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ABSTRACT

Ovum donation has been performed successfully over the last decade using several
different hormone replacement regimens.

The overall live birth rate is of the order of

30% per treatment cycle, which compares fevourably with that following natural
conception and better than that seen following in-vitro fertilisation with the mother’s
own oocytes. Those who feil to become pregnant following ovum donation may have a
sub-optimal response to hormone replacement therapy (HRT). However, the efficacy of
different HRT regimens has not been investigated previously in a systematic and
comprehensive manner.

Indeed, most regimens have evolved empirically.

The

standard HRT regimen used at the Lister Fertility Clinic, London, is one such empirical
regimen, but despite this, has proved successful.

In order to provide a scientific basis for the design of HRT regimens for oocyte donation
programmes, this project has investigated the effect of changing the dose or duration of
oestradiol treatment on parameters that have been suggested to be related to pregnancy
rate. In addition, the relationship between these parameters has also been studied. The
parameters investigated are endometrial thickness, change in endometrial thickness,
serum oestradiol levels, endometrial progesterone receptors, endometrial histological
dating and endometrial ultrastructural characteristics.

Sixty seven volunteers were

randomised to one of three HRT regimens: 22 in regimen one (the standard HRT
regimen); 23 in regimen two (using an increased duration of oestradiol); and 22 in
regimen three (using an increased dose of oestradiol).

The results did not show a significant difference between the three HRT regimens in any
of the parameters investigated.

Indeed, the endometrial thickness following treatment

with all three HRT regimens was greater than 7.5 mm, a clinically significant threshold
associated with improved pregnancy rate. A factor restricting endometrial growth was
recognised but not identified. Normal progesterone receptor expression was seen in all

three HRT regimens.

A previously unreported persistence, and possible increase, in

stromal cell progesterone receptor expression was recognised between the early and mid
luteal phases. A variation in histological dating was seen in both the early and mid luteal
phases of the cycle, and these dates were not correlated with each other.
Ultrastructural observations suggest that a sequential maturation of endometrial cells
occurs within each gland, which is not represented by classical histological dating, but
may explain the prolonged ‘window of implantation’ seen in humans.

Overall, the

findings are consistent with therapy which is above the threshold level for a
facilitating/activating relationship between treatment and response, and not consistent
with the classical dose-response model for hormone therapy.

In conclusion, in designing a HRT regimen for oocyte donation programmes, increased
oestradiol dosage during the follicular phase is unlikely to result in an improved
pregnancy rate above that of the standard regimen (2 mg twice daily for ten days),
equally, nor is it disadvantageous to prolong oestradiol treatment (at least up to a total of
17 days) before starting progesterone treatment.
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ETHICAL NOTE

All clinical studies were carried out with the informed consent of each volunteer, after
the project had been approved by the Ethical Committee of the Lister hospital
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HYPOTHESES

HRT used to prepare oocyte recipients (using either donated or their own eggs) varies
between and within fertility units depending on the clinical situation.

The former

situation arises because the effects of HRT on endometrial growth and maturation are
poorly understood. In the latter situation, the dose of HRT may be (1) increased as an
empirical treatment for poor endometrial growth, low serum hormone levels, and
repeated failure of implantation or (2) prolonged following a delay in the preparation of
an oocyte donor.

This is particularly relevant to oestradiol replacement therapy before

the start of progesterone treatment.

Ideally, pregnancy rate would be used in order to define the effect of a variation in
oestradiol replacement therapy.

However, this is not possible due to the difficulty of

standardising treatment regimens and the large number o f volunteers that would be
required. An alternative approach is to investigate the effect of a change in the dose or
duration of oestradiol treatment on parameters that may be related to pregnancy rate, in
the presumption that any difference in these parameters would be reflected in the
pregnancy rate. This would be performed in women volunteering to undergo a HRT
cycle in which an oocyte is not transferred (commonly referred to as a “dummy cycle”).
The following hypotheses have been generated to investigate the effect of an increase in
or a prolongation of oestradiol treatment in a HRT regimen accepted as a baseline
standard at the Lister Fertility Clinic, London, and which has resulted in over 100
successful pregnancies.
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Primary hypothesis
The following hormone regimens:

1.

2 mg oral oestradiol twice daily for 10 days followed by 2 mg oral oestradiol and
100 mg vaginal progesterone both three times daily for 9 days

2.

2 mg oral oestradiol twice daily for 17 days followed by 2 mg oral oestradiol and
100 mg vaginal progesterone both three times daily for 9 days

3.

2 mg oral oestradiol three times daily for 10 days followed by 2 mg oral oestradiol
and 100 mg vaginal progesterone both three times daily for 9 days

have a similar effect on the following parameters

1.

Endometrial thickness and change in endometrial thickness,during the *pseudofollicular’ phase of a HRT cycle.

2.

Serum oestradiol and progesterone levels during a HRT cycle.

3.

Expression of endometrial progesterone receptors during the early and mid
‘pseudo-luteal’ phases of a HRT cycle.

4.

Histological dating of endometrium during the early and mid ‘pseudo-luteal’
phases of a HRT cycle.

5.

Endometrial ultrastructure during the early and mid ‘pseudo-luteal’ phases of a
HRT cycle.

Secondary hypothesis

There is no relationship between the above parameters

13

OVUM DONATION: AN OVERVIEW

Ovum donation is now an accepted form of assisted conception.

Animal experiments

with donated embryos have been successful since 1890 (Heape, 1890), with studies
performed in mice, rabbits, sheep and cows (Rosenwaks, 1987).

The first human

pregnancy following donated sperm was in 1884 (Fingold, 1986), but ethical issues,
technical development and a limited knowledge of implantation all combined to delay the
first ovum donation pregnancy until one hundred years later (Trounson et al, 1983).
Ethics committee approval has been and continues to be dictated by the views of society,
but approval does not always come with increased knowledge and awareness.
Moreover, liberal attitudes to one aspect of life are not necessarily extended to others.
Indeed, Scandinavian countries have a liberal view of pornography but ovum donation is
illegal, whereas the reverse is the case in the United Kingdom.

The methods en^loyed to perform ovum donation have, in the main, been an extension
of those developed for use in couples using their own gametes, with superovulation, invitro fertilisation (IVF), either zygote intra-feUopian transfer (ZIFT), tubal embryo
transfer (TET) or intra-uterine embryo transfer (ET) and endometrial preparation using
hormone replacement therapy (HRT) being the basis of ovum donation.

The additional

factor required is synchrony between donor and recipient cycles. This is largely defined
by the recipient’s endometrial receptivity, the duration of which (window of
implantation) has a marked effect on pregnancy rate.

Animal experiments have shown

that pregnancy rate (successful implantation) varies between species, is rarely 100%, and
decreases rapidly outside the optimum window of implantation (Rosenwaks, 1987).
The conceptus reaches the uterine cavity between 4 and 6 days following ovulation
(Croxatto et al, 1978; Diaz et al, 1980; Hearn, 1980; Findlay, 1984), therefore, it seems
likely that the time of maximum ‘uterine receptivity’ is related to these dates. However,
it remains to be resolved whether a high rate of implantation can still occur in artificial
cycles beyond these dates.

In ovum donation cycles, endometrial receptivity may be

14

afifected by the hormones used to stimulate growth and maturation, but the window of
implantation seems to be similar to that in natural cycles (Younis et al, 1992). Navot et
al, 1991, found a decreased pregnancy rate when oocyte donation was performed before
day 17 or after day 19 fi’om the onset of HRT (Navot et al, 1991b).

Recipients and donors

Pregnancy may be achieved by ovum donation in any person with a functional uterus.
This includes women with an abnormally shaped uterus, such as bicomuate or
unicomuate, provided they can still sustain a fetus until its viability.
gametes are an advantage, but not an absolute requirement.

Good quality

The techniques of sub-

zonal sperm insemination (SUZI) and intra-cytoplasmic sperm injection (ICSI) have
resulted in viable embryos following the micro-manipulation of morphologically
abnormal and relatively immature or postmature oocytes (Trounson and Sathananthan,
1993).

There are no clear guidelines in the selection of infertile women for ovum

donation, but women without functioning ovaries, women who have undergone multiple
IVF attempts, and women who are at risk of passing on a serious genetic disorder are the
most obvious candidates.

The absolute requirement for an ovum donor is the ability to produce viable oocytes, but
ethical, social, age and technical limitations further restrict the selection of donors.
Oocyte donation between unknown women of consenting age is accepted but donation
between kin, such as daughter and mother, is less readily approved.

Donation for

financial gain, rather than altruistic reasons, is not normally considered acceptable,
because of the pressures that may be put upon donors. In addition, donations by women
over the age of 35 years are not encouraged except in exceptional circumstances,
because of the increased risk of chromosomal abnormalities and the reduced response to
superovulation. Technical limitations that exclude a woman fi-om donating eggs are
uncommon, but allergy to drugs and difiSculty harvesting eggs are factors.
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Ovum donation protocol

Protocols for ovum donation vary between units: the basic priciples listed below are
similar in all units, although drug regimens may vary considerably.

Donors

1.

All donors are counselled regarding the short and long term risk of treatment.
Screening procedures include blood tests for infections such as syphilis and human
immunodeficiency virus, and pelvic ultrasound to confirm normal anatomy and
exclude ovarian cysts.

Genetic disorders are excluded during the history and

examination, but chromosomal analysis is performed where indicated. Doubtful
cases are always excluded.

2.

Following counselling and screening, suitable donors are allowed to cycle naturally
until the month of the donation.

Towards the end o f the cycle preceding

superovulation, donors start using a gonadotropin releasing hormone analogue
(GnRHa) (buserelin acetate: Suprefect, Hoechst UK Ltd), as nasal sniffs or
subcutaneous injections, to inhibit FSH output fi*om the pituitary gland (down
regulation).

This prevents premature ovulation which in turn fecilitates

coordination of the donor and recipient cycles.

3.

Superovulation of the donor is planned to start 12 days before egg collection.
Intramuscular injections of human menopausal gonadotrophin (hMG) (Pergonal,
Serono Laboratories (UK) Ltd) are given daily and the response monitored by
ultrasonic scanning of ovarian follicle development.

When follicular development

is considered adequate (e.g. the largest follicle is > 20 mm diameter and the next
two follicles are > 14 mm dia ) 10,000 lU human chorionic gonadotrophin (hCG)
(Profasi, Serono Laboratories (UK) Ltd) are given intramuscularly to stimulate
resumption of the first meiotic division in the primary oocyte. After this point, no
further injections of hMG are given.
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4.

Cycles are stopped if serum oestradiol levels are above 15,000 pmol/1 with multiple
mature follicles (>15mm). These donors are excluded from donation, continue to
use buserelin, are not given Profasi, and monitored until the follicles regress.

5.

Shortly before ovulation (which would occur about 36 hours following the hMG
injection) donor oocytes are harvested by aspiration.

This is a simple day case

procedure, usually performed per vaginam under ultrasonic guidance.

Donors

continue to use buserelin until the next menstrual loss.

Recipients

1.

Recipients are counselled for suitability to become an ovum recipient. Due to the
rarity of donated oocytes it is essential that recipients do not cancel treatment at a
stage when an alternative recipient cannot be found, and at a later date do not
regret the decision to become a recipient.

In over one hundred ovum donation

pregnancies at the Lister Hospital there has been only one case of a recipient
regretting her decision and obtaining a termination in mid trimester.

Eight

months later, the recipient changed her mind again and presented herself for
another donation cycle. She was offered counselling but no further treatment.

2.

Recipients without ovarian fimction or with anovulatory cycles are maintained on
HRT.

Recipients with ovulatory cycle are allowed to cycle normally.

Towards

the end of the cycle preceding treatment or at the start of the treatment cycle
recipients with ovarian function start using GnRHa.

This facilitates the

coordination of donor and recipient cycles by preventing premature maturation of
the endometrium.

This treatment is discontinued immediately before transfer of

the donated oocyte.

3.

Oestrogen replacement therapy starts on the day that the donor begins her
injections of hMG.

The daily dose of oestrogen is designed to promote

endometrial growth (thickness > than 7 mm on the day of ET, TET, or ZIFT) and
17

maturity. Oestradiol 2 mg twice daily is typical of a fixed dose regimen, but other
regimens have a variable oestradiol dose (between 2mg and 8 mg daily) in an
attempt to duplicate the hormonal milieu of natural cycles.

There is no evidence

to suggest either regimen has any advantage over the other.

At the start of

progesterone treatment or on the day of oocyte transfer most regimens change to a
fixed dose of oestrogen (typically 6 mg per day in three divided doses).

Although

oestrogen is necessary to promote endometrial proliferation and expresssion of
progesterone receptors it is not clear if oestrogen is necessary for normal
implantation and maintenance of pregnancy.

Animal studies have been helpful in

establishing the oestrogen requirement of humans.

Rodents have an absolute

requirement for oestrogen during implantation (Findlay et al, 1983), whereas
implantation and maintenance of pregnancy in the ovariectomised rhesus monkey, a
primate, can be maintained without oestrogen (Meyer et al, 1968).

Until clear

evidence is available to answer this question, it is probable that HRT regimens will
continue to include oestradiol following ET.

4.

On the morning following the donor injection of hMG the recÿient starts treatment
with progesterone.

This is can be given as intramuscular injections or vaginal

pessaries (typically 25 - 50 mg intramuscularly once daily or 100 mg vaginally two
to three times daily).

As a minimum, progesterone replacement therapy is

maintained for two weeks following ET, when a pregnancy test is performed.

If

the pregnancy test is positive progesterone treatment is continued imtil placental
steroid production can maintain the pregnancy.

When this occurs is not clearly

established, but evidence (Csapo, 1972; Csapo, 1973a; Csapo, 1973b; Scott et al,
1991) suggests that placental function starts between 5 and 8 weeks gestation.
With evidence of good placental function, it is probably safe to reduce
progressively the dose of HRT fi*om the 8th week of amenorrhoea (Comet et al,
1990).

Experience at the Lister hospital, Chelsea, has shown that stopping

progesterone treatment at 12 weeks gestation is safe in most cases.

In normal

pregnancy, the mean plasma levels of progesterone at eight and twelve weeks
gestation have been reported as 96 nmol/1 and 120 nmol/1 respectively (Tulchinsky
and Hobel, 1973), although other workers have reported slightly lower levels
(Rubin et al, 1970).
18

Partners, Fertilization, ET or ZIFT

The recipients’ partner is asked to donate semen on the day that oocytes are harvested,
unless a frozen or donor sanç>le is being used.

Semen preparation (Baker et al, 1993),

gamete incubation and fertilization (Trounson and Osborn, 1993) are performed in the
normal manner for IVF.

Embryo selection and ET is normally performed between 44

and 72 hours after oocyte harvesting when the embryo is between the 2 - 8 cell stage
(usually 4 or 6 cell). The timing of ET will depend on both the stage of recipient
preparation and convenience: there is no clear evidence to suggest an advantage is
gained by early (44-48 hours after insemination) or late (68 to 72 hours after
insemination) transfer (Caspi et al, 1989).

TET is an altenative option to ET, and is

normally performed at the same time as ET.

Selection and transfer of zygotes

(pronuclear stage) into the fellopian tubes is performed 24 hours after oocyte collection
(ie before cleavage of fertilized oocytes) and is termed zygote intra-feUopian transfer
(ZIFT).

An advantage for transfer o f embryos in the pronuclear stage, rather than

following cleavage, has not been established (Wames et al, 1988).

For non tubal infertility, there is no current guideline as to the best method o f transfer
between ET, TET and ZIFT.

Both TET and ZIFT are relatively invasive (laparoscopic)

procedures compared to ET, which can be performed as a simple outpatient procedure.
In terms of pregnancy rate and take home baby rate, there is no conclusive evidence that
one procedure is superior to the others; whilst a few researchers have reported ZIFT to
be superior to ET (Balmaceda et al, 1992) the majority have reported no significant
difference (Toumaye et al, 1992; Toth et al, 1992; Fluker et al, 1993).

Pregnancy rate

Pregnancy rate following ovum donation may be influenced by multiple factors.

Many,

such as whether embryos as transferred fresh or post freezing, the number and quality of
embryos transferred or the cycle stage at transfer, are not specific to ovum donation and
apply equally to women treated with IVF and ET using their own eggs. The factors that
apply specifically to ovum donation are:
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1.

Disparity between age of donors and recipients.

2.

Difference in genetic complement of the fetus: the fetal genome following use of
the mother’s own oocytes is 50% foreign to the mother, but 100 % foreign
following ovum donation.

3.

Hormone replacement protocols: only in an ovum donation cycle can a fresh
embryo transfer be achieved in the absence of superovulation effects on the
recipient.

Fecundity decreases with age (Shwartz and Mayaux, 1982; Hanson, 1986).

This

phenomen is related to the age of the oocyte rather than the enviroment into which the
oocyte is implanted (Sauer et al, 1990; Navot et al, 1991a; Abdalla et al, 1993).
Therefore, pregnancy rate in oocyte recipients is related to the age of the donors and not
the recipients.
Normal pregnancy continues to term in the majority of cases, despite the fetal genome
being 50% different to that of the mother.
ah immunologically privileged site.

Therefore, the uterus may be considered as

The immune mechanisms involved are unclear, but

may include the coating of trophoblast with molecules which are not recognised as
foreign (for exanq)le, immunoglobulin g, fibrin, mucopolysacharides), the presence o f
immunoregulators (Schwangershafr protein-1, human chorionic gonadotropin, and
placental protein 14 are possible candidates), or decreased expression of major
histocompatibility antigens.

The feet that an ovum donation fetus, with a genome

which is 100% different to that of the mother, can be carried to term indicates that, at
least in part, the factors that protect a fetus in a normal pregnancy are extended to the
ovum donation pregnancy.

Currently, there is insufficient data available to indicate if

rejection (lower pregnancy rates and greater incidence of spontaneous abortion) or
antenatal problems are greater in ovum donation pregnancies than following conception
with women using their own oocytes. The available data (Abdalla et al, 1993; Check et
al, 1992) indicates that fetal rejection following ovum donation is not different from that
following IVF (Balen et al, 1993), but both are greater than miscarriage following natural
conception (Chard, 1991; Regan, 1992). The latter is probably related to a combination
of gamete handling, IVF/embryo culture techniques, and increased pregnancy wastage in
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subfertile women (Yovich and Matson, 1988). This would suggest that the différence in
genes between the fetal and maternal genome is not an adverse factor in utero.

Currently, the situation regarding pregnancy rate following HRT is unclear, with
confusion as to the optimum dose or duration of treatment before and after ET.
Pregnancy rates (20 - 30%), comparable to normal conception (Chard, 1991), can be
achieved with both fixed and variable dose regimens.

In a study of 131 donor oocyte

transfers by Leeton et al, 1991, no difference in the pregnancy rate was found between a
fixed dose but variable length oestradiol regimen and a regimen in which oestradiol
dosage was progressively increased (Leeton et al, 1991).
confiised when the route of administration is considered.

The situation is further

Feinman et al, 1993, studied

62 cycles of ovum donation and IVF surrogacy and found a much higher fecundity
(61%) with intramuscular oestradiol than with oral (Feinman et al, 1993).

The dose,

duration or route of HRT replacement may not be reflected in the serum levels of
oestradiol, which may eventually prove to be of more significance than the nature of the
hormone replacement regimen. This is supported by the results o f a study by Davies et
al, who monitored the serum hormone levels in 22 IVF cycles following cryopreservation
of embryos and found that the serum levels of oestradiol between days 10 and 17 were
higher in pregnant than non pregnant women (Davies et al, 1991).
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SECTION ONE

ULTRASOUND
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1.1

1.

2.

OBJECTIVES

To determine the response to each of three HRT regimens in terms of:

a)

endometrial growth of individual volunteers

b)

mean endometrial growth of all volunteers

c)

the change in endometrial growth throughout the treatment cycle
i)

absolute growth

ii)

percentage growth (relative to a fixed cycle point).

To compare the three HRT regimens in terms of:

a)

b)

the absolute endometrial thickness on

i)

the third day of treatment with oestradiol

ii)

the tenth day o f treatment with oestradiol

iii)

the last day of treatment with oestradiol

and the change in endometrial thickness between

i)

the third and tenth days of treatment with oestradiol

ii)

the third day and the last day of treatment with oestradiol.
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INTRODUCTION

1.2

1.2.1

Endometrial thickness

Endometrial function remains an enigma despite half a century of research into the
subject. Its importance is uncertain, the occurrence of ectopic pregnancy shows clearly
that it is not essential for in^lantation.

From observations of natural pregnancy, but

with very little scientific support, it seems likely that the endometrium promotes
implantation, and provides an enviroment in which the placenta may develop and
function, yet allows physiological separation at delivery.

Thus, the menstrual cycle is

merely a mechanism by which the uterine endometrium is prepared for pregnancy in
phase with ovulation.

In these terms, menstruation is the result of a feilure to become

pregnant rather than a successfully completed cycle. Indeed, a great deal of scientific
research into endometrial function has centred on characteristics that are associated with
successful pregnancy; these include endometrial growth.

Variations in endometrial growth during the menstrual cycle can be monitored by
ultrasonography.

Earlier observers used trans-abdominal scanning (Hall et al, 1979,

Sakamoto et al, 1982) but more recently high-firequency, high-resolution, trans-vaginal
ultrasonography has been employed (Randal et al, 1989; Fleischer et al, 1991).

This

method is more comfortable for the patient and more accurate, the probe being much
closer to the endometrial lining than is possible with trans-abdominal ultrasonography.
Some variation exists in the different parameters used to assess endometrial thickness:
most observers include both endometrial layers and the mid cavity echo, but others also
include the hypoechogenic peri-endometrial halo (Fleischer et al, 1986a).

During the

first half of the menstrual cycle the endometrium lining the uterine cavity increases from
a post menstrual thickness which is usually between 1 - 5 mm (Lenz & Lindenberg’
1990). Around the time of ovulation endometrial thickness is reaching its peak, which
varies widely between individuals, ranging from 5 - 1 4 mm (Fleischer et al, 1984;
Feichtinger & Kemeter, 1985; Randall et al, 1989; Lenz & Lindenberg, 1990; Gonen et
al, 1991; Ueno et al, 1991; Yagel et al, 1992). Following ovulation, endometrial growth
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is absent or markedly reduced (Randall et al, 1989; Lenz & Lindenberg, 1990).
However, when growth does continue after the luteinising hormone surge a plateau is
reached after 5 days (Randall et al, 1989).

To fiirther the understanding of endometrial function, endometrial growth has been
studied in situations that vary fi’om normal, such as assisted conception cycles involving
clomiphene citrate treatment, superovulation with hMG, and HRT with oestrogen and
progesterone. The mean endometrial thickness of women superovulated with hMG has
been reported by some workers to be greater than (Ueno et al, 1991) or similar to
(Randall et al, 1989) that seen in natural cycles.

The endometrial thickness of women

receiving HRT is increased by the dose and duration of treatment.

The threshold dose

for promoting this increase is 1 mg per day, however, doses of less than 2mg per day
result in decreased endometrial maturity when assessed on the 5th day of progesterone
treatment, indicating that endometrial thickness and maturity are not related (Li et al,
1992).

A significantly reduced mean endometrial thickness is found in women who

receive the oestrogen antagonist clomiphene citrate during natural, superovulated and
hormone supplemented cycles (Dickey et al, 1992; Gonen et al, 1990a; Yagel et al,
1992).

This effect is seen even in the presence of normal serum oestradiol levels.

However, when the circulating levels of oestradiol are significantly greater than found in
normal cycles, as seen in cycles where clomiphene citrate is combined with
superovulation, its detrimental effect is less apparent (Lenz and Lindenberg, 1990).

The duration of treatment that promotes a clinically useful increase in endometrial
thickness is not known (and will probably depend on the clinical situation).

Currently,

most hormone replacement regimens used for the treatment of climateric symptoms or
the endometrial preparation of ovum recipients initially employ oestrogen alone for about
10 to 14 days.

The “gold standards” for measuring endometrial function are pregnancy rate and
outcome, therefore, workers have attempted to relate endometrial thickness to these
standards. Unfortunately, the results in the literature are difficult to compare as workers
have reported different cut off points for comparison of endometrial thickness with

25

pregnancy rate.

In natural cycles, an increased pregnancy rate was found to be

associated with a thicker endometrium by some workers (Gonen et al, 1991) but not
others (Ueno et al, 1991).

Similarly in assisted conception cycles employing

superovulation, some workers have reported a higher pregnancy rate associated with a
thicker endometrium (Gonen et al, 1989 & 1990b; Check et al, 1991; Dickey et al 1992;
Glissant et al, 1985) while others have not (Fleischer et al, 1986b; Ueno et al 1991;
Khalifa et al, 1992). In addition, an endometrial thickness of greater than 13 mm may be
associated with a decreased pregnancy rate (Dickey et al, 1992).

In ovum donation

cycles, an increased endometrial thickness is associated with an increased pregnancy rate
(Check et al 1993; Abdalla et al, 1994). Whilst pregnancy can occur at any endometrial
thickness, it seems to be exceedingly uncommon when the endometrial thickness falls
below 6-7 mm (Gonen et al, 1991; Abdalla et al 1994; Strohmer et al, 1994).

1.2.2 Change in endometrial thickness

The absolute endometrial thickness in relation to pregnancy rate has been studied by
many workers (above), but the concept of change (delta) in endometrial thickness has
not.

One of the main problems in studying change in endometrial thickness is the

difficulty in assessing endometrial thickness at the start of growth.

Endometrial

proliferation from a basal layer starts whilst a woman is still shedding endometrium
which grew in the previous cycle.

Therefore, any assessment of new endometrial

growth by ultrasonography during menstruation will be inaccurate.

In most cases,

assessment of new endometrial growth will not be possible until the 5th day of the cycle.
This problem can be reduced in assisted conception cycles where the initiation of
endometrial proliferation can be controlled following menstruation.

This involves the

inhibition of endogenous hormone production (‘down regulation’) and at a later date,
after the completion of menstruation, stimulation of endometrial growth from a set time
point by superovulation or HRT.

In ovum donation cycles where a fresh embryo

transfer is planned, the situation is fiirther complicated by the need to co-ordinate donor
and recipient cycles. This may reduce the time available for ‘down regulation’ and also
the time available for HRT. Consequently, it may be necessary to start HRT before the
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completion of menstruation, thus decreasing the value of any relationship between
change in endometrial thickness and pregnancy rate.

Gonen assessed change in endometrial thickness (delta) from day 10 of a superovulation
cycle until the day after hCG administration and found no correlation with pregnancy
rate (Gonen et al, 1989).

However, these assessments involved a variation between

women in the duration of the studies. An alternative approach would be to assess delta
over a fixed time scale: this is only practicable when volunteers are following a fixed
hormone replacement regimen in a non-recipient cycle.
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1.3
1.3.1

PATIENTS AND DRUG REGIMENS
Recruitment of volunteers

Women registering to become ovum recipients volunteered to take part in the research
programme.

1.

No payments were made but volunteers benefited in the following ways.

The experience of the monitored cycle allowed volunteers to familiarise themselves
not only with the drug regimen, but also with the fertility unit and the doctors
treating them.

Many recipients feel anxious, irritable, nauseous and suffer from

insomnia during the treatment cycles, which leads to difficulty taking the
medication as prescribed. The intensive support and reassurance given to patients
during a non-recipient cycle helps to reduce tension which, in turn, promotes better
compliance.

2.

Assessment of endometrial growth. Recipients with an endometrial thickness less
than 7.5mm at the time of embryo transfer have a reduced pregnancy rate when
compared to recipients with an endometrial thickness greater than 7.5mm (Abdalla
et al, 1993). Volunteers with an endometrium thinner than 7.5mm during the non
recipient cycle would have the opportunity to undergo a further non-recipient cycle
with an individually ‘tailored’ drug regimen. Hopefully, this would lead to a more
successful treatment cycle, (fortunately, in this project all volunteers had a final
endometrial thickness greater than 7.5 mm).

3.

Identification of avoidable complications.

The commonest complication that

occurs during endometrial preparation for oocyte transfer is bleeding, this often
follows HRT initiated during the proliferative phase of a cycle and can usually be
avoided by inducing a hormone withdrawal bleed prior to the HRT.

In order to

reduce the risk of this comphcation, especially in women with anovulatory cycles,
all volunteers were treated with a standard HRT regimen (Cycloprogynova 2 mg,
Schering Health Care, Burgess Hill, UK) for at least two cycles prior to the
monitored cycle.
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1.3.2 Trial design

As patients presented, they were counselled and asked to participate. Those agreeing
were given a further week to consider their decision before being formally entered into
the trial.

Although the uterus has been shown to contain endometrial receptors for

GnRH (Imai et al, 1994), there is no current evidence to suggest that the use of a
GnRHa would influence the parameters investigated in this project.

However, to

exclude this possibility, volunteers were initially divided into two groups: women with
and without ovarian function, which separated volunteers requiring buserelin from those
who did not.

Each group was then allocated to one of three drug regimen^ using

random permuted blocks of three.

1.3.3

Drug regimens

The drug regimens were designed (within the limitations of ethical approval) to
investigate the effect of a change in the dose or duration of oestradiol on endometrial
development and maturation.

It was hoped that this investigation would provide

guidance to inq)rove empirically derived regimens currently in use.

At the time of this

study, new recipients in our practice are given a standard hormone replacement regimen,
with the addition of buserelin acetate if they have ovarian function (see section 1.3.4 for
definition). If preparation of the donor is unavoidably prolonged, leading to delay in
oocyte transfer, recipients are maintained on oestradiol and progesterone treatment is
postponed until the donor is ready.

The aim of this empirical treatment is to maintain

the “window of implantation” which is thought to be optimised by starting progesterone
treatment 3 to 4 days before oocyte transfer.

When endometrial growth at the time of

oocyte transfer is less than 7.5 mm, and occasionally when repeated implantation feilures
have occurred despite an endometrial growth greater than 7.5 mm, a HRT regimen with
an oestradiol dose greater than the standard regimen may be ençloyed prior to oocyte
transfer in an attempt to promote endometrial receptivity.

29

Regimen one in the trial is the standard hormone regimen given to every new recipient.
Regimen two represents a seven day extension of the standard oestradiol treatment prior
to oocyte transfer, and regimen three represents treatment with an increased dose of
oestradiol. The three drug regimens consisted of two parts.

The first part involved

treatment with oestradiol alone; this continued up to the date on which the donor would
receive her injection of hCG.

The second part of the treatment started on the day that

the donor received their hCG injection, and this was the same for all three drug regimens
(table 1.3.1 and fig 1.3.1).

Table 1.3.1

Drug regimens

Regimen

One

Two

Three

Part One

Part Two

2 mg oral oestradiol (Progynova,
Schering Health Care, Burgess
Hill, UK) twice daily for 10 days
(first and last day inclusive).
2 mg oral oestradiol twice daily
for 17 days (first and last day
inclusive).
2 mg oral oestradiol three times
daily for 10 days (first and last day
inclusive).

2 mg oral oestradiol and 100 mg
progesterone (Utrogestan, Besins
Iscovesco, France) per vaginam
both three times daily for 9 days.
2 mg oral oestradiol and 100 mg
progesterone per vaginam both
three times daily for 9 days.
2 mg oral oestradiol and 100 mg
progesterone per vaginam both
three times daily for 9 days.

1.3.4 Volunteers with and without ovarian function.

Volunteers were considered to have feilure of ovarian fimction when, in the absence of
HRT, serum oestradiol was less than 100 pmol/1 together with amenorrhoea for at least 4
months and raised serum gonadotrophins.

Raised serum gonadotrophins, although

suggestive of ovarian failure, were not sufiBcient on their own to make a diagnosis of
ovarian failure. Volunteers with ovarian fimction were treated with buserelin starting 7
days before HRT. The choice of a once daily subcutaneous injection of 0.5 ml (500 pg)
buserelin or one nasal sniff (100 pg) buserelin every four hours with an additional sniff at
bedtime was optional.

In all cases, ‘down regulation’ with buserelin was stopped

immediately before starting progesterone treatment.
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Fig 1,3.1

Relationship of cycle dates in regimens one, two and three.
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1.3.5 Volunteer characteristics

Serial ultrasound assessments of endometrial thickness were performed on 22 volunteers
using regimen one, 23 volunteers using regimen two and 22 volunteers using regimen
three.

Towards the end of the clinical phase, one extra volunteer was recruited to

compensate for possible cancellations between the day of initial acceptance and
randomistion 7 days later: she was the only case in the last permuted block and allocated
to regimen 2.

The median age in each group was 38 years (range 27 - 50), 34 years

(range 24 - 47) and 40.5 years (range 25 - 50) respectively. The mean age, mean body
mass index (BMI), number of volunteers previously pregnant (gravidity) and the number
of volunteers who had previously given birth after 24 weeks gestation (parity) of each
group are shown in table 1.5.1.

There were no significant differences (p < 0.05)

between the mean ages or BMIs of volunteers using regimen one, two or three.

Table 1.5.1.

Volunteer characteristics

Regimen

Buserelin

n

Age (years)
mean ± SD

BMI
mean + SD

Previously
gravid

Previously
parous

One

Yes
No
AU

12
10
22

36.50 + 5.49
38.10 + 8.02
37.22 ± 6.63

24.83 + 2.29
23.90 ±3.96
24.41 ±3.11

4
5
9

3
4

Yes
No
AU

9
14
23

42.00 + 4.36
31.21+5.70
35.43 ± 7.42

22.11 ±3.10
23.86 ±3.55
23.17 ±3.42

5

5

Two

1
6

1
6

Three

Yes
No
AU

12
10
22

42.00 + 4.59
35.20 + 8.34
38.91 ±7.27

23.42 + 3.32
23.40 ± 5.02
23.41 ±4.07

1

7

3

2

0

9

3
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METHOD

1.4

1.4.1

Cycle Dates

Endometrial development is dependent on endometrial growth (proliferation) stimulated
by oestrogen and endometrial maturation (secretory changes) stimulated by
progesterone.

However, the contribution of each to the promotion of successful

implantation is unknown, but in ovum donation cycles, as in natural cycles, the state of
endometrial development at the time of embyro implantation (the implantation window)
is probably of vital importance (Johannisson, 1991). Therefore, it is logical to relate the
duration of endometrial preparation (oestrogen ± progesterone) and time of endometrial
assessment (biopsy) to a fixed cycle point which can be related to the start of both
oestrogen and progesterone treatment, rather than a variable starting point, such as the
last menstrual period (LMP).

The start of HRT is dependent on the recipient’s menstrual date, knowledge of donor
availability and domestic arrangements, therefore, it is not always possible to start
oestradiol treatment on the date of choice.

Subsequent dates are determined by the

donor’s response to superovulation (unless firozen embryo’s are to be transferred).

A

midnight injection of hCG is given to donors between 32 and 36 hours before oocyte
harvesting, which will normally precede ET by two days, or ZEFT by one day (fig 1.3.1).
Consequently, four days (inclusive) before ET, or three days before ZIFT, recipients
begin treatment with progesterone. Therefore, the last day that oestradiol is used alone
to promote endometrial proliferation is the day that the donor receives her midnight
injection of hCG, two days before oocyte harvesting, four days before ET, or three days
before ZIFT.

Therefore, drug regimens and endometrial assessments in this research

project have been related, in most cases, to the day on which a donor would receive her
hCG injection, the last day on which the recipient was treated with oestradiol alone (fig
1.3.1).

This day has been called “day X”. Cycle days before day X have been given a

minus value and days following day X have been given a positive value.

For example,

seven days before day X is called X-7.
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1.4.2 Dates of ultrasound assessment

Dates on which endometrial assessments were made, relative to day X, are shown in
table 1.4.1.

Table 1.4.1

Ultrasound monitoring dates in regimen 1, 2 & 3.

Regimen one

-

X-7

X-3

X

X+2

Regimen two

X-14

X-7

X-3

X

X+2

-

X-7

X-3

X

X+2

Regimen three

Monitoring dates were chosen for the following reasons:

1.

In order to replicate treatment cycles as nearly as possible, volunteers were
allowed to start HRT towards the end of a menstrual cycle, but it was important
that menstrual “shedding” was completed before the first day on which endometrial
thickness was measured. Therefore, assessment o f endometrial thickness was not
started until the third day of HRT, equivalent to X-7 in regimens one and three and
day X-14 in regimen two.

2.

Dates were separated by decreasing intervals that would allow more data points for
analysis towards the end of the monitored cycle: it was expected that the mean
endometrial thickness for recipients in each regimen would converge towards the
end of the treatment cycle.

3.

The monitoring dates would allow attendance at the hospital on weekdays.

This

was the preferred option for most volunteers and would allow monitoring to be
performed by the same ultrasonographer, who was not available at weekends. As
a result of this timing, the first day of oestradiol treatment was always a Saturday.
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1.4.3

Assessment of endometrial thickness

Endometrial thickness assessments were made on a Seimens Sonoline AC machine using
a 5 MHz vaginal probe. The following standard settings were used for all cases:

Readout

Interpretation

Setting

FQ

Freq (MHz)

50

SC

Scale / Field size

08

FC

Focus

FM

FR

Frame rate

10

EE

Edge enhance

E3

DR

Dynamic range (dB)

45

CL

Correlation (%)

50

TX

Transmit (dB)

03

RX

Receiver gain (dB)

50

After obtaining an image of the endometrium in the uterine longitudinal plane, the
vaginal probe was rotated from side to side at 90® to the longitudinal plane. )A^th
gradually decreasing rotation the maximum endometrial thickness was located and the
image frozen.

One measurement o f endometrial thickness was then made, assessing

endometrial thickness at its widest point:

between the echogenic interfeces of

myometrium and endometrium. Therefore, “endometrial thickness” in this thesis refers
to the combined thickness of opposing endometrial layers and includes the mid-cavity
echo.
1.4.4 Change in endometrial thickness

In an ovum donation treatment cycle, sperm from the recipient’s partner is mixed with
the donated oocytes on the day of their collection, day X+2, thus committing those eggs
to a specific recipient.
recipient.

Prior to this point donated eggs can still be allocated to another

If fertilisation with the partner’s semen is allowed to proceed in an

unfavourable cycle (currently, a decision arrived at without good scientific foundation).
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the chances of a successful embryo implantation would be reduced in both the current
fresh transfer cycle or a later cycle as a result of embryo freezing.

Therefore, X+2 is

the last day on which a treatment cycle involving fresh gametes can be abandoned
without the possibility of reducing implantation success.

Day X, the last day of

oestradiol treatment before starting progesterone was an alternative choice to complete
monitoring of endometrial thickness.

On day X, unlike day X+2, the anti-oestrogenic

influence of progesterone would not be a complicating factor affecting the assessment of
overall endometrial growth. However, due to the clinincal importance of day X+2, this
date was chosen as the last day on which assessment of endometrial thickness should be
made. The start of endometrial monitoring (day 3 of all cycles: equivalent to day X-14
in regimen two and X-7 in regimens one and three) was chosen as the first day from
which to calculate endometrial thickness, as discussed in section 1.4.2.

1.4.5

Statistics

When comparing regimens the smallest difference in endometrial thickness that may
affect pregnancy rate should be used: this is currently unknown. Errors that may occur
in the comparison of endometrial thickness of sample populations include those due to
true biological variation, the accuracy of measurement (machine and operator error) and
variable factors, such as the date and time (temporal variation).

In this project the

variability in endometrial thickness between volunteers will represent the biological
variability (with a component of measurement error).

The variance between the

endometrial thickness of individual volunteers (inter-subject variability) was expected to
be 1.0 (based on previous clinical experience). Temporal variation can be limited by
reducing the tolerance limits for observations, therefore in this project, particular care
was taken to measure endometrial thickness at a set interval relative to the time that
volunteers took their HRT treatment.

Measurement errors (positive and negative)

occur in all assessments, but tend to cancel out as the number of observations increases.
The same ultrasound machine (Siemans AC), scan settings, and operator (principal
ultrasonographer grade) were used for all measurements in an attempt to distribute
machine and operator errors randomly to each of the groups compared.
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1.4.5.1

The variability of measurement error

To estimate the mean variance for ultrasound measurements (mean measurement error
variability) eight volunteers each had five repeated (replicate) measurements of
endometrial thickness at the same time point (table 1.4.2).

Table 1.4.2.

Replicate determinations of endometrial thickness

Volunteer Reg.

date

Measurements (mm)
one

two

three

four

five

1

2

X+2

11

10

10

10

10

2

3

X+2

9

9.5

8.9

8.9

9.5

3

2

X+2

8.6

8.7

8.6

8.6

9.4

4

1

X+2

10

10

11

10

10

5

2

X-7

7.3

7.7

8.3

8.1

7.7

6

2

X-7

6.5

6.8

6.1

6.5

5.9

7

2

X-3

8

8.1

8

8.3

7.8

8

2

X-7

7.2

6.6

7.2

7.7

7.4

The intra-subject (replicate) analysis of data was:

Mean variance

0.14

pooled estimate of standard deviation

0.37

95% confidence limits for mean variance

0.09 and 0.18

1.4.5.2

Statistical significance and clinical significance

A statistical difierence in endometrial thickness between study groups may exist, but if
this value is small then a large number of cases in each regimen will be required to detect
it.

In addition, small dififerences may have no effect on implantation success or

pregnancy rate. Therefore, in order for this project to be of practical value in an ovum
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donation programme it has been pitched to detect a difference between regimens that is
both statistically and clinically significant.

The level at which a difference in endometrial thickness between study groups would be
considered clinically significant was 1.2 mm. The following reasons were used to derive
this difference:

• The maximum range for endometrial thickness using intra-observer (replicate)
measurements was 1.1 mm. This was derived fi*om a small sample and will increase
with sample size.

Therefore, a value above 1.1 mm would be desirable to improve

detection of a true difference between groups.
• The mean variance for replicate (intra-subject) determinations of endometrial
thickness (0.14) was considered to be relatively small compared to the e^qpected
variance for inter-subject variability (1.0).

Therefore, measurement error would not

contribute markedly to the results when comparing endometrial thickness between
subjects.
• No published consensus exists as to the difference in endometrial thickness that would
be considered clinically significant between treatment regimens.

1.4.5.3

Sample size and power of study

The following calculations are based on an analysis of data between regimen one and
regimen two or between regimen one and three. If the number of volunteers using and
not using GnRHa in each regimen had been equal, the inter-subject standard deviation
had been 1.0 (an estimate based on previous clinical experience), and accepting a type 1
error of 0.05 (5%) and type 2 error of 0.2 (80% power), then to detect a significant
difference between study groups of 1.2 mm each regimen would require 11 volunteers
using GnRHa and 11 volunteers not using GnRHa. This would require a minimum of 22
volunteers in each regimen.
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Using 22 as the minimum number of volunteers in each regimen and 1.2 mm as the
minimum difference between regimens considered significant with an inter-subject
standard deviation of 1.0 and a type 1 error of 0.05 (5%) the power of the study (type 2
error) to detect a significant difference between regimens would be 97.8% (0.22)
(Armitage P & Berry G, 1987, Statistical methods in medical research, pub Blackwell
scientific, pp 195 - 198).
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1.5
1.5.1

RESULTS
Endometrial growth

1.5.1.1

Individual volunteers within each regimen

Growth proiSles of endometrial thickness for individual volunteers using either regimen
one, two or three are shown in figures 5.1.1, 5.1.2 and 5.1.3. There was a wide range in
endometrial thickness between volunteers on the first (3rd day of oestradiol treatment =
day 3) and last (day X+2) days of assessment.

Between these time points endometrial

growth followed one of three patterns:
Pattern A

Rapid initial growth which then became much slower.

Pattern B

Slow or moderate rates of growth which continued up to X+2.

Pattern C

Slow initial growth which later increased in rate (this pattern
was least common).

1.5.1.2

All volunteers within each regimen

The results of endometrial thickness measurements forvolunteers using regimens one,
two and three are shown in table 1.5.1. and figure 1.5.4 (the apparent identical means on
day X+2 are coincidental)
1.5.1.3

Increase in growth throughout the treatment cycle

Increase in endometrial growth was analysed as (1) absolute endometrial growth and as
(2) a thickness expressed as a percentage (%) of the thickness on day X+2.

The

former, expressed as both total and daily growth between fixed cycle points, has been
analysed to show the (statistical) changes that occur throughout the cycle, but it is felt
that the latter gives a better subjective appreciation of endometrial growth throughout
the cycle.
1.5.1.3.1

Absolute growth

Decreasing, but statistically significant, changes in endometrial thickness were
found on each assessment day up to the end of monitoring (day X+2) for
volunteers using each of the three different HRT regimens (table 1.5.2 and
1.5.3).
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Figure 1.5.1

Endometrial thickness o f volunteers using regimen one.
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Figure 1.5.2

Endometrial thickness o f volunteers using regimen two.
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Fig 1.5.3 Endometrial thickness o f volunteers using regimen three.
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Table 1.5.1
Regimen

Endometrial thickness (mm) for volunteers using regimens One, Two and Three
Sample
Buserelin
Sample size
Mean

SD
One

SEM
Median
Lower 95% Cl
Upper 95% Cl
Minimum
Maximum

Two

Sample size
Mean
SD
SEM
Median
Lower 95% Cl
Upper 95% Cl
Minimum
Maximum

Three

Sample size
Mean
SD
SEM
Median
Lower 95% Cl
Upper 95% Cl
Minimum
Maximum

Yes

X-14
No

All

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

9
4.73
1.09
0.36
4.50
3.89
5.57
3.20
6.70

14
4.56
0.97
0.26
4.80
4.01
5.12
2.10
6.00

23
4.63
1.00
0.21
4.80
4.20
5.06
2.10
6.70

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

•

-

Yes

X-7
No

AU

Yes

X-3
No

12
4.96
1.23
0.35
4.80
4.18
5.74
3.10
L 6.90

10
5.14
1.05
0.33
4.70
4.39
5.89
4.00
6.90

22
5.04
1.13
0.24
4.80
4.54
5.54
3.10
6.90

12
7.31

8.11

0.34
9.50
8.67
10.24
7.60
11.20

14
8.49
1.35
0.36
8.35
7.71
9.28
6.60
11.60

23
8.87
1.30
0.27
8.60
8.31
9.43
6.6
11.60

9
10.06
1.19
0.40
9.70
9.14
10.97
8.10

12
4.90
1.50
0.43
5.00
3.95
5.85
2.80
7.00

10
4.71
0.89
0.28
4.95
4.07
5.35
3.10
5.70

22
4.81
1.23
0.26
5.00
4.26
5.36
2.80
7.00

9
9.46

1.02

All = Combined data for groups using and not using buserelin

Yes

AU

AU

22
9.08
1.16
0.25
9.05
8.57
9.60
6.50
12.00

12
9.96
1.02
0.29
9.90
9.31
10.61
8.10
12.00

10
10.03
1.23
0.39
9.85
9.15
10.91
8.70
13.00

22
9.99
1.09
0.23
9.90
9.51
10.48
8.10
13.00

0.81
0.26
8.30
7.53
8.69
6.40
9.00

1.16
0.34
8.85
8.13
9.60
6.50
11.00

10
9.35
1.17
0.37
9.40
8.51
10.19
7.70
12.00

12.20

14
9.01
1.46
0.39
8.60
8.17
9.85
7.40
12.40

23
9.42
1.43
0.30
9.50
8.80
10.04
7.40
12.40

9
10.45
1.34
0.45
10.30
9.43
11.49
8.40
12.60

14
9.32
1.41
0.38
8.75
8.51
10.13
7.60
12.40

23
9.76
1.46
0.30
9.60
9.13
10.40
7.60
12.60

9
10.62
1.30
0.43
11.00
9.62
11.62
8.50
12.60

14
9.66
1.56
0.42
9.05
8.76
10.56
8.00
13.00

23
10.03
1.51
0.31
9.80
9.38
10.69
8.00
13.00

12
7.81
1.13
0.33
7.85
7.10
8.54
6.10
10.30

10
7.81
1.25
0.40
7.65
6.91
8.71
6.40
10.20

22
7.81
1.16
0.25
7.85
7.30
8.33
6.10
10.30

12
9.33
0.89
0.26
9.15
8.77
9.90
8,60
11.80

10
9.09
1.32
0.42
9.00
8.14
10.04
7.40
11.40

22
9.22
1.09
0.23
9.15
8.74
9.71
7.40
11.80

12
10.15
0.93
0.27
10.00
9.56
10.74
8.90
12.40

10
9.86
1.14
0.36
9.85
9.05
10.67
8.40
12.10

22
10.02
1.01
0.22
9.95
9.57
10.47
8.40
12,40

1.20

12

Yes

X+2
No

22
7.67
1.09
0.23
7.65
7.19
8.16
5.40
9.70

0.35
7.05
6.55
8.07
5.40
9.70

10

AU

X
No

8.86

Figure 1.5.4

Endometrial thickness for volunteers using regimens 1, 2 & 3
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Table 1.5.2

Reg

1

2

3

Mean (Mi) increase in endometrial thickness between assessment dates
throughout the treatment cycle and statistical significance of the increase for
volunteers using regimens 1, 2 & 3. The start of oestradiol treatment =
day 1; the last day of treatment with oestradiol alone is day X.

Days of cycle
Relative to
Relative to
day 1
day X

x-3

3

Students t
(paired)
test

P

2.21
1.10
3.55
0.62

3.05
1.73
4.55
1.19

13.09
9.28
16.81
6.65

<0.0001
<0.0001
<0.0001
<0.0001

X-7
X-3
X-7
X

to
to
to
to

X
X
X+2

2.63
1.41
4.05
0.90

3 to
10 to
14 to
17 to

10
14
17
19

X-14 to
X-7 to
X-3 to
X to

X-7
X-3
X
X+2

4.24
0.55
0.35
0.27

3.66
0.39
0.26
0.14

4.82
0.70
0.45
0.40

15.14
7.27
7.03
4.22

<0.0001
<0.0001
<0.0001
0.0004

3 to
7 to
3 to
10 to

7
10
10
12

X-7
X-3
X-7
X

X-3
X
X
x +2

3.00
1.41
4.41
0.80

2.48
1.04
3.90
0.62

3.52
1.78
4.92
0.97

12.00
7.95
18.03
9.51

<0.0001
<0.0001
<0.0001
<0.0001

to
to
to
to

Mean (M2) daily increase in endometrial thickness between eissessment dates
dates throughout the treatment cycle for volunteers using regimens 1,2 & 3.

Relative to
day 1
3 to
7 to
3 to
10 to

7
10
10
12

3 to 10
2

upper
95%
CL

7
10
10
12

Day of cycle

1

lower
95%
CL

3 to
7 to
3 to
10 to

Table 1.5.3

Reg

Ml
(mm)

10 to 14
14 to 17
17 to 19
3 to
7 to
3 to
10 to

7
10
10
12

Relative to
day X
X-7
X-3
X-7
X

x-3

Ml
daily
grovyth
(mm)

SD

SE

Lower
95% CL

Upper
95% CL

0.24
0.24
0.16
0.32

0.05
0.05
0.03
0.07

0.56
0.37
0.52
0.31

0.76
0.57
0.64
0.59

to
to
to
to

X
X
X+2

0.66
0.47
0.58
0.45

X-14 to
X-7 to
X-3 to
X
to

X-7
X-3
X
X+2

0.58
0.16
0.12
0.13

0.22
0.13
0.08
0.15

0.04
0.03
0.02
0.03

0.50
0.10
0.08
0.07

0.66
0.22
0.16
0.19

X-7
X-3
X-7
X

X-3
X
X
x +2

0.75
0.49
0.64
0.39

0.30
0.27
0.17
0.20

0.07
0.06
0.04
0.04

0.61
0.37
0.56
0.31

0.89
0.61
0.72
0.47

to
to
to
to
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1.5.1.3.2

Mean % endometrial growth (relative to day X+2)

The mean % endometrial growth was calculated using the following formula:

Mean endometrial thickness of samples
Mean % growth of sample = ------------------------------------------------- x 100
Mean endometrial thickness on day X+2

The statistics for the mean % increase in endometrial growth are shown in table
1.5.4.

Table 1.5.4

Reg

1

2

3

Mean cumulative percentage (%) increase in endometrial thickness related
to endometrial thickness on day X+2 (= 100 %). Assessement days have
been recorded relative to the start of oestrogen treatment (day 1) and the
day before the start o f progesterone treatment (day X ) .
Day of cycle

%

lower

upper

Relative to
Day 1

Relative to
day X

growth

SD

SE

95% CL

95% CL

3
7
10

X-7
X-3
X

50.45
76.82
90.95

9.97
8.15
6.48

2.13
1.74
1.37

46.03
73.20
88.09

54.88
80.43
93.81

3
10
14
17

X-14
X-7
X-3
X

46.65
88.61
93.83
97.48

10.22
4.79
3.45
2.72

2.13
1.00
0.72
0.57

42.23
86.54
92.34
96.31

51.07
90.68
95.32
98.65

3
7
10

X-7
X-3
X

47.86
78.00
92.00

10.55
8.40
4.06

2.25
1.79
0.87

43.18
74.27
90.20

52.54
81.73
93.80
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1.5.2 Comparison of endometrial thickness and changes in endometrial thickness
between volunteers in regimens one, two and three.

1.5.2.1

Absolute endometrial thickness

The mean endometrial thickness of volunteers using regimens 1, 2 & 3 were compared
using (general factorial) analysis of variance.

Homogeneity of variance tests (Cochran’s

test, Bartlett’s test) were not significant (p < 0.05).

1.5.2.1.1

Day 3 and day 10

Endometrial thickness on the 3rd (*) and 10th (**) days of oestradiol treatment
for volunteers using regimens 1, 2 & 3 was not significantly different (tables
5.1.5 & 5.1.6). The use of GnRHa had no significant effect on the endometrial
thickness’ of volunteers using regimens 1, 2 & 3.
*

=

day X-14 for regimen 2 and day X-7 for regimens 1 & 3.

**

=

day X-7 for regimen 2 and day X for regimens 1 & 3.

Table 1.5.5

Analysis of variance for endometrial thickness between regimens
one, two and three on day 3 *

Source of variation

F

Significance of F

Regimen
GnRHa
Regimen by GnRHa

0.68
0.04
0.18

0.51
0.84
0.83

Factor level

Regimen 1 & 2
Regimen 1 & 3

Difference between
means

Lower
95% CL

Upper
95% CL

-0.40
-0.24

-1.09
-0.94

0.29
0.45
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Table 1.5.6

Analysis of variance for endometrial thickness between regimens
one, two and three on day 10 **

Source of variation

F

Significance of F

Regimen
GnRHa
Regimen by GnRHa

0.23
0.69
2.08

0.80
0.41
0.13

Factor level

Regimen 1 & 2
Regimen 1 & 3

1.5.2.1.2

Difference between
means

Lower
95% CL

Upper
95% CL

-0.13
0.10

-0.84
-0.61

0.57
0.81

Day X+2

There were no significant differences between the endometrial thickness of
volunteers using regimens 1, 2 & 3 on day X+2 (tables 5.1.7).

The use of

GnRHa had no significant effect on these results.

Table 1.5.7

Analysis of variance for endometrial thickness between regimens
one, two and three on day X+2

Source of variation

F

Significance of F

Regimen
GnRHa
Regimen by GnRHa

0.10
1.71
1.01

0.91
0.20
0.37

Factor level

Regimen 1 & 2
Regimen 1 & 3

Difference between
means

Lower
95% CL

Upper
95% CL

0.15
0.01

-0.59
-0.73

0.88
0.75
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1.5.2.2

Change in endometrial thickness

The ‘residual’ endometrial thickness found at the start of a treatment cycle may not be
functionally active.

Therefore, change in endometrial thickness has been analysed in

addition to absolute endometrial thickness because the former may be functionally more
significant.
1.5.2.2.1

Day 3 to day 10

Changes in the mean endometrial thickness of volunteers using regimens 1, 2 & 3
between the 3rd (*) and 10th (**) day of oestradiol treatment were not
significantly different (table 5.1.8). The use of GnRHa had no significant effect
on these results.

Table 1.5.8

Analysis of variance for endometrial thickness between day 3 and
day 10

Source of variation

F

Significance o f F

Regimen
GnRHa
Regimen by GnRHa

0.49
0.37
1.16

0.62
0.55
0.32

Factor level

Regimen 1 & 2
Regimen 1 & 3

1.5.2.2.2

Difference between
means

Lower
95% CL

Upper
95% CL

0.27
0.35

-0.47
-0.39

1.00
1.08

Day 3 to day X+2

Changes in the mean endometrial thickness of volunteers using regimens 1, 2 & 3
between the 3rd (*) last day (day X+2) of oestradiol treatment were not
significantly different (5.1.9). GnRHa had no significant effect on these results.
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Table 1.5.9

Analysis of variance for endometrial thickness between day 3 and
day X+2

Source of variation

F

Significance of F

Regimen
GnRHa
Regimen by GnRHa

0.98
1.10
0.52

0.38
0.30
0.60

Factor level

Regimen 1 & 2
Regimen 1 & 3

Difference between
means

Lower
95% CL

Upper
95% CL

0.55
0.26

-0.24
-0.53

1.33
1.04
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1.6
1.6.1

DISCUSSION
Methods

Two methods for dating ultrasound assessments have been described previously, the first
is related to the start of the cycle (day 1= date of onset of LMP) and the second is
related to a fixed time point within the cycle.

In natural cycles the day of luteinising

hormone surge has been used (day LH), and in assisted conception cycles the day of
hCG injection has been used (Glisant et al, 1985; Dockery et al, 1988; Goswamy and
Steptoe, 1988, Li et al, 1988; Randall et al 1989).

The use of day LH may be more

clinically relevant than day 1, because it fecilitates the comparison of cycle events
between groups in relation to ovulation and progesterone stimulation.

In this project,

cycle dates have been related to day X ( hCG is given 32-36 hours before egg collection)
which is similar to the use of day LH (peak LH surge occurs about 8 hours before
ovulation) in a natural cycle.

Although this method of dating was more clinically

relevant than the use o f day 1, and was appropriate for analysis of data in the luteal phase
of the cycle, it made the analysis of data in the follicular phase of the cycle more
conçlicated.

The method of determining endometrial thickness by ultrasound is discussed in section
1.4.3.

This is the technique most firequently described in the literature (Gonan et al,

1989; Randall et al, 1989; Lenz and Lindenberg, 1990; Yagel et al, 1992)

An

alternative option o f using the mean of three measurements was considered and rejected
(AbdaUa et al, 1994).

The minor improvement in accuracy this would yield was

outweighed by the increase in time required for three separate measurements.

In view

of the number of repeat ultrasound scans that each volunteer required during the
monitored cycle, it was felt that compliance would suffer if the duration of scanning was
not kept to a minimum.

The use of a single ultrasonographer, her vast experience in

assisted conception scanning, and concentration when ‘homing in’ on the thickest part of
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the endometrium with gradually reducing angles of rotation, were considered adequate
safeguards against major errors in measurement.

1.6.2 Results

Growth projQles for individual volunteers varied markedly, but similar variations were
seen within each regimen. A cause for the variation in growth pattern is not known, but
a physiological mechanism or a random artefect of measurement are both possible
explanations.

Physiological mechanisms can only be speculated upon, but may include

uterine artery blood flow or the production of local growth factors. Measurement error,
or any other factor resulting in random variation, would be more obvious when making
individual measurements but would tend to cancel out when assessing groups of
individuals.

The latter explanation is supported by the similar growth profiles of mean

endometrial thickness for volunteers using each regimen (fig 1.5.4).

Analysis of variance at the start of monitoring (day 3), during monitoring (day 10), and
at the completion of monitoring (day X+2) did not show a significant difference in
endometrial thickness (tables 5.1.5/6/7) or change in endometrial thickness (tables
5.1.8/9). This is consistent with samples taken fi*om a single population undergoing the
same treatment, and is further supported at 6ctoral level, where the confidence intervals
for the mean difference between regimen one and two or three include zero.

These

findings support the primary hypothesis that there is no difference in the response of
individuals to an increase in dose or duration of oestradiol above that of the standard
regimen (regimen one).

The effect of GnRHa on endometrial thickness was not shown to be significant and did
not influence the response of volunteers by regimen (tables 5.1.5-9).

In terms of

endometrial thickness, these findings support the conclusions of a previous report
indicating that GnRHa used in IVF cycles has no effect on pregnancy rate (when
measured by implantation rate per embryo transferred) (Hassiakos et al, 1990).
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The endometrial thickness of volunteers on day X+2 was similar to that found by other
workers on the day of embryo transfer following treatment with HRT (Davies et al,
1991; AbdaUa et al, 1994) or superovulation (Dickey et al, 1992; Check et al, 1991;
Strohmer et al, 1994).

In view of the possible significance of attaining a minimum

endometrial thickness of about 7-8 mm before embryo transfer or ZIFT (Glissant et al,
1985; Check et al, 1991 & 1993; Gonen et al, 1991; Dickey et al, 1992; Abdalla et al
1994; Strohmer et al, 1994) it is encouraging that aü volunteers in this project had
positive growth to at least 8.0 mm on day X+2.

The maximum endometrial thickness

reached in this project was 13 mm; a thickness greater than this may be associated with a
decreased pregnancy rate (Dickey et al, 1992).

For volunteers using each of the three regimens, the mean growth (table 1.5.1) and mean
change in growth (tables 1.5.2/3/4) decreased between consecutive assessment dates.
This resulted in a flattening of the profiles showing mean endometrial thickness for each
of the three regimens studied (fig 1.5.4). This phenomenon can also be seen in the
majority of profiles showing endometrial growth for individuals (figs 1.5.1/2/3).

The

plateau starts to develop after seven days oestradiol treatment and becomes marked after
ten days treatment.

Previous workers have reported similar findings in normal,

superovulation, and clomiphene citrate cycles supplemented with oestradiol (Yagel et al,
1992). This clearly demonstrates that there is a limiting fector for endometrial growth.
The restricting influence on growth with time is unknown, but may be related to blood
supply or possibly modulating factors such as placental protein 14 and insulin like growth
factor binding protein-1 (Fay and Grudzinskas, 1991). Progesterone does not appear to
be the initiating fector since a marked decrease in the rate of growth occurrs after about
12 days treatment with oestradiol alone (as seen in regimen 2).
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SECTION TWO

SERUM
HORMONES
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2.1

OBJECTIVES

In women receiving HRT in preparation to become oocyte recipients, to determine:

1.

the variation in serum oestradiol levels between treatment administrations (0800 to
1600 hrs);

2.

serum oestradiol levels throughout the equivalent of the follicular (proliferative),
early and mid luteal (secretory) phases of the cycle;

3.

within each regimen, the variance of serüm oestradiol levels during the equivalent
of the follicular phase o f the cycle;

4.

variance in serum oestradiol levels between regimens at equivalent cycle points;

5.

serum progesterone

levels throughout

the

equivalent of the

follicular

(proliferative), early and mid luteal (secretory) phases of the cycle;

6.

variance in serum progesterone levels between regimens at equivalent cycle points.
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2.2
2.2.1

INTRODUCTION
Oestradiol

2.2.1.1.

Serum levels: endometrial growth and pregnancy rate.

Oestrogen promotes endometrial proliferation (Noyes et al, 1950; Finn, 1977; Yagel et
al, 1992).

When circulating oestrogen levels are low, as occurs in hypogonadotrophic

hypogonadism, endometrial development is poor or absent.

When circulating levels of

oestrogen are high, as occurs in polycystic ovary syndrome, endometrial proliferation is
marked and wiU become hyperplastic if the duration of unopposed oestrogen is
prolonged beyond the physiological range of a normal menstrual cycle (Adams et al,
1988).

In artificial cycles, a similar pattern of endometrial growth in relation to

circulating oestrogen levels occurs, although circulating levels above the normal
physiological range do not result in enhanced endometrial development greater than that
seen in natural cycles (Randall et al, 1989).

Whether circulating levels within or above the physiological range of oestradiol, but
within the normal duration of a menstrual cycle, are associated with endometrial
thickness is disputed, some workers reporting a significant correlation (Fleischer et al,
1986b; Adams et al, 1988; Randall et al, 1989; Check et al, 1991) and others not
(Rabinowitz et al, 1986; Gonen et al, 1989; Glissant et al, 1985; Ueno et al, 1991).
These conflicting data may be related to individual variation in the expression and
saturation of endometrial oestrogen receptors (Bayard e ta f 1978; Kreitman et al, 1988),
which regulate the cellular response to oestrogen.

It is important to interpret correctly

the way in which data on endometrial thickness has been analysed, and this is particularly
relevant in natural and IVF cycles, where endogenous production of oestradiol increases
as follicular development is stimulated.

In IVF cycles, Fleisher reported a positive

relationship between the mean serum oestradiol level and endometrial thickness at
consecutive time points, whereas. Glissant did not find a relationship when comparing
the serum oestradiol levels and endometrial thickness of individuals at a set time point
(Fleisher et al, 1986b; Glissant et al, 1985).

In addition, when a comparison is made
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during the late follicular phase or early in the luteal phase, correlation may be affected by
the tendency for endometrial thickness to ‘plateau’ (Yagel et al, 1992).

The type of

cycle may also influence the result: Giorlandino found a positive correlation between
endometrial thickness and oestradiol levels in stimulated (IVF) cycles but not in
spontaneous cycles (Giorlandino et al, 1987).

The latter phenomenon is difficult to

explain, but suggests that endometrial thickness is influenced by other fectors which may
also be related to serum oestradiol levels in specific clinical situations.

In HRT cycles, several fectors must be considered when relating circulating oestradiol
levels to any clinical parameter.

Circulating levels are dependent not only on the

treatment dose, duration and route of administration but also on individual absorption,
metabolism and excretion characteristics (Lobo, 1987; Benet et al, 1991; Ross, 1991;
Kuhl, 1990).

In vivo, oral oestradiol (E2) is converted to the less biologically active

oestrone (El), oestradiol being ten times more potent than estrone and oestriol (Healy
and Hodgen, 1983).

In natural cycles the E2/E1 ratio ranges between 1:0.5 and 1:1.5

(Powers et al, 1975), in postmenopausal women the ratio ranges between between 1:2
and 1:6 (Yen et al, 1975; Englund and Johansson, 1977). An E2:E1 ratio of 1:2.4 has
been reported in women without ovarian function (Baird and Guevara, 1969). The time
required (t^ax) for a single 2mg oral dose of oestradiol valerate to reach the peak
circulating concentration ( C m a x ) varies between individuals, but ranges between 3 and 6
fiours (Englund and Johansson, 1977; Dusterberg and Nishino, 1982; Aedo et al, 1990;
Schubert et al, 1993).

After 21 days treatment the tmax is similar to that following a

single dose (Aedo et al, 1990), with stable oestradiol/oestrone ratios, indicating a
constant conversion rate (Englund and Johansson, 1977).

The half life (ty^) of serum oestradiol following oral administration of a single 2mg dose
s about 12 hours (Dusterberg and Nishino, 1982), but after 2mg per day for 21 days the
1/2 varies between 16 and 24 hours (Aedo et al, 1990).

Using 12 hours as the half life, a

.teady state would be reached within 72 hours of starting treatment (after 60 hours
reatment the serum concentration will be 97% of the steady state) if oestradiol had no
nfluence on its own pharmacodynamics (ie. induction of carrier proteins or its own
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metabolism). In the latter case, a steady state may take weeks rather than days to
achieve. Fluctuations around the steady state will still occur in HRT cycles, related to
the route of administration and dose interval (Benet et al, 1991; Ross, 1991). When
assessing serum oestradiol levels by random blood sampling, large fluctuations around
the steady state may lead to significant errors, especially when small numbers are
involved.

Serum oestradiol levels in the foUicular phase of a conception cycle may be related to
pregnancy rate: this has not yet been proven in humans.

Animal models suggest that

primates probably require oestradiol following ovulation (or embryo transfer) to maintain
pregnancy, whereas, some lower species do not (Rosenwaks, 1987). Conception cycles,
compared to non conception cycles, have been associated with significantly higher serum
oestradiol levels according to some workers (Davies et al, 1991; Shoham et al, 1991),
but not by others (Younis et al, 1992). An explanation for this dichotomy may lie in the
pharmacokinetic parameters discussed above, as well as other fectors such as the level of
fi’ee (active) oestradiol, variation in the rate of conversion of oestradiol to oestrone
between individuals, and the enterohepatic circulation (Tulchinsky & Hobel, 1973;
Englund and Johansson, 1977; Yen et al, 1975; Lobo, 1987; Kuhl, 1990).
Alternatively, the higher levels of serum oestradiol seen in superovulation cycles are
associated with an increased chance of pregnancy because they are also associated with
an increased number of oocytes.

A relationship between the level of serum oestradiol

and pregnancy rate could operate at one or several levels. A direct effect of oestradiol
on the conceptus at the time of implantation is one possibility.

The induction,

suppression or augmentation of other essential factors which favour pregnancy (such as
placental protein 14) is another possibility: these factors may be influenced by a peak
(threshold) level of serum oestradiol or relative change in circulating level acting as a
‘trigger’.

Yet another possibility is the influence of serum oestradiol on endometrial

development prior to oocyte transfer. Currently, there is no evidence to suggest that the
former two possibilities are true. The latter possibility has been addressed in this thesis
by the assessment of serum oestradiol levels and endometrial development.
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2.2.1.2.

Route of administration and regimens

The endometrial preparation of oocyte recipients in co-ordination with donor cycles
requires the sequential administration of oestrogen replacement therapy.

This is

normally given in the form of oral oestradiol valerate (Devroey et al, 1988 & 1989;
Abdalla et al, 1990; Paulson et al, 1990; Ziegler et al, 1990; Edwards et al, 1991)
although other routes, such as vaginal (Rosenwaks, 1987), intramuscular (Feinman et al,
1993) and percutaneous (Salat-Baroux et al, 1988 & 1992; Droesch et al, 1988; Cornet
et al, 1990), may also be used.

Initially, oestradiol replacement regimens employed

variable doses throughout an artificial follicular phase in an atten^t to mimic the rise in
serum oestradiol that occurs m natural cycles (Lutjen et al, 1984; Navot et al, 1986;
Asch et al, 1988; Devroey et al, 1988 & 1989; Abdalla et al, 1989; Ziegler et al, 1990).
Later reports have suggested that fixed dose regimens are equally effective in promoting
endometrial development (Li et al, 1992) and pregnancy rate (Abdalla et al, 1990/3;
Serhal & Craft, 1989; Leeton et al, 1991).

2.2.1.3.

Daily dose and duration of treatment

The HRT regimen used to prepare the endometrium of oocyte recipients varies between
different assisted conception units.

This is related to their evolution, which has been

based mainly on empirical experience and clinical success (Lutjen et al, 1984; Devroey et
al, 1988; Younis et al, 1992) rather than a scientific understanding of the effects of
oestrogen on implantation (Finn, 1977; Borini & Asch, 1993).

However, observations

related to clinical success have been infiuential in unifying treatment protocols.

These

observations include the effects of oestradiol on endometrial proliferation (Noyes et al,
1950; Ritchie, 1986; Randall et al, 1989), histological dating (Li et al, 1991 & 1992;
Davies et al, 1990), ultrastructural changes (Clyman, 1963; Dockery et al, 1989; Li et al,
1991) and immunohistochemical studies (Bayard et al, 1978; Kreitmann et al, 1979;
Garcia et al, 1988). Regimens of Img, 2mg and 4mg oestradiol per day orally promote
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normal endometrial growth (thickness) equally, but levels above 1 mg per day are
required to promote normal morphological development (Li et al, 1992).

It has also

been reported that variation in the fixed daily dose can affect the duration required to
reach a specified endometrial thickness (that was considered a minimum standard for
assisted conception treatment to proceed) (Shapiro et al, 1993).

Shapiro found that a

threshold endometrial thickness of 6mm could be reached in 7 days with a daily
oestradiol dose of 4mg, whereas the same threshold could be reached in 5 days using a
fixed dose of 8mg per day. Other workers have reported that the duration of oestradiol
treatment (beyond 6 days) does not affect endometrial development (Navot et al, 1989),
but may affect pregnancy rate (Navot et al, 1991) with the optimum duration of
oestradiol treatment probably being between 12 and 19 days (Younis et al, 1992). This
finding is not entirely unexpected when the duration of the follicular phase in a normal
menstrual cycle is considered: only 7% of cycles are less than 11 days and 5% greater
than 20 days (WHO, 1983).

2.2.1.4

Variance in serum oestradiol levels

The null hypothesis (that serum oestradiol levels achieved by each regimen have an equal
effect on the parameters investigated) may be explained in two ways: (1) there is no
(statistical) difference between the serum oestradiol levels of each regimen and (2) serum
oestradiol levels in excess of a (unknown) standard (i.e. supraphysiological) have no
further beneficial (or disadvantageous) effect.

Neither case would result in a clinically

significant difference between regimen^ (in this case between regimen one and regimen
two or three).

Working on the assumption that the first explanation was true, it was important to
compare serum oestradiol levels of volunteers using each of the three regimens.
Samples taken up to two hours apart ( ± one hour ) may be significantly different due to
temporal varition, and this may have an affect on the analysis of variance between
regimens. Further, variation in the fi*equency of administration (i.e. 2mg twice or three
times daily) of oestradiol may influence the time taken to reach a steady state.
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Therefore, before analysing the variance of serum oestradiol between regimens, it is
important to investigate the temporal variation of serum oestradiol between doses and
within each regimen.

2.2.2. Progesterone

Following ovulation in natural conception cycles, the ovum takes about five days to
reach the uterine cavity (Diaz et al, 1980).

During this period of transit, progesterone

production stimulates secretory changes in the endometrium which &vour implmtation
of the embryo (Bourgain et al, 1990; Li et al, 1992b). Supplementing normal cycles with
progesterone in the pre-implantation period does not advance endometrial morphology
(Li et al, 1991b). This is in contrast to the endometrial preparation of oocyte recipients,
in which supraphysiological levels of progesterone have been found to enhance
significantly endometrial maturational processes (Navot et al, 1989).

In natural cycles,

co-ordination of endometrial preparation is controlled by the ovarian-pituitaryhypothalamic axis.

In assisted conception cycles employing superovulation, in-vitro

fertilisation and embryo transfer, normal fertility mechanisms are utilised by the
stimulation of multiple Graafian follicles, resulting in multiple corpora lutea which
provide the hormonal milieu to promote and maintain pregnancy.

The resulting

progesterone production often starts before ovulation, and may be supra-physiological
thereafter.

Such premature elevations in progesterone may be associated with poor

Dutcome in terms of fertilization, cleavage and pregnancy rate (Feldberg et al, 1989;
Paulson et al, 1990; Silverberg et al, 1991; Fanchin et al, 1993; Dimfeld et al, 1993).

h ovum donation cycles, where the recipient does not develop a corpus luteum, it is
lecessary to provide progesterone until placental fimction takes over.

Elevation of

;erum progesterone in oocyte donors has not been associated with an adverse outcome
n the oocyte recipient (Legro et al, 1993; Check et al, 1994), but higher levels of serum
nogesterone in oocyte recipients at the time of ET or ZIFT has (Johnson et al, 1995).
This suggests that while progesterone replacement therapy is necessary to promote
indometrial maturation, facilitate implantation and maintain the conceptus until placental
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maturity, excess progesterone may be disadvantageous.
studies,

monitoring of progesterone

to

If this is conjSrmed in further

maintain concentrations

within safe

(physiological) levels will be necessary. Current replacement therapy via the vaginal or
intramuscular route results in progesterone levels similar to those found in the luteal
phase of a normal menstrual cycle (Nillius and Johansson, 1971).

Failure of embryo implantation may still occur in the presence of a normal serum
progesterone level.

In some cases, this may be the result of inadequate endometrial

maturation secondary to suboptimal expression or function of progesterone receptors.
This situation is similar to the male testicular féminisation syndrome where a lack of
response to testosterone exists in the target organ. Progesterone receptor expression at
the time of ovulation is under the influence of oestradiol stimulation during the follicular
phase of the cycle (Kreitman et al, 1979).

In cases of inadequate endometrial

development in the presence of normal (physiological) progesterone levels, increasing the
level of serum oestradiol during the follicular phase of subsequent cycles may provide a
mechanism for promoting endometrial receptivity.

Although there is no evidence to

support this hypothesis, current clinical practice for repeated M ure of ovum donation
includes an increase in oestradiol HRT prior to oocyte transfer.

Progesterone replacement therapy in ovum donation (or frozen embryo transfer) cycles
has been administered effectively via intramuscular (Navot et al, 1986; Asch et al, 1988;
Devroey et al, 1989; Serhal et al, 1989; Feinman et al, 1993) and vaginal routes
(Cameron et al, 1989; Salat-Baroux et al, 1990; Ziegler et al, 1990), with oral
administration resulting in less satisfactory endometrial maturation (Bourgain et al, 1990;
Devroey et al, 1989b). Intramuscular injections of progesterone may result in supra
physiological peaks, whereas vaginal progesterone given as 100 mg three times per day
results in serum levels close to the physiological range of a normal cycle and reduces the
inter- and intra-subject variation seen with intramuscular administration (Devroey et al,
1989b).

Cameron found that lOOmg progesterone pessaries resulted in serum

progesterone levels which were slighter higher than normal during the first week but
lower during the second week (Cameron et al, 1989).
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2.2.2.1

Variance in serum progesterone levels

If all oocyte recipients received the same progesterone replacement regimen, it would be
expected that any difference in histology, ultrastructure, or receptor expression would be
due to other fectors, such as variation in oestradiol replacement therapy.

In order to

interpret immunological, histological and ultrastructural studies of the endometrium
(sections 3, 4 & 5 of this thesis) in relation to different oestradiol regimens, it is
important to first establish that there is no significant difiference between the dose,
method, and route of progesterone administration and the serum levels achieved by
recipients in each of the difiBferent regimens.

2.2.3

Buserelin

In an oocyte donation programme, HRT is given to two main groups o f recipients: those
with and those without ovarian function.

The former is a heterogenous group

containing women who are perimenopausal, who have a genetic disease which they do
not wish to pass on, and who have unexplained feilure to conceive or remain pregnant
with other forms of assisted conception treatment.

Transfer of viable embryos after fi-eezing may result in a pregnancy rate that is equivalent
to that following transfer of fi*esh embryos (Frydman et al, 1988). However, the process
of fi-eezing and then thawing may result in loss of embryos (Van Steirteghem et al, 1987;
Abdalla et al, 1990).

Due to the limited number of oocytes available in an ovum

donation programme, it is preferable that fi-esh embryo transfer is performed to promote
the best chance of pregnancy.

This requires a degree of co-ordination between the

donor and recipient cycles which can only be achieved consistently by down regulating
ovarian function in the recipient with a LHRHa. No effect (beneficial or harmful) on
endometrial proliferation, maturation or pregnancy rate has been reported with the use of
a LHRHa in ovum donation cycles.

HRT can then be given to the recipient in tandem

with the donor’s superovulation cycle.

64

2.3

PATIENTS

A total of 67 volunteers agreed to participate.

Selection and randomisation are

described in section 1.3 above.

METHODS

2.4

2.4.1.

Hormone profiles between dose administrations

Hourly blood samples were obtained on day X+9.

Day X+9 was chosen for the

following reasons:

1.

Due to logistical reasons, it was not possible to obtain serum oestradiol profiles on
dates prior to X+9.

2.

Volunteers were recruited firom different hormone regimens.

On day X+9 all

volunteers had been taking the same HRT for nine days (although different
regimens of oestradiol before that).

The first blood sample was obtained immediately before volunteers took their HRT at
0800 hours, samples were then obtained at 60 minute intervals until 1600 hours, when
the next dose of HRT was due.

2.4.2

2.4.2.1

Regimens one, two and three

Blood sampling

Blood samples were obtained fi"om all volunteers on days X-7, X-3, X, X+2 and X+9
and day X-14 for volunteers using regimen two.

Venepuncture was performed at 1400

hours + 60 minutes (6 + 1 hours following the previous dose of HRT).

This time

interval was chosen for two reasons:
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1.

Most or all volunteers would reach Cmax (tmax being between 3 and 6 hours). This
would result in less variation between samples because serum oestradiol levels fell
slower than they rise

2.

being longer than tmax)-

Six hours after the morning medication was a convenient time for volunteers to
have blood taken, in some cases allowing time to travel a considerable distance to
the hospital.

Volunteers maintained their normal daily routine, including mealtimes. All samples were
analysed for (total) serum oestradiol and samples obtained on days X+2 and X+9 were
analysed for (total) serum progesterone.

2.4.2.2.

Hormone assays

Serum was separated within 2 hours of venepuncture and stored at - 20®C until assayed
in batches.
2.4.2.2.1

Oestradiol

Oestradiol assays were performed by an automated ELISA technique (Boehringer
Mannheim ES700).

The minimum sensitivity of the assay was 37 pmol/L Sandies

were processed in four batches.

Between assay imprécisions (coefficients of variation)

were 14.9% (118.0 pmol/1), 8.0% (367.0 pmol/1) and 7.4% (1336.0 pmol/1), (mean
10.1 %). Serum from the same volunteer taken on day X+9 was used to estimate within
assay variation, these samples were placed every 14th sample in each of the four batches.
The within assay imprécisions (coefficients of variation) were 4.9%, 10.4%, 7.7%, and
5.2% (mean 7.1%).

2.4.2.2.2

Progesterone

Progesterone was assayed by an automated ELISA technique (Boehringer Mannheim ES
700).

The minimum sensitivity of the assay was 1.27 nmol/1.

Samples were

processed in three batches. The between assay imprécisions (coefficients of variation)
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were 9.6% (3.3 nmol/1), 2.6% (25.5 nmol/1) and 3.2 % (73.0 nmol/1), (mean 5.1%).
Serum from the same volunteer taken on day X+9 was used to estimate within assay
variation, these samples were placed every 14th sample in each of the three batches.
The within assay imprécisions (coefficients of variation) were 1.8%, 3.6%, and 1.7%
(mean 2.37%).

2.4.2.3

Statistics: sample size and power of the study

"2.4.2.3.1

Serum oestradiol

In clinical practice, when preparing the endometrium for embryo transfer, it is normal for
the HRT regimen to be adjusted so that serum levels are within the physiological range.
As a result, treatment regimens do not usually differ widely from each other in the serum
hormone levels achieved.

Currently, no precedent exists for estimating a difference in

serum oestradiol that would be clinically significant in promoting pregnancy rate (Leeton
et al, 1991).

The physiological range for serum oestradiol in a normal menstrual cycle

varies between reports, which are usually based on small numbers (Baird and Guevara,
1969; Mishell et al, 1971; Somerville, 1971; Thomeycrofr et al, 1971; Abraham et al,
1972; Bryant et al, 1975; Cortes-GaUegos et al, 1975). Reported levels are all similar to
those found by Baird and Guevara: values are given in pmol/1 ± SEM

Follicular range

106 ±26 to

Early Luteal (day LH + 1-4)

429 + 73

Mid Luteal (day LH + 5-9)

701+73

1,167 + 99

Serum oestradiol levels achieved during successful ovum donation programmes are
usually within or slightly above the physiological range (Navot et al, 1986; Rosenwaks,
1987; Devroey et al, 1988; Devroey et al, 1989a; Steingold et al, 1989; Bourgain et al,
1990; Scott et al, 1991; Younis et al, 1992; Feinman et al, 1993; Johnson et al, 1995).
Within the physiological range, it is unlikely that a change in serum oestradiol of less than
200 pmol/1 will have a clinically significant effect on pregnancy outcome.
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A difference in serum oestradiol levels of 200 pmol/1, a standard deviation of 200 (based
on clinical experience of inter-subject variation), a type 1 error of 0.05 and a type 2 error
of 0.10 (90% power), will require 22 volunteers in each group to show a significant
difiference.

2.4.2.3.2

Progesterone

In natural menstrual cycles, progesterone levels above 5 nmol/1 usually indicate ovulation
has occurred. Levels vary between individuals and from cycle to cycle within the same
individual, but levels in the range 15 to 40 nmol/1 would be considered typical in
normally menstruating women.

Within the physiological range, it is unlikely that

variations of less than 10 nmol/1 will have a significant effect upon pregnancy rate.
Looking for a difiference between regimens of 10 nmol/1 with a standard deviation of 10
(based on clinical experience), using a type 1 error o f 0.05 and a type 2 error of 0.01
(90% power) the number of volunteers required in each regimen will be 22.
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2.5

RESULTS

2.5.1

SERUM OESTRADIOL

2.5.1.1

Variation in serum oestradiol levels between treatment administrations

Serum oestradiol levels for blood samples obtained at hourly intervals between 0800 and
1600 hours from six volunteers on day X+9 are shown in figure 2.5.1.

Due to the small

number of samples, a parametric distribution could not be clearly established.
Therefore, analysis of data was performed using non-parametric methods. The median,
minimum and maximum levels of serum oestradiol at each time point (0800 to 1600 hrs)
are shown in table 2.5.1.

Table 2.5.1

Serum oestradiol levels for volunteers (n=6) at each time point.

Time

median

minimum

maximum

0800
0900
1000
1100
1200
1300
1400
1500
1600

555
704
663
619
577
616
497
562
619

286
250
299
276
276
237
198
281
270

837
1150
1152
1215
1043
857
896
995
1063

Serum oestradiol levels at each time point were compared using data in a two way
analysis of variance (Friedman’s test = Fr). A significant variation of serum oestradiol
levels was not found (Fr = 10.58, p = 0.23).
The range of serum oestradiol levels for each volunteer between 0800 and 1600 (table
2.5.2) varied between 39 % and 72 % of the median value. The maximum positive
deviation of a sample from the median value was 418 pmol/1 and the maximum negative
deviation was 171 pmol/1.
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Figure 2.5.1

Serum oestradiol profiles for six volunteers on day X+9.
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Table 2.5.2
Volunteer
1
2
3
4
5
6

Serum oestradiol levels of volunteers between 0800 and 1600 hrs
inclusive.
Maximum
Range
Median
Minimum
411
1063
652
823
195
945
750
843
474
1215
741
797
223
565
342
416
118
368
299
250
198
396
198
276

Peak and trough levels were not consistently related to dose intervals.

The results

suggest that although serum oestradiol levels for a volunteer may vary from sample to
sample, the variation is not significantly affected by the time of day (temporal variation)
between 0800 and 1600 hrs.
2.5.1.2.

Serum oestradiol levels in all volunteers using regimen one, two
and three

A total of 67 volunteers provided blood samples for assessment of serum oestradiol
levels (table 2.5.3 and figure 2.5.2).

The distribution of serum oestradiol levels within

each regimen was positively skewed. Conversion of data (i.e. log base 10) could not
fully correct the skew to a parametric distribution. Therefore, non-parametric statistics
were used for analysis of data.
2.5.1.2.1

Variance of serum oestradiol levels for volunteers using and not
using gonadotrophin releasing hormone analogue (GnRHa)

There were no (statistical) significant differences (p<0.05) between the serum oestradiol
levels of volunteers using and not using GnRHa (table 2.5.4).
Table 2.5.4

One way analysis of variance for serum oestradiol levels at each
sample date, relative to day X and relative to the start of oestrogen
treatment, for volunteers using and not using GnRHa.

Date

X-7

X-3

X

X+2

U
P

439.5
0.13

459.0
0.20

472.5
0.27

503.0
0.47

.

X+9

Day 3

Day 10

559.0
0.98

408.5
0.06

510.5
0.53

U = Mann Whitney U statistic
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Table 2.5.3

Serum oestradiol levels for volunteers using regimens one, two and three
Serum oestradiol levels (pmol/1) by sample date

Regimen

One

n = 22

Two

n = 23

Three

n = 22

Figure 2.5.2

Statistic &
centile

X-14

X-7

X-3

X

X+2

X+9

-

501.23
413.75
88.21

561.50
328.77
70.09

549.18
257.77
54.96

579.23
289.27
61.67

681.05
318.97
68.00

125
220
241
400
616
716
2157

140
243
351
493
666
775
1644

132
271
380
489
698
898
1210

171
271
397
528
735
936
1311

210
298
452
- 654
885
1056
1433

448.70
288.64
60.19

548.78
379.74
79.18

503.57
355.92
74.21

554.52
374.71
78.13

700.26
544.29
113.49

716.70
497.16
103.67

116
163
284
412
538
643
1549

109
250
281
435
733
939
1898

130
214
237
378
680
721
1820

129
239
302
429
752
870
1878

135
267
346
489
871
1096
2211

141
273
354
595
909
1251
2325

469.36
222.04
47.34

565.41
248.67
53.02

602.18
293.40
62.55

569.32
204.60
43.62

613.45
220.68
47.05

197
282
367
433.50
507
547
1337

179
273
423
517
787
831
1277

247
314
406
550.5
721
247
1603

224
328
443
513
693
774
1066

258
366
419
598.5
737
951
984

Mean
SD
SEM

-

Minimum
10th
25th
Median
75th
90th
Maximum

Mean
SD
SEM
Minimum
10th
25th
Median
75th
90th
Maximum

-

Mean
SD
SEM
Minimum
10th
25th
Median
75th
90th
Maximum

Box
Error bars
Outside error bars

-

-

25th, 50th and 75th centiles
10th and 90th centile
All data above and below 10th and 90th centiles
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Figure 2.5.2.

Serum oestradiol levels.

Regimen one
2000

Regimen two

O

0

-

O

o
1000

S'

o
o

o
o

I
o
a

§

c/3

o

O

o

-CL

o

-CL

-Q-

o

O

O

600
500

tr

400
300

-

o
o

200

o

o

o

-

"C"

o

o

o

—

o

o
O

o

o

X-3

X

o

o

o

100

x-7

x-3

X

X-t-2 x+9

Cycle date

o

o
o
o

8

'« J

o

-Q-

700

I

O

O

O

O

900
800

Regimen three

x-14 x-7

Cycle date

X+2 X+9

I
x-7

I
X-3

I
X

I
I
X+2 X+9

Cycle date

2.5.1.2.2

Variance of serum oestradiol levels within each regimen (before
volunteers start progesterone replacement therapy)

To investigate serum oestradiol levels by regimen, prior to volunteers starting
progesterone therapy, serum levels of oestradiol at each sample date were analysed for
variance. A significant variance was found in the serum oestradiol levels of volunteers
taking regimen one (n = 22) on days X-7, X-3 & X, of volunteers taking regimen two (n
= 23) on days X-14, X-7, X-3 & X and of volunteers taking regimen three (n = 22) on
days X-7, X-3 & X (table 2.5.5).

Table 2.5.5

Two way analysis of variance between levels of serum oestradiol at
each sample date (before volunteers start progesterone treatment).

Regimen

Sample dates

Fr

P

1

X-7, X-3, X

13.36

0.0013

2

X-14,X-7, X-3, X

13.70

0.0034

3

X-7, X-3, X

10.64

0.0049

Fr = Friedman’s statistic

For each regimen, the difference between serum oestradiol levels at each sample date
(25th, 50th and 75th centiles) are shown in table 2.5.6.

Positive and negative

fluctuations in serum oestradiol level occurred between sanq)le dates, but the overall
trend was positive. Increase in serum oestradiol levels between the 3rd and 10th days of
oestradiol treatment was similar for regimens one and two (both 4mg oestradiol per day),
and nearly double this figure for volunteers taking regimen three (6mg per day).
Volunteers taking the extended HRT regimen (regimen two) had a relatively small
change in serum oestradiol levels (median = 11 pmol/1) between the 10th and last day of
treatment (10th day to X+2 = 7 days).

74

Table 2.5.6

Change in serum oestradiol levels by sample date for each regimen
(before starting progesterone treatment)

Regimen

Sample dates

25%

50% (median)

75%

1

: X-7 to X-3

-2.00

54.50

152.00

: %^3to:K

-38.00

52.00

164.00

: X-7 to X

21.00

75.00

218.00

-7.00

79.00

135.00

-91.00

-53.00

31.00

: X-3 to X

6.00

42.00

92.00

: X-7 to X-3

27.00

78.00

183.00

: X-3 to X

-33.00

16.00

80.00

: X-7 to X

13.00

153.00 ,

211.00

(Day 3 to 10)
2

: X-14 to X-7
(Day 3 to 10)
: X-7 to X-3

3

Jlililiiiiillilp

(Day 3 to 10)

Areas have been shaded to promote easier comparison o f the same time scale within
each o f the three HRT regimens

2.5.1.2.3

Variance of serum oestradiol levels between regimens

The variance (Kruskal-Wallis statistic = Kw) of serum oestradiol levels between
regimens at each sample date relative to day X and relative to the start of oestradiol
treatment are shown in table 2.5.7.

No significant difference was found between the

median serum oestradiol levels for volunteers in each regimen.
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Table 2.5.7

Variance between median serum oestradiol levels of volunteers
in regimens 1, 2 & 3 at sample dates relative to day X and
relative to the start of oestradiol treatment.

Variance

X-7

X-3

X

X+2

X+9

Day 3

Day 10

Kw *

0.73

1.59

1.04

0.05

0.21

0.65

1.09

P

0.70

0.45

0.60

0.97

0.90

0.72

0.58

-20

-38

-41

-35.5

35.5

-20

-16

Upper 90% CL

-117

-138

-163

-130

-89

-117

-129

Lower 90% CL

84

-165

76

92

194

84

106

-39.5

59.5

45

-9.5

23

20.5

64.5

Upper 90% CL

-174

-77

-111

-185

-160

-93

-77

Lower 90% CL

91

192

163

130

199

126

189

Factor level: Regimens 1& 2
Difference
between medians

Factor level: Regimens 1& 3
Difference
between medians

Kw
*

=
=

Kruskal-Wallis test.
No significant differences (p<0.05) were found when comparing regimen
one with regimens two and three (using Dunn’s multiple comprisons test).

2.5.2. SERUM PROGESTERONE

A total of 67 volunteers provided blood samples for assessment of progesterone levels
on days X+2 and X+9 (table 2.5.8 and figure 2.5.3).

Figure 2.5.3

Box plot

=

Error bars

=

Note:

25th, 50th and 75th centile
(means are plotted as dotted lines)
10th and 90th centiles
All data above and below 10th and 90th centiles
have been plotted.
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Figure 2.5.3. Serum progesterone levels.
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Table 2.5.8

Serum progesterone levels for volunteers using regimens one, two
and three on days X+2 and X+9.
Regimen 1

Regimen 2

Regimen 3

n=22

n=23

n=22

Statistic

X+2

X+9

X+2

X+9

X+2

X+9

Mean

31.42

31.95

29.79

30.54

30.78

31.85

SD

10.98

10.93

10.11

12.53

10.17

11.76

SEM

2.34

2.33

2.11

2.61

2.17

2.51

Lower 95% CL

26.55

27.11

25.42

25.12

26.28

26.64

Upper 95% CL

36.29

36.80

34.17

35.96

35.30

37.07

Minimum

8.10

12.40

13.40

14.30

11.40

14.10

10th centile

20.20

19.00

17.20

14.70

20.20

19.00

25th centile

23.80

24.20

22.90

22.00

23.50

25.00

Median

30.90

31.40

28.90

26.90

30.80

30.00

75th centile

40.40

39.00

36.60

39.80

34.40

38.10

90th centile

45.30

45.30

42.40

47.40

44.50

44.90

Maximum

51.80

58.50

52.00

61.20

54.50

58.80

2.5.2.1

Variance of serum progesterone levels between regimens

A significant difference in serum hormone levels between regimen one and two or
between regimen one and three was not found (table 2.5.9)
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Table 2.5.9.

Analysis of variance for serum progesterone levels between regimens
one, two and three on days X+2 and X+9.

Source of variation

F

Significance of F

Regimen 1, 2 & 3 on day X+2

0.14

0.87

Regimen 1, 2 & 3 on day X+9

0.10

0.90

Factor level

Difference
between means

Lower
95% CL

Upper
95% CL

-1.41
-0.10

-8.42
-7.19

5.60
6.99

-1.63
-0.63

-7.84
-6.91

4.58
5.64

Day X+2
Regimen 1 and Regimen 2
Regimen 1 and Regimen 3
Day X+9
Regimen 1 and Regimen 2
Regimen 1 and Regimen 3
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2.6
2.6.1

DISCUSSION
Gonadotrophin releasing hormone analogue

In an ovum donation programme, the main reason for recipients to use GnRHa is to
suppress (ovulation and thus ovarian) progesterone production (MisheU et al, 1971;
Thomeycroft et al, 1971) which, if not suppressed, may result in premature secretory
development of the endometrium.

Oestrogen therapy alone causes a decrease in

follicular levels of FSH and LH leading to a delay in the time of ovulation, but cannot be
relied upon to inhibit ovulation before progesterone replacement therapy starts (Tsai and
Yen, 1971). The timing of embryo implantation (the temporal window) in some species
is very restricted, but in humans it is relatively large (Rosenwaks, 1987, Salat-Baroux et
al, 1988).

Although premature progesterone stimulation of the endometrium may be

tolerated to a limited degree, wider variations between progesterone stimulation and ET,
ZIFT or TET, may result in a decreased pregnancy rate (Navot et al, 1989; Dimfeld et al,
1993; Check et al, 1994).

A secondary effect o f GnRHa in this project was to inhibit endogenous (ovarian)
production of oestradiol during replacement therapy.

By reducing or eliminating this

source of oestradiol, serum oestradiol levels more accurately reflected HRT (and made
assessment of endometrial development relative to each drug regimen more
representative). It is realised that seven days treatment with buserelin may not have fully
down regulated pituitary function in all cases, and that some volunteers may have had a
residual ovarian output of oestradiol.

This was a situation that had to be accepted as it

was not possible, on ethical grounds, to alter the normal treatment protocol further
(normally, recipients are treated with buserelin from the start of^ or a few days before,
oestradiol treatment).

It was also desirable to determine the relationship between the

three drug regimens in a clinical situation, therefore, it was important to keep treatment
protocols as near to normal as possible. Analysis of variance between regimens showed
that buserelin treatment (and, therefore, groups with and without ovarian function) was
not a significant factor influencing the comparison of serum oestradiol levels between
groups.
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2.6.2

Serum oestradiol levels between HRT doses on day X+9

Significant fluctuations in the steady state of serum oestradiol between 0800 hrs and
1600 hrs on day X+9 were not found. This finding is similar to that in normal menstrual
cycles where a diurnal variation in circulating oestradiol was not found at 0830 hrs and
1700 hrs (Baird and Guevara, 1969). The number of volunteers providing samples was
small (n=6) and the spread of data at each time point was relatively large. However, it is
probable that variation in the timing of blood samples around 1400 hrs did not have a
significant effect on the comparison of serum oestradiol levels within and between
regimens.

2.6.3

Variance of serum oestradiol levels within each regimen

A steady state for serum oestradiol was not demonstrated prior to volunteers starting
progesterone treatment.

There was a small (about 50 - 80 pmol/1 per week) but

statistically significant (overall) increase in serum oestradiol levels with the duration of
treatment.

In the simplest scenario, a steady state for circulating oestradiol would be

reached within 72 hours of starting treatment (t% = 1 2 hours), but clearly, this simple
scenario did not exist.

An explanation for the prolonged increase in circulating serum

oestradiol may lie in the effect of oestradiol on its own pharmacokinetics (Lobo, 1987;
Kuhl, 1990; Benet et al, 1991; Ross, 1991). As far as this project is concerned, the
important point is that all three regimens responded in a similar manner, the increase over
a ten day period being slightly greater with regimen three, and less pronounced in
regimen two between day ten and seventeen. A negative fluctuation of up to 50 pmol/1
was noted in regimen two between day X-7 and day X-3.

When the magnitude of the

data distribution in each regimen is considered, it is unlikely that this relatively small
fluctuation in serum oestradiol had any influence on the analysis of variance between
regimens.

Daily fluctuations of a similar size are also seen in the levels of serum

oestradiol during natural menstrual cycles (Somerville, 1971)
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2.6.4 Variance of serum oestradiol levels between regimens

All three regimens resulted in the majority of volunteers reaching serum levels of
oestradiol between 400 and 700 pmol/1 (table 2.5.3).

These are slightly higher than

found in the early follicular phase, lower than the peak levels seen in the late follicular
phase, but similar to the levels seen in the early to mid luteal phase of the menstrual cycle
in non-pregnant women (Baird & Guevara, 1969; Abrahams et al, 1971b; Thomeycroft
et al, 1971; MisheU et al, 1972; Bryant et al, 1975; Cortes-GaUegos et al, 1975). The
distribution of serum oestradiol levels at each assessment date was simUar for volunteers
in each regimen.

A (statisticaUy) significant variance between regimens relative to day

X, and also relative to the start of oestradiol treatment, was not demonstrated.

A true

difference that has not been detected statisticaUy (ie less than 200 pmol/1) is unlikely to
be significant cUnicaUy in promoting pregnancy rate, provided that the serum levels
remain within the physiological range.

On the basis of these findings, it would be

expected that the difference in oestradiol treatment between regimens one (4mg/day) and
three (6mg/day) would not affect the expression of endometrial progesterone receptors,
endometrial histology or ultrastructure.

No conclusion can be drawn fi*om the results as to the effect on pregnancy outcome due
to the extra seven days oestradiol treatment received by volunteers using regimen two.
WhUe prolonged oestradiol stimulation in excess of 19 days may be disadvantageous to
pregnancy rate, variations in treatment between 12 and 19 days are probably not
significant (Younis et al, 1992).

The important point in this thesis is that volunteers

using regimen one and two were shown to have simUar serum hormone levels, and that
any difference in expression of endometrial progesterone receptors, histological dating or
ultrastructure would be due to the increased duration of treatment and not a difference in
serum oestradiol levels.

Total oestrogen stimulation may be quantified by plotting

serum oestradiol levels against time and then calculating the area under the curve (AUC)
(Aedo et al, 1990). Calculation of AUC would only be relevant if outcome parameters
(endometrial receptor expression, histological dating and ultrastructural analysis) were
quantifiable and significantly different between regimens, which has not proven to be the
case according to the data presented in this thesis.
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2.6.5

Progesterone

Endometrial maturation (secretory change) is promoted by progesterone (Navot et al,
1989; Bourgain et al, 1990; Li et al, 1992b). However, the specific binding capacity of
endometrial receptors for progesterone can vary under different clinical conditions
(Haukkamaa et al, 1971).

To determine the relative influence of different oestrogen

regimens on the progestogenic maturation of endometrium, it was first necessary to
establish that all regimens received the same progestogenic stimulus.

Recipients in all

three regimens were given the same progesterone treatment (300 mg per day) fi*om day
X+1.

Analysis of variance between regimens one, two and three on days X+2 and

X+9 did not reveal any significant differences in progesterone levels. The power of the
study to detect a 10 nmol/1 difference in serum progesterone levels was 85% (using the
mean pooled SD for days X+2 and X+9 = 11.08).

On the basis of these results, it

would be expected that volunteers using each o f the three HRT regimens were exposed
to the same progestogenic stimulation.

The pooled mean level of serum progesterone for all volunteers was 31.05 nmol/1 +
11.08 SD.

This is similar to the levels seen in the luteal phase of natural menstrual

cycles (Neill et al, 1967; Cargille et al, 1969; Rubin et al, 1970; Abraham et al, 1971a &
1971b; Somerville, 1971).

Increasing progesterone treatment fi*om 300 mg per day to

600 mg per day does not improve endometrial morphology significantly (Bourgain et al,
1990).

Therefore, it is concluded that progesterone replacement therapy was adequate

for most volunteers. Several volunteers had serum progesterone levels within the range
8 to 15 nmol/1, which may have been lower than desirable but still in the normal
ovulatory range. These lower values may have been related to poor absorption via the
vaginal route or due to a processing error, however, firm conclusions cannot be drawn
on the basis of a single sample.
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SECTION THREE

PROGESTERONE
RECEPTORS

84

3.1

OBJECTIVES

To determine:

1.

The optimum incubation conditions for immunostaining of progesterone receptorantibody complexes.

2.

The pattern and intensity of immunostaining for progesterone receptors in
endometrial gland and stromal cells during the equivalent of the early (day X+2)
and the mid (day X+9) luteal phase, and the relationship between them.

3.

The association between endometrial progesterone receptor expression and:

a)

Endometrial thickness on day X+2.

b)

Change in endometrial thickness between the third day of oestradiol
treatment (day 3) and day X+2.

c)

Serum oestradiol levels on day X+2 and the mean serum oestradiol levels
between day 3 and day X+2.

85

3.2
3.2.1

INTRODUCTION
Progesterone receptor protein

The human progesterone receptor is composed of 933 amino acids and has a molecular
weight of 98,868 (Savouret et al, 1989).

It is expressed in many human tissues

including the breast and uterus.

Experiments measuring the binding of radioactive ligands in both animal (Milgrom et al,
1973) and human (Bayard et al, 1978) endometrium have demonstrated that
progesterone receptor levels change throughout the reproductive cycle.

Using

monoclonal antibodies, progesterone receptors have been detected in the nucleus of
endometrial gland cells during the follicular phase of the normal menstrual cycle and in
anovulatory women with polycystic ovary syndrome (Garcia et al, 1988).

This is in

contrast to the classic model o f hormone action in which activation o f the receptor after
steroid binding is followed by translocation of the con^lex to the nucleus (Chan et al,
1976; Jensen et al,1982). However, more recent research has shown that the binding of
progesterone to its receptor is required to induce a conformational change which is
necessary for events subsequent to DNA binding, such as transcription (Allan et al,
1992).

Receptor expression is increased by oestrogen and reduced by progesterone, probably by
enhancing its own inactivation (Milgrom et al, 1973; VuHai et al, 1977; Bayard et al,
1978; Kreitmann et al, 1979).

The increase is prevented if inhibitors of protein and

RNA synthesis (actinomycin D and cycloheximide) are given concurrently with the
oestrogen. However, if these inhibitors are given 24 hours after the oestrogen stimulus,
no inhibition of receptor levels occurs, indicating that the increase in receptor expression
occurs over a short period and remains relatively stable (half life 5 days) (Vu Hai et al,
1977).

Although progesterone receptor levels are dependent on oestrogen and

progesterone stimulation, it would be incorrect to assume that high hormone levels result
in a greater biological effect, since relatively low hormone levels may mediate a
significant effect when progesterone receptors are in high concentration, and vice versa.
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3.2.2

Methods of assay and localisation of progesterone receptors

There are two basic methods of assaying progesterone receptors.

3.2.2.1

Quantitative assays.

Initially, progesterone receptor assays were performed using a radio labelled steroidbinding technique (Milgrom et al, 1973).

This method was difficult to perform, time

consuming, subject to non specific and specific (receptor occupancy) errors, did not
permit an estimation of receptor concentration in different cell types, and required
relatively large specimens (Vu Hai et al, 1977; Bayard et al 1978; Kreitman-Gimbal et al,
1979; Kreitman et al, 1979).

Later, the development of monoclonal antibodies to the

rabbit progesterone receptor was achieved, and these antibodies were also found to cross
react with the human progesterone receptor (Logeât et al, 1981; Logeât et al, 1983).
This was an important step towards the localisation and quantification of the human
progesterone receptor protein at the cellular and subcellular level.

3.2.2.2

Qualitative/Semi-quantitative assays.

Following the development of monoclonal antibodies against progesterone receptors,
immunohistochemical methods were developed to detect their distribution in human
endometrium (Perrot-Applanat et al, 1985).

These techniques have the advantage that

they require relatively small samples, are easy to perform, are more specific, and can
localise progesterone receptors to nuclear or cytoplasmic locations of different cell types
in intact tissue sections.

The ultrastructural localisation of progesterone receptors is

made possible by the electron microscopic detection of gold particles attached to
monoclonal antibodies.
al, 1986).

This is called the immuno-gold technique (Perrot-Applanat et

The semi-quantitative method of analysing immunohistochemical staining

involves an (ordinal) staining score, which is calculated from a permutation of staining
intensity and the concentration of stained cells (Bergqvist et al, 1993; Garcia et al, 1988;
Bouchard et al, 1991).
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3.2.2.3

Fixation

The method of tissue preparation for immunohistochemistry has been studied by several
workers (Ciocca et al, 1990; Perrot-Applanat et al, 1985 & 1987).

Progesterone

receptors are relatively stable to fixation when compared to oestradiol receptors, which
are unstable to fixation and must be prepared by rapid fi*eezing in hquid nitrogen. The
staining score for tissues fixed with picric acid and formaldehyde (PAF) have a strong
correlation (r=0.87) with fi*ozen sections (Ciocca et al, 1990).

Positive staining with

other fixatives (Bouin’s, ethanol, acetone, 4% paraformaldeyde, periodic acid-lysineparaformaldehyde, 1% glutaraldehyde) has also been obtained.

However, there is

evidence that prolonged fixation leads to less staining (Perrot-Applanat et al, 1987).

3.2.3

Dating endometrial biopsies

The relative change in cytosolic and nuclear progesterone receptor levels during the
menstrual cycle has been noted by several workers using qualitative assays (Bayard et al,
1978; Kreitman et al 1979). The development of immunohistochemical techniques has
permitted the cellular localisation of progesterone receptors throughout a normal
menstrual cycle to be studied in more detail (Garcia et al, 1988).

During the mid-

follicular phase (days 7-8 during a 28 day cycle) about one third of stromal cells and
most of the glandular cells stain weakly and with a similar intensity. As the follicular
phase progresses (up to day 14) an increased number of stromal cells stain positive and
the intensity of staining in glandular cells increases. This pattern continues into the early
luteal phase, when the staining intensity of glandular cells is maximal.

During the mid-

luteal phase (days 21-23) the staining intensity of glandular cells becomes considerably
less, while that of stromal cells is unchanged.
follicular phase (Garcia et al, 1988).

This pattern continues into the late

The effect of giving vaginal progesterone (300 mg

per day) to women preparing to become oocyte recipients was studied by Bouchard,
who found that immunohistochemical staining six days following the start of
progesterone treatment showed a pattern similar to that found in the late luteal phase
(Bouchard et al, 1991).
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3.3

PATIENTS

Volunteers receiving HRT (regimens 1, 2 & 3 as described in section 1.3.3) had
endometrial biopsies performed two (X+2) and nine (X+9) days after starting
progesterone treatment.

METHODS

3.4

Endometrial biopsy samples were obtained using a Pipelle endometrial curette (Euro
Surgical Ltd., Cranley, Surrey).

An effort was made to obtain all samples fi*om the

uterine fundus, the X+2 sample being taken fi*om the right uterine wall and the X+9
sample being taken fi*om the left uterine wall. Sandies were fixed in Bouins solution at
4°C for 12 hours before transferring to a cryo-protectant (20% sucrose solution) for 36
hours at 4°C.

Each sample was allocated a code by an independent technician,

embedded in optimum cutting temperature (OCT) medium on cork discs and snap frozen
in isopentane, previously cooled in liquid nitrogen, and then stored at -70°C until cryosections were cut.

One of the main problems with immunohistochemistry is the

detachment of specimens firom the slide during the long sequence of processing,
therefore, it was decided to use cryo-preserved specimens rather than paraffin embedded
specimens. This would avoid the extra processing steps required to dissolve the paraffin
prior to immunohistochemistry.

Although it would have been possible to cut slightly

thinner sections with paraffin embedded specimens, this was not felt to be an important
advantage (at the beginning of the project).
From each fi*ozen specimen, 7 pm thick cryo-sections were cut and mounted on slides
pretreated with 3-aminopropyltriethoxysilane.

Sections were then stored at -70°C until

immunostaining for detection of progesterone receptors using an indirect avidin-biotinperoxidase con^lex technique (section 3.4.1).

Expression of progesterone receptors

was assessed using an ordinal (subjective) scale.
In this project, glandular cells were found to stain strongly (X+2) or not at all (X+9),
with no gradation between.

All stromal cells on days X+2 and X+9 showed
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immunostaining, with a large gradation in the amount of nuclear staining.

Therefore, it

was inappropriate to use separate scoring systems for either the number of cells staining
positively (since they all did or did not) or the intensity of stain within these cells (which
was equally strong in aU gland cells on day X+2 and almost infinitely variable between
stromal cells).

The system employed assessed the overall staining in five high power

fields throughout the section, taking into account the number of cells positively stained,
the amount of stained deposit within each cell and the intensity of staining. This resulted
in sections with relatively few but darkly staining deposits having a score which was the
same as a section showing many but lightly stained deposits.
The scoring scale was firom 0 to 9, with 0 = no immunostaining and 1 = positive
immunostaining just disemable above that of the control slides. A score of 9 was given
to the sections, which in the agreement of two assessors, had the greatest amount of
immunostaining.

Two blinded assessors scored the slides, having previously reviewed

test slides together in order to coordinate scoring scales: inter observer agreement was
86 %.

Each assessor was asked to mark up when there was difficulty in choosing

between scores.

The scores for each section were conçared and and differences

discussed. When agreement could not be reached over one point on the scale the higher
score was allocated, but differences greater than one point were arbitrated by a third
observer.

The two initial assessors were myself and a PhD student, and the third

observer was the senior histology technician within the department.

3.4.1
1.

Immunostaining technique
Sections were warmed to room ten^erature and then incubated at 37 °C for
30 minutes.

2.

Sections were rehydrated in phosphate buffered saline (PBS) for 2 minutes at
room temperature.

3.

Sections were each incubated with 100 pi normal goat serum (blocking
reagent: Abbot Diagnostics, Maidenhead) for 30 minutes.

4.

Normal goat serum was tipped off and 50 pi monoclonal rat anti
progesterone (primary) antibody (Abbot Diagnostics, Maidenhead) was
added for 24 hours at room temperature.
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5.

Sections were then washed in PBS for 5 minutes.

6.

Sections were then incubated with 100 ^il

biotinylated rabbit anti-rat

(secondary) antibody (Dako Ltd, High Wycombe) at a dilution of 1 in 100
for 60 minutes.
7.

Sections were washed in PBS for 5 minutes.

8.

100 pi of avidin biotin complex was added to each section for 60 minutes.
The avidin biotin complex was prepared 60 minutes before adding to the
section by mixing Ipl streptavidin (DAKO Ltd, High Wycombe) and 1 pi
biotinylated horseradish peroxidase (DAKO Ltd, High Wycombe) to 98 pi
PBS.

9.

Sections were washed in PBS for 5 minutes.

10.

Steps 6 to 9 were repeated.

11.

Finally, 200 pi of a chromogen substrate solution containing hydrogen
peroxidase and diaminobenzidine (Sigma Chemical Co. Ltd, Poole) was
added for 2.5 minutes (see section 3.4.2 below). The chromogen substrate
solution was prepared immediately before use by adding 700 pi 6% hydrogen
peroxide to 2 mis 0.5% diaminobenzidine.

12.

Slides were then washed in PBS for 5 minutes before mounting.

Control slides, using human heart tissue (where no progesterone receptors are normally
found) and missing out the primary and secondary antibody (steps 5 & 7) were
employed.

3.4.2

Optimum incubation conditions for immunostaining of progesterone
receptor-antibody complexes.

The intensity of immunostaining depends on the duration of exposure to the chromogen
substrate (diaminobenzidine). Whüe it is desirable to stain all receptors coated with the
avidin biotin complex, it is important not to prolong staining to the extent that the
weakly stained areas are intensified to the level of strongly stained areas which have
reached a plateau.

In order to avoid this problem, the staining intensities for different

incubations in chromogen subtrate solution were investigated.

A test sample of
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endometrium was cut into seven identical sections and each immunostained using a
different exposure to the diaminobenzidine (DAB) solution.

Stained sections were

viewed through a Zeiss Axioskop microscope using a x20 objective. A Magiscan M2D
image analysis system (Joyce-Loebl Ltd) and the standard ‘Genius’ software package
were used to measure image intensity. This was first adjusted so that unstained areas of
the slide were just saturating the monitor.

Then, identical areas of stroma were

segmented and measured for (relative) optical density. Each reading was repeated three
times (table 3.4.1) and plotted against the duration of exposure to DAB (figure 3.4.1).
Table 3.4.1.

Relative integrated optical densities of endometrial stroma stained for
different durations with DAB.

Duration of
exposure to
DAB
(minutes)

1st reading

2nd reading

3rd reading

mean

SD

0.5

1.33

1.36

1.00

1.23

0.20

1.0

1.30

1.35

1.53

1.39

0.13

1.5

1.33

1.64

1.52

1.50

0.15

2.0

1.81

1.81

1.96

1.86

0.08

2.5

2.12

2.19

1.90

2.07

0.15

3.0

2.16

2.08

2.01

2.08

0.08

3.5

2.49

2.50

2.57

2.52

0.05

Integrated optical density (relative values)

An incubation time of 2.5 minutes was chosen for the following reasons:

1.

Staining intensity was within the linear range (fig 3.5.1).

2.

Slides incubated for 2.5 minutes were the least difficult to assess microscopically,
having the best balance between the intensity of receptor immunostaining and
background staining.
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Figure 3.4.1.

Integrated optical densities for D A B incubation
Linear regression and 95% confidence interval
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RESULTS

3.5

3.5.1

Immunohistochemistry: staining scores for regimens one, two and three.

The (ordinal) scores for immunostaining of progesterone receptors in endometrial gland
and stromal cells of biopsies taken from volunteers receiving HRT regimens one, two
and three on days X+2 and X+9 are shown in table 3.5.1.
Table 3.5.1

(a)

Progesterone receptors: immunohistochemical staining scores following
incubation in DAB for 2.5 minutes.

All volunteers
Stroma

Gland
Score

X+2

0
1
2
3
4
5
6
7
8
9

(b)

n

%

—

—

-

3
2
7
13
8
16
7

X+2

X+9

-

5.4
3.6
12.5
23.2
14.3
28.5
12.5

n

%

48
3

94.1
5.9

-

-

-

-

X+9

n

%

n

%

13
28
14
1

23.2
50
25
1.8

8
16
24
3

15.7
31.4
47.0
5.9

-

-

-

-

—

-

-

“

-

-

-

-

“

-

-

-

-

-

•

-

-

-

-

-

-

-

-

-

-

-

By Regimen
Gland (X+2)

Regimen 1

Regimen 2

Stroma (X+9)

Number of volunteers

19

19

16

Median score

7.0

2

2.5

Range of scores

3 -9

1 -3

1 -4

Number of volunteers

19

19

18

Median score

6.0

2

3

4 -9

1 -3

1 -3

Number of volunteers

18

18

17

Median score

7.5

2

3

3 -9

1 -4

1 -4

Range of scores
Regimen 3

Stroma (X+2)

Range of scores
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3.5.1.1

Immunostaining on day X+2

Glandular cells

Immunostaining of gland cells in regimens one, two and three on day X+2 was heavy
with all cells showing many intensely stained deposits (fig 3.5.1, 3.5.2 and table 3.5.1).
There was no significant difference (p < 0.05) in the analysis of variance between
immunostaining scores for all three regimens (Kw=3.16, p=0.21) or between individual
regimens using Dunn’s multiple comparison test.

Stromal cells
In samples fi*om all volunteers, immunostainiug of individual stromal cells varied fi*om
minimal to marked.

Within each regimen, the overall immunostaining intensity of

sangles ranged firom mild to relatively heavy, but did not exceed that seen in gland cells
(fig 3.5.1, 3.5.2 and table 3.5.1).. There was no significant difference (p < 0.05) in the
analysis of variance between immunostaining scores for all three regimens (Kw=0.32,
p=0.85) or between individual regimens using Dunn’s multiple conqjarison test.

Control slides
Control slides showed generalised background staining only.

3.5.1.2

Immunostaining on day X+9

glandular cells
There was no immunostaining of gland cells (fig 3.5.3, 3.5.4 and table 3.5.1).
Stromal cells
The same staining pattern seen on day X+2 was observed on day X+9.

There was no

significant difference (p < 0.05) in the analysis of variance between immunostaining
scores for all three regimens (Kw=0.21, p=0.90) or between individual regimens using
Dunn’s multiple comparison test.
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Fig 3.5.1
Endometrium obtained from volunteer A on day X+2, showing immunostaining of
progesterone receptors in gland and stromal cells.
Histological grading was midproliferative.
X 180
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Fig 3.5.2
Endometrium obtained from volunteer A on day X+2, showing immunostaining of
progesterone receptors in gland and stromal cells.
Histological grading was midproliferative.
X660
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i

Fig 3,5.3
Endometrium obtained from volunteer A on day X+9, showing immunostaining of
progesterone receptors in stromal cells, but not in gland cells. Histological grading was
POD 9.
X 180
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Fig 3.5.4
Endometrium obtained from volunteer A on day X+9, showing immunostaining of
progesterone receptors in stromal cells, but not in gland cells. Histological grading was
POD 9.
X660
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Control slides
Control slides showed generalised background staining only.

3.5.2. Relationship between immunostaining score in stromal cells on days X+2
and X+9
The relative change in immunostaining score, significance and correlation between scores
on days X+2 and X+9 for matched cases in regimens one, two and three are shown in
table 3.5.2.
Table 3.5.2.

Relative immunostaining intensity in stromal cells on days X+2 and X+9.

Stain intensity

Number of volunteers in each group
All
(Reg 1,2 & 3)

Regimen
one

Regimen
two

Regimen
three

X+9 > X+2

22

5

10

7

X+9 = X+2

23

10

5

8

X+9 < X+2

4

1

1

2

Overall (regimens 1 + 2 + 3), there was a significant increase in the stromal cell staining
scores between days X+2 and X+9 (table 3.5.3).

However, this relationship was not

consistent when the immunostaining scores for volunteers in each regimen were analysed
separately.
Table 3.5.3.

Relationship between immunostaining scores in stromal cells on days X+2
and X+9.
Regimen
one
(n = 16)
-1.57

Regimen
two
(n= 16)
-2.04

Regimen
three
(n= 17)
-1.2

Wilcoxon

w

All
(Regl,2&3)
(n = 49)
-2.76

(paired test)

P

0.0059

0.12

0.0409

0.21

Spearman

r

0.29

0.61

.0404

0.26

correlation

P

0.0414

0.0124

0.88

0.32

Statistic
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3.5.3. Relationship of immunostaining scores in both glandular and stromal
cells with both endometrial thickness and change in endometrial
thickness

Immunostaining scores for endometrial progesterone receptors in glandular and stromal
cells (regimens 1, 2 & 3) obtained on day X+2 and stromal cells obtained on day X+9
were not significantly correlated (Spearman) with endometrial thickness on day X+2 or
with change in endomerial thickness (A) between day 3 and day X+2 (see sections
1.5.1.1 & 1.5.1.2) for all volunteers (tab 3.5.4) or for volunteers in each regimen.

Table 3.5.4.

Relationship of progesterone receptor irnmunostaining scores in
endometrial gland and stromal cells with (1) endometrial thickness and
with (2) the change in thickness (A) between day 3 and day X+2 .

Ultrasound

X+2

assessment

Gland

Stroma

n

Stroma

n

56

-0.06

51

All

r

-0.11

-0.06

0.41

0.64

(1)
Thickness

Reg 1

P
r

-0.17

-0.60

0.48

0.81

on day X+2

Reg 2

P
r

-0.04

0.30

0.87

0.90

Reg 3

P
r

-0.09

-0.19

P

0.73

0.45

All

r

-0.05

-0.04

0.73

0.80

Reg 1

P
r

-0.04

-0.29

0.88

0.23

Reg 2

P
r

0.04

0.02

0.87

0.93

Reg 3

P
r

-0.02

0.17

P

0.92

0.50

(2)
A Between
day 3 and X+2

X+9

0.68
19

-0.37

16

0.16
19

-0.02

18

0.93
18

0.11

17

0.67
56

0.03

51

0.82
19

0.08

16

0.76
19

0.07

18

0.79
18

0.04

17

0.89
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3.5.5.

Relationship of immunostaining scores for endometrial progesterone
receptors in both glandular and stromal cells with serum oestradiol levels

Immunostaining scores for endometrial progesterone receptors in glandular and stromal
cells on day X+2 and stromal cells on day X+9 were not significantly correlated
(Spearman) with the serum oestradiol levels of volunteers on day X+2 or the mean
serum oestradiol level (Mean E2) for each volunteer between day 3 and day X+2 (see
section 2.5.1.2) (tab 3.5.5).

Table 3.5.5.

Relationship of progesterone receptor immunostaining scores in
endometrial gland and stromal cells with (1) serum oestradiol (E2)
levels on day X+2 and with (2) the mean serum oestradiol level for
each volunteer between day 3 and X+2.

Serum

X+2

oestradiol

(1)
E2 on

(2)

Stroma

n

Stroma

n

56

0.13

51

r

0.01

0.16

0.93

0.25

Reg 1

P
r

0.05

-0.13

0.85

0.59

Reg 2

P
r

0.13

0.25

0.60

0.30

Reg 3

P
r

0.01

0.35

P

0.98

0.16

All

r

0.02

0.88

0.89

0.52

Reg 1

P
r

-0.08

-0.41

0.74

0.08

Reg 2

P
r

0.20

0.30

0.41

0.21

Reg 3

P
r

-0.29

0.35

P

0.91

0.15

Mean E2
between day

Gland
All

day X+2

3 and day X+2

X+9

0.35
19

-0.81

16

0.76
19

0.14

18

0.58
18

0.36

17

0.15
56

0.05

51

0.70
19

-0.38

16

0.15
19

0.11

18

0.67
18

0.38

17

0.13
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3.6
3.6.1

DISCUSSION
Method

It has been suggested that the method of obtaining an endometrial sample may affect the
detection of progesterone receptors because more receptors are concentrated in the
superficial layers of the endometrium (Shi et al, 1992). This has not been confirmed. All
samples in this project were obtained by the same method (Pipelle biopsy).
As expected fi’om previous experience, progesterone receptors remained stable during
the fixation with Bouins solution, as evidenced by good staining intensities within all
sections. It was not possible to demonstrate oestrogen receptors with any consistency
using the same specimens.

This was due to the unstable nature of these receptors,

which require tissue preservation by immediate fi'eezing in liquid nitrogen.
Integrated optical density analysis was performed using consecutive sections cut firom the
same biopsy sample and then exposed to the same immunohistochemical processing but
different DAB incubation periods. It was then possible to select an incubation time that
did not result in over exposure to the chromogen substrate. Longer incubation periods
resulted in increased background staining and a heavier stain intensity, both combining to
make the practical interpretation of stain intensity and distribution more difficult.
Longer incubation periods (up to 3.5 minutes) did not result in an obvious plateau of
stain intensity (fig 3.5.1). A possible error m choosing 2.5 minutes is that this duration
of DAB exposure may not have visibly stained all progestogen receptors.

Since the

distribution of progesterone receptors in each regimen appeared to be equally variable,
this possible error would tend to cancel out when comparing the immuno staining of
sections from volunteers using each of the three regimens.

Apart from gland cells on

day X+9, all cells had progesterone receptor staining that was at least minimal.
Therefore, the intensity and pattern of staining were considered adequate to demonstrate
the relative progesterone receptor expression in different samples.
Scoring of staining patterns was extremely difficult and very time consuming, requiring
multiple cross reference between slides to maintain the quality of assessment.

It was

103

found easier to grade the slides 1 to 3, then add + or - to fine tune the grade.

The

grading was then converted to a scale of 1 to 9, for example 2+ would be equal to a
score of six.

The method was subjective and, therefore, open to operator error.

Bias

due to identification of volunteers and matching slides at X+2 and X+9 was removed by
the use of a coding system.

However, the staining patterns made it clearly obvious

which slides were taken fi'om biopsies on day X+2 and which were fi*om biopsies on day
X+9.

3.6.2 Results

3.6.2.1

Immunostaining scores: glandular and stromal cells on days X+2 and X+9

Oestrogen induces the expression of progesterone receptors in human endometrium
(Kreitmann et al, 1979). The circulating oestrogen levels in volunteers using each of the
three HRT regimes were similar to those found in normal cycles (section two).
Therefore, bearing in mind that serum oestradiol levels may not reflect endometrial
stimulation, it was anticipated that endometrial progesterone receptor expression would
be similar to that seen in a normal cycle.

The staining patterns of stromal and glandular cells for all volunteers (using regimens
one, two and three) on day X+2 and day X+9 were similar to those found by other
researchers in the early and mid luteal phase of a normal menstrual cycle respectively
(Bouchard et al, 1991; Garcia et al, 1988).

On days X+2 and X+9 there were no

statistical diSerences in the staining score between regimens for glandular or stromal
cells. This would be expected in regimens one and three, where serum oestradiol levels
were not significantly diSerent and the duration of treatment was the same. In regimen
two, the increased duration of estrogen treatment (7 days extra) did not appear to
influence significantly the amount of progesterone receptor expression, which may have
been maximal following ten days treatment (regimens one and three).
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Progesterone promotes endometrial ‘maturation’ (secretory changes), which is thought
to be initiated via progesterone receptors (Healy, 1990; Garcia et al, 1988).

Since all

three regimens promote similar expression of progesterone receptors, it is probable that
they are equally effective in mediating endometrial maturation in response to
progesterone.

Currently, there is no direct evidence that relates progesterone receptor

expression to pregnancy rate, although there is indirect support for their involvement.
Women with an inadequate luteal phase (diagnosed by a histological lag in endometrial
maturity) were reported to have lower concentrations of progesterone receptors than a
normal control group during the proliferative phase of the menstrual cycle, although
similar levels were found in both groups during the secretory phase (Jacobs et al, 1987).

3.6.2.2

Change in progesterone receptor expression between days X+2 and X+9

Qualitatively, volunteers in each of the three regimens responded by expressing a similar
change in progesterone receptors between days X+2 and X+9 in both stromal and
glandular cells (table 3.5.3). Quantitatively, stromal cell staining scores for all volunteers
(regimens 1, 2 & 3) between day X+2 and X+9 increased significantly, but the statistics
for individual regimens are difficult to interpret (table 3.5.4).

This latter result is

probably related to the limited number of volunteers in each of the three regimens.
Statistics are not required to demonstrate the virtual loss of stain (expression of
progesterone receptors) in glandular cells between day X+2 and day X+9.
Previous research using radio-labelled progesterone has shown that endometrial
progesterone receptors are decreased (‘down regulated’) by progesterone (Kreitmann et
al, 1979; Walters and Clark, 1979; Bayard et al, 1978). A failing of this technique is the
inability to distinguish between cell types.

More recently, this decrease has been

reported in endometrial gland cells using immunohistochemical techniques (Bouchard et
al, 1991).

In this project, the expression of progesterone receptors in endometrial

stromal cells between day X+2 and day X+9 not only failed to decrease following
treatment with progesterone but, overall, appeared to increase.

Progesterone receptor

expression in glandular cells behaved in the expected manner, with the disappearance of a
heavy staining pattern between day X+2 and day X+9.

This suggests that the self

“down regulation” of progesterone on its own receptor is restricted to gland cells, at
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least during the period studied. It is diflScult to explain this paradox, but it may relate to
the different function of endometrial gland and stromal cells: gland cells being most
active during the early and mid luteal phases, and stromal cells becoming more active
following the mid luteal phase.

3.6.2.3

Correlation of immunostaining score with (1) endometrial thickness,
(2) change in endometrial thickness and (3) serum oestradiol levels.

The staining scores for volunteers in each regimen or for all volunteers combined were
not correlated with endometrial thickness on day X+2, change in endometrial thickness
between day 3 and day X+2 (table 3.5.4), serum oestradiol level on day X+2 or the mean
(individual) serum oestradiol level between day 3 and day X+2 (table 3.5.5).

An

alternative consideration is that a true correlation has not been demonstrated because
either (a) the method (immunohistochemistry and visual determination of staining score)
is not sensitive enough or (b) expression of progesterone receptors for all volunteers
was high and in the plateaued region of a dose response curve.

However, the latter is

unlikely given the optical density results of staining intensity for different DAB
incubation times (section 3.5.1).
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SECTION FOUR

LIGHT
MICROSCOPY
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4.1

OBJECTIVES

To determine:

1.

The histological dating of endometrium obtained from volunteers during the
equivalent of the early (days X+2) and mid (day X+9) luteal phase.

2.

The association between histological dating on day X+2 with the following:
a)

Endometrial thickness on day X+2.

b)

Change in endometrial thickness between the third day of oestradiol
treatment (day 3) and day X+2.

c)

Serum oestradiol and progesterone levels on day X+2 and the mean serum
oestradiol levels between day 3 and day X+2.

d)

Endometrial progesterone receptor e:q>ression in glandular and stromal cells
on day X+2.

and
the association between histological dating on day X+9 with (a) to (d) above and
the following:

e)

Serum progesterone levels on day X+9 and mean serum oestradiol and
progesterone levels between day 3 and day X+9.

f)

Endometrial progesterone receptor expression in stromal cells on day X+9.

g)

Histological dating on day X+2.
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4.2

INTRODUCTION

The histology of human endometrium throughout the normal menstrual cycle was
described in the classic paper “Dating the endometrial biopsy” by Noyes (Noyes et al,
1950).

These observations, which were based on a 28 day cycle and timed relative to

the last menstrual period (LMP), are now generally accepted as the standard reference
(Key & Kempers, 1987).

In natural cycles, the duration of the proliferative phase may

vary between individuals, whereas, the duration of the secretory (luteal) phase is
relatively constant (usually 14+1 day). Consequently, when the follicular phase of the
menstrual cycle is short or prolonged, histological dating in the luteal phase based on the
LMP and a 28 day cycle will be inaccurate.

To overcome this problem, histological

dating relative to the date of ovulation can be enq)loyed (Hendrickson and Kempson,
1980).

Employing this method, cycles that vary in the duration of the pre ovulatory

proliferative (follicular) period will have co-ordinated histological dating during the post
ovulatory (luteal) secretory phase.

Histological dating may be refined by employing quantitative methods (morphometric
analysis) based on the statistics of repeated counts and measurements o f dimension (Li et
al, 1988).

These have proved helpful as a research tool and revealed new parameters

for histological dating, but they have not been adopted for general clinical use due to
their technical difficulty and the time required for analysis.

Johannisson used this

technique to study the synchronisation of cycles and found that the LH surge was a
better fixed point for endometrial dating than the LMP (Johannisson et al, 1987).

The histological dating of assisted conception cycles, relative to natural cycles, has been
complicated by the different effects of hormone stimulation on the glandular and stromal
components of the endometrium. In IVF cycles, advanced (Garcia et al, 1984; Foreman
et al, 1989), delayed (Graf et al, 1988; Van Steirteghem et al, 1988; Sharma et al, 1990)
and asynchronous (Seif et al 1992) histological development between glandular and
stromal components have been reported. Following endometrial stimulation with HRT,
in phase (Navot et al, 1986), delayed (Davies et al, 1990) and asynchronous endometrial
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maturity have been reported (Rosenwaks, 1987; Navot et ai, 1989; Steingold et al,
1989).

Rosenwaks reported that biopsies taken on days 20 to 22 (progesterone

treatment being started on day 15, therefore biopsy days = day X+6 to X+8) bad
glandular characteristics of cycle day 17 to 18, but stromal elements which were
histologically dated between day 21 and 23. However, biopsies taken on day 26 of the
cycle (= day X+12) were in phase, being dated as either day 25 or day 26 (Rosenwaks,
1987).

Navot studied the endometrial histology of 90 women during the mid luteal

phase of HRT cycles, and found that oestrogen treatment followed by combined
oestrogen and progesterone therapy resulted in a 2 to 3 day retardation of the glandular
components but a 1 to 2 day advancement of stromal components (Navot et al, 1989).
Steingold, in a study of 10 women using either vaginal or oral oestrogen (both attaining
physiological oestradiol levels) found a delayed endometrial morphology during the midluteal phase (day 21 = POD 7, equivalent to day X+9), but not during the late luteal
phase (day 26 = POD 12) (Steingold et al, 1989).

In addition, the route of HRT can

influence histologic dating, vaginal and intramuscular progesterone being superior to oral
in promoting endometrial secretory changes (Bourgain et al, 1990). Devroey, in a study
of 26 women, foimd that oral progesterone resulted in a (mean) delay of 2.4 days,
whereas, intramuscular progesterone resulted in a (mean) delay of only 1.6 days
(Devroey et al, 1988).

In reproductive medicine, the rationale behind the histological dating of endometrium is
to establish a correlation with the pregnancy rate (and to a lesser extent, fectors thought
to be related to the pregnancy rate).

Unfortunately, due to the variation in histological

dating reported in the literature, this has sometimes proved confusing rather than adding
clarity to the issue.

An example of this is the luteal phase defect (LPD) (Jones, 1976;

Wentz, 1988; Bopp and Shoupe, 1993) when the diagnosis was based on retarded
endometrial development (Jones, 1962; Wentz, 1980; Balasch et al, 1985; Huang, 1986),
the presumption being that the level of a factor(s) during the luteal phase of the cycle is
responsible for normal endometrial development.

It is important that possible

candidates for this LPD factor, such as circulating progesterone levels and endometrial
progesterone receptors, are investigated accurately in relation to histological
development (Jordan et al, 1994).

Some investigators have demonstrated a correlation

between endometrial histology and circulating progesterone levels (Gautray et al, 1981;
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Cook et al, 1983; Cummings et al, 1985) while others have not (Cooke et al, 1972;
Annos et al, 1980; Shangold et al 1983). Likewise, endometrial progesterone receptor
levels in women with retarded endometrial development have been reported as greater
than (Gravanis et al, 1984; Saracoglu et al, 1985), the same as (McRae et al, 1984) and
less than (Laatikainen et al, 1983;) those foimd in normal controls. Balasch investigated
the prevalence of LPD in 1055 subfertile women and 45 normal controls (Balasch et al,
1992). He found that (1) the occurrence of LPD was no more frequent in subfertile
women than normal controls; (2) histological development in the luteal phase of the cycle
was not related to pregnancy outcome; and (3) treatment of women diagnosed as having
a LPD by histological dating was not effective.

Oestrogen stimulates the expression of progesterone receptors. Therefore, theoretically,
the circulating ratio of oestrogen to progesterone (E2/P) may influence the histological
development of endometrium. There is evidence that this is not the case (Li et al, 1993),
although there is evidence that the E2/P ratio is related to pregnancy rate (Davies et al,
1991).

Indirectly, this suggests that endometrial development may not be related to

pregnancy rate. Alternatively, an explanation for these findings may lie in the existence
of a threshold level for stimulation above which further enhancement o f endometrial
development does not occur.

This latter explanation was investigated by Li (Li et al,

1992a) who found that a fixed, sequential or variable dose oestradiol regimen adequately
promotes endometrial maturity, provided the minimum daily dose is 2mg.

To date,

there is no evidence that histological dating predicts pregnancy rate or outcome, unlike
endometrial thickness which may (Shapiro et al, 1993).

This is consistent with the

finding that endometrial thickness does not correlate with histological dating (Grunfeld et
al, 1991; Li et al, 1992c).

Further study is required before histological dating can be

excluded as a predictor of pregnancy rate or outcome, new methods of dating may prove
to be more helpfiil. Currently, even at the crudest level, the finding of a secretory phase
endometrium is helpful in determining that ovulation has occurred.
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4.3

PATIENTS

Volunteers receiving HRT (regimens 1, 2 & 3 as described in section 1.3.3) had
endometrial biopsies performed two (X+2) and nine (X+9) days after starting
progesterone treatment.

4.4

METHODS

Endometrial biopsy samples were obtained using a Pipelle endometrial curette as
discussed in section 3.4.

Samples were fixed in Bouins solution at 4°C for 12 hours

before transferring to a cryo protectant (20% sucrose solution) for 36 hours at 4°C.
They were then allocated a code by an indépendant technician, snap fi*eezen in isopentane
and stored at -70°C until cryo-sections were cut.

From each firozen specimen, 7 pm

thick

on

cryo-sections were

aminopropyltriethoxysilane.

cut

and

mounted

slides

pretreated

with 3-

Sections were then stained with haematoxylin and eosin

and mounted under cover slips (figs 4.4.1-4).

Histological dating was performed using the criteria suggested by Hendrickson and
Kempson (1980), which relates endometrial histology in the luteal phase to the day of
ovulation in a natural cycle (table 4.3.1).

Dating was performed by a consultant

histologist who was blind to the study and slide coding.
Table 4.3.1

Decision tree for endometrial dating.

Cycle date

Menstrual

Histological findings

- Crumbling stroma & haemorrhage, Intravascular fibrin
thrombi, stromal granulocytes and regenerative changes.

Early proliferative

- Proliferative gland: No glandular coiling, no stromal oedema

Mid proliferative

- Proliferative gland: Glandular coiling and stromal oedema

Late proliferative

- Proliferative gland: Glandular coiling without stromal oedema.
May also include POD 1 (interval)
continued:
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Histological findings

Cycle date

POD 1 (Interval)

Glandular coiling, scattered subnuclear vacuoles and less than
50% of the glands showing uniform subnuclear vacuolization.

POD 2

Subnuclear vacuolization uniformly present,

leading to

exaggerated nuclear pseudostratification, mitotic

figures

fi-equent, > 50% of the glands showing uniform subnuclear
vacuolization.
POD 3

Subnuclear vacuoles and nuclei uniformly aligned; scattered
mitotic figures.

POD 4

Vacuoles assume luminal position, mitotic figures are rare.

POD 5

Vacuoles infi-equent, secretion into lumen of gland, non
vacuolated cells have secretory appearance.

POD 6

Secretion prominent.

POD 7

Beginning stromal oedema.

POD 8

Maximal stromal oedema.

POD 9

Spiral arteries first prominent.

POD 10

Thick periarterial cuffe of predecidua.

POD 11

Islands o f predecidua in superficial compacta.

POD 12

Beginning coalescence of islands of predecidua.

POD 13

Confluence of sur6ce islands, stromal granulocytes prominent.

POD 14

Extravasation of red cells in stroma, prominence of stromal
granulocytes.

Notes:

Table 4.3.1 has been copied fi'om Hendrickson & Kempson (1980).
POD = Post ovulatory day
Early secretory

=

POD 1 - 5

Mid secretory

=

POD 6 - 8

Late secretory

=

POD 9 - 1 4
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Figure 4.4.1
Endometrium obtained on day X+2 showing haematoxylin and eosin staining of gland
and stromal cells; glands are becoming irregular in shape and some gland cells are
showing subnuclear vacuoles, both consistent with early secretory changes. xl60
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Figure 4.4.2
Endometrium obtained on day X+2 showing haematoxylin and eosin staining of gland
and stromal cells: subnuclear vacuoles can be seen forming in a few cells. x450
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Figure 4.4.3
Endometrium obtained on day X+9 showing haematoxylin and eosin staining of gland
and stromal cells.
xl60
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Figure 4.4.4
Endometrium obtained on day X+9 showing haematoxylin and eosin staining of gland
and stromal cells; x450
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RESULTS

4.5.
4.5.1

Histological dating on day X+2

Results for the histological dating of endometrial sanq)les from 58 volunteers on day
X+2 are shown in table 4.5.1.

Table 4.5.1

Histological dating of endometrial samples taken on day X+2
Number of volunteers (count)

Regimen

One

(n=19)

Two (n = 20)

Three (n= 19)

*

Buserelin
Early
proliferative

Mid
proliferative

Late
proliferative *

Yes

0

3

6

No

1

5

4

Yes

0

3

5

No

0

6

6

Yes

0

4

6

No

1

4

4

Includes sections graded as interval / early secretory

Endometrial biopsies were obtained between 1400 and 1600 hrs on day X+2, this was 38
to 40 hours after the injection of Profesi (10,000 lU hCG) and between 29 and 31 hours
after progesterone treatment was started. Only 31 cases out of 58 (53%) were found to
have a histological dating in the late proliferative phase.

This is significantly different

from that expected in a natural cycle (Fisher’s exact test p = < 0.0001).

However, this

finding was consistent between each of the three regimens investigated, with
endometrium from volunteers in regimen one, two and three having 53%, 55% and 53%
respectively graded as late proliferative.
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The following (ordinal) scores were assigned to histological dating in the proliferative
phase: early = 1; mid = 2; late = 3.
did not.

A total of 27 volunteers used buserelin and 31

Analysis of variance between regimens and between volunteers using and not

using buserelin did not show any significant difference in histological dating (Kw = 0.11
and 2.26, p = 0.96 and 0.13 respectively).

4.5.2

Histological dating on day X+9

Results for the histological dating of endometrial samples fi'om 54 volunteers on day
X+9 are shown in table 4.5.2.

Table 4.5.2

Histological dating o f endometrial samples taken on day X+9
Number o f volunteers (count) on each POD

Regimen

Buserelin
5

6

7

8

9

10

11

12

One

Yes

0

1

0

1

3

1

1

0

(n= 16)

No

0

2

1

3

1

1

1

0

Two

Yes

0

1

3

1

0

2

0

0

(n=19)

No

0

3

1

1

5

0

2

0

Three

Yes

1

1

1

1

1

2

2

1

(n=19)

No

0

2

1

1

3

1

1

0

Day X+9 is equivalent to POD 7 in a natural cycle.

Allowing for a variation in

histological grading of two days as seen in natural cycles (Noyes et al, 1950), grading on
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day X+9 would be e3q>ected to be between POD 5 and POD 9.

No cases were found to

have a histological grading less than POD 5. Fifteen cases out of 54 (28%) were found
to have a grading greater than POD 9. This is significantly different from that expected
on POD 7 in a natural cycle (Fisher’s exact test p = < 0.0001).

Similar results were

found in each of the three HRT regimens investigated, with volunteers having a
histological dating greater than POD 9, comprising 25%, 21% and 37% in regimen one,
two and three respectively.

Using POD as an ordinal score, an analysis of variance was performed to investigate the
difference m histological dating between regimens and between volunteers using and not
using buserelin. A total of 27 volunteers used buserelin and 32 did not.

No significant

differences were foimd in histological dating between regimens or between volunteers
using and not using buserelin (Kw = 0.68 and 0.48, p = 0.71 and 0.49 respectively).

4.5.2

Relationship of histological dating on days X+2 and X+9 with
ultrasound findings, serum hormone levels and the expression of
progesterone receptors.

No correlations (Spearman = r) were found between histological dating on day X+2 and
the parameters 1 - 8 listed in table 4.5.3, or between histological dating on day X+9 and
the parameters 1 -7 & 9 -12. When histological datings were analysed with respect to
the volunteers in each regimen (and with the addition of a correction factor for multiple
comparisons), there were no significant correlations in relation to any of the above
parameters.
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Table 4.5.3
Relationship of histological dating on days X+2 and X+9 with ultrasound
findings, serum hormone levels and the expression of progesterone receptors.
Parameter

X+2

X+9

n

r

P

n

r

P

1

Endometrial thickness on day X+2

56

-0.02

0.86

54

0.02

0.91

2

Change in endometrial thickness between
the start of monitoring and day X+2

56

0.08

0.54

54

0.11

0.42

3

Serum oestradiol levels on day X+2

56

0.09

0.53

54

0.04

0.78

4

Mean serum oestradiol levels between the
start of treatment and day X+2.

56

0.09

0.50

54

-0.07

0.61

5

Serum progesterone levels on day X+2

56

0.18

0.18

54

-0.02

0.86

6

Immuno-staining of glandular PR on day
X+2

54

0.07

0.62

52

0.19

0.18

7

Immuno-staining of stromal PR on day
X+2

54

-0.16

0.26

52

0.10

0.46

8

Histological dating on day X+9

51

0.14

0.32

-

9

Mean serum oestradiol levels between the
start of monitoring and day X+9

10

Serum progesterone levels on day X+9

11

Mean serum progesterone levels for days
X+2 and X+9.

12

Immuno-staining of stromal PR on day
X+9

n

=

number of volunteers,

r

=

Spearman correlation coefficient,

p

=

significance level for r.

PR

=

Progesterone receptors

-

-

-

-

-

54

-0.08

0.57

-

-

-

54

-0.21

0.13

-

-

-

54

-0.09

0.54

-

-

-

49

-0.18

0.22

121

4.6
4.6.1

DISCUSSION
Methods

The problem of classifying temporal variation between cycles with different lengths was
avoided by dating endometrial samples relative to the date of ovulation in a natural cycle.
This classification is still subject to observer error (± 1 day) and variation within the
biopsy (± 2 days) (Noyes et al, 1950). By convention, the most advanced areas of the
sample set the dating.

Only one sample was assessed for each volunteer, but it is

probable that a single biopsy fi’om the uterine fimdus is representative of the entire
(fimctional) endometrium (Johannisson et al, 1982).

The glands and stroma of the lower uterine segment and the endometrial basal layer
(basalis) in the uterine body respond differently to HRT than the endometrial fimctional
layer (fimtionalis) in the uterine body. Apart fi’om minor morphological variations, both
respond weakly, if at all, to hormone stimulation and lag behind the functionalis in
tenqx)ral variation. To avoid errors, care was taken to collect biopsy samples fi’om the
uterine fimdus, and areas with surfece epithelium were used in preference for histological
dating.
The use of more than one person to assess endometrial histology would have introduced
an element of quality control into the histological grading by reducing the chances of
bias.

However, any bias that did occur with respect to the histological grading,

presumably, would be divided equally between regimens and, therefore, should not be a
significant factor affecting statistical analysis.
4.6.2

Results

These data indicate that there was no difference in histological dating between regimens,
which supports the primary hypothesis.

Histological grading of samples taken on day

X+2 varied between those showing features characteristic of the mid follicular phase and
those showing changes consistent with the duration of progesterone stimulation (30 - 32
hours), but not advanced.

This is in agreement with the findings of other workers
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(Davies et al, 1990). Significant asynchrony between glandular and stromal components
was not observed.

Histological dating on day X+9 was not retarded, on the contrary,

28% had a more advanced grading.

This contrasts with previous reports of delayed

endometrial maturation in samples obtained during the mid luteal phase of HRT cycles
(Rosenwaks, 1987; Navot et al, 1989; Steingold et al, 1989).

An explanation for these

differences may lie in the HRT regimens employed and/or in the way that volunteers
taking part in this project were prepared prior to starting the monitored cycle. This
involved at least two cycles of maintenance HRT followed by normal withdrawal
bleeding, as discussed earlier.

A more likely explanation is the criteria used for

histological dating during the mid luteal phase which switches fi’om glandular
components to stromal (table 4.3.1).

This is in keeping with the results of Rosenwaks,

who found a delayed glandular but advanced stromal development on the equivalent of
days X+6 to X+8, but normal development on the equivalent of day X+12 (Rosenwaks,
1987).

An alternative explanation is that exogenous progesterone treatment resulted in

advancement of the histological dating.

Such an effect has been reported previously in

regimens with supraphysiological doses of progesterone (Navot et al, 1989). However,
serum progesterone levels of volunteers taking part in this project were shown to be
within the normal physiological range.

Bourgain reported that intramuscular

progesterone resulted in high circulating levels o f progesterone but a heterogeneous
endometrial histology, some recipients having endometrial histology which was in phase,
and others advanced.

An explanation for the comparatively good effects of vaginal

compared to intramuscular progesterone, despite relatively lower serum levels of vaginal
progesterone, has been suggested by de Ziegler (de Ziegler, 1995).

He suggested a

uterine first pass effect of vaginal progesterone which results in increased local levels.
However, this seems to be in conflict with the facilitating/activating mode of hormonal
control, as discussed by de Ziegler, and more in keeping with the classic model of a dose
related response (de Ziegler, 1995). Obviously, more research into this area is required
before the enigma can be resolved.

When all volunteers were analysed together, a correlation was not found between
histological dating and endometrial thickness, change in endometrial thickness, serum
hormone levels (oestradiol and progesterone) or the expression of progesterone
receptors.

A possible explanation for these results, which at first appear contrary to
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expectation, is that a threshold level exists for each relationship, with the parameters
investigated in this project all having levels above their respective thresholds (de Ziegler,
1995),

Despite the small numbers, these findings were consistent when the same

parameters were analysed in relation to the volunteers using each HRT regimen.
Because each regimen behaved in a similar manner, indirectly, these findings also support
the primary hypothesis.

The use of buserelin was not shown to influence histological dating and, therefore, can
be excluded as a fector influencing the comparison of regimens.

The fimction of GnRH receptors in the human endometrium (Imai et al, 1994) remains
unclear.

The establishment of pregnancy following endometrial preparation with

exogenous oestrogen and progesterone in women with (Schmidt et al 1988) and without
(Lelaidier et al, 1992) the use of GnRHa has been previously reported. This suggests
that the fimction of GnRH receptors in the human uterus is not essential fi)r the
establishment and maintenance o f pregnancy.

A modulating role for GnRH in

endometrial development cannot yet be excluded. Allowing for an error of ± 2 days,
normal histological development of the endometrium following treatment with HRT in
women without fimctioning ovaries has been reported previously (Asch et al, 1988;
Salat-Baroux et al, 1988; Steingold et al, 1989).

Similar findings have also been noted

in women with fimctioning ovaries following controlled endometrial preparation with
HRT, but without ovarian ‘down regulation’ using a GnRHa (deZiegler et al, 1991).
The data presented in this project con^ares the histological dating of endometrium in
volunteers who did and did not use buserelin (GnRHa) during HRT preparation. The
results confirm previous findings and suggest that GnRH receptors do not have a role in
the histological development of endometrium.
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SECTION FIVE

ELECTRON
MICROSCOPY
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5.1

OBJECTIVES

To examine and compare the ultrastructure of gland cells in endometrium from
volunteers using the following HRT regimens on days X+2 and X+9:

Regimen one
2 mg oral oestradiol twice daily for 10 days (first and last day inclusive) followed by 2
mg oral oestradiol and 100 mg progesterone per vaginam both three times daily for 9
days.

Regimen two
2 mg oral oestradiol twice daily for 17 days (first and last day inclusive) followed by 2
mg oral oestradiol and 100 mg progesterone per vaginam both three times daily for 9
days.

Regimen three
2 mg oral oestradiol three times daily for 10 days (first and last day inclusive) followed
by 2 mg oral oestradiol and 100 mg progesterone per vaginam both three times daily for
9 days.
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INTRODUCTION

5.2

Endometrial tissue proliferation and maturation can be studied effectively using light
microscopy at magnifications between x40 and x400 (Noyes et al, 1950). However, the
details of cell structure seen are very limited when compared to that seen by electron
microscopy.

Light microscopic studies of the endometrium during the early luteal phase of a
menstrual cycle (up to day 9) have shown more apparent changes in the cells and
architecture of glands than in the stroma, whereas, during the late luteal phase changes
are more apparent in the stroma (Noyes et al, 1950). Electron microscopy studies have
supported these findings and added many further ultrastructural details (Clyman, 1963;
Cavos et al, 1967; Wynn, 1977; Wienke et al, 1968; Armstrong et al, 1973; Verma,
1983; Comillie et al, 1985; Dockery et al, 1988a).

As the aim of dating endometrial

biopsies is to confirm synchrony between endometrial development and ovulation, most
studies have been carried out during the luteal phase of the menstrual cycle around the
time of implantation (Lindenberg 1991).

Glandular cells form the basis of histological

dating during the early luteal phase and it is, therefore, understandable that most
attention has been focused on these cells (Nilsson, 1962; Wynn and Woolley, 1967).

5.2.1

Variability in observations

Accurate data on cell ultrastructure can only be obtained if reliable analytical techniques
are used and the material examined is representative of the subject and biopsy time
(Dockery et al, 1988b & 1989).

Normal subjects are difficult to define, since a normal menstrual cycle is no guarantee of
a normal endometrium.

Selected cases in which an endometrial pathology may exist,

such as women with infertility, should be excluded. Even with careful selection, there is
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still a wide within subject variation in ultrastructure from cell to cell and gland to gland
(Comillie et al, 1985; Dockery et al, 1988a). The normal range of between subject
variation is unclear.

Earlier reports indicated that endometrial morphology varied

considerably between women (Wynn, 1977; Comillie et al, 1985; Johannisson et al,
1982), but more recent reports using light microscopy (Johannisson et al, 1987) and
electron microscopy (Dockery et al, 1988a) indicate that there is little variation when
biopsies are assessed relative to the day of the LH surge. This later finding suggests that
the events between ovulation and implantation are strictly controlled (Dockery et al,
1988b).

Endometrial biopsies should be taken relative to a fixed time point.

Classically, sangle

dating was based on the histological criteria of Noyes et al, 1950, a retrospective analysis
which based the dating of biopsies relative to the onset of the LMP.

Since the

proliferative phase of a menstrual cycle can vary depending on the duration of follicular
development, samples dated relative to the LMP may not reflect dating relative to the
day of ovulation (Johannisson et al, 1991).

Therefore, it is not surprising that when

biopsies are taken relative to the LMP, observations made between individuals and
repeated observations made on the same individual in different cycles can vary
significantly (Lenton and Landgren, 1985). In the study by Noyes et al (1950) the large
number of cases would tend to reduce this error.

Timing biopsies relative to the next

menstrual period is more accurate (“normalizing to 28 day cycles”), but only appropriate
as a retrospective technique (Cook et al, 1972).

For accurate dating of specimens

obtained for ultrastructural analysis in the luteal phase of the menstrual cycle the
luteinising hormone (LH) surge has been employed: dating being referred to as LH +
days (Johannisson, 1987; Li et al, 1987).

In hormone replacement cycles, the start of

progesterone treatment forms an equivalent point.

Biopsies should be obtained from the uterine fundus, rather than the isthmus or
supracervical region which are relatively less responsive to hormone stimulation
(Robertson, 1984). Although multiple sampling is usually not practicable in most cases,
care must be taken that the sample is representative of the whole endometrium (Weibel,
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1979; Comillie et al, 1985). This can be partially achieved by viewing several sections
from different parts of a biopsy.

Quabtative descriptions based on subjective observations have a poor inter-observer
reproducibility.

Improved results have been reported by the use of morpbometric

analysis: the measurement of stmctural images, on photomicrographs or a conçuter
screen, along fixed lines followed by statistical analysis of the measurements (Weibel,
1979; Dockery, 1990).

Qualitative observations made by the same observer may be

relatively accurate, provided observations are cross referenced.

Statistical analysis of

ordinal scales have been used in an attempt to improve the accuracy of qu^tative
observations (Bourgain et al, 1990).

However, the quantification of ultrastmctural

observations in endometrial gland cells is questionable due to the large variation between
cells and to a lesser extent between glands. Obviously, large numbers would reduce this
source of error, but the difficulties of performing large studies by electron microscopy
are considerable.

5.2.2 Ultrastructural changes in cells of the secretory (glandular) endometrium
during the early luteal phase of a normal menstrual cycle.

The ultrastmctural changes seen in endometrial gland cells during the luteal phase of a
normal menstrual cycle have been described previously (Cavados et al, 1977; Wynn and
Woolley, 1967; Dockery et al, 1989).

Up to day 2 (following the LH surge = one day following ovulation = day 15 of a 28 day
natural cycle), ultrastmctural features are similar to those seen in the late proliferative
phase.

Cytoplasm contains normal mitochondria, Golgi apparatus, rough endoplasmic

reticulum (RER) and numerous free ribosomes, nuclei are large with prominent nucleoli
but bttle beterocbromatin.

By day 3 (= LH+3), cell contents have become more

polarised with large glycogen rich deposits occupying the basal regions.

On day 4,

although there is a wide variation in appearance, many cells contain prominent nucleolar
channel systems, giant mitochondria, dilated RER and large basal deposits of glycogen.
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Changes on day 5 are similar, but more advanced than those seen on day 4.

Glycogen

rich deposits are now distributed throughout the cell, being less prominent in the subnuclear region. Active secretion into the gland lumen is associated with abundant Golgi
apparatus in the supra-nuclear region, where they are stacked in rows and associated
with clear secretory vesicles.

On day 7, a high rate of secretion is suggested by the

abundant apical concentration of Golgi apparatus and secretory vesicles, however, the
nucleus contains a rim of heterochromatin, suggesting less activity.
membranes have developed extensive interdigitations.

Lateral cell wall

By day 8 secretory activity has

dropped, nuclear heterochromatin has increased and nucleolar channel systems are
uncommon.

Giant mitochondria are

seen infrequently, there is less evidence of

secretion into the gland lumen and there are fewer and smaller glycogen deposits which
are randomly distributed within the cell cytoplasm

5.2.3

Ultrastmctural changes in ceils of the secretory (glandular) endometrium
during hormone replacement therapy

Hormone replacement therapy can influence the normal sequence o f events seen in the
menstrual cycle.

Continued oestrogen treatment seems to inhibit formation of the

nucleolar channel systems and the development of giant mitochondria (Clyman, 1963;
Bourgain et al, 1990). Higher oestrogen levels do not seem to be disadvantageous, as
evidenced from the ultrastructural analysis of endometrium obtained following
superovulation (Dehou, 1987).

Progesterone is essential for the development of the

ultrastructural changes seen in the early luteal phase of a menstrual cycle, but normal
endometrial ultrastructure may be observed following adequate progesterone
replacement (Devroey et al, 1989b; Dockery et al, 1991).

Oral administration of

progesterone leads to reduced absorption and lower circulating levels than intramuscular
or vaginal routes, and has been shown to result in delayed development of endometrial
ultrastructure (Dehou, 1987).

Intramuscular and vaginal progesterone have both been

shown to promote normal ultrastructural maturity (Devroey et al, 1989b; Dockery et al,
1991).

However, intramuscular progesterone, which results in higher circulating levels
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than vaginal progesterone, does not appear to increase endometrial maturity beyond that
seen in a normal menstrual cycle at the equivalent time points (Devroey et al, 1989b).

There is a limited amount of evidence from animal and human studies that ultrastructural
changes may be absent or delayed in subfertile groups (Gore and Gordon, 1974;
Ljungkvist, 1972). However, there is no evidence that any of the ultrastructural changes
seen throughout the menstrual cycles are essential for implantation (Rogers et al, 1989).
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5.3

PATIENTS

A total of 67 volunteers agreed to participate.

Selection and randomisation are

described in section 1.3.

5.4

METHODS

Endometrial samples from all volunteers (regimens 1, 2 & 3) were fixed and embedded
for electron microscopy. Due to practical and cost considerations, it was not possible to
cut and examine all samples.

Therefore, to maintain randomisation, ten alternate

samples by date of collection from volunteers using each of the three HRT regimens
were selected for examination.

5.4.1

5.4.1.1

Preparation of endometrial samples

Fixation and embedding

Fresh endometrial samples were fixed for 10 minutes in 3% glutaraldehyde containing
O.IM sodium cacodylate buffer (pH 7.2).

They were then placed in a petri dish

containing fresh fixative and cut into 1 mm^ blocks.

Fixation was then continued

overnight at 4°C.

Samples were then transferred to O.IM cacodylate buffer for one hour at 4°C and then a
further15 minutes in fresh buffer at room temperature.

They were then postfixed in

2% aqueous osmiumtetroxide for 1 hour before washing three times indistilled water
over 10 minutes and block staining in 2% aqueous uranyl acetate for 30 minutes.
Blocks were dehydrated through graded ethanol: 50%, 70% and 90% for 5 minutes
each and then 3 x 100% for 15 minutes each.

Blocks were then placed in propylene

oxide for ten minutes followed by Spurr’s epoxy resin (Agar scientific Ltd) at 55°C,
initially for 1 hour with occasional shaking and then on a rotating mixer for a further 3
hours. Specimens were embedded in Spurr’s resin and polymerised at 70°C overnight.
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5.4.1.2

Cutting large and uitrathin sections

Semi-thick (l|im thick) sections were cut from embedded samples using an
ultramicrotome, mounted on glass slides and stained with toluidine blue. These sections
were assessed by light microscopy for an area containing at least 4 gland structures that
was suitable for electron microscopic examination. Uitrathin (gold coloured, 60 - 80 nm
thick) sections were then cut from the selected areas and collected on 400 mesh copper
grids. To increase the contrast of the uitrathin sections they were stained with 1%
aqueous uranyl acetate and then Reynold’s lead citrate. Sections were then viewed with
a Philips EM 201 electron microscope.

5.4.2 Assessment of ultrastructure

Ultrastructural observations were restricted to non-ciliated gland cells for the following
reasons:
1.

Ultrastructural changes are maximal in glandular epithelium during the early (day
X+2) and mid (day X+9) luteal phases of a cycle.

During the same period,

ukrastructual changes within stromal cells appear to be relatively quiescent, mainly
restricted to enlargement in cell size and reduction in heterochromatin (Verma,
1983; Dockery et al, 1989a).
2.

Endometrial glands are composed of two cell types: ciliated cells and non ciliated
cells (microvilli-bearing cells). Ciliated cells are randomly dispersed and few in
number, making within and between subject comparisons difficult to interpret
(Martel et al, 1986).
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5.5

RESULTS

Subjective assessments were made of glandular ultrastructure on days X+2 and X+9 in
sections from volunteers using regimens 1, 2 & 3.

Changes in glandular ultrastructure

between days X+2 and X+9 were then noted.

5.5.1

Endometrial gland ultrastructure on day X+2

The following ultrastructural features were the same in sanq)les taken from volunteers
using each of the three HRT regimens.

Glands were well formed with, in the main, round or ovoid cross sections.
lining each gland were narrow and had a pseudo-stratified appearance.

The cells

The volume

occupied by glands was approximately equal to that of the stroma.

Basement

membranes were normal
Polarisation

Within each gland there were gradations of cell polarisation. In many cells RER, small
Golgi, mitochondria and small secretory vesicles were evenly distributed.

In the

remaining cells, well developed Golgi, mitochondria and numerous secretory vesicles
could be seen in the supra-nuclear region. The latter cells occasionally contained large
sub-nuclear glycogen vacuoles.

Nucleus

Nuclei were large, elongated and, when viewed in longitudinal section, found just below
the mid point of the cell. They tended to be slightly raised when sub-nuclear glycogen
vacuoles were present.
5.5.1).

Heterochromatin was not prominent but nucleoli were (fig

Nucleolar channel systems were not seen.
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Rough endoplasmic reticulum and free ribosomes
RER was abundant in all cells and evenly distributed throughout the cytoplasm.

The

RER cistemae were not dilated (fig 5.5.2). Free ribosomes were numerous.

Golgi complexes

The development of Golgi varied not only fi*om gland to gland and cell to cell but also
within each cell.

In general, Golgi were either small and evenly distributed or well

developed and concentrated in the apical region of the cell (fig 5.5.1).

Secretory vesicles

Secretory vesicles were small, difiusely distributed, and appeared to be derived firom the
Golgi by budding. In cells with larger Golgi the secretory vesicles were localised to the
supra-nuclear region and variable in size, often approaching the size of normal
mitochondria.

Mitochondria

Mitochondria were numerous and evenly distributed throughout the cytoplasm. There
were wide variations in size, but none were ‘giant’ as described by Coaker et al (1982).
Cristae were normal in appearance (fig 5.5.2) and there were no associations of
mitochondria with organelles, in particular RER.

Glycogen vacuoles

At least one or more cells with sub-nuclear (basal) glycogen vacuoles were seen in most
glands (fig 5.5.1).

The vacuoles, which have been demonstrated to stain for glycogen

and glycoprotein (Dockery et al, 1988a), were not membrane-bound.

In cells with

poorly developed secretory complexes the vacuoles were small, but in cells with large
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Golgi and numerous long microvilli they were more abundant and often merged to
occupy most of the sub-nuclear space.

Intercellular borders

Junctional complexes and desmosomes

Junctional complexes were present in all cells and consistently well formed (fig 5.5.3).
Desmosomes were conspicuous (figs 5.5.2 & 5.5.3), with one or more usually seen at
each inter-cellular border when viewed in longitudinal section.

They appeared to vary

firom barely recognisable to classically developed.

Intercellular digitations/spaces

Interdigitations were infi*equent, not extensive, confined to the lower quadrant o f the
cell, and often unilateral (fig 5.5.4).

Apical cell surface

Blebbing

Luminal protrusions of the cytoplasm (blebbing) were seen, as described in the early
luteal phase by Verma (1982). Blebbing varied firom relatively minor surfece ‘lumps’ to
large extensions into the gland lumen. At least one was usually seen in each gland cross
section.

Microvilli

Microvilli were present at the apex of almost all cells, with approximately 50%
possessing microvilli which were numerous, long and well developed (fig 5.5.5).
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Figure 5.5.1

Electron micrograph of gland cells on day X+2.

Elongated nuclei, with conspicuous

nucleoli, are seen in the basal half of columnar cells which appear to be pseudo-stratified.
A sub-nuclear glycogen vacuole is shown (-^). Golgi appear to be more concentrated in
the apical part of the cell (arrows). Numerous microvilli are seen at the apical surface.
X3,900.
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Figure 5.5.2

Electron micrograph of two adjacent gland cells on day X+2 showing normal RER
(arrows), numerous ribosomes free in the cytoplasm, a desmosome (d) and a
mitochondrion (m) with well defined cristae.

x 53,000.
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Figure 5.5.3

Electron micrograph of a junctional complex between adjacent gland cells on day X+2.
X43,000.
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Figure 5.5.4

Electron micrograph to show interdigitation (arrow) between two gland cells on day
X+2.

X 15,000.
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Figure 5.5.5

Electron micrograph to show numerous long microvilli at the luminal surface of gland
cells on day X+2.

x 25,000.
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5.5.2

Endometrial gland ultrastnicture on day X+9

The foUowing ultrastructural features were the same in sangles taken from volunteers
using each of the three HRT regimens.
Endometrial glands were well developed and had highly convoluted lumina which were
full of amorphous material (presumed to be secretory products).

The cells lining each

gland had a cuboidal-like appearance. The volume occupied by glands was much larger
than that of the stroma. The basement membrane was normal in appearance.
Polarisation
Nearly all cells were polarised, with mitochondria, Golgi, and secretory vesicles more
abundant in the apical region. Glycogen vacuoles, when present, and RER were evenly
distributed throughout the cell.
Nucleus
Nuclei were irregular and contained a moderate amount o^ mainly peripheral,
heterochromatin (fig 5.5.6).

Nucleoli were clearly visible but not conspicuous.

Nucleolar channel systems were not identified.
Rough endoplasmic reticulum and free ribosomes
RER was abundant.

Dilation of RER cistemae was nearly always present and varied

from minimal to extensive, when the RER membrane appeared to be closely apposed to
other organelles such as mitochondria (fig 5.5.7).

Numerous free ribosomes were

observed.
Golgi complexes
Large Golgi were abundant in all cells, and were associated with vesicle formation (fig
5.5.8).

They were observed throughout the cytoplasm, but appeared to be more

concentrated in the apical region (fig 5.5.9).
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Secretory Vesicles
Cells contained numerous secretory vesicles which varied in size. There appeared to be
a small amount of vesicle formation from Golgi, but this varied from cell to cell and
gland to gland. Although vesicles were observed throughout the cytoplasm, they were
clearly more numerous in the apical region of cells and especially just below the luminal
border (fig 5.5.10).

Mitochondria
Mitochondria were numerous and within the normal size range: no ‘giant’ mitochondria
were seen.

Cristae were normal in appearance.

There were no obvious associations

between mitochondria and other organelles, although the membranes of dilated RER
cistemae were often seen closely apposed to mitochondria (fig 5.5.7). In many cells, the
sub-microvillous region contained the greatest concentration o f mitochondria (fig 5.5.9).

Glycogen vacuoles
When present, glycogen vacuoles were small and evenfy distributed throughout the
cytoplasm Large sub-nuclear glycogen vacuoles were rarely seen.

Intercellular borders
Junctional complexes and desmosomes
Junctional complexes were present in all cells and consistently well formed.
Desmosomes were numerous and conspicuous, with at least one present at each
intercellular border when cells were viewed in a longitudinal plane. They were not seen
in areas of extensive intercellular digitation.

Cell interdigitations and intercellular spaces
Interdigitations between cells were very prominent and varied in complexity between
cells (fig 5.5.11).

An interdigitation of one cell border was always matched by an
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equally con^)lex interdigitation of the opposing border (fig 5.5.11), with neither cell
protruding into its neighbour to a greater extent.

In about one quarter of cells the

interdigitations were confined to the lower quadrant, in a second quarter they were
highly complex and extended half way up the cell, and in a third quarter the
interdigitations were between these two.
minimal or no interdigitations.

The remaining quarter of cells had only

Interdigitations were occasionally associated with

enlarged intercellular spaces.

Cell Surface
Blebbing
Luminal cytoplasmic protrusions, usually not containing organelles, were firequently seen
(fig 5.5.12)

Microvilli
The majority of microvilli were short and rather stumpy (figs 5.5.9 & 5.5.10).

There

was an association o f short microvilli with (1) numerous apical Golgi and (2) secretory
vesicles.
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Figure 5.5.6

Electron micrograph of gland cells on day X+9. The cuboidal-like epithelial cells
contain nuclei which have an irregular outline, x 3,500.

145

PS

Figure 5.5.7

Electron micrograph showing the dilated cistemae ( -X- ) of RER on day X+9.

RER

membranes (arrows) appear to wrap around mitochondria (m). x 42,000.
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Figure 5.5.8

Electron micrograph of gland cell on day X+9 showing prominent Golgi with budding of
vesicles ( arrows ).

A normal mitochondrion (m) with well defined cristae is seen.

X39,000.
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Figure 5.5.9

Electron micrograph to show numerous Golgi (arrows) and mitochondria (m) in the
apical region of a gland cell on day X+9. Microvilli are short and ‘stumpy’, x 12,000.
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Figure 5.5.10

Electron micrograph to show numerous vesicles (#) in the sub-luminal region of a gland
cell on day X+9. Microvilli are short and ‘stumpy’, x 26,000.
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Figure 5.5.11

Electron micrograph to show a complex interdigitation in the basal regions of two gland
cells on day X+9. x 13,200.
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Figure 5.5.12

Electron micrograph to show cytoplasmic cell protrusions (blebbing) of the luminal
aspect of gland cells on day X+9.

There is a notable pausity of organelles within these

blebs. X 5,700.
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5.5.3

Comparison of changes in gland ultrastructure between days X+2 and X+9

The following ultrastructural features were the same in samples taken from volunteers
using each of the three HRT regimens
Gland structure
There was a marked change in the structure and volume of glands between day X+2 and
day X+9.

As the glands enlarged the regular cross sections (round or ovoid) became

irregular in outline and in longitudinal section the relatively straight lumina became highly
tortuous.

The gland lumina on both day X+2 and X+9 contained amorphous material,

but was more abundant in the latter. The cells lining each gland enlarged and changed in
shape from narrow pseudo-stratified to cuboid-like in appearance.
Polarisation
Polarisation of organelles was observed on both day X+2 and day X+9.

There were

differences in the organelles involved and a more consistent degree of polarisation on day
X+9.

On day X+2, the position of the nucleus, sub-nuclear glycogen vacuoles and

supra-nuclear concentration of secretory vesicles were the main features.

Whereas on

day X+9, the position of the nucleus, apical concentration o f mitochondria, Golgi and
large secretory vesicles, and extensive cell interdigitations were the main features.
Nucleus
The size and position of the nucleus were unchanged between days X+2 and X+9, but
the shape changed from elongated to irregular.

Heterochromatin was slightly more

prominent on day X+9, especially in a peripheral location.

Nucleoli were well defined

on both dates, but more prominent on day X+2.
Rough endoplasmic reticulum and free ribosomes.
Free ribosomes were numerous on both day X+2 and X+9, but relatively fewer on the
latter.

RER were equally abundant on both days.

On day X+2 the cistemae of RER

were not dilated, but on day X+9 they were dilated to variable degrees and occasionally
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so grossly that the RER membranes were compressed against other organelles such as
mitochondria.

Golgi complexes

The development of Golgi complexes on day X+2 was variable from gland to gland and
cell to cell.

Some cells showed relatively few small Golgi which were not associated

with the formation (budding) of vesicles, whereas other cells showed large Golgi with
active ‘budding’. On day X+9, almost all cells in every gland showed numerous large
Golgi.

In many cells the Golgi were packed so closely together that, at lower

magnifications, they appeared as long parallel sheets of smooth endoplasmic reticulum
stretching across the cell.

At higher magnifications, individual Golgi could be seen

stacked in rows. On day X+2 most of the Golgi were distributed randomly throughout
each cell, whereas, on day X+9 the concentration of Golgi appeared to be highest in the
supra-nuclear region.

Secretory vesicles

Numerous secretory vesicles were observed on both dates, however, on day X+9 they
were relatively less frequent but larger, and tended to be concentrated in the supra
nuclear region.

Mitochondria

Mitochondria were numerous on days X+2 and X+9, but on the former date they tended
to be difiusely distributed and on the latter date more abundant in the upper half of the
cell, especially in the sub-luminal region.

There was a gradation in the size of

mitochondria from small ovoids to relatively large branching structures on both dates.
The larger mitochondria tended to be associated with cells expressing well developed
secretory complexes, and therefore, were seen more commonly on day X+9.

The

appearance of cristae did not alter, and ‘giant’ mitochondria were not seen on either
date.
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Glycogen vacuoles

On day X+2 glycogen vacuoles were distributed in the sub-nuclear region, of variable
size and often so extensive that they almost filled the basal part of the cell. This was in
contrast to the appearance of the glycogen vacuoles on day X+9, which were less
common, relatively small, and distributed evenly throughout the cytoplasm.

Intercellular borders

On days X+2 and X+9 junctional complexes and desmosomes were seen with equal
fi-equency in all intercell borders when cut in longitudinal section.

Cell interdigitations

were fer more jfrequent and elaborate on day X+9. Intercellular spaces were rarely seen
on day X+2, but were slightly more common on day X+9.

Apical cell surface

On day X+2 cytoplasmic protrusions fi*equently appeared as a distortion o f the luminal
surfece, whereas, on day X+9 they were relatively well defined ‘blebs’ of cytoplasm
extending into the gland lumen. Numerous, long microvilli were observed at the luminal
surface of most cells on day X+2, whereas, on day X+9 microvilli tended to be fewer and
short.

The above findings are consistent with those of previous reports (Wynn and Woolley,
1967; Armstrong et al, 1973; Verma, 1983; Comillie et al, 1985) and are taken to
indicate that cell secretion was occurring.
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5.6

5.6.1

D ISC U SSIO N

Methods

The ultrastructural features of endometrial gland cells in normal menstrual cycles
(Nilsson, 1962; Cavazos et al, 1967; Wynn and Woolley et al, 1967; Armstrong et al,
1973; Gordon et al, 1974; Wynn, 1977; Verma, 1983; Comillie et al, 1985; Dockery et al
1988a; Dockery 1989a) and HRT cycles (Clyman, 1963; Dehou et al, 1987; Devroey et
al, 1989b; Rogers et al, 1989; Bourgain et al, 1990; Dockery et al, 1991) have been well
described previously. They show that ultrastructural development similar to that seen in
a normal menstrual cycle can occur with HRT, but changes uncoordinated with those
observed in natural cycles can occur when inadequate or prolonged HRT is used.

In

natural menstrual cycles, ultrastmctural changes in gland cells are maximal and
characteristic around day 4 and 5 following the LH surge.

These include the

development o f basal glycogen vacuoles, a nuclear channel system and giant
mitochondria.

The biopsy dates in this project bracket these dates and would,

presumably, be suited to detecting advanced or retarded endometrial development.
However, the type o f HRT used can inhibit the classic triad of changes seen around day
4 and 5 (Gore and Gordon, 1974; Dehou et al, 1987). Although biopsies around day 4
and 5 were not studied, the HRT regimens used in this project have all previously proved
successful in promoting pregnancy at the Lister Hospital, Chelsea, and been shown to
promote the classic triad of changes (Devroey et al, 1989b; Bourgain et al; 1990).
Therefore, there is no reason to suspect that the results have been adversely influenced
by the HRT regimen used.

In retrospect, sampling at least one cycle during the time

that the classic triad appear would have been worthwhile and probably would have
provided reassuring confirmation.

Endometrial development may involve a time-linked phenomenon, resulting in an
inçroved response following repeated exposure to the same HRT (Bourgain et al, 1990;
Navot et al, 1986; Dehou et al, 1987).

Volunteers were all maintained on

Cycloprogynova HRT for at least two months prior to the monitored cycle, but had only
a single course of the treatment regimen (either regimen one, two or three) prior to
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biopsies. Provided a time linked-phenomenon is constant between individuals, it would
presumably affect all volunteers in a similar manner and not bias the comparison of the
three HRT regimens.

Repeating the trial after three treatment cycles was a practical

impossibility.

5.6.2

Results

The marked variation in the histological grading of volunteers within each of the three
HRT regimens seen by light microscopy is not reflected by the ultrastructural
observations.
technique used.

This may be due to the low numbers involved and/or the qualitative
However, ultrastructural changes seen on days X+2 and X+9 were

consistent with the light microscopic changes described by other workers (Noyes et al,
1950). In particular, the basal glycogen vacuoles present on day X+2 became dispersed
within the cell and associated with increased intraluminal products on day X+9.

There was marked variation between the ultrastructure of cells within each gland, which
is in agreement with previous reports (Dockery et al, 1988a; Sief et al, 1989), and may
reflect functional dififerences rather than maturation.

Alternatively, variation in the

maturation of glands may be a mechanism to prolong the period during > ^ c h the
endometrium is receptive to implantation (Dockery et al, 1988a).

The use o f a

quantitative technique may permit endometrial maturation to be more accurately
assessed.

The change in shape of gland cells with maturation presents a useful marker

which may be assessed by morphometric analysis in several ways, for example, cell
height, width, cross sectional area or the ratio of these fectors.

In all three regimens, there was an increase in nuclear heterochromatin between day X+2
and X+9. This is consistent with a high cell metabolic rate on day X+2 and a reduction
in the synthesis of intracellular products on day X+9 (Verma, 1983).

Nuclear channel

systems were not seen: these structures are dependent on oestrogen and progesterone
stimulation, appear first in the early luteal phase around 3 days after the LH surge,
disappear around 6 days following the LH surge, and are of unknown significance.
Provided the HRT regimen did not adversely affect the development of these structures
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(Dehou et al, 1987), their absence indicates that endometrial maturity was neither
advanced nor retarded.

These findings suggest that all three HRT regimens promote

gland cell activity equally, which correlates with the typical changes seen in natural
cycles (Dockery et al, 1988a; Wynn and Woolley, 1967; Cavazos et al, 1967).

The dilation of RER and its association with mitochondria has been noted previously
during the early to mid luteal phase (Wynn and Woolley, 1967; Dockery et al, 1988a;
Comillie et al, 1985). In this project the degree of RER dilation was variable within and
between samples, but was similar in each regimen. The association of RER profiles with
mitochondria appeared to be random and variable, some appearing to be wrapped around
mitochondria and others just closely opposed.

These observations suggest that the

association of RER with mitochondria is a chance occurrence, where dilation of the RER
cistemae results in its membranes being pushed against other organelles. It is concluded
that the RER dilation seen in this project is similar to that observed in normal cycles.

It has been suggested that the development of Golgi complexes is an oestrogenic efifect
(Clyman, 1963).

This suggestion was based on the effect of prolonged oestradiol

stimulation given to a patient with endometriosis (Clyman, 1963).

The coordinated

development o f Golgi between days X+2 and X+9 in all three regimens would suggest
that it is a progestogenic effect, although oestrogen priming may be required.
Consequently, all three regimens had an equal effect on the development of Golgi
Development (maturation) and polarisation of Golgi in the apical region of most gland
cells was consistent in sections fi’om volunteers using each of the three HRT regimens
and similar to previous observations in natural cycles (Dockery et al, 1988a). Variation
in the maturation of Golgi was greater between the cells within each gland than between
the cells in different glands. Different maturation rates for Golgi within the cells of each
gland may lead to a prolongation of gland fimction, and in tum a prolongation of
endometrial receptivity.

Giant mitochondria which are 3-5 times the size of normal follicular phase mitochondria
were not identified. They are first seen in the sub-nuclear region of the cell about 3 days
after the LH surge and usually dissappear by day LH+7, but may be observed up to day
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LH+10 (Clyman, 1963; Wynn and Woolley, 1967; Armstrong et al, 1973; Coaker et al,
1982, Verma, 1983; Dockery et al, 1988a).

It is thought that their appearance is

associated with the very high energy requirement of actively secreting gland cells
(Dockery et al, 1988a). Their absence on days X+2 and X+9 indicates that endometrial
maturity observed in each of the three HRT regimens was not advanced or retarded
relative to the changes seen in a natural cycle.

The finding of a marked variation in

shape and distribution of mitochondria between days X+2 and X+9, with more elongated
shapes and a mainly apical distribution on the latter date, is consistent with previous
reports (Armstrong et al, 1973; Verma, 1983).

Cytoplasmic secretory products, referred to as “uterine milk” by Armstrong, are thought
to be formed during the follicular and probably also during the early luteal phase of the
cycle (Armstrong et al, 1973).

The secretory phase of the cycle is mainly concerned

with organisation of cytoplasmic products for intraluminal secretion rather than the
manufecture of new proteins (Wynn and Woolley, 1967). The distribution of secretory
material on day X+2 and X+9 was similar in all three HRT regimens, and consistent with
that found in natural cycles (Wynn and Woolley, 1967).

The increased conq)lexity of the intercell borders observed to develop between day X+2
and day X+9 has been previously reported (Davie et al, 1977; Comillie et al, 1985;
Dockery et, 1988). It commences around the time secretion begins into the gland lumen
and becomes maximal at the same time as stromal oedema, on day LH+8 (Li et al, 1988)
This has led to the suggestions that it may be a method of membrane rescue as material is
exocytosed or for the resorption of water fi*om the lumen (Dockery et al, 1988a).

Microvilli are a common and prominent feature of the cell surface during the late
follicular and early luteal phases of natural cycles (Verma, 1983). They become shorter
and less fi-equent as the secretory phase progresses. The numerous long microvilli seen
on day X+2 and the relatively short and few microvilli seen on day X+9 agree with
previous reports using both transmission (Armstrong et al, 1973) and scanning (Martel et
al, 1973) electron microscopy.

These findings were seen in each of the three HRT

regimens investigated and suggest that they all promote normal development of
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microvilli.

Blebs were seen on days X+2 and X+9 in all three HRT regimens and

contained few organelles.

Similar finding have been previously reported by other

workers who suggest that the shedding of glycogen-rich blebs is a secretory mechanism
(Armstrong et al, 1973).
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EPILOGUE
Summary of Results
Endometrial growth varied widely between individuals; overall, rapid initial growth was
observed which then decreased to form a plateau after 1 0 - 1 2 days treatment.

All

volunteers reached a minimum endometrial thickness of 7.4 mm by the 10th day of
treatment.

When oestradiol treatment was continued for an extra seven days a further

minor increase in endometrial thickness occurred in volunteers who had initially been
slow responders, however, because this increase was from a minimum of 7.4 mm it was
probably not clinically significant.
On the 9th day of combined HRT, fluctuations in the serum oestradiol levels o f an
individual between treatment doses were not significant. In all three regimens, the serum
oestradiol levels produced were within the physiological range. A small, statistically
significant increase in serum oestradiol levels occurred as the cycle progressed for each
regimen, and therefore, strictly speaking, a steady state was not demonstrated.
However, the increase observed was unlikely to be of clinical significance.
Expression of progesterone receptors in both stromal and glandular cells was similar to,
and in phase with, that reported in normal menstrual cycles.

The results also indicate

that the expression of progesterone receptors in stromal cells did not decrease between
day X+2 (equivalent to the early luteal phase) and day X+9 (equivalent to the mid luteal
phase).

This result has not been published previously and is unexpected, as

progesterone is thought to have a “down regulating” effect on its own receptor.

A

relationship between the expression of progesterone receptors and (1) endometrial
thickness, (2) change in endometrial thickness or (3) serum oestradiol levels was not
established.
On day X+2, histological dating for the majority of volunteers was either in phase or
retrarded. In contrast, for the majority of volunteers on day X+9 histological dating was
either in phase or advanced.
was not found.

A correlation between grading on day X+2 and day X+9

No associations were established between histological dating and

160

endometrial thickness, change in endometrial thickness, serum hormone levels and
expression of progesterone receptors.

Ultrastructural observations for volunteers in each of the three HRT regimens were
similar to those seen in natural cycles at the equivalent time points.

The results in each of the five sections investigated (ultrasound, serum hormones,
progesterone receptors, endometrial histology and ultrastructure) did not show a
difference between volunteers using the standard endometrial preparation (regimen one)
and either the increased dose treatment (regimen three) or the increased duration
treatment (regimen two).

The use of GnRHa was not found to influence the results.

These findings support the primary hypothesis that an increase in dose or duration of
oestradiol treatment (within the limitations of the study protocol) does not affect the
parameters investigated.

Discussion

Patients

The method of choice for investigating the response o f individuals to different drug
regimens is a crossover technique. However, initial attempts to recruit women into this
type of study failed due to poor uptake.

Most of the recipients lived further than 50

miles away, some over 200 miles, and naturally wished to keep visits for monitoring to a
niinimum.

Further, most volunteers were interested in short term personal benefits

rather than scientific precision or potential long term gains, therefore, it was only
possible to recruit a significant number of volunteers into one trial cycle.

Methods

The methods employed in this project have all proved to be adequate, but in retrospect
the following alterations may have been beneficial.
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a)

The preparation of endometrial sarrçles for histochemicai staining would have been
better using one of the two traditional methods rather than fixation with Bouins
solution and then fi-eeze storing, which made it difficult to cut good quality thin
samples and still resulted in many samples floating off the slide during processing.
Immediate (snap) fi*eezing in liquid isopentane would have enabled other
immunochemical staining techniques to be employed, and paraffin embedding after
fixation in Bouins would have allowed the cutting of superior sections.

b)

Obtaining endometrial biopsies on the 5th day of the luteal phase in place of the 9th
may have been more informative. From previous studies, the 4th and 5th days of
the luteal phase are the days of maximum ultrastructural activity in the glandular
cells of the endometrium, whereas, on 9th day the glandular changes are becoming
quiescent (Verma, 1983; Comillie et al, 1985; Dockery et al, 1988a).

c)

The use of more than one person to assess histological grading.

Personal

observations suggest that grading on day X+2 may have been more in phase than
reflected by the grading as a result of a single (blinded) observer.

Results

A factor limiting endometrial growth in volunteers was recognised, but could not be
identified. The limitation for endometrial growth was independent of endometrial dating
(retarded or in-phase) and all volunteers had serum oestradiol levels which were within
the physiological range. Other possible candidates for the growth limiting fector include
uterine blood flow, development of endometrial vasculature, and the expression of
oestrogen receptors, but further research will be necessary to identify the exact nature of
this factor.

In normal pregnancies, a LPD is defined as a recurrent postovulatory deficiency in the
production and/or effect of progesterone fi*om the corpus luteum which results in
infertility and/or habitual abortion (March et al, 1991).

Histological dating using

classical criteria (Noyes et al, 1950) is a poor predictor of a LPD (Jordan et al, 1994).
Further, pregnancy has been described in HRT cycles when endometrial dating is out of
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phase with that seen in a standardised (28 day) normal cycle (Rosenwaks, 1987).
Therefore, histological dating would appear to be a poor predictor of pregnancy rate.
An explanation for these findings is suggested by the ultrastructural data in this project
which showed a gradation in glandular morphology for all volunteers on days X+2 and
X+9.

It is hypothesised that a sequential maturation of gland cells occurs, resulting in

prolongation of the receptive milieu required for pregnancy, and providing a favourable
enviroment for inq)lantation even when histological dating is marginally ‘out of phase’.
This phenomenon may explain the relatively prolonged ‘window of implantation’ seen in
humans when conpared to other primates (Rosenwaks, 1987).

Further, a normal

pattern of progesterone receptor expression was found in volunteers who did not have an
in phase endometrial histology, and this agrees with a previous report suggesting
secretory function is not related to histological dating (Seif et al, 1992).

These

combined findings suggest that the classical method of histological dating, as used in this
project, may not reflect either the morphological development that is occurring at the
ultrastructural level or the functional capacity of the endometrium.

To overcome this

problem, new parameters for histological dating (by light microscopy) have been
suggested which may be more representative o f secrectory function, ultrastructural
development and predictive of pregnancy rate (Li et al, 1988). Alternatively, detection
of endometrial proteins may provide a more specific marker o f receptivity (Byqalsen et
al, 1995). Currently, research into marker proteins has been focused in the direction of
integrins with cell to cell and cell to substratum adhesion (Lessey, 1994).

The pattern of hormonal stimulation for endometrial preparation prior to implantation in
agonadal primates, varies between species (Rosenwaks, 1987, Gosh and Sengupta,
1995).

In humans, oestrogen priming followed by progesterone replacement therapy

seems to be an absolute requirement, but prolonged treatment with oestrogen may not be
necessary.

The relationship between endometrial development and the level of

treatment is currently unknown, but more likely to be a ‘facilitating/activating
relationship’ (i.e. threshold level leads to full response) rather than ‘regulatory’ (Le.
dose-response). This is suggested by the similarity in endometrial maturation following
the use of fixed or variable dose HRT regimens. In this project, the variability of serum
oestradiol levels for all three HRT regimens indicates that pharmacokinetics may play a
more important role in controlling serum hormone levels than either a fixed or variable
163

dose HRT regimen.

However, the existence of a Êicilitating/activating relationship

between stimulation and response would explain some of the more obscure results in this
project. These include: (1) the attainment of an endometrial thickness above a clinically
significant threshold (7.4 mm) for all volunteers; (2) the similar and normal expression of
progesterone receptors; (3) the normal ultrastructural morphology m all volunteers; and
(4) the failure to find a relationship between endometrial thickness, serum hormone
levels, expression of progesterone receptors and histological grading (although the latter
may be due to the method of classification).

Implications for clinical treatment

The oestradiol and progesterone regimens used in this project resulted in physiological
levels in all volunteers, and although it is difficult to extrapolate the results of serum
oestradiol profiles obtained on day X+9 to earlier sampling dates and to gain meaningful
results firom small numbers, it is unlikely that the strict protocol of blood san^ling times
used in this project was necessary after the 3rd day of treatment. Therefore, in women
undergoing endometrial preparation with the regimens investigated in this project, it is
unnecessary to check serum oestradiol or progesterone levels routinely, but when
clinically indicated, the timing o f blood sampling between drug administration is unlikely
to result in a significant error after three days treatment with HRT.

Little benefit is likely to be gained by increasing oestradiol treament above 2 mg twice
daily via the oral route.

Therefore, other fectors should be considered when there is a

failure to achieve an endometrial thickness greater than 7 mm, when serum hormone
levels are below the physiological range, when histological dating is out of phase or
when there is recurrent feilure to achieve a viable pregnancy.

These include

endometritis, gastrointestinal or other metabolic disturbance, and drugs which affect
hormone metabolism.

Prolonging oestradiol therapy for seven days beyond the standard HRT regimen of ten
days did not result in a significant difference in the parameters investigated.

Therefore,

when there is a delay in the preparation of oocyte donors, it is probable that oestradiol
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treatment may be prolonged to maintain the recipient in a ‘pseudo follicular phase’
without adversely affecting pregnancy success.
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