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ABSTRACT OF THESIS

The overall purpose of this thesis was to identify factors which influence the
outcome of IVF treatment and which might be amenable to modification in order to
improve pregnancy rates following this form of treatment. To this end I performed a
historical review of the advances that have been made in reproductive treatment since
before the birth of Louise Brown in 1978, and a retrospective analysis of the result of a
single IVF unit over a 6 year period from 1999 to 2005. This identified a number of

factors on which IVF pregnancy rates depend.

I found that there is a decrease in the pregnancy and implantation rates and an
increase in the abortion rates with a consequent decrease in the live birth rate with an
increase in the female age. The data demonstrated that the pregnancy, implantation,
abortion, and live birth rates for female age 20-25 years was 42%, 21.95%, 37.5%, and
26.3% respectively. For the age of 26-30 years the comparative figures were 44.5%,
27.4%, 12.34%, and 39%, for the age of 31-35 years 35.7%, 22%, 16%, and 29.9%, for
the age of 36-39 years 27%, 13.9%, 22.7%, and 20.5% and for patients who were 40
years and above 17%, 7.4%, 27.3%, and 12.9%. (P<0.05) for the pregnancy,
implantation, and live birth rates, (P>0.05) for the abortion rate. In addition, I found
that there is a decrease in the pregnancy rate with increasing age of the male partner
although this did not reach a statistically significant level. For male patients whose age
was between 20-30 years the pregnancy rate was 42.7% compared with 37.8% if they
were between 31-44 years and 31.6% if they were 45 years or above (P >0.05).

I found that the outcome of IVF-ET is affected by the number of embryos
transferred, and whether the embryos are fresh or cryopreserved. The data showed that
the pregnancy and implantation rates for single embryo transfer were 16.9%; for double
embryo transfer were 37.3% and 23.22% respectively, and for triple embryo transfer
27.12% and 11.64% respectively. In addition, I found that the difference in the twin and
triplet rates were 0% and 0% respectively for single embryo transfer, 24.5 and 0.02%
respectively for double embryo transfer, and 26.8% and 1.5% respectively for triple
embryo transfer. The differences in pregnancy and implantation rates between the
transfer of two fresh and two frozen embryos were 37.3% versus 27.3% (P>0.05) and

23.22% versus 16.36% (P>0.05).
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The outcome of IVF-ET was also found to be affected by the grade and cleaving
rate of embryos. The differences in the pregnancy and implantation rates between the
transfer of high-grade and low grade embryos were 61.4% versus 11.5%, and 35.8%
versus 6.96% (P<0.0001). The differences in the pregnancy and implantation rates
after the transfer of slowly cleaving embryos or rapidly cleaving embryos transferred
on day 2 was 18.3% versus 44% respectively (P<0.0001), and 11% versus 28%
respectively (P<0.0001). Similar differences were seen between slowly or rapidly
cleaving embryos transferred on day 3. The difference were 20% versus 63.4%
respectively (P<0.017) for the pregnancy rate, and 13.3% versus 40.14% respectively
(P <0.027) for the implantation rate.

The day of embryo transfer was also relevant, with a better outcome when the
embryos were transferred on day three rather than day two. The differences were 42.8%
versus 35.1% (P<0.024) for the pregnancy rate and 27.43% versus 21.53% (P<0.005)

for the implantation rate.

Transcervical embryo transfer (TCET) was more likely than transmyometrial
embryo transfer (TMET) to lead to pregnancy, whether the transfer was easy or
difficult. The outcome of TMET was low even if it was easy. Zygote intrafallopian

transfer (ZIFT) is preferred to TMET if at least one fallopian tube is patent.

The outcome differs when different operators perform ET and the difference in
the pregnancy rate for three different operators was found to vary between 35.2%,
41.2%, and 26.5% (P<0.026). The outcomes were good if nurses performed the
procedure, and a new trainee was found to need around one year to become expert in
the technique with pregnancy rates increasing from 34.54% to 47.3% at the end of one

year of performing the procedures.

I found also that the outcome was affected by the cause of infertility, with
better outcomes when the aetiology was tubal, unexplained, or polycystic ovary
syndrome (PCOS), and poorer outcomes when the aetiology was endometriosis,
untreated hydrosalpinges or after a history of ectopic pregnancy. Differences in

pregnancy rate according to aetiology varied between 61.9% and 11.8% (P <0.0001).
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By studying the results of the egg-sharing programme, I was able to show that
aging of the ovary is more important than aging of the uterus and the outcome of
IVF/ET in egg recipients is almost the same as the outcome in egg sharing donors. The
pregnancy and implantation rates were 35.5%, and 18.33% respectively for egg
recipients, and 35.5%, and 18.06% respectively for egg sharing donors. In addition, I
found that abortion rates were higher and consequently live birth rates were
considerably lower in the egg recipients as compared to the egg-sharing patients,
abortion rates 26.19% versus 9%, P>0.05, live birth rates 26.5% versus 32.25%,
P>0.05.

Finally, I found that abortion rates were higher and consequently live birth rates
were lower with increasing age of recipient. The abortion and live birth rates according
to the recipient age were 18.75%, 30.95% respectively for recipients less than 35 years,
28.57%, 26.31% respectively for those 36-39 years and 31.56%, 23.21% respectively
for those 40 years and above, P>0.05. In addition, I found that the outcome is better
when egg recipient patients have ovarian function as compared with egg recipient
patients with no ovarian function, and the pregnancy rate was 41.3% for the first group
and 29.62% for the second group, P>0.05. Egg sharing patients were found to have
lower pregnancy and implantation rates while the live birth rate of egg sharing is
virtually the same as standard IVF patients. The difference in the pregnancy,
implantation, abortion, and live birth rates between the two groups was (35.52% versus
40.7%), (18.3% versus 25.61%), (9% versus 20.46%), and (32.25% versus 32.29%)).

Hence, egg sharing has no detrimental effect on the outcome for egg sharing patients.

The only factor amenable to modification for each and every couple was
identified as the technique of embryo transfer. Hence, I undertook a literature search to
identify the effects of the technique that might be relevant. I also used time-lapsed
ultrasound video imaging of the uterus as a means of identifying those cycles that might
have a favourable or unfavourable outcome as a result of a good or poor ET technique.
My results show that exaggerated junctional zone contractions do indeed have a
detrimental effect on the outcome of IVF-ET our data shows that the pregnancy rate for
those who had less than 5 uterine contractions per 2 minutes as compared to the

pregnancy rate for patients who had more than 5 uterine contractions per 2 minutes was
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29.7% versus 0% respectively p=0.026, but an easy embryo transfer did not appear to

change the character or the frequency of junctional zone contractions.
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The aims of the thesis

To identify factors that influence the outcome of IVF treatment and
which might be amenable to modification in order to improve IVF
pregnancy rates.

It was felt that even if relevant factors were identified they could only be tested
in a large prospective randomised study of IVF pregnancy rates, which in many
instances would be impractical. Therefore, a second aim was added.

To identify ways in which the quality of any modification might be
judged without the need for major clinical trials of IVF pregnancy

rates

In order to meet the first aim of the thesis the following methodology was employed

1
2

3

A historical review of the advances that have been made in the field of assisted
reproduction

A retrospective analysis of the results of a single IVF unit (Hull IVF unit) for
the last 6 years to identify factors on which the IVF pregnancy rate might
depend, these factors included:

Female and male age

IVF or ICSI

Embryo quality

Embryo cryopreservation

The number of embryos transferred in fresh and in frozen cycles
Blastocyst transfer

Day two or day three embryo transfer

Easy or difficult embryo transfer

Transcervical, transmyometrial or tubal embryo transfer
Different operators performing embryo transfer

Nurses performing embryo transfer

New trainees performing embryo transfer

Aetiology of infertility

Treated and untreated hydrosalpinges

Patients with or without a history of ectopic pregnancy

A retrospective analysis of the success of IVF in the egg-sharing program to
investigate the following:

Aging of the uterus versus aging of the ovary

Egg recipients versus egg sharers of the same age group
Age the egg recipients

Egg sharers versus standard IVF patients

In order to meet the second aim of the thesis the following methodology was

employed

4

A review of the literatures to identify effects of the technique of embryo
transfer, which was found to be the only factor amenable to modification that
might be relevant.
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5

A study of the effects of junctional zone contractions on the outcome of IVF
to determine if this could be used as a way of measuring the quality of embryo
transfer

XXII



The History and Techniques of Assisted Reproduction

CHAPTER ONE

The History and Techniques of Assisted
Reproduction

1.1 The history of assisted reproduction:

The announcement of the birth of Louise Brown on 25" of July 1978 ( Steptoe
and Edwards 1978), see figure (1.1), was not the end of IVF development, but an
important milestone along the way to what is now an important and internationally
recognised treatment for many infertile women (Brinsden 1999). The first human
embryo transfers had been attempted in 1972, and an illustration of the work and

commitment that was involved is that these first ‘experiments’ at IVF and embryo

transfer needed to be repeated 101 times before the first successful delivery was

achieved (Edwards et al. 1980).

Figure 1.1 Baby Louise Brown with Patrick
Steptoe and Bob Edwards on 25" of July 1978,
Delivered by LSCS at 39 weeks, her
Weight was 2,608 gm
This figure is from BBC news (profile of
Louise brown)
Ohttp://news.bbc.co.uk/1/hi/health/3091241.stm
Accessed 14/08/06, 5.10 pm

There had been previous work on animals. A major discovery in the mid 18"
century was that the egg would not develop without the sperm as a triggering factor for
its development, and in 1840, Bischoft and Barry were the first who demonstrated
spermatozoa penetrating the zona pellucida (Bischoft and Barry 1840). In the 1870s,
Oscar Hertwig and Hermann Fol demonstrated the presence of two pronuclei in the
cytoplasm of a fertilized Oocyte (Fishel and Symond 1986). Walter Heap (Heap1891)

was responsible for the 1* successful embryo transfer in the rabbit in the late nineteenth
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century, the embryo transfer having been performed between two species of rabbit, and
the first successful IVF in animals, also in the rabbit, was subsequently achieved by
Chang in 1959 (Chang 1959).

There were three major problems to achieve successful IVF in the human: the
development of a suitable medium for the culture of the embryo (Kemeter and
Feichtinger 1984), obtaining a suitable sperm with an acrosome reaction (Brinsden
1999), and obtaining an ovum ripe enough for fertilisation to occur (Charbonnel et al.
1987; Brinsden 1999).

Culture media have been developed gradually and their formulation has
received intense attention. In 1949, Hammond, developed a complex medium that
supported the growth of 8-cell mouse embryos to blastocysts (Hammonds 1949). Most
embryo culture media used in early human IVF were based upon media that had been
successfully used in animal embryo culture. The development of sequential tissue
culture media, that attempt to give the growing embryo its metabolic and chemical
needs, has resulted in an extension of the embryo culture period to the blastocyst stage,

with higher implantation and pregnancy rates (Wilson et al. 2002).

Assisted reproductive techniques have existed for a very long time; the first
recorded successful birth of a child following artificial insemination using the
husband’s semen was in London in 1785 (Bunge and Sherman 1953). Sperm
capacitation was discovered in 1951. Freshly ejaculated or epididymal spermatozoa
were found to be unable to fertilize ova in vitro, whereas spermatozoa that have resided
in the oviduct of donor animals for 4-8 hrs were able to do so (Austin 1951; and Chang

1951).

White and Aitkin (1989) investigated the events associated with capacitation in
the golden hamster. They suggested that the process was associated with a gradual
increase in intracellular calcium, which in turn enhances the intracellular generation of
cyclic AMP, and they suggested that in response to these changes the spermatozoa
become hyperactive and primed to undergo the acrosome reaction. The same result was

achieved by other studies (Fraser and Ahuja 1988; Jones et al 1990; and Aitkin 1990).

Much has been learnt about the need for sperm to undergo the acrosome

reaction before fertilization and ways of inducing this artificially, either by exposing the
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sperm in vitro to a pH of 8.6 (Aitkin 1990; and Bedford 1990) or to either progesterone

or arachidonic acid (Pillai and Meizel 1991).

The first successful pregnancy following the use of frozen sperm was reported
in 1953, the sperm had been stored at - 80°C using glycerol as a cryoprotectant agent
(Bunge and Sherman1953). Then in 1964, the first pregnancy was recorded as a result
of using sperm frozen in liquid nitrogen at -196°C rather than dry ice (Sherman 1963).
Approaches to sperm cryopreservation tend to avoid the use of slow freezing technique
used for the oocyte and the embryo; instead semi rapid methods are applied with a
freezing rate of (-20°C) to (-30°C) (Edwards and Brody 1995). It was found that
cryopreservation can damage the sperm acrosome, resulting in low levels of acrosin in
surviving samples (Cross and Hanks 1991). The content of acetyl carnitine in
spermatozoa has been shown to decrease during cryopreservation, which may impair
subsequent motility, although the carnitine level will not be affected (Grizard et al.

1992).

Experiments have been performed on both animal and human oocytes with the
initial stimulus to the introduction of human IVF arising from studies in mice. Pincus
and Enzmann in 1935 were the first to show how oocytes of various animals would
undergo maturation if released from their follicle and cultured in vitro (Cohen et al.
2005). The researchers attempted to do the same with human oocytes, predicting the
maturation time to be 12 hours, as in mice. Others had shown that the follicle stimulant
pregnant mares’ serum gonadotrophin (PMSG) combined with hCG to induce ovulation
would stimulate a large number of mouse oocytes to mature in the ovary. In addition,
they found that each species had its own duration of maturation (Edwards 1956;
Edwards and Gate 1959). By 1965 Edwards had established that the duration of
maturation of human oocytes in vitro and he had showed conclusively that the interval
between the LH surge or an injection of hCG would be approximately 37 hours ,history,

20™ century —© www.repromed.org.uk/history/20th (accessed 22/08/06, 8.35 pm).

After 1954, human oocytes could be retrieved via ovarian biopsy, matured in
vitro and used for studies on meiosis and fertilisation. In 1965, a human oocyte excised
from an ovarian biopsy was observed through different stages of maturation by

Edwards (Edwards 1965). After that, researchers tried not only to observe the


http://www.repromed.org.uklhistory/20th
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maturation of the oocyte in vitro but also to fertilize the oocyte in vitro (Edwards 1965;

Steptoe and Edwards 1970).

In 1957, an extract of human pituitary containing both FSH and LH (Human
Pituitary Gonadotrophin, hPG) was administered for ovulation induction. Until
recently, it was not known that often these extracts caused incidences of Creutzfeldt-
Jakob disease (CJD) more than 30years later (Gemzell et al. 1958). It was not until the
1960s that purified human menopausal gonadotrophin (hMG) and hCG were used
Edwards et al. (1981), and “super ovulation” was first introduced in the late 1960s. It
was utilised by Steptoe and Edwards (Steptoe and Edwards 1976), but they
subsequently stopped using it as they thought that hMG had adversely affected the site
of implantation of the first IVF pregnancy, which was ectopic (Edwards et al. 1981). In
1979, oocytes were harvested in the USA (Shettles 1979), and finally an IVF baby was
delivered in Australia in 1980 (Lopata et al. 1980). The cycles were stimulated, and
hMG was reintroduced into IVF (Jones et al. 1984).

Filicore and co-workers have emphasised that LH is necessary for oocyte
maturation. Oocyte collection was timed by the administration of hCG (human

chorionic gonadotrophin) 34-37 hrs before the expected time of ovulation (Filicore et

al. 1999).

Another major problem in the early years concerned the method of oocyte
collection. In 1966 laparotomy was the first method used to collect the oocyte
(Edwards et al. 1981), although laparoscopy was quickly introduced in the late 1960s
(Steptoe and Edwards 1970). Initially the pneumoperitonium was established with
carbon dioxide; this was soon replaced by a mixture of 5% carbon dioxide, 5% oxygen,
and 90% nitrogen to avoid acidic conditions in the abdomen and in the aspirated fluid
(Edwards and Brody 1995). In 1982, oocyte collection was achieved by the use of
abdominal ultrasound (Lenz and Lauritzen 1982; Hamberger 1982). Transvaginal

ultrasound was introduced in 1983 (Gleicher et al. 1983), see figure (1.2).
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Figure 1.2 Egg retrieval.
Under ultrasound guidance, oocyte
will be aspirated by double lumen
needle with the help of negative
pressure; the follicular fluid will be
aspirated to a plastic tube
[llustration from: In Vitro fertilization
(Northern California Fertility centre)
Ohttp://www.ncfme.com/progsum.htm
L e owicy. I phylcian (nhets S nesle (Accessed on 01/07/06 at 10:22 am)

yund
through the wall of the vagina into the ovary and removes the egg for
use in IVF or GIFT

Vaginal ultrasound Oocyte capture removes the need for women to have an
uncomfortable full bladder during her ultrasound examination. Feichtinger and Kemeter
(1984) found that ultrasonically guided follicular aspiration is superior to laparoscopic
aspiration of the oocyte, and the success rate of this technique reached that of
laparoscopic oocyte aspiration, in addition, they showed that the oocyte recovery rate

was 93%, fertilization rate was 58%, and the pregnancy rate was 13%.

Figure 1.3 IVF and ET procedure.
After ultrasound guided egg retrieval,
the oocyte is inseminated and incubated
for 16-18 hrs, following that
fertilization is checked and embryo
transfer performed after 48-72 hrs.

[llustration from In Vitro fertilization
(Northern California Fertility centre)
Ohttp://www.ncfme.com/progsum.htm
(Accessed on 01/07/06 at 10:22 am)

Frozen embryo transfer is a well established form of assisted reproduction
treatment. It allows multiple embryo transfers to be performed after single egg retrieval
(Van Steirteghem et al. 1992). In 1953, Smith reported that exposure of the pre-
implantation embryo to very low temperatures is not incompatible with further
development, and the first frozen embryo transfer was performed in the rabbit by Chang
and Morden in 1954 (Fishel and Symonds 1986). Twenty years later work was
published on the success of embryo cryopreservation in the mouse (Whittingham and
Wilmut1972). In the human, the first baby born after frozen embryo transfer was in

1984 at the Queen Victoria Hospital, Melbourne, Australia (Trounson and Mohr 1983),
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and an increasing number of IVF clinics worldwide are now able to freeze embryos for
later transfer. In most experienced centres, implantation rates using freeze—thawed

embryos are comparable with implantation rates using fresh embryos.

Factors that influence the success of embryo cryopreservation include the choice
of cryoprotectant used, rates of freezing and thawing, quality of embryos at the time of
freezing, degree of embryo damage at the time of thawing, management of the cycle in
which thawed embryos are replaced, timing of embryo transfer and the number of
embryos transferred (Van Steirteghem et al. 1992; Van Steirteghem and Van den
Abbeel 1993). The greatest danger to the cells lies in the formation of intracellular ice,
risk can be reduced by very slow rate of freezing up to -6°C; cooling rate should be
regulated after that at -1°C/min, and can be gradually increased as the temperature
reaches -30°C or -40°C. The thawing rate should also be controlled (Ashwood and
smith 1986).

Twins, a boy and a girl, were born in 1986, as a result of the use of frozen eggs,
in Adelaide, Australia. Three of the mother’s eggs were frozen at -196°C. The process
was pioneered by Dr Christopher Chen, at the Flinders Medical Centre. Dr Chen
suggested that using frozen eggs, rather than frozen embryos, removed some of the
‘ethical, social, legal, moral and religious problems’ associated with the technique

(Chen 1986).

Gamete Intrafallopian Transfer (GIFT) was introduced in 1984, as an alternative
to the standard IVF (Asch et al. 1984). GIFT and Zygote Intrafallopian Transfer (ZIFT)
are related techniques, see figure (1.4), suitable for couples with at least one healthy
fallopian tube (Devroey et al. 1986). In GIFT, oocytes and sperm are collected as for
IVF-ET, but then both sets of gametes are combined and transferred immediately to the
fallopian tube so that fertilization can occur in vivo. Up to three cumulus—oocyte
complexes together with 100,000 progressively motile spermatozoa can be transferred
by laparoscopy into the fimbrial end of the Fallopian tube at the time of the egg
retrieval (Asch et al. 1984; Braeckmans et al. 1987), see figure (1.4). GIFT does not
involve embryo culture. This enables some patients to pursue additional fertility
treatments without addressing the ethical concern about how many embryos to create or
transfer. Today attempts at fertilization by GIFT are rare. In 2001 they accounted for
less than 1% of all attempts at fertilization used by ART patients, because of the
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success rates of IVF [(The Regulation of New Biotechnologies, chapter two: Assisted
reproduction)

www.bioethics.gov/reports/reproductionandresponsibility/chapter2.html-243k

(Accessed on 23/ 8/2006 at 5.10 pm)].

Figure 1.4 GIFT. After retrieval of the
eggs from the ovary both sperm and
eggs are injected through the catheter
directly in to the fallopian tube,
fertilization may take place in Vivo
[llustration from
http://www.fertilityjourney.com/therap
, yOptions/assistedReproduction/artOver
After the retrieval of the eggs from the ovary, both view/index.asp (Accessed on 02/03/06

sperm and eggs are injected through the catheter

directly info the faliopian (ube. Fer ion may then
fake place normally in the fallopian tube. at 253pm)

ZIFT is another IVF-ET variant, first used in 1986 (Devroey et al. 1986). An
uncleaved “one cell with two pronuclei” or a cleaved fertilized oocyte is placed in the
fallopian tube on the 1% or 2™ day after oocyte retrieval. The transfer can be done
either orthograde with the use of laparoscopy, or retrograde through the uterus
(Devroey et al. 1986; 1990). Pool et al, showed that pregnancy, implantation and
delivery rates could reach 40%, 17%, and 34% in patients with long standing non tubal
infertility, as compared with 32%, 11% and 21% with GIFT, and 26%, 8% and 16%
with IVF (Pool et al. 1990).

Further attempts were made to facilitate fertilization by micromanipulation of
the oocyte and the sperm, in order to treat couples with severe male factor infertility,
who cannot be helped by conventional IVF. The idea is to remove the barrier to

fertilization in vitro by disrupting the zona pellucida (Cohen et al. 1993).

The first technique of micromanipulation was partial zona dissection (PZD), in
which a small slit is created in the zona pellucida in order to allow sperm to pass
through to the membrane of the oocyte, see figure (1.6.A). The results of PZD were
unsatisfactory because of low fertilization rates (Cohen et al. 1993), especially for men

with a severe sperm defect, such as severe oligozoospermia, or low sperm motility.


http://www.bioethics.gov/reports/reproductionandresponsibility/chapter2.html-243k
http://www.fertilityjourney.com/therap
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Teratozospermia remained intractable and polyspermy was common (Tucker et al. 1991;

Jean et al. 1992).

The next technique was subzonal sperm injection (SUZI), see figure (1.6.B).
This is a technique by which one or several sperms (usually 3 to 20), are injected
directly through the zona pellucida into the perivitelline space (Van Steirteghem 1993a),
and in 1988, the first pregnancy was recorded using subzonal sperm injection (Ng et al.
1988). The monospermic fertilization rate using SUZI was still low, at about 20% of
all metaphase Il oocytes injected, and overall the experience with SUZI was that normal
fertilization rates were too low (Fishel and Edwards 1983; Krzyminiska et al. 1992).
Consequently, only two thirds of patients receiving this treatment ever produced
embryos, such that pregnancy and live birth rates were unacceptably low (Imoedemhe

and Sgue 1993; and Van Steirteghem et al 1994b).

Figure 1.5 A schematic illustration of the
structural components of an oocyte those are
important for micromanipulation. The oocyte is
surrounded by three layers, first layer from
outside is the cumulus, 2™ is the zona pellucida
and the innermost layer is the oolemma. The
s presence of the first polar body indicates that this
oocyte is mature and at Metaphase 2
[llustration from Schlegel and Girardi (1997).
http://jcem.endojournals.org/cgi/content/full/82/3/7
09 Accessed 12/07/06, at 3:42pm

2ona pellocda
g MELaphase plate
plasma membrane

ooplasm

Figure 1.6 Schematic illustrations of
micromanipulation techniques.
A. Partial zona dissection (PZD).
B. Subzonal insertion (SUZI).
C. Intracytoplasmic sperm injection
(ICSI).
[llustrations from Schlegel and
Girardi (1997).
http://jcem.endojournals.org/cgi/content/full/

82/3/709 Accessed 12/07/06, 3:42pm
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ICSI was introduced in 1992, see figure (1.6.C), and figure (1.7). It was
discovered accidentally, when, during attempted SUZI, a sperm was introduced in to
the cytoplasm of the egg rather than in to the subzonal space. This egg was not
destroyed but monitored for fertilization. When fertilization took place, a new chapter

in assisted reproductive technology (ART) was opened (Palermo et al. 1995).

ICSI not only gives significantly better fertilisation rates than SUZI, but also
produces more embryos with higher implantation rates (Van Steirteghem 1993a;
1993b). It has become the standard treatment for infertility caused by male factor, as
sperm parameters do not appear to affect the outcome of this procedure, and the
technique can be used successfully to treat couples who have too few sperms for
conventional IVF (Van Steirteghem 1993b; Palermo et al. 1995). Thus, ICSI has been
adopted as the technique of choice when assisted fertilization is required (Palermo et al
1995; Yang et al. 1996). It has been shown that similar fertilization rates can be
achieved by ICSI in comparison with conventional IVF, when male factor is not

involved; Embryos resulting from ICSI have an improved quality (Yang et al. 1996).

Fertilization by ICSI, unlike IVF, bypasses the normal plasma membrane
interactions that have been shown to exclude foreign genes adhering to the spermatozoa.
Brossfield et al. (1999) have demonstrated the tenacity with which exogenous human
papillomavirus DNA binds to human spermatozoa, and that this virus remains adherent

even after extensive sperm washing.

The circumstances in which ICSI may be appropriate include: when the sperm
concentration or total count is very low, when the sperm cannot move properly, or are
in other ways abnormal, when sperm has been retrieved directly from the epididymis
(PESA) or the testicles (TESA/TESE), from the urine, or by electro ejaculation, when
there are high levels of antisperm antibodies in the semen, or when there have been

previous fertilisation failures (Yang et al. 1996).

Some men who have no sperm in their semen are found to have congenital
bilateral absence of the vas deferens (CBAVD). In this condition, the tubes that carry
sperm from the testes to the penis are missing. Two thirds of men with CBAVD are
also carriers of certain cystic fibrosis mutations (Anguiano et al. 1992; Yang et al.
1996). Men with CBAVD and their partners may therefore wish to undergo genetic

testing before proceeding with ICSI. Certain genes on the Y chromosome have been

9
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shown to be involved in the production of sperm, and deletion of these genes may be
responsible for some men having few or no sperm in their semen. Micro deletions of
sections of the Y chromosome may be found in 10-15 percent of men with azoospermia
or severe oligospermia (Pryor et al. 1997). These micro deletions can be detected by
polymerase chain reaction (PCR) and fluorescence in-situ hybridization (FISH) (Le
Bourhis et al. 2000). Consequently, using sperm with such deletions to create an
embryo might result in the same type of sub-fertility being passed from father to son
(Kent-First et al. 1996).

Abnormal numbers or structures of chromosomes, particularly the sex
Chromosomes (X and Y), may be associated with infertility in both men and women,
and babies born from ICSI treatment may have a slightly increased risk of inheriting
these abnormalities. Studies have found that up to 3.3% of fathers of ICSI babies have
abnormal chromosomes, although it is estimated that up to 2.4% of the wider
population have a chromosomal abnormality [Assisted conception program
Intracytoplasmic Sperm Injection (ICSI) ©www.edinburghivf.org/icsi.html - 20k accessed
24/8/2006, 3.22 pm]

An important question debated about ICSI infants is the risk of congenital
malformations, previous studies having reported similar rates of congenital
malformations for both IVF pregnancies, and the general population 2.2% versus 3.3%
(Alsalili et al. 1995). Kallen et al. (2005) did a retrospective study of 16,280 IVF
children, 30% of them conceived after ICSI. They found that a 42% excess of
congenital malformation, explainable by parental characteristics and in some cases by
the high rate of multiple births. Among these children, 8% had a congenital
malformation, and 5% had a relatively severe condition. An increase was seen for
neural tube defects, choanal atresia and alimentary tract atresia. There was no
difference in malformation rate according to IVF method except for an excess of

hypospadias after ICSI.

10
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Figure 1.7 Intracytoplasmic Sperm
icst Injection (ICSI), and assisted hatching.
i i The oocyte is stabilised under the
microscope with a holding micropipette
whilst the sperm is injected with an
injection pipette.
Assisted hatching: a portion of the zona
pellucida is removed to assist the

; i Asingle spenm is injected into the ey,

Apt;ﬁmdﬂd:hd‘i:s\dlh o [ embryo to hatch
m it i 4 8 .y .
bplariddealot el 4 Figure from In Vitro fertilization

escape.

(Northern California Fertility centre
©http://www.ncfme.com/progsum.htm
Accessed on 01/07/06 at 10:22 am)

During ICSI, only mature oocytes are used for injection. The microinjection is
performed with an injection pipette under the microscope equipped with a
micromanipulator. After the oocyte is stabilised with a holding micropipette, the
micropipette is pushed through the zona pellucida, and oolemma at the 3 o’clock
position, keeping the polar body at 12 or 6 o’clock to avoid damage to the second
meiotic spindle. The single sperm is injected headfirst (Palermo et al. 1993; 1995); see
figure (1.7). Animal studies show that even with correct positioning, i.e. with the first
polar body at right angles to the site of injection, spindle damage remains a theoretical
risk, as the localisation of the first polar body does not invariably indicate the exact
localisation of the spindle. Theoretically, the direct injection into the cytoplasm might
induce chromosome breakage (Edirisinge et al. 1997), and another major concern is the
introduction of contaminating foreign material into the oocyte cytoplasm, such as
polyvinylpyrrolidone (PVP), which is used to slow down sperm movement, or a

microorganism might act as contaminating vector (Brossfield et al. 1999).

Figurel.8 Gamete: A mature male
sperm or female egg is termed a gamete

Zygote: an egg and sperm unite to form
a zygote.

[1lustrations from In Vitro fertilization
(Northern California Fertility centre
http://www.ncfmc.com/progsum.htm

Accessed on 01/07/06 at 10:22 am
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The History and Techniques of Assisted Reproduction

Steptoe and Edwards reported the first successful case of IVF in a 35 years old
woman with tubal disease. The birth of Louis Brown was achieved by working in a
natural cycle (Steptoe and Edwards 1978), but this birth was the culmination of many
years of work, including the use of superovulation, which has now led to the
development of many centres worldwide. The range of patients that are suitable for

assisted conception is continually increasing.

In very large studies, found that the sex ratio for births resulting from ART does
not differ significantly from the national ratios (Beral and Doyle 1990; FIVNAT
“French In vitro National” 1995). Kausche et al. (2001) found that the sex ratio of
infants born after blastocyst transfer was not significantly different from the sex ratio of
births resulting from early cleavage stage embryo transfers, while Milki et al. (2003)
found that male to female ratio is higher with blastocyst transfer compared to cleavage
stage transfer. Moreover, a follow-up study of singleton infants conceived by ART has
shown no difference in mental, motor, speech and social development compared to a
matched control from the general population (Gibson et al. 1998). A similar result was
found in a recent study by Ponjaert-Kristoffersen et al. (2005) in which children were
recruited from five European countries. The study showed no difference in the motor
and cognitive development of the children born after either ICSI or IVF as compared to

that of normal conception children.

1.2 Factors affecting the pregnancy rate after IVF-ET

There is no reliable method to predict whether a particular embryo will implant
and the process of implantation is almost inaccessible to ultrasound or any other
method of inquiry. Techniques for raising the implantation rate after embryo transfer
attract much discussion. Although the treatment of patients by assisted conception
techniques has come a long way since 1978, much remains to be achieved. In
particular, embryo implantation rates must be improved as up to 90% of all embryos
transferred into the uterus still fail to implant (Edwards and Brody 1995). The success
of assisted reproduction depends on the coordinated development of the embryo and the
endometrium, and a persistent abnormality of either may lead to recurrent conception

failure (Margalioth et al. 2006).

Although implantation is poorly understood in the human, the pregnancy rate

following embryo transfer can be shown to be influenced by several defined variables.
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Identifying variables in embryo transfer include embryo quality (Scoutt 2002), number
of previous attempts, presence of blood or mucus on the transfer catheter (Nabi et al.
1997), age of the patient (Jansen 2003), number of embryos transferred (Allen et al
2006), and the cause of infertility( Edwards and Brody 1995).

In older studies, it was found that endometrial histological dating is usually of
limited value (Cornilli et al. 1985), and endometrial morphology or cytochemistry is
unable to predict the chance of implantation (Cornilli et al. 1985; Dockery et al 1990;
Grudzinskas and Fay 1990). Kovachev et al. (2005) found that an endometrial volume
of < 2 ml on the day of embryo transfer is a better predictor for low endometrial
receptivity than endometrial thickness on the same day and resulted in significantly
lower IVF clinical pregnancy and implantation rates. In addition, they found that an
endometrial volume of > 2 ml on the day of ET was a positive predictor for ART
outcome. Ng and co workers found that the vascularity of the endometrial and sub
endometrial layers measured by 3D power Doppler Ultrasound is not a good predictor

of pregnancy in FET cycles if measured at one time point only (Ng et al. 2006).

There may be relevant immunological factors, and transient or permanent
expression of antiphospholipid antibody may give rise to impaired implantation in
seropositive women, in whom heparin could be beneficial (Sher et al. 1994). Backos et
al. (2002) emphasised that the increased prevalence of "antiphospholipid antibody"
(apL) among women with infertility is likely to be part of a generalized autoimmune
disturbance associated with infertility, and as it was found in other prospective studies
that these antibodies do not significantly affect either the implantation or ongoing
pregnancy rates. They concluded that routine screening for aPL among women
undergoing IVF-ET is not warranted and therapeutic interventions should be used only

in well designed randomized controlled trials.

The number of transferred embryos is an important variable influencing
implantation after IVF. Not surprisingly pregnancy rates increase steadily as more
embryos are replaced, but the higher implantation rate and live birth rate is outweighed

by the risk of high order multiple gestation (Pandian et al. 2004).

Other factors which influence the implantation rate, are the quality of embryos,
the rate of embryonic growth and the developmental stage i.e. cleavage or blastocyst

stage (Wilson et al. 2002). Chromosomally normal embryos have a higher implantation
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rate, so by doing pre implantation genetic screening and ensuring a chromosomally
normal embryo in patients who have had implantation failure in the previous 3 cycles
has been advocated (Cohen et al. 1990). Cohen has also claimed that assisted hatching,
by artificial thinning of the zona pellucida, see figure (1.7), or by zona drilling, doubled
the rate of implantation form 11% to 23 %, but the number of blighted ova and
monozygotic twins might also increase. The main methods currently in use for assisted
hatching are chemical, mechanical and laser. The process will damage about 1% of
embryos. Most IVF clinics are not performing assisted hatching if there is one embryo
available because of possible damage to this embryo would result in no embryo transfer
IVF-Infertility©http://www.ivf-infertility.com/ivf/hatching.php (accessed on 16/06/07
at 1.32pm)

A deficient luteal phase could presumably impair the chances of implantation, but
diagnosis of such a condition by endometrial biopsy in the previous cycle, is unreliable
(Balasch et al. 1992a). Pritts and Atwood (2002) found that luteal supplementation with
either i.m. hCG or i.m. progesterone significantly improved fertility outcomes compared

with no treatment.

In the UK, IVF clinics are regulated by the Human Fertilisation and Embryology
Authority (HFEA), which is an independent regulator. The HFEA was established to
license, monitor and regulate clinics performing IVF and treatments using human
sperm, eggs and embryos, as well as to promote safe and appropriate practice in fertility
treatment and embryo research. The HFEA also regulates the storage of gametes (eggs
and sperm) and embryos. It was established under the Human Fertilisation and
Embryology Act 1990 (HFEA 2004). The HFEA gives advice and information to
patients, clinics and doctors; it publishes a 'Code of Practice' for centres carrying out
licensed treatment. Guidelines in the 'Code of Practice' consider: the respect which is
due to human life at all stages in its development and the right of people who are, or
may be infertile to proper consideration of their request for treatment [HFEA and
GMC 2004 http://www.gmc-

uk.org/about/partners/human fertilisation and_embryology authority.asp accessed 24/08/06

at 2:12 pm]
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1.3 Conclusions:

“To understand science it is necessary to know its history” [Auguste Comte
1798-1857 ©http://www.bolender.com/Sociological%20Theory/Comte,%20Auguste/comte, _auguste.htm
accessed on 25/09/06 at 3.45pm]. The importance of in vitro fertilization (IVF) as a
treatment option has become apparent at a time when there is increasing recognition
that many previously used treatments are ineffective, or less effective. However, IVF is
not effective in all circumstances. The efficacy of IVF can only be accepted if
treatment can be shown to do better, in defined circumstances, than other comparative
treatments. Treatment still strongly depends on many variables, and in order to
illustrate these variables I performed a retrospective study, trying to show the
relationship between numerous variables identified in the literature review of this
chapter and the local success rate of IVF. The aim was to go on to make
recommendations for changes in local practice that might optimise success rates. One
point I want to highlight, is that before the advent of intracytoplasmic sperm injection
(ICSI), male infertility was recognized to significantly comprise the outcome of IVF
treatment. ICSI treatment has revolutionized the treatment of the male, by making
assisted reproductive techniques available to this group of infertile couples. The
adaptation of ICSI encouraged the introduction of surgical sperm recovery techniques,

which have further increased the options in this area.
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CHAPTER TWO

A Retrospective Analysis of Patient Records in
Order to Identify Factors Predictive of Successful
IVF/ET Treatment

2.1 The aim of the study:

The purpose of this study was to identify factors positively and negatively

correlated with pregnancy outcome after IVF and ET.

The factors which were analysed in this study were derived from the literature
search into the history and techniques of IVF as described in chapter 1. They were as

follows

The difference between the outcome of IVF and ICSI

[

The effect of female and male age.

The effect of the number of embryos transferred in fresh or in frozen cycles
The effect of embryo cryopreservation on the outcome of IVF

The effect of the grade and number of blastomeres of the transferred embryos
Day 2 versus day 3 embryo transfer

The outcome of blastocyst transfer

The effect of the aetiology of infertility

Differences in the outcome between TCET (easy or difficult), TMET or ZIFT.

© % N e oA e

10. Differences in the outcome between different operators
11. The outcome if nurses perform the embryo transfer procedure

12. The outcome if a new trainee were to start the embryo transfer procedure
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2.2 The Type of study:

This study was a retrospective analysis of clinical notes. The setting was a
single academic research centre based at the Hull IVF unit. The unit has been providing
IVF treatment for 20 years, performing between 200 and 300 cycles per year, and has

complete records of all treatment cycles performed.

2.3 Patients:

The population studied was 773 patients who had undergone 1629 IVF
treatment cycles between 1% Jan 1999 and 31 Dec 2005. The notes were accessed
alphabetically so as to include all the patients who had had IVF and IVF/ICSI during

this period and all cycles were included.

2.4 Method:

A total of 1629 IVF-ET cycles were analysed retrospectively in 773 patients
including 1292 fresh cycles, and 101 frozen cycles. The fresh cycles had all been
treated with the same long protocol. I excluded cycles which were treated with citrotide
Complete pituitary desensitization was achieved with a GnRH agonist, most of the
patients had subcutaneous Buserelin, (Superfact, Aventis Pharma Deutschland GmbH,
Bruningstrasse 50, Frankfurt am Main, Germany) 1mg subcutaneously daily starting on
day 21 to 25 of the cycle according to individual cycle length. Initially a few patients
were treated with nasal Nafarelin but because of the inconvenience of nasal
administration the Hull IVF unit changed its policy to use Buserelin. The duration of
drug treatment was until complete ovarian suppression was achieved (endometrium less

than 4mm and/or serum oestradiol less than 100pmol/l).

Mock embryo transfer was introduced as unit policy in 1999, and hence mock
embryo transfer was performed for the vast majority of the patients who are included in
the study, following a scan to confirm down regulation. Ovarian hyperstimulation was
then started and individually adjusted according to the speed and number of follicular
growth. The starting dose was 150-225 IU of urofollitrophin (Metrodin high purity:
Serono Laboratories UK Ltd, Welwyn Garden City, UK). Monitoring of the follicular
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growth was performed every other day after the 5™ day of stimulation, until the lead
follicle reached a diameter of 18-20mm, when 10,000 IU hCG (Profasi, Serono) was
given as an ovulatory trigger. Oocytes were harvested by transvaginal ultrasound
guided puncture at approximately 36 hrs after hCG administration. All patients received
600mg of Ibuprofen (Brufen; Knoll Ltd, Nottingham, UK) 2 hrs before oocyte retrieval,
which was performed under i.v. sedation using Midazolam (Antigen International
Limited, Roscrea, co. Tipperary, Ireland), and Alfantanil (Rapifen; Janssen-Cilag Ltd,
High Wycombe, Buck, UK). The partners gave their semen on the day of egg retrieval,
in the lab the sample was washed out from the dead cells and seminal fluid.
Insemination was performed 4-6 hrs after preparation of the semen. 75,000-100,000
sperm / oocyte were used in IVF cases while in ICSI cases one sperm was used per
oocyte. Insemination was performed 4-6 hrs later and fertilization checked after ~ 18-
20hrs. Cleavage was checked after 44-48hrs and embryos were graded according to
their morphology, degree of cytoplasmic fragmentations and cleavage stage. A scale
was used from grade 1 to grade 5, with grade 5 regarded as the best embryo. Embryos
were regarded as grade 5, if there was no cytoplasmic fragmentation; the blastomeres
were equal in size and regular in shape. When the embryos were slightly fragmented
(i.e. the fragmentation were less than 20%), they were regarded as grade 4. Embryos
with 20-50% fragmentation were regarded as grade 3, while moderately fragmented
embryos (i.e. embryos with more than 50% fragmentation) were regarded as grade 2
and severely fragmented embryo was regarded as grade l.see figure
2.1(a),(b),(c),(d),(e). Any embryo that was equal to or above grade 3 was regarded as a
good embryo. Embryo transfer was timed according to the day of egg retrieval, with
patients who had egg retrieval on a Monday or a Wednesday having embryo transfer 48
hours later, whereas patients who had egg retrieval on a Friday had their embryo
transfer 72 hours after egg retrieval. All patients had progesterone oral tablets for luteal
phase support starting on the day of egg retrieval, which was changed to vaginal
micronised progesterone (Utrogestan, Besin, Iscovesco, laboratories, Paris, France)
after embryo transfer. Luteal support was continued for 2 weeks until the result of the
pregnancy test was known. The three outcomes studied were pregnancy rate,

implantation rate abortion rate and live birth rate.
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Data were analysed on Statistics Package for Social Sciences for Windows
(SPSS UK Ltd, St. Andrews House, Woking, and Surrey, UK) using logistic regression

and chi square testing.

(a) (b)

(c) (d) (e)

Figure 2.1 Grade of the embryos, (a) grade 5 embryo, the cytoplasm is clear and the
blastomeres are regular and equal in shape, (b) grade 4 embryo there is <20%
fragmentation, (c) grade 3 embryo there is 20-50% fragmentation, (d) grade 2 embryo,
the fragmentation is >50% but its moderate, (¢) grade I embryo the fragmentation is

sever. [This figure is from©www.advancedfertility.com/embryoquality. accessed on
18/06/07]

2.5 Results of the Study
A total of 773 patients had 1629 IVF cycles, of which 233 cycles (14.3%) were

cancelled. These cancelled cycles included 51 cycles (3.13%) abandoned because of
ovarian hyperstimulation syndrome (OHSS). All of the cases of OHSS were mild to
moderate, except for two patients who had severe OHSS and had to be admitted for
treatment of a pleural effusion and ascites. 123 cycles (7.5%) were abandoned due to

under stimulation, 1 cycle was abandoned due to activation of endometriosis, 1 cycle
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was abandoned due to development of a haemorrhagic ovarian cyst, 3 cycles were
abandoned due to no sperm following TESE, 4 cycles were abandoned due to no egg
being collected and 44 cycles (2.7%) were abandoned after egg retrieval (42 due to
failure of fertilization and 2 due to late cleavage). A further 5 cycles was abandoned
due to failure of frozen embryos to survive after thawing and one cycle was abandoned
due to the development of uterine bleeding. Hence a total of 1393 (85.51%) embryo

transfers were analysed see figure 2.2.

1629 Cycles
initiated

v v
233 Cancelled cycles 1393 ETs after
(14.3%) IVF or IVF/ICSI

51 OHSS (3.13%) ,° 467 Positive before 6

b weeks (33.52%)

123 Under e A 5 ‘
stimulation (7.5%) ¥ 362 Positive after ‘4 105 Negative after
IR 6 weeks (25.8%) 6 weeks (7.5%)
44 efect of e

fertilization (2.7%)

SRR A X 15 Ectopic 92 Abortions
15 Otl:;.r ogtzs;es (3.12%) (19.7%)
e 5 Tiplets [l 112 Twin gestations 248

(0.04%) (24%) Singletons

(68.5%) 2 Abortions at
; 20 & 23 weeks
90 early abortions at
6-8 weeks

Figure 2.2 The outcome of total IVF and IVF/ICSI cycles in the retrospective study including
fresh and frozen cycles. This figure shows the number of initiated cycles, cancelled cycles,
positive pregnancy tests before and after 6 weeks, number of ongoing pregnancies, incidence of
single, twin and triplet, incidence of abortion and ectopic in the retrospective study.
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Of the 1393 completed cycles, 467 cycles (33.52%) produced positive
pregnancy tests before 6 weeks, and 362 cycles (25.8%) remained positive after 6
weeks. 92 cycles ended in abortion showing that the risk of abortion is 19.7%. In 90
cycles the abortion was early in the first 6-8 weeks, whereas 2 abortions were late, one
at 20 weeks and one at 23weeks. 15 cycles produced an ectopic pregnancy with the risk
of ectopic pregnancy therefore being 3.12%. 112 cycles produced a twin gestation and
2 cycles produced a triplet gestation, therefore the incidence of twin and triplet
gestation was 24% and 0.04% respectively. The pregnancy rate per started cycle was
28.66%, and per embryo transfer was 33.52%. The implantation rate per embryo was

19.37%. The live birth rate was 22% if calculated per cycle and 25.84% if calculated
per embryo transfer, see table (2.1).

Table 2.1 Pregnancy and live birth rates per started cycle and per
ET for all IVF, IVF/ICSI and FET cycles

Initiated | Embryo | Pregnancies | Pregnancy | Pregnancy | Live birth | Live birth
cycles | transfers rate/cycle | rate/ET | rate/cycle | rate /ET
1629 1393 467 28.66% 33.52% 22% 25.84%

Among the total of 1292 fresh cycles, there were 830 cycles (64.2%) of IVF of
which 288 cycles were positive and the pregnancy and implantation rate per embryo
transfer were therefore 34.7% and 20.53% respectively. The other 462 cycles (35.8%)
were IVF/ICSI, of which 155 cycles were positive and the pregnancy and implantation
rates were therefore 33.5% and 18.84% respectively. The difference in the pregnancy
and implantation rates between IVF and IVF/ICSI is not statistically significant [P=
0.688 (> 0.05), odds ratio (OR) and 95% CI 0.952 (0.749-1.210)] for the pregnancy rate,
and [P = 0.289 (>0.05), OR and 95% CI 0.899 (0.738-1.095)] for the implantation rate,
see table 2.2. Limiting the figures to fresh cycles with the transfer of only 2 embryos
there were 621 IVF cycles, with 235 cycles producing positive results, and 351 cycles
of IVF/ICSI, of which 128 cycles were positive. The pregnancy and implantation rates
for IVF were therefore 37.8% and 24.35%, and for IVF/ICSI the values were 36.5%
and 21.36% respectively [P = 0.670 (> 0.05) OR and 95% CI 0.943 (0.719-1.237)] for
the pregnancy rate, and [P= 0.134, OR and 95% CI 0.844 (0.676-1.054)] for the
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implantation rate, see table 2.3 and figure 2.3. This shows that there is no statistically

significant difference between the outcome of IVF and the outcome of IVF/ICSI.

Table 2.2 Differences in the outcome between fresh IVF and fresh IVF/ICSI
cycles. All cycles included except for FET cycles

TOTAL IVF ICSI P Odds
fresh ratio &
(95% CI)
1292 830 462
(64.2%) | (35.8%)
Pregnancies 443 288 155
Pregnancy rate | 34.3% 34.7% 33.5% 0.688 0.952
/ET ie. P>0.05 | (0.749-
1.210)
Implantation 19.94% 20.53% 18.84% 0.289 0.899
rate/embryos ie. P>0.05 | (0.738-
1.095)

Table 2.3 Differences in the outcome between IVF and IVF/ICSI cycles. Only

cycles in which two fresh embryos were transferred included.

TOTAL IVF ICSI P Odds ratio
& 95% CI
972 621 351
Pregnancies 363 235 128
Pregnancy 37.3% 37.8% 36.5% 0.670 0.943
rate / ET ie. P> 0.05 (0.719-
1.237)
Implantation 23.19% 24.35% | 21.36% 0.134 0.844
rate/embryos ie. P>0.05| (0.676-
1.054)
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Difference in the outcome between fresh IVFand
ICSI cycles

40.00%
35.00%
30.00% 1
25.00%
20.00%
15.00% -
10.00% -

5.00%

0.00% -

_| |®@ Pregnancy rate

| |® Implantation rate

Pregnancy and
mplantation rate

IVF ICSI
IVF and ICSI cycles

Figure 2.3 Differences in the outcome between fresh IVF and fresh IVF/ICSI cycles.
Differences in the pregnancy and implantation rates are not statistically significant.

2.5.1 Effect of the female age on the outcome of IVF/ET:

In our study, there were 830 fresh IVF cycles in which there was no male factor
infertility according to WHO criteria (WHO 1992). Of these, 19 cycles (2.3%) featured
a female with an age between 20-25yrs and of these, 8 cycles were positive and the
pregnancy, implantation, abortion, and live birth rates were (42.1%, 21.95%, 37.5%,
and 26.3% respectively). 182 cycles (22%) were for females whose age were 26 — 30
yrs and of these 81 cycles were positive and the pregnancy, implantation, abortion, and
live birth rates were (44.5%, 27.41%, 12.34%, and 39% respectively). In 401(48.3%)
cycles the female age was 31-35 with 143 cycles positive and the pregnancy,
implantation, abortion, and live birth rates were (35.7%, 22%, 16%, and 29.9%
respectively). 166 cycles (20%) the female age was 36 — 39, and 45 cycles were
positive and the pregnancy, implantation, abortion, and live birth rates were therefore
27%, 13.9%, 22.7%, and 20.5% respectively). In 62 cycles female age was 40 or above
and 9 cycles were positive with a pregnancy rate of (17%, 7.4%, 27.3%, and 12.9%
respectively). P value, Odds ratio, and 95% CI for the difference in pregnancy,
implantation and live birth rates were [P < 0.0001, Odds ratio and 95% CI were equal
to 1.092 (0.420-2.841)], [P<0.0001, Odds ratio, and 95% CI 1.343(0.620-2.909)], and
[P<0.0001, Odds ratio, and 95% CI 1.791(0.618-5.188)] respectively, P value for the
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difference in abortion rates P=0.237, which means that there is a statistically
significant difference in the outcome, and there is a drop in the pregnancy, implantation,
and live birth rate with the increase in the female age, the underlying cause of this result
may be related to increase in the proportion of low quality embryos with increase in the
maternal age. In addition there was increase in the abortion rate with increase in the
female age this result may be related to defect in the endometrial receptivity which
probably increase with increase in the female age, see table (2.4), figure (2.4). In
addition, in our study we found that abortion rate is high when female age is 20-25
years old, the underlying cause of this result may be due to low number of cycles at this

age group because patients at this age group rarely request IVF treatment.

Table 2.4 Effect of the female age on the outcome of IVF-ET. All the cycles were fresh

IVF cycles, and no male factor infertility. Difference in the pregnancy, implantation,
and live birth rates were checked with Chi square, and logistic regression tests.

Female Female Female Female Female P value, Odds
age age age age age ratio, and 95% CI
20-25 yrs | 26-30 yrs | 31-35yrs | 36 -39 yrs | > 40 yrs
Total 19 182 401 166 62
(2.3%) (22%) (48.3%) (20%) (7.5%)
Pregnancies 8 81 143 45 9
Pregnancy 42.1% 44.5% 35.7% 27% 17% P <0.0001
rate / ET OR and 95% CI
1.092
(0.420-2.841)
Implantation | 21.95% | 27.41% 22% 13.9% 7.4% P<0.0001
rate/ embryo OR and 95% CI
1.343
(0.620-2.909)
Abortionrate | 37.5% 12.34% 16% 22.7% 27.3% P=0.237
Live birth rate | 26.3% 39% 29.9% 20.5% 12.9% P<0.0001
OR and 95% CI
1.791
(0.618-5.188)
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Effect of the female age on the outcome of IVF-ET

0,
H0% @ Pregnancy rate

45% B Implantation rate
40% OLive birth rate
35% O Abortion rate

30%
25% | i
20% 4+
15%
10%

Pregnancy rate

0%

20-25yrs 26-30yrs 31-35yrs 36-39 yrs >39 yrs

Female age

Figure 2.4 Effect of female age on the outcome of IVF-ET. There is a decrease in the
pregnancy, implantation, and live birth rates with increasing female age.
In addition there is an increase in the abortion rate with increasing female age

2.5.2 Relation between female age and the grade of embryos:

In our study, there were 830 fresh cycles of IVF that featured no male factor
infertility and it was shown that the distribution of the grade of embryos according to
female age varied as following: in 19 cycles the female age was between (20-25 years).
Of these, there was 1 cycle in which there was a single embryo transfer, 4 cycles of
triple embryo transfer and the remaining 14 cycles were double embryo transfers. In 3
cycles (21.4%), one embryo was grade 2 and the other one was grade 3, in 2 cycles
(14.3%) both embryos were of grade 3, in 7 cycles (50%) one embryo was grade 3 and
the other one was grade 4, in 2 cycles (14.3%) one embryo was grade 4 and the other

one was grade 5, see table (2.5).

The distribution of the embryos in the second group, which consisted of 182
cycles in which the female age was between 26 and 30, was as follows: there were 4
cycles in which there was single embryo transfer; 22 cycles of triple embryo transfer
and the remaining cycles were of double embryo transfer. In 14 cycles (9%) one

embryo was grade 2 and the other grade 3; in 34 cycles (22%) both embryos were of
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grade 3; in 68 cycles (43.6%) one embryo was grade 4 and the other one was of grade 3;
in 19 cycles (12.3%) each embryo was of grade 4; and in 20 cycles (13%) one embryo
of grade 4 and the other one of grade 5; in 1 cycle one embryo was of grade 3 and the

other one of grade 5. see table (2.5).

In the third group, there were 401 cycles in which the female age was between
31 and 35. In 22 cycles there was single embryo transfer; in 54 cycles (17.6%), one
embryo was grade 2, and the other one grade 3; in 83 cycles (27%), each embryo were
of grade 3; in 100 cycles (32%), 1 embryo of grade 3 and the other one was of grade 4;
in 42 cycles (13.5%) each embryo was of grade 4; and in 28 cycles (9%), one embryo
was grade 4 and the other one grade 5; in 1 cycle one embryo was grade 2, and the
other one was grade 5; in 3 cycles one embryo was grade 3, and the other was grade 5;
in 1 cycle each embryo was of grade 5; and in 67 cycles there were triple embryos

transferred, see table (2.5).

In the fourth group, of 166 cycles, in which female age was 36-39, 5 cycles had
single embryo transfer; in 20 cycles (16.5%), two embryo transfer, one embryo was of
grade 2, and the other was of grade 3; in 30 cycles (31.3%), both embryos were of
grade 3; in 41 cycles (38%), one embryo of grade 3, and the other one was of grade 4;
in 9 cycles (9.2%) had embryos that were each of grade 4; in 10 cycles (10.2%), one
embryo was of grade 4 and the other was of grade 5, and in 2 cycles, one embryo of
grade 3, and the other one was of grade 5; in 1 cycle there were transfer of 2 fresh

blastocyst; and in 48 cycles there were triple embryo transfer see table (2.5).

In the last group of patients 62 cycles (female age was equal or more than 40).
In 6 cycles, there was single embryo transferred, in 29 cycles, there were triple embryos
transferred. In 1 cycle, both embryos were of grade 2, in 6 cycles, 1 embryo was of
grade 2 and the other was of grade 3 (22.2%). In 10 cycles (37%) both embryos were
of grade 3, in 9 cycles (33.3%), 1 embryo was of grade 3 and the other was of grade 4,
and in 1 cycle (3.7%), 1 embryo was of grade 4 and the other 1 was of grade 5 see;

table (2.5).
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Table 2.5 Proportion of the grade of embryos according to female age in all

fresh IVF cycles, in which 2 embryos were transferred and no male factor infertility

Grade of the | Female age | Female age | Female age | Female age | Female age
embryos 20-25 yrs 26-30 yrs 31-35 yrs 36-39 yrs >39yrs
19 (182) (401) (166) (62)
2 embryos T e IS 1
each grade 2 1.6%
One embryo 3 14 54 20 6
grade 2 and 21.42% 9% 17.6% 16.5% 22.2%
one grade 3
2 embryos, 2 34 83 30 10
each grade 3 14.3% 22 % 27% 31.3% 37%
One embryo 7 68 100 41 9
grade 3 and 50% 43.6% 32% 38% 33.3%
one grade 4
2 embryos, - 19 42 9 —-
each grade 4 12.3% 13.5% 9.2%
One embryo 2 20 28 10 1
grade 4 and 14.3% 13% 9% 10.2% 3.7%
one grade 5
One embryo - —————- 1 3 2 e
grade 3 and
one grade 5
One embryo |  —-—-== |  ---—ee- | R I
grade 2 and
one grade 5
2embryos | @ -emem | meemee- | N e
each grade 5
2fresh |  cemcemmee | e | e | S
blastocysts

From the previous table we can see that more than 60% of embryos within

each age group were of grade (3,3) or (3,4), see figure (2.1) .The distribution of the

low grade embryos i.e. one embryo of grade 2 and the other one of grade 3, were

highest in the older age group (i.c. female age 40 and above), and we found that

22.2% of the embryos in this age group were of low grade, this probably explain the

decrease in the pregnancy rate with increasing female age. In addition, we found the

proportion of low grade embryos was lowest in the age group 26-30yrs, this may

partly explain the highest pregnancy rate in this age group, while at the age of 20-

25yrs we had only 19cycles, because patients rarely requesting IVF treatment at this

27




A Retrospective Analysis of Patient Records in Order to Identify Factors
Predictive of Successful IVF/ET Treatment

age, with higher number of patients at this age group the picture may be changed see
table (2.5), and figure (2.5). For high grade embryos the distribution is highest in the
young age group and it gradually decreases as the patient become older and is lowest
in the old age group i.e. patients of 40 years and above, at which the percentage is
low 3.7%, P= 0.087, see figure (2.5). Further, more we found that in all age groups
around 75% of embryos are of grade 3 and above and according to our lab, embryos
of grade 3 and above are regarded as good quality embryos, we can also see that
after the age of 35 years old there is a reduction in the pregnancy, implantation, and
live birth rates in spite of good quality embryos which suggests that the defect may

be in the chromosomes and therefore cannot be detected.

Effect of the female age on the grade of the embryo

25.00%
° &
Tw
52 20.00%
3 E
2 8—’ 0, Jies
29 15.00% B low grade embryo
..'c'_; - O high grade embryo
c 5 10.00%
i
t o
S 2 5.00%
o
a §

0.00%
20-25 26-30 31-35 36-39 >39
Female age

Figure 2.5 Proportion of high grade and low grade embryos according to female age.
This figure shows that there is step wise decrease of the percentage of high grade
embryos with the increase in female age; in addition it shows that the lowest proportion
of the low grade embryos were among the cycles in which the female age is between
26-30 years. This may partly explain the highest pregnancy rate in this age group.
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2.5.3 Effect of the male age on the outcome of IVF-ET:

The age distribution in 1393 cycles with regard to male age was as follows:
there were 110 cycles (18.2%) in which male age was between 20-30 years. In these
cycles there was no male factor infertility according to WHO criteria (WHO 1992), and
all the cycles were fresh, and the female age was equal to or below 35. Of these, 47
cycles were positive and the pregnancy rate was 42.7%. In 474 cycles (78.6%) the
male age was between 31-44 years. Of these, 179 cycles were positive and the
pregnancy rate was 37.8%. In 19 cycles (3.2%) the male age was equal to or above 45
and the female age was equal to or below 35 and of these, 6 cycles were positive and
the pregnancy rate was 31.6%. [P=0.516 (>0.05), and 95% CI = 0.761 (0.496 — 1.168)].
We could not find any significant effect of male age on the outcome of IVF-ET, see

table (2.6), and figure (2.6).

Table 2.6 Effect of male age on the outcome of 603 fresh IVF-ET cycles. In all these
cycles there was no male factor infertility and female age was <36 yrs

Male age 20-30 | Male age 31-44 | Male age >40 | P value, Odds
yrs yrs yrs ratio and
95%CI
Total 110 (18.2%) 474 (78.6%) 19 (3.2%)
Pregnancies 47 179 6
PR /ET 42.7% 37.8% 31.6% 0.516 (> 0.05)
OR and 95% CI
0.761
(0.496 — 1.168)
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Effect of the male age on the outcome of IVF-ET

45.00%
40.00%
35.00%
30.00%
25.00%
20.00% :
15.00% -+
10.00%
5.00%
0.00% T T
20-30 yrs 3144 yrs >44 yrs
Male age

M Pregnancy Rate

Pregnancy rate

Figure 2.6 Effect of male age on the outcome of IVF-ET. Differences in the
outcome are not statistically significant.

2.5.4 Effect of the male age on the grade of embryos:

In our study, there were 110 cycles in which male age was between 20 and 30
years, where there was no male factor infertility and where the female age was less than
36. In 8 cycles there was 1 embryo transfer; in 13(14%) of the cycles the embryos were
of low quality one is grade 2 and the other one of grade 3; in 18 cycles (19.4%) each
embryo was of grade 3; in 40 cycles (43%) one embryo was grade 3 and the other one
was grade 4; in 10 cycles (10.8%) each embryo was grade 4; in 12 cycles (13%) the
embryos were of high quality i.e one is grade 4 and the other one is grade 5; and in 9

cycles 3 embryos transferred, see table (2.7).

In 474 cycles, male age was between 31 and 44 years, in 18 of these cycles
there was one embryo transfer. In 56 cycles (15%) the embryos were of low quality; in
99 cycles (26.5%) each embryo was grade 3; in 132 cycles (35.3%) one embryo was
grade 3 and the other one was grade 4; in 49 cycles (12%) each embryo was of grade 4;
in 37 cycles (10%) the embryos were of high quality i.e. one of grade 4 and the other of

grade 5; in one cycle one embryo of grade 2 and the other one of grade 5; in 4 cycles
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one embryo of grade 3 and the other one of grade 5; in one cycle each embryo of grade

5; in 77 cycles there were three embryos transferred, see table (2.7).

In 19 cycles, male age was above 44. In 2 cycles there was one embryo transfer;
in 2 cycles (20%) of the cycles the embryos were of low quality i.e. one is grade 2 and
the other one of grade 3; in 2 cycles (20%) each embryo was of grade 3; in 3 cycles
(30%) one embryo was of grade 3 and the other one was of grade 4; in 2 cycles (20%)
each embryo was of grade 4; in one (10%) of the cycles embryos were of high quality
where one was of grade 4 and the other one was of grade 5, and in 7 cycles there were
three embryos transferred. P = 0.921(>0.05) means that there is no statistically
significant difference in the grade of embryos produced according to male age; see

table (2.7).
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Table 2.7 Effect of male age on the grade of embryos. All cycles were fresh IVF cycles
and 2 embryos were transferred and female age is <36 years. In this table we can see
the proportion of the grades of embryos is equal in all age groups, and there is no
statistically significant difference in the distribution of low grade and high grade
embryos according to male age.

Grade of embryos | Male age 20- Male age Male age >44 | Total
30 yearsold | 31-44 years old years old,
110 cycles 474 cycles 19cycles
One embryo 13 56 2 70
grade 2 and one 14% 15% 20%
grade 3
Two embryos 18 99 2 129
both grade 3 19.4% 26.5% 20%
One embryo 40 132 3 178
grade 3 and one 43% 35.3% 30%
grade 4
Two embryos 10 49 2 58
both grade 4 10.8% 12% 20 %
One embryo 12 37 1 47
grade 4 and one 13% 10% 10%
grade 5
Oneembryo |  --=--e- |
grade 2 and one
grade 5
One embryo |  «---me--- 4 | e
grade 3 and one
grade 5
Two embryos | — —-----m- |
each grade 5
Total 93 379 10 477

2.5.5 Difference in the outcome between fresh and frozen
cycles:

Among 1393 embryo transfer cycles, there were 971 fresh cycles in which 2
embryos were transferred, see table (2.8). 362 cycles produced positive pregnancy tests
and the pregnancy and implantation rates were (37.3% and 23.22% respectively). In
one cycle there was a transfer of 2 fresh blastocysts and the cycle was positive. In 55
cycles of 2 frozen embryo transfers, 15 cycles were positive and the pregnancy and
implantation rates were 27.3% and 16.36% respectively, [P=0.128(P> 0.05), O.R., and
95% CI = 0.626(0.341-1.150)] for the pregnancy rate, and [P = 0.098, Odds ratio, and
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95% CI 0.647(0.386-1.084)] for the implantation rate, which means that embryo
cryopreservation may not be affecting the outcome but the number of frozen cycles
which is available for analysis was small, and this result is contradicting the published
analysis, see table (2.9) and figure (2.7). In addition, there were 4 cycles in which
embryos were frozen and after thawing they were kept for few days more to reach a
blastocyst stage. Of these, 2 cycles were positive and the pregnancy and implantation
rates were 50% and 37.5%. In 7 cycles, 1 frozen embryo was transferred, 1 cycle was
positive and the pregnancy and implantation rates were 14.3% and 14.3% respectively.
In 35 cycles three frozen embryos were transferred, of which 6 cycles were positive and
the pregnancy and implantation rates were 17.1% and 5.71% respectively [P (0.460) >
0.05 and the 95% CI = 2.250 (0.250 —20.278)] for the pregnancy rate, and [P 0.046
P<0.05, 95%CI 0.31(0.118-0.814)] for the implantation rate. This means that there is no
statistically significant difference in the pregnancy rate according to the number of the
embryos used in frozen cycles but there is a statistically significant difference in the
implantation rate according to the number of frozen embryos transferred with better

outcome with transfer of 2 frozen embryos, see table 2.10(a), and figure (2.8).

Table 2.8 Number and type of embryos transferred in all IVF-ET, and IVF/ICSI-
ET cycles, which are included in the retrospective analysis

No. of cycles Type of embryos
247 3 Fresh embryos transferred
1 3 fresh embryos transferred, 1 of them was morula
1 3 fresh embryos transferred, 1 of them was blastocyst
971 2 Fresh embryos transferred
1 2 fresh blastocyst transferred
71 1 Fresh embryo transferred
35 3 Frozen embryos transferred
55 2 Frozen embryos transferred
7 1 Frozen embryo transferred
4 2 blastocyst of frozen embryos transferred
1393 Total
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Table 2.9. Effects of embryo cryopreservation on the outcome of IVF and IVF/ICSI-
ET cycles. All cycles with transfer of 2 fresh or 2 frozen embryos were included.

Fresh Frozen P (fresh vs. OR and ET of 2
cyclesof | cycles of frozen) 95.0% C.1. frozen
two ET two ET blastocyst
Total cycles 971 33 -4
Pregnancies 362 15 2
Pregnancy rate 37.3% 27.3% P=0.128 0.626 50%
/ET (>0.05) (0.341-1.150)
Implantation 23.22% 16.36% P =0.098 0.647 37.5%
rate (>0.05) (0.386-1.084)

Pregnancy and implantation rate

40.00%
35.00%
30.00%

25.00%

16.00%
10.00% A
5.00% A

0.00% -

20.00% [

Fresh embryo

Frozen embryo
Fresh and frozen cycles in which 2ET

Difference in outcome between fresh and frozen cycles

E Pregnancy
rate

rate

H Implantation

Figure 2.7 Difference in the outcome between fresh and frozen IVF and IVF/ICSI
cycles. The outcome is lower in the frozen cycles, but the differences in pregnancy and
implantation rates are not statistically significant

34




A Retrospective Analysis of Patient Records in Order to Identify Factors
Predictive of Successful IVF/ET Treatment

Table 2.10(a) Effect of the number of embryos transferred in frozen IVF and IVF/ICSI

cycles. Difference was checked with Chi square and Logistic regression tests

total Frozen | Frozen | Frozen | P value | Odds ratio and
one 2 three 95%CI
embryo | embryo | embryo
Total 97 7 55 35
Pregnancies 22 1 15 6
Pregnancy |22.68% | 14.3% | 27.3% | 17.1% 0.460 2.250
rate/ ET (> 0.05) | (0.250-20.278)
Implantation | 9.9% 14.3% | 16.36% | 5.71% 0.046 0.31
rate (<0.05) | (0.118-0.814)

Effect of the number of the embryos transfered in frozen cycles on
the outcome of IVF-ET

30.00%
c
9
- 0,
8 25.00%
S
° 20.00%
_E’ ’ B Pregnancy Rate

[
2 © 15.00% T @ Implantation Rate
© o
g 10.00%
©
c
g’ 5.00%
o
0.00%
One ET Two ET Three ET
Number of embryos

Figure 2.8 Effect of the number of frozen embryos transferred on the outcome of IVFE,
and IVF/ICSI cycles. The outcome was good with 2 embryo transfer. Difference in the
pregnancy rate is not statistically significant, while difference in the implantation rate

of one or two embryo transfers versus three embryo transfer was statistically significant.

When we looked at the cycles in our study, we found that in 42.9% of 1 frozen
embryo transfers, 30.9% of the 2 frozen embryo transfers, and in 31.4% of the 3
embryo transfers, female age was above 35 years old. If we include only the cycles in
which female age is equal to or below 35 years old, we found that there were 4 cycles
in which there was one frozen embryo transfer, all the cycles were negative. In 38
cycles 2 frozen embryos were transferred, 13 cycles were positive and the pregnancy
and implantation rates were 34.2% and 21% respectively. In 24 cycles 3 frozen

embryos were transferred, 6 cycles were positive and the pregnancy and implantation
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rates were 25% and 8.3% respectively. [P (0.312 >0.05)] for the difference in
pregnancy rate and [(P 0.035 (<0.05), odds ratio and 95% CI 0.341 (0.125-0.928)] for
the difference in the implantation rate. We concluded that even when we exclude all
the cycles in which female age was above 35 years old, still the outcome is better with
the transfer of two frozen embryos. We could not explain the reason underlying this
result, which may be related to a preference to transfer three embryos when they are all

of poor quality, see table 2.10(b).

Table 2.10(b) Effect of the number of frozen embryos transferred on the outcome of
IVF. Only cycles in which female age was less than 36 years old were included.

Total | One ET | Double ET | Triple ET | P value, odds ratio
and 95% CI
66 4 38 24
Pregnancies 19 0 13 6
Pregnancy 28.8% 0% 34.2% 25% P 0.312 (> 0.05)
rate/ET
Implantation | 14.5% 0% 21% 8.3% P 0.035 (<0.05)
rate/Embryo OR and 95% CI
0.341
(0.125-0.928)

2.5.6 Effect of the number of fresh embryos transferred on the
outcome of IVF-ET:

In our study, there were 71 cycles in which one embryo was transferred, and of
these, 12 cycles were positive and the pregnancy and implantation rates were 16.9%.
There were 971 cycles in which two embryos were transferred and 362 cycles were
positive, making the pregnancy and implantation rates 37.3% and 23.22% respectively.
There were 249 cycles in which three embryos were transferred, and in one group of 3
embryos there was one morula, and among another group of 3 fresh embryos there was
one fresh blastocyst. 67 cycles were positive and the pregnancy and implantation rates
were 27.1% and 11.64% respectively, [P< 0.0001, O.R., and 95% CI 2.935 (1.557-
5.534)] for the pregnancy rate, and [P<0.0001, O.R. and 95% CI 1.487(0.792-2.791)]
for the implantation rate, which means that there is a statistically significant difference
in the outcome according to the number of embryos transferred in fresh cycles see table

2.11(a),(b) and figure (2.9), while in the frozen cycles there was no significant
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difference in the pregnancy rate according to the number of embryos transferred, but
there was statistically significant difference in the implantation rate according to the

number of embryos transferred in frozen cycles, see table 2.10(a) and (b), figure(2.8).

Table 2.11 (a) Effect of the number of embryos transferred in fresh IVF and IVF/ICSI

cycles. Cycles in which there is a blastocyst and morula were excluded,
Difference was checked with Chi square and logistic regression tests

total One | Two ET | Three P Odds ratio
ET ET and 95% CI
Total 1289 71 971 247
Pregnancies 441 12 362 67
Pregnancy 34.29% | 16.9% | 37.3% | 27.12% P 2.935
rate /ET <0.0001 | (1.557-5.534)
Implantation 20% 16.9% | 23.22% | 11.64% P 1.487
rate <0.0001 | (0.792-2.791)

Effect of the number of embryos transfered in fresh cycles on the
outcome of IVF-ET

40.00%
35.00%
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Figure 2.9 Effect of the number of fresh embryos transferred on the outcome of IVF,
and IVF/ICSI cycles. The outcome is good with 2 embryo transfers, and the difference
in the pregnancy and implantation rate is statistically significant.

In our study we found that female age was greater than 36 years in (29.6%,

20.6% and 38%) of one, two and three embryo transfers respectively and that if we
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exclude these cycles, we found that there were 50 cycles in which there was one
embryo transfer, of which 9 cycles were positive, and pregnancy and implantation rates
were 18% and 18% respectively. There were 771 cycles in which two fresh embryos
were transferred, 314 cycles were positive and pregnancy and implantation rates were
40.7%, 25.68% respectively.
transfer, 47 cycles were positive and the pregnancy and implantation rates were 30.3%,
13.76% respectively [P<0.001, O.R., and 95% CI 3.130(1.500-6.532)] for the
pregnancy rate, and [P<0.0001, O.R. and 95% CI 0.462(0.346-0.616)] for the

implantation rate. This means that even after excluding the cycles in which female age

In addition, there were 155 cycles of three embryo

was more than 35 years old, the difference in the pregnancy and implantation rates is
statistically significant with better outcome from two embryo transfers. We could not
explain the underlying cause resulting in the poor outcome of three embryo transfer,

which may be related to transfer of poor quality embryos , see table 2.11(b).

Table 2.11(b) Effect of the number of embryos transferred in fresh IVF and IVF/ICSI
cycles, all the cycles in which the female age is less than 36 years were included.
Difference was checked with Chi square and Logistic regression tests

total | One ET | Two ET | Three | P Value Odds ratio
ET and 95% CI
976 50 771 155
Pregnancies 370 9 314 47
Pregnancy 37.9% 18% 40.7% 30.3% | <0.001 3.130
rate per ET (1.500-6.532)
Implantation | 22.79% | 18% | 25.68% | 13.76% | <0.0001 0.462
rate (0.346-0.616)

In our study we found that the incidence of twin and triplet pregnancy in single
embryo transfer (SET), double ET, and in triple ET is (0%, 0%), (24.5%, 0.02%) and
(26.86% and 1.5%) respectively, and we conclude that although the outcome is lower
with triple ET but still the risk of twin and triplet pregnancy is higher with triple ET as
compared to double or to single ET, see table 2.11(c), figure (2.10).

Table 2.11(c) Proportion of twin and triplet pregnancies in single, double and triple ET

SET Double ET Triple ET
twin 0% 24.5% 26.86%
triplet 0% 0.02% 1.5%
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Effect of the number of embryos on the incidence of
mutiple pregnancy

30%

25%

20% B Twin
15% B Triplet

10%
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SET Double ET Triple ET

Multiple pregnancy rate (%)

Number of embryos transferred

Figure 2.10 The proportion of twin and triplet pregnancies according to the
Number of embryos transferred; the proportion is lowest with 1 ET,
and highest with 3 ET.

2.5.7 Effect of the grade of embryos on the outcome of IVF-ET:

In table 2.12, we can see the grades of embryos transferred in single, double and

triple transfers in 1292 fresh cycles
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Table 2.12 Grade of embryos in all fresh IVF and IVF/ICSI cycles of the retrospective
study, embryos were scored according to the degree of their cytoplasmic fragmentation,
see figure 2.1(a), (b), (¢), (d), ()

Grades ofthe 3 | No. | Gradesofthe2 | No. Grades of | No. of
embryos embryos one the
embryo cycles

1,2,3 1 2,3 165 2 9
2,2,2 5 2,2 2 3 43
2,2,3 30 2,4 2 4 19
2,2,4 4 3,3 247
2,3,3 30 3,4 354
2,34 18 3,5 13
2,44 1 4,4 99
2,4,5 1 4,5 88
3,3,3 37 2,5 1
3,3,4 54 5,5 1
3,4,4 21 2 blastocyst 1
4,44 10
4,4,5 13
5,5,5 2

4,4 and one 1

morula

3,3,5 1
3,5,5 1

2,3 and one 1

blastocyst

4,5,5 5
3,4,5 13

Total 1292 249 972 71

2.5.7.1 Effect of the grade of one embryo on the outcome of IVF-ET:

In our study, there were 9 cycles in which the embryos were of grade 2, and all
the cycles were negative. In 43 cycles the embryos were of grade 3, and 7 cycles were
positive and the pregnancy rate was therefore 16.3%. In 19 cycles, all the embryos
were of grade 4, and 5 cycles were positive with the pregnancy rate being 26.31%
P=0.219 (P>0.05) which means that the difference is not statistically significant; see
table 2.13 May be with a higher number of cycles the result would reach significance,

like in the next subject.
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Table 2.13 Effect of the grade of 1 fresh embryo on the Outcome of IVF, and IVF/ICSI
cycles, difference was checked with Chi square test

One embryo | One embryo | One embryo P Value
grade 2 with grade 3 | with grade 4
Total 9 43 19
Pregnancies 0 7 5
Pregnancy 0% 16.3% 2631 % 0.219
rate/ET (>0.05)

2.5.7.2 Effect of the grade of 2 embryos on the outcome of IVF-ET:

Of the 1393 IVF-ET cycles, there were 88 cycles in which one of the embryos
was grade 4 and the other one was grade 5. Of these 54 cycles were positive and the
pregnancy and implantation rate were (61.4% and 35.8% respectively). In 99 cycles,
there were 2 embryos each one of grade 4 of which 51 cycles were positive and the
In 354

cycles one embryo was grade 3 and one was grade 4. Of these 142 cycles were positive

pregnancy and implantation rates were (51.5%, and 33.33% respectively).

and the pregnancy and implantation rates were (40.2%, and 24.92% respectively). In
247 cycles both embryos were grade 3 with 90 cycles positive and the pregnancy and
implantation rates being (36.4% and 23.17% respectively). -In 165 cycles, one embryo
was grade 2 and the other one was grade 3. Of these 19 cycles were positive and the
pregnancy and implantation rate was (11.5% and 6.96% respectively) [P< 0.0001, O.R.,
and 95% C.1. 4.405 (2.557-7.587)] for the pregnancy rate, and [P <0.0001, O.R., and
95% CI 4.004 (2.496-6.424)] for the implantation rate. This means that there is a
statistically significant difference in the outcome when there is difference in the grade
of the embryos and since the 95% CI ratio is above 1 this means that the higher the
grade of the embryo, the better the outcome, see table (2.14), and figure (2.11).
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Table 2.14 Effect of the grade of 2 fresh embryos on the outcome of IVF and IVF/ICSI

cycles, only cycles which contain the underlying grades were included, difference was
checked with Chi square and logistic regression tests

One Both One Both One P value, Odds
embryo | embryos | embryo | embryos | embryo | ratio and 95%
grade 4 | grade 4 grade 3 grade 3 | grade 2 CI
and one and one and one
grade 5 grade 4 grade 3
Total 88 99 354 247 165
(9.2%) | (10.4%) (37%) (26%) | (17.3%)
Pregnancies 54 51 142 90 19
Pregnancy 61.4% 51.5% 40.2% 36.4% 11.5% P <0.0001
rate/ET OR and 95% CI
4.405
(2.557-17.587)
Implantation 35.8% | 33.33% | 24.92% | 23.17% | 6.96% P <0.0001
rate OR and 95% CI
4.004
(2.496-6.424)

Effect of the grade of 2 fresh embryos on the outcome of IVF-
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Pregnancy and
implantation rate
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2,3

3,3

34 44

Grade of embryos
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@ Implantation Rate

Figure 2.11 Effect of the grade of 2 fresh embryos on the outcome of IVF and
IVF/ICSI cycles. There is stepwise increase in the pregnancy and implantation rates as
the grade of embryos becomes higher.
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2.5.7.3 Effect of the grade of three fresh embryos:

In our study, there were 103 cycles in which 3 embryos were transferred and in
each one the embryos were grade 3 or below. In one cycle the 3 embryos were of grade
1, 2, 3, respectively, in 5 cycles each embryo was of grade 2, in 30 cycles the embryos
were of grade 2, 2, 3, in 30 cycles the embryos were of grade 2, 3, 3, and in 37 cycles
each embryo was of grade 3. Due to the small quantity of data for each group the
outcomes of all these groups were collected together for statistical purposes. 20 cycles
were positive and the pregnancy rate was 19.4%. In 30 cycles all the embryos were
either grade 4 or above. In 10 cycles all the embryos were of grade 4, in 13 cycles the
grades of the embryos were 4, 4, and 5, in 5 cycles the embryos were of grade 4, 5, §
and in 2 cycles the grade of the embryos were 5, 5,5. 9 cycles were positive and the
pregnancy rate was 30% P=0.2 (>0.05). This means that there is no statistically
significant difference in the outcome between the 2 groups, see table (2.15). This result
may be due to the transfer of 3 good quality embryos when there is a history of failed
cycles or alternatively with a higher number of cycles in each group the difference

might become significant.

Table 2.15 Effect of the grade of three fresh embryos on the outcome
of IVF and IVF/ICSI cycle

All the embryos are | All the embryos are P value
grade 3 or below grade 4 and above

Total 103 30
Pregnancies 20 9
Pregnancy rate/ ET 19.4% 30% 0.2

P>0.05

2.5.8 Effect of the number of blastomeres on the outcome of
IVF-ET

In our study, there were 1292 fresh cycles. Of these, 71 cycles were of one

embryo transfer, 972 cycles were of 2 fresh embryo transfers, and in 249 cycles there
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was the transfer of 3 embryos. In the following 2 tables, table 2.16 (a) and (b) we show

the number of the cells in each embryo.

Table 2.16 (a) Number of the blastomeres of 1, and 2 fresh embryos transferred
in IVF, or IVF/ICSI cycles

Cells of No. of the Cells of 2 No. ofthe | Cellsof2 | No. of
one embryo cycles embryos cycles embryos the
cycles
2 cells 18 2,2 cells 120 3,6 3
3 cells 9 2,3 cells 28 3,8 1
4 cells 21 2.4 cells 99 4,4 314
5 cells 6 2,5 8 4,5 58
6 cells 8 2,6 S 4,6 51
8 cells 9 2,8 3 4,8 19
3,3 9 5,5 10
3,4 48 5,6 13
3,5 10 5,8 3
8,8 71 6,6 12
6,8 86 2 fresh 1
blastocyst
total 71 972

Table 2.16 (b) Number of the blastomeres of 3 embryos transferred in fresh IVF, and

IVF/ICSI cycles
Celils of 3 No. Cells of 3 No. Cells of 3 No.
embryos embryos embryos
2,2,2 18 3,5,8 2 5,5,5 1
2,23 13 4,44 41 5,5,8 1
2,24 13 44,5 10 5,8,8 2
2,2,5 3 4,4,6 13 6,6,6 1
2,2,6 4 4,48 3 6,6,8 3
2,2,8 3 4,5,6 4 6,8,8 13
2,3,3 5 4,6,6 2 2,4,6 1
2,3,4 8 4,6,8 4 2,4,8 1
2,3,5 1 4,8,8 3 2,5,5 1
2,3,6 1 4, 8, morula 1 2,5,8 1
2,4,4 21 2, 3, blastocyst 1 3,33 2
2,4,5 5 8,8,8 11 3,3,4 8
3,3,5 1 3,4,4 15 3,4,6 4
34,5 1
total 249
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2.5.8.1 Effect of the number of blastomeres of single embryo on the
outcome of IVF-ET:

In our study, there were 16 cycles in which there was single embryo transfer on
day 2, and the embryos consisted of 2 blastomeres. One cycle was positive and the
pregnancy rate was 6.3%. In 18 cycles the embryos consisted of 4 cells and of these, 4
cycles were positive and the pregnancy rate 22.2%, see table 2.17(a). In addition, there
were 5 cycles in which the single embryo transfer was done on day 3, of these, 1 cycle
was positive and the pregnancy rate was 20%. In 9 cycles the embryos consisted of 8
cells. Of these, 3 cycles were positive and the pregnancy rate was 33.3%; see table
2.17(b).

Table 2.17(a) Effect of the number of blastomeres of single embryo transferred
on day 2, on the outcome of IVF and IVF/ICSI

One embryo of 2 cells One embryo of 4 cells
transferred on day 2 transferred on day 2
Total 16 18
Pregnancies 1 4
Pregnancy rate/ET 6.3% 22.2%

Table 2.17(b) Effect of the number of blastomeres of single embryo transferred
on day 3, on the outcome of IVF and IVF/ICSI

One embryo of 2 or 3 cell One embryo of 8 cells
transferred on day 3 transferred on day 3
total 5 9
pregnancies 1 3
Pregnancy rate/ET 20% 33.3%

2.5.8.2 Effect of the number of the blastomeres in two fresh embryos:

Among 1393 IVF-ET cycles, there were 693 cycles in which the 2 fresh
embryos were transferred on day 2, and 278 cycles in which the 2 fresh embryos were
transferred on day 3 after egg retrieval. For statistical purposes 518 was included in the

analysis. In 119 cycles, there were two fresh embryos, each one consisting of 2 cells.

45



A Retrospective Analysis of Patient Records in Order to Identify Factors
Predictive of Successful IVF/ET Treatment

Of these 22 cycles were positive and the pregnancy and implantation rates were 18.3%
and 11% respectively. In 97 cycles, there were two fresh embryos consisting of one
embryo of 2 cells and the other 4 cells, 33 cycles were positive and the pregnancy and
implantation rates were 34%, and 20.2% respectively. There were 302 cycles in which
2 fresh embryos were used with each one consisting of 4 cells. 133 cycles were
positive and the pregnancy and implantation rates were 44% and 28% respectively
[P<0.0001, O.R., and 95% CI 3.470 (2.072-5.811) for the pregnancy rate, P<0.0001,
O.R., and 95% CI 3.138 (2.012-4.894)] for the implantation rate; see table 2.18(a) and
figure (2.12).

From 278 cycles in which two fresh embryos were transferred on day 3,
171cycles were included in the analysis for statistical purposes. In 15 cycles, the
embryos consisted of only a few blastomeres, two of 2 cells in one cycle, one of 2 and
one of 4 cells another cycle and two of 4 cells in the remaining 13 cycles. Of these 15
cycles, 3 were positive and the pregnancy and the implantation rates were 20% and
13.3% respectively. In 86 cycles, 2 embryos were obtained with one embryo consisting
of 6 cells and the other one consisting of 8 cells. Of these, 45 cycles were positive and
the pregnancy and the implantation rates were 52.3% and 34.11% respectively. In 71
cycles each embryo consisted of 8 cells, 45 cycles were positive and the pregnancy and
implantation rates were 63.4% and 40.14% respectively [P <0.017, O.R. 4.5 and 95%
CI = (1.184 - 17.099)] for the pregnancy rate, and [P <0.027, O.R. 3.279 and 95% CI
(1.092-9.848)] for the implantation rate. This means that there is a statistically
significant difference in the outcome depending on the number of cells for the same
developmental age, with better outcomes with higher numbers of cells, see table 2.18(b)
and figure (2.13). We concluded that, the outcome is better with higher number of

blastomeres for the same gestational age.
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Table 2.18(a) Effect of the number of the blastomeres of 2 fresh embryos transferred

on day 2, on the outcome of IVF and IVF/ICSI-ET cycles, the number in between the

bracket indicate the number of the blastomeres of each embryo, all the cycles contain
these number of blastomeres were included. The difference was checked with Chi

square, and logistic regression test.

2,2) 2,4) (4,4) P value Odds ratios and 95%
cells cells cells Cl
Total 119 97 302
pregnancies 22 33 133
Pregnancy 18.3% 34% 44% <0.0001 3.470
rate/ET (2.072-5.811)
Implantatio 11% 20.2% 28% <0.0001 3.138
n rate (2.012 - 4.894)

(%)

Pregnancy and
implantation rate

50.00%
45.00%
40.00%
35.00%
30.00%
25.00% +
20.00% +
15.00%
10.00%

5.00%

0.00%

2,4

4,4

Number of blastomeres

Effect of the number of blastomeres of 2 fresh
embryos transferred on day 2, on the outcome of IVF-
ET

Rate

B Pregnancy Rate

B Implantation

Figure 2.12 Effect of the number of blastomeres of 2 fresh embryos transferred on
day 2 on the outcome of IVF-ET. There is a stepwise increase in the
Pregnancy and implantation rate as the number of blastomeres increases.

Table 2.18(b) Effect of the number of blastomeres of 2 fresh embryos transferred on
day 3, on the outcome of IVF-ET. The numbers in brackets indicates the number of
blastomeres of each embryo.

(4,4) (6,8) (8,8) P value Odds ratio, 95% CI
Total 15 86 71
Positive 3 45 45
Pregnancy 20% 52.3% 63.4% 0.017 4.5
rate (1.184-17.099)
Implantation | 13.3% | 34.11% 40.14% 0.027 3.279
rate (1.092-9.848)
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Effect of the number of blastomeres of
embryos transferred on day 3, on the
outcome of IVF-ET
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Number of the blastomeres

Figure2.13 Effect of the number of blastomeres of 2 fresh embryos transferred on day
3, on the outcome of IVF-ET. There is stepwise increase in the pregnancy and
implantation rate as the number of blastomeres increases.

2.5.8.3 Effect of the number of blastomeres in triple embryo transfers:

In our study, there were 34 cycles in which there were 3 embryos transferred on
day 2 when each of the three embryos consisted of either 2 or 3 blastomeres. Of these, 9
cycles were positive and the pregnancy rate was therefore 26.47%. In addition, there
were 44 cycles in which each of the 3 embryos consisted of either 4 or 5 cells. Of these
44 cycles, 15 cycles were positive, and the pregnancy rate was therefore 34%, see table
2.19(a). There were 10 cycles in which the 3 embryos transferred on day 3 each
consisted of 4 cells or less, and of these, only 2 cycles were positive, and the pregnancy
rate was therefore 20%. There were 23 cycles of day 3 embryo transfer when at least 2
embryos consisted of 8 cells (in 13 cycles 6,8 and 8 cells, and in 10 cycles all embryos
had 8 cells). Of these 23 cycles, 11 were positive and the pregnancy rate was therefore

47.82%; see table 2.19(b).
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Table 2.19 (a) Effect of the number of blastomeres in 3 fresh embryos transferred on
day 2 on the outcome of IVF-ET

Cycles of 3 embryos
transferred on day 2, each
embryo consisting of
3 cells or less

Cycles of 3 embryos
transferred on day 3,
each embryo consisting of
4 cells more

Total 34 44
Pregnancies 9 15
Pregnancy rate/ET 26.47% 34 %

Table 2.19(b) Effect of the number of blastomeres in 3 fresh embryos transferred on
day 3, on the outcome of IVF-ET

Cycles of 3 embryos
transferred on day 3,
each embryo consisting of
4 cells or less

Cycles of 3 embryos
transferred on day 3,
each embryo consisting of
6 cells or more

Total 10 23
Pregnancies 2 11
Pregnancy rate/ET 20% 47.82%

2.5.9 Day 2 versus day 3 embryo transfer:

In our study, there were 693 cycles (71.4%) in which 2 fresh embryos were transferred
on day two. Of these 243 cycles were positive and the pregnancy and implantation
rates were (35.1% and 21.53% respectively). In 278 cycles (28.6%) in which 2 fresh
embryos were transferred on day three, 119 cycles were positive and the pregnancy and
implantation rates were (42.8% and 27.43% respectively), [P = 0.024 (< 0.05 ), and
95% CI = 1.024 (1.043-1.842)] for the pregnancy rate, and [P<0.005, Odds ratio 1.378,
and 95% CI(1.099-1.728)] for the implantation rate. This means that there is a
statistically significant difference in the outcome between ET on day 2 when compared
with transfer on day 3, with significantly better outcomes when the transfer done
on day three, this result might be biased due to embryo transfer was done according to

the day of egg collection, see table (2.20), and figure (2.14).
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Table 2.20 Day 2 versus day 3 embryo transfer. All cycles with 2 fresh embryos
transferred were included, the difference was checked with Chi square
and logistic regression tests

2 Day 2 Day 3 P Value Odds ratio
embryo embryo embryo and 95% CI
transfer transfer transfer

(71.4%) (28.6%)
Total 971 693 278
Pregnancies 362 243 119
Pregnancy | 37.3% 35.1% 42.8% P<0.024 1.024
rate/ET (1.043-1.842)
Implantation | 23.22% 21.53% 27.43% <0.005 1.378
rate/ET (1.099-1.728)

Difference in the outcome between day 2 and day 3
embryo transfer

45%
40%
-g g 35%
: S 30%
§ g 25% B Pregnancy Rate
c:» 5 20% B Implantation Rate
£ 15%
- 10% A

5% -
0% -

Day 2 ET Day 3 ET
Day of embryo transfer

Figure 2.14 Day 2 versus day 3 embryo transfer. This figure shows that there is a
significantly better outcome of day 3 embryo transfers as compared to day
2 embryo transfer.
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2.5.10 Effect of the procedure, whether TCET (easy or difficuly),
or TMET:

In our study, we found that, there were 1375 (98.8%) cycles in which the
procedure used was TCET (Trans cervical embryo transfer). In 124 (9%) cycles the
procedures were difficult and the remaining 1251 (89.8%) were easy. In just 17 cycles
(1.2%) the procedure of embryo transfer was TMET (Trans myometrial embryo
transfer), in one of the 17cycles the patient was an egg sharing, and 2 cycles were ZIFT

(Zygote intrafallopian embryo transfer), see table 2.21(a).

Table 2.21(a) Distribution of the TCET (easy or difficult) or TMET according to the
type of embryos transferred

Type of the TCET TCET TMET ZIFT Total
embryo easy difficult
One fresh 67 4 | e eeme- 71
embryo
Two fresh 865 95 10 1 971
embryos
Two Fresh I e e Bt 1
blastocysts
Three fresh 222 22 4 1 249
embryos
Frozen one 6 - | R A—— 7
embryo
Frozen two 54 1 - — 55
embryos
Frozen three 32 2 1 — 35
embryos
Blastocyst 4 --- e 4
1251(89.8%) | 124 (9%) | 16(1.2%) | 2(0.014%) | 1393

If we select just the outcomes of transfers involving two fresh embryos from our
data we find that there were 95 cycles in which the transfer of two fresh embryos was
transcervical and difficult. These procedures were time consuming as the catheter was
changed, the embryos were reloaded and a tenaculum was used. Of these, 38 cycles
were positive and the pregnancy and implantation rates were 40% and 26.31%
respectively. In addition, there were 865 cycles in which the transfer of two fresh

embryos was transcervical but they were easy and smooth. Of these, 323 cycles were
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positive and the pregnancy and implantation rates were 37.3% and 23.1% respectively.
Furthermore, there was a total of 16 cycles in which the transfer of the embryos was
transmyometrial and of these, there were 10 cycles that involved the transfer of 2 fresh
embryos while in 4 cycles there was the transfer of 3 fresh embryos and in one cycle
there was the transfer of one frozen embryo. In one other cycle, there was the transfer
of three frozen embryos. The indications for TMET were either previous impossible
embryo transfer or very difficult mock embryo transfer due to cervical stenosis. The
other indication was the presence of a false passage in the cervical canal. In all the
cases the TMET was easy. The cycle was only positive in one case and the pregnancy
and implantation rates were 10%, and 10% respectively if we chose only 2 fresh
embryo transfer and (6.25%, 5.5% respectively) if we chose all the TMET, [P = 0.612
(>0.05), and odds ratio and 95% CI was 1.119 (0.726- 1.725)]. This means that there is
no statistically significant difference in the outcome between easy and difficult TCET
and that the outcome of the TMET is lower, with better outcomes following TCET,
even if it is difficult, see table 2.21(b), and figure (2.15).

Table 2.21(b) Difference in the outcome between (TCET) easy or difficult and
(TMET). All IVF, and IVF/ICSI cycles with 2 fresh embryo transfers were included.
Difference was checked with Chi square, and Logistic regression tests

Total TCET TCET P Value, Odds TMET
(easy) ( Difficult ) | ratio and 95% CI
Total 970 865 95 10
Pregnancies 362 323 38 1
Pregnancy 37.31% 37.3% 40% 0.612 P>0.05 10%
rate/ET 95% CI
1.119(0.726-1.725)
Implantation 23.2% 23.1% 26.31% 0.242 >0.05 10%
rate 95% CI
1.192(0.847-1.677)
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Difference in the outcome between TCET(easy or
difficultjand TMET
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Figure 2.15 Effect of the procedure TCET (easy, difficult), or TMET on the outcome
of IVF-ET. The outcome is better with TCET. There is no statistically significant
difference in the outcome of TCET easy or difficult, and the outcome of TMET is low

2.5.11 Effect of different operators on the outcome of IVF- ET:

Our data shows that 1393 ET procedures were done by 7 different operators,
and that the ET procedures were mainly done by new trainees or by a nurse. For our
study we compared the outcomes of 575 ET procedures performed by 3 different
operators in cycles when a good prognosis was expected. All the patients were less than
36 years old, with the transfer of two embryos of at least grade 3, all of them had easy
mock embryo transfer, and all the ETs were easy, smooth, no tenaculum was used, and
no catheter was changed. The first operator did 236 ET procedures of which 83
procedures were positive and the pregnancy rate was 35.2%. The second operator did
237 ET procedures of which 99 were positive and the pregnancy rate was 41.7%. The
third operator did 102 ET procedures with 27 positive and the pregnancy rate being
26.5%. [P =0.026 (P <0.05)], see table (2.22) and figure (2.16). This means that there
is a statistically significant difference in the outcome between the three operators. It is
an important point to note that operators’ number 1 and number 3 are doctors and they
were new trainees while operator number 2 is a nurse. It is also important that all the
procedures selected were easy and that no tenaculum was used. The nurse is used to

managing many difficult procedures in Hull IVF unit. Sometimes she will attempt a
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procedure and if she feels it is difficult due to utero-cervical angulation, she may delay
the procedure for 1 hour, until the bladder of the patient becomes full and thus the
embryo transfer will be made easier. This result is particularly encouraging to assess the

role of nurses in IVF-ET with these satisfactory outcomes and no complications.

Table 2.22. Effects of procedure done by 3 different operators on the outcome of
IVF-ET. There is a statistically significant difference in the outcome between the 3
operators, with a better outcome when a nurse is doing the procedure. The difference
was checked with Chi square test.

Operator no. 1 | Operator no. 2 | Operator no.3 | P Value
Total 236 237 102
Pregnancies 83 99 27
Pregnancy 35.2% 41.7% 26.5% <0.026
rate / ET
Difference in outcome between 3 different
AB00% operators
40.00%
2 35.00%
©
= 30.00%
S 25.00%
§ 20.00% =1 |m Pregnancy Rate
g’ 15.00% +——
a 10.00% A
5.00%
0.00%
Operator 1 Operator 2 Operator 3
Operators

Figure 2.16 Effect of the procedure done by 3 different operators on the outcome
of IVF-ET. All the procedures were easy, smooth, and no tenaculum were used
and operator no.2 is a nurse while operators nos.1 and 3 were new trainee doctors.

2.5.12 How long does a new trainee take to become expert in
embryo transfer?

The nurse who is doing the embryo transfer underwent a training programme

following which she was eventually assessed by a senior doctor and was certified
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competent in performing embryo transfer. When difficulties arose with the procedure,
such as having to apply a vulsellum forceps to the cervix or to perform a cervical

dilatation, a doctor was called in to perform the procedure.

The outcomes of embryo transfer procedures done by the nurse while she was a
new trainee were analysed. In the first 55 procedures, 19 out of 55 procedures was
positive and the success rate was 34.54 %. In the second 55 procedures, 22 out of 55
procedures were positive and the success rate was 40%. In the third 55 procedures, 26
out of 55 procedures was positive and the success rate was 47.27%. [P = 0.395 (P >
0.05)], see table (2.23), and figure (2.17).

encouraging and may suggest leaving all the straightforward embryo transfer operations

This high percentage of success is

to be done by the nurse and to encourage the remaining nurses to enter the same

programme of training.

Table 2.23 The length of time required for new trainees to become expert in
doing embryo transfer

First 55 2" 55 355 P value
procedures procedure procedure
Pregnancies 19 22 26
Pregnancy 34.54% 40% 47.3% 0.395
rate/ ET (>0.05)

How long a new trainee takes to become expert in
performing embryo transfer

50.00%
45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%

5.00%

0.00%

|! Pregnancy Rate

Pregnancy rate

1st55ETs 2nd 55ETs  3rd 55 ETs
Number of procedures

Figure 2.17 How long does a new trainee will take to become expert in doing embryo
transfer? New trainees should carry out at least 100 embryo transfer procedures before
they become expert in doing embryo transfer procedures.
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2.5.13 Effect of the causes of infertility on the outcome of IVF-
ET:

In our study, 715 cycles were selected. In all these cycles only pure causes were
included and in all these cycles either two or three embryos were transferred, or the
female age was less than 36 years. There were 48 cycles in which the cause of
infertility was PCOS and 20 of these cycles were positive and the pregnancy and
implantation rate 41.7%, and 27.52% respectively. There were 68 cycles in which the
cause of infertility was endometriosis, 8 of these cycles were positive and the
pregnancy and implantation rates were 11.8%, and 7.58% respectively. There were 344
cycles in which there was male factor infertility, 132 of these cycles were positive and
the pregnancy and implantation rates were 38.37%, and 21.85% respectively. There
were 105 cycles in which the cause of infertility was pure tubal, “no hydrosalpinx and
no severe pelvic adhesions” 65 of these cycles were positive and the pregnancy and
implantation rates were 61.9%, and 37.55% respectively. There were 140 cycles in
which the cause of infertility was unexplained and 65 of these cycles were positive and
the pregnancy and implantation rates were 46.4%, and 29.62% respectively. In 10
cycles with severe pelvic adhesion all were negative. [P <0.0001, Odds ratio, and 95%
CI = 0.187 (0.73-0.475)] for the pregnancy rate, and [P < 0.0001, Odds ratio, and 95%
CI10.216 (0.103-0.455)] for the implantation rate, see table 2.24(a), and figure (2.18).

Table 2.24(a) Effect of the aetiology of infertility on the outcome of IVF-ET. All fresh
IVF, and IVF/ICSI cycles with pure cause of infertility, and transfer of two or three
embryos were included, result was checked with logistic regression and Chi square test

Aetiology of PCOS | End | Male | Tubal | Unexp P value, Odds ratio,
infertility omet | factor lained and 95% CI
riosi
S
Total 48 68 344 105 140
Pregnancies 20 8 132 65 65
Pregnancy 41.7 | 11.8 | 3837 | 61.9 46.4 P<0.0001
Rate/ET % % % % % 95% C10.187 (0.73 -0.475)
Implantation 27.52 | 7.58 | 21.85 | 37.55 | 29.62 | P <0.0001,95% CI10.216
rate % % % % % (0.103-0.455)
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Effect of the cause of infertility on the outcome of IVF-ET

B Pregnancy Rate
B Implantation Rate

Pregnancy and
implantation rate

Endometriosis PCOS Tubal Factor
Male factor Unexplained
Cause of infertility

Figure 2.18. Effect of the aetiology of infertility on the outcome of IVF, and IVF/ICSI
ET. The outcome is highest when the aetiology of infertility is tubal,
PCOS or unexplained.

2.5.13.1 Effect of the cause of infertility on the grade of embryo:

In our study, we compared the relationship between the grade of embryos and
the cause of infertility, in all cycles, female age is less than 36 years so that there will
be no effect of the female age on the grade of the embryo. We found that the highest
proportion of low grade embryos was amongst the cycles in which there was
endometriosis, “22% of the 2 fresh embryos were of grade 2,3 and 35% of grade 3,3”
which means that in around 57% of the cycles there was no embryos of grade 4, while
in the cycles in which the aetiology of infertility were PCOS, Male factor, tubal and
unexplained, there were in 26%, 43%, 34% and 35% of the cycles respectively no
embryos of grade 4. We also found that the highest percentage of high grade embryos
was amongst the cycles in which there was PCOS “20% of grade (4, 5). In addition,
there was one cycle in which 2 embryos each one was grade 5, and 2 cycles in which
the 2 embryos one is grade 3, and one is grade 3, see table 2.24(b), and figure (2.19).
The difference was checked by Chi square test. P = 0.051 which means that the

difference in the distribution of the grades of the embryos according to the cause of
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infertility is just statistically significant. This probably explains the difference in the
outcome according to the aetiology of infertility is partly due to differences in the

quality of the embryos.

Table 2.24(b). Effect of the aetiology of infertility on the grade of embryos, cycles
with 2 fresh embryo transfer were included

Embryo | PCOS | Endometriosis | Male F. Tubal | Unexplained P
grade (35) 59 266 94 123
One 2 13 43 9 19
grade 2, | (5.7%) (22%) (16.16%) | (9.6%) (15.44%)

and one
grade 3
Two 7 21 72 23 24
embryos | (20%) (35.5%) Q7%) | (24.5%) (19.5%)
each one
grade 3
One 14 17 100 42 44
grade 3 (40%) (28.8%) (37.6%) | (44.7%) (35.7%)
and one
grade 4
Two 2 5 22 13 18
embryos | (5.7%) (8.4%) (8.27%) | (13.8%) (14.6%)
each one
grade 4
One 7 3 26 7 17 0.051
grade 4 (20%) (5%) 9.77%) | (7.4%) (13.8%)
and one
grade 5
One 2 | - 3| - one
grade 3,
and one
grade 5
Two one | o mmemeem | mmmmemm | memes 0 emeeee
embryos
each one
is grade 5
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Proportion of low grade and high grade embryos according to
the cause of infertility

Low grade embryos
High grade embryos
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Figure 2.19 Effect of aetiology of infertility on the grade of embryos. This figure
shows that the highest proportion of low grade embryos were among the cycles in
which there was endometriosis, and the lowest proportion of low grade embryos were
among the cycles in which there was PCOS, while the proportion of high grade
embryos were highest among the cycles in which there was PCOS, and the lowest
proportion of the high grade embryos were among the cycles in
which there was endometriosis

2.5.14 The outcome of IVF-ET in patients with a history of
ectopic pregnancy:

In our study, there were 47 cycles in which the patients had a history of ectopic
pregnancy, in 21 cycles the ectopic was bilateral, and the remaining was unilateral
ectopic pregnancy, 10 cycles were positive and the pregnancy rate was 21.3%, and if
we chose only the cycles in which there is 2 or 3 fresh embryo transfer and the female
age is equal or less than 35 years, we found that there is 27 cycles, 8 of them are
successful and the pregnancy and the implantation rate were 29.6% and 14.5%
respectively, and if we compare this outcome with the cycles of tubal cause, the

pregnancy and the implantation rates were 61.9% and 37.55% respectively, we found
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that there is a statistically significant difference in the pregnancy and implantation rates
rate [P=0.003 (<0.05), O.R., and 95% CI 0.259 (0.104-0.647)], and [P<0.0001,0.R.,
and 95% CI 3.819(1.788-8.154)] respectively, see table (2.25), and figure (2.20).
Moreover, if we check the quality of embryos in these cycles we found that, there were
19 cycles in which 2 embryos were transferred and 8 cycles in which 3 embryos were
transferred, and a part from 19 cycles, in 5 cycles only the two embryos each one is
either grade two or three, and the remaining 14 cycles there is at least one embryo with
grade 4 or 5. while in the remaining 8 cycles of 3 embryo transfer, in 6 out of 8 cycles
there is at least one embryo of grade 4 or 5, and still the outcome is less than the cycles
of tubal cause with out history of ectopic pregnancy, this means that the underlying
cause for this lower outcome is not due to the quality of embryos but it may be due to

hyperactivity of the junctional zone contractions as it was found by Lesny et al (1999b).

Table 2.25 Difference in the pregnancy and implantation rates of cycles with a history
of ectopic pregnancy as compared with the cycles of tubal cause of infertility. Only
cycles with 2 or 3 embryos transferred and female age less than 36 years were included.

Patients with H/O
ectopic pregnancy

Patients with tubal
cause of infertility

P value, Odds ratio,
and 95% CI

Pregnancy rate
/ET

29.6%

61.9%

P<0.003
QOdds ratio and 95%
C10.259
(0.104-0.647)

Implantation
rate/Embryo

14.5%

37.55%

P<0.0001
Odds ratio and 95%
CI13.819
(1.788-8.154)
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Figure2.20 Difference in the pregnancy and implantation rate between cycles in
which patients had a history of ectopic pregnancy, and other cycles with tubal cause.
This figure shows that the outcome is lower with a history of ectopic as compared with
other cases of tubal infertility

2.5.15 The outcome for patients with hydrosalpinx:

We had 64 cycles in which the patients had hydrosalpinx. In 26 of these cycles
the patients had a bilateral salpingectomy, 10 cycles were positive and the pregnancy
rate was 38.46%. 4 cycles ended with miscarriages, the implantation, abortion and the
live birth rates were 18%, 40% and 23% respectively. In 38 cycles, the hydrosalpinx
were untreated and in two of these, there was intrauterine fluid accumulation, both
these cycles were negative. Out of 38 cycles, 5 cycles were positive and the pregnancy,
implantation, and live birth rates were 13.15%, 6%, and 10.52% respectively, see table
2.26(a). If we chose only the cycles with female age less than 36 years and had two or
three embryo transfer, the pregnancy and implantation rates for the treated
Hydrosalpinges and the untreated hydrosalpinx cycles were 36.84% versus 14.3%
respectively, and 18.18% versus 6.36% respectively. If we compare the outcome of the
hydrosalpinx cycles with the outcome of tubal factor in which the pregnancy,
implantation, and live birth rates were 61.9%, 37.55%, and 50.5% respectively, we find
that there is a statistically significant difference in the pregnancy, implantation and live
birth rates between the three groups of patients [P<0.001,0.R., and 95% CI =9.512
(2.636-34.323)],[P < 0.0001 , O.R., and 95% CI 0.113 (0.034-0.377)], and [P < 0.006,
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O.R. and 95% CI 0.350 (0.118-1.043)], and the abortion rate in the treated hydrosalpinx
and tubal cycles were 28.6% and 15.38% respectively, P = 0.374 (P>0.05), see table

2.26(b) and figure (2.21).

Table 2.26(a) Difference in the outcome between treated and untreated
hydrosalpinx cycles. All the cycles of patients with hydrosalpinx were included

Treated Untreated P value, Odds ratio
hydrosalpinx hydrosalpinx and 95% CI
Total cycles 26 38
Pregnancies and 10 positive, 5 0.02 (< 0.05)
Pregnancy 4 aborted 13.15% 0.242
rate/ET 38.46% (0.071-0.828)
Implantation 11/61 5/83 0.03(<0.05)
rate/Embryo 18% 6 % 0.291(0.096-0.889)
Live birth rate/ET 23% 10.52% 0.3 (> 0.05)

Table 2.26(b) Difference in the outcome of untreated hydrosalpinx, treated
hydrosalpinx and tubal cause of infertility. Only cycles with transfer of two
or three fresh embryos and with female age less than 36 years were included

Un treated Treated Tubal P value, odds ratio and
hydrosalpinx | hydrosalpinx |  factor 95% CI

Pregnancy 14.3% 36.84% 61.9% P <0.001, 95% CI
rate/ET 9.512(2.636-34.323)
Implantation 6.36% 18.18% 37.55% P <0.0001, 95% CI
rate/Embryo 0.113 (0.034-0.377)

Live birth rate 14.3% 26.3% 50.5% P < 0.006, 95% CI
0.350 (0.118-1.043)

Abortionrate |  --—-- 28.6% 15.38% 0.374 > 0.05
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Figure 2.21 Difference in the outcome of IVF, and IVF/ICSI, between cycles with
treated hydrosalpinx, untreated hydrosalpinx, and tubal cause of infertility. This figure
shows that the pregnancy, implantation, and live birth rates in the treated hydrosalpinx,

and un treated hydrosalpinx cycles is low as compared to cycles with tubal cause of

infertility, the difference is statistically significant.

2.5.15.1 Grade of embryos in hydrosalpinx patients

In our study we had 21 cycles in which the hydrosalpinx were untreated and
there was transfer of two or three fresh embryos, and the female age was less than 36
years. There were 16 cycles of double embryo transfer, only 3/16 cycles (18.75%) of
double embryo transfer were of low grade embryos (i.e. one embryo of grade 2, and one
of grade 3). Furthermore, in 4/5 cycles of triple embryo transfer, there was at least one
embryo of grade 4 or 5. This shows that around 80% of the embryos in the cycles of
untreated hydrosalpinx are of good quality and suggests that the underlying cause for

this low outcome is other than the quality of the embryo, see table (2.27).
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Table 2.27 Grade of the embryos in untreated hydrosalpinx cycles, in all the cycles
female age is less than 36 years old (in 16 cycles 2 embryos transferred and
in 5 cycle 3 embryos transferred)

Type of the embryos No. of cycles
2 embryos one grade 2, and one 3
grade 3
2 embryos each one grade 3 6
2 embryos one grade 3, and one 5
grade 4
2 embryos each one grade 4 1
2 embryos one grade 4, and one 1
grade 5
3 embryos, 2 of them grade 2, and 1
one grade 3
3 embryos 2 them grade 3, and one 1
grade 4
3 embryos, 2 of them grade 4, and 1
one grade 3
3 embryos, graded 3, 4, and 5 1
3 embryos graded 2,3, and 4 1

2.6. Discussion:

2.6.1 Effect of female age on the outcome of IVF-ET:

IVF was developed in order to treat women who had blocked, damaged or
absent fallopian tubes. Subsequently it became a well established procedure for the
treatment of long standing infertility due to an ovulation, endometriosis, unexplained

infertility or certain types of infertility involving a male factor.

For a couple to undergo IVF the female partner should have functioning ovaries
and a normal uterus, and the male partner should have at least one sperm (Van
Steirteghem et al. 1993a). When sperm and eggs are mixed together in IVF, relatively
few sperms are used therefore it can be used when the male patient sperm quality is less

than ideal, although in cases of severe male factor infertility ICSI is recommended

(Palermo et al. 1992).
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Research has shown that there is a fall in fertility with increasing female age and
that this increase is first observed at 35 years of age, with a sharp increase after the age
of 39 years and subsequently reaching almost complete inability to reproduce after the

age of 44 (Tietze 1957).

Maternal age has been shown to adversely affect fecundity (Mencken et al.
1986), see figure (2.22). Maternal age has also been shown to have a negative effect on
IVF success rates (Padilla and Garcia 1989). This research found that increased female
age had a negative effect on the IVF success rate. These differences were shown to be
more pronounced after the age of 36 years. The same conclusions were applied to the
outcome of couples treated by IVF-ET. In our study, we have confirmed the
relationship between advancing maternal age and reduced positive outcome of IVF-ET
see table (2.4), and figure (2.4). At the same time, we did not find any significant effect
of male age on the outcome of IVF-ET, see table (2.6), and figure (2.6). In both groups,
we found that more than 70% of the embryos were of grade 3 and above, and according
to the criteria of our lab that any embryo of grade 3 and above is regarded as a good
quality. However, the pregnancy, implantation, and live birth rates still decrease and
abortion rate increase as female age is increased. This means that it is likely that the
defect is chromosomal and that we cannot detect it, or there is a defect in the
endometrial receptivity which probably increasing with increase in female age. It is
also worth noting that embryo morphology imperfectly reflects the viability of the
embryo. It has been shown that embryos that may appear normal can contain
chromosomal abnormalities and that the frequency of these abnormalities increased

with the age of the women (Munne et al. 1995).
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Figure 2.22 The maternal fertility rate per maternal age. The fertile peak is when the
woman is in her late teens, and early twenties. It begins to decline at the age of thirty,
and drop more rapidly after the age of thirty five years. It plummets after age forty

and pregnancy rate after age forty five is rare.
This figure is from [Mencken et al. (1986), with permission
from Science. Copyright (1986) APAS.]

Many studies have supported the widely held belief that age is the most

important factor affecting the outcome of IVF-ET (Templeton et al. 1996). The effect

of age on the outcome of IVF-ET is well illustrated by the information collected by the

HFEA from all the IVF cycles carried out in UK, with results showing that the highest

rate of live births was in the age group of 25-30 with younger women having a lower

rate and a sharp decline in older women (Templeton et al. 1996), see figure (2.23).

66



A Retrospective Analysis of Patient Records in Order to Identify Factors
Predictive of Successful IVF/ET Treatment

====== Par ambryo transfer
#'-’-\

=======+ Per ggg collection

na
Q
1

—_
wh
1

—
(=]
1

-
A
3
@
[
8
Q
f-
|

o
L

o
—

T
30 35 40

Age of woman (years)

Figure 2.23 Effects of the female age on the live birth rate per cycle, per egg collection
and per embryo transfer. The authors found that younger women had lower rate with
the highest rate of live births in the age group of 25-30, and then there is a sharp decline
in the older age group.

[This figure is from Templeton et al. (1996), the Lancet]

FSH levels have been shown to be more sensitive than the women’s
chronological age in determining her likely ovarian responsiveness to stimulation
(Cahill et al. 1994). Lashen and co workers did a retrospective study, and they found
that patients who received 225 or 300 IU follicle-stimulating hormone in their first
cycle of IVF showed a similar response in their second cycle, except for patients who
had significantly high oestradiol levels, and they concluded that exceeding the daily
dose of 3001U is unrewarding (Lashen et al1998). Sharif et al found that LH levels and
menstrual cycle pattern were unhelpful in determining the same result (Sharif et al.

1998).

A study of 344 infertile patients who had IVF, to examine the relative effect of
basal (FSH) concentration and the woman's age on predicting the ovarian response to
gonadotrophin stimulation, normal fertilisation rate and pregnancy rate in IVF, showed
that increasing basal FSH concentration but not increasing age were associated with a
significantly increased cancellation rate (Sharif et al. 1998). Both increasing basal FSH
and increased age were associated significantly with increased total gonadotrophin dose

and reduced numbers of oocytes collected and pregnancy rates. Furthermore, the
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authors found the association of basal FSH with the number of oocytes was significant,
independent of, and stronger than the effects of age. In addition, they found that the
age, but not basal FSH, was independently associated with pregnancy rate. Neither
basal FSH, nor age had significant association with normal fertilisation rate (Sharif et al.
1998) see table (2.28).

Table 2.28 Effect of increased FSH and increasing female age on predicting
ovarian response to gonadotrophin stimulation, normal fertilisation
rate and pregnancy rate in IVF.
[This table is from Sharif et al. (1998)]

Increasing the basal FSH TCancellation rate
associated
Increasing basal FSH and 1 Gonadotrophin dose
increasing the female age J in the oocyte collected
associated J in the pregnancy rate
Neither the tFSH nor the age had Normal Fertilization rate
significant association with

It has been found that infertile patients who develop fewer than three dominant
follicles, defined as follicles with a diameter greater than 17mm, measured on
ultrasound, on the day of intended hCG administration, have an almost universally poor

outcome, whatever the level of FSH (Lavery et al. 1998).

Spandorfer et al. (1998) found a significant decline in the number of oocytes
retrieved and the number of mature oocytes obtained with advancing maternal age. In
addition, the authors found an increase in the occurrence of digyny with parental ageing,
while no difference in single or bipronuclear fertilization was found. Furthermore, they
found that older women had a decreased incidence of single pronuclei formation and an
increase in digyny, but no significant difference in the percentage of oocytes that

underwent two-pronuclear fertilization.

Hassan and Killick (2003) in a study of resolved sub-fertility found that women
more than 35 years old were more likely to be sub-fertile than women less than 25
years. However, it has been shown that reproductive age is different from the temporal
age, instead depending on ovarian size, ovarian volume, ovarian reserve and remaining

time until menopause (Hamish and Thomas 2004).
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Once the ovarian volume, ovarian size, decrease in ovarian reserve and time to
menopause are known, it is possible to calculate a woman’s reproductive age, which
may be younger or older than her actual age (Hamish and Thomas 2004), see figure
(2.24).
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Figure 2.24 Reproductive age (years) versus ovarian volume (ml) for
40-year-old women.. This figure shows that when two individuals aged 40,
with mean ovarian volume of 9 and 5 ml respectively, giving a reproductive

age of 36 and 42 respectively. This means that reproductive age
depends on the ovarian volume
[This figure is from Hamish and Thomas (2004); Hum. Reprod].

Lane et al. (2006), found that Clinical pregnancy rates increase until age 30 [OR
1.72, and 95% CI (1.19-2.49)] before demonstrating a linear decline.

2.6.2 Effect of the male age on the outcome of IVF-ET:

A retrospective study to determine the effect of age on sperm fecundability
using oocyte donation as an in vivo model suggested that male age does not have an
impact on the outcome of IVF-ET (Gallardo et al. 1996). All the oocytes were obtained
from patients less than 35 years of age and the semen samples were divided into four

groups according to male age. The authors found that the sperm characteristics were
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similar in fresh samples as well as after preparation for IVF among males of different
ages. In addition, they found that fertilization, embryo quality, pregnancy and
implantation rates were similar among all the established groups. The authors therefore
concluded that male age (up to 64 years) does not affect sperm characteristics or its
ability to fertilize human eggs. Similarly, embryo development in vitro, as well as
implantation in recipient uteri, is not affected by the age of the male providing the

semen sample (Gallardo et al. 1996).

Another retrospective study of 821 consecutive ICSI cases found that there is a
significant linear decline in semen volume but no significant differences in the
concentration, motility or morphology of the spermatozoa with paternal ageing.
Moreover, the authors concluded that pregnancy outcomes were not influenced by the
age of male partner, while a strong negative correlation was found with maternal ageing
(Spandorfer et al. 1998). In our study, we did not find any significant effect of male
age on the outcome of IVF-ET. In 2003, Hassan and Prof. Killick did a questionnaire
study, evaluating the effect of male age on time to pregnancy. They found that
increasing male age was associated with a significantly increased time to pregnancy and
declining conception rates, and there was five fold increases in time to pregnancy with
male age more than 45 years. De la Rochebrochard et al. (2006) found that odds ratio of
failure to conceive for paternal age > 40 years was 2.00 (95% CI 1.10-3.61) when the
woman was 35-37 years old. The OR was 2.03 (95% CI 1.12-3.68) for age 38-40 years,
and 5.74 (95% CI 2.16, 15.23) for age 41 years and over. They concluded that paternal

age over 40 years is an important risk factor for failure to conceive.

2.6.3 Embryo cryopreservation:

Embryo cryopreservation is a process of freezing, storing, and thawing embryos.
It can enhance pregnancy rates by allowing excess embryos not replaced in a fresh
embryo transfer to be stored for future use. Some couples do not like the idea of
destroying embryos simply because they are "left over" from an IVF cycle, others know
or suspect that they will need to have further IVF cycles in the future and prefer to
freeze their embryos in order to make future IVF cycles less stressful physically for the

female.
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Indications for cryopreservation are: (1)Risk of ovarian hyperstimulation
syndrome (OHSS), (2) Poor quality endometrium “a thin uterine lining”, (3)
Intermenstrual bleeding, (4) Planned "banking" cycle in which the patient elects to store
all embryos. Embryos of sufficient quality that are not transferred can be cryopreserved

(Edwards and Brody 1995).

Embryos can be cryopreserved at various times after fertilization, ranging from
one day after fertilization up to five or six days after (Van Steirteghem et al. 1994a).
The embryologist will select embryos that are suitable for freezing. Embryos that are
ideal for freezing have blastomeres of equal size and display minimal or no

fragmentation (Van Steirteghem et al. 1992).

The intention of cryopreservation is to prevent all chemical reactions from
taking place and this target is achieved when cells reach the temperature of -130°C but
they are usually stored in liquid nitrogen at -196°C. The main problem is reaching -
196°C without damaging the cells, and there is approximately a 30% chance of damage
following the cryopreservation of embryos. A correct balance between the freezing rate
and the cryoprotective concentration ameliorates this damage (Ashwood and smith

1986).

The quality of embryos undergoing cryopreservation is a major determinant of
survival. Depending on the stage of embryo development, frozen embryos are thawed

for one day before the transfer (Edwards and Brody 1995).

Since 1988, a standard freezing-thawing protocol, based on propandiol as

cryoprotectant, has been used (Testart et al. 1986) in the Hull IVF Unit.

Studies have been done to assess the outcome of frozen cycles. It has been
shown that the pregnancy rate in frozen cycles depends on the number of oocytes
retrieved. The authors also found that the ‘take-home baby rate’ per stimulation cycle
was 28.3% when 6 — 10 oocytes were retrieved as compared to 41.5% when more than

10 oocytes were retrieved (Toner et al. 1991a).

Two further studies reported the pregnancy rate following frozen embryo
transfer to be 24-30%, and 15-20% respectively (Lin et al. 1995; Ozer and Vermesh
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1999). Selick et al. (1995) found that implantation rates per embryo 12.6% and 8.1%,
and live birth rates per transfer 26.2% and 13.3% for fresh and frozen transfers
respectively. Significant differences were not found despite the larger number of high
quality embryos transferred during the fresh cycles. The authors therefore concluded
that embryo cryopreservation adversely affects embryo quality, but does not have
detrimental effects on the implantation or pregnancy potential of high quality embryos.
Because of the loss of embryos during the freezing and thawing process involved in
frozen embryo cycles they suggested that every effort should be made to attempt a fresh

transfer wherever possible (Selick et al. 1995).

Other authors have suggested that there is no difference between frozen embryo
transfer in natural and hormone replacement cycles as regards pregnancy rates per cycle
26% and 25%, ongoing pregnancy/delivery rate 20.8% in both groups, and implantation
rate 10.3% and 10.6% (Al Shawaf et al. 1993a). In addition, the authors found that
pregnancy rates were not influenced by the number of frozen embryos transferred or the
stage at which the embryos were cryopreserved. However, the pregnancy rate was low
(7.4%) if the embryos had less than three blastomeres and if the fragmentation was
greater than 50% (0% pregnancy rate). The authors also found that in the hormone
replacement cycles, age did not influence the outcome and women 40 years and older
had a pregnancy rate of 29.4% per cycle. Other important findings were that no
pregnancy resulted from FET (Frozen embryo transfer) in natural or hormone
replacement cycles when the endometrium was thin (thickness less than 8 mm and
grade C). Furthermore, they found that the pregnancy rates were higher when the
endometrium was greater than or equal to 8 mm thickness and grade B (42.4%) or grade
A (21.2%). The authors concluded that FER outcomes in natural cycles were similar to
those arising with hormone replacement therapy, provided good selection criteria were
used, and they suggested that vaginal ultrasonography can assist in timing the day of
replacement and in identification of cases to be cancelled before the transfer (AL
Shawaf et al. 1993a).

In our study, we found that the pregnancy and implantation rate after the
transfer of 2 fresh and 2 frozen embryos were (37.3%, versus 27.3%) and (23.2%,
versus 16.36%) respectively, P >0.05, see table (2.9), figure (2.7). We can see that the
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outcome is lower with frozen cycles but the difference was not statistically significant,
with higher number of frozen cycles we may approach to a statistically significant
difference. In our retrospective analysis, we found that there is no effect due to the
number of transferred embryos in the frozen cycles, see table 10(a), (b), figure (2.8),
while in the fresh cycles there is a statistically significant difference according to the
number of embryos transferred, with better outcomes with 2 embryo transfers. While
in one embryo transfer and three embryo transfers the outcomes were not good, see
table 2.11(a), and figure (2.9). This may be because the only patients with a history of
multiple IVF failures had three embryos transferred. At the other end of the spectrum
single embryo transfers were not done by choice but were instead performed after the
woman stimulated poorly due to a diminished ovarian reserve or was performed for
patients who had many oocytes collected but where there was a defect in the
fertilization process due to the presence of male factor or unexplained causes. We will
talk more about the effects of the number and the quality of embryos on the outcome of

IVF and compare our result with the result of other studies.

2.6.4 Effect of the number of embryos transferred on the
outcome of IVF-ET:

European and American registries of medically assisted reproduction indicate
high multiple pregnancy rates after IVF/ ICSI, around 25% for twin and 3-5% for high
order multiple pregnancies (European IVF monitoring program 2002). An excellent
review of this problem that was carried out by an expert group consisting of both
Europeans and Americans, made a recommendation that triplet pregnancies should be

avoided and that twin pregnancies should be reduced (Gerris and Neubourg 2005).

Although previous studies have shown that pregnancy rates increase steadily as
more embryos are replaced, implantation rates may reach 40% or more in some patients
with three replaced embryos (Pandian et al. 2004), but from our study we can see that
the pregnancy rate after 3 embryo transfer is lower than the pregnancy rate after 2
embryo transfer, see table 2.11(a), (b), figure (2.9). The likely explanation for that is
that most of the patients who had ET of 3 embryos are patients with unfavourable
prognosis, such as patients who are above forty or patients who had previous recurrent

IVF failure. Therefore, our conclusion is that if results are already good for two
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embryo transfer then in the future, as equipment and techniques improve results will be

good for single embryo transfers too, with less risk of high order multiple pregnancies.

There are many randomised studies comparing the transfer of one embryo and
the transfer of two embryos. Research by Gerris et al. (1999) showed that the
pregnancy rate after single embryo transfer and double embryo transfer were 38.5% and
74% respectively and the twin pregnancy rates were 10% and 30% respectively. A
different group of researchers found that the pregnancy rates were 32.4% and 47.1%
respectively, and that the twin incidences for single and for double transfers were 0.4%

and 18.4% respectively (Martikainen et al. 2001).

A third group of authors found that in their study, that the pregnancy rate for a
single embryo transfer was 60.9%, and for the double embryo transfers was 76%
(Gardner et al. 2004). The authors also showed that there were no twin pregnancies
amongst the single embryo transfers while in the second group the twin pregnancy rate

was 47.4%, see table (2.29).

Table 2.29 Previous randomised studies comparing between single with double embryo
transfer. [This table is from Gerris (2004)]

One ET Twin Double Twin
The study Total pregnancy | pregnancy ET pregnan
cycles rate rate Pregnancy cy
rate rate
Gerris et al. 53 10/26 20/27
1999 (38.5%) 10% (74%) 30%
Martikaiine 144 24/74 33/70
n et al. 2001 (32.4%) 0.4% (47.1%) | (18.2%)
Gardner et 48 14/23 19/25 9/19
al. 2004 (60.9%) 0% (76%) (47.4%)

Lane et al. (2006) found that The odds of achieving a successful clinical
pregnancy with IVF are greatest with retrieval of approximately 20 oocytes, transfer of
no more than 2 embryos, and the development of about five 2 pronuclei embryos in

women <37 years old and ten 2PN embryos in women >37 years old.

Reducing the number of embryos for transfer will not entirely eliminate

multiple pregnancies. Monozygotic twinning has been found to be higher following
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assisted reproduction (Edwards et al. 1986) especially in the subgroup of ART patients
whose embryos have been zona manipulated either for assisted fertilization (SUZI or
ICSI) or assisted hatching (Slotnick and Ortega 1996). Others, however, have reported
that the frequency of monozygotic twinning is not different for patients whose embryos
have been zona manipulated and those that remain zona intact (Sills et al 2000). The
incidence of monozygotic twinning has also been reported to be very high following

blastocyst transfer (Rijnders et al. 1998).

In our analysis, we found that there is a statistically significant difference in the
pregnancy rate between a single embryo transfer 16.9% and a double embryo transfer
37.3% or triple embryo transfer 27.12% (P <0.05), see table 2.11(a),(b), figure (2.9). In
addition, the incidence of twin and triplet in these 3 groups were (0%, 0%), (24.5%,
0.02%), and (26.86%, 1.5%) respectively, see table 2.11(c), figure (2.10). According to
this result we can conclude that single embryo transfer should be recommended for
patients with good prognosis, such as those who are young with a good number of
fertilised oocyte that allow proper selection of top quality embryos for transfer and
where the rest of the embryos will be frozen for use in the future to avoid the risk of
ovarian hyperstimulation. Equally, for patients above 36 it would be better to continue

double embryo transfer in order to avoid low pregnancy rates.

2.6.5 Effect of the embryo quality on the outcome of IVF-ET
(embryo grade and the cleavage rate):

In human IVF, the selection of a good embryo, i.e. one that should implant and
give rise to a baby remains a major issue. Most IVF programmes select transferred
embryos on their morphological appearance on the day of the transfer using several
criteria have been shown to correlate with embryo viability, including the number of
blastomeres, regularity of the cells and the presence or absence of cytoplasmic

fragmentation (Staessen et al. 1992), see figure (2.25).
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shape and multinucleation)
all these are important
criteria for the selection of
embryos for transfer

(E)Blastocyst — the size
Of inner cell mass

And the cohesiveness
Of trophectoderm

Figure 2.25 Preimplantation embryo development and important aspect of embryo
selection for transfer. [This figure is from Andres Salumets (2003)]

Evidence shows that severely fragmented embryos had a lower ability to
develop to a blastocyst stage, and that the presence of the cytoplasmic fragmentation is
associated with reduction in the implantation rate (Hardy et al. 1989; and Staessen et al.
1992). Other evidence has suggested that poor embryo morphology is associated with
chromosomal abnormalities. Almeida and Bolton (1998) showed that 63.4% of
embryos that arrest between the pronucleate and the eight-cell stage are chromosomally
abnormal. Magli et al. (1998) found that slow cleaving (two to six cells on Day 3) and
rapidly cleaving (nine or more cells on Day 3) embryos show a higher incidence of
chromosomal aneuploidy than those embryos showing normal cleavage kinetics (seven

to eight cells on Day 3). Furthermore, it was found that the chance of live birth is
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related to the number of fertilized oocytes because of the greater selection of the

embryo (Templeton et al. 1998).

A retrospective study looking at the outcomes of IVF-ET according to the grade
and the number of the embryos used found that the pregnancy rate was 11.9% for the
single transfers, 19% for the double transfers, and 34.1% for the triple transfers
(Staessen et al. 1992). 31% of these triple embryo replacements resulted in a multiple
gestation, see table 2.30(a). They also found that embryos that had undergone at least
two mitotic divisions at 44 to 48hrs implanted better than two-cell embryos of
comparable morphological appearance, implantation rate per transferred embryo was
[21.3% versus 12.3%( P < 0.001)], see table 2.30(b). The authors also found that
heavily fragmented embryos did not implant as well as embryos with fewer anucleate

fragments [(1.5% versus 14.1%, P < 0.001)}], see table 2.30(c).

Table2.30 (a) Difference in outcome according the number of embryos transferred.
[This table is from Staessen et al. (1992)]

Single ET | Double ET | Triple ET Risk of
twin after
Triple ET
Pregnancy rate 11.9% 19% 34.1% 31%

Table 2.30(b) Difference in the outcome according to the number of blastomeres of
each embryo at the time of embryo transfer.
[This table is from Staessen et al. (1992)]

Embryo undergone two Two-cell P
mitotic divisions at 44 to embryos at the
48hrs time of ET
Pregnancy rate 21.3% 12.3% <0.001

Table 2.30(c) Pregnancy rate according to the level of fragmentation.
[This table is from Staessen et al. (1992)]

Heavily fragmented Embryos with little P
embryos fragmentation
Pregnancy rate 1.5% 14.1% 0.001
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The authors concluded that pregnancy rate, implantation rate, and the incidence
of multiple pregnancies increased significantly with the number of good quality

embryos that were transferred (Staessen et al. 1992).

Research has compared the pregnancy rates in two groups of patients on day
two of embryo transfer (Carrillo et al. 1998). In one group the number of blastomeres
was greater than 4 cells, and in the second group the number of blastomeres was less
than 4 cells. Results showed that the pregnancy rate in both group was 31% and 11%
respectively. In addition, they compared the pregnancy rate on day three embryo
transfers between two groups, in one group the number of blastomeres was greater than
8, and in the second group the number of the blastomeres was less than 8. The authors
found that the pregnancy rate was 53% and 23% respectively (Carrillo et al. 1998), see
table 2.31(a).

A prospective randomised study of 110 women who were less than 34 years of
age compared the transfer of single top quality embryo with double top quality embryo
(Gerris et al. 1999). A top quality embryo was characterized by the presence of 4 or 5
blastomeres at day 2 and at least 7 blastomeres on day 3 after insemination, plus the
absence of multinucleated blastomeres and less than 20% cellular fragments on day 2
and day 3 after fertilization. The authors found that the implantation rate and the
ongoing pregnancy rate after transfer of top quality single embryos was 42.3% and
38.5% with one monozygotic twin, while in case of double embryo transfer the
implantation rate and the ongoing pregnancy rate was 48.1% and 74% respectively.
Out of 20 ongoing pregnancies there were 6 sets of twins (30%). Therefore, the authors
concluded that by using single embryo transfer and strict embryo criteria an ongoing
pregnancy rate similar tothat in normal fertile couples can be achieved after IVF/ICSI,
while limiting the dizygotic twin pregnancy rate to its natural incidence of less than 1%

of all ongoing pregnancies (Gerris et al. 1999).

In 2000, a study looked at the importance of the grade of the embryos selected
for transfer in 380 fresh embryo transfer cycles according to the conventional criteria
(Tesarik et al. 2000). The authors found that the transfer of only those embryos that
developed from zygotes judged normal at the pronuclear stage (pattern 0) gave

significantly higher pregnancy (44.8%), and implantation (30.2%) rates compared with
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the pregnancy (22.1%; P < 0. 05) and implantation rates (11.2%; P < 0.001) for the
transfers of only those embryos that developed from zygotes judged abnormal (non-
pattern 0). Furthermore, they found that the transfer of only one pattern 0 embryo was
sufficient for the optimal chance of pregnancy (no differences in pregnancy rates after
transfer of one, two or three pattern 0 embryos), whereas the transfer of two pattern 0
embryos mostly resulted in a twin pregnancy. The authors suggested including the
criteria based on pronuclear morphology and that it may lead to the application of a
single embryo transfer policy and optimization of the process for the selection of

embryos for transfer and cryopreservation (Tesarik et al. 2000), see table 2.31(b).

Table 2.31(a) Effect of the number of the blastomeres on the outcome of IVF-ET.
[This table is from Carrillo et al. (1998)]

Day 2 embryo | Day 2 embryo Day 3 embryo Day 3

>4cell <4 cell >8cell embryo
<8 cell
Pregnancy 31% 11% 53% 23%

rate

Table 2.31(b) Effect of the morphology of the embryo at the pronuclear stage.
[This table is from Tesarik et al. (2000)].

0 pattern embryos Abnormal embryos at P
(normal) at pro nucleus pro nucleus stage
stage
Pregnancy 44.8% 22.1% <0.05
rate/ET
Implantation rate 30.2% 11.2% <0.001

All of these previous studies appear to support the findings of our study in that
higher grade embryos with higher rates of cleavage have result in a better chance of
pregnancy. These findings may influence us to change our policy of embryo transfer
from double embryo transfer to single embryo transfer in patients with a good

prognosis.
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2.6.6 Day 2 versus day 3 embryo transfer:

Embryos may be transferred to the patient on Day 1 post insemination at the
zygote stage of development by (PROST “Pronuclear stage transfer” or ZIFT “Zygote
Intrafallopian Transfer”), on Day 2 as two-cell to four-cell early cleavage-stage
embryos by (ZIFT, TEST “Tubal embryo stage transfer”, TCET, or TMET), same can
be done on Day 3 as six-cell to eight-cell early cleavage-stage embryos , on Day 4 as

morula (ET), or on Days 5 to 7 as blastocyst of varied morphology (ET). (Jones et al
©www.who.int/reproductive-health/infertility/20.pdf Accessed on 24/09/06 at 3:43 pm)

One of the disadvantages of transferring early zygotes is the inability to select
the most viable zygotes from a large cohort for transfer. However, high pregnancy and
implantation rates have recently been reported for pronuclear stage transfer when
zygotes are selected for transfer according to certain pronuclear morphological features

(Tesarik et al. 2000).

A retrospective study of 176 IVF-ET patients found that day 3 embryo transfers
are associated with a significant increase in the implantation and pregnancy rates and
delaying the embryo transfer to day 3 permits the selection of more viable embryos
than is possible on day 2 (Carrillo et al. 1998), see table 2.32(a).

A randomised prospective study of 329 embryo transfers which resulted in 106
clinical pregnancies (32.2%) showed that pregnancy rate achieved were 20% on day
one, 30.4% in day 2 and 3, 50% on day 4 and 5 (P=0.03) (Markus et al. 2003). The
authors concluded that embryo transfer performed on day 4 or 5 enhanced the rate of

pregnancy significantly compared to transfer on day 1, 2 or 3, see table 2.32(b).

Table 2.32(a) Day 2 versus day 3 embryo transfer.
[This table is from Carrillo et al. (1998)]

Implantation rate | Pregnancy rate
Day two embryo transfer 13% 26%
Day three embryo transfer 24% 44%

80



A Retrospective Analysis of Patient Records in Order to Identify Factors
Predictive of Successful IVF/ET Treatment

Table 2.32(b) Difference in the outcome according to the day of embryo transfer.
[This table is from Markus et al. (2003)]

Day of embryo Day one | Day two and Day four P value
transfer day three and day five
Pregnancy rate 20% 30.4% 50% P=0.03

In the paper by Papanikolaou et al. (2005) blastocyst-stage transfer resulted in a
significantly higher ongoing pregnancy rate (51.3 versus 27.4%; OR 2.78, 95% CI
1.45-5.34) and live birth rate (47.5 versus 27.4%; OR 2.40, 95% CI 1.25-4.59)
compared with day 3 embryo transfer when at least four embryos are available on day 3
of embryo culture. Blake et al. (2005) found that there is no evidence of a difference in
live birth or pregnancy outcomes between Day 2 to 3 and Day 5 to 6 transfer of
embryos, in addition they found that blastocyst transfer was associated with an increase

in failure to transfer any embryos in a cycle and a decrease in embryo freezing rates.

In our study, we found that there is a statistically significant difference in the
pregnancy and implantation rate between day 2 embryo transfers and day 3 embryo
transfers (35.10%, versus 42.8%) P<0.024, and (21.53%, versus 27.43%) P< 0.005
respectively, see table (2.20), figure (2.14). Although our result might be biased
because embryo transfer was done according to the day of egg retrieval, but still we
conclude that delaying embryo transfer for one day may increase the pregnancy rate by

allowing optimum selection of the embryo for transfer.

2.6.7 Effect of easy or difficult embryo transfer on the outcome
of IVF —ET:

Studies have been done comparing the outcome of difficult and easy'procedures
of embryo transfer on the outcome (Leeton et al. 1982; Wood et al. 1985; Egan et al.
1990; Mansour et al. 1990; Tur Kaspa et al. 1998; and Lesny et al. 1999a). Some of the
studies show that difficult embryo transfer did not affect the pregnancy outcome (Wood
et al. 1985; Egan et al. 1990; and Tur- Kaspa et al. 1998), while other studies showed
that difficult embryo transfer negatively influences the outcome (Leeton et al. 1982;

Mansour et al. 1990). In our study, there was no statistically significant difference in

81



A Retrospective Analysis of Patient Records in Order to Identify Factors
Predictive of Successful IVF/ET Treatment

the outcome and therefore our results appear to support the studies that showed that
there is no difference in the pregnancy and implantation rate between easy and the
difficult TCET, (37.3%, versus 40%) and (23%, versus 26.3%) respectively, see table
2.21(b), figure (2.15). The underlying cause for this result probably due to embryo
transfer procedures are not as difficult as those shown in the other studies. Our results
also show that the outcome after TMET is low at 10%. An explanation of this may be
that even if the TMET is easy it may initiate the development of junctional zone
contractions. This suggestion would appear to be supported by work that found that
after the insertion of a Towaco needle there was a significant increase in the number of
random, opposing and cervico-fundal contractions (Biervliet et al. 2002). In the next

chapter there will be more discussion about these studies.

2.6.8 Effect of the cause of infertility on the outcome of IVF-ET:

2.6.8.1 Hydrosalpinx

Previous studies have shown an impaired outcome of IVF in the presence of
hydrosalpinges, see table (2.33).

Table 2.33 Previous studies showing the difference of the Pregnancy rate after IVF-ET
in patients with and without hydrosalpinx. [This table is from Zeyneloglu et al. (1998)]

The study hydrosalpinx group Group without
hydrosalpinx

Sim et al. 1993 43/234  (18.37%) 341/1287  (26.49%)
Andersen et al. 1994 9/91 (9.8%) 224/744  (30.1%)
Strandell et al. 1994 12/91 (13.18%) 74/285  (25.96%)
Blazer et al. 1997 35/155  (22.58%) 105/185  (56.75%)
Van Dromme et al. 1995 7/69  (10.14%) 14/61  (22.95%)
Sharara et al. 1996 10/30 (30%) 11/24  (45.83%)
Akman et al.1996 1/14 (7.1%) 24/98  (24.5%)

Salpingectomy has been suggested as the most radical treatment and other
options, such as salpingostomy and transvaginal aspiration of the fluid from the
hydrosalpinx, have also been discussed. Salpingectomy was tested and found to be of
benefit in patients with hydrosalpinx large enough to be visible on ultrasound (Strandell

et al. 1998; 1999). Surrey et al. (2001) did not approach a statistically significant
82



A Retrospective Analysis of Patient Records in Order to Identify Factors
Predictive of Successful IVF/ET Treatment

difference in the clinical pregnancy and implantation rates between 2 groups of patients
in which the hydrosalpinx was treated before IVF cycle. In the first group the
hydrosalpinx was treated with salpingectomy, while in the second group the
hydrosalpinx was treated with bipolar proximal tubal occlusion. The clinical pregnancy
and the implantation rates for the first and the second groups were 57.1%, 29.2 +/-

5.9%, respectively, and 46.7%, 19.4 +/- 6.1%, respectively.

A postal survey of hydrosalpinx management prior to IVF in the United
Kingdom was done by Hammadie et al. (2004) to determine the policy for the
management of hydrosalpinx in infertile women prior to IVF treatment. They found
that, there were 75% responders, of which 91% indicated that they discussed the effect
of hydrosalpinx on IVF outcome. 12% did not recommend treatment of hydrosalpinx
prior to IVF treatment, while 36%, 33% and 19% recommended treatment weakly,
strongly and very strongly respectively. The treatment options offered by clinicians
were laparoscopic salpingectomy 75%, open salpingectomy 45%, salpingostomy 40%,
proximal tubal occlusion 34%, transvaginal sonographic (TVS) aspiration during
oocyte collection 23% and TVS aspiration before oocyte collection 10%. Only 28% of
the responders had a protocol or guidelines for the management of hydrosalpinx. They
concluded that more attention should be given to patients with hydrosalpinx prior to
IVF treatment and patients should be counselled about the negative effect of
hydrosalpinx on IVF outcome. Further more they found that there is a wide variation in
the management of hydrosalpinx prior to IVF treatment in the UK and many treatment

options may be questionableas they are not yet based on evidence.

In our data if we compare the relationship between the hydrosalpinx and the
grade of 2 embryos we found that the embryo grades were very low in 9 cycles
(14.06%), and in the remaining cycles (85%) the embryos are grade 3 and above. Even
when three good quality embryos were transferred, pregnancy rate was low which
would seem to suggest that the negative effect of hydrosalpinx in our study is related
not only to the low quality embryo but also to other causes such as impaired
endometrial receptivity, which may be the underlying cause for low pregnancy and
implantation rates in patients with hydrosalpinx. Other interesting results that we found

suggest that the pregnancy and implantation rate is higher in the treated hydrosalpinx
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cycles 36.84% and 18.18% respectively, while in the untreated cycles the pregnancy
and implantation rates were 14.3% and 6.36% respectively, see table 2.26(b), and figure
(2.21). This result supports the studies that show that treating the hydrosalpinx with

salpingectomy will improve the pregnancy and the implantation rate, see table (2.33).

2.6.8.2 Endometriosis:

IVF-ET has become a common method of treating fertility problems in cases of
endometriosis. However, studies show that cases of endometriosis have lower chances
of success with IVF-ET than tubal or unexplained causes of infertility (Wardle et
al.1985; Mills et al. 1992; Fleming et al. 1994).

Hull et al. (1998) suggested that endometriosis is associated with oocyte and
follicular dysfunction. This is supported by reduced fertilization rates observed in in-
vitro fertilization treatment using various stimulation regimens (Wardle et al. 1985;
Mills et al. 1992; Fleming et al. 1994). Other authors have put forward the explanation
that these low rates may be related to the mechanisms of angiogenesis, the immune

system, and/or endometrial receptivity (Toya et al. 2000).

It has been found that fertilization rates are significantly lower in women with
endometriosis, but the cleavage, implantation, and pregnancy rates do not differ

(Bergendal et al. 1998).

Toya et al. In a work published in 2000, they collected granulosa cells from the
follicular fluid of patients with endometriosis and they found that the rate of apoptosis
and S phase was significantly higher in patients with endometriosis (Toya et al. 2000).
Beyond that the percentage of G2/M-phase was significantly lower in the endometriosis
group when compared to the other causes of infertility and the authors therefore
concluded that patients with endometriosis have an abnormality in the cell cycle and a
higher incidence of apoptotic cells in their granulosa cells, see figure (2.26). These
phenomena might be associated with this patient group’s poor outcome after treatment

with IVF.
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Figure 2.26The rate of apoptosis and S phase granulosa cell in endometriosis

(1) the rate of S phase granulosa cell in the endometriosis group was higher than the
other groups; there was statistically significant difference between endometriosis
and male factor group.

(2) Endometriosis group have the highest level of apoptosis in the granulosa cells as
compared to the cases with unexplained infertility (Idiopathic), cases with male factor
infertility, and cases with tubal infertility.

[This figure is from Toya et al. (2000), Fertil. Steril.]

A 2005 study by Kuivasaari and co-workers evaluated the impact of moderate
to severe endometriosis on cumulative IVF outcome . In this study, endometriosis was
diagnosed by laparoscopy or laparotomy and classified as minimal to mild
endometriosis or moderate to severe endometriosis according to the (American Society
for Reproductive Medicine’s 1997 system of classification). The reference group
consisted of women with tubal infertility and the researchers found that there is a
significantly lower pregnancy rate per fresh embryo transfer amongst women of stage 3
and 4 with endometriosis (22.6%), as compared to stage 1 and 2 endometriosis (40%)
or tubal infertility (36%). The cumulative pregnancy and live-born rates resulting from
four IVF treatments without frozen embryo transfers were 64.5% and 51.6% in women
with stage I/Il endometriosis, 44.8% and 32.8% in women with stage II/IV
endometriosis, and 69%, 40.2% in the reference group respectively. With frozen

embryo transfers included, the equivalent rates were 67.7% and 55.8% in women with
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stage I/Il endometriosis, 56.7% and 40.3% in women with stage III/IV endometriosis
and 81.6% and 43.7% in the reference group respectively. The authors therefore
concluded that patients with stage 3 and 4 endometriosis have a lower chance of
pregnancy compared to mild cases of endometriosis and tubal causes of infertility; see
table 2.34 (a) and (b), figure (2.27).

—f==Endometriosis | and Il
<« @ - with frozen ET
w—dr—=Endometