and Fredricsson, 1962). Cilia were then seen to be conspicuous again.
With the loss of hormonal support at the end of the luteal phase, numerous lysosomes
have been found in the cytoplasm (Clyman, 1966; Hashimoto, 1964) and microvilli

were sparse on the non-ciliated cell surfaces.

Under the effect of exogenous E, secretory cells in the fimbria and ampulla were
found to develop numerous vesicles containing material that is less electron dense
than the contents of the dense granules (Fredricsson and Bjorkman, 1973). To a
lesser extent these vesicles have also been demonstrated at the midcycle in
spontaneous cycles. In the isthmus of the cynomolgus monkey, they constitute a
major midcycle secretory phenomenon both in spontaneous cycles and hormone
treated animals (Jansen and Bajpai, 1983). Progesterone has the opposite effect and
its long term administration has been found to lead to atrophy and deciliation of the
endosalpinx. Studies of the Fallopian tube with EM have not only described
morphological changes, but were also utilised to locate calcium particles as well as
alkaline and acid phosphatase in the epithelial cells of the fimbria (Lindenbaum et al,
1982, 1983). These studies have demonstrated the presence of sulphated and non-
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sulphated glycoconjungates both in the rabbit oviduct (Menghi et al, 1984a,b) and
human Fallopian tube (Schulte et al, 1985). More recently the transfer of
glycoconjugates of oviductal origin to Hamster zona pellucida has been demonstrated
after ovulation (Kan et al, 1990). Scanning EM studies have also been carried out
on hydrosalpinges (Vasquez et, 1983) and in ectopic pregnancies (Samberg et al,
1983).

1.4.2.2 Cyclical endometrial changes

The cyclical ultrastructural changes in endometrial surfaces (luminal and glandular)
have been described by several investigators (Ferenczy et al, 1972a; Ferenczy, 1977,
Sundstrom and Ove Nilsson, 1982; Cornillie et al, 1985; Dockery and Rogers, 1989).
Data on the effects of steroid hormones are essentially derived from four types of
studies: (1) timed biopsies through the normal menstrual cycle; (2) biopsies in
modified cycles, such as superovulation or the administration of steroids; (3) women
undergoing hormone replacement therapy for premature menopause; and (4) women
on contraceptive steroids. In addition, some observations were available on
endometrial fragments treated in culture with oestrogen or progesterone. The cyclical
changes described below were obtained from observation of a normal 28 day
menstrual cycle. Unfortunately, not all authors have adjusted critically for the
variables mentioned above. Interpretation of luteal phase changes (day of the cycle
from the LMP) will be adjusted to accommodate recent descriptions of ultrastructural
glandular changes as timed by the LH surge (Li et al, 1990a).

The glands as well as the surface epithelium of the endometrium were reported to be
lined by a single layer of columnar epithelial cells, a few of which are ciliated.
Proliferation of the endometrial mucosa was preceded by endometrial regeneration,
a process that began during the menstrual period and continued for approximately two
days during which the re-epithelialisation of the denuded basal layer took place from
the free gland stumps of the stratum basalis. During the early proliferative phase
(days 4-7), the cytoplasmic organelles involved in protein synthesis, such as free

ribosomes, granular endoplasmic reticulum (GER), and mitochondria appeared poorly
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developed. The nuclei were elongated with compact chromatin. The luminal surface
of the cells was covered by microvilli, which increased in number as the follicular
phase progressed. The lateral plasma membranes were tightly apposed. The
endometrial glands were rich in acid phosphatase-positive cytolysosomes and
lysosomes and numerous Golgi and lipid droplets were also noted. In the mid-
proliferative phase, the glands became longer with segmental tortuosity. There was
a considerable increase in RNA synthesis, reflected in the abundance of free
ribosomes and GER in a subnuclear location. Endometrial ciliated cells could also
be seen and appeared indistinguishable from the tubal ciliated cells. In the late
proliferative phase (days 11-14) the increasingly tortuous glands were lined by tall
pseudostratified columnar epithelium and the well developed microvilli on the luminal
surface projected into the glandular lumen. Large subnuclear aggregates of
mitochondria were associated with well-developed Golgi bodies and GER, and free
ribosomes were found to be dispersed throughout the cytoplasm. Small deposits of
glycogen could be seen occasionally before ovulation (Dockery and Rogers, 1989),
but large basal accumulations of glycogen were characteristically seen in the
postovulatory period (LH+3 to LH+S5).

The luteal phase was divided into early (LH+1 to LH+7) and late (LH+8 to
menstruation) phases (Dockery and Rogers, 1989). In the early postovulatory phase
(days 14-16; LH+3/+4) and under the combined influence of E and P, aggregates
of glycogen appeared in the subnuclear portions of the glandular cells. This glycogen
takes the form of glycoproteins and glycolipids. The neighbouring mitochondria
began to increase in number and size (Giant mitochondria) and, in close association
with GER and free ribosomes, were found to be interconnected by undulating bundles
of perinuclear microfilaments to the supranuclear Golgi. The lateral plasma
membranes contained focal areas of convolutions and microvillus projections were
noted near the basal lamina. Following ovulation, intranucleolar channel system
(LH+4) of obscure significance, were seen. At LH+S5, the cells appeared to
mobilise the subnuclear material which was then secreted into the lumen. Around
days 19-21 (LH+6 to +8), most of the secretions were expelled from the cell
surface, and the epithelium became flattened. Secretory activity was preceded by the
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appearance of numerous small vesicles beneath the surface plasma membrane. The
apical accumulation of large aggregates of glycogen and various organelles may cause
large portions of the cytopIasm to protrude and eventually rupture into the glandular
lumen. This type of secretion reached maximum activity between days 19-21 of the
cycle. Later, agranular vesicles surrounded by an electron dense amorphous matrix,
"alveolate" structures, appeared in the cytoplasm. The lateral plasma membranes

remained tightly apposed but convoluted especially near the glandular lumen.

At about day 24, the accumulated intraluminal secretions became prominent. They
contained glycogen, acid and neutral mucopolysaccharides, lipids, and various
enzymes. The cells themselves demonstrated features of involuting secretory activity
as evidenced by regression of the Golgi body and a decrease in the number of
vesicles and ribosomes. Large portions of the apical cytoplasm protruded into the
glandular lumen and luminal microvilli appeared short and scant. The lateral plasma
membranes were extremely convoluted and the intercellular space had numerous
interdigitating microvilli. From the 25th day, most of the cells lacked glycogen and
microfilamentous system. Acid phosphatase containing lysosomes and Golgi bodies
became abundant. The increase in lysosomal activity (auto-cytolysosmes) is probably
related to focal cytoplasmic degeneration and perhaps with autoregulation of excess
secretory material. Eventually, total cell degeneration with expulsion of the cellular

debris into the lumen occurred as the menstrual phase ensues.

Studies of the luminal surface epithelium have been contradictory. Sundstrom and
Ove Nilsson (1982) using SEM concluded that no consistent ultrastructural changes
of the endometrial surface could be detected in postovulatory biopsy specimens
obtained early or late in unstimulated or stimulated cycles. This, in their opinion,
might indicate that (1) the properties of the luminal cell epithelium are not
continuously differentiating to reach a specific state at the expected time of
implantation, (2) the surface may be ready to accept the embryo at any time within
a certain range of days and (3) the crucial time for implantation may be governed by
other changes in the endometrium or by the developmental stage of the embryo.

Transmission EM studies confirmed that these cells did not undergo such dramatic
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cyclic changes as the glandular epithelium (Cornillie et al, 1985). More recently,
Psychoyos and Nikas (1994) and Nikas et al (1995) observed the appearance of fully
developed uterine pinopods on the apical surface of the luminal uterine epithelium at
the peri-implantation period in normal cycles and following exogenous oestradiol and
progesterone therapy and postulated that their short life span of 48 hours may
correspond to the period of optimal endometrial receptivity. Light microscopy
morphometric analysis of luminal epithelial cells dimensions and nuclear parameters
of fertile and subfertile women did not show any significant differences between the
groups (Saleh et al, 1995).

None of the above studies had compared changes in the endometrium with those in
the Fallopian tube in the same women. Further, two animal studies only compared
the morphological features of the oviduct and endometria in the same animal (Brenner
et al, 1983; Verhage et al, 1984). Accurate comparative studies are pertinent when
the role of the oviduct in clinically important issues, such as differences in pregnancy
or implantation rates between uterine and tubal embryo transfer require explanation.
This deficiency in our knowledge led to the studies which are described in this Thesis
(Chapter 4) and were published recently (Amso et al, 1994b; Crow et al, 1994).

1.5 TUBAL FLUID

Tubal fluid formation: Oviduct fluid is a complex mixture of constituents derived
from the plasma together with specific proteins formed by the oviduct epithelium.
Current thinking recognizes that molecular movement across epithelial surfaces is
bidirectional in nature. The net flux of molecules from the fluid surrounding the
serosal surface to those bathing the mucosal surface and vice versa, reflects the
characteristic physiology of the epithelium and the other layers of tubal wall. The
amount of oviductal fluid produced is mostly dependant on the hormonal status. In
general, high circulating concentrations of E result in maximal production of oviduct
fluid. High P levels or depressed oestrogen concentrations result in a large decrease
in the daily production of oviductal fluid (Hamner, 1969, 1973). Thus, minimal
oviductal fluid volumes occur in the postovulatory period (Oliphant, 1986). The
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steady state concentrations of oviduct fluid constituents are therefore a function of the
movement of molecules between a series of compartments. In the rabbit oviduct, the
mucosal lining appears to be a chloride secreting epithelium and this flux is under the
control of cyclic AMP (Gott et al, 1988). However, the mechanism by which ions
move across the oviduct is unknown. Leese (1988) has speculated that changes in
oviduct fluid volume and its control may be explained in terms of changes in ion
fluxes, particularly chloride across the tubal epithelium. Such changes would
undoubtedly cause changes in pH measurements at different stages of the menstrual
cycle (Maas et al, 1979). The increase in calcium concentration in oviductal fluid
as a function of the increase in the circulating P appears to be the most consistent
change in the inorganic constituents and it is known that calcium is required for
sperm acrosomal reaction (Yanagamachi and Usui, 1974). It has also been suggested

that bicarbonate facilitates sperm motility (Hamner and Williams, 1964) and promotes

dispersal of the corona radiata after fertilisation (Stambaugh et al, 1969). A high

potassium concentration is also thought to promote the development of early embryos
(Quinn et al, 1985; Roblero and Riffo, 1986).

Glucose, pyruvate, lactate and a number of amino acids are present in the Fallopian
tube at a concentration much lower than that of plasma, suggesting that their overall
transport across the oviduct is by diffusion rather than active transport (Leese and
Gray 1985). The concentration of lactate and pyruvate increases in the rabbit
oviductal fluid after ovulation (Oliphant, 1986). Ampullary pyruvate and lactate in
the mouse increase by 12 hours after mating. Furthermore, in pregnant inice levels
of isthmic lactate remain elevated for at least 72 hours after ovulation in contrast to
an increase for only 48 hours in non-pregnant animals. This response by the oviduct
to the presence of viable embryos may provide optimal conditions for early
embryonic growth and development. Similarly, Leese and Barton (1985) have
confirmed earlier reports of higher levels of pyruvate in the vicinity of the cumulus
mass suggesting a contribution by these cells to the pyruvate pool in the lumen.
Regional variation along the length of the oviduct has also been reported. In
experiments in which the appearance of glucose, pyruvate and lactate was measured
in fluid recirculated through the rabbit oviduct lumen, Leese (1983) found that all
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three nutrients appeared in the ampulla at about 1.8 times that of the isthmus. This
ratio corresponds more closely with the relative mucosal surface area of the two

regions than with the proportions of ciliated and non-ciliated cells.

The protein concentration of oviductal fluid is typically much lower than that of
plasma. It has also been reported (David et al, 1969) that different sections of the
tube have different concentrations of protein in the fluid and secrete different amounts
and types of glycoproteins (Hyde and Black, 1986). The effect of ovulation and
subsequent increase in progesterone on total protein concentration in the oviduct is
not known. Many of the typical serum proteins are present in oviductal fluid and
their ability to gain access into the fluid appears to be dependent on their
macromolecular size (Oliphant et al, 1978) as well as other as yet undetermined
factors. Immunoglobulins (IgG and IgA) have also been identified in the oviductal
fluid in varying concentrations. Whether albumin and IgG, the most abundant
proteins in oviductal fluid, have embryo-specific functions is unknown.
Preimplantation mouse embryos have been shown to take up whole »I-labelled
Bovine Serum Albumin (BSA) intact, probably by an endocytotic mechanism, then
degrade it intracellularly (Pemble and Kaye, 1986). Similarly, Wiley and Obasaju
(1986) have shown that mouse oocytes and preimplantation embryos in culture media
adsorb IgG to their cell surface. The development of a new technique involving
vascular perfusion of the human Fallopian tube (Dickens et al, 1995) provided a
controlled method with which to access and examine human tubal fluid and should

expand our knowledge of tubal function.

Oviduct specific proteins. Secretion of oviduct specific proteins by the endosalpinx
has been the subject of considerable interest for several years.
Immunoelectrophoresis of oviduct fluid has suggested the presence of unique proteins,
which may have been synthesized and secreted by the oviduct, e.g. specific 8-
glycoproteins in humans (Moghissi, 1970), monkeys (Mastroianni et al, 1970) and
sheep (Roberts et al, 1976). Immunoaffinity adsorption was used to separate these
proteins from those derived from serum in human tubal fluid (Wagh and Lippes,

1989) and one protein was shown to bind to spermatozoa head (Lippes and Wagh,
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1989). Studies of sulphated mucopolysaccharides and mucoproteins in oviduct fluid
suggest that they may originate from granules observed in the secretory epithelium
of the oviducts (Shapiro et al, 1971; Hanscom and Oliphant, 1976; Barr and
Oliphant, 1981; Rapisarda, 1993), and in the rabbit they may form the mucin coat
which surrounds the zona pellucida of the ovum (Greenwald, 1958). Oliphant and
colleagues (1984 a,b) purified a complement inhibitor from rabbit oviduct fluid and
provided evidence that it is a sulphated glycoprotein which can protect both embryos
and spermatozoa from the maternal immune system. In tissue explant studies, high
and low molecular weight proteins were isolated (Verhage et al, 1988; Maguiness et
al, 1992 a,b) and anatomical variation in both the qualitative and quantitative nature
of these proteins in the rabbit oviducts (Hyde and Black, 1986; Oliphant, 1986) and
human Fallopian tube (Maguiness et al, 1993) were also noted. Kapur and Johnson
(1985, 1986) also showed that a 215kDa glycoprotein was released by the mouse
oviduct and selectively sequestrated into the perivitelline space of the oocytes and
embryos. Others (Leveille, 1987; Kan et al, 1988; Kan, 1990) demonstrated uptake
of an oviduct derived component by the zona pellucida of superovulated hamster
oocytes and, furthermore, by using high resolution lectin-gold techniques, showed
that these glycoconjugates are synthesized in the Golgi apparatus of the non-ciliated
secretory cells in the oviduct and stored in secretory granules (Kan et al, 1990).
Oviductal factors (glycoproteins) were also shown to alter the zona pellucida of the
golden hamster (Yang and Yanagimachi, 1989). The use of new recombinant
complementary deoxyribonucleic acid (cDNA) techniques (Donnelly et al, 1991)
succeeded in isolating the mRNA responsible for the synthesis of a baboon oestrogen-
dependent oviduct-specific protein and later (Arias et al, 1994) cloned, sequenced and
characterised the cDNA to a human oestrogen-dependent Fallopian tube glycoprotein.
Moore et al, (1992) showed that rabbit blastocysts in co-culture attached to
endometrial but not to endosalpingeal monolayers. Addition of culture media from
endosalpinx significantly decreased embryo attachment to endometrial cells in culture

suggesting that rabbit endosalpinx secretes a factor that prevents tubal implantation.

The above discussion raises the crucial question of whether there are other factors

which are contributed by the oviduct that are lacking in vitro and whether gametes
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or early embryos replaced into the Fallopian tube have better chances of implantation
than those replaced into the uterine cavity. During the early part of my research
attachment at the Royal Free Hospital, several reports indicated that tubal co-cultures
had a significant impact on embryonic growth. Later, with accumulating knowledge,
doubts were raised and in this section of the introduction both views are presented.
Possible factors that may contribute to embryo wellbeing may be physical and/or

chemical.

(i) Physical Factors:

Oviduct explants, grafts of tissue or monolayers could simply be providing an
appropriate substratum to promote embryonic development. Interest in co-culture
systems resulted from the introduction of GIFT and the realisation that embryo
culture systems used in IVF remain far from ideal. Several workers (Biggers et al,
1962; Whittingham and Biggers, 1967, Whittingham, 1968a,b; Gandolfi and Moor,
1987; Bongso et al, 1990) have demonstrated that oviduct organ/cell cultures, but not
fibroblast feeder layer (Gandolfi and Moor, 1987), will support embryonic
development into blastocyst, well beyond their observed restricted development in
culture media. Contradictory studies (Walker et al, 1992) demonstrated a high rate
(85%) of in vitro development of sheep zygotes to blastocyst stage using a simple
medium supplemented with serum. Similarly, these reported beneficial effects of co-
cultured cells on embryo development did not appear to be either species- or
cell/tissue-specific. Hamster embryos were successfully cultured within the mouse
ampulla (Minami et al, 1988), porcine embryos in mouse oviducts (Krisher et al,
1989), bovine embryos in rabbit oviducts, and human embryos in fetal bovine uterine
fibroblast cells (Wiemer et al, 1989). Sequential human oviduct-endometrial co-
culture system was also reported to increase human embryo expansion and hatching
over the single oviductal co-culture system (Bongso et al, 1994). Other tissues shown
to enhance embryo development, in a variety of species, include cumulus and
granulosa cells, trophoblastic vesicles, monkey kidney cells and buffalo rat liver cells
(Bongso et al, 1990; Bavister, 1992). Many of the early studies were criticised in
that they used inappropriate or suboptimal culture media for their experiments and

without reporting any control data (Bavister, 1992).
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(ii) Chemical factors:

The functional importance of oviductal fluid in embryonic development has been
evaluated by several methods. Embryos were transferred to ligated oviducts and
evaluated for normal development. Adams (1973), showed that rabbit embryos could
not develop beyond the early blastocyst stage irrespective of the endocrine
environment of the oviduct and that four cell embryos developed best when the
endocrine stimulation of the oviduct was in the early luteal phase. Abnormal
embryonic development occurred when the embryos were transferred to the ampulla
under an oestrogenic environment. This negative effect on development was not the
direct effect of E but was attributed to a peptide inhibitor of embryonic development
(Richardson et al, 1980). Such an inhibitor had been identified in rabbit and mice
oviductal fluids and it was suggested by Oliphant (1986) that the tubal sulphated
glycoproteins may act in vivo to inactivate the embryonic inhibitory peptides or to
protect the embryos from the maternal humoral immune system. It was also
suggested that human endometrial stromal cell co-cultures or endometrial secretory
proteins isolated from conditioned media derived from endometrial stromal cells,
significantly enhance mouse embryo development by secreting specific proteins (Liu
et al, 1992). This non species- nor tissue-specific effect reduces the possibility that
oviduct cell secretory products, such as "cycle dependent” proteins are embryotrophic
and, as yet, there is no evidence that such secretory products are responsible for
improvements in embryo development (generally called "positive conditioning").
Indeed, it would be remarkable if all the above mentioned different cell types were
producing the same specific embryotrophic factor. Other cycle-dependant factors
such as cytokines (Tabibzadeh and Sun, 1992; Tabibzadeh et al, 1995) and leukaemia
inhibitory factor (Arici et al, 1995) have been demonstrated in the endometrium
(glandular and luminal epithelia and stroma). Their abundant expression highlights
the significant role they play in cell-cell interactions and in regulating endometrial
function. Growth factors are also expressed by the early embryos of several species

and contribute to the successful development of blastocysts (Harvey et al, 1995).

One way that somatic cells in co-culture might benefit embryo development is by

stabilising or altering physico-chemical conditions, such as the pH of the culture
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medium or oxygen/carbon dioxide concentrations or removal of detrimental
components from the culture medium, as a consequence of their metabolic activities
(generally called "negative conditioning"). Leese (1990) had postulated that the
currents of fluid generated by ciliary beating constantly replenish oviduct fluid
constituents in the immediate environment of the gametes and early embryos.
Theoretical calculations by the same group predicted that in a stagnant, unstirred
culture environment, the diffusion of oxygen towards the embryo would be
insufficient to keep pace with maximal rates of oxygen consumption. Adjustments
in the gas levels used in culture were also reported to have striking effects on embryo
development (Bavister, 1992). A recent study (Kervancioglu et al, 1994)
investigating the influence of co-culture systems on the survival of human
spermatozoa and induction of sperm capacitation reported that the co-culture systems,
but not conditioned media, promoted sperm survival for up to 48 hours of culture.
The authors suggested that the presence of monolayers possibly reduced the oxidative
stress damage to the spermatozoa. In addition, the presence of oviductal epithelial
cells had a specific stimulatory effect on sperm capacitation. The fact that such
widely different cell types were reported to be effective when used in co-culture for

embryo development could well support the concept of "negative conditioning”.

The ability of embryos to develop in vitro and the successful establishment of
pregnancies in the human following IVF-UET make it highly improbable that the
developing embryo directly requires specific secretions. However, initial experience
with GIFT and tubal embryo transfer indicated that higher pregnancy rates are
obtained in comparison with conventional IVF-UET and revived interest in the role

of the tubal environment and its influence on the establishment of early pregnancy.

1.6 CLINICAL VALUE OF THE FALLOPIAN TUBE IN ASSISTED
REPRODUCTION
1.6.1 ASSISTED REPRODUCTION: HISTORICAL BACKGROUND

Sophisticated biological knowledge gained in this century has led to major advances

in human endocrinology and embryology, such that a considerable array of assisted
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reproductive techniques is available to help subfertile couples. It took many years
of animal experimentation and human work before human oocytes matured in vitro
were successfully fertilised in simple culture media (Edwards and Craft, 1990). After
several attempts of transcervical uterine embryo transfer and an ectopic pregnancy
(Steptoe and Edwards, 1976), a term pregnancy using cleaving embryos grown in
vitro was finally achieved by Edwards, Steptoe and Purdy (1980). Other forms of
assisted reproduction were being developed in parallel with IVF, albeit somewhat
later, in the hope of finding a simpler, cheaper, more efficacious, and less ethically
controversial method applicable to patients with both open and closed Fallopian tubes.

Unfortunately, most clinical studi_es were performed in isolation from IVF.

In 1979, L.B. Shettles introduced the concept of transferring gametes into the
Fallopian tube as a means of achieving pregnancy. Extensive research on gamete
tubal transfer followed and the first report of a successful pregnancy following tubal
gamete (sperm and egg) transfer performed at the conclusion of a tubal microsurgery
operation was published in 1983 (Tesarik et al) thereby introducing a potentially
clinically useful technique in the human. Asch and colleagues (1984, 1986) widened
the clinical applications of the technique to include women with non tubal infertility.
He popularised the procedure under the acronym "GIFT", and was the first to
suggest early on the nonsurgical transfer of gamete under hysteroscopic guidance as
a possible alternative to laparoscopy. Several reports have appeared in the literature
claiming superiority of this technique to IVF (Table 6.1). The clinical pregnancy
rates per cycle or embryo transfer appear to be comparable from one national register
to another (Amso and Shaw, 1992). In these registers, this rate is slightly higher for
GIFT than for IVF-UET. Several factors may be responsible for this difference.
One possible reason is the greater number of transferred oocytes (up to 10 and
occasionally more) resulting in an increase in the frequency of multiple pregnancies
in all registers (Cohen, 1991). Admittedly, the few extant randomised, controlled
trials comparing IVF and GIFT failed to confirm previous reports (Leeton, 1987).

Several advantages have been proposed for the GIFT procedure; (1) It is assumed to
be more physiological in that the sperm and oocytes are replaced into the Fallopian
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tube where natural fertilisation and early embryonic development takes place, and (2)
Its apparent reduced cost, mainly due to the absence of the IVF laboratory techniques
and ET procedure. However, recent developments in transvaginal ultrasound guided
oocyte collection techniques, under local analgesia and as an outpatient procedure
have cut the costs of IVF dramatically. Disadvantages of the GIFT procedure
include; (1) the need for general anaesthesia with its accompanying risks and costs
for the laparoscopy or minilaparotomy operation, (2) it is limited to women with a
normal pelvis as any tubal damage jeopardises chances of success and increases the
risks of ectopic pregnancy, and (3) there is lack of information on the fertilising
capacity of sperm in general and more specifically in male factor infertility. This
uncertainty concerning the fertilisation of oocytes in vivo led to the development of
the transfer of fertilised oocytes into the Fallopian tube instead of gametes. Devroey
et al (1986) in Belgium and Blackledge et al (1986) in Australia, working
independently, reported their experience with a similar methodology. The former
termed the procedure zygote intrafallopian transfer (ZIFT) and the latter pronuclear-
stage tubal transfer (PROST). A number of reports had proposed the superiority of
this technique to either IVF or GIFT (Table 6.1).

Since the introduction of transvaginal ultrasound guided oocyte recovery, attempts

were under way to eliminate laparoscopy for the transfer of gametes by developing

nonsurgical techniques. Jansen et al (1988a), reported the first successful pregnancy

following transfer of fertilised oocytes at the pronuclear stage and cryostored donor
semen (Jansen et al, 1988b) transcervically and under ultrasound guidance into the
Fallopian tube using a specially designed tubal cannulation system. Pregnancies were
also reported following the transfer of gametes, using either the Jansen technique
(Bustillo et al, 1988) or hysteroscopic guidance (Wurfel, 1988; Possati et al, 1991).
Such rapid advances in the field have led to the introduction of these newly developed
techniques into clinical practice without adequate evaluation in properly designed and
conducted clinical trials. It is astonishing that retrograde GIFT or ZIFT are being
proposed as state of the art treatment for infertile women with patent Fallopian tubes
when in fact the exact role of the tube is still under evaluation and when laparoscopic

GIFT has not been proven, beyond doubt, to be superior to conventional IVF-UET.
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AIMS OF THE STUDY

To study the cyclical variation of oestrogen and progesterone receptors
(as assessed by immunocytochemical assays) in different segments of
the Fallopian tube as well as the endometrium.

To examine ultrastructural changes of different parts of the Fallopian
tube and the endometrium in the same patients. A
To attempt to collect tubal fluid, isolate tubal specific, cycle dependant
proteins and then raise polyclonal antibodies against them. Later, to
determine the location of these proteins in different parts of the tube
using immuno-cytochemical techniques and investigate any cross
reactivity with the endometrium in the same group of women.

To assess the clinical relevance of the Fallopian tube in a clearly
defined group of women requiring assisted reproduction treatment, by
conducting a randomised, controlled trial of IVF-uterine embryo
transfer (UET) versus IVF-tubal embryo transfer (TET).
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CHAPTER 2
METHODOLOGY (1): LABORATORY TECHNIQUES

21 INTRODUCTION

The aim of the studies in the next three chapters was (1) to investigate the presence
of steroid receptors in the Fallopian tubes and endometria, (2) to observe the
ultrastructural changes that occurred in the same sites at different stages of the
mensfrual cycle, and (3) to identify and isolate tubal specific proteins with a view to
ultimately establishing the site of their production within the Fallopian tube. This

section of the thesis will describe the laboratory techniques used to achieve these

aims.
2.2 OESTROGEN AND PROGESTERONE RECEPTOR STUDY
2.2.1 MONOCLONAL ANTIBODIES (MOAB)

The MOAB used against the ER and PR (Abbott ER-ICA and PgR-ICA Monoclonal)
were supplied by Abbott Laboratories Ltd, Maidenhead, UK. Production of MOAB
against human steroid receptor proteins permitted the development of assays based
on direct antigenic recognition rather than steroid binding activity (Greene et al,
1980; Weigand et al, 1986). These assays measure ER and PR molecules whether
or not they are bound to endogenous steroids (Greene and Press, 1987). The Abbott
Monoclonal systems employs a sensitive peroxidase-anti-peroxidase technique for
visualisation of the respective receptors in frozen tissue sections through the use of
MOAB directed specifically against the receptor (Figure 2.1). The specificity and
assay reproducibility for these MOAB had been determined by the manufacturer
(Abbott laboratories). Oestrogen and progesterone target and non-target tissues were
assayed by ER-ICA and PgR-ICA (Abbott laboratories information sheets 1990 and
1989 respectively). Target tissues such as endometrium, uterine muscle, Fallopian
tube, and human breast cancers known to respond to endocrine therapy exhibited ER
and PR specific staining respectively. Non-target tissues such as renal carcinoma,
liver carcinoma, and bladder cancer did not exhibit staining. Furthermore, tumour

sections were incubated with potentially interfering substances such as oestradiol,
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progesterone, androstan, diethylstilbestrol, prednisone, tamoxifen, and dexamethasone
at concentrations of 107 and 10 °M prior to staining with ER-ICA or PgR-ICA and

did not show any interference in the assay.

Assay reproducibility for ER-ICA and PgR-ICA was determined by the manufacturer
by assaying tissue sections from tumour specimens in independent runs. The "Within
run coefficient of Variation (%CV)" for ER-ICA was between 1.8 and 7.0% and for
PgR-ICA between 2.1 and 16.4%. The "Between run %CV" for ER-ICA was
between 2.3 and 10.2% and for PgR-ICA was between 2.1 and 16.4%. The
"Between technician/laboratory %CV" for ER-ICA was between 2.4% and 10.2%
and for PgR-ICA between 2.1 and 24.1% (Abbott laboratories information sheets
1990 and 1989 respectively).

2.2.2 TISSUE SECTIONS PREPARATION AND FIXATION

All procedures including tissue preparation, fixation, immunostaining for ER and PR,
and assessment of stained sections were performed by the principal investigator

(N.N.A.) under the supervision of Dr. J.C., Department of Histopathology.

Using a cryostat, serial frozen sections (4-6 um thick) were cut and mounted on
specially prepared glass slides. The first and last section of each sample were stained
with haematoxylin and eosin for conventional histological examination and
endometrial dating respectively. Immunostaining for ER and PR of all sections
strictly followed the methodology described by the manufacturer. The cryostat
sections were fixed in 3.7% formaldehyde in 0.01M Phosphate-Bufferred Saline
(PBS) at room temperature for a maximum of 15 minutes, then transferred to a PBS
bath until all sections were completed. The sections were then immersed in 100%
methanol at -10 to -25°C for 4 minutes and acetone at -10 to -25°C for 2 minutes to
complete the fixation process. They were then washed twice in PBS solution (each

for 6 minutes) and staining was commenced within 2 hours of the last wash.
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223 IMMUNOSTAINING OF TISSUE SECTIONS

To prevent staining by endogenous peroxidase in the tissues, a Blocking Reagent was
added to the fixed sections and incubated for 15 + 2 minutes in a humidified
chamber at room temperature. One sample from the same specimen was incubated
with the primary antibody, an IgG fraction of monoclonal (rat) antibody to human ER
and PR respectively, and the other was incubated with the control antibody, normal
non-immune rat serum (serving as a negative control) for 30 + 2 minutes. After the
first incubation, the slides were washed in PBS twice for five minutes each and then
were incubated with goat anti-rat immunoglobulin (secondary-bridging antibody) for
30 + 2 minutes, followed by two further washes in PBS. Horseradish peroxidase-rat
antihorseradish peroxidase in PBS (PAP complex) was applied to the sections for 30
+ 2 minutes, followed by two more PBS washes. The slides were flooded with
freshly prepared diaminobenzidine-hydrogen peroxide solution for 6 minutes and
rinsed with distilled water before counterstaining with haematoxylin, dehydration in
alcohol and xylene and mounting. In the presence of hydrogen peroxide, the tissue-
bound peroxidase converts diaminobenzidine to an insoluble chromogen product
easily visualised by its reddish-brown colour on light microscopy. Using this
method, minute quantities of receptor may be amplified through the use of the
bridging antibody, PAP complex and enzyme reaction products. Positive controls
were either endometrial samples known to be ER-positive, or PR-positive frozen

slides provided by the manufacturer.

Paoxidase-anti-Peroxidaae (PAP)
complex (rat) is recognised by
secondary andbody

Figure 2.1 Secondary antibody
anti-rat Ig (goat)

Diagrammatic representation of PAP

labelling technique. (P = Peroxidase) Primary Monoclonal antibody
anti-ER or PR (rat IgG)

ERorPR
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2.24 ENDOCRINE ASSAYS

All assays were performed in duplicate. FSH and LH were measured with a solid-
phase radioimmunoassay (RIA) as described by Ferguson et al (1982), with inter-
assay and intra-assay %CV of 8.1% and 3% for FSH and 6.4% and 1.4% for LH.
E, was analysed with a nonextraction RIA kit (Code ER-155, Steranti Research Ltd.,
St. Albans, Herts, UK) with a calculated sensitivity of 18.5 pmol/l, an inter-assay
%CV between 10.8 and 32.7% and intra-assay %CV between 2.9% and 7.2%.
Normal E, value for post-menopausal women was <100 pmol/l, early follicular
phase was between 110-183 pmol/l, preovulatory peak was between 550-1650 pmol/l,
and mid-luteal phase was between 550-845 pmol/l.

Progesterone was measured with Coata-count progesterone '*I kit (Diagnostic
Products Ltd.,‘ Wallingford, Oxon, UK; imported from Diagnostic Products
Corporation, Los Angeles, CA) with an inter-assay %CV between 5.1% and 10%
and intra-assay %CV between 2.6% and 6.4%. Median value for follicular phase
serum P in fertile women was 1.8 nmol/l (central 95% range=0.48-4.5 nmol/l),
luteal phase was 22 nmol/l (central 95% range=5.1-67 nmol/l), and for post-

menopausal women was 0.86 nmol/l (absolute range=0.35-2.9 nmol/l).
2.3 ULTRASTRUCTURAL STUDY

The specimens were transported immediately from the operating theatre to the
histopathology department and dissected before fixation. Transverse blocks of tissue
were taken from four areas (isthmus, isthmic-ampullary junction or middle section,
ampulla and fimbriae) of one Fallopian tube in a standardized fashion by one
pathologist (JC). A sample of endometrium with immediately underlying
myometrium was taken from the mid-cavity of the uterine corpus. Adjacent slices
of each tissue sample were examined with light microscopy and electron microscopy.
Preparation of tissue samples for light and electron microscopy was carried out by
technicians in the pathology and electron microscopy departments. Sections of the
Fallopian tube and endometrium were examined jointly by the principal investigator
(N.N.A.) and one pathologist (J.C.).
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2.3.1 LIGHT MICROSCOPY

Tissue samples were fixed in buffered formalin, processed routinely then embedded

in paraffin wax. Sections were stained with haematoxylin and eosin (H+E).

2.3.2 ELECTRON MICROSCOPY

Specimen were fixed in glutaraldehyde (3% in 0.2M cacodylate buffer and 0.2M
sucrose at pH 7.4) for a maximum of 2 hours and then were stored in cacodylate
buffer until processed. Specimen were cut into blocks < 1mm? and post fixation was
carried out in 1% osmium tetroxide with 1.15% potassium ferricyanide in cacodylate
buffer for one hour. The specimens were washed well with buffer and then
dehydrated through graded alcohols. Infiltration with LEMIX resin was carried out
first using 50:50 resin/alcohol solution for 8 hours and then 100% resin overnight.
Blocks were embedded in fresh resin and polymerised at 60°C overnight. Thin one
micron sections (1um) were cut on a Reichert Ultracut microtome, stained with 1%
toluidine blue in 1% borax and areas were selected to include epithelial lining for the
Fallopian tube and glandular tissue for the endometrium. All areas selected for EM
study were initially examined using 1u toluidine blue blocks under light microscopy
to determine the appropriate orientation of the tissue, assess pseudostratification, and
the per centage of ciliated cells. In an individual section each cell was cut only once,
and only the cells that reached the surface in this plane were counted. One hundred
adjacent cells in each of the different segments of each tube were examined with a
x100 microscope objective and the percentage of ciliated cells was recorded.
Ultrathin sections were then cut, mounted on 300 mesh grids and stained with
saturated uranyl acetate in 50% ethanol and Reynold’s lead acetate. The sections
were viewed with a Philips 201 transmission EM. Additional blocks from some
cases were dehydrated using dimethoxypropane, dried using liquid CO, in a critical
point dryer, mounted on aluminium stubs, sputter coated with platinum and examined
in a Philips 501 scanning EM. Photographs were taken on Kodak Fine Grain Release
Positive 5302-35mm film which was developed using Kodak HC110 high contrast
developer and fixed using Ilford Hypam. Prints were made using Ilford Multigrade

Deluxe III paper, developed and fixed using Ilford Multigrade chemicals.
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24 FALLOPIAN TUBE PROTEIN STUDY
24.1 ONE-DIMENSIONAL POLYACRYLAMIDE GEL
ELECTROPHORESIS (1-D PAGE)

1-D PAGE was performed using the discontinuous buffer system described by
Ornstein (1964) and Davis (1964). Separating gels (2mm thick) of different
concentrations ranging from 5% to 12% were prepared containing 2.2M Tris-HCL,
0.1% SDS at pH 8.9. Volumes of the different constituents used for the respective
separating gels are shown in Table 2.1. A 4% stacking gel containing 1.25M Tris-
HCL, 0.1% SDS, at pH 6.8 was used. The reservoir buffer consisted of 0.025M
Tris, 0.192M glycine and 0.1% SDS at pH 8.3. Serum samples were diluted before
use while tubal fluid samples were used after collection as described in 5.2.2.
Sucrose and Bromophenol Blue marker were added to the sample. Electrophoresis
was performed at different voltages and currents until the Bromophenol blue marker
reached the end of the gel. Following 1-D PAGE the gel was fixed and stained with
Coomassie Blue R-250. After destaining, the gels were photographed, and then
silver stained according to the method of Marshall (1984). Oviduct flushing samples
were electrophoresed alongside serum samples of the respective patients under the

same conditions.

Table 2.1  CONSTITUENTS OF THE DIFFERENT CONCENTRATIONS
OF SEPARATING SDS GEL SLABS

Constituent (ml) 5% 1% 12%
Acrylamide 2.0 2.8 4.8
Buffer (pH 8.9) 3.3 3.3 3.3
SDS 0.13 0.13 0.13
Sucrose - -- 8.0
TEMED Sul Sul Sul
Water 13.57 12.77 2.77
Ammonium persulphate 1.0 1.0 1.0

20.0 20.0 20.0
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24.2 ANTIBODY PREPARATION AND DETECTION
24.2.1 PREPARATION OF EMULSION FOR IMMUNISATION

Acrylamide-supported protein bands identified as being of tubal origin were cut
(Figure 2.2) and minced into small pieces and placed into a 3 ml Luer-lock syringe
containing 1.5 ml water. A small piece of tubing was then used to connect this
syringe to a second Luer-lock syringe (without needles) and the gel was passed back
and forth between the two syringes until it was broken into small, uniform pieces.
The tubing was then removed and two 18-gauge needles were connected to the
syringes. 1.5 ml of complete Freund’s adjuvant (immunogen:adjuvant ratio = 1:1)
was brought into one syringe and after the single needle was removed, the
connecting-needle apparatus was securely fastened into the Luer-lock. The adjuvant
was slowly drawn into the syringe and the syringes connected by tubing. The
immunogen and adjuvant mixture were emulsified, as shown in Figure 2.3, by

passing the mixture back and forth between the syringes until the sample was thick.
2.4.2.2 IMMUNISATION AND BLEEDING OF RABBITS

The emulsified mixture was injected into fhe layers of the skin of two shaved rabbits
(1910-A and 1911-B) using a 22-gauge needle and enough emulsion was added to
form small raised "pockets" in the skin. A total volume of approximately 0.5-1.0 ml
was injected into 10-12 sites in each rabbit. After 3-4 weeks, the first boost injection

(0.5-1 ml) was given subcutaneously.

Bleeding of the rabbits followed a standard practice. The rabbits were gently
restrained and the ears were bled in a standard way and the blood was collected in
glass tubes. The blood was allowed to clot for 2-4 hours at room temperature then

centrifuged at 1000 g for 10 min, aliquoted and then frozen.
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Figure 2.2 Protein bands selected to be cut and used

for immunisation of Rabbits 1910-A and 1911-B.
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Figure 2.3 Syringe setup employed for emulsifying acrylamide pieces with
adjuvant. (A) Luer-lock syringe. (B) 18-gauge needle.
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243 IMMUNOPRECIPITATION METHODS
24.3.1 OUCHTERLONY DOUBLE-DIFFUSION METHOD

This method was first described by Ouchterlony in 1949 and is a commonly used
form of immunoprecipitation. 1% Agarose plates were prepared in a standard way
and wells were punched using the telescopic well punchers. Sul of rabbits 1910-A
and 1911-B antisera were placed in the central wells of rows 1 and 2 of rosettes
formations. The central wells of the third row of rosette formations were filled with
5ul of "controlled" human antiserum. The surrounding wells were filled with Sul of
male and female sera and tubal fluid. After filling all wells, the plate was placed in
the Humidity Chamber and left for diffusion at room temperature for 24 hours. The
plate was washed and stained with Coomassie Blue R-250 according to standard

procedure.

2.4.3.2 IMMUNOELECTROPHORESIS ACCORDING TO GRABAR
AND WILLIAMS

Immunoelectrophoresis according to Grabar and Williams (1953) is a classical
qualitative technique which is often referred to as "immunoelectrophoresis". It was
carried out in two steps; (1) the antigen solution was placed in a well in the agarose
gel and separated electrophoretically for one hour at 10V/cm and 4°C using LKB
Multiphor Basic Unit and Power supply, and (2) after electrophoresis, troughs were
cut out of the agarose gel parallel to the direction of migration and were then filled
with 100 ul of rabbits 1910-A and 1911-B antisera obtained 8 weeks after
immunisation of the rabbits. The plate was placed in the Humidity Chamber at room
temperature for approximately 15 hours and then was pressed, dried and stained with

Coomassie Blue R-250 before being photographed.
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CHAPTER 3
OESTROGEN AND PROGESTERONE RECEPTORS
IN THE FALLOPIAN TUBE AND UTERUS

31 INTRODUCTION

Oestrogens elicit their biological responses in target tissues by means of high affinity
specific binding proteins, called oestrogen receptors (oestrophilin, ER) (Gorski et al,
1968; Jensen et al, 1968). The current concept of how oestrogens initiate target cell
response stipulates that the nuclear receptor protein is present in at least two forms;
the unoccupied form is thought to be bound to nuclear components by low affinity
interactions.  Oestrogens are lipophilic and therefore can diffuse through cell
membranes, cytoplasm, and nuclear envelope to interact with the nuclear receptor.
This interaction leads to rapid changes in the conformation of the receptor protein and
as a result, this occupied form becomes tightly associated with nuclear chromatin.
Oestrogen binding to its receptor causes increased rates of transcription of a variety
of genes, depending on the respective target cell (Gorski et al, 1986). The
importance of ER and progesterone receptor (PR) presence for endometrial and
Fallopian tube structure and function has been well documented previously (Verhage
and Jaffe, 1986; Hyde et al, 1989).

Although biochemical assays have been used for years to measure ER levels, they do
not take into account the tissue heterogeneity which is demonstrated by the
histological appearance of the sample. Measurement of ER and PR in cytosol
extracts thus does not permit the identification of receptors in particular cell types.
With the availability of specific monoclonal antibodies to human ER prepared against
human breast cancer (Greene et al, 1980) specific and very sensitive methods for
immunocytochemical assay (ICA) of ER (Greene and Jensen, 1982) and PR (Greene
and Press, 1987; Press and Greene, 1988) have become feasible, thus permitting the
identification of the anatomical location and content of receptors in individual cells
in situ. Several studies have measured either or both receptors in the female genital
tract. Using ICAs, both receptors have been identified in the human Fallopian tube
(Press et al, 1986), the endometrium (Press et al, 1984, 1988; Lessey et al, 1988;
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Garcia et.al, 1988) and uterine corpus and cervix (Scharl et al, 1988). However,
most of these studies did not accurately determine the stage of the menstrual cycle
with particular reference to the circulating levels of serum oestradiol (E,) or
progesterone (P), did not correlate receptor variation with the associated
ultrastructural changes of the respective sites, did not compare endometrial with

Fallopian tube changes in the same patients, or a combination of these factors.
The aims of this study were;

0)) to determine the cyclical variations in endometrial and myometrial ER and PR

receptors and

2) to compare such variations to those in the different segments of the Fallopian

tube from the same patients.

3.2 MATERIALS AND METHODS
3.2.1 MATERIALS

Samples of uterine and tubal tissue were obtained from 10 patients scheduled for
hysterectomy and salpingectomy. Preoperative blood samples were obtained from the
patients and were assayed for serum E, (pmol/l), P (nmol/1), LH (IU/1) and follicle
stimulating hormone (FSH, IU/l). Each serum sample was analysed in duplicate and
in one batch. The assay characteristics were described in section 2.2.4. Details of
the patients’ menstrual history, date of the last menstrual period, fertility and any
medication were recorded (Table 3.1). Dating of the stage of the menstrual cycle
was based on the date of the last menstrual period, endometrial histological dating
using the method of Noyes et al (1950), and the levels of serum E,, P, LH and FSH.

After resection, hysterectomy specimens were immediately transported to the
histopathology department where they were examined and dissected by one
pathologist (JC) and the principal investigator. Uterine samples were taken from the

mid-section of the uterine cavity and included both endometrium and underlying
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myometrium. The left fallopian tube was dissected from the specimen and sections
were taken from the isthmus, the middle section (corresponding to the ampullary-
isthmic junction), the mid-ampullary area and the fimbriae. The tissues were quickly
mounted on cork plates, frozen in liquid nitrogen and then stored at -70° C until

assayed.

3.2.2 MONOCLONAL ANTIBODIES

These are described in section 2.2.1

3.2.3 TISSUE SECTIONS PREPARATION AND FIXATION

This is described in section 2.2.2

3.24 IMMUNOSTAINING OF TISSUE SECTIONS

This is described in section 2.2.3

3.2.5 EVALUATION OF STAINING

The immunocytochemical staining for the receptors is localised in the nuclei of the
cells treated with the primary antibody and the colour of staining was reddish-brown
of varying intensities. Specific staining was defined as staining that was present with
one of the monoclonal antibodies and absent in the negative control section (non-
immune rat serum). The staining was evaluated semi-quantitatively using a double
grading system. In the uterus, glandular epithelial cells, stroma and myometrium
were examined, while in the Fallopian tube surface epithelial cells, stroma and
smooth muscles were assessed in the different segments. The staining intensity was
graded on a scale of: 0 = no stain, 1 = faint, 2 = moderate, 3 = strong, and 4 =
very strong (maximum score). The percentage of positively stained cells was graded
on a scale of 1 = 1-30%, 2 = 30-70%, and 3 = 70-100%. Where the staining
intensity and percentage of stained cells varied from one area to another within the

same specimen, an intermediate score of half a point was allocated to give a balanced
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overview. A final score was obtained by multiplying the staining intensity grade by
the percentage of positively stained cells. One observer (N.N.A.) who was blinded
to the identity of the slides performed all the assessments. After completion of the
study, 14 slides were re-examined by the same observer to ensure reproducibility of

the semi-quantitative assessment.

33 RESULTS
3.3.1 CLINICAL AND HORMONAL CRITERIA OF SUBJECTS
STUDIED

Table 3.1 summarizes the stage of the menstrual cycle, hormonal profile and clinical

details of the patients who have been included in this study.

In Patient 6 no endometrial sample was obtained and in Patient 3 it was not possible
to examine endometrial glandular tissue due to the poor orientation of the sample. In
two patients, no isthmic samples were available due to previous surgery. A total of
93 sections were stained with MOAB (ER-ICA =47, PgR-ICA =46) and evaluated for
cyclical changes in epithelial, stromal and muscular tissue. Positive staining was
observed only in cell nuclei of both ciliated and non ciliated cells and none was seen
in the control sections. The ER and PR staining scores of the different cell types
(epithelial, stromal and smooth muscle) during the follicular and luteal phases of the
menstrual cycle are depicted as bar graphs in Figures 3.1-3.3. Figure 3.4 depicts a
negative control and Figures 3.5-3.14 show positive immunostaining for ER and PR

in different sections at the different stages of the menstrual cycle.

3.3.2 ER STAINING DURING THE MENSTRUAL CYCLE

3.3.2.1 Uterine endometrium/myometrium

Glandular epithelial cells (Figure 3.1). There was a gradual increase in the staining
score for ER in the early and mid follicular phase to a peak score just before
ovulation (Figure 3.5) and then a decline to a nadir in the late luteal phase (Figure
3.13). In the early menopause strong staining for ER was observed, particularly in

the basal layer and in the patient on hormone replacement therapy (HRT). Glandular
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epithelium in the basal layer of the endometrium in general stained more intensely

than that in the functional layer.

Endometrial stroma (Figure 3.2). The staining for ER was initially similar to that
of the glandular epithelium (moderate) in the early and mid follicular phase. It then
showed a slower and less marked increase than in the epithelium, plateaued near the
time of ovulation and declining in the late luteal phase (Figure 3.13). In the early
menopausal women, the intensity of ER staining was stronger in the patient who was
not on HRT.

Myometrium (Figure 3.3). The intensity of ER staining was moderate throughout the
cycle except in the late follicular phase when it was very strong. In the menopausal

women, whether on HRT or not, the intensity of staining was moderate.

3.3.2.2 The Fallopian tube

Epithelial surface (Figure 3.1). The medial end of the tube (isthmic and mid
sections) demonstrated a moderate degree of staining during the follicular and early
luteal phases (Figure 3.7), decreasing to faint staining in the late luteal phase (Figure
3.9). In the mid-ampullary section, however, the low level of staining for ER in the
early/mid follicular phase increased to moderate staining at mid-cycle and then
declined again in the late luteal phase. Staining in the fimbrial end appeared to
follow a different pattern. Apart from the first patient, in whom low levels of
staining were observed, the other samples demonstrated strong staining in the
early/mid follicular phase gradually declining to faint staining at around the time of
ovulation. It then increased to moderate staining in the luteal phase. While in the
endometrium the intensity of staining was highest in the late follicular phase, no such

intense staining was noticed in any section of the Fallopian tube.

Endosalpingeal stromal staining (Figure 3.2). The intensity of staining in the medial
half of the Fallopian tube appeared to be moderate during the follicular and early
luteal phase in most samples. It then declined to faint staining in the late luteal phase.

In the mid ampullary section, an increase in the intensity of staining was observed
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from faint in the early follicular phase to moderate at mid-cycle and back to faint in
the late luteal phase. These stromal changes were similar to those in the epithelial

cells in the same section of the tube.

Muscle layer (Figure 3.3). This was more difficult to evaluate as not all sections
showed enough muscle fibres for assessment especially in the fimbrial specimens.
An increase in staining at mid-cycle (moderate) was noted in some sections. Within
the same specimen, no regional variation in staining was observed and when the

MOAB binding was present, all muscle fibres expressed the same intensity of

binding.
3.3.3 PR STAINING DURING THE MENSTRUAL CYCLE
3.3.3.1 Uterine endometrium/myometrium

Glandular epithelial cells (Figure 3.1). The intensity of staining for PR was stronger
in the early follicular phase compared with that for ER and increased during the
follicular phase to reach a maximum immediately before ovulation (Figure 3.6). It
then declined during the luteal phase, initially disappearing from the superficial layer
but remaining in the basal layer (Figures 3.11 and 3.12) during the mid-luteal phase,
then completely disappearing from the glandular epithelial cells in the late luteal
phase (Figure 3.14). Progesterone receptor staining was very strong in the early
menopause and also in the patient receiving HRT (before the onset of the

progesterone component).

Stromal cells (Figure 3.2). Staining was judged to be strong or very strong
throughout the menstrual cycle including the late luteal phase (Figure 3.14). Staining

was moderate in the menopausal patients whether on HRT or not.

Myometrium (Figure 3.3). Contrary to the slight fluctuations seen in ER, the
intensity of PR staining was strong throughout the cycle and similar findings were

noticed in menopausal women whether on HRT or not.
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3.3.3.2 The Fallopian Tube

Epithelial surface (Figure 3.1). The staining intensity for PR along the length of the
Fallopian tube was strong or very strong during most of the cycle (Figure 3.8) until
the late luteal phase when it decreased slightly (Figure 3.10). An increased degree
of patchiness in staining was noticeable at the fimbrial end during all stages of the
cycle. Staining for PR was faint or moderate, in the early menopause in comparison
with the endometrium but increased markedly in the patient who was receiving HRT.
In the woman not receiving HRT, PR staining in the tubal epithelium was generally
faint and similar to the pattern of ER staining in the corresponding patient. In both
menopausal women the staining for ER and PR was greater in the endometrium than

it was in the tube.

Endosalpingeal stroma (Figure 3.2). In the medial half of the tube, PR staining
remained moderately strong until the late luteal phase and no particular staining
pattern could be identified. However, in the distal tube, PR staining showed greater
variability in the follicular phase and decreased rather more in the fimbriae in the late
luteal phase than in more medial segments. At the menopause, faint or moderate
staining was observed in all segments of the Fallopian tube, but was stronger in the

patient on HRT.

Muscle (Figure 3.3). This generally stained strongly until very late in the luteal
phase (moderate staining) and with very slight variation along the different segments
of the tube. The uterine muscle fibres stained more strongly than those of the tube
in the late luteal phase, and remained uniformly stained rather than showing any

patchy distribution.
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Histological, hormonal and clinical detalls of the ten patients undergoing operation

Patient CDC HDC Hormonal Profile | Age, parity, clinical details and operative findings

LH FSH E2 P
Early Proliferative
1 6/28 Prolif | (data not available) | 44 P2+0 Addison's disease on steroids, leiomyomas. Normal pelvis

2 8/28 Prolif | 5.0 28 297 0.4 | 42 P2+0 Old endometriosis, adenomyosis. Normal pelvis

Late Proliferative
3 13/28 Prolif | 4.6 1.3 202 4.0 | 44 PO+0 Not sexually active. Menorrhagla. Lelomyomas and
simple right ovarian cyst. Other pelvic organs are normal

4 13/21 Prolif | 4.8 28 459 6.4 | 42 P2+0 Old endometriosis. Normal pelvis

Peri-ovulatory '
5 11/28 Prolif |32 6.6 443 6.3 | 31 P2+1 History of dysmenorrhoea. Adenomyosis
Small uterine fibroids and 3 cm left ovarian follicle

Early/Mid Luteal
6 15/24-28 Secr 0.9 0.6 214 13.8 | 40 P2+0 Leiomyomas and left corpus luteum. Normal pelvis

7  18/28 Secr 8.0 34 392 16.6 | 35 P2+0 Menorrhagia. Minimal endometriosis seen at laparotomy,
normal pelvis otherwise. Right corpus luteum

Late Luteal
8 23/26 Secr 0.5 04 56 3.5 | 40 P3+1 Leiomyoma, adenomyosis and right corpus luteum

Peri-menopausal
9 N.A. Inactive | >range 22 43 | 56 P3+1 Six months postmenopausal, leiomyomas. Normal pelvis

10 17/28 Prolif | 39 256 329 0.7 | 50 P3+1 Menopausal for 2 years, on Prempak-C 0.625.
Bilateral benign ovarian teratomas. Normal pelvis

CDC=chronological day of cycle, HDC=histological day of cycle, N.A.=not applicable, Prolif=proliferative phase endometrium, Secr=secretory phase endometrium

Table 3.1
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Fig. 3.1 Bar diagram depicting changes in ER and PR staining score in the
endometrial and tubal epithelia during the menstrual cycle and the menopause.
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Fig. 3.2 Bar diagram showing changes in ER and PR staining score in the stroma
of the endometrium and endosalpinx during the menstrual cycle and the menopause.
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Fig. 3.4 A negative control section of the endometrium stained with
normal non-immune rat serum in place of monoclonal antireceptor
antibody. No brown pigmentation is seen (XI50).
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Fig. 3.5 Periovulatory phase endometrium immunostaining for ER:
moderate to strong nuclear staining of the endometrial glands (g) and
stromal cells (s) (X350).
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Fig. 3.6 Periovulatory phase endometrium immunostaining for PR:
strong nuclear staining of the endometrial glands and stromal cells
(X150).
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Fig. 3.7 Moderate immunostaining of the tubal isthmic epithelium (e)
and stroma (s) for ER during the late proliferative phase (X350).
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Fig. 3.8 Very strong immunostaining for PR of the epithelial and
stromal cells of the mid tube during the late proliferative phase (X55).
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Fig. 3.9 An example of faint immunostaining of the mid tube
epithelial surface for ER during the late luteal phase. The staining
intensity is variable and patchy in distribution (X350).

Fig. 3.10 Immunostaining of ampullary epithelial cells for PR during
the late luteal phase. Staining intensity ranges from moderate to strong
and is also patchy in distribution (XI50).
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Fig. 3.11 Epithelial and stromal immunostaining for PR in the
superficial layer of the endometrium during the mid Iuteal phase
(XI50).

Fig. 3.12 Epithelial and stromal immunostaining for PR in the basal
layer of the endometrium during the mid luteal phase. Note the
stronger intensity of staining in this layer (XI50).
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Fig. 3.13 Minimal ER staining of endometrial epithelial and stromal
cells in the late luteal phase (X350).

Vo<~ M~

Fig. 3.14 Late luteal phase endometrium. Immunostaining for PR
showing strong nuclear staining in the stromal cells but no staining in
the glandular epithelial cells (X150).
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34 DISCUSSION

Several advantages are obtained by using immunostaining with monoclonal antibodies
for the receptor proteins rather than biochemical techniques for steroid binding
activity. The receptors are known to be very labile and quantitative ER and PR
analysis with biochemical assays requires rigorous technical quality controls for
interlaboratory reproducibility and complicates interpretation of quantitative receptor
results in national and international clinical trials. By contrast, ER and PR antigenic
sites have been shown to be more stable than steroid binding activity, and thus
immunoassays are reproducible, simpler to perform, and applicable to small biopsies
and curettage specimens (DeSombre et al, 1984). These assays measure ER and PR
molecules whether or not they are bound to endogenous hormone (Greene and Press,
1987; Greene et al, 1988), and enable assessment of receptor heterogeneity among
the cells or regions within a tissue whereas binding assays measure an average
receptor level in cell homogenate. It is recognised, however, that ICA is a
semiquantitative method and thus prone to inter-observer variation, and that a study
of the histological sample of one small area may not necessarily correlate well with

the whole uterus or Fallopian tube.

In this study, positive staining was observed only in cell nuclei. This is consistent
with other reports in which similar antibodies and staining procedure (PAP) were
used (Press et al, 1984, 1986, 1988; Lessey et al, 1988; Garcia et al, 1988). Ideally,
two independent observers should have examined the sections and the inter-observer
variations estimated accordingly. The endometrial immunostaining for ER and PR
detected in our patients is consistent with findings reported by others (Garcia et al,
1988; Lessey et al, 1988). However, the PR immunostaining was strong in both
glandular epithelium and stroma in our mid-follicular samples contrary to the findings
of Garcia et al and more consistent with those reported by Lessey et al. It is possible
that the use of a different MOAB, inaccurate histological dating or some other factors
that determine the presence of PR receptors in different tissue may explain these
discrepancies. Both ER and PR are known to be induced by oestrogens, and
therefore the intense ER and PR staining during the mid-cycle period is very likely

to be correlated with the increased oestradiol secretion at this time. However, in the
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study by Garcia et al, the intensity of PR immunostaining did not correlate with
circulating level of plasma oestradiol. Moreover, the intensity of ER immunostaining
in endometrial stroma from our post-menopausal cases appeared stronger in the
patient who was not receiving HRT. The decrease and even disappearance of ER and
PR from endometrial glandular epithelial cells during the late luteal phase is probably
due to the effects of progesterone. In macaques, plasma progesterone levels modulate
endometrial ER concentrations (Wést and Brenner, 1985), and immunostaining for
ER disappears when animals are treated with exogenous progesterone (McClellan et
al, 1986; Press et al, 1986). However, the suggestion that PR is up-regulated by
oestrogen and down-regulated by progesterone may be an over simplification. PR
distribution as revealed by the Abbott MOAB showed complex patterns during the
menstrual cycle and differential effects of oestrogen and progesterone on glandular
epithelium and stroma, as have been previously reported (Kelly et al, 1978;
McCormack and Glasser, 1980; King et al, 1981; West et al, 1986; Garcia et al,
1988; Lessey et al, 1988).

The ability to reproduce previously reported cyclical endometrial changes allows
validation of the cyclical changes in the Fallopian tube against a well-documented
parameter.  Furthermore, as all samples from each patient were stained
simultaneously, thus eliminating technical variations, it is possible to make direct
comparisons between the various sections. Previous studies utilising traditional
biochemical methods had reported greater cytosol ER and PR concentration in the
human ampulla than in the isthmus (Robertson and Landgren, 1975; Flickinger et al,
1977; Pollow et al, 1981, 1982) and that the fimbrial end, or infundibulum had the
‘lovirest concentration of steroid receptors at all stages of the cycle. Punnonen and
Lukola (1981) in a study on the binding of oestradiol and progesterone in the human
Fallopian tube did not detect a significant difference in the nuclear and cytoplasmic
receptor concentration between the three anatomical sections of the tube (isthmus,
ampullary and fimbriae). The differences in the cytoplasmic ER concentration
between the luteal and follicular phases were also not significant, although they were
generally elevated in the follicular when compared with the luteal phase. The nuclear
PR concentration in the isthmus and fimbriae were found to be significantly higher

in the follicular than in the luteal phase. Similarly, Pino et al (1982) reported very
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little variation in the cytosol ER concentration of the human isthmus, ampulla and
fimbriae during the menstrual cycle, though it was higher at the periovulatory phase.
However, the concentration of the nuclear ER varied markedly in the isthmus and
ampulla and was significantly higher in the late proliferative than in the secretory
phase. Others (Pollow et al, 1981), using a steroid binding method, compared the
cytoplasmic and nuclear ER and PR in the human Fallopian tube and endometrium
and concluded that there was similarity in the pattern of the cyclic fluctuations in the
two organs. The total (cytoplasmic and nuclear) ER concentrations were generally
higher in the endometrium at all stages of the cycle, while the total PR concentrations
were higher in the Fallopian tube in the early follicular phase and in both organs the
concentrations decreased towards the late luteal phase. West and Brenner (1983) also
demonstrated that the amounts of nuclear and cytoplasmic ER in both the oviduct and
endometrium were approximately twofold greater in the follicular phase than in the
luteal phase. In a subsequent publication (West et al, 1986), the same group showed

differential suppression of PR in the endometrium following Progesterone treatment.

Press et al (1986), using immunocytochemical techniques for the ER localisation in
the female genital tract, found no variation in ER staining intensity in the different
segments of the Fallopian tube with minimal variation during the menstrual cycle.
However, it is not clear from that study whether any of the Fallopian tube segments
was studied in a systematic way at the different phases of the menstrual cycle, nor
was a comparison made with endometrial changes in the same subjects. To this
investigator’s knowledge, this is the first comparative ICA study between the
different sections of the Fallopian tube and the endometrium in the same subjects.
The findings are broadly similar, though using a different technique, to those reported
previously (Pollow et al, 1981; West and Brenner, 1983). ER staining score was
generally higher in the endometrial glandular epithelial cells than tubal (isthmic, mid-
tube and ampullary) epithelium. Interestingly, the pattern for the fimbrial epithelium
(Figure 3.1) appears to be a mirror image or out of phase to the other regions of the
tube! The stromal ER scores in the endometrium and tube were very similar and
showed a decline towards the late luteal phase in all samples studied (Figure 3.2).
PR scores were generally high in both the endometrial glandular epithelium and tubal
epithelium in the early and late follicular phase and declined in the luteal phase. This
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decline in the endometrium is in agreement with similar observations reported
previously (Punnonen and Lukola, 1981; Pollow et al, 1981; Lukola and Punnonen,
1983). However, as reported in this study, there was a differential control of PR in
the two organs during the luteal phase. In the glandular epithelium PR disappeared
completely in the late luteal phase while moderate staining persisted in the tubal
sections studied (mid-tube, ampulla, fimbria) (Figure 3.1). This depletion of PR in
glandular epithelium may parallel its declining (or perhaps even undesirable)
functional importance during early pregnancy. Stroma, which becomes decidualized,
would logically require receptors to support its further growth and development.
This may have a functional role as recent evidence suggests that human endometrial
stromal cells co-cultures or endometrial secretory proteins isolated from conditioned
media derived from endometrial stromal cells, significantly enhance mouse embryo
development by secreting specific proteins (Liu et al, 1992). The myometrium must
retain its PR, since progesterone is believed to inhibit contractility of this tissue
during pregnancy. The above results suggest that the functional response of the
uterine tissue to oestrogen and progesterone may be determined in part by
fluctuations of the level of hormone receptors in individual cell types. The high PR
score in the early follicular phase as yet is unexplained but may be viewed as a
consequence of the release of the system from antagonism by Progesterone. Similar
high nuclear PR concentration using biochemical methods has been reported

previously (Pollow et al, 1981).

It is interesting to note that in the menopausal woman not receiving HRT, the ER and
PR score was relatively high in the glandular endometrial epithelium and stroma but
not in the tube. There is no explanation for this, but a similar observation was
reported previously (Punnonen and Lukola, 1981). More recently, ER but not PR
receptors were detected by ICA in Fallopian tubes removed at surgery for ectopic
pregnancy (Land and Arends, 1992). This is in contradiction to previous
observations of high cytoplasmic PR and very low ER concentrations along the length

of the tube in a case of tubal ectopic pregnancy (Punnonen and Lukola, 1981).

Differences in receptor content within the same cell type in the same section (patchy

distribution) has been reported previously (Perrot-Applanat et al, 1985; Hyde et al,
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1989; Cano et al, 1990). This may be either a permanent difference reflecting a
pattern of differentiation or a temporary event reflecting differences in receptor
content according to the stage of the cell cycle. Differences between cell types
(epithelial, stromal, muscular) within a target tissue and regional differences in
receptor content support the concept of microenvironment within the upper genital
tract, and may explain morphological and ultrastructural variations as well as

secretory activity within these areas.

Any study of physiological receptor changes would require normal subjects.
However, the difficulties in recruitment of normal individuals are well recognised as
they are unlikely to require hysterectomy, though those undergoing sterilisation with
salpingectomy are suitable for inclusion in such study. Additionally, timing of
surgery may not always be possible to coincide with the desired stage of the
menstrual cycle. Inclusion of larger number of patients into the study may have
overcome this problem. In some cases, endocrinological findings did not coincide
with the date of the cycle or the histological findings and this may question the ER
and PR findings. Furthermore, precise endocrine assays and frequent sampling may
assist to define the stage of menstrual cycle accurately. In case number 4, the raised
progesterone in the late follicular phase may indicate the beginning of the LH surge
which is not reflected in the histology due to a time-lag between endocrine
parameters, the response of the receptors, and the histological picture. Similarly, in
case number 6 the low FSH and LH in the early/mid luteal phase may not reflect the
true values due to their pulsatile release and that more than one sample should have
been obtained. In case number 9, the P level was above the menopausal range
although other endocrine parameters and endometrial histology were indicative of

menopausal status.

In women with luteal phase inadequacy endometrial ER and PR disturbances have
been noted (Levy et al, 1980; Saracoglu et al, 1985). Additionally, the
administration of drugs to induce ovulation has been reported to have an adverse
effect on endometrial maturation consequent on profound modifications of
endometrial receptor dynamics (Forman et al, 1989), and may interfere with

endometrial responsiveness for implantation. The observed difference in the intensity
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of ER staining between the endometrium and the Fallopian tube and their variation

at different phases of the cycle may be of relevance.

In animal studies, the hormonal milieu of the oviduct had been reported to influence
embryonic development. Adams (1973) demonstrated that when rabbit 4-cell
embryos were transferred to ligated oviducts, they developed best when the endocrine
stimulation of the oviduct was in the early luteal phase. Similar studies in
ovariectomized rabbits (Stone and Hamner, 1977) demonstrated abnormal embryonic
development under oestrogen supplementation but not when the embryos were
transferred during the progesterone phase of sequential regimen of oestrogen followed
by progesterone. These reports suggest that the oestrogenic phase may have a
negative effect on embryonic development within the oviduct. Thus the lower
oestrogen receptor content of tubal epithelium seen in natural cycles may have
important implications if also seen in stimulated cycles. The supra-physiological
levels of oestrogen and progesterone encountered under these conditions may
influence the endometrial environment adversely to a greater extent, due to its higher
ER content, than the Fallopian tube during the early and mid luteal phase. The tubal
environment may therefore be more appropriate for early embryonic development
than the uterine milieu and this may be reflected in differences in pregnancy or
implantation rates between GIFT/TET and IVF-uterine embryo transfer. Reports
which suggested greatly enhanced pregnancy and implantation rates following tubal
gamete or embryo replacements were reviewed recently (Amso and Shaw, 1993),
however, the evidence remains inconclusive and further studies are needed to verify

these reports.
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CHAPTER 4
MORPHOLOGY AND ULTRASTRUCTURE OF ENDOMETRIAL GLAND
AND FALLOPIAN TUBE EPITHELIA AT DIFFERENT STAGES OF THE
MENSTRUAL CYCLE AND MENOPAUSE

4.1 INTRODUCTION

The Fallopian tube has an important role in reproduction and its different sections
appear specialised to perform different functions. The isthmus is capable of effecting
the transport of spermatozoa and ova in opposite directions. The ampulla is believed
to be the site where fertilisation normally takes place, and the fimbrial fronds are
instrumental in ovum pick-up at the time of ovulation. Changes in E and P levels are
known to affect endometrial and tubal function, ultrastructure, and smooth muscle
motility. These effects have been observed during the menstrual cycle (Patek et al,
1972a; Ferenczy et al, 1972a,b), after the menopause (Patek et al, 1972b), following
hormonal therapy (Fredricsson and Bjorkman, 1973) and during pregnancy and the
puerperium (Patek et al, 1973a,b).

Cyclical ultrastructural changes in the endometrium at different stages of the
menstrual cycle have been extensively studied (Ferenczy et al, 1972a; Ferenczy and
Richart, 1973; Ferenczy, 1977; Sundstrom and Ove Nilsson, 1982; Dallenbach-

Hellweg, 1987) and luteal phase changes as measured from the LH surge have been .

accurately described (Dockery et al, 1988a,b; Dockery and Rogers, 1989; Li et al,
1990a; Kim-Bjorklend et al, 1991). More recently, endometrial ultrastructural
changes in spontaneous cycles, luteal phase deficiency (Li et al, 1990b) and
gonadotrophin stimulated cycles have been compared with a view to assessing their

impact on fertility and the success of assisted reproduction (Martel et al, 1987).

Similarly, cyclical ultrastructural changes in tubal epithelia have been studied in
animals (Jansen and Bajpai, 1982, 1983) and humans (Bjorkman and Fredricson,
1962; Ferenczy et al, 1972b; Patek et al, 1972a,b; Jansen, 1980, 1984; Crow et al,
1994). The lining epithelium of the Fallopian tube is known to show significant

morphological variations in response to changes in E and P levels (Donnez et al,
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1985), and it has been suggested that ultrastructural changes which have been
observed during the phases of the menstrual cycle are functionally important
(Clyman, 1966). However, some studies of tubal morphology have looked only at
one segment of the tube (Clyman, 1966; Brosens and Vasquez, 1976; Fadel et al,
1976; Jansen, 1980; Lindenbaum et al, 1983), others have been performed on animal
oviducts (Jansen and Bajpai, 1982, 1983; Odor et al, 1983; Oliphant et al, 1984b)
which may not be relevant to human reproduction, and some have been restricted
either to light microscopy (Donnez et al, 1985) or to scanning electron microscopy
(Patek et al, 1972a; Ferenczy et al, 1972b; Fadel et al, 1976; Jansen, 1980; Bonilla-
Musoles et al, 1983).

Although each organ has been studied separately in some detail, there are no reports
in the literature comparing the various changes in the two organs in the same subjects
under the same hormonal conditions. Several factors may be responsible for this.
Firstly, there are recognised difficulties in obtaining specimens for such work.
Essentially, the women should have proven their fertility, and be undergoing
abdominal hysterectomy and salpingectomy for reasons that do not adversely affect
tubal or uterine function in any significant way. Secondly, most studies have used
samples obtained at endometrial curettage, tubal sterilisation or salpingectomy.
Thirdly, until recently there has been no link between endometrial and tubal

physiology that was considered to be of clinical relevance.

Morphometric analysis of endometrial or tubal changes would have been superior to
the subjective methods used in this thesis. A number of indices are usually chosen
for quantitative assessment such as: (1) the number of transversely sectioned
endometrial glands per mm?, the diameter of the glandular lumen, gland cell height;
(2) the number of vacuolated cells; (3) the secretion of the endometrial glands or
within the tubal lumen; (4) tubal epithelial cell height; (5) volume fraction of nucleus
to cell or various other cytoplasmic events such as mitochondria, membrane-bound
secretory apparatus, and rough endoplasmic reticulum. Morphometric procedures can
be carried out on semi-thin sections with light microscopy or ultra-thin sections with
electron microscopy (Dockery et al, 1991; Kim-Bjorklund et al, 1991). Such

techniques, though time consuming and require special equipment, allow objective
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and reproducible comparisons and have proved to be invaluable in assessing
endometrial maturity (Dockery et al, 1988a). Such facilities were not available at the
Royal Free Hospital during the period that these ultrastructural studies were carried
out. The results in this chapter should be interpreted with caution as they are
descriptive and reflect subjective but not quantitative comparison between the

different segments of the Fallopian tube or between the tube and the endometrium.

In the clinical management of the infertile couple, the successful introduction of GIFT
and subsequently ZIFT/TET and their reported higher pregnancy/implantation rates
compared to conventional IVF-UET has generated considerable interest in studying
the role of Fallopian tube in assisted reproduction. In this chapter, the first study
(section 4(I).3 Results-I) documented in detail the combined morphological and
ultrastructural features of the epithelial lining along the length of healthy Fallopian
tubes from human females at different stages of the menstrual cycle. Comparisons
were made with the post-menopausal state with or without HRT. This provided a
systematic basis of knowledge for understanding the role of the various segments of
the tube. The aim of the second study (section 4(II).5 Results-II) was to compare
the morphological and ultrastructural changes of the endometrial glandular epithelium
to those of the tubal epithelium at different stages of the menstrual cycle in the same
subjects, with a view to identifying similarities and differences which may inform the

debate on the different techniques of assisted reproduction.

4.2 PATIENTS AND METHODS
4.2.1 PATIENTS

Nine women undergoing hysterectomy with salpingectomy were included in the
study. In all cases the pelvis appeared normal at operation and there was no evidence
of active endometriosis, pelvic inflammatory disease or adhesions. Accurate dating
of the cycle phase was based on the date of the last menstrual period, the hormonal
profile and the endometrial histology using the method of Noyes et al, (1950).
Preoperative blood samples were obtained from the patients and were assayed in
duplicate and in one batch for serum E,, P, LH and FSH as described previously

(section 2.2.4). The clinical features and cycle data are shown in Table 4.1.

87



4.2.2 METHODS

This is described in sections 2.3, 2.3.1 and 2.3.2.

4.3 RESULTS-1: MORPHOLOGICAL AND ULTRASTRUCTURAL
CHANGES ALONG THE LENGTH OF THE FALLOPIAN TUBE
4D.3.1 General morphological features

By light microscopy the lining of the Fallopian tube was seen to be a single layer of
cuboidal or columnar epithelium which often appeared pseudostratified due to
crowding and bunching of cells of different heights (Figures 4(I).1-4(I).5). A varying
proportion of the cells showed ciliation of the luminal surface (Figure 4(1).6). The
nuclei were oval or elongated with a rather open chromatin pattern and sometimes

a solitary nucleolus.

A few mononuclear cells with small hyperchromatic dense or slightly "clockface"
nuclei were always present within the basal epithelium and in the underlying stroma.

These had the appearance of lymphoid cells (Figures 4(I).1-4(1).5).

In H+E sections the luminal surface of the tubal non-ciliated cells (NCC) was
difficult to visualise. It appeared pale, wispy and basophilic suggesting the
production of a mucinous secretion from the surface of the cells (Figures 4(I).1 and
4(1).2). However, examination of the one micron toluidine blue stained sections
using high-magnification light microscopy clearly showed that this appearance was
produced by the presence of cytoplasmic apical projections or domes at the luminal
surface (Figure 4(I).6). In many sections there were some tubal epithelial cells
apparently in the process of being extruded from the epithelium into the lumen
(Figure 4(I).2) and in some sections, thin and dark "intercalated" cells were present
(Figure 4(1).3).

Some H+E sections showed vacuolation of cytoplasm of the tubal epithelium.
Comparison with the adjacent TB sections showed that this usually corresponded to

accumulations of glycogen particles and occasionally to lipid droplets.
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4(D.3.2 General ultrastructural features

The epithelial cells of the Fallopian tube were seen to be of two types, some having
surface cilia, ciliated cells (CC) and others which were non-ciliated (Figure 4(1).7).
The NCC had apical protrusions or domes of variable height projecting into the
lumen whereas the CC had a relatively flat luminal surface. Occasional cells had
both domes and cilia (Figure 4(I).13), and the nuclei and other cytoplasmic features
of the two types appeared very similar including the presence of numerous microvilli
at the luminal surface. These were seen between the cilia of the CC and over the
surface of the domes in the NCC (Figure 4(I).7). A variety of cytoplasmic organelles
were noted including mitochondria, free ribosomes and profiles of rough endoplasmic
reticulum, Golgi areas, lysosomal and lipid bodies. Of particular interest in terms
of possible secretory activity of the epithelial cells were the presence in some cases
of variable numbers of dense granules (Figures 4(I).11 and 4(I).12) and particulate
glycogen (Figure 4(1).14).

"Intercalated" or "peg" cells were not identified as a specific cell type but were part
of the variable appearance of the NCC, some of which appeared quite narrow and
some of which did not reach the luminal surface in the plane of section (Figure
4(I).7b). The scattered lymphoid cells observed by light microscopy were also
identified at ultrastructural level.

4(.3.3 Variations in appearance in different areas of the tube

The shape, size and degree of crowding of the tubal epithelial cells varied from
section to section but no systematic changes along the length of the tube were
identified. Similarly, although there was some variability in the exact shape, size and
position of the nuclei within the epithelial cells, no systematic changes were observed
in the nuclei of either CC or NCC from the different sections of the tube. The
numbers of intra-epithelial lymphocytes varied slightly from section to section but

showed no particular trend in relation to the site in the tube.

The major variation along the length of the tube was the proportion of CC, which
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showed a systematic increase in number from the isthmus outwards, with the highest
numbers in the sections from the fimbriae (Table 4.2). Glycogen was noted within
the cytoplasm of some cells in many of the cases (Figure 4(I).14). It was generally
more prominent in the CC than the NCC and hence more obvious in the outer

reaches of the tube where CC were more common.

In the follicular phase, fragments of cytoplasmic and cellular material were seen in
the lumen of the isthmic segments (Figure 4(I).8b) but not in the outer tubal
segments. Similarly, the surface domes and dense granules were most prominent in
the NCC of the mid-tube and ampulla and less developed in the fimbrial sections.
In the fimbriae, cell surface activity, electron dense granules and intracytoplasmic

glycogen become increasingly apparent towards the late luteal phase of the cycle.

41).3.4 Variations in appearance at different stages of the menstrual cycle

Pseudostratification. The degree of apparent multilayering of the tubal epithelium
increased during the follicular phase (Figure 4(I).1) and was at its maximum just
before ovulation (Figure 4(I).2). In contrast the luteal phase cases showed mainly
single layered epithelium of a much more simple appearance (Figure 4(I).3). The
post-menopausal case also showed a simple flat epithelium (Figure 4(I).4) but the
endosalpinx of the HRT patient showed a multilayered appearance with cell bunching
similar to that of the late follicular phase (Figure 4(I).5).

Nuclei. Within the natural variability of appearance, no systematic changes in the
shape, size, or position of the nuclei of either CC or NCC were noted at different
stages of the menstrual cycle.

Lymphocytes. No obvious variation in the number of intra-epithelial lymphocytes was
detected at different stages of the cycle but in the post-menopausal case there were
noticeably greater numbers of lymphocytes which were collected into small

aggregates but did not form true lymphoid follicles (Figure 4(I).4).

Ciliation. No significant difference was found in the number of CC between the
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follicular and luteal phases of the menstrual cycle, but there were markedly fewer CC
in all sections of the post-menopausal tube (Table 4.2). In contrast, the number of
CC in the sections of tube from the post-menopausal woman on HRT was very

similar to the mean values of the pre-menopausal women.

Domes. The size and shape of the surface domes on the NCC varied markedly
during the menstrual cycle and ‘this appeared to be related to cell surface activity in
general. In the post-menopausal state the domes were low or almost flat in shape and
the microvilli were short and sparse. On scanning EM the CC were seen standing
up prominently above the relatively flat surrounding surface (Figure 4(I).10). During
the follicular phase the domes were more prominent and became more irregular in
shape, appearing as finger-like protrusions on transmission EM (Figures 4(I).7 and
4(I).8). In the immediately pre-ovulatory phase this surface activity reached a peak
with very irregular protrusions, some of which were higher than the adjacent cilia
and appeared to be waisted at the base or even completely separated from the
underlying cell. This release of surface cytoplasmic fragments was also accompanied
by extrusion of larger cell fragments, sometimes including nuclei and greater numbers
of whole cells (Figure 4(I).8). A similar picture to the late follicular phase was also
seen in the HRT case. The flurry of surface activity around the time of ovulation
was followed by relative quiescence at the cell surface in the early/mid luteal phase
with reversion to a flat or slightly domed appearance and no decapitation secretion
(Figure 4(I).9). In the late luteal phase protrusions were again becoming more

prominent.

Secretory granules. Occasional dense granules were seen in the cytoplasm of both
CC and NCC after the menopause and during the early follicular phase, but these
were not orientated to the cell surface and it was difficult to tell if they were
secretory granules or other dense bodies such as compound secondary lysosomes
(Figure 4(I).13 and Figures 4(II).1b and 4(II).2b). In the late follicular phase, dense
granules became more numerous and were lined up at the luminal cell surface, often
within the surface protrusions (Figure 4(I).11). Although an occasional example of
individual granule release was seen, more often the surface protrusions themselves

appeared to be released into the tube lumen with the granules in them, as a form of
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apocrine or decapitation secretion (Figure 4(I).8b). In the luteal phaSe the granules
were no longer seen near the surface (Figure 4(II).5b). In contrast with the untreated
post-menopausal case which showed little evidence of secretory activity (Figure
4(II).6b), the appearance in the HRT case strongly resembled that of the late
follicular phase, with granules lined up in domes of apocrine secretion (Figure
4(I).12). Along the tube, the surface domes and dense granules were most prominent
in the NCC of the mid-tube and ampulla and were less developed in the fimbrial

sections.

Other organelles. No notable variation in the numbers of other cytoplasmic
organelles was detected at different stages of the cycle, although lipid-containing
compound lysosomes were noted to be particularly prominent in the late luteal phase
and in the post-menopausal state (Figure 4(I).13). The post-menopausal
endosalpingeal epithelial cells showed little evidence of surface secretory activity,
while the cytoplasmic organelles still included ribosomes, Golgi areas and glycogen,
indicative of continued cellular metabolic activity (Figures 4(I).13 and 4(I).14).
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Histological, hormonal and clinical details of the nine patients undergoing operation

Patlent CDC HDC

Hormonal Profile
LH FSH E2 P

Age, parity, clinical detalls and operative findings

Early Proliferative
1 6/28 Prolif

2 8/28 Prolif
Late Proliferative

3 13/28 Prolif

4 13/21 Prolif
Peri-ovulatory

5 11/28 Prolif
Early/Mid Luteal

6 18/28 Secr

Late Luteal
7 23/26 Secr

Peri-menopausal
8 N.A. Inactive

9 17/28 Prolif

(data not available)

50 28 297 04

46 1.3 202 4.0

48 28 459 6.4

32 66 443 63

8.0 34 392 16.6

0504 56 35

22 43
329 0.7

>range

39 25

44
42

44

42

31

35

56
50

P2+0 Addison's disease on steroids, leiomyomas. Normal pelvis
P2+0 Old endometriosis, adenomyosis. Normal pelvis

P0O+0 Not sexually active. Menorrhagia. Leiomyomas and
simple right ovarian cyst. Other pelvic organs are normal

P2+0 Old endometriosis. Normal pelvis

P2+1 History of dysmenorrhoea. Adenomyosis
Small uterine fibroids and 3 cm left ovarian follicle

P2+0 Menorrhagia. Minimal endometriosis seen at laparotomy,
normal pelvis otherwise. Right corpus luteum

P3+1 Leiomyoma, adenomyosis and right corpus luteum

P3+1 Six months postmenopausal, leilomyomas. Normal pelvis

P3+1 Menopausal for 2 years, on Prempak-C 0.625.
Bilateral benign ovarian teratomas. Normal pelvis

CDC=chronological day of cycle, HDC~histological day of cycle, N.A.=not applicable, Prolif=proliferative phase endometrium, Secr=secretory phase endometrium

Table 4.1
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Table 4.2 Percentage of ciliated cells along the Fallopian tube

Cycle

Case  phase Isthmus Mid-tube Ampulla Fimbriae
1 Follicular 35 34 50 26

2 Follicular 27 24 54 51

3 Follicular 45 52 51 65

4 Follicular 35 40 53 55

5 Follicular 34 39 45 60
Mean Follicular 35.2 37.8 50.6 58.6
6 Luteal 27 34 45 58

7 Luteal -- 48 46 67
Mean luteal 27.0 41.0 45.5 62.5
8 Post-menopausal 9 25 28 40

9 Post-menopausal 34 47 50 52

+HRT
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Fig. 4(D.1

Mid-follicular phase
Fallopian tube epithelium
showing pseudostratification
of cells and "wispy" cell

surface (bar=30jum).

Fig. 4(0.2

Late follicular phase tubal
epithelium showing marked
pseudostratification due to
cell crowding with extrusion
of cell fragments from the

luminal surface (bar=30/xm).

Fig. 4(1).3

Luteal phase tubal epithelium
appearing flat and simplified
with little surface activity.
Thin dark intercalated cells
are also seen (arrow) at this

stage (bar=30 /im).
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Fig. 4(D.4
Early menopausal endo-
salpinx showing a single
®epithelial layer with flat
luminal surface and
prominent collections of
C lymphoid cells in the stroma

(bar=30jLim).

Fig. 4(D.5

Post-menopausal endosalpinx
from a patient on HRT
(oestrogen phase) showing
prominent multilayering and
cell surface activity
comparable with the late

follicular phase (bar=30/xm).

Fig. 4(1).6

One micron section from EM
block showing CC with flat
surface and cilia, and NCC
with protruding luminal

domes (bar=10"m).



Fig. 4(D.7a

Scanning EM in mid-
follicular phase showing
domed NCC covered with
microvilli, and bundles of

cilia on the surface of CC

(bar=5/xm).

Fig. 4(1).7b

Transmission EM in mid-
follicular phase showing
microvilli on the surface of
both CC and NCC. NCC
domes are prominent and a
few granules are lined up at
the surface. Other
cytoplasmic organelles are
similar in both CC and NCC

(bar=5/im).
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Fig. 4(1).Sa

Scanning EM in late
follicular phase showing
irregular shaped domes with
secondary protrusions into
the lumen dwarfing the

adjacent cilia (bar=5/"m).

Fig. 4(1).8b

Transmission EM in the late
follicular phase showing
extrusion of cellular
fragments from the surface
and the presence of
cytoplasmic debris in the
lumen. Granules are seen
near the cell surface and in
cytoplasmic fragments
within the lumen

(bar=5/xm).

98



99
Fig. 4(1).9a
Mid-luteal phase Scanning
EM showing relatively
quiescent NCC surfaces
with resulting greater
prominence of adjacent
cilia. Only a few
cytoplasmic protrusions

are seen (bar=5/xm).

Fig. 4(D.9b

Mid-luteal Transmission EM
showing mildly domed NCC
with no surface granules

(bar=2/xm).
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Fig. 4(1).10a
Scanning EM of post-
menopausal endosalpinx
showing flat NCC with no
surface granules

(bar=5/xm).

Fig. 4(1).10b
Transmission EM of post-
menopausal endosalpinx
showing relatively flat-

surfaced NCC (bar=5"m).
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Fig. 4(D.11

Late follicular phase
endosalpingeal surface with
prominent electron dense
granules lined up at the cell
surface of irregular

cytoplasmic protrusions

(bar=1"m).

Fig. 4(1).12

Granules lined up at the
protruding cell surface of
endosalpingeal NCC in post-
menopausal case on HRT

(bar= Ifxm).
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Fig. 4(D.13

Menopausal endosalpinx
showing a cytoplasmic dome
in a ciliated cell with
engulfment of the cilia by
the protruded cytoplasm
(arrow head). Compound
lysosomes are seen in the
adjacent cell (arrow)

and other electron dense
granules are also present in

the cytoplasm (bar=2"m).

Fig. 4(1).14
Post-menopausal
endosalpinx showing
glycogen particles in the
supranuclear cytoplasm of
CC and within the rootlets
of the cilia themselves

(arrows) (bar=l/xm).
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4.4 DISCUSSION-1

Traditionally four cell types have been described in the Fallopian tube lining
epithelium: CC, secretory cells, intercalated or "peg" cells and basal or "reserve”
cells (Wheeler, 1982). The basal cells with small round dark nuclei are now
recognised to be lymphoid cells (Odor, 1974) and have been shown
immunocytochemically to be T-lymphocytes of predominantly the cytotoxic/
suppressor type (Morris et al, 1986; Peters, 1986). It is possible that reserve cells
do also exist within the epithelium since there clearly must be some replacement of
cells lost into the lumen. Mitoses have been observed in epithelial cells (Odor, 1974,
Donnez et al, 1985) and it is unlikely that fully differentiated cells divide. However
in this study such cells were not identified as recognisably different from other NCC

cells.

Intercalated (peg) cells were originally described as slender rod-like dark cells
squeezed between adjoining cells (Novak, 1947). Most authors now believe these are
"exhausted" secretory cells. In addition to cell fragments being extruded from the
luminal surface, we identified narrow cells within the epithelium whose upper parts
sometimes did not reach the surface within the plane of the section. We did not find
these intercalated cells to be a separate cell type and would concur with the
suggestion that when a considerable amount of apical cytoplasm is lost into the lumen
during the process of decapitation secretion, the residual NCC may appear as an
intercalated cell.

There is some evidence to suggest that the two main cell types are not immutably
restricted to being either ciliated or non-ciliated but may to some extent be
interchangeable. Both cell types have been found to contain oestrogen and
progesterone receptors (Press et al, 1986; Amso et al, 1994a) and apart from the
surface specialisation the ultrastructural features appeared very similar. Occasional
cells were observed which had both cilia and domes at the surface, sometimes with

apparent engulfment of cilial shafts by development of domes (Figure 4(I).13).

There is a clear variation in the relative numbers of CC and NCC along the length
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of the tube and it is known that the proportion of ciliated cells may be increased by
the administration of E and decreased by P (Donnez et al, 1985). Donnez et al, also
reported variations in the proportion of CC during the menstrual cycle with maximum
ciliation around the time of ovulation, particularly in the fimbria. Verhage et al
(1979) also found maximum ciliation in the fimbriae in the late follicular phase with
a decrease in numbers of CC during pregnancy and the puerperium. Like Clyman
(1966), Patek et al (1972a), Brosens et al (1976) and Critoph and Dennis (1977) we
did not find a significant variation during the normal cycle although the fall in E
levels after the menopause had a very clear effect which was apparently reversed by
HRT. All these observations can be explained if the cells can change their surface
differentiation under different circumstances, particularly in response to changes in

hormone levels.

There has been some debate over the function of the cilia and whether their role is
to aid the outward movement of the spermatozoa or the inward movement of the
ovum. Since there are more CC at the fimbrial end and since they have been shown
consistently to beat down towards the isthmus (Gaddum-Rosse et al, 1973; Westrom
et al, 1977) the latter seems most likely. The difference in the cellular distribution
of glycogen between the cell types is interesting. Glycogen was seen in both cell
types throughout the cycle but there was generally more in the CC than in the NCC.
The presence of occasional particles actually within the cilial rootlets (Figure 4(I).14)
suggested the possibility that glycogen is used as a source of energy for cilial action.
One explanation for the quantitative difference however could be that some glycogen
is lost from the NCC during the process of decapitation secretion, resulting in less

being visibly stored in the cytoplasm of these cells.

The NCC have also been referred to in the literature as secretory cells and we
confirm that during the follicular phase many of the NCC show prominent surface
activity with discharge of cytoplasmic material into the lumen. Occasionally an
appearance suggesting individual granule release was noted but more often whole
domes became waisted at the base and eventually broken off from the underlying cell.
At the peak of such surface activity, just before ovulation, this type of cytoplasmic

secretion also included larger cell fragments containing nuclei and even whole cells.
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Some of the cellular debris including cytoplasmic organelles and larger cell
fragments, was seen in the lumen of the inner segments of the tube (Figure 4(I).8b).
Thus the secretory activity at this site appears to be a combination of merocrine,
apocrine and holocrine activity. Similar concentration of granules in bulging surface
domes has also been described in monkeys (Jansen and Bajpai, 1983), and two types
of granules have been identified in secretory tubal cells of rabbits although only those
in the isthmus appeared to be exocytosed (Jansen and Bajpai, 1982).

Fallopian tube secretion is usually regarded as "serous” in nature and analogous with
that found within the cystic spaces of papillary serous ovarian neoplasms which are
lined by similar epithelium (Fenoglio et al, 1977) and have been shown to contain
similar secretory granules (Gondos, 1971). This secretion is also considered to be
composed of a combination of a selected transudate of serum components together
with secretory products of the tubal epithelial cells (Leese, 1988; Wagh and Lippes,
1989). Several earlier studies had suggested that oviduct-specific proteins may
originate from these granules in the secretory oviductal epithelium (Hanscom and
Oliphant, 1976; Shapiro et al, 1971; Barr and Oliphant, 1981) and may be of high
or low molecular weights (Verhage et al, 1988; Maguiness et al, 1992a,b).
Subsequently, antibodies raised to oviductal glycoproteins were able to
immunolocalise these molecules to the epithelial secretory cell granules of the rabbit
isthmus and ampulla (Oliphant et al, 1984b) and in the apical cytoplasm of secretory
cells in the baboon oviduct (Verhage et al, 1989). In the human Fallopian tube,
preliminary results using polyclonal antibodies for localisation (Rapisarda et al,
1993), depicted the oviductal glycoprotein in the apical granules of the secretory cells
only. In this Thesis, the ultrastructural observations on the pattern of tubal secretions
concur with other studies reporting variations in the glycoprotein content of oviductal
fluid under different hormonal stimuli in monkey (Mastroianni et al, 1970), human
(Lippes, 1981) and sheep (Sutton et al, 1984) and with reports describing quantitative
and "qualitative" variation in sulphated glycoproteins secretion between the isthmus
and ampulla of rabbit oviducts (Oliphant et al, 1984b; Hyde and Black, 1986).

The presence of cellular debris within the isthmic lumen may be an artefact relating

to the small size of the lumen at this site which enabled it to be embedded completely

105



in one electron microscopy block and therefore possibly to retain its luminal contents
whereas the segments with larger cross-sections had to be divided for blocking and
did not have an intact lumen. It could however be a genuine finding since it
correlates with Jansen’s observations of a mucus isthmic plug containing
glycoproteins in rabbit (Jansen and Bajpai, 1982), monkey (Jansen and Bajpai, 1983)
and human oviducts (Jansen, 1980). The luminal material in our studies was
composed of cell cytoplasmic debris including dense granules as well as many other
organelles (Figure 4(I).8b). It is possible that retention of luminal contents in the
isthmus is facilitated by the smaller number of CC at this site compared to more
distal sections of the tube, and the lack of any cytoplasmic material in the lumen of
the distal end may be explained by relative lack of secretory activity in the cells as
well as to the more expanded lumen at the fimbrial end. Jansen and Bajpai (1983),
also reported the absence of any substantial precipitate secretion in the ampulla of the
macaque oviduct at any stage of the cycle and in the isthmus before the mid-cycle
oestrogen rise or =48 hours after ovulation. They proposed that the biochemical
basis for this isthmic property may lie in the expected highly expanded state of acid

muco-glycoproteins in the secretions.

The observations in this study show that the Fallopian tube epithelium, which is not
generally recognised as showing follicular and luteal stage patterns, undergoes
cyclical changes that are comparable with the proliferative and secretory patterns of
the endometrium. Furthermore, the follicular phase is clearly a complex "secretory"”
phase in the tube and a similar pattern is reproduced after the menopause by HRT.
The luteal phase reveals much less surface activity and appears to be a recovery stage
with some evidence of intracellular housekeeping in the form of prominent secondary
lysosomes. It was also shown that some differences exist between the different areas
of the tube thus supporting the concept of functional differentiation. The evidence
suggests that the Fallopian tube is not just a simple passage for the conveyance of
germ cells. Although implantation clearly can occur following intra-uterine transfer
of an ovum fertilised in-vitro, the release of maternal cytoplasmic components,
including "secretory" granules specifically timed to coincide with the passage of the
ovum, must have important effects on a conceptus that may improve its chance of

implantation and ultimate survival; thus, further studies are required.
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4ID).5 RESULTS-2: COMPARISON OF MORPHOLOGICAL AND
ULTRASTRUCTURAL CHANGES IN THE ENDOMETRIAL
GLAND AND FALLOPIAN TUBE EPITHELIA

4(In.5.1 General morphological and ultrastructural features

Despite having the overall characteristic histological features of their respective sites,
there were some similarities between endometrial glandular cells and endosalpingeal
NCC. In sections stained with H+E both types of cells showed a luminal border
with a rather indistinct wispy surface corresponding to the presence of apical

cytoplasmic domes visualised on 1 um toluidine blue-stained sections.

By electron microscopic examination, endometrial glandular epithelium was seen to
be composed mainly of NCC (Figure 4(II). 1a), with only occasional CC being found
at this site. These NCC had surface features in common with tubal NCC, especially
the luminal cell surface which showed apical protrusions or domes of variable height
projecting into the lumen and were covered by numerous microvilli (Figures 4(II).1-
4(I1).4). A variety of cytoplasmic organelles was noted in endometrial NCC,
including mitochondria, free ribosomes and profiles of rough endoplasmic reticulum,
Golgi apparatus, lysosomal and other lipid bodies (Figures 4(II).la-4(II).7a).
Variable numbers of electron-dense intracytoplasmic granules were noted (Figures
4(II). 1a-4(II).4a) and glycogen particles were seen in greater quantities than in tubal
epithelium, especially in the luteal phase of the cycle (Figure 4(II).5a).

4(11).5.2 Luminal contents

In the early and mid follicular phase, the endometrial glandular lumen was narrow
and contained little cellular debris or other material (Figure 4(II).1a). In the tube,
fragments of cytoplasmic and cellular material were seen in the lumen of the isthmic

segments but not in the outer tubal segments (Figure 4(II).2b).

Later in the follicular phase, cytoplasmic fragments appeared in the endometrial
glandular lumen, apparently shed from the cells by a process of cell decapitation or

apocrine secretion (Figure 4(I).3a). This process increased as the follicular phase
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advanced and was maximal at the time of the LH surge, before ovulation, when the
lumen contained some quantities of granular and membranous material, including
variably sized cell fragments and even nuclei (Figure 4(I).4a). In the tube, the
isthmic lumen also showed increasing amounts of cytoplasmic debris and cellular
fragments. Similar findings, but to lesser degree, were seen in the mid-section of the
tube (Figures 4(II).3b and 4(II).4b) but not in the outer sections.

In the luteal phase, despite having a characteristic "secretory" pattern with
eosinophilic material in the gland lumen on H+E sections, on electron microscopy
examination the gland lumens contained little cellular material (Figure 4(II).5a) and
the tubal lumen (isthmic and mid-sections) also showed minimal cellular contents
(Figure 4(II).5b).

After the menopause there was again little luminal material present (Figure 4(II).6a)
but, under the influence of exogenous oestrogen therapy, the endometrial glandular
lumen was again noted to contain cytoplasmic material (Figure 4(II).7a) as seen in

the late follicular phase, and the same was also true for the tubal isthmic sections.

4(I1).5.3 Epithelial luminal surface

In the early and mid follicular phase, endometrial epithelial morphology appeared
relatively undifferentiated and the luminal surface showed little irregularity and few
dome shaped projections (Figure 4(II).1a). The domes became more obvious and
more variably shaped in the late follicular phase and during the LH surge (Figures
4(IT).3a and 4(II).4a). In the early/mid luteal phase, there was a lull in the cell
surface activity (Figure 4(II).5a) but surface domes were again prominent in the late
luteal phase.

Tubal epithelial surface changes have been reported in detail in section 4(I).3.
Generally, the tubal NCC epithelial surface changes in the corresponding subjects
appeared similar to those of the endometrial glands at the various stages of the
menstrual cycle and in the menopausal women with or without HRT (Figures 4(II). 1b

-4(II).7b), although surface projections were less noticeable in the fimbriae than in
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the inner sections of the tube.

4(INn.5.4 Secretory granules

In the early and mid follicular phase, the cytoplasm of the endometrial glandular
epithelium contained a few electron-dense granules that were quite variable in shape
and size and dispersed randomly within the cytoplasm (Figure 4(II).1a). The
numbers of granules increased and reached a peak in the pre-ovulatory phase, when
they were seen in the supranuclear cytoplasm and sometimes lined up beneath the cell
surface in the apical domes and decapitated fragments of cytoplasm (Figures 4(II).2a
and 4(I).3a). Occasional granules and other cytoplasmic organelles were also
apparently released individually into the lumen from the superficial cytoplasm.
Glycogen particles could also be recognised in the endometrial cell cytoplasm in the
late follicular phase and by the early/mid luteal phase there were dense glycogen
accumulations especially prominent in the supranuclear position (Figure 4(II).5a).
At this stage, there appeared to be a lull in the surface cytoplasmic decapitation
secretion exactly corresponding to the appearances in the isthmic and ampullary

epithelial cells at the same stage (Figures 4(II).5a and 4(II).5b).

The uterine glandular epithelium in the untreated post-menopausal case showed little
evidence of secretory activity (Figure 4(II).6a), while the appearance in the HRT case
strongly resembled that of the late follicular phase (Figure 4(II).7a). Similarly, the
tubal epithelium in the HRT case showed secretory granules and luminal surface
changes similar to those seen in the late follicular phase (Figures 4(II).6b and
4(I1).7b).
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Fig. 4(11).1a Mid-follicular endometrial gland. NCC with slightly domed luminal
surfaces covered by microvilli. Scattered dense granules can be seen in the
supranuclear cytoplasm (bar=5/"m).

%

®
Fig. 4(11).1b Mid-follicular endosalpinx from mid-tube showing CC and NCC.

The NCC have slightly domed luminal surfaces and both cell types show surface
microvilli (bar=5/xm).
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Fig. 4(IT).2a Epithelial cell surface of mid-follicular endometrial gland showing
electron dense granules (arrows) lining up at the luminal edge (bar = 1/im).

t. lfp

Fig. 4(11).2b Epithelial cell surface of isthmic endosalpinx in mid-follicular phase
showing scattered granules and irregular surface protrusions (bar = 2/xm).
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Fig. 4(11).3a Endometrial glandular luminal surface in late follicular phase showing
decapitation secretion of cytoplasmic fragments containing electron dense granules
(bar = 2fim).

Fig. 4(11).3b Mid-tube epithelial surface in late follicular phase showing
decapitation secretion of cytoplasmic fragments containing electron dense granules
(bar = 2jum).
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Fig. 4(II).4a Peri-ovulatory endometrium showing maximal cell surface decapitation
and cell extrusion with numerous cell fragments in the lumen (L) (bar = 5 /xm).

Fig. 4(11).4b  Peri-ovulatory mid-tube endosalpinx showing cell surface
decapitation and cell extrusion into the lumen (bar = 5/im).
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Fig. 4(11).5a Mid-luteal endometrium showing dense accumulation of glycogen
particles within the cells but no cytoplasmic fragments in the lumen and little cell
surface activity (bar = 5/im).

Fig. 4(11).5b Mid-luteal isthmic endosalpinx showing marked lack of cell surface
activity and no cytoplasmic fragments in the lumen (bar =
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Fig. 4(11).6a Post-menopausal endometrial gland showing flat cell surfaces and little
secretion in the lumen (L) (bar = Sfim).

Fig. 4(11).6b Post-menopausal endosalpinx showing flat cell surfaces and no
cytoplasmic fragments in the lumen (bar = 5/xm).
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Fig. 4(11).7a Post-menopausal endometrium during HRT in oestrogen phase showing
prominent cytoplasmic fragments in the gland lumen (bar = 2/zm).

K& r'-it-

Fig. 4(11).7b Endosalpingeal surface from post-menopausal patient on HRT
showing cell surface decapitation with electron dense granules lined up at the
luminal surface (bar = 2/um).
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4(ID).6 DISCUSSION-2

The morphological features of endometrial cells as seen on H+E sections vary in a
well-known fashion during the phases of the menstrual cycle (Noyes et al, 1950) and
indeed are used in this study together with other information to stage the cycle for
each patient. The morphological features of Fallopian tube epithelium at light- and
electron-microscopic level were described in detail, including variations along the

length of the tube with the menstrual cycle and after the menopause (section 4(I).3).

In one study comparing the morphology of the oviduct and endometrium of the
Cynomolgus Macaques, Brenner et al (1983) demonstrated eight specific stages
through which the oviduct passes in sequence during the cycle, comparable to that
reported in women. The authors suggested that ciliogenesis, which usually began
during menstruation, and endometrial proliferation after menses are due to the decline
or withdrawal of P. The authors also showed that the fimbrial epithelium was out
of phase and at a more advanced stage than the endometrial glandular epithelium in
the same animal. Furthermore, the mid-cycle bulging and domes of the secretory

cells were more prominent in the medial end of the oviduct than the fimbriae.

It is believed that this study is the first report making direct comparisons, in the same
subjects, of ultrastructural changes in human endometrial glandular and Fallopian
tube epithelia at different stages of the menstrual cycle. Comparison of luminal
contents, epithelial luminal surface changes and secretory granules has revealed a
number of similarities and some differences which may have significance in relation

to assisted reproductive techniques.

The epithelial surface changes were generally similar in the epithelium of the
endometrial glands and the NCC of the endosalpinx, although the development of
domes and granules appeared slightly earlier in the endometrium and was less well
developed at the fimbrial end of the tube compared to the inner segments. These
similarities, suggest that the changes at both sites were directly related to the
increasing and decreasing levels of circulating E and P and that variations may also

occur due to changes in the ER and PR content of the different tissues at different
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stages of the cycle. These changes could be correlated with different physiological
functions of the different segments. The increase in isthmic and endometrial gland
luminal content throughout the late follicular phase and before ovulation corresponded
with the steady increase in the nuclear ER and PR immunostaining described
previously (Chapter 3). In the early/mid luteal phase sample which concurs with day
18 of the menstrual cycle (Patient no. 6 in Table 4.1) the ultrastructural appearance
(endometrium, isthmus, mid-tube and ampulla) of reduced luminal material, relative
quiescence of cellular surface, fewer domes, and absence of surface orientation of the
secretory granules corresponded to the reduction at this phase of the cycle in both ER
and PR immunostaining. In the late luteal phase, the increase in epithelial surface
activity and dome formation in the above regions was at variance with the markedly
reduced ER content in the same areas and could be related to the decrease in the
antagonistic effect of P on E driven differentiation (Brenner et al, 1983). Similar
reductions of PR content and its total disappearance from the glandular epithelium
were observed at this stage of the cycle. Changes in the fimbriae were at variance
with those in the glandular epithelial cells and the central portions of the tube. This
was probably due to the observed differences in fimbrial ER content at different
stages of the cycle as compared to the other regions (Figure 3.1) and may relate to
the different function of the fimbrial end of the tube.

The endometrial follicular phase is normally described as "proliferative" in pattern,
in contrast to the "secretory" pattern of the luteal phase when the glycogen-rich
secretions are produced and the glands become saw-toothed in outline by light
microscopy. The observations in this study suggest that there were actually two
phases of secretion in the endometrium. In the mid and late proliferative phase,
electron dense granules and other cytoplasmic material were shed into the lumen by
a process of "apocrine" or decapitation secretion similar to that occurring in the
Fallopian tube at the same time. The increasing presence of cellular material within
the endometrial glandular lumen in the follicular and periovulatory phases resembled
that found in the isthmic lumen. After ovulation there was the "classical"
endometrial secretory phase in which glycogen-rich secretion forms. In the mid-
luteal phase when dense glycogen accumulations were identified in the endometrial

glandular cells, there was a notable lull in surface apocrine secretory activity. Thus
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the secretion of glycogen apparently involved a different and more subtle mechanism.
These ultrastructural observations on endometrial glandular secretory pattern were in
agreement with electrophoretic analyses of uterine secretions in which three protein
patterns were noted (Beier-Hellwig et al, 1989). In this study, Beier-Hellwig and
colleagues described a dynamic spectrum of appearing and disappearing bands
reaching a peak between days 15 and 24 of the ideal cycle. On the basis of their
study, the physiological cycle was divided into three functional phases: an
"intermediate” phase of quiescent pattern of proteins (days 1-5 and 25-28; a
"proliferative” phase (days 6-14) and a "secretory" phase (days 15-24) with the
different groups of bands appearing at the relevant "functional” phases. Similarly,
expression of a cycle-dependent secretory glycoprotein glycan corresponding to day
LH+5-LH+6 was described in normal fertile women (Smith et al, 1989).

The ultrastructural appearance of the electron-dense "secretory” granules was similar
in the endometrium, isthmus, mid-tube and ampulla. The granules appeared to line
up at the surface slightly earlier in the endometrium and the isthmus than in the distal
tube, and the granules in the cells of the distal end of the tube were also fewer in
number. These differences may suggest functional differentiation. However, the
biological importance of such secretory products is still speculative. Jansen (1980)
suggested that there was a physical plugging of the isthmic lumen by secretions and
its function was to facilitate sperm transport up the tube and hold up the entry of the
fertilised ovum into the uterus to allow it to mature into a state suitable for
implantation and ensure that the endometrium was at an optimal receptive stage.
Unique oviductal glycoproteins and mucoproteins had been identified in humans
(Moghissi, 1970), monkeys (Mastroianni et al, 1970) and sheep (Roberts et al, 1976)
and one protein was shown to bind to the head of spermatozoa (Lippes and Waugh,
1989).

Animal studies have been more informative. In the rabbit, these proteins may form
the mucin coat which surrounds the zona pellucida of the ovum (Greenwald, 1958).
Oliphant et al (1984a,b) purified a complement inhibitor from rabbit oviduct fluid and
provided evidence that it is a sulphated glycoprotein which could protect both

spermatozoa and embryos from the maternal humoral immune system. A similar role
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for these maternal cell fragments to protect the conceptus from being rejected by the
maternal immunological system may operate in humans. Kapur and Johnson (1985,
1986) demonstrated that a glycoprotein was released by the mouse oviduct and
selectively sequestrated into the perivitelline space of the oocyte and embryos. They
postulated that this protein was involved in the creation of a specialised micro-
environment for fertilisation and early embryonic development. Others (Leveille,
1987; Kan et al, 1988, Kan, 1990) also demonstrated uptake of an oviduct-derived
component by the zona pellucida of superovulated hamster oocyte and, furthermore,
by using high resolution lectin-gold cytochemistry techniques, showed that these
glycoconjugates are synthesised in the Golgi apparatus of the non-ciliated secretory
cells in the oviduct and stored in secretory granules (Kan et al, 1990). Oviductal
factors, probably glycoproteins, have also been shown to alter the characteristics of
the zona pellucida of the hamster (Yang and Yanagimachi, 1989). The zonae of
oviductal oocytes or oocytes exposed in vitro to ampullary and/or isthmic fluids
appeared "heterogeneous"” in their optical density, whereas no such heterogeneity was
detected in the zonae of ovarian oocytes. The biological implications of these
changes and their relevance to human studies remain undetermined. More recently
Moore et al, (1992) showed that rabbit blastocysts in co-culture attached to
endometrial but not to endosalpingeal monolayers and addition of culture media from
endosalpinx significantly decreased embryo attachment to endometrial cells in culture.
These observations suggest that rabbit endosalpinx secretes a factor that prevents

tubal implantation.

In summary, this study has shown that a similar process of granule secretion by cell
decapitation also takes place in the endometrial glands during the late follicular phase
but whether the proteins produced at the two sites are the same or tissue specific has
not been determined. Immunostaining techniques with antibodies raised against the
proteins isolated from the two sites could be used to elucidate the nature of these
secretions and to determine the relationship between the endometrial secretion
occurring in the proliferative phases with that occurring in the secretory phase. If
the follicular phase proteins are the same at both sites, and if they do act to prevent
implantation in the tube, by the time a conceptus had reached the uterine cavity the

secretion would have changed to the classical glycogen-rich secretion, assumed to
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provide beneficial conditions for implantation. Such studies will also improve our
knowledge on the functional differentiation of the various segments of the tube and
highlight the similarities and differences between the tube and the endometrium which

may be important to fertility and assisted reproductive techniques.



CHAPTER 5§
IDENTIFICATION AND ISOLATION OF
FALLOPIAN TUBAL PROTEINS

5.1 INTRODUCTION

Oviductal fluid provides the optimal environment for gamete transport and the
development of early embryos. The reported improved pregnancy rates associated
with GIFT or ZIFT as compared with IVF-UET have raised considerable interest in
the possibility that either "tubal factors" and/or "tubal proteins" may be responsible

for this difference.

In both humans and animals oviductal fluid volume and composition are dependent
on the stage of the menstrual cycle. Secretion of cycle specific oviductal proteins by
the endosalpinx has been the subject of considerable interest for several years.
Immunoelectrophoresis of oviduct fluid has suggested the presence of unique proteins,
which may have been synthesized and secreted by the oviduct. Immunoaffinity
adsorption has been used to separate these proteins from those derived from serum
in human tubal fluid and one protein has been shown to bind to the head of
spermatozoa (Waugh and Lippes, 1989). Studies of sulphated mucopolysaccharides
and mucoproteins in oviduct fluid suggest that they may originate from granules
observed in the secretory epithelium of the oviducts (Shapiro et al, 1971; Hanscom
and Oliphant, 1976; Barr and Oliphant, 1981).

These observations and other similar studies led to the investigator’s interest in

studying the role of these tubal specific proteins in human reproduction.
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The aims of this study were:

(€)) to establish whether simple methods of collecting tubal secretions would
provide adequate sample material to determine the cycle-specific changes in

tubal proteins.

(2)  to generate antibodies against these proteins and utilise them to localise the

sites of production of these proteins within the oviduct.

5.2 CYCLICAL CHANGES OF HUMAN OVIDUCTAL PROTEINS
5.2.1 PATIENTS

Fallopian tubes were obtained from non-pregnant women (age 34-56 years) who
underwent abdominal hysterectomy and salpingectomy at various stages of the
menstrual cycle. The phase of the menstrual cycle was determined from the
menstrual history and histology of the respective endometrium. All the women had
been pregnant in the past with no known history of infertility and at laparotomy, the

Fallopian tubes appeared healthy.



522 COLLECTION OF TUBAL SECRETIONS

After removal of the Fallopian tube, its external surface was cleaned of any blood
and a fine cannula (Wallace Y-can 23 gauge; Figure 5.1) introduced through the
medial end of the tube. Approximately 1.5-2 ml of sterile 0.9% w/v normal saline
or isotonic glycine 1.5% w/v was injected and the tubal flushing allowed to trickle
by gravity to be collected from the fimbrial end into a sterile container (Figure 5.2).
The flushings were centrifuged (1600 g for 5 min at 4°C) to remove any cellular
debris. The resultant supernatant was aliquoted and stored at -30°C until the time

of analysis.

Fig. 5.1 "Wallace Y-can 23 gauge" cannula used to flush the tube from
its medial end.

523 ONE-DIMENSIONAL POLYACRYLAMIDE GEL
ELECTROPHORESIS (1-D PAGE) METHODOLOGY

This is described in section 2.4.1
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Fig. 5.2 Collection of tubal flushing from the fimbrial end into a sterile container
after injecting 1.5-2 ml of normal saline or isotonic glycine into the medial end
of the tube.

5.2.4 RESULTS

Between October 1988 and September 1989, a total of 26 tubal flushing samples were
collected (Proliferative phase histology n= 12, Luteal phase histology n= 11, and



three women with inactive endometrium on histology). Eight samples from women
with healthy Fallopian tubes at laparotomy and well documented endometrial
histology were selected for 1-D PAGE analysis and are reported in sections 5.2.4.1
and 5.2.4.2.

5.24.1 CHARACTERISTICS OF THE WOMEN BEING
INVESTIGATED

Table 5.1 summarises the age, stage of the menstrual cycle, oestrogen and

progesterone levels as well as the indication for the hysterectomy in these women.

Table 5.1 DETAILS OF THE PATIENTS UNDERGOING INVESTIGATION

Pt Ageand Phaseofthecycle  E, P Indication for hysterectomy and state
parity CDC HDC  (pmol/l) (nmol/l) of the pelvis

(1) 48 (p2) 4 Menstrual 211 1.5 Fibroid, normal pelvis

(2) 53 (p3) uncertain Prolif 6 3.7 Peri-menopausal and menorrhagia,
normal pelvis

3) 50 (p3) 9 Prolif 232 05 Menorrhagia, normal pelvis
12 mm follicle on left ovary

4) 44 (p2) 16 Prolif 41 2.1 Fibroid, normal pelvis

(5) 40 (p3) 12 Mid-secretory 143 13 Fibroid and polymenorrhoea,
normal pelvis

6) 34 (p2) 19 Secretory 213 41 Menorrhagia, normal pelvis
left corpus luteum

(7) 46(p0+3) 34 Secretory 282 21 Fibroid, normal pelvis
left corpus luteum

(8) 56 (pl) menstrual Inactive 2499 03 Fibroid, normal pelvis

CDC= Chronological date of the cycle, HDC= Histological date of the cycle,

Prolif= Proliferative, E,= Oestradiol, P= Progesterone, p= Parity
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5.2.4.2 RESULTS OF 1-D PAGE

The major protein in the oviductal flushing was apparently serum albumin (Alb) since
its position on the gel was the same as that of human serum albumin. Other serum
proteins also appeared in tubal flushing but at greatly reduced concentrations. In
addition, certain protein bands were exclusively seen in the tubal flushing. The silver
staining method which we adopted proved to be more sensitive than Coomassie

staining as more protein bands were seen and with clearer outlines.

Figure 5.3 shows silver stained gels of tubal flushings from women during the
proliferative phase of the cycle. Band A (arrow) appeared in tubal flushing of
women in the mid/late proliferative phase and apparently increased in intensity in the
mid-secretory phase sample and later disappeared in menstrual phase flushing (Figure
5.4). Band B (arrow head) appeared in secretory phase samples and a late
proliferative phase tubal flushing sample. These two major bands were not identified

following 1-D Gel electrophoresis of peritoneal fluid samples.

Bands A and B were consistently demonstrated when 1-D PAGE was carried out on
other tubal flushing samples obtained during the respective stages of the menstrual
cycle. Furthermore, repeat 1-D PAGE on the samples shown in Figures 5.3 and 5.4
after a period of nine months demonstrated the same protein bands pattern (results

not shown).
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Serum TF 1 TF 2 TF 3 TF 4

Fig. 5.3 Silver stained gel of serum and tubal flushings from women at

the menstrual/proliferative phase of the menstrual cycle.
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Serum TF 5 TF6 TF 7 TF 8

Fig. 5.4 Silver stained gel of serum and tubal flushings obtained from women at

the secretory phase of the menstrual cycle.



5.3 ANTIBODY PREPARATION AND DETECTION
5.3.1 PREPARATION OF EMULSION FOR IMMUNISATION

This is described in section 2.4.2.1. Figure 2.2 depicts the acrylamide-supported
protein bands identified as being of tubal origin that were cut and minced into small
pieces. Figure 2.3 shows the two Luer-lock syringes connected with each other and
used initially to break the gel into small uniform pieces and subsequently to emulsify

the immunogen/adjuvant mixture.
5.3.2 IMMUNISATION AND BLEEDING OF RABBITS

This is described in section 2.4.2.2.

5.3.3 IMMUNOPRECIPITATION METHODS
5.3.3.1 IMMUNODIFFUSION-OUCHTERLONY DOUBLE-DIFFUSION
METHOD

This method described by Ouchterlony in 1949 is the most commonly used form of
simple diffusion in which the antigen is placed in one well punched in the agarose
while antibody is placed in a second well. The methodology is described in detail
in section 2.4.3.1. In this experiment, 5 ul of rabbits’ 1910-A and 1911-B antisera,
from the first and second bleed following immunisations, were placed in the central
wells of rows 1 and 2 while the central wells of the third row were filled with 5 ul
of human antiserum and used as a control. In Figure 5.5, wells marked (a) were
filled with 5 ul of male serum, (b) were filled with 5 ul of female serum, and (c)
were filled with 5 ul of tubal fluid of the reference patient whose tubal flushing
demonstrated non-serum protein bands. In rows 1 and 2, the wells were filled in the
same order. Note the absence of any precipitation lines between Rabbits A or B
antisera and the male and female sera or tubal fluid. The controlled antiserum
demonstrates precipitation lines with the corresponding sera and to a much less extent

with tubal fluid samples.
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Fig. 5.5 Results of the Ouchterlony double-diffusion experiment with
5 fil of rabbits 1910-A and 1911-B antisera placed in the central wells
ofrows 1and 2, and the third row filled with 5 fi\ of human antiserum
as a control. Surrounding wells were filled with male sera (a), female

sera (b), and tubal fluid (c).
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5.3.3.2 IMMUNOELECTROPHORETIC TECHNIQUE ACCORDING TO
GRABAR AND WILLIAMS

The methodology is described in section 2.4.3.2. In Figures 5.6 and 5.7, wells (a)
and (d) were filled with 2 ul of male serum, wells (b) and (e) were filled with 2 ul
of female serum and well (¢) 5 pul of the reference human tubal fluid sample known
to contain bands A and B. After the initial electrophoresis, troughs were cut and
were filled with 100 ul of rabbits’ 1910-A and 1911-B antisera. Figures 5.6 and 5.7
illustrates the absence of any precipitation lines. Due to the absence of any reaction,
the rabbits were given further booster injections of immunogen, subcutaneously, and
the same experiment was repeated after a third bleed, 22 weeks later. Figure 5.8
shows the results of the repeat immunoelectrophoresis. All wells contained 10 ul of
tubal flushing obtained from the reference patient whose tubal fluid was known to
contain non-serum protein bands on 1-D PAGE. Troughs (a) and (c) contained rabbit
1910-A antiserum and (b) contained rabbit 1911-B antiserum. Antihuman antiserum
was used as a control in trough (d). No precipitation lines are seen between the tubal
flushing sample and rabbits’ antisera but a reaction is clearly demonstrated between

the antihuman antiserum and tubal flushing sample.
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Fig. 5.6

Antiserum from
rabbit 1910-A tested
against male (wells
a,d) and female
(wells b,e) sera and

human tubal flushing
(well ¢) sample.

Fig. 5.7

Antiserum from
rabbit 1911-B tested
against male (wells
a,d) and female
(wells b,e) sera and
human tubal flushing
(well ¢) sample.
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Fig. 5.8 Results of repeat Immunoelectrophoresis following
further immunisation of rabbits. Anti-human antiserum was

used as a control.

All wells contained 10 jid of tubal flushing.
Troughs (a) and (c) contained rabbit 1910-A

antiserum and (b) contained rabbit 1911-B
antiserum.



54 DISCUSSION

Human tubal fluid is notoriously difficult to obtain and this is probably the greatest
obstacle for investigators in gathering data on tubal secretions and proteins. Moghissi
(1970) and Lippes et al (1972) described a technique for collection of tubal fluid
which involved insertion of a small catheter into the fimbrial end at the time of tubal
ligation or surgery. In the latter study, the majority of patients produced 1 to 2 ml
per day, but the greatest quantity of fluid was obtained near the day of ovulation from
those patients with the longest Fallopian tubes. Such a technique may be difficult to
employ in current gynaecological practice due to changes in patients’ expectations and
the introduction of laparoscopic procedures which have transformed tubal ligation into
a single day procedure. Moreover, a surgical procedure would interfere with local
blood supply and any negative pressure may affect the production and composition
of tubal fluid. Similarly, the presence of the catheter for a prolonged period of time
may lead to an inflammatory reaction in the tube and potential contamination of the
tubal fluid. In addition, these techniques do not allow the investigation of each
anatomical section of the tube. In the early stages of the studies described in this
thesis, transcervical cannulation of the Fallopian tube under transvaginal ultrasound
guidance, as described by Jansen (1987), was attempted by this investigator in order
to collect tubal fluids (unpublished observations). Several problems were encountered
including; (1) difficult passage of the fine cannula into the tubal ostia resulting in
kinking of the fine tip, (2) patients experiencing moderately severe pain, and (3)
insufficient amount of fluids being collected. This investigator abandoned this
approach and attempted instead to obtain tubal fluid by flushing one end of the tube
and collecting the secretions in a sterile container for analysfs. This is similar to the
studies of Wang and Brooks (1986) who successfully flushed uterine horns and

oviducts of rats to study oviductal and uterine luminal fluid proteins.

An alternative approach would be to study oviductal protein synthesis and release or
secretion by incubating tissue in a short-term explant system with a radiolabelled
amino acid, which would be incorporated into newly synthesized proteins (Hyde and
Black, 1986; Fazleabas and Verhage, 1986; Verhage and Fazleabas, 1988; Verhage
et al, 1988; Maguiness et al, 1992a, 1993). Both approaches have their advantages
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and disadvantages. The former requires relatively large quantities of protein content
to quantify and determine their nature, while the latter in vitro studies require
adequate control experiments and also may not reflect accurately secretory processes

taking place in vivo under the effect of dynamic hormonal milieu.

In the studies carried out in this thesis, discontinuous 1-D PAGE of tubal luminal
fluid demonstrated the presence of two non-serum protein bands (Bands A and B)
with a suggested molecular weight in the region of 115-140kDa for Band A and 49-
69kDa for Band B. Wagh and Lippes (1989) reported identification of four proteins
in the human Fallopian tube fluid ranging from 44-150kDa, which appeared to bind
to the body and/or head of sperm. Using short term explant studies, Verhage et al
(1988) identified two proteins, 120-130kDa, at mid-cycle in the mid region of the
human Fallopian tube, and 100-130kDa glycoproteins in the oviducts of oestradiol-
treated ovariectomized baboons (Verhage et al, 1989). However, Maguiness et al
(1992a,b), using short term explants of tubal mucosa, identified two proteins (17, 25
kDa) which were of lower molecular weight and were present during the ovarian
cycle. Immunochemical reaction on Western blots had also provided evidence for
the synthesis and release of PP4 and PP7 throughout the ovarian cycle with PP14
only in the late luteal phase (Verhage et al, 1988).

During the study period from August 1988 to September 1991, attempts to determine
the nature of these proteins and generate antibodies for subsequent assays were
essentially unsuccessful. It should be acknowledged that absence of precipitation
lines with immunodiffusion or immunoelectrophoretic techniques may simply be due
to an inadequate antigen:antibody ratio, and thus it may not be possible to say
conclusively that no antibodies were produced. Other possible explanations include;
(1) the proteins obtained from polyacrylamide gels under study were not
immunogenic enough to generate antibodies in general, and more specifically in the
rabbits, (2) protein conformation may have been affected after 1D-PAGE, (3)
insufficient amount of protein in the tubal lumen flushings in individual samples, (4)
the amount of antibodies generated was extremely low and insufficient to interact
with the tubal proteins, (5) technical deficiencies in the methodology employed to

generate the antibodies, or (6) a combination of all of the above. The most likely
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explanation is that there was not enough protein in the bands obtained from the gels
and hence the outcome of these experiments might have been enhanced by pooling

all the samples together,

The above studies utilised techniques that have been in use for many years. More
recent innovations include the use of monoclonal antibodies directed against specific
protein molecules (Seif, 1989) or the use of recombinant complementary
deoxyribonucleic acid (cDNA) techniques (Donnelly et al, 1991). Seif (1989)
described a different approach to investigate cyclical secretory patterns of the human
endometrium. He generated a panel of mouse MOAB following a schedule of
immunisation with intact epithelial cells. The MOAB were used to demonstrate
cycle-dependent and independent endometrial epithelial cells surface markers,
characterise them and determine their relationship to ovulation. The information
provided molecular criteria for analysis of endometrial secretory differentiation and
suggested the existence of defect(s) that may be associated with female subfertility.
Donnelly et al (1991) were able to prepare a recombinant cDNA library and
ultimately isolated the messenger ribonucleic acid (mRNA) responsible for the
production of a baboon oestrogen-dependent oviduct-specific protein. More recently,
the same group (Arias et al, 1994) was able to use the same techniques to clone,
sequence and characterise the cDNA to a human oestrogen-dependent Fallopian tube

glycoprotein.

Adoption of such approaches in studies of the human Fallopian tube will inevitably
provide valuable information on tubal specific proteins, their use as markers of tubal
function, and possibly better understanding of their role in the complicated

reproductive processes in the oviduct.
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CHAPTER 6-1
NEED FOR THE CLINICAL STUDY

6.1 INTRODUCTION

Evidence of the growing importance of assisted reproduction in the treatment of
infertility, and concern that such procedures should be effective is given by the
increase in the number of published reports of clinical trials. Unfortunately, the
increase in number of clinical trials has not been matched by an increase in the

strength of research design (Tulandi and Cherry, 1989).

Several treatments for infertility have been promoted with little objective data
demonstrating their therapeutic value. Once suggested, these treatments seem to
generate a momentum independent of their demonstrated benefit, assisted by the lay
medical press and well-meaning practitioners. Similarly, newer options such as GIFT
and ZIFT or TET have been used in many clinical situations despite the absence of
supporting data. There is a lack of randomised clinical trials including the use of
appropriate control groups to ascertain the efficacy of these therapeutic modalities
in a specific clinical setting. It is also true that many investigators are discouraged
by the large number of patients required to demonstrate unequivocally the increased
pregnancy or live birth rates. In spite of this, the use of sophisticated reproductive

techniques should not alleviate the need to demonstrate efficacy.

6(D.1.1 CONFOUNDING VARIABLES

It is well known that IVF-UET initially assisted patients with damaged or occluded
Fallopian tubes. Subsequent experience with the technique of oocyte and sperm
preparation led to the recognition that, in some other infertility conditions with
healthy Fallopian tubes, IVF was effective by simply increasing the proximity of the
prepared spermatozoa to the oocytes. However, the choice of any of the assisted
reproductive techniques depends on a balance of factors. The cause of infertility and
the choice of treatment are seldom absolute as it is for bilaterally occluded and

irreparable Fallopian tubes, and mostly include varying degrees of subfertility.
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Similarly, an important facet of the diagnosis is accurate quantitative prognostication
of a couple’s chance of conceiving, to help them decide whether they have a realistic
hope and whether treatment offers sufficient chance to make its choice worthwhile.
In most cases, therefore, the choice of treatment must take into account several
factors including the chance of conceiving naturally without treatment, the relative
chance of success with other treatments, the relative cost and complexity of
alternative methods, the age of the woman, and the diagnostic value of IVF,

particularly in cases of suspected sperm dysfunction.

6(I.1.2 TO TREAT OR NOT TO TREAT

It is essential to appreciate the chance nature of fertility, and the relative inefficiency
of human reproduction. The average conception rate in populations of proven
fertility is only =20% in each ovulation cycle (Hull, 1990). Women’s fecundity and
the time they require to conceive varies considerably, depending on age, cause of
infertility and multiplicity of factors contributing to their infertility. It can take a
young, nulliparous, fertile woman only 2-3 months to conceive, while a 35 year old
patient with treated endometriosis and receiving donor spermatozoa may need up to

7 years to conceive spontaneously (Jansen, 1987).

Unfortunately and until recently, there has been no clear indication from published
reports of the place of assisted reproduction techniques in the general context of
infertility medicine, because the results of individual treatments are reported
selectively and because of rapid historical changes. It is essential when attempting
to ascertain whether or not treatment is required that time-specific or cycle-specific
conception rates are used. Crude pregnancy rates per couple are almost meaningless.
Pregnancy rates per cycle can also be misleading if limited to the first cycle or two
because the rate may fall in subsequent cycles. The cumulative conception (CCR)
or live birth rates (CLBR) should be used whenever possible. A recent review (Hull,
1992) compared CCR for some of the commonest causes of infertility in the untreated
population or following treatment with conventional methods. It demonstrated that
in some conditions such as amenorrhoea and oligomenorrhoea or in those being

treated with donor insemination, the CCR following conventional therapy is almost
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the same as in normal women. However, in other circumstances, such as
salpingostomy for distal tubal occlusion or the use of high dose glucocorticoids for
seminal antisperm antibodies, the prognosis is worse and the CCR are lower than

what can now be expected in a single cycle of IVF treatment.

It remains to consider the balance of choice between various treatments in different
conditions with due consideration to the factors leading to infertility. Most likely,
the only unfavourable conditions when deciding on a treatment are the woman’s age,
40 years or more (Hull et al, 1992), and sperm dysfunction (Sharma et al., 1988;
Craft, 1990).

When sperm dysfunction is strongly suspected, IVF serves both diagnostic and
therapeutic purposes and is the treatment of choice. Similarly, in women with blocked
tubes, the choice is clearly IVF with uterine embryo transfer. In other circumstances
such as minimal endometriosis and unexplained infertility, where the pelvis and
Fallopian tubes are essentially normal, the need for treatment and the choice of a
treatment modality becomes more difficult. Here, the duration of the couple’s
subfertility, the factor(s) contributing to it and their overall wishes will influence the

decision on whether or not to treat.

6(I).2 CHOICE OF TREATMENT

There is no treatment of proven benefit to help couples with unexplained infertility
to conceive naturally, apart from benefit of using ovarian stimulation with
clomiphene (Fisch et al, 1989; Glazener et al, 1990). There is also conflicting

evidence on the effectiveness of ovarian stimulation with or without artificial
insemination. Dodson and colleagues (1987) reported that ovarian stimulation
combined with intrauterine insemination (SO-IUI) yielded a cyble fecundity which
approaches that of normal women and equals or exceeds that reported with the
uterine transfer of embryos during IVF and with GIFT. Serhal et al (1988) in a non
randomised study reported beneficial effect of SO-IUI in women with unexplained
infertility. However, others (Martinez et al, 1991), suggested that IUI was not

beneficial when human menopausal gonadotrophin (hMG) was used for stimulation
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and advised that IUI in natural cycles is the treatment of choice. More recently,
Crosignani et al (1991) in a comparative, controlled, randomised study of five
methods for the treatment of unexplained infertility (ovarian stimulation alone, intra-
uterine insemination, intra-peritoneal insemination-IPI, GIFT, and IVF-UET),
reported much improved pregnancy rates from each method compared to spontaneous
pregnancy rates, but there was no evidence showing the superiority of any of the
individual invasive methods. Variation in methodology among the various
participating centres in this last study may have seriously affected the outcome and

thus renders interpretation of the results difficult (Amso and Shaw, 1992a).

Several factors may account for the lack of uniformity among these reports, including
variation in the selection criteria and the intensity of investigations performed before
a diagnosis of unexplained infertility was achieved, differences in the study design,
ovulation induction techniques, sperm preparation, timing and number of

inseminations, and finally non uniformity of end points and reporting methodology.

The only treatments of proven and documented value in unexplained infertility are
the assisted reproduction methods. In a retrospective study, Simon et al (1991),
compared superovulation with gonadotrophins with or without artificial insemination
and IVF-UET in the treatment of couples with unexplained infertility. He reported
a pregnancy rate for one cycle of IVF-UET to be equivalent to CCR following three
treatment cycles by ovulation induction. However, the CLBR of three treatment
cycles of ovulation induction was greater than the one cycle of IVF-UET. A more
recent retrospective analysis (Hull et al, 1992) reported higher pregnancy rate
following GIFT as compared to ovarian stimulation and intrauterine insemination in
women under 40 years of age with unexplained infertility (36% and 18%,
respectively). In the same study the corresponding CCR and CLBR after two
treatment cycles were equally higher for GIFT. Others have also reported
significantly better results for GIFT than SO-IUI (Kaplan et al, 1989) and three
treatment cycles offered a greater chance of pregnancy achieving a CCR of 0.56
(Iffland et al, 1991). Similarly high CCR (0.52) after three cycles of GIFT when
compared with a spontaneous CCR of 0.30 after 24 months without treatment were
reported by Murdoch et al (1991). The same authors also demonstrated a
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significantly higher "average" monthly fecundity in the treated group (0.14 versus
0.01, P<0.001). Although other studies have reported similar rates of spontaneous
pregnancies among couples with unexplained infertility (Lenton et‘ al, 1977;
Templeton and Penney, 1982; Collins and Rowe, 1989), Murdoch’s (1991) study is
the only one which demonstrates benefits from treatment versus no treatment within
the same group of patients. Clearly, given enough time, the spontaneous CCR would
be similar to three attempts of GIFT, but since many women are > 30 years of age
at the time of presentation, "no treatment" would be unacceptable advice for most

couples.
6(D.3 EVALUATION TECHNIQUES: CLINICAL TRIALS

Several of the assisted reproductive techniques have been suggested to be superior to
others. Many investigators report considerably higher pregnancy rates following
GIFT and even higher pregnancy and implantation rates following ZIFT or TET than
after UET or GIFT (Table 6.1). Unfortunately, many of these reports are either non-
randomised studies or retrospective analyses, have no clearly defined inclusion
criteria, have no controls or use only historical controls, or suffer from a combination
of the above faults. It would be meaningless, for example, to compare women with
tubal infertility undergoing IVF and women with unexplained infertility having GIFT.
Similarly, it is impossible to draw any conclusions from comparing GIFT and ZIFT
or TET, as the establishment of fertilisation and its normality are impossible to verify
in the former. Thus, with the rapid proliferation of treatment modalities, it is
necessary to evaluate objectively any new treatment in a properly designed and

conducted clinical trial.

Randomised controlled trials remain the hallmark of a scientific evaluation in clinical
medicine. However, acceptance of the need for more rigorously planned and
executed investigations has been slow. Reéent surveys (Olive, 1986; Tulandi and
Cherry, 1989) found that only a small proportion of therapeutic fertility trials
published in a specialist journal were randomised and controlled! Several concerns
persist while designing a clinical trial. These include; (1) clear objectives and proper

design with relevant end points (measures of outcome), (2) well defined inclusion and
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exclusion criteria to minimize the influence of different pathologies on the outcome,
(3) consideration of the size of the clinically important difference between the test
population and the control group, and (4) efficient statistical designs in order to

improve the power of detecting a significant difference.

6(.4 CLINICAL TRIAL

In the design of the current clinical study, the above issues as well as other concerns
related to a "crossover" design were taken into consideration. The main features of

the trial and the methodology employed will be described in detail in section 6.11.
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Table 6.1.

Author

Leeton ’87
Balmaceda ’88

Hamori ’88

Yovich ’88
Deveroey ’89
Palermo ’89
MRI-SART ’92

Hammitt 90
Tanbo 90
Pool 90
Bollen 91
Toumaye 91
Amso 91
Asch 91

Balmaceda 92

Toumaye ’92b
Toth ’92

Review of published reports (1987-1992) comparing pregnancy and implantation rates for IVF-UET, GIFT and TET

Study design

Pr Re Ra None
X X
X X

>
>

X
X X
X X
X
X
X X
X
X
X
X X
X
X X
X X
X

Controls

Cone

R

Patient Pregnancy rate (%)®’
selection

& (number)' UET GIFT TET
U 1(64) 20% 19%

male (11) 28% 33% -
male (10) - - 60%
failed IVF - 28%

Ul, male & endometriosis (42)

none (377) 12% 36%
UI (54) - —
male (42) — —
none 21% 30%
(18,923)

none (172) 28% 54%
Ul, male 46% 26%

& endometriosis (106)

none (281) 21% 32%
none (1064) 28% 19%
male (193) 29% 18%
UI, male 17% -
& endometriosis (97)

Tubal 22% -
male, immune & failed GIFT (358)
Ovum donor 55% —
(42)

male (80) 22% -
nontubal (78) 34% -

37%
48%
48%
27%

54%

38%

40%

38%

33%

29%

53%

58%

27%
29%

NS
NS

<0.001

<0.05

NS

<0.001

<0.05

NS

NS

<0.001

NS

NS
NS

Implantation rate (%)

UET

11%

8%

14%

9%

9%

17%

10%
11%

GIFT

18%

11%

8%

TET

28%
12%

17%
24%
22%

20%

17%

18%

16%

18%

21%

12%
10%

<0.001

<0.05

<0.05

<0.01
NS

<0.001
NS

NS
NS

Pr= Prospective, Re= Retrospective, Ra= Randomised, Conc= Concurrent, Hist= Historical, UI= Unexplained infertility, *= pregnancy rate per embryo transfer (UET/TET),

pregnancy rate per oocyte replacement (GIFT), p= significance level, *= denotes a value that is significantly different from the other two values, *= total number of all
replacement cycles reported in the study



CHAPTER 6-11
TRIAL DESIGN AND CLINICAL METHODOLOGY

6(ID.1 CLINICAL TRIAL DESIGN
6(ID.1.1 AIM

This trial’s principal aim was to test the hypothesis that following IVF, tubal embryo
transfer was more conducive to the establishment of pregnancy than uterine transfer.
We utilised a newly introduced, and presumably highly successful therapeutic
modality "ZIFT/TET" (zygote intrafallopian transfer/tubal embryo transfer) for this
randomised, controlled trial.

6(ID.1.2 MAIN FEATURES OF THE TRIAL

A randomised, controlled crossover trial was planned to test the above hypothesis.

The following is an outline of the main features of the trial;

(1)  All couples recruited for the trial had been thoroughly investigated and found
to be suitable for both modalities of treatment. Those with purely unexplained
infertility had been trying to achieve a pregnancy spontaneously for > 2 years
before entry into the study.

(2)  The estimated required number of treatment cycles under each arm of the
study was based on an anticipated improvement of =20% in pregnancy rate
between the two treatments as judged by the initial reports of pregnancy rate
of 48% per transfer (Devroey et al, 1989; Palermo et al, 1989) for ZIFT
and an average pregnancy rate of = 18% per embryo transfer for conventional
IVF-UET treatment in our unit during the preceding two years (Shaw,
unpublished data). The test size (signiﬁéance level) and power were set at 5%

and 80% respectively. Details of the protocol are outlined in Appendix 1

(3)  Ethical approval was obtained from the Royal Free Hospital ethical

committee.
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6(ID).2 PATIENTS
6(D.2.1 SUBJECTS RECRUITMENT

Patients with history of infertility, referred by their General Practitioners or
Consultant Gynaecologists, attended the infertility clinic under the care of Professor
R W Shaw at the Royal Free Hospital. Appropriate history was taken, followed by
physical examination of both partners. All details were entered in special pre-printed

forms. The following investigations were carried out for both partners:

Female partner;
Baseline hormone profile (menstrual phase FSH, LH and Prolactin)
Mid-luteal serum progesterone (day 21 of a 28 day cycle)
Laparoscopy and dye hydrotubation
Hysterosalpingography
Serum antisperm antibodies
Rubella, HIV status
Post coital test

Male partner;
Semen analysis
Serum antisperm antibodies

Hamster egg penetration test (in selected cases only)

The cause of infertility was classified according to the outcome of the above

investigations as follows;

(1)  idiopathic infertility; where all the tests proved to be negative,

(2)  male factor infertility; as defined by the W.H.O. (1987) criteria of normal
sperm analysis with count of =20 million/ml, progressive motility of >40%,
and normal morphology =40% at the time of preliminary analysis.

(3  Endometriosis (mild, moderate, severe) as determined by Laparoscopy
(Revised AFS stages II-1V). The patients recruited into this study included
women with lesions not involving the Fallopian tubes (mild or moderate

endometriosis) whether requiring prior treatment or not.
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4) Immune factors (presence or absence of antisperm antibodies in the male or
female partner on two occasions). Males or females with antisperm antibodies
were included in the corresponding category (e.g male or female) rather than
a separate subgroup.

) Multiple factors (any combination of the above).

6(ID).2.2 PATIENT ASSESSMENT FOR ASSISTED REPRODUCTION
THERAPY

All couples underwent thorough assessment before they were entered into the trial.
This included detailed explanation of the proposed treatment, the experimental nature
of the trial, risks associated with superovulation protocols, the low success rate of
IVF in general, and the psychological and emotional stresses associated with the
treatment. All couples agreed to be screened for hepatitis B, human immuno
deficiency Virus and venereal disease. All couples signed consent forms agreeing to

participate in the proposed trial (Appendix 1).

6(ID.3 MANAGEMENT OF THE TREATMENT CYCLE
6(ID.3.1 STIMULATION PROTOCOL

A standardised stimulation protocol utilising a gonadotrophin releasing hormone
agonist (GnRH-a), buserelin (Hoechst, Germany) and gonadotrophin injections (pure
FSH or hMG) was adopted. In all patients the GnRH-a was commenced in the mid-
luteal phase (Day 22) of the preceding menstrual cycle (=Day 1 of treatment) and
continued until desensitisation of pituitary activity was achieved (long desensitisation
protocol). The onset of menses and quiescence of the ovaries on ultrasound scanning
(regression of all follicles to less than 10 mm and absence of endometrial echo)
indicated pituitary/ovarian suppression and marked the commencement of
gonadotrophin injections. This period of hypogonadotrophic hypogonadism (down-
regulatory phase) was varied to enable a set number of treatment cycles to be started
on a predetermined day and facilitate programmed oocyte retrieval. Gonadotrophin
injections were usually started on a Wednesday or Thursday (Day +1 of treatment)

and the concomitant administration of buserelin nasal spray was continued until the



time of the human chorionic gonadotrophin (hCG) injection (Serono, UK). Oocyte
collections usually took place on a Monday, Tuesday or Wednesday 13-15 days after

commencement of the injections.

6(ID).3.2 MONITORING OF THE TREATMENT CYCLE

The principal method for monitoring ovarian response was by vaginal ultrasound
scans. A baseline scan was carried out prior to commencement of gonadotrophin
injections to confirm quiescence of the ovaries, otherwise the GnRH-a was continued
and the treatment deferred until the cysts disappeared. Subsequently, scans were
repeated on day +6 or +8 of stimulation and the gonadotrophin dosage was adjusted
according to ovarian response. HCG (5000 IU) was administered intramuscularly 34-
37 hours prior to oocyte collection, when three or more follicles reached 18 mm in

diameter. A sample follicular growth chart (folliculogram) is depicted in Figure 6.1.

6(ID.4 VAGINAL EGG COLLECTION (VEC)
6(ID.4.1 EQUIPMENT

The ultrasound machine (Diasonics DRF250) was equipped with a slim line vaginal
probe (1.5 cm diameter, 7.5 MHz crystal). The ultrasound transducer (Figure 6.2)
was enclosed in a special sterile condom and plastic sleeve prior to insertion into the
vagina. The aspiration needles had double lumina to enable aspiration and flushing
through different routes, a very sharp tip to enable easy puncture of mobile ovaries
and a roughened distal 2 cm to enhance ultrasound visualisation. The needle was

connected by tubing to a test tube to which suction was applied by a foot operated
pump.

6(ID.4.2 ANAESTHESIA

Vaginal egg collections were performed under general anaesthesia or under
intravenous sedation with Diazemuls (diazepam 5 to 12.5 mg, Kabi Vitrum) and
pethidine (75 to 125 mg, Roche products). The dose of the latter varied according

to the patient’s tolerance and time taken to complete the operation.
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6(ID.4.3 TECHNIQUE

All patients received metronidazole as antibiotic prophylaxis, 1g per rectum (May and
Baker) one hour before oocyte recovery. In the operating theatre, the patient was
placed in the lithotomy position and the legs draped. The vagina was cleaned
carefully with 0.5 % solution of chlorhexidine acetate B.P. and then rinsed with sterile
water. The assembled transducer and needle guide was gently introduced and the
ovaries were carefully scanned to determine the plane which will enable the best
access to the largest follicles. The needle was introduced via the needle guide and
then pushed through the lateral vaginal vault and into the first follicle by a single,
firm thrusting movement. Suction was applied as soon as the needle tip was seen to
be within the follicle which collapsed as the follicular fluid was aspirated (Figure
6.3). During aspiration, the needle was rotated and moved gently in all directions
within the follicle to increase the chance of oocyte retrieval. If the oocyte was not
retrieved in the first aspirate, the follicle was flushed several times with Earle’s
Balanced Salt Solution (Gibco Ltd, UK) supplemented with benzyl penicillin,
streptomycin, pyruvate sodium bicarbonate, HEPES and heparin. Once the egg was
obtained, the needle was aligned against a neighbouring follicle without removing it
from the ovarian surface. Unanesthetized patients experienced pain when the external
follicular surface was entered. However, the procedure was generally well tolerated
and usually completed in about 30 minutes. At the end, any remaining fluid in the
pouch of Douglas was aspirated, the vaginal vault was inspected to exclude bleeding
from puncture sites and the ultrasound transducer was thoroughly cleaned with a
damp cloth. The patients usually recovered quickly, and left the hospital after a few

hours.
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6(ID).5 LABORATORY TECHNIQUES
6(ID.5.1 PROTOCOL FOR MEDIA PREPARATION

All glassware and equipment were cleaned in "7X" solution and rinsed several times
in sterile water then baked at 150°C for 7 hours. Aspiration needles and tubing sets

were cleaned as above then autoclaved at 126°C for 3 minutes.

The embryo culture and flushing media were prepared from a basic IVF media recipe

as follows:

(A) Basic IVF media

1. Dissolve 8.65 g of Earle’s balanced salt -EBS- (GIBCO, UK) in 200 ml of
sterile water, then add 1.0 mg of Sodium Bicarbonate, 60 mg Benzyl
Penicillin, 11 mg Sodium Pyruvate and 50 mg Streptomycin. The colour
changes from yellow to red.

2. Add sterile water to one litre mark and mix well.

(B) Culture media

1. Dissolve 0.22 g of Sodium Bicarbonate in 200 ml of basic IVF media and mix
well.

2. Determine osmolarity using an Osmometer (Osmette A, U.K.) and adjust to
282-285 m mol/kg.

Store in refrigerator in 200 ml Falcon flask.

4. On the eve of the egg collection, filter 50 ml of media into a 50 ml flask
using an 0.2 um Acrodisc PF syringe filter (Gelman Sciences, USA) and gas
with 5% CO, until there is a purple colour change.

5. Add 2 ml of thawed 20% human serum albumin (HSA).

Aliquot 1 ml into 5 ml test tubes and incubate at 37°C until oocyte retrieval.

(C) Flushing media
1. Add 16 ml of HEPES buffer solution 1M (GIBCO, U.K.) and 1.6 ml of
heparin to 800 ml of basic IVF media and mix well.

2. Filter through a 0.2 um filter and store in 200 ml flasks in a refrigerator at



4°C. Place the flasks in an incubator on the eve of the VEC.

6(ID.5.2 SPERM PREPARATION

The semen sample was produced by masturbation and prepared according to the

following protocol;

(1)  The sample was allowed to liquify at room temperature for 30 minutes.
Sperm density and total percent motility were determined using a Makler
counting chamber (X100) while the percentages of abnormal forms and sperm
progression were determined using a microslide (X400) mounted on a Zeiss
compound microscope.

(2)  One ml of sperm sample was added to 4 ml of Earle’s balanced salt solution,
EBS (GIBCO, U.K.) and 20% HSA. The sample was mixed by inversion and
centrifuged for 15 minutes at 1200 revolutions per minute. The supernatant
was discarded and the pellet re-suspended. Four ml of fresh media were
added and the procedure was repeated again. The pellet was gently layered
with 1 ml of media and the tubes were placed in the incubator. The sperm
were allowed to swim up for 30 minutes before further analysis.

(3)  Sperm parameters of the swim-up were determined (density, motility and
progression) and the final concentration was adjusted to 1X10%ml. The
sample was kept in the incubator until the oocytes were inseminated

(100,000 sperm or 0.1 ml per oocyte).

6(ID.5.3 OOCYTE/EMBRYO HANDLING

The follicular aspirate/flush was poured into a culture dish and examined under a
Stereo Zoom microscope at X25 magnification. The oocytes were identified and then
washed with flushing media. They were classified into mature, intermediate and
immature according to cumulus dispersion, appearance of the corona radiata, and
nuclear status. The oocytes were transferred into clearly labelled test tubes
containing 1 ml of EBS + 20% HSA and placed into a heated block in a warmed

portable incubator until the oocyte collection was completed. The test tubes were
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transferred to the main incubator for further incubation for approximately 5 hours at

37°C, depending on their maturity, then inseminated as described above.

The oocytes were examined 16-20 hours after insemination for signs of fertilisation.
The cumulus cells were removed by gently steering the oocytes in and out of a finely
drawn pipette and the presence of two or more distinct pronuclei was regarded as
evidence of fertilisation (Figure 6.4). The oocytes or zygotes were transferred back
to test tubes containing fresh culture media and returned to the incubator. Embryonic
development was assessed again at 48 hours after insemination and the embryos
showing the best morphological features (evenly divided blastomeres, absent

anucleate fragmentation) were selected for transfer (Figure 6.5).

6(I1).6 EMBRYO TRANSFER
6(I1).6.1 TRANSFER MEDIA AND LOADING OF THE CATHETERS

A special transfer medium was prepared for each patient using 1 ml of EBS and 2 ml
of the patient’s own heat deactivated serum. The solution was mixed, filtered and
then incubated at 37°C for 30 minutes to allow for equilibration (pH, electrolytes,

proteins) before the zygotes or embryos were added.

The embryos were loaded into a Wallace embryo transfer catheter (Wallace, London)
for uterine embryo transfers or into a GIFT catheter (Rocket of London Ltd) for
Fallopian transfers. The catheters were rinsed thoroughly with the special transfer
medium and then loaded in the following sequence, (1) 0.1 ml of air, (2) embryo(s)
'in 0.1 ml of media, and (3) 0.01 ml air.

6(I1).6.2 UTERINE EMBRYO TRANSFER TECHNIQUE

All uterine embryo transfers took place approximately 52-56 hours after the egg
collection. The patient was placed in the dorsal position. The legs were covered and
‘a sterile speculum was introduced into the vagina to expose the cervix. A warm and
sterile water solution was used to clean the vagina and cervix. The catheter was

gently introduced into the cervical canal and through the internal os into the uterine
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cavity. When the tip of the catheter touched the uterine fundus the patient could
experience a slight degree of discomfort. The catheter was then withdrawn by 1 cm
and the embryos were injected. The catheter was removed and checked under the
microscope to ensure that all embryos had been transferred. The patient rested for

approximately 2-3 hours and was then allowed to go home.

6(ID.6.3 PELVIC ASSESSMENT AND FALLOPIAN EMBRYO
TRANSFER TECHNIQUE

- All transfers were carried out at laparoscopy and under General Anaesthetic. At
operation, the pelvis was examined thoroughly for signs of trauma, haematoma
formation or other findings that had not been previously reported. Particular
attention was paid to the presence of peritubal or periovarian adhesions that could
have been attributed to repeated trauma during egg collections. Residual fluid
collection in the pouch of Douglas was aspirated, the volume measured and two
samples were sent for (1) microscopy, general culture/sensitivity and (2) chlamydia
culture. The samples were also cultured in blood agar for aerobic organism and in
selective anaerobic agar, New York City medium, McConkey agar and Trichomonas
medium (37°C overnight). Chlamydia culture was performed by a standard
technique (Ripa and Mardh, 1977).

Fallopian transfer (maximum 3 zygotes/embryos) took place the day after the egg
collection (approximately 30 hours) if three or more oocytes had shown evidence of
fertilisation (Day one transfer). Otherwise, the oocytes were examined again the
following day and a maximum of three embryos were transferred (Day two transfer).
If the tubes appeared normal and free, the fimbrial end was grasped from the
antimesenteric surface with an atraumatic grasping forceps and the tube was
catheterised using a " GIFT- catheter introducer set " (Rocket of London Ltd). The
set consisted of a cannula and an obturating component to ensure smooth tubal
cannulation. The zygotes/embryos were deposited in the mid ampullary region
approximately 3-4 cm from the fimbrial end. Post operative care followed the

standard practice and the patients were discharged home the following day.
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All patients were given luteal phase support. Generally, progestogen support in the
form of Cyclogest (Progesterone) 200 mg rectal suppositories (Hoechst, Germany)
was given twice daily for 18 days. If pregnancy was established, the suppositories
were continued until the fourteenth week. On other occasions, depending on the
clinician reviewing the patient on the day of embryo transfer, hCG (2,000 IU) was
administered intramuscularly on the day of ET, and two further doses at three days’

interval were given for luteal support.
6(I1).7 PREGNANCY

The patients were instructed to report any delay of their periods after a treatment
cycle. If the period was 3-4 days late (ie. 18-19 days after embryo transfer), a highly
sensitive urinary 8-hCG test was performed (detection rate >25 IU 8-hCG). A
positive test was followed by a transvaginal ultrasound scan 2-3 weeks later (ie. 6.5-
7.5 weeks gestation) to confirm the presence or absence, number and site of the
gestation sac(s). In this study, a diagnosis of clinical pregnancy was verified by
visualising a gestation sac within the uterine cavity at 6.5-7.5 weeks, or by obtaining

histological evidence of an extra uterine pregnancy.
6(I1).8 STATISTICAL METHODS

Randomisation. Randomisation cards were prepared by an independent statistician
from the Department of Clinical Epidemiology at the Royal Free Hospital and were
placed in sealed envelopes. The envelopes were opened after the couples’

recruitment into the programme and just before starting their treatment.

Data collection and analysis. The data relating to ovarian stimulation and response,
oocyte collection and embryology were collected prospectively and entered into
special pre-printed forms that were in use in the IVF unit and were subsequently
utilised to abstract any information into two specially designed computer sheets
(Appendix 2) for data analysis. Epidemiological and clinical data relating to all
treatment cycles are listed in Appendix 3 and the laboratory details of the

corresponding treatment cycles are listed in Appendix 4.
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The hardware consisted of an IBM-compatible 386-SX notebook computer equipped
with a math co-processor. Data were entered into a specially written file for the
personal computer version of the Statistical Package for Social Sciences (SPSS-PC).
Minitab statistical programme was also used for some statistical procedures.
Whenever appropriate, the following statistical procedures were used; (1) analysis of
variance (ANOVA), (2) cross-tabulation and the construction of frequency tables with
r rows and ¢ columns - the ‘r x ¢’ table, (3) odds ratios and confidence intervals, and
(4) logistic regression analysis of the dependent variable with other independent
variables (sections 7.4.1.5 and 7.4.1.6).
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THE ROYAL FREE HOSPITAL SCHOOL OF MEDICINE - FOLLICULOGRAM
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Fig. 6.1 Follicular growth chart-Folliculogram
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Fig. 6.2 Vaginal ultrasound transducer with needle bracket and guide. The needle
tip is protruding from the proximal end of the probe.

Fig. 6.3 Ultrasound picture during vaginal egg recovery. The tip of the needle
(arrow) is seen within the follicle (f). The dots are 1 cm apart.
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Fertilised Oocyte

%

Fig. 6.4 Pronuclear embryo 18 hours post insemination. The two pronuiclei are
clearly visible.

Fig. 6.5 An 8-cell stage pre-embryo. The blastomeres are evenly divided.



CHAPTER 7
CLINICAL TRIAL RESULTS

7.1 INTRODUCTION

Reporting of pregnancy success rates after assisted reproduction techniques has been
the subject of considerable debate (Saunders et al, 1989; Wilcox, 1993). The
outcome of interest or numerator for pregnancy success rates has several definitions
including, biochemical or clinical pregnancy, implantation and live delivery.
Similarly several measures of assisted reproduction procedures or denominators are
employed but examining their usefulness is more complex. The number of ovarian
stimulation procedures, oocyte collections and embryo transfer procedures are all
important clinical and research measures of the efficiency of the various steps of an
assisted reproduction process in a clinic. Comparison of success rates between
different treatment modalities is commonly described as either pregnancy rate of
completed cycles and using the number of embryo transfer procedures as the
denominator, or the number of live deliveries per 100 embryo transfer procedures.
All the above definitions have the important limitations of being summary rates that
do not reflect variations in patient characteristics nor the number of embryos
transferred per procedure. Such restrictions may be overcome by reporting these
rates stratified by clinical and demographic characteristics and detailed descriptions
of pregnancy data. This approach has in recent years been employed in the reporting
of assisted reproduction results by national registers (USA, Australia, UK) or
retrospective analyses of several years experience in individual clinics (Hull et al,
1992; Tan et al, 1992). Others have used life-table analysis with cumulative
pregnancy rates in the reporting of success rates in couples undergoing several

treatment procedures.

In this chapter, the results of a randomised controlled "cross-over" trial comparing
uterine with tubal embryo transfers are reported. The analysis will be stratified by
the stimulation attempt that each couple underwent, infertility factors (unexplained,
male, female and combined factors), age and duration of infertility at recruitment into

the study. In the original design of the trial, it was anticipated that at completion of
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all intended treatment cycles there will be sufficient patients completing two arms of
the study to obtain cumulative conception rates. This was not achieved due to a
number of limitations mainly related to recruitment into the trial of adequate number
of suitable couples accomplishing their treatment within the time limitations required
to complete this thesis. The first stimulation cycle represents a true parallel design
of a randomised controlled trial and thus will be subjected to more detailed analysis.
However, all the treatment cycles will be utilised when reporting pregnancy and

delivery rates stratified by clinical and demographic characteristics.

7.2 PATIENTS AND METHODS
7.2.1 SUBJECTS RECRUITMENT

These are described in sections 6(I1).2.1 and 6(1I).2.2.

7.2.2 STIMULATION PROTOCOL

This is described in section 6(I1).3.1.

7.2.3 MONITORING OF THE TREATMENT CYCLE
This is described in section 6(II).3.2.

7.2.4 VAGINAL EGG COLLECTION (VEC)

This is described in section 6(1I).4.

7.2.5 LABORATORY TECHNIQUES

These are described in section 6(II).5.

7.2.6 UTERINE AND TUBAL EMBRYO REPLACEMENT

These are described in section 6(II).6.
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7.2.7 STATISTICAL ANALYSIS METHODS

These are described in section 6(II).8.

7.3 RESULTS-1: OUTCOME OF ALL STIMULATION CYCLES
7.3.1 CHARACTERISTICS OF WOMEN INCLUDED INTO THE
TRIAL

Table 7.1 summarises the characteristics of women (n=102) included into the trial

and who underwent a total of 227 stimulation cycles.

Table 7.1: Characteristics of women included into the trial

UET TET p Total'
Age (mean + s.d) = 32.04+3.0 32.0+3.4 0.85 32.0+3.2
range 27-42 24-40 24-42
Duration of infertility = 4.442.2 5.0+2.6 0.20 4.7+2.4
(mean + s.d)/(range) 2-12 2-17 2-17
Parity:
nulliparous (%) = 37 (711.2%) 34 (69.4%) ) 72 (70.6 %)
parous (%) = 15 (28.8%) 15 (30.6 %) ;0-85 30 (29.4%)
Factors contributing to infertility: 0.33
none (unexplained) = 17 14 31 (30.4%)
male factors = 22 18 40 (39.2%)
female factors = 4 10 14 (13.7%)
male and female factors = 9 7 17'16.7%)
Total number = 52 49 102!

1 One patient conceived after commencing GnRH-a and before randomisation to either UET or TET
group
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7.3.2 OVERALL PREGNANCY RATES

Table 7.2 summarises the outcome of all stimulation cycles, embryo transfers, and

pregnancy rates in each group.

Table 7.2: Outcome of all stimulation cycles (n=227) included in the trial

CYCLES (no.) %A %C %D %E
A- Stimulation started (227) -- --- -- -
TET = 111 48.9%
UET = 115 50.7%
undetermined = 1
B- Abandoned (36)" 15.9% - - -
TET = 23 20.7%
UET = 12 10.4%
C- Successful VEC (190)™ 83.7% - - -
TET = 88 79.3%
UET = 102 88.7%
p=0.055
D- With fertilisation (131)! 57.7% 69% - -
TET = 67 . 60.4%
UET = 64 55.7%
p=0.47
Fertilisation Rate:
All cycles = 44 % (538/1223) Transfer cycles = 63.3% (519/820)
TET = 48.3% (276/571) TET = 64.4% (266/413)
UET = 40.2% (262/652) UET = 62.2% (253/407)
p=0.003 p=0.50
E- Embryo transfers (124) 54.6% 65.3% 94.7% -
TET = 62* 55.9%
UET = 62 53.9%
p=0.77
F- Clinical pregnancies (28) 12.3%! 13.7%* 19.9 %4 20.6 %*
TET = 17 153% 27.4%
UET =9 7.8% 14.5%
after GnRH-a = 2 0.9%

* Two stimulation cycles were abandoned as the patients conceived following GnRH-a initiation and
before commencing gonadotrophin injections; the first patient conceived before randomisation to
either TET or UET group, and the other pregnancy occurred in a patient randomised to undergo TET

“One additional attempted VEC was unsuccessful and no oocytes were obtained

I Seven cycles did not undergo embryo transfer; in four only one fragmenting embryo formed in each,
in two other cycles, the tubes did not appear healthy and in the seventh, the patient was at risk of
ovarian hyperstimulation syndrome

# In four cycles randomised to undergo TET the patients decided to have UET. The analysis of
pregnancy and implantation rates was based on the original randomisation and intention to treat.

1 All pregnancies are divided by all stimulation cycles started

¥ Pregnancies resulting from UET and TET only are divided by the relevant denominator
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Tables 7.3 and 7.4 summarise the characteristics and outcome of all embryo transfer

cycles, pregnancy, implantation and live birth rates in each group.

Table 7.3: Characteristics and treatment description of ALL embryo transfer cycles

(n=124)
UET TET p Total
Age (mean + s.d) = 31.9+2.6 31.7+3.8 p=0.74 31.84+3.3
range (25-38) (24-40) (24-40)
Duration of infertility = 4.842.4 4.61+2.1 p=0.50 4.742.3
(mean t s.d)/(range) (2-12) (2-12) (2-12)
Parity:
nulliparous (%) = 42 (67.7%) 43 (69.4%) p=0.85 85 (68.5%)
parous (%) = 20 (32.3%) 19 (30.6 %) 39 (31.5%)
Factors contributing to infertility: p=0.67
none (unexplained) = 27 22 49 (39.5%)
male factors = 18 20 38 (30.6%)
female factors = 7 11 18 (14.5%)
male and female factors = 10 9 19 (15.3%)
Forwardly motile sperm* = 3.6+2.8 4.61+4.4 p=0.21 4.1+3.7
(mean +s.d.)/(range) (0-15) (0-20) (0-20)
No. oocytes collected = 8.1+4.0 8.7+5.3 p=0.46 8.4+4.7
(mean +s.d.)/(range) (1-19) (3-27) (1-27)
Fertilisation rate = 253/407 266/413 p=0.50 519/820
62.2% 64.4% (63.3%)
No. embryos replaced = 2.71+0.6 2.6+0.8 p=0.69 2.61+0.7
(mean +s.d.)
Luteal support: p=0.72
hCG = 28 30 58
Progesterone = 34 32 66
Total number = 62 62 124

¥ Post coital tests results are available in 48 cycles in the UET group and 43 in the TET group



Table 7.4: Outcome of ALL embryo replacements according to the original
randomisation and intention to treat

Uterine (Pregnant) Tubal (Pregnant)

Dayl Day2  Total

One embryo 41) e 10(1)  10(1)
Two embryos 14(2) 1(0) 4(1) 5(1)
Three embryos 44(6) 13.6 %" 35(11) 12(4)  47(15) 31.9%"
TOTAL 62(9) 36(11) 26(6)  62(17)
Pregnancy rate (PR) 14.5%" 31%' 23.1% 27.4%"°
ip=0.04
*p=0.08
1p=0.06
Multiple pregnancy rate 44 % 24%
4/9 4/17
p=0.28
Patients miscarried 1 6
<12 weeks (n=1) n=4)
> 12 weeks (n=2)
Patients delivered 8 11
p=0.19
Live birth rate/ET 12.9% 17.7%
p=0.46

Live birth rate/cycle started
7% 9.9%
p=0.42

Four patients analysed under tubal transfer had uterine embryo transfers. Three of whom
received one embryo each resulting in a singleton pregnancy and delivery. The fourth
patient received three embryos resulting in a singleton pregnancy and delivery. The
overall number of embryos transferred was six resulting in two gestation sacs.
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7.3.3 IMPLANTATION RATES

Tables 7.5 and 7.6 summarise the implantation rates obtained following UET and TET

in all transfer cycles and in replacement cycles resulting in pregnancy respectively.

Table 7.5: Implantation rates following intended uterine and Fallopian embryo
transfers in ALL transfer cycles

Uterine (%) Tubal (%)
Day 1 Day 2 Total

One embryo 1/4 (25%) 1/10 1/10 (10%)
Two embryos 3/28 (11%) 0/2 1/8 1/10 (10%)
Three embryos 9/132 (1%)" 16/105 5/36 21/141(15%)"

TOTAL 13/164 16/107 7154 23/161
Implantation rate 7.9%! 15% 13% 14.3%"

*p=0.03 9=0.07

Table 7.6: Implantation rates following intended uterine and Fallopian embryo
transfers in cycles resulting in pregnancy only

Uterine (%) Tubal (%)
Day 1 Day 2 Total

One embryo 1/1 (100%) 11 1/1 (100%)
Two embryos 3/4 (75%) 12 1/2 (50%)
Three embryos 9/18 (50%)" 16/33 5/12 21/45 (47%)"

TOTAL 13/23 16/33 7/15 23/48
Implantation rate 56.5%! 48.5% 46.7% 47.9%"

*p=0.83 1p=0.50
7.3.4 INTERIM ANALYSES AND OUTCOME OF NON-TRIAL IVF

Tables 7.7 and 7.8 depict the outcome of two interim analyses with the final results
and the overall results following IVF-UET in non-trial patients during a comparable
period of time (1989-1990) at the Royal Free Hospital.
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Table 7.7: Comparison of two interim analyses with the final analysis of the clinical trial

September 1989-December 1990 September 1989-July 1991 Il Final analysis
n(%A) %C %D %E n(%A) %C %D %E n(%A) %C %D %E
A- Stimulation cycles 140 - - - 177 - - - 227 - - -
B- Abandoned cycles 22 - - - 30 - - - 36 - - -
(16%) (17%) (16%)
C- Successful VEC 117 - - - 146 - - - 190 - - -
(84%) (83%) (84%)
D- Cycles with 83 71% - - 103 71% - - 131 69% - -
fertilisation (59%) (58%) (58%)
E- Cycles with embryo 77 66% 93% - 97 66% 94% - 124 65% 95% -
transfer (55%) (55%) (56%)
F- All clinical pregnancies 17 15% 21% 22.1% 22 15% 21% 22.7% 281 14% 20% 21%
(12%) (12%) (12%)
——_I
T Clinical pregnancies UET TET® UET TET UET TET' '
resulting from transfers (pregnant) (pregnant) (pregnant) (pregnant) (pregnant) (pregnant)
Number of transfers 39 (6) 38 (11) 51 (8) 46 (14) 62 (9 62 (17)
PR per UET or TET 15.4% 29% 15.7% 30.4% 14.5% 27.4%

1 Two pregnancies resulted after commencing gonadotrophin releasing hormone analogue (GnRH-a)
¥ One patient in this group had UET (3 embryos) resulting in a singleton pregnancy and delivery. The analysis of PR was based on the randomised intention to treat

* Three patients in this group had UETSs (one embryo each) resulting in one singleton pregnancy and delivery. The analysis of PR was based on the randomised intention to

treat
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Table 7.8: Results of uterine embryo transfers in non-trial patients undergoing
in vitro fertilisation treatment at the Royal Free Hospital during 1989 and 1990.
Data are used for comparison with figures obtained following UET in trial patients

CYCLES (no.) %A %C %D %E
A- Stimulation started (442) 100% - - —
B- Abandoned (94) 21.3% - - —
C- Successful VEC (336) 76.0% - -
D- With fertilisatién 257) 58.1% -76.5% - -—-
Fertilisation Rate:

All cycles = 45.9% (1357/2957)
E- Embryo transfers (236) 53.4% 70.2% 91.8%

F- Clinical pregnancies (33)' 1.5% 9.8% 12.8% 14.0%

Y Including one confirmed tubal pregnancy

Table 7.9: Pregnancy and implantation rates in non-trial patients undergoing
IVF-UET treatment at the Royal Free Hospital during 1989 and 1990 subdivided
by the number of embryos replaced

Pregnancies (PR %) Implantation rate %
Single Multiple" (PR %) Allcycles  Pregnancy cycles
One embryo (n=32) 2 ———- 6.3% 6.3% 100%
Two embryos (n=40) 2 - 5.0% 2.5% 50%
Three embryos (n=164) 20 8 17% 7.3% 43 %
TOTAL (n=236) 24 8 14% 6.6% 44.4%

* All multiple pregnancies were twin gestation sacs
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7.4 RESULTS-2: OUTCOME BY STIMULATION ATTEMPT RANK
7.4.1 FIRST STIMULATION CYCLE
74.1.1 CHARACTERISTICS OF WOMEN UNDERGOING

TREATMENT IN THE FIRST CYCLE

Tables 7.10 and 7.11 summarise the clinical characteristics of all women undergoing
their first stimulation cycle. These women also represent the total cohort of subjects

that underwent treatment following recruitment into this study.

Table 7.10: Characteristics of women undergoing their FIRST stimulation cycle
which also represent the characteristics of the women included in the whole study

UET TET P Total'
Age (mean + s.d) = 32.043.0 32.0+3.4 0.85 32.0+3.2
range 27-42 24-40 24-42
Duration of infertility = 44122 5.0+2.6 0.20 4.7+2.4
(mean + s.d)/(range) 2-12 2-17 2-17
Parity:
nulliparous (%) = 37 (711.2%) 34 (69.4%) ) 72 (70.6 %)
parous (%) = 15 (28.8%) 15 (30.6%) ;0.85 30 (29.4%)
Factors contributing to infertility: 0.33
none (unexplained) = 17 14 31 (30.4%)
male factors = 22 18 40 (39.2%)
female factors = 4 10 14 (13.7%)
male and female factors = 9 7 17(16.7%)
Total number = 52 49 1021

1 One patient conceived after commencing GnRH-a and before randomisation to either UET or TET
group
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Table 7.11: Details of male and female factors contributing to infertility

UET TET Total'

Male factors 31 25 57"
Azoospermia 3 1 4
Oligospermia 1 3 4
Asthenospermia 1 - 1
Teratospermia 15 17 32
Oligoasthenospermia 2 1 3
Oligoteratospermia 5 - 5
Asthenoteratospermia 2 2 4
Antibodies 1 1 2
Antibodies + other 1 - 1

Female factors 13 17 31!
Treated endometriosis 7 11 18
Untreated endometriosis 4 4 8
Other 2 2 4
Total number of patients 35 35 71"

1 One patient with combined male and female factors conceived after commencing GnRH-a and

before randomisation to either UET/TET group

* Seventeen patients had combined male and female factors contributing to their infertility

74.1.2 OUTCOME OF THE FIRST ATTEMPT OF TREATMENT

Tables 7.12 and 7.13 summarise the outcome of the first stimulation cycle attempt.

In total 102 stimulation cycles were started proceeding to 53 embryo transfers (52 %)

and resulting in 13 pregnancies (24.5% of all transfers). One patient conceived after

commencing GnRH-a therapy and before randomisation to either arm of the trial and

was excluded from further analysis of replacement cycles.

The outcome of the

stimulation cycles, vaginal egg collections and the results of embryo transfers are

outlined in Table 7.12. The number of embryos replaced, single and multiple

pregnancies, implantation rates, and live birth deliveries are outlined in Table 7.13.
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Table 7.12: Outcome of the FIRST stimulation attempt cycles

CYCLES %A %C %D %E
A- Stimulation started (n=102) 100%
TET = 49 48%
UET =52 51%
undetermined = 1 1%
B- Abandoned (n= 21)! 20.6%
TET =12 24.5%
UET =8 15.4%
C- Successful VEC (n= 81) 79.4%
TET = 37 75.5%
UET = 44 84.6%
p=0.25
D- With fertilisation (n= 54) 52.9% 66.7%
TET = 28 57.1%
UET = 26 48.1%
p=0.47
Fertilisation rate:
All cycles = 44.8% (232/518) Transfer cycles = 64.6% (228/353)
TET = 49.4% (123/249) TET = 63.4% (123/194)
UET = 40.5% (109/269) UET = 66.0% (105/159)
p=0.04 p=0.61
E- Embryo transfers (n= 53) 52.0% 65.4% 98.1%
TET = 28 57.1%
UET =25 48.1%
p=0.36
F- Clinical pregnancies (n= 14) 13.7%! 16.05%" 24.1%" 24.5%
TET =8 16.3% 28.6%
UET =35 9.6% 20.0%
after GnRH-a =1

¥ One cycle was abandoned before randomisation to either UET or TET as the patient conceived after

commencing GnRH-a

1 All pregnancies divided by all stimulation cycles started
* Pregnancies resulting from UET and TET only divided by the relevant denominator
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Table 7.13: Outcome of embryo replacements of patients in their FIRST attempt

Number of embryo transfers

Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (pregnant) (pregnant) (pregnant)
One embryo 1(1) 30 3(0)
Two embryos 5() 10 2() 3D
Three embryos 19 (3) 14 (4) 803 22 ()
TOTAL 25 (5) 15 (4) 13 4) 28 (8)
Pregnancy rate (PR) 20%" 26.7% 30.8% 28.6%"
p=0.47
Number of embryos replaced
Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (gestation sacs) (gestation sacs) (gestation sacs)
One embryo 1(1) 300 30
Two embryos 10 (1) 2 (0) 4 (1) 6 (1)
Three embryos 57 (6) 42 (6) 24 4) 66 (10)
TOTAL 68 (8) 44 (6) 31 (5) 75 (11)
Implantation rate (IR) 11.8%" 13.6% 16.1% 14.7%"*
p=0.85
Patients miscarried 0 2 3 5
Patients delivered 5 2 1 3
Live birth rate/ET 20%° 10.7%°

*p=0.45

7.4.1.3

CHARACTERISTICS AND GENERAL DATA DESCRIPTION OF

53 WOMEN RECEIVING EMBRYOS IN THE FIRST CYCLE

Table 7.14 summarises the characteristics and treatment cycle variables in the fifty

three women who reached the stage of embryo transfer (UET= 25; TET= 28).

These variables have been selected due to their potential effect on the outcome of

treatment and will be further evaluated in sections 7.4.1.4 and 7.4.1.5.



Table 7.14: Characteristics and treatment description of women undergoing

their FIRST embryo transfer (n=53)

UET TET p Total
Age (mean + s.d) = 31.1+1.9 31.6+4.1 p=0.58 31.4+3.3
range (27-34) (24-40) (24-40)
Duration of infertility = 3.6+1.3 5.0+2.3 p=0.013 4.31+1.86
(mean + s.d)/(range) -7 (2-12) (2-12)
Parity:
nulliparous (%) = 19 (76.0%) 19 (67.9%) p=0.51 38 (71.7%)
parous (%) = 6 (24.0%) 9 (32.1%) 15 (28.3%)
Factors contributing to infertility: p=0.75
none (unexplained) = 8 9 17 32.1%)
male factors = 9 7 16 (30.2%)
female factors = 3 6 9 (17.0%)
male and female factors = 5 6 11 (20.8%)
Forwardly motile sperm! = 4.2+3.3 4.3+4.4 p=0.94 4.2+3.9
(mean +s.d.)/(range) (0-15) (0-20) (0-20)
No. oocytes collected = 8.8+5.1 9.2+6.0 p=0.77 9.0+5.5
(mean +s.d.)/(range) (1-19) (3-27) 1-27)
Fertilisation rate = 105/159 123/194 p=0.61 228/353
66 % 63.4% (64.6%)
No. embryos replaced = 2.7+0.5 2.71+0.7 p=0.81 2.740.6
(mean +s.d.)
Luteal support: p=0.18
hCG = 8 14 22
Progesterone = 17 14 31
Total number = 25 28 53

# Post coital tests results are available in 17 women in the UET group and 22 in the TET group
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7.4.1.4 OUTCOME OF EMBRYO REPLACEMENTS IN THE FIRST
ATTEMPT: THE INFLUENCE OF PATIENT CHARACTERISTICS
AND TREATMENT VARIABLES ON THE OUTCOME

The overall pregnancy rates following UET and TET of the first attempt are reported

in Table 7.13 and are 20.0% and 28.6% respectively.

There is no significant

difference in these rates (p=0.47, chi-squared). The ODDS RATIO (OR)= 1.6 with
95% CI 0.44, 5.74. The influence of parity, fertility factors and luteal phase support

on pregnancy rates are reported in Tables 7.15.i to 7.15.v.

Table 7.15.i: Influence of parity on pregnancy rates following TET and UET

No previous pregnancies

Not Pregnant

Pregnant

Total

% PREGNANT

=1 previous pregnancies

Not Pregnant

Pregnant

Total

% PREGNANT

TET UET
14 15
5 4
19 19
26% 21%
TET UET
6 5
3 1
9 6
33% 17%

Total
OR! = 1.34
29
95% C.1.'
9
0.30, 6.02
38

§ OR= Odds Ratio
1 CI= Confidence interval

Total
OR = 2.50
11
95% C.I.
4
0.19, 32.20
15

These results indicate that parous women were more likely to benefit from TET than

nulliparous women (OR = 2.5 versus 1.34 respectively). However, this difference

did not reach statistical significance.
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Table 7.15.ii: Influence of female factors on pregnancy rates following TET and UET

No Female factors present TET UET Total
(Code "/G" 1)
OR = 2.12
Not Pregnant 11 14 25
95% C.1.
Pregnant 5 3 9
0.41, 10.88
Total 16 17 33
% PREGNANT 31% 18%
Female factors present TET UET Total
{Codes "/G" 2,3,4)
OR = 1.00
Not Pregnant 9 6 15
95% C.1.
Pregnant 3 2 5
0.13, 7.89
Total 12 8 20 .
% PREGNANT 25% 25%

These results show that women without female factors were more likely to conceive
following TET than those with female factors (with or without male factors) (OR =
2.12 versus 1.0 respectively). However, this difference did not reach statistical

significance.
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Table 7.15.iii: Influence of male factor on pregnancy rates following TET and UET

No Male factors present
(Code "/H" 0)

Not Pregnant

Pregnant

Total

% PREGNANT

Male factors present
~ (Codes "/H" 1-9)

Not Pregnant

Pregnant

Total

% PREGNANT

TET UET
10 9
5 2
15 11
33% 18%
TET UET
10 11
3 3
13 14
23% 21%

Total
OR = 2.25
19
95% C.I1.
7
0.35, 14.61
26
Total
OR = 1.10
21
95% C.I.
6
0.18, 6.76
27

These figures indicate that couples with no male factor infertility were twice as likely
to conceive following TET than those who had any male problem (with or without

female factor) in their aetiology (OR 2.25 versus 1.10 respectively). This difference

was not significant.
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Table 7.15.iv: Influence of a diagnosis of unexplained infertility on pregnancy rates following

TET and UET

DIAGNOSIS

Known (male, female, combined)
(Code "/F" 1,2,3)

Not Pregnant

Pregnant

Total

% PREGNANT

Idiopathic
(Codes "/F" 4)

Not Pregnant

Pregnant

Total

% PREGNANT

TET UET
15 13
4 4
19 17
21% 24%
TET UET
5 7
4 1
9 8
44% 13%

Total

28

36

Total

12

17

OR = 0.90
95% C.I.

0.19, 4.14

OR = 5.60
95% C.I.

0.47, 66.50

These figures indicate that couples with unexplained infertility were more than five

times as likely to become pregnant following TET than those who had any identifiable

factor in their aetiology (OR 5.60 versus 0.90 respectively). This difference was not

significant.
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Table 7.15.v: Influence of luteal phase support on pregnancy rates following TET and UET

LUTEAL SUPPORT

lth G'l
Not Pregnant

Pregnant

Total

% PREGNANT

Progesterone
Not Pregnant

Pregnant

Total

% PREGNANT

TET UET
8 7
6 1
14 8
4% 12.5%
TET UET
12 13
2 4
14 17
14% 24%

Total

15

22

Total

25

31

OR = 5.25
95% C.IL

0.50, 54.9

OR = 0.54
95% C.I.

0.08, 3.51

In the hCG group more women became pregnant following TET than UET (OR=

5.25) while in the progesterone supplementation group, the OR for TET was 0.54
only. Although this difference in the hCG group is marked, it does not reach

significance level.



7.4.1.5 LOGISTIC REGRESSION ANALYSIS OF OUTCOME OF
TREATMENT WITH TREATMENT AS THE MAIN
VARIABLE

Logistic regression analysis allows dichotomous ’response’ or dependent variables,
such as pregnant/not pregnant, to be analysed in a regression model with independent
variables. The main variable of interest here is treatment. However, there are also
several confounding variables. Unfortunately as there are very few pregnancies only
one confounding variable can be included at a time to obtain ’adjusted’ estimates of
treatment effect (adjusted for the confounding variable). All OR’s are expressed as
TET:UET; ie ratios > 1 are in favour of TET. The outcome of this analysis is shown
in the following Tables (7.16.i - 7.16.ix) and summarised in Table 7.18.

Table 7.16 Logistic regression analysis of confounding variables and their effect on the outcome of

treatment
7.16.1
Variable OR se 95% CI p-value
Treatment 1.6 1.04 0.43, 592 047
7.16.1i
Variable OR se 95% CI p-value
Age 0.88 0.09 0.71, 1.07 0.20
Treatment 1.65 1.09 0.44, 6.22 0.46
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7.16.1ii
Variable OR se 95% CI p-value
Duration of infertility 0.68 0.16 0.43, 1.09 0.11
Treatment 2.44 1.72 0.59, 10.05 0.21
7.16.iv
Variable OR se 95% CI p-value
Previous pregnancies 1.12 0.79 0.27, 4.60 0.87
Treatment 1.58 1.04 0.43, 5.90 0.49
7.16.v
Variable OR se 95% CI p-value
Female factors 0.99 0.65 0.26, 3.75 0.99
Treatment 1.60 1.05 0.43, 5.98 0.48
7.16.vi
Variable OR se 95% CI p-value
Male factors 0.81 0.52 0.22, 2.95 0.74
Treatment 1.57 1.03 0.42, 5.84 0.50




7.16.vii

Variable OR se 95% CI p-value

Forwardly motile sperm 1.06 0.10 0.87, 1.28 0.56

Treatment 2.80 2.51 0.46, 17.21 0.26
7.16.viii
Variable OR se 95% CI p-value
No. oocytes collected 0.85 0.08 0.70, 1.03 0.10
Treatment 1.72 1.16 0.44, 6.68 0.43
7.16.ix
Variable OR se 95% Cl p-value
Luteal phase support 0.55 0.36 0.15, 2.04 0.36
Treatment 1.44 0.96 0.39, 5.49 0.59

The above logistic regression tables analyse the relative role played by some factors
on the pregnancy rate following TET. The factors found to increase the OR for TET
(> 1.6) are the women’s age (OR=1.65), duration of infertility (OR =2.44), forwardly
motile sperm in a PCT (OR=2.8), and number of oocytes recovered (OR=1.72).
Factors which lower the OR or have no effect are parity (OR=1.58), female factors
(OR=1.6), male factors (OR=1.57), and the type of luteal support (OR=1.44).
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7.4.1.6 LOGISTIC REGRESSION ANALYSIS OF OUTCOME OF
PREGNANCY WITH TREATMENT AS THE MAIN
VARIABLE

The outcome of pregnancies following TET and UET is summarised in Table 7.13.
The live birth rate per embryo transfer is 11% and 20% for the two treatments
respectively resulting in an overall OR for delivery following TET (TET:UET) of
0.48. The difference between the two rates is not significant (Fisher’s exact test;
p=0.45). Tables 7.17.i to 7.17.ix depict the logistic regression analysis to obtain
adjusted OR’s for treatment with the outcome as pregnant =20 weeks or delivered
versus not pregnant combined with miscarriages. The overall results are summarised
in Table 7.18.

Table 7.17: Logistic regression analysis of confounding variables and their effect on the outcome of

pregnancy
7.17.4
Variable OR se 95% CI p-value
Treatment 0.48 0.38 0.1, 2.34 0.36
7.17.ii
Variable OR se 95% CI p-value
Age 1.10 0.15 0.84, 1.45 0.48
Treatment 0.43 0.36 0.08, 2.25 0.31
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7.17.iii
Variable OR se 95% CI p-value
Duration of infertility 0.64 0.21 0.34, 1.23 0.18
Treatment 0.70 0.58 0.13, 3.70 0.58
7.17.iv
Variable OR se 95% CI p-value
Previous pregnancies 1.81 1.48 0.35, 9.40 0.47
Treatment 0.45 0.36 0.09, 2.25 0.33
7.17.v
Variable OR se 95% CI p-value
Female factors 1.08 0.87 0.21, 5.42 0.93
Treatment 0.48 0.38 0.10, 2.35 0.36
7.17.vi
Variable OR se 95% CI p-value
Male factors 0.89 0.69 0.19, 4.24 0.88
Treatment 0.47 0.37 0.10, 2.34 0.35
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7.17.vii
Variable OR se 95% CI p-value
Forwardly motile sperm 0.93 0.16 0.66, 1.32 0.69
Treatment 0.74 0.79 0.09, 6.38 0.78
7.17.viii
Variable OR se 95% CI p-value
No. oocytes collected 0.87 0.09 0.69, 1.08 0.20
Treatment 0.49 0.39 0.10, 2.44 0.37
7.17.ix
Variable OR se 95% CI p-value
Luteal phase support 1.07 0.86 0.21, 5.42 0.94
Treatment 0.49 0.39 0.10, 2.43 0.37

Logistic regression analysis has also been applied to the live delivery per ET data to

analyse the relative role played by the different factors. In this model, the OR for

TET is 0.48 indicating that a lower proportion of women, undergoing their first

embryo replacement, delivered following TET than UET. Factors found to be

associated with an improved delivery OR for TET are; duration of infertility
(OR=0.70), the number of forwardly motile sperm (OR=0.74). The number of
oocytes collected (OR=0.49), type of luteal phase support (OR=0.49), presence of
female factors (OR=0.48), presence of male factors (OR=0.47), parity (OR=0.45),

and age of the women (OR=0.43) do not enhance the delivery rate following TET.
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Table 7.18: Summary of logistic regression analysis of factors affecting outcome of tubal embryo replacements

Comparison TET:UET

Pregnancy per transfer

Delivery per transfer

adjusted for confounding factor OR SE 95% C.I. P value OR SE 95% C.I. P value
Treatment (TET:UET) No factor 1.6 1.04 0.43, 5.92 0.47 0.48 0.38 0.10, 2.34 0.36
TET:UET adjusted for:

Age 1.65 1.09 0.44, 6.22 0.46 0.43 0.36 0.08, 2.25 0.31
Duration of infertility at recruitment 2.44 1.72 0.59, 10.05 0.21 0.70 0.58 0.13, 3.70 0.58
Previous pregnancies 1.58 1.04 0.43, 5.90 0.49 0.45 0.36 0.09, 2.25 0.33
Female factors 1.60 1.05 0.43, 5.98 0.48 0.48 0.38 0.10, 2.35 0.36
Male factors 1.57 1.03 0.42, 5.84 0.50 0.47 0.37 0.10, 2.34 0.35
Forwardly motile sperm (Post coital test) 2.80  2.51 0.46, 17.21 0.26 0.74 0.79 0.09, 6.38 0.78
Number of oocytes recovered 1.72  1.16 0.44, 6.68 0.43 0.49 0.39 0.10, 2.44 0.37
Luteal phase support 1.44  0.96 0.39, 5.49 0.59 0.49 0.39 0.10, 2.43 0.37
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7.4.2 SECOND STIMULATION CYCLE

7.4.2.1 CHARACTERISTICS OF WOMEN UNDERGOING

TREATMENT IN THE SECOND CYCLE

185

Table 7.19 summarises the clinical characteristics of all women undergoing their

second stimulation cycle.

Table 7.19: Characteristics of women undergoing their SECOND stimulation cycle

UET TET p Total'

Age (mean + s.d) = 31.9+42.9 31.3+2.9 0.4 31.74+2.9

range 25-38 24-36 24-38
Duration of infertility = 5.2+2.4 4.6+2.7 0.28 4.9+2.5

(mean + s.d)/(range) 2-12 2-17 2-17
Parity:

nulliparous (primary) = 28 (66.7%) 25 (71.4%) ) 53 (68.8%)
parous (secondary) = 14 (33.3%) 10 (28.6 %) 30.65 24 (31.2%)
Factors contributing to infertility: 0.48
none (unexplained) = 15 9 24 (31.2%)
male factors = 15 17 32 (41.6%)
female factors = 4 5 9 (11.7%)
male and female factors = 8 4 12 (15.6 %)
Total number = 42 35 77

7.4.2.2 OUTCOME OF THE SECOND ATTEMPT OF TREATMENT

Tables 7.20 and 7.21 summarise the outcome results of the second stimulation

attempt. In total, seventy seven stimulation cycles were started proceeding to 45

. embryo transfers (58.4%) and resulting in 9 clinical pregnancies (20% of all

transfers). One patient conceived after commencing GnRH-a therapy. The outcome

of the stimulation cycles, vaginal egg collections and the results of embryo transfers



are outlined in Table 7.20. Details of the number of embryos replaced, single and

multiple pregnancies and live birth deliveries are outlined in Table 7.21.

Table 7.20: Outcome of the SECOND stimulation cycles

CYCLES %A %C %D %E
A- Stimulation started (n= 77) 100%
TET = 35 45.5%
UET = 42 54.5%
undetermined = 0
B- Abandoned (n= 6) 7.8%
TET =4 11.4%
UET =2 4.8%
C- Successful VEC (n= 70) 90.9 %
TET = 31 88.6%
UET = 39 92.9%
p=0.70
D- With fertilisation (n= 50) 64.9 % 71.4%
TET = 23 65.7%
UET = 27 64.3%
p=0.90
Fertilisation rate:
All cycles = 42.1% (181/430) Transfer cycles = 60.4% (172/285)
TET = 42.5% (74/174) TET = 61.1% (66/108)
UET = 41.8% (107/256) UET = 59.9% (106/177)
p=0.88 p=0.85
E- Embryo transfers (n= 45) 58.4% 64.3% 90.0%
TET = 19¢ 543%
UET = 26 61.9%
p=0.49
F- Clinical pregnancies (n= 10) 13.0%! 12.9%" 18.0%" 200%
TET =6 17.1% 31.6%
UET =3 71% 11.5%

after GnRH-a =1

l

¥ In four cycles analysed under TET, the patients opted to have UET contrary to their randomisation.
Three women received one 4-cell embryo each resulting in one singleton pregnancy and delivery. The
fourth woman received three embryos (2,2,3 cells) resulting in a singleton pregnancy and delivery.

1 All pregnancies divided by all stimulation cycles started

* Pregnancies resulting from UET and TET only divided by the relevant denominator
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Table 7.21: Outcome of embryo replacements of patients in their second

attempt according to the original randomisation and intention to treat

Number of embryo transfers

Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (pregnant) (pregnant) (pregnant)
One embryo 2 (0) 5Q) 5
Two embryos 7Q) 2 (0) 2 (0)
Three embryos 17 (2) 10 (4) 21 12 (5)
TOTAL 26 (3) 10 @) 9(2) 19 (6)
Pregnancy rate (PR) 11.5%" 40.0% 22.2% 31.6%"
p=0.10
Number of embryos replaced
Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (gestation sacs) (gestation sacs) (gestation sacs)
One embryo 2(0) S5 5()
Two embryos 14 (2) 4 (0) 4 (0)
Three embryos 51 (2) 30 (6) 6 (1) 36 (7)
TOTAL 67 (4) 30 (6) 15 2) 45 (8)
Implantation ;'ate (IR) 6% 20% 13.3% 17.8%"
“p=0.048
Patients miscarried 0 1 0 1
Patients delivered 3 3 2 5
Live birth rate/ET 11.5%° 26.3%°

*p=0.21

Four patients analysed under tubal transfer had uterine embryo transfers. Three of whom
received one embryo each resulting in a singleton pregnancy and delivery. The fourth
patient received three embryos resulting in a singleton pregnancy and delivery. The
overall number of embryos transferred was six resulting in two gestation sacs.
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Table 7.22 compares the outcome of embryo transfers (TET and UET combined) in
the second attempt between women who reached the stage of embryo replacement in
their first treatment but did not conceive and those whose first treatment cycles were

abandoned for one reason or another before the embryo transfer stage.

Table 7.22: Outcome of the second TET and UET treatment in women who received
embryos in the first treatment cycle but did not conceive (group A) and those whose
first cycles were abandoned (group B).

First cycle Second cycle
PREGNANT % PREGNANT
NO YES Total
Group A; n= 30 22 8 30 27%
Group B; n= 15 14 1 15 7%

Total 36 9 45



Table 7.23 summarises the outcome of second attempt embryo transfers (UET and

TET) in 30 women whose first embryo replacement did not result in a pregnancy.

Table 7.23: Outcome of second treatment cycle in women with unsuccessful first

embryo transfer

First treatment cycle

Unsuccessful

embryo transfer

TET -
(n=19)
UET -

(n=11)

TET

UET

Total

TET

UET

Total

Second treatment cycle

PREGNANT
NO YES
4 1
11 3
15 4
PREGNANT
NO YES
1 3
6 1
7 4

% PREGNANT
Total
5 20%
14 21%
19
% PREGNANT
Total
4 75%
7 14%

11
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7.4.3 THIRD STIMULATION CYCLES

7.4.3.1 CHARACTERISTICS OF WOMEN UNDERGOING A THIRD

STIMULATION CYCLE

Table 7.24 outlines the characteristics of women undergoing their third stimulation

cycle.

Table 7.24: Characteristics of women undergoing their third stimulation cycle

UET TET ] Total
Age (mean + s.d) = 32.9+2.5 32.1+3.1 0.44 32.4+2.9
range (29-37) (25-38) (25-38)
Duration of infertility = 5.4+25 4.9+2.5 0.56 5.1+£2.5
(mean + s.d)/(range) (3-12) (2-12) (2-12)
Parity:
nulliparous (%) = 8 (34.8%) 15 (65.2%) ) 23 (65.7%)
parous (%) = 5 (41.7%) 7 (58.3%) ;0'73 12 34.3%)
Factors contributing to infertility:
none (unexplained) = 6 7 o1 13 37.1%)
male factors = 6 6 12 34.3%)
female factors = 1 5 6 (17.2%)
male and female factors = - 4 4 (11.4%)
Total number = 13 22 35



7.4.3.2 OUTCOME OF THE THIRD ATTEMPT OF TREATMENT

In total, thirty five stimulation cycles were started proceeding to twenty nine egg
collections and resulting in nineteen embryo transfers. Four pregnancies in the two
groups are reported. Table 7.25 details the outcome of the stimulation cycles and
Table 7.26 details the outcome of embryo transfers, pregnancy and implantation

rates, and live birth rates for the two groups.

7.4.4 OUTCOME OF FOURTH AND FIFTH STIMULATION ATTEMPTS

None of patients undergoing their fourth or fifth stimulation attempts conceived. Ten
patients underwent a fourth stimulation attempt resulting in six embryo transfers
(TET=2; UET=4) without any pregnancies. Three patients underwent a fifth
stimulation attempt resulting in one transfer only (UET). In view of the small
numbers involved in the fourth and fifth attempts, these patients will be incorporated

in the overall analysis of the treatment cycles only.
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Table 7.25: Outcome of the THIRD stimulation cycles

CYCLES %A % C %D %E
A- Stimulation started (n= 35) 100%
TET = 22 62.9%
UET =13 37.1%
undetermined = 0
B- Abandoned (n= 6) 17.1%
TET =5 22.7%
UET =1 17%
C- Successful VEC (n= 29) 82.9%
TET =17 713%
UET = 12 92.3%
p=0.38
D- With fertilisation (n= 20) 57.1% 69.0%
TET = 13 59.1%
UET = 7 53.9%
p=0.76
Fertilisation rate:
All cycles = 42.3% (88/208) Transfer cycles = 64.9% (85/131)
TET = 47.7% (63/132) TET = 65.6% (63/96)
UET = 32.9% (25/76) UET = 62.9% (22/35)
p=0.037 p=0.77
E- Embryo transfers (n= 19) 54.3% 65.5% 95.0%
TET =13 59.1%
UET = 6 46.2%
p=0.68
F- Clinical pregnancies (n= 4) 11.4% 13.8% 20.0% 21.1%
TET =3 13.6% 23.1%
UET =1 1.7% 16.7%
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Table 7.26: Outcome of embryo replacements of patients in their third stimulation

cycles
Number of embryo transfers
Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (pregnant) (pregnant) (pregnant)
One embryo 1(0) 2(0) 2 (0)
Two embryos 200
Three embryos 3(1) 9 (3) 200 11 3)
TOTAL 6 (1) 92(3) 4 (0) 13 (3)
Pregnancy rate (PR) 16.7%"* 33.3% 23.1%°
=1.0
Number of embryos replaced
Total number of UET Day 1 TET Day 2 TET Total TET
embryos replaced (gestation sacs) (gestation sacs) (gestation sacs)
One embryo 1 (0) 2(0) 20
Two embryos 4 (0)
Three embryos 9(1) 27 (4) 6 (0) 33 4)
TOTAL 14 (1) 274 8 (0) 3514
Implantation rate (IR) 7.1%" 14.8% 11.4%"
"p=0.65
Patients miscarried 1 0 0
Patients delivered 3 3
23%

Live birth rate/ET
p=0.52
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7.4.5 DISCUSSION

In the design of this prospective trial several issues were considered. Firstly, it was
acknowledged that randomisation to either modality was of paramount importance.
Secondly, the more commonly employed parallel design in which a group of carefully
selected subjects receiving a particular treatment was compared with another group
of similar characteristics receiving a different treatment might be optimal, but would
require a longer period of recruitment and subsequent completion of the trial. Based
on a recent document (Effective Health Care, 1992) and provided that there were
adequate referrals from neighbouring General Practitioners and Consultants, it would
have required a period of more than three years to complete recruitment of adequate
number of couples in the categories included in this study (male, unexplained,
endometriosis, and combined). Furthermore, additional period would have been
necessary to perform their treatment and thus rendering conclusion of such a study
prohibitive during my attachment as research fellow at the Royal Free Hospital
between 1988 and 1991. Alternatively, a crossover study design was considered as
each subject would act as her own control, thereby reducing the sample size required
and shortening the duration of the study. Several potential problems were considered
including; (1) occurrence of pregnancy in the first treatment would exclude the
subject from exposure to the second modality, (2) the effect of subjects who drop out
of the study, especially after the first period or those who decide, contrary to their
randomisation, to undergo the opposite treatment modality and its effect on the
validity of the study design as well as the overall data, (3) the possible influence of
a carry-over effect of therapeutic response from the first treatment into the time
period of the second treatment, and (4) the stability or instability of disease state
during the study period and its effect on the response to treatment. Indeed, the place
of crossover design in infertility trials has been recently questioned due to the above
concerns (Daya, 1993). Due to the prohibitive numbers required with a parallel
study design, and after obtaining statistical advice, it was decided that a crossover
study was more feasible. In view of the above concerns, it was decided that
extensive analysis of the first attempt would be carried out and the data would then
be compared with the overall results to determine the validity of this approach. The

analysis also attempted to address the influence of the different confounding variables
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on outcome and endeavoured to explain the differences between the various reports
as to the effectiveness of TET. The "overall" first treatment results were generally
reflected in the final results and similarly the results were comparable in the
unexplained infertility, male factor groups and in women who received hCG luteal

phase support, but were dissimilar in women with female factors.

Several reports had claimed considerable advantage following ZIFT or TET as
compared to UET (Hamori et al, 1988; Devroey et al, 1989; Pool et al, 1991;
Palermo et al, 1989), whilst more recently, others (Tanbo et al, 1990; Toth et al,
1992; Tournaye et al, 1992; Fluker et al, 1993) had failed to demonstrate any
beneficial effect. Many of these reports were either non-randomised studies or
retrospective analyses, had no clearly defined inclusion criteria, had no controls or
suffered from a combination of the above. Furthermore, many had methodological
pitfalls such as the use of more than one stimulation protocol in the study (Palermo
et al, 1989; Tanbo et al, 1990; Toth et al, 1992; Fluker et al, 1993) or introduced
changes in the protocols during the study period (Tanbo et al, 1990) or did not
attempt to report the results by the cause of infertility. A full review of these studies
was reported recently (Amso and Shaw, 1993).

Pregnancy rates following TET or UET in the first treatment attempt are comparable
with rates reported in national registers (AFS, 1993; FIVNAT, 1993; HFEA, 1993).
The results of the first attempt also represent a randomised comparison between two
modalities of treatment in a parallel and controlled study. In the study design, a total
of 124 replacements under each arm were planned. However, due to a number of
factors these targets were not achieved and 124 replacements only (TET n=58; UET
n=66) are available for analysis. Based on the pregnancy rates per transfer achieved
in the first attempt (TET 28.6% and UET 20%) and assuming persistence of a true
difference of 10% between the two pregnancy rafes, approximately 410 transfer
cycles for each group would have been required to demonstrate a significant
difference at 5% level and 90% power. This would have been prohibitive for most

centres to achieve singlehandedly in a relatively short period of time.

The two groups randomised for the first attempt are comparable in age, duration of
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infertility, parity and infertility factors (Table 7.10). Attention to these criteria at
recruitment only could however be misleading. Table 7.14 depicts the characteristics
and treatment description of women undergoing their first embryo transfer and
reveals a significantly longer duration of infertility in women undergoing TET.
Similarly, a significantly higher fertilisation rate per stimulation cycle started for the
TET group, had disappeared when transfer cycles only are compared (Table 7.12).
Attention to the characteristics of women that are receiving embryos is crucial when
two treatment modalities involving different routes of transfer, such as TET and
UET, are evaluated.

Analysis of factors that may influence the outcome of the first treatment cycle showed
that parity, unexplained infertility, and luteal phase support with HCG were
associated with increased pregnancy rates following TET, whilst in others, such as
nulliparity, presence of male or female factors, the outcome of both treatments was
very similar. None of these differences reached the significance level. This is
probably due to the relatively small numbers in the subgroups and the trial. Logistic
regression analysis of the dependent variable (Treatment) with a number of
confounding independent variables showed an increase in the odds ratio in favour of
TET when adjusted for the duration of infertility, number of forwardly motile sperm
in a PCT and total number of oocytes collected. This statistical approach to obtain
’adjusted’ estimates of treatment effect (adjusted for the confounding variable), has
been used in other fertility studies comparing different treatment modalities (Abdalla
et al, 1993; FIVNAT, 1993). In the present study, the live birth rate per TET after
the first attempt was lower due to the higher pregnancy loss in this group. Two
miscarriages occurred at approximately 20 weeks gestation (multiple pregnancy n=1,
premature rupture of membranes and chorioamnionitis n=1), while the remaining
women miscarried under 12 weeks gestation. These figures are in contrast to reports
in the literature claiming lower miscarriage and superior live birth rates following
TET.

In the second treatment attempt, the pregnancy rates following TET and UET were
32% and 12% respectively (p=0.10) (Table 7.21, analysis by intention to treat).

However, women who had achieved fertilisation of oocytes and received embryos but
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did not become pregnant in their first treatment cycle appear to constitute a more
favourable group of patients (Table 7.22). In these patients, a high pregnancy rate
was achieved following TET (44.4 %) compared to UET (19%) (Table 7.23) and was
most apparent when women had UET in the first attempt. It is impossible to
determine the precise factors that led to this difference, which does not reach
significance, but is substantially higher than the outcome between the two modalities
in the first treatment cycles (TET 28.6% and UET 20%). Unfortunately, the number
of transfers is small and hence it is not possible to construct a life-table chart or
cumulative conception rates. It is the precise understanding of these factors which
influences the overall outcome of treatment that may explain the inability of some
studies to demonstrate "significant" difference and it is further compounded when the
overall numbers in a prospective study are small whilst retrospective analyses benefit

from accumulated treatment cycles.

It has been postulated that in vitro culture conditions adversely influence pregnancy
outcome and hence improved pregnancy rates following tubal transfer may be
explained by the shorter incubation period (Palermo et al, 1989). In the current
clinical trial, the pregnancy and implantation rates following TET in the first attempt
and in couples with unexplained infertility were very similar whether transfers were
carried out on the first or second days following VEC. Balmaceda et al (1988)
reported high IR following TET at 48 hours which suggested that the prolonged in
vitro incubation of embryos had not influenced the outcome adversely. The authors
also argued that transfers performed with embryos of more advanced stages of
development may even increase the total number of embryos available for transfer
per patient and thus enabled the selection of morphologically superior embryos. In
some groups poor pregnancy rates were noted following the second day TET. This
is most likely due to poor or delayed fertilisation in these women rather than adverse

culture conditions.

During this study, two pregnancies occurred in women following the administration
of GnRH-a (PR/stimulation started, 2/227=0.9%). Inadvertent pregnancies have
been reported after starting GnRH-a at mid-cycle or in the mid-luteal phase (Martinez
et al, 1988; Ron El et al, 1990; Jackson et al, 1992). So far, there have been no
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reports of major congenital abnormalities in the fetus following early exposure to
GnRH-a, but in recent reviews (Jackson et al, 1992; Balasch et al, 1993), two of the
37 reported births in the literature were reported to have minor defects including cleft
palate and bilateral talipes. The two pregnancies reported in this study ended in

deliveries of normal infants at term.

No ectopic pregnancies were reported following either TET or UET. This was
probably due to strict selection criteria of patients and readiness to withhold embryo

transfers when the Fallopian tubes appeared unhealthy during TET.

In this study, one treatment cycle only (incidence 1/227=0.44%) was considered to
be at greatly increased risk of OHSS and the oocytes were aspirated, fertilised and
all normally developing embryos were cryopreserved for transfer at a later date. This
approach was proposed for the management or prevention of predicted OHSS (Amso
etal, 1989; Amso et al, 1990) and frozen-thawed embryo replacement may take place
in natural, stimulated or hormone replacement cycles with equally satisfactory results
(Amso et al, 1990; Salat-Baroux et al, 1990; Amso and Shaw, 1991; Wada et al,
1992).
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7.5 RESULTS-3: OUTCOME BY INFERTILITY FACTOR
7.5.1 UNEXPLAINED INFERTILITY TREATMENT CYCLES

The diagnosis of unexplained infertility was reached after thorough assessment and
completion of all the tests as described in section 6(1I).2. Table 7.27 depicts the
characteristics of women with unexplained infertility who were enrolled into the
study. Thirty one women underwent the first stimulation cycle, twenty four of whom
proceeded to a second stimulation cycle, thirteen to a third cycle, five to a fourth
cycle and three to a fifth stimulation cycle resulting in the total of seventy six
stimulation cycles being analysed. No significant difference was demonstrated in the

age, duration of infertility and parity of women undergoing the five attempts.

Tables 7.28 and 7.29 summarise the outcome of all stimulation cycles in women with
unexplained infertility and the outcome of embryo transfers, pregnancy and

implantation rates and live births in each group.

Table 7.27: Characteristics of the cohort of women with unexplained infertility
who underwent the first stimulation cycle (n=31) in comparison with all unexplained
infertility stimulation cycles (n=76)

First stimulation cycle All cycles
Age (mean + s.d) = 32.0+3.3 32.2+43.1
range (25-42) (25-42)
Duration of infertility (mean + s.d) = 4.7+2.9 4.8+2.5
range (2-17) 2-17)
Parity:
nulliparous (%) = 20 (64.5%) 48 (63.2%)
parous (%) = 11 (35.5%) 28 (36.8%)

Total number = 31 76



Table 7.28: Outcome of all the stimulation cycles in patients with Unexplained

Infertility
CYCLES %A %C %D %E
A- Stimulation started (n= 76) 100%
TET = 33 43.4%
UET = 43 56.6%
B- Abandoned (n= 10) 13.2%
TET =6 18.2%
UET =4 9.3%
C- Successful VEC (n= 66) 86.8%
TET =27 81.8%
UET = 39 90.7%
p=0.26
D- With fertilisation (n= 55) 72.4% 83.3%
TET =25 75.8%
UET = 30 69.8%
p=0.56
Fertilisation rate:
All cycles = 49.7% (225/453) Transfer cycles = 63.3% (209/330)
TET = 61.6% (109/177) TET = 68.2% (101/148)
UET = 42% (116/276) UET = 59.3% (108/182)
p<0.0001 p=0.10
E- Embryo transfers (n= 49) 64.5% 74.2% 89.1%
TET =22 66.7%
UET = 27 62.8%
p=0.73
F- Clinical pregnancies (n= 11) 14.5% 16.7% 20.0% 2.5%
TET =17 21% 31.8%
UET =4 9% 148%
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Table 7.29: Outcome of embryo replacements in patients with Unexplained

Infertility
Number of embryo transfers
Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (pregnant) (pregnant) (pregnant)
One embryo 2 (0) 3 (0) 3 (0)
Two embryos 7(2) 4 (1) 4 (1)
Three embryos 18 (2) 13 (4) 22 15 (6)
TOTAL 27 (4) 13 (4) 9 (3) 22 (T)
Pregnancy rate (PR) 14.8%" 30.8% 33.3% 31.8%"
“p=0.16
Number of embryos replaced
Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (gestation sacs) (gestation sacs) (gestation sacs)
One embryo 200 30 3 (0)
Two embryos 14 (3) 8 (1) 8 (1)
Three embryos 54 (2) 39 (5) 6 (2 45 (1)
TOTAL 70 (5) 39 (5) 17 3) 56 (8)
Implantation rate (IR) 7.1%" 12.8% 17.7% 14.3%"
*p=0.19
Patients miscarried 1 0 2 2
Patients delivered 3 4 1 5
Live birth rate/ET 11.1%" 22.7%"

*p=0.27
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7.5.2 MALE FACTOR INFERTILITY TREATMENT CYCLES

Table 7.30 depicts the characteristics of women whose partners suffered from male
factor infertility who were enrolled into the study. Forty women underwent the first
stimulation cycle, thirty two of whom proceeded to a second stimulation cycle, twelve
to a third cycle, and three to a fourth stimulation cycle resulting in the total of eighty
seven stimulation cycles being analysed. No significant difference in age or parity of
women undergoing the four treatment cycles was noted. Women undergoing their
fourth stimulation cycle showed a significantly higher duration of infertility (8.7+3.5
years, p=0.04; degrees of freedom=3) compared to this cohort of women recruited

to the study.

Tables 7.31 and 7.32 summarise the outcome of all stimulation cycles in couples with
male factor infertility and the outcome of embryo transfers, pregnancy and

implantation rates and live births in each group.

Table 7.30: Characteristics of the cohort of women whose partners suffered from
male factor infertility and who were recruited into the study (n=40) in comparison
with characteristics of all male factor stimulation cycles (n=87)

First stimulation cycle All cycles
Age (mean + s.d) = 32.1+3.1 32.2+3.1
range (25-38) (25-38)
Duration of infertility (mean + s.d) = 4.3+2.3 4.74+2.7
range (2-12) (2-12)
Parity:
nulliparous (%) = 29 (72.5%) 61 (70.1%)
parous (%) = 11 (27.5%) 26 (29.9%)

Total number = 40 87
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Table 7.31: Outcome of the stimulation cycles in the group with Male Factor

infertility
CYCLES %A %C %D %E
A- Stimulation started (n= 87) 100%
TET = 41 47.1%
UET = 46 52.9%
B- Abandoned (n= 14) 16.1%
TET =7 17.1%
UET =7 15.2%
C- Successful VEC (n= 72) 82.8%
TET = 34 82.9%
UET = 38 82.6%
p=0.97
D- With fertilisation (n= 40) 46.0% 55.6%
TET =22 53.7%
UET = 18 39.1%
p=0.17
Fertilisation rate:
All cycles = 34.6% (150/433) Transfer cycles = 61.9% (148/239)
TET = 35.3% (78/221) TET = 60.3% (76/126)
UET = 34.0% (72/212) UET = 63.7% (72/113)
p=0.77 p=0.59
E- Embryo transfers (n= 38) 43.7% 52.8% 95.0%
TET = 20} 48.8%
UET = 18 39.1%
p=0.37
F- Clinical pregnancies (n= 7) 8.1%"! 8.3%" 15.9%" 158%
TET =4 9.8% 20%
UET =2 4.3% 11.1%
after GnRH-a =1 1.1%

¥ In three cycles analysed under TET, the patients opted to have UET contrary to their randomisation.
Two women received one embryo each and did not conceive. One woman received three embryos
resulting in a singleton pregnancy and delivery.

1 All pregnancies divided by all stimulation cycles started

* Pregnancies resulting from UET and TET only divided by the relevant denominator
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Table 7.32: Outcome of embryo replacements of the patients with Male Factor

infertility according to the original randomisation and intention to treat

Number of embryo transfers

Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (pregnant) (pregnant) (pregnant)
One embryo 2Q) 5(0) 50
Two embryos 4 (0) 100 10
Three embryos 12 (1) 8(3) 6 (1) 14 (4)
TOTAL 18 (2) 9(3) 11 (1) 20 (4)
Pregnancy rate (PR) 11.1%" 33.3% 9.1% 20%°
*p=0.46
Number of embryos replaced
Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (gestation sacs) (gestation sacs) (gestation sacs)
One embryo 2() 50 5
Two embryos 8 (0) 20 2 (0)
Three embryos 36 (2) 24 (3) 18 (1) 42 (4)
TOTAL 46 (3) 26 (3) 23 (1) 49 (4)
Implantation rate (IR) 6.5%" 11.5% 4.4% 8.2%"°
*p=0.76
Patients miscarried 0 2 2
Patients delivered 2 1 1 2
Live birth rate/ET 11.1%° 10%*

*p=0.92
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7.5.3 FEMALE FACTOR TREATMENT CYCLES

Table 7.33 depicts the characteristics of women with female factors. Fourteen
women were treated in the first stimulation cycle, nine of whom proceeded to a second
stimulation cycle, six to a third cycle, and two to a fourth stimulation cycle resulting
in the total of thirty one stimulation cycles being analyzed. No significant difference
in the age, duration of infertility and parity of women undergoing the four attempts

was noted.

Tables 7.34 and 7.35 summarise the outcome of all stimulation cycles in couples with
female factor and the outcome of embryo transfers, pregnancy and implantation rates

and live births in each group.

Table 7.33: Characteristics of the cohort of women with Female Factor infertility and
who were recruited into the study (n=14) in comparison with characteristics of all
stimulation cycles (n=31) in this group

First stimulation cycle All cycles
Age (mean + s.d) = 31.1+4.1 30.8+3.3
range (24-40) (24-40)
Duration of infertility (mean + s.d) = 4.8+1.7 4.7+1.5
range (3-9) (3-9)
Parity:
nulliparous (%) = 11 (78.6%) 25 (80.6%)
parous (%) = 3 (21.4%) 6 (19.4%)

Total number = 14 31
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Table 7.34: Outcome of the stimulation cycles in women with Female Factors only

CYCLES %A %C %D %E
A- Stimulation started (n= 31) 100%
TET = 22 1%
UET = 9 29%
B- Abandoned (n= 9) 29%
TET =9 4%
UET =0 --
C- Successful VEC (n= 22) 71%
TET = 13 59.1%
UET = 9 100%
p=0.023
D- With fertilisation (n= 19) 61.3% 86.4%
TET =11 50%
UET = 8 88.9%
p=0.10
Fertilisation rate:
All cycles = 49.7% (77/155) Transfer cycles = 59.8% (76/127)
TET = 57.5% (50/87) TET = 61.7% (50/81)
UET = 39.7% (27/68) UET = 56.5% (26/46)
p=0.03 p=0.57
E- Embryo transfers (n= 18) 58.1% 81.8% 94.7%
TET =11 50%
UET = 7 71.8%
p=0.24
F- Clinical pregnancies (n= 4) 12.9% 18.2% 21% 2.2%
TET =3 13.6% 27.3%
UET =1 11.1% 14.3%

after GnRH-a = 0
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Table 7.35: Outcome of embryo replacements in patients with Female Factors only

Number of embryo transfers

Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (pregnant) (pregnant) (pregnant)
One embryo 1(0) 1(0)
Two embryos 30
Three embryos 4 (1) 7Q2) 3D 10 (3)
TOTAL 7() 72 4 (1) 11 (3)
Pregnancy rate (PR) 14.3%"° 28.6% 25% 27.3%"
p=1.0
Number of embryos replaced
Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (gestation sacs) (gestation sacs) (gestation sacs)
One embryo 10 1)
Two embryos 6 (0)
Three embryos 12 (2) 21 (4) 9 (2) 30 (6)
TOTAL 18 (2) 21 (4) 10 (2) 31 (6)
Implantation rate (IR) 11.1%° 19% 20% 19.4%"°
*p=0.45
Patients miscarried 1 1
Patients delivered 1 2 2
Live birth rate/ET 14.3%° 18.2%"

p=1.0



7.5.4 COMBINED FEMALE AND MALE FACTOR TREATMENT
CYCLES

Table 7.36 depicts the characteristics of women with combined female and male
factors. Seventeen women were treated in the first stimulation cycle, twelve of whom
proceeded to a second stimulation cycle, and four to a third cycle resulting in the total
of thirty three stimulation cycles being analysed. No significant difference in age,

duration of infertility, or parity of women in the three stimulation attempts was noted.

Tables 7.37 and 7.38 summarise the outcome of all stimulation cycles in couples with
combined female and male factors and the outcome of embryo transfers, pregnancy

and implantation rates and live births in each group.

Table 7.36: Characteristics of the cohort of women with combined female and male
factor infertility and who were recruited into the study (n=17) in comparison with
characteristics of all stimulation cycles (n=33) in this group

First stimulation cycle All cycles
Age (mean + s.d) = 32.2+2.3 32.3+2.3
range (27-35) (27-35)
Duration of infertility (mean + s.d) = 5.6+2.0 5.7+2.1
range (3-10) (3-10)
Parity:
nulliparous (%) = 12 (70.6 %) 22 (66.7%)
parous (%) = 5(29.4%) 11 (33.3%)

Total number = 17 33
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Table 7.37: Summary of the stimulation cycles with combined Male and

Female factors

CYCLES %A %C %D %E
A- Stimulation started (n= 33) 100%
TET =15 45.5%
UET = 17 51.5%
undetermined = 1* 3.0%
B- Abandoned (n= 3)" 9.1%
TET =1 6.7%
UET =1 59%
C- Successful VEC (n= 30) 90.9 %
TET = 14 93.3%
UET = 16 94.1%
p=0.95
D- With fertilisation (n= 19) 57.6% 63.3%
TET = 9 60.0%
UET =10 58.8%
p=0.95
Fertilisation rate:
All cycles = 47.3% (86/182) Transfer cycles = 69.4% (86/124)
TET = 45.4% (39/86) TET = 67.2% (39/58)
UET = 49.0% (47/96) UET = 71.2% (47/66)
p=0.63 p=0.63
E- Embryo transfers (n= 19) 57.6% 63.3% 100%
TET = 9 60.0%
UET =10 58.8%
p=0.98
F- Clinical pregnancies (n= 6) 18.2%! 16.7%™ 26.3%™ 26.3%™
TET =3 20.0% 33.3%
UET =2 11.8% 20.0%
after GnRH-a = 1 3.0%

* One cycle was abandoned before randomisation as the patient conceived following GnRH-a treatment

§ In one cycle analysed under TET, the patient opted to have UET contrary to the randomised
treatment. One embryo was replaced resulting in a singleton pregnancy and delivery

1 All pregnancies divided by all stimulation cycles started _

™ Pregnancies resulting from UET and TET only divided by the relevant denominator



Table 7.38: Outcome of embryo replacements in patients with combined Male
and Female factors according to the original randomisation and intention to treat

Number of embryo transfers

Embryo(s) per UET Day 1 TET Day 2 TET Total TET
transfer (pregnant) (pregnant) (pregnant)
One embryo 1(1) 1)
Two embryos
Three embryos 10 (2) 72) 1 (0) 8 (2)
TOTAL 10 (2) 72 2 9(3)
Pregnancy rate (PR) 20%" 28.6% 50% 33.3%"
p=0.51
Number of embryos replaced
Embryo(s) per UET Day 1 TET Day 2 TET Total TET

transfer (gestation sacs) (gestation sacs) (gestation sacs)
One embryo 1(1) 1(1)
Two embryos
Three embryos 30 (3) 21 (4) 30 24 (4)
TOTAL 30 (3) 21 (4 4 (1) 25 (5)
Implantation rate (IR) 10%" 19.0% 25% 20%"
p=0.30
Patients miscarried 0 1 1
Patients delivered 2 1 1 2
Live birth rate/ET 20%* 22.2%"

*p=0.91

In one cycle analysed under TET, the patient opted to have UET contrary to the randomised
treatment. One embryo was replaced resulting in a singleton pregnancy and delivery
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7.5.5 DISCUSSION

UNEXPLAINED INFERTILITY

In vitro fertilisation is an established and successful therapy for couples with
unexplained infertility. Pregnancy rates reported in this study compare favourably
with results in other series, in which in vitro fertilisation and uterine transfer (Leeton
et al, 1987; Navot et al, 1988; Audibert et al, 1989) or Fallopian transfer (Devroey,
1989) have been used. Differences in pregnancy rates between the unexplained and
tubal infertility groups have been reported previously (Navot et al, 1988; Yovich et
al, 1988). In women with unexplained infertility, the fertilisation rate was reported
to be significantly lower (Fishel and Edwards, 1982; Mahadevan et al, 1983; Leeton
et al, 1984), while the cleavage rate either lower than (Navot et al, 1988) or similar
to (Mackenna, 1992) tubal infertility. The factors that may contribute to the success
of assisted reproduction in unexplained infertility include greater chance of obtaining
fertilisation when more than one oocyte is inseminated, as defective fertilisation has
been suggested as a cause of infertility in these women (Trounsen et al, 1980), and/or
due to by-passing possible impaired sperm transport or interaction in the upper genital
tract (Cefalu et al, 1988; Templeton and Mortimer, 1982). Equally, endometrial
receptivity may also be affected and hence contributes to the couple’s unexplained

infertility (see below).

In this study, the overall fertilisation rate in the unexplained infertility group was; (1)
lower than that reported in some studies (Sharma et al, 1988; Navot et al, 1988;
Leecton et al, 1984) but comparable to rates reported by Audibert et al (1989),
Hamori et al (1988) and very similar to the fertilisation rate in non-trial patients who
were concurrently undergoing IVF-UET at the Royal Free Hospital during 1989 and
1990 (Tables 7.8 and 7.9). Despite randomisation, the fertilisation rate per
stimulation cycle started was significantly higher in the TET group (Table 7.28).
However, closer examination of the fertilisation rate in cycles reaching embryo
transfer stage, a better index when comparing two replacement modalities, revealed
considerably less and statistically not significant difference. The clinical PR/UET
and IR of women with unexplained infertility in this trial and the overall non-trial
UET were equally comparable (PR/UET; UI=14.8%, non-trial=14% and IR;
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UI=7.1%, non-trial =6.6%), whilst the pregnancy rate was twice as high following
TET. This higher PR following TET was observed after the first treatment attempt
(TET=44%, UET=13%) and when all unexplained infertility treatment cycles
(TET=31.8%, UET=14.8%) were analysed (Tables 7.15.iv and 7.29). These
differences do not reach statistical significance and hence may lead to the assumption
that there is no advantage from TET. However, the results are inconclusive because
of the lack of statistical power, and persistence of a difference throughout the study
period is an indicator of a better outcome with TET. On the basis of the above
pregnancy rate differences, a confirmation study would require approximately 50
replacements under each arm for a one attempt per patient, parallel study design to
reach statistical significance at 5% level and 80% power. A pregnancy rate of 44 %
per TET after the first attempt of treatment is very similar to the 48% that was
reported by Devroey et al (1989) in a comparable group of women.

Such indicators, if confirmed in a larger series, would signify a potential benefit in
the unexplained infertility group. It has been postulated that the serum of women
with unexplained infertility may impair blastocyst formation and result in failure to
achieve pregnancy (Dokras et al, 1993). In the IVF unit at the Royal Free Hospital,
patients’ own heat-inactivated sera were used in the transfer media (section 6(II).6.1).
If this practice had any adverse effects on the pregnancy rate, then both tubal and
uterine replacements would have been affected equally. It is also possible that the
small volume used in the replacement medium and the shorter period of exposure of
embryos to the patient’s own serum had minimal effect on subsequent embryo
development and chances of implantation. Similarly, there was little difference in the
pregnancy and implantation rates following TET on day one or two suggesting little

adverse effect of the extended culture on embryo potential for implantation.

Although it had been disputed previously (Mahadevan et al, 1983), endometrial
receptivity may be altered in women with unexplained infertility. Seif (1989), using
immunohistochemistry with monoclonal antibody D9B1, had reported the secretion,
in fertile women, of an oligosaccharide epitope produced by endometrial gland cells
between two and seven days after the LH surge (peri-implantation period) and

postulated a potential role of the molecules carrying this epitope in the implantation
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of the blastocyst. Graham et al (1990), reported that in women with unexplained
infertility, the synthesis and secretion of this epitope was significantly reduced and
delayed even in the presence of normal concentration of circulating progesterone.
Similarly, Li et al (1990a), using morphometric techniques, had reported retarded
endometrial development in 27% of women with unexplained primary infertility.
Although, the functional role of the above factor and its influence on early pregnancy
and implantation remains speculative, it is possible that exposure of embryos to tubal
environment and their delayed arrival into the uterine cavity may offset this factor’s

deficiency at the time of UET.

MALE FACTOR INFERTILITY

In this study, male factor infertility constituted the largest group of couples seeking
treatment and higher in proportion than reported in other studies. This is due to; (1)
the unit at the Royal Fee Hospital was a referral centre and not a District General
Hospital, (2) women with tubal factor were excluded from the study, and (3) IVF
was utilised in this group for its diagnostic value as well as for therapy. IVF-UET
was proposed in 1983 as a treatment for male infertility (Mahadevan et al, 1983).
Since then various other assisted reproduction techniques have been applied e.g GIFT
(Asch et al, 1986), intraperitoneal insemination (Guastella and Cimino, 1986); ZIFT
(Devroey et al, 1986; Yovich et al, 1987) or TET (Balmaceda et al, 1988). Despite
increasing interest, the possibilities and limitations of these techniques for establishing
pregnancies in cases involving subfertile men are still not well established.
Information regarding fertilisation is of utmost importance in male factor infertility
thus tubal embryo transfer is preferable to GIFT for this reason alone. Indeed, in 32
out of 72 cycles (44 %) fertilisation failed to occur and thus such information would
have been unavailable if these couples were treated with GIFT. The fertilisation rate
in this group of male factor infertility patients was lower than in other categories in
this study (unexplained infertility, female factors) whilst comparable with reduced
fertilisation rates reported for male factor infertility by others (Mahadevan and Baker,
1984; Hirsch et al, 1986; Hamori et al, 1988; Tournaye et al, 1991, 1992a,b). The
causes for this low rate or failure of fertilisation could be related to sperm
dysfunction, oocyte maturity, or less likely in vitro culture conditions. Coates et al

(1992) evaluated couples with failure of fertilisation in vitro and highlighted the
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inconsistency of semen parameters in identifying the suboptimal sperm sample, and
that concomitant oocyte factor may play a part in this respect. The authors concluded
that failure to fertilise in a given cycle did not necessarily predict failure to fertilise
in a subsequent cycle, but did predict a poor fertility outcome unless donor gametes

were used.

In this study, the results following the first treatment attempt did not show any
significant benefit from tubal transfer (PR/UET= 21%; PR/TET= 23%) and were
different from those when all male infertility treatment cycles were analysed
(PR/UET= 11%; PR/TET= 20%; p=0.46). This is because in the overall analysis,
three transfer cycles resulting in a singleton pregnancy and delivery were included
under TET according to the intention to treat although the women opted to have UET
contrary to their randomisation. Similarly, there was no difference in the live birth
rate/ET between the two groups (UET=11%; TET=10%; p=0.92). These findings
confirm other reports (Tournaye et al, 1992a) and would suggest that once
fertilisation has taken place, and an embryo is available for transfer, the pregnancy
rate is similar to the other categories irrespective of the place of transfer. Higher
pregnancy rate was observed in patients having day one TET. This may not
represent a true beneficial effect as these cycles may have sperm with superior
fertilising capacity. Tournaye and colleagues (1992b), reported that 11% of all
cycles with male factor are complicated by delayed fertilisation (> 24 hours) and no
pregnancies resulted from transfer of these embryos indicating their low potential for
implantation. It is also possible that limiting the number of transferred
zygotes/embryos to a maximum of three may have affected both PR and IR. The
implantation rate in this group (Table 7.32) was similar whether the patients received
UET or TET (6.5% and 8.2% respectively). In spite of initial heightened
expectations for ZIFT treatment for male factor infertility (Palermo et al, 1989),
subsequent prospective randomised studies (Tournaye et al, 1992b) failed to
demonstrate any improvement in pregnancy and implantation rates from tubal

transfer.

The number of treatment cycles in couples with female causes only or combined male

and female factors is small and hence the results should be interpreted with caution.
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Equally, the precise diagnostic category depended on the presence of infertility
factors (e.g. endometriosis or high abnormal forms in several semen analyses) during
the investigation phase irrespective of their status at the time of treatment which may
limit the impact or adverse effect of any subsequent changes in these disorders on
oocyte quality, fertilisation rate and/or implantation potential. The trial reported in
this thesis is the first attempt to address the influence of the different confounding
variables on outcome and endeavour to explain the differences between the various

reports as to the effectiveness of TET.
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7.6 RESULTS-4: ANALYSIS OF OUTCOME BY AGE AND
DURATION OF INFERTILITY AT RECRUITMENT

All stimulation cycles are divided into 3 groups according to the age of the female
partner at recruitment: under 30 years, 30-34 years, and 35 or above years. These
age categories are the same as those used by the IVF Registry for reporting age-
related outcomes of IVF-ET with the exception that women under 25 years or over
40 years of age are included in the nearest age groups due to small numbers.
Similarly, all stimulation cycles are divided into 3 groups according to the couple’s
duration of infertility at recruitment: under 4 years, 4 years, and above 4 years.
Four years of infertility is selected as the cut off point because it includes the mean
(4.7), median (4.0), and mode (4.0) of the 102 couples included in the first
stimulation cycle and who constitute the source of the 227 stimulation cycles under
analysis. Tables 7.39 and 7.40 depict the characteristics of women in the two

subcategories who were recruited into the study.

7.6.1 OUTCOME BY AGE AT RECRUITMENT

Table 7.41 summarises the characteristics of all treatment cycles undergoing UET and
TET in the three age subgroups and Table 7.42 summarises the outcome of these
treatment cycles (UET and TET).

7.6.2 OUTCOME BY DURATION OF INFERTILITY

Table 7.43 summarises the characteristics of all treatment cycles undergoing UET and
TET in the three subgroups and Table 7.44 summarises the outcome of the

stimulation cycles and embryo replacements (UET and TET).
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Table 7.39: Characteristics of the women in the three age subgroups (<30 years,
30-34 years and =35 years) who were recruited into the study (n=102)

< 30 years 30-34 years = 35 years
(n=21) (n=60) (n=21)
Duration of infertility! 4.5+1.9 4.6+1.8 5.4+4.0
(mean +s.d.)/(range)
Parity:#
nulliparous 18 42 12
parous 3 18 9
Infertility factors:"
none (Unexplained infertility) 6 20 5
male factors 8 22 10
female factors 5 7 2
male and female factors 2 11 4

1 Between groups of patients p=0.31
¥ Between groups of patients p=0.13
* Between groups of patients p=0.70

Table 7.40: Characteristics of the women in the three subgroups according to the
duration of infertility (<4, 4 and >4 years) who were recruited into the study
(n=102)

< 4 years 4 years = 4 years
(n=32) (n=26) (n=44)
Age at inclusion' 31.6+3.7 32.2+2.8 32.1+3.0
(mean +s.d.)/(range) (24-42) (25-40) (26-38)
Parity:#
nulliparous 25 20 27
parous 7 6 17
Infertility factors:*
none (Unexplained infertility) 11 8 12
male factors 16 9 15
female factors 3 4 7
male and female factors 2 5 10

1 Between groups of patients p=0.71
¥ Between groups of patients p=0.20
* Between groups of patients p=0.48

217



Table 7.41: Characteristics of all treatment cycles in the three age subgroups (<30 years, 30-34 years and =35 years)

< 30 years (n= 42) 30-34 years (n= 139)' = 35 years (n= 46)
UET TET UET TET UET TET
(No.) (19) (23) p (72) (66) P (24) (22) P
Duration of infertility* 4.9 4.1 0.13 4.6 4.8 0.59 5.8 5.7 0.93
(mean +s.d.) +1.9 +1.5 +1.9 +1.7 +3.5 +4.6
Parity:* 0.054 0.04 0.78
nulliparous 18 16 44 51 14 12
parous 1 7 28 15 10 10
Infertility factors:™ 0.88 0.03 0.32
none (Unexplained infertility) 6 6 32 20 5 7
male factors 8 9 22 23 16 9
female factors 3 6 5 15 1 1
male and female factors 2 2 13 8 2 5

1 One patient conceived after starting GnRH-a and before being randomised to either group. The pregnancy ended in normal delivery
¥ Significantly longer duration of infertility in =35 years group both treatments (p=0.016)

* Significantly more nulliparous in the <30 years UET group (p=0.015)

™ No significant difference among the subgroups for both UET and TET
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Table 7.42: Outcome of ALL stimulation cycles and treatment in the three age subgroups (<30, 30-34, and =35 years)

< 30 years (n= 42)

30-34 years (n= 139)'

= 35 years (n= 46)

UET TET p UET TET p UET TET p

Stimulation cycles started 19 23 72 66 24 22
Abandoned cycles 1 1 2 19¢ 9 3
Successful VEC 18 22 69 47 15 19
No. of oocytes (mean +s.d.) 7.61+4.3 8.9+5.8 0.45 7.6+4.2 9.4+5.6 0.04 9.5+6.2 7.1+4.2 0.19
Cycles with fertilisation 9 17 49 32 8 18
Fertilisation rate-All cycles 36.6% 47.2% N.S. 44.2% 44.6% N.S. 27.9% 61.1% <0.001

Transfer cycles 59.3% 62.1% N.S. 62.1% 68.5% N.S. 62.5% 62.0% N.S.
Cycles with embryo transfer* 9 17 46 28 7 17
No. of pregnancies (PR/ET) 1(11.1%) 9 (52.9%) 0.037 8 (17.4%) 4 (14.3%) 0.73 - 4 (23.5%) 0.28™
Total no. of embryos replaced 25 48 119 72 20 41
No. of sacs (IR) 2 (8.0%) 14 (29.2%) 0.04 11 (9.2%) 5(6.9%) 0.58 - 4(9.8%) 0.29™
No. of deliveries (LBR/ET) 1(11.1%) 4 (23.5%) 0.45 7 (15.2%) 4 (14.3%) 0.92 - 3(17.7%) 0.53"

ET= embryo transfer (uterine= UET, tubal= TET), PR= pregnancy rate, IR= implantation rate, LBR= live birth rate

1 One patient conceived after starting GnRH-a and before being randomised to either group. The pregnancy ended in normal delivery

$ One patient conceived after starting GnRH-a and before hMG injections. The pregnancy ended in normal delivery

* In total, four cycles were analysed under TET but the patients opted to have UET contrary to their randomisation. One woman under 30 years did not conceive.
One woman aged 33 years conceived and delivered, and of two women aged 35 years, one conceived and delivered.

“Fisher’s exact test
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Table 7.43: Characteristics of all treatment cycles according to the duration of infertility (<4, 4 and >4 years)

< 4 years (n= 62)

4 years (n= 61)"

> 4 years (n= 104)

UET TET UET TET UET TET

(n) (29) (33) p (35) (25) p (31) (53) p
Age at inclusion® 31.8 30.9 0.31 32.4 31.96 0.56 32.4 32.3 0.80

(mean +s.d.) +3.2 +3.5 +2.5 +3.3 +3.1 +2.7
Parity:* 0.69 0.07 0.87
nulliparous 24 26 22 21 30 32
parous 5 7 13 4 21 21
Infertility factors:™ 0.69 0.28 0.053
none (Unexplained infertility) 12 9 16 7 15 17
male factors 14 19 9 8 23 14
female factors 2 3 4 7 3 12
male and female factors 1 2 6 3 10 10

Y One nulliparous patient with combined male and female factors conceived after starting GnRH-a and before being randomised to either group. The pregnancy ended in

normal delivery

§ No significant difference in age between the three subgroups controlling for treatment
* No significant difference in parity between the three subgroups controlling for treatment
™ No significant difference in infertility factors between the three subgroups controlling for treatment
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Table 7.44: Outcome of All stimulation cycles and treatment by duration of infertility (<4, 4, and >4 years)

< 4 years (n= 62) 4 years (n= 61)! > 4 years (n= 104)
UET TET P UET TET P UET TET P

Stimulation cycles started 29 33 35 25 51 53
Abandoned cycles 3 6 5 7% 4 10
Successful VEC 26 27 0.38 30 18 0.19 46 43 0.19
No. of oocytes (mean+s.d.) 6.8+3.6 7.4+4.4 0.59 8.7+4.98 9.7+5.5 0.55 7.9+4.6 9.3+5.8 0.20
Cycles with fertilisation 18 23 0.53 20 14 0.93 28 30 0.86
Fertilisation rate-All cycles 47.3% 52.3% N.S. 29.6% 44.8% <0.01 43.9% 47.8% N.S.

Transfer cycles 69.3% 61.2% N.S. 46.2% 58.7% N.S. 68.3% 69.3% N.S.
Cycles with embryo transfer 18 22" 17 13 27 27
No. of pregnancies (PR/ET) 5(27.8%) 9 (40.9%) 0.39 1(5.9%) 3(23.1%) 0.29 3(11.1%) 5(18.5%) 0.44
Total no. embryos replaced 47 53 43 31 74 71
No. of sacs (IR) 8 (17%) 12 (22.6%) 0.49 1(2.3%) 39.7%) 0.30 4 (5.4%) 8 (10.4%) 0.26
No. of deliveries (LBR/ET) 4(22.2%) 6 (27.3%) 0.72 1(5.9%) 1(.7%) 1.0 3 (11.1%) 4(14.9%) 0.69

ET= embryo transfer (uterine= UET, tubal= TET), PR= pregnancy rate, IR= implantation rate, LBR= live birth rate

1 One patient conceived after starting GnRH-a and before being randomised to either group. The pregnancy ended in normal delivery

¥ One patient in the TET group conceived after starting GnRH-a and before hMG injections. The pregnancy ended in normal delivery

* Four cycles were analysed under TET but the patients opted to have UET contrary to their randomisation. The transfers resulted in two pregnancies and term
deliveries.
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Table 7.45: Summary of pregnancy and implantation rates of ALL treatment
cycles (n=227) and when stratified by stimulation attempt rank, diagnosis, age
and duration of infertility. All analyses were according to intention to treat

Subgroup Pregnancy rate/ET Implantation rate
(no. of cycles) UET TET p UET TET p

All cycles 14.5% 27.4% 0.08 7.9% 14.3% 0.07
Stimulation attempt rank:

First attempt (102) 20% 29% 0.47 12% 15% 0.85

Second attempt (77) 12% 32% 0.10 6% 18% 0.048

Third attempt (35) 17% 23% 1.0 7% 11% 0.65
Cause of Infertility:

Unexplained (76) 15% 32% 0.16 7% 14% 0.19

Male factor (87) 11% 20% 0.46 7% 8% 0.76

Female factor (31) 14% 27% 1.0 11% 19% 0.45

Male & Female (33) 20% 33% 0.51 10% 20% 0.30

Age at recruitment:

< 30 years (42) 11% 53% 0.037 8% 29% 0.04
30-34 years (139) 17% 14% 0.73 10% 6% 0.33
= 35 years (46) -- 24 % 0.28 -- 10% 0.29

Duration of Infertility:
< 4 years (62) 28% 41% 0.39 17% 23% 0.49
4 years (61) 6% 23% 0.29 2% 10% 0.30

> 4 years (104) 11% 19% 0.44 5% 10% 0.26




7.6.3 DISCUSSION

The effect of age and duration of infertility on the chance of conceiving naturally has
been reviewed by Hull (1992). In women with unexplained infertility and minor
endometriosis, age and more importantly, the duration of infertility are the main
factors that determine the chance of spontaneous pregnancy. Most likely, the only
unfavourable conditions when deciding on a treatment are the woman’s age, 40 years
or more (Hull et al, 1992) and sperm dysfunction (Sharma et al, 1988; Craft, 1990).

In this clinical trial, few women over 40 years were recruited and with the exception
of significantly higher PR and IR following TET in women recruited under 30 years,
other PR and LBR were not significantly different. The relatively small number of
stimulation and transfer cycles in this age group (n=42 and n=26 respectively) does

not allow firm conclusions to be drawn from these results.

In assisted reproduction treatment (IVF and GIFT) the influence of age on the success
rate has been the subject of intensive studies (Craft et al, 1988; Sharma et al, 1988;
Padilla and Garcia, 1989; Hull et al, 1992; Tan et al, 1992). Craft et al (1988),
reported a significant decline in PR in women at or above the age of forty and treated
with GIFT even though all oocytes recovered were replaced. In women treated with
IVF-UET, Sharma et al (1988) reported that the highest number of clinical
pregnancies per embryo transfer was obtained in the 26 to 30 years age group, whilst
the lowest was in the 36 to 40 year group. The overall fertilisation and cleavage
rates did not vary significantly with age, nor was there any significant change in the
cumulative conception rate (CCR) within the age groups. In a subsequent
retrospective analysis based on 5055 consecutive IVF cycles undertaken on 2735
patients from the same assisted conception centre (Tan et al, 1992), both CCR and
cumulative live birth rate (CLBR) after five treatment cycles, were shown to decline
with age from 54% and 45% respectively, at 20-34 years to 39% and 29% at 35-39
years and further to 20% and 14% at = 40 years. These results in the under 34
years group compared favourably with spontaneous conception rates in the natural
menstrual cycle and were in agreement with similar findings reported by Hull et al

(1992). Tan et al (1992) also reported that the probability of pregnancy and live birth
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rates declined with repeated treatment cycles and that couples with male infertility or
multiple infertility factors had the lowest CCR. Similarly, in a prospective study
comparing the CCR and CLBR after 3 cycles of IVF-UET, Check et al (1994)
showed that there was an interaction effect of age and infertility factor on the
cumulative probability of pregnancy. Women over the age of 35 years with multiple
factors had the lowest CCR and CLBR (14% and 12% respectively) whilst those =
35 years and with tubal factor only had the best results (CCR=33%, CLBR=30%).

National registers (FIVNAT, 1993; MRI-SART, 1992; MRI-SART-AFS, 1991;
HFEA, 1992, 1993) have consistently showed decline in the pregnancy rates with
increasing age of the female partner especially at or above the age of 40 years. The
reduction in fecundity rate in older women has been attributed in part to a relative
decrease in the number of oocytes having the potential for normal fertilisation and
development or implantation. It is interesting to note that pregnancy and live birth
rates in the older women (= 40 years) using donated oocytes are consistently higher
than those when the women’s own oocytes are used (HFEA, 1992, 1993; Abdalla et
al, 1993) suggesting that this decline is associated with the age of the oocytes rather

than the age of the uterus.

None of the studies mentioned above examined the influence of duration of infertility,
at the time of recruitment, on the success rate of assisted reproduction techniques.
The highest pregnancy and live birth rates in the present study were noted when the
duration of infertility at recruitment was less than 4 years and then declined with
increasing duration of infertility. No significant differences in the pregnancy and
implantation rates between tubal and uterine replacements were noted, but in all
subgroups tubal transfers resulted in a higher pregnancy rate. This effect was
independent of age, parity or infertility factors as demonstrated in Table 7.43 where
no significant differences in the characteristics of all treatment cycles in the three
subgroups after controlling for treatment were noted. These observations would
indicate that when deciding on treatment, clinicians should take the couples’ duration
of infertility into consideration in addition to the age of the female partner and

infertility factors and that the appropriate advice should be offered to the patients.
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It may be concluded that (1) the pregnancy rates and implantation rates are
significantly higher following TET only in women under the age of 30 years, and (2)
pregnancy and live birth rates are inversely related to the duration of infertility and

are highest when the couple’s infertility is of less than four years duration.



7.7 GENERAL DISCUSSION

In this trial, the analysis was carried out according to the original randomisation and
intention to treat. The findings would lead to the assumption that there is no
statistically significant difference between the pregnancy and live birth rates per
replacement between TET and UET with the exception of a significantly higher PR
and IR in women under the age of 30 years (Table 7.42) and when all cycles which
underwent the transfer of three embryos were analysed (Tables 7.4 and 7.5).
However, the results should be interpreted as inconclusive because of insufficient
numbers and the lack of statistical power. Nevertheless, a number of indicators
suggestive of a better outcome with TET were noted in the overall results and other
subgroups as outlined previously. It is possible that persistence with the trial or
recruitment of a larger number of patients, to achieve the previously outlined targets,
might have demonstrated significant benefit in the subgroups where the difference is
most noticeable. This assumption, though may not be absolutely correct, is based on,
(1) consistency in the results after the first treatment attempt and all treatments in
several subgroups, and (2) concordance of the results during two interim analyses
with the final analysis (Table 7.7).

Assessment of efficacy in assisted reproduction is extremely difficult. Objective
evaluation of treatment modalities requires other parameters such as cumulative
conception rate (CCR) and cumulative live birth rate (CLBR) as well as implantation
rates and early pregnancy loss rate. However, the use of the life table method to
calculate CCR and CLBR has been questioned due to the selection bias that may be
introduced in the method of calculation (Hershlag et al, 1992; Te Velde et al, 1992).
In addition to selection bias at the point of entry to an assisted reproduction
programme, the dropout population may be determined by physicians, counselling or
other criteria for continuation of treatment. Thus the use of the life table method is
only justified if couples deciding to refrain from further participation in the treatment
have the same chance of success as the couples deciding to continue. Similar
problems arise when two treatment modalities such TET and UET are compared
which further complicates the issues of randomisation as discussed previously.

Variation in the pregnancy rates for TET reported by the several studies may have

226



been influenced by factors associated with the couple’s subfertility, methodological
variation or number of embryos transferred. Hence these results may not represent

an accurate comparison of GIFT or TET versus UET.

The implantation rate, however, may provide a better parameter in the assessment of
two or more treatment modalities. Implantation is influenced by the quality of
transferred embryos, endometrial receptivity, and efficiency of transfer (Paulson et
al, 1990a,b) and thus any beneficial effect of a treatment modality will manifest itself
easily. Another factor that may account for the differences in pregnancy or
implantation rates between IVF-UET, GIFT and IVF-TET in the various studies is
the influence of improvement in practice over a period of time in the individual
institution. Such effect, as has recently been reported (Hull et al, 1992), may be
greater on IVF-UET results than on GIFT or TET thereby greatly narrowing the gap.

Comparison of the pregnancy and implantation rates in Table 6.1, indicates that
significant differences in pregnancy rates between UET versus GIFT or TET (Yovich
et al, 1988; Hammitt et al, 1990; Pool et al, 1990), GIFT and UET versus TET
(Bollen et al, 1991) or UET versus TET (Asch, 1991) are achieved only when the
respective implantation rates are also significantly different. This implies that
differences in patient selection, quality of embryos or endometrial receptivity are
probably more critical to the establishment of pregnancy than simply the place of
transfer. It is also interesting to note that when implantation rates for the different
treatment modalities are compared, there is slight overlap between the TET and UET
figures while those for GIFT are in an intermediate zone. Implantation rates for GIFT
are only derived by assumption and are difficult to compare with others because no
proof of fertilisation or its normality can be obtained. Indeed, it is likely that the
number of embryos available for implantation in GIFT cycles is the single most
important factor for the lower implantation rates in comparison to TET. On the other
hand, comparison of the mean implantation rates for UET and TET (derived from
Table 6.1) reveals a much greater difference (mean+sem; UET= 10.3+1.2 and
TET= 16.6+1.2). The consistency of the higher rate for TET in the different
groups of patients such as unexplained infertility may indicate that these embryos,

irrespective of their genetic origin have a higher chance of implanting either because;
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(1) the tubal environment contributes actively to embryo quality, or (2) the embryos
reach the uterine cavity at a later stage of development and are more suitable for
implantation compared to UET, or (3) encounter a more receptive endometrium at
the time of their entry, or (4) because tubal replacement is a more efficient modality

of transfer than uterine transfer.

Balmaceda et al (1992), in a prospective, randomised comparison of uterine versus
tubal transfers of frozen-thawed embryos in an oocyte donation programme, found
similar pregnancy (50% versus 58%) and implantation rates (15.5% versus 19.3%)
in the respective groups. The embryos were transferred at the same stage of
development (2-4 cell) and on the third day of progesterone administration during
hormone replacement cycles. Similarly, uterine transfer of embryos at a more
advanced stage of development (morula or blastocyst) did not result in a higher
implantation rate (Bolton et al, 1991; Bolton, 1992). Thus in HRT cycles (uniform
endometrial stimulation) and stimulation cycles, embryo quality and endometrial
receptivity are more important than the time of entry of the embryo to the uterine

cavity in determining its chances of implantation.

It has been reported that controlled ovarian stimulation protocols, including those in
which GnRH-a is used, exert an adverse effect on the process of endometrial
maturation in up to 50% of women (Ben-Nun et al, 1992). Tur-Kaspa et al (1990)
estimated that implantation of singleton pregnancies occurred between days 7 and 9
after UET in gonadotrophin only cycles, but was delayed to days 10/11 in up to 40%
of singleton pregnancies when GnRH-a was added to the stimulation protocol. More
recently, Soltes et al (1994) reported a noticeable 24 hour lag in the rate of rise of
mean B-hCG levels following TET as compared with UET, which persisted up to 14
days, and suggested a slightly earlier implantation after UET.

It is possible that in some women, TET results in entry of the developing embryo to
the uterine cavity at a more synchronised time with the implantation window and
hence the higher IR in all transfer cycles. In this clinical trial, in spite of higher
pregnancy and implantation rates following TET, the LBR/ET or per cycle started
were similar (Table 7.4). Equally, the implantation rates in pregnancy cycles (Table
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7.6) were similar following triple transfers (UET=50%; TET=47%) and in the
overall comparison between UET and TET (UET=56.5%; TET=47.9%).
Comparable IR in pregnancy cycles have been reported recently (Wang et al, 1994)
following fresh (43%) and frozen-thawed UET (40%). These results suggest that
under optimal endometrial conditions, the implantation potential of the embryo
remains the same following uterine or tubal transfer. The role of the Fallopian tube
may thus be "passive", providing the early embryo with a natural incubator

environment, rather than "active" improvement of embryonic quality.

It is notable that these reported higher pregnancy and implantation rates following
laparoscopic tubal transfer, have not been reproduced on a wide scale nor in a
consistent manner when retrograde transcervical tubal embryo transfer is attempted
(Friedler et al, 1993). Lower pregnancy rates have been reported for both retrograde
GIFT or TET with a higher than average ectopic rate (Risquez et al, 1990; Yovich,
1990) unless gametes are placed near the mid section of the tube (Possati et al,
1991). These early reports were further confirmed by recently published case-control
retrospective comparison of transvaginal versus laparoscopic GIFT (Jansen and
Anderson, 1993) and a randomised trial comparing transcervical ZIFT with UET
(Scholtes et al, 1994) which showed a statistically significant higher PR and IR
following UET.

Several explanations have been proposed for the lower PR following transcervical
tubal transfer; (1) the type of catheter being suboptimal, (2) tubal trauma, (3)
subclinical salpingitis, (4) tubal spasm, (5) embryo damage, (6) incorrect catheter
position and (7) excessive pressure and/or volume at injection (Risquez et al, 1990).
With the retrograde route, the gametes/embryos are deposited at the isthmo-interstitial
junction approximately two centimetres from the tubal ostia as compared to the mid
ampullary region when the laparoscopic route is used. It is possible that the exact
site of placement is of great importance and may adversely influence the outcome.
Further refinement of the methodology may maximise the pregnancy and implantation
rates (Woolcott et al, 1994).

The different segments of the fallopian tube are known to undergo cyclical changes
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at different phases of the menstrual cycle and their correlation to endometrial changes
have been studied in this thesis. In Chapter 3, immunocytochemical techniques
showed wide variation in the intensity and distribution of staining of ER and PR in
the different segments of the tube and the endometrium at different stages of the
menstrual cycle. These differences were reflected in the ultrastructural appearance
of these various segments (Chapter 4). It should be acknowledged that these studies
were conducted in natural cycles and hence may not be fully representative of the

events taking place in stimulated cycles.

On the basis of similar implantation rates in pregnancy cycles, it may be concluded
that embryo quality is not enhanced following TET. However, the observed higher
overall implantation rate following TET in a number of categories points to
endometrial receptivity and/or factors as the most likely cause responsible for these

enhanced results.
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CHAPTER 8
ASSESSMENT OF THE IMMEDIATE AND LATE EFFECTS OF
TRANSVAGINAL OOCYTE COLLECTIONS ON PELVIC ORGANS
AND THEIR RELEVANCE TO TUBAL FUNCTION

8.1 INTRODUCTION

Vaginal egg collection (VEC) using the transvaginal ultrasound probe, is now the
most commonly used method for follicular aspiration in assisted reproduction
programmes. Since its introduction in 1984, the technique has gained popularity, and
with advances in instrument technology, it has virtually replaced other methods of
oocyte retrieval. This has been largely due to enhanced image quality, shorter
puncture route, ease of learning and greater tolerance of the technique by patients.
The procedure is usually performed under intravenous analgesia and sedation,
although occasionally supplementation with local anaesthesia is required. Post-
operative recovery is rapid and is associated with minimal patient discomfort (Russell
et al, 1987), although symptoms such as low abdominal discomfort and/or distension
or vaginal bleeding are occasionally experienced. All this has transformed oocyte

retrieval into a day case procedure thereby reducing the overall costs of treatment.

Initial concerns regarding the effect of VEC on oocyte yield, fertilisation rate and
outcome of treatment were quickly dispelled by consistently high fertilisation and
pregnancy rates compatible with other methods (Feichtinger and Kemeter, 1986;
Baber et al, 1988). Potential hazards associated with the procedure include operative
morbidity and post-operative complications as well as the effect of ultrasound
coupling gels on embryo development (Carver Ward et al, 1987). Accidental
puncture of vessels (Seifer et al, 1988), bowel (Yuzpe et al, 1989), appendix (Van
Hoorde et al, 1992) and other pelvic structures have been reported. The possible
introduction of vaginal bacteria into the peritoneal cavity remains the single most
important threat in view of the immediate and long term consequences. Such a
complication will be unjustifiable in women with essentially normal pelvic organs or
unexplained infertility undergoing assisted reproduction treatment. The reported

incidence of clinical pelvic infection varies from 3% (Howe et al, 1988) to 0.6%

231



(Van Hoorde et al, 1992) in women not given prophylactic antibiotics before VEC.
Pelvic infection may present with the usual symptoms and signs, but subclinical
bacterial colonisation may have serious consequences on the current or future IVF
treatment cycles. Similarly, other long term effects such as the formation of pelvic
adhesion or deleterious effects on tubal function which may affect the establishment
of subsequent spontaneous pregnancy in women with unexplained infertility remain

unknown.

The aims of this study are (1) to investigate the immediate risks of vaginal egg
collection (pelvic trauma, infection), (2) to determine the delayed effects (pelvic or
peritubal adhesions formation) as assessed by laparoscopy or laparotomy, and (3) to
assess the prospects of subsequent conception either spontaneously or following

assisted reproduction treatment.

8.2 MATERIALS AND METHODS
8.2.1 PATIENTS

Women participating in a prospective, randomised trial comparing IVF-UET with
IVF-TET were entered into this study. The main features of the trial, its design,
stimulation protocols used and monitoring of the treatment cycle are described in
detail in chapter 6(II). The clinical details of the patients and outcome of treatment
are reported in chapter 7.

8.2.2 METHOD OF VAGINAL EGG COLLECTION

This is described in section 6(II).4.

8.2.3 POUCH OF DOUGLAS SAMPLES AND ASSESSMENT OF THE
' PELVIS

This is described in section 6(11).6.3
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8.3 RESULTS
8.3.1 PERITONEAL FLUID SAMPLES

The results of both the general culture and sensitivity (n=55) and chlamydia culture
(n=45) are summarised in Table 8.1. The majority of the samples studied for
microscopy, general culture and sensitivity (n=51) were reported to be normal.
Three showed growth of coagulase-negative Staphylococcus from the enrichment
broth but not from the normal culture media. None of the patients developed any
symptoms or signs of pelvic infection following embryo transfer and only one was
treated with appropriate antibiotics empirically. One sample showed growth of 8-
haemolytic Streptococcus. The patient had developed mild dysuria two days after
TET which resolved three days later. She was apyrexial and asymptomatic at the
time of her review and thus was not prescribed antibiotics. In one sample
microscopy suggested the possible presence of Gram-negative rods but no organism
was cultured and thus the final report was regarded as normal. Two treatment
cycles, where coagulase-negative Staphylococcus was isolated resulted in pregnancies

and both have since delivered.

Culture of peritoneal fluid for Chlamydia trachomatis was also negative in the
majority of the patients (n=38). Six samples were reported to be toxic to tissue
culture and hence no result was obtained. In one patient, Chlamydia trachomatis was
cultured. The patient remained completely asymptomatic during a prolonged period
of follow-up. The treatment cycle was successful and two intrauterine gestation sacs,
each containing a viable fetus, were confirmed by transvaginal ultrasound scans. The
patient was treated with erythromycin 500 mg twice daily for 2 weeks at 24 weeks
gestation to prevent any sequelae to the fetuses. The pregnancy progressed
uneventfully and spontaneous vaginal delivery of twin girls with no evidence of

infection occurred at 37 weeks.
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Table 8.1 Results of peritoneal fluid microbiology assessment

I- Microscopy, culture and sensitivity (Total =55)
n=51 Negative
n=3  Coagulase negative Staphylococcus

n=1  B-haemolytic Streptococcus

1I- Chlamydia culture (Total=45)
n=38 Negative
n=6  Unsuccessful tissue culture

n=1  Chlamydia positive

8.3.2 PELVIC ASSESSMENT

The pelvis was assessed in fifty nine patients undergoing laparoscopy with a view to
carrying out TET. There was no evidence of pelvic trauma or haematoma formation
in any of these patients. Thirty two patients were undergoing their first attempt and
twenty six had had one or more VEC preceding the current attempt (one VEC n=14;
two VEC n=12; three VEC n=1). In two patients, previously reported to have
normal pelvic findings, (one in her first attempt and the other had had one previous
VEC two months earlier but no oocyte had fertilised) pelvic and peritubal adhesions
were noted and thus judged to be unsuitable for TET. Both patients were excluded
from the study. In a further patient undergoing her first treatment, the left tube was
found to be slightly tethered to its corresponding ovary but no peritubal adhesions or
any other pathology in the pelvis were noted, hence three embryos were transferred
to the right tube uneventfully. The pelvic findings in the other patients undergoing
their first tubal transfer were not different from those documented during previous
laparoscopies. Similarly, there was no evidence of delayed abnormal findings
(peritubal, periovarian or pouch of Douglas adhesions) in patients who had more than
one VEC over a period of 3 to 18 months. Additionally, the pelvic organs appeared
normal during Caesarean section in two patients (n=1, spontaneous conception
following one unsuccessful UET; n=1, two previous egg collections and conceived
following UET).
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8.3.3 PREGNANCIES

Details of the outcome of treatment are reported in Chapter 7. Eight patients
conceived following their first VEC-TET attempt and seven pregnancies occurred
after TET in patients who had one or more VEC previously. Eight spontaneous
pregnancies were reported in the study population up to February 1993 (Table 8.2).
Six pregnancies occurred within six months of an unsuccessful attempt (cancelled
cycle; absent, delayed or abnormal fertilisation of oocyte with no embryo transfer;
not pregnant following TET or UET). One patient whose spontaneous pregnancy

ended in miscarriage, conceived spontaneously for a second time one year later.
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Table 8.2 Clinical details and pregnancy outcome in patients conceiving spontaneously following previous assisted reproduction treatment

Pt

Age
(yrs)

Cause and Duration

of infertility (yrs)

Spontaneous pregnancy
Date of LMP
(Outcome)

)

Date and outcome of previous treatments

@ &)

@

SD

SK
CH

CM
VD¢

SK

SS

32

35
32
30
28
26
35

34

Unexplained (4)

Unexplained (5)
Endometriosis (6)
Endometriosis (5)
male factor (3)
male factor (3)
Unexplained (5)

Unexplained (6)

Oct 1990 (Delivered)

Dec 1990 (Miscarried)
Jan 1991 (Delivered)
Jan 1991 (Delivered)
Feb 1991 (Delivered)
May 1991 (>21 weeks)
Jan 1992 (Overseas)
(outcome unknown)
May 1992 (Delivered)

Feb 1990; No fert

Oct 1990; TET-NP
July 1990; UET-NP
Nov 1990; UET-NP
May 1990; Late fert
July 1990; UET-NP
Oct 1990; TET-NP

April 1990; TET-NP

Aug 1990; Poor response,
Cycle cancelled

Nov 1990; No fert
Sept 1990; Late fert
Jan 1991; TET-EPL

June 1991; UET-NP

Nov 1990; TET-NP June 1991; UET-NP

Oct 1991; UET-NP

¥ lost to follow-up after 21 weeks

TET= tubal embryo transfer, UET= uterine embryo transfer, Fert= fertilisation, NP= not pregnant, EPL= early pregnancy loss
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8.4 DISCUSSION

Assisted reproduction techniques are now widely used for the treatment of couples
with unexplained infertility. Many investigators report considerably higher pregnancy
and implantation rates following ZIFT or TET than after UET or GIFT. The merits
of assisted reproduction treatment and the choice of any particular technique have
been recently reviewed (Hull, 1992; Amso and Shaw, 1993). This prospective
randomised trial of IVF-UET and IVF-TET provided a unique opportunity to evaluate
the immediate and delayed risks of the vaginal egg collection method on the internal
pelvic organs in asymptomatic women. Since the introduction of VEC, the potential
for intraoperative complications and intraperitoneal bacterial contamination has been
acknowledged (Feichtinger and Kemeter, 1986; Evers et al, 1988). Recognised
intraoperative complications include anaesthetic associated side effects, puncture of
major vessels, pelvic haematoma, bowel injury and bleeding from the puncture points
in the vaginal vault (Evers et al, 1988). The risk of postoperative pelvic infection
and abscess formation, however, remains the most serious with potentially long term
consequences. In the first 250 VEC procedures in the IVF unit at the Royal Free
Hospital during 1988-1990, only one patient developed clinical features of pelvic
infection (Amso and Shaw, 1992b). Reports of similar incidents of overt infection
and abscess formation (Howe et al, 1988; Baber et al, 1988) have resulted in the
widespread use of prophylactic antibiotics even though there is no strong evidence to
substantiate such practice. At present, there is no consensus as to the type of
antibiotic cover, the timing or duration of therapy or whether it is required at all
(Meldrum, 1989).

In the clinical trial reported in chapter 7, no cases of overt pelvic infection or abscess
formation were reported postoperatively. However, this does not necessarily exclude
occult, sub-clinical bacterial or chlamydia colonisation which may influence the
outcome of treatment or may become a reservoir of infection which flares up later.
Indeed, there were occasions where microorganisms were grown from peritoneal fluid
aspirates collected at the time of tubal embryo replacements. Coagulase-negative
Staphylococci are not a recognised source of salpingitis and it is possible that their

presence represents skin contamination, during laparoscopy, rather than introduction
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through the vaginal route. However, B-haemolytic Streptococcus is known to be a
vaginal commensal and thus is likely to have been introduced during vaginal egg
collection. Chlamydia infection may be an important cause of subsequent pelvic
damage or even failure of an IVF attempt. It is reassuring that, in spite of the
isolation of Chlamydia trachomatis and coagulase-negative Staphylococci in peritoneal
fluid samples, the patients conceived and the outcome of their pregnancies was

satisfactory.

It is possible that the low rate of clinical infection or the low rate of positive cultures
from peritoneal fluid may have resulted from thorough vaginal cleaning with
chlorhexidine and/or the prophylactic use of an antibiotic (metronidazole) in these
patients. It is well documented that antimicrobials are detected in the various tissues
of the female reproductive tract and peritoneal fluid (Brihmer et al, 1982; Daschner
et al, 1983; Berthelot et al, 1986) following intravenous or oral administration with
steady decline in the serum level as well as tissue concentrations with time noted
(Nishino et al, 1983). Higher concentration of "Cefoxitin-mefoxin, MSD, UK" was
detected in the Fallopian tube than in the endometrium (Daschner et al, 1982; Just
et al, 1984), while lower levels of "Aztreonam-azactam, Squibb, UK", a monocyclic
beta-lactam antibiotic with potent bactericidal activity, occurred in the peritoneal fluid
(Berthelot et al, 1986). It has not been determined whether the distribution of
metronidazole in the tissues of the female pelvic organs and peritoneal fluid follows
the same pattern as the above mentioned antimicrobials. Pharmacokinetic studies
following intravenous administration of a single dose of metronidazole (1 g) showed
wide distribution in body tissues, a mean elimination half-life of 8 hours and rapid
decline at 24 hours after the infusion (Kling and Burman, 1989). Following
suppository administration, the bioavailability of metronidazole is 60-80% with
effective blood concentrations being achieved 5-12 hours after the first suppository
are maintained by the 8 hourly regimen (ABPI Data Sheet Compendium, 1994,
DATAPHARM Publications).

Alternatively, this cohort of women with essentially normal pelvic organs represent
a favourable group for VEC and a previous history of pelvic inflammatory disease

may imply a higher risk of pelvic reinfection (Wren and Parsons, 1989; Ashkenazi
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et al, 1987). Indeed, a history of severe pelvic disease (Howe et al, 1988) or
endometriosis (Baber et al, 1988) was prominent in patients who developed pelvic
infection or abscess formation following VEC. Dicker et al (1993) reported 14
patients developing an acute abdomen among 3,656 undergoing vaginal egg
collections, an incidence of 0.38%. Nine of the patients, with a history of past
healed pelvic inflammatory disease, developed tubo-ovarian or pelvic abscesses
presenting 1 to 6 weeks after the procedure and requiring laparotomy or culdocentesis
and drainage. It has also been suggested that appropriate preoperative vaginal
preparation and minimizing the number of repeated vaginal wall punctures may serve

to lower the risk of infection (Borlum and Maiggard, 1989).

As demonstrated in this longitudinal follow up study, the absence of any evidence of
long term deleterious effects in the pelvis or any impediment to the chances of
subsequent pregnancy is very reassuring. Indeed the occurrence of intrauterine
pregnancies in patients who have had up to four VEC with or without tubal
manipulation not only reflects minimal adverse effects on pelvic organs but also

persistence of normal tubal function.

It should be recognised that the overall number of patients in this study is relatively
small and it is possible that with larger numbers and less stringent inclusion criteria,
ectopic pregnancies and pelvic infections may have been encountered. Moreover, the
assessment of the Fallopian tube was restricted to examination of the exterior surface
with no information about its lumen. Salpingoscopic examination of the ampullary
lumen and infundibulum is a more accurate mode of assessment and has been
proposed as part of the laparoscopic procedure (Brosens et al, 1987). Several
features of the tubal lumen have been described in control groups, infertile patients
and at different stages of the ovarian cycle (Maguiness and Djahanbakhch, 1992).
The observations made by Maguiness and Djahanbakhch (1992) suggest that there is
variation in the endoscopic appearance of the tubal lumen in women with a normal
reproductive career and that such appearances do not seem to be related to the use
of any method of contraception, the outcome of previous intrauterine pregnancies, or
the time since the last pregnancy. The authors concluded that further studies in

apparently normal women were needed to determine the influence of various luminal
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features with respect to fertility and pregnancy. Similarly, salpingoscopic
observations were consistent with histological findings only when endotubal disease
was severe. Moderate pathological changes as documented by light microscopy and
transmission electron microscopy were frequently not diagnosed salpingoscopically,
even with magnification (Hershlag et al, 1991). In this cohort of patients
salpingoscopic assessment of the tubal lumen at the initial pre-treatment laparoscopy
and further evaluation after one or more VEC might have provided more information

on the risks of severe tubal damage following these procedures.

In summary, the postoperative findings and long term observations in this group of
women lead to the conclusion that one or more vaginal egg collections with or
without tubal manipulation is not associated with significant morbidity and is

essentially safe.
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CHAPTER 9
SUMMARY OF CONCLUSIONS
AND FUTURE RESEARCH

9.1 OESTROGEN AND PROGESTERONE RECEPTOR STUDY

Specific monoclonal antibodies against ER and PR Were used to demonstrate the
distribution of these receptors along the Fallopian tube and the endometrium. The
ICA method used had been shown to be specific and sensitive to demonstrate the
presence of these receptors in the tissues of interest. In this study, ER increased in
the endometrial glands and stroma during the follicular phase and declined
considerably in the late luteal phase. In the Fallopian tube, the isthmus and
ampullary regions (epithelium and stroma) demonstrated moderate staining at mid-
cycle and decreased to low levels in the late luteal phase. Conversely, the fimbrial
end showed moderate staining in the early/mid follicular phase, declined to low levels
at mid-cycle and then increased to moderate staining in the luteal phase. In the
glandular epithelium, PR increased in the follicular phase to a maximum at mid-cycle
and then disappeared from the superficial layer in the mid-luteal phase and from all
layers in the late luteal phase. PR in the endometrial stroma remained high
throughout the menstrual cycle. In the Fallopian tube, PR were present throughout
the menstrual cycle in the epithelium and stroma, but the fimbriae showed greater
variability in the follicular phase and less staining in the late luteal phase than the

medial segments.
These data suggest that:

i) Variation in the levels of ER and PR along the tube during the different stages
of the menstrual cycle support the concept of functional differentiation and

microenvironments within the Fallopian tube.

ii) There is a differential control of ER in the different segments of the tube
during the menstrual cycle. Similarly, differential control of PR in the endometrial
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glandular epithelium and stroma as well as between the tube and endometrium during
the luteal phase is present. These latter observations reflect differences in the

functional importance of these sites during the luteal phase and early pregnancy.
Future studies:

These should aim to increase our understanding of ER and PR changes at closer
intervals around the time of ovulation and in the peri-implantation period (up to
LH+8) in the luminal surface of the endometrium, glandular epithelium, endometrial

stroma and the Fallopian tube.

Studies are warranted to determine the origin and nature of stromal cells that display

ER and PR at all stages of the menstrual cycle especially during the luteal phase.
9.2 MORPHOLOGY AND ULTRASTRUCTURAL STUDY

In this study, there was a systematic increase in the number of ciliated cells from the
isthmus outwards with higher numbers in the fimbriae, but no significant variation
was demonstrated at the different stages of the menstrual cycle. The following
results were subjective assessments and morphometric techniques were not used,
hence, the conclusions should be interpreted with care. In the early follicular phase,
endometrial gland lumen and the isthmus, but not the other tubal regions, showed
small quantities of secretory material. In the late follicular/pre-ovulatory phase,
cytoplasmic fragments and cellular material increased greatly in the endometrial
glandular lumen and the isthmus but to a lesser extent in the mid-tube and there were
none in the fimbriae. Similarly, the surface domes and dense granules were most
prominent in the mid-tube and ampulla and less in the fimbriae. In the luteal phase,
glandular lumen, isthmus and mid-tube contained greatly reduced cellular material.
The glandular epithelial cells demonstrated the classical dense glycogen accumulations
in the supranuclear position, while in the tube more glycogen particles were seen in
the ciliated cells. Similar luminal surface changes and electron dense granules were

noted in the endometrial and tubal epithelia at the different stages, though the
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fimbriae were generally less active than the other tubal regions. The postmenopausal
tube demonstrated a flat surface, reduced ciliation and minimal secretory activity,
while following HRT, the epithelial appearance resembled that of the late follicular
phase.

These data suggest that:

i) Along the Fallopian tube, differences in luminal secretory appearance, cell
surface activity and ciliated cell numbers, corroborate the concept of functional

differentiation of the different segments of the tube.

ii) The appearance of electron dense secretory granules in the endometrium
coincides with those in the Fallopian tube and a similar process of granule secretion
by cell decapitation is noted in both areas. However, whether the proteins produced

at the two sites are the same or tissue specific has not been determined.

Future studies

These should compare endometrial luminal epithelium with glandular and tubal
epithelia in the late follicular and peri-implantation period (up to LH+8). Scanning
and Transmission EM may demonstrate cell surface changes and secretory processes
that contribute to the interaction between the embryo and the endometrium and which

may facilitate implantation.

Further studies are warranted to determine the nature of these secretory products and
granules in both the endometrium and tube using electron microscopic
immunocytochemical techniques. Similar techniques may be used to localise the
presence of specific receptors in the endometrium and tube for factors such as
Insulin-like growth factor-I and Retinol. These factors are known to contribute to

early embryonic development.
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9.3 FALLOPIAN TUBE PROTEIN STUDY

In this study, two non-serum protein bands were identified. Band "A" with a
suggested MW 115-140KDa and band "B" with a suggested MW 49-69KDa.
Standard procedures were used to prepare immunogen and immunise rabbits.
Immunoprecipitation techniques were unsuccessful in demonstrating production of

antibodies in rabbits.
These data suggest that:

i) Tubal-specific, non serum proteins may be identified using gel separation of
tubal flushing material.

ii) The quantity or immunogenic properties of proteins in these gels may have
been insufficient to generate antibodies in rabbits, and other approaches, such as

pooling of all tubal flushing material should have been attempted.
Future studies

Studies should use new techniques to isolate tubal proteins, generate specific poly-
or monoclonal antibodies to localise the site of production of such proteins and

further assess their role in human reproduction.

9.4 CLINICAL TRIAL RESULTS
9.4.1 ALL TRANSFERS RESULTS

All analyses were carried out according to the original randomisation and intention
to treat. The number of treatment cycles planned in the study design (124 under each
arm) was not reached and thus the overall results are inconclusive because of the lack
of statistical power. The overall PR/ET following 124 replacements only were
27.4% for TET and 14.5% for UET (p=0.08), but when three embryo replacement
cycles only were analysed, the figures were 31.9% and 13.6% respectively (p=0.04).
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The overall LBR/ET following TET and UET were 17.7% and 12.9% respectively
(p=0.46). Similarly, the IR of all cycles following TET and UET were 14.3% and
7.9% (p=0.07) respectively and 15% and 7% (p=0.03) when only three-embryo
transfer cycles were compared. In pregnancy cycles only, the IR were 56.5% for
UET and 47.9% for TET. Uterine and tubal embryo transfer cycles were
comparable in age, duration of infertility, parity, infertility factors, fertilisation rate,
and number of embryos replaced. PR and IR following UET in the study group were
comparable to patients not included in the study and undergoing UET at the Royal
Free Hospital during the same period. PR results in two interim analyses were

concordant with the final analysis.
These data suggest that:

i) The LBR per cycle started or embryo transfer is similar in the two groups and

that tubal transfer does not reduce the early pregnancy loss rate.

ii) Higher IR is achieved when all tubal TET cycles are evaluated and the
difference is statistically significant when three-embryo transfer cycles only are

compared.

iii)  In pregnancy cycles only and when factors responsible for implantation are
optimal, the implantation potential of the embryos is the same irrespective of the

place of transfer.
iv)  Although PR following TET are higher, though not significantly, than those
following UET in this cohort of women, the results are inconclusive because of the

lack of statistical power. Larger number of treatment cycles would be needed to

demonstrate significant benefit following tubal transfer.
9.4.2 OUTCOME ACCORDING TO STIMULATION ATTEMPT RANK

In the first attempt, PR following TET and UET were 28.6% and 20%, the IR were
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14.7% and 11.8%, and the LBR/ET were 10.7% and 20% respectively. Analysis
of factors that may affect outcome showed that women are more likely to benefit
from TET if they were parous, with idiopathic infertility, or if hCG was used for
luteal support. Logistic regression analysis allowed the outcome of treatment to be
adjusted for a number of confounding variables. The odds ratio for TET increased
when the duration of infertility, number of forwardly motile sperm or oocytes
collected were taken into account. The difference in PR and IR between TET and
UET persisted after the second and third attempts. The IR was significantly higher
after TET in the second attempt. The overall multiple pregnancy rate was 44 %
following UET and 24 % following TET. Only one pregnancy was lost following
UET while a total of 6 were lost following TET.

These data suggest that:

i) The tendency for higher pregnancy rates following TET was maintained after

each of the attempts.

ii) Parity and unexplained infertility were favourable factors for tubal

replacements.

iii)  Neither multiple pregnancy rate nor early pregnancy loss rate improved after

tubal replacements.

9.4.3 OUTCOME ACCORDING TO INFERTILITY FACTOR

Unexplained infertility demonstrated the largest gap between TET and UET in both
the first cycle of treatment (PR/TET=44%, PR/UET=13%) and when all cycles in
this group were analysed (PR/TET=31.8%, PR/UET=14.8%). The overall IR
(14.3% vs 7.1%) and LBR per transfer (22.7% vs 11.1%) were equally higher
following TET.

In male factor infertility, the PR following TET was slightly higher than UET in the
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first attempt (23% vs 21%) but more in the overall cycles (20% vs 11.1%). The
implantation rates were also similar (TET=8.2%, UET=6.5%) and in view of two
miscarriages following TET, the LBR per transfer following TET was 10% only
compared to 11.1% following UET.

There were few transfer cycles in both the female factor only (TET=11, UET=7)
and the combined male and female factor (TET=9, UET=10) groups and hence it

is not possible to extrapolate from the results.

These data suggest that:

i) Unexplained infertility may contribute adversely to implantation and the
establishment of pregnancy following uterine transfer while tubal transfer may

enhance the outcome.

ii) No advantage (PR and IR) is obtained from tubal transfers in the male factor
infertility group.

9.4.4 OUTCOME ACCORDING TO AGE AND DURATION OF
INFERTILITY AT RECRUITMENT

PR and IR were significantly higher following TET (PR=53% and IR=29%) than
UET(PR=11% and IR=8%) in women under 30 years at recruitment. In the other
age groups (30-34 and =35 years) the differences were not significant. However,
the number of cycles in the under 30 years group was low (n=42) and hence no firm

conclusions could be drawn from these results.

The highest PR and IR following TET and UET were in women whose duration of
infertility was under 4 years (PR-TET=41%, UET=28%; IR-TET=23%,
UET=17%). No significant difference in the pregnancy rate between tubal and
uterine replacements was noted, but in all subgroups PR were higher rate following

TET. Four or more years of infertility resulted in a marked drop of PR and IR
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following both TET and UET.

These data suggest that:

1) Tubal transfer may significantly increase PR and IR in women recruited for

treatment under 30 years.

ii) There is an inverse relationship between the duration of infertility and
outcome of treatment (PR and IR) and that the benefit of shorter duration of
infertility is manifested following both TET and UET.

Future studies

Based on the overall PR per transfer achieved in the first attempt (TET=28.6% and
UET=20%) and assuming persistence of a true difference of 10% between the two
pregnancy rates, approximately 410 transfers for each group would be necessary to
demonstrate significant benefit at 5% level and 90% power. This would almost

certainly require a multicentre trial.

Alternatively, a clinical trial should aim to demonstrate benefit in the group where
maximum difference was observed i.e. couples with unexplained infertility and
shorter duration (< 4 years) of infertility. A confirmation parallel study in couples
with unexplained infertility would require approximately 50 transfers under each arm

to demonstrate significance at 5% level and 80% power.

9.5 ASSESSMENT OF IMMEDIATE AND LATE EFFECTS OF
VAGINAL EGG COLLECTIONS ON PELVIC ORGANS

The vast majority of peritoneal fluid samples obtained at TET did not grow any
microorganisms. Chlamydia culture was positive in only one sample from an

asymptomatic patient who conceived during that treatment cycle. Healthy twin girls
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were born with no evidence of infection. Pregnancies also occurred in cycles where

coagulase-negative Staphylococcus was isolated.

Assessment of the pelvis at TET did not show any evidence of trauma or haematoma
formation subsequent to VEC, and similarly there was no evidence of substantial
delayed abnormal findings in patients who had more than one VEC up to 18 months
earlier. Furthermore, eight spontaneous pregnancies were reported up to 7 months

after an unsuccessful attempt.
These data suggest that:

i) In women with no previous history of pelvic inflammatory disease, the risk
of introducing infection following VEC is low. The presence of any microorganisms

does not appear to affect the establishment and progress of pregnancy.

ii) Repeated vaginal egg collections do not increase the risk of pelvic damage and
adhesion formation nor adversely affect tubal function as shown by the subsequent

establishment of spontaneous pregnancies.
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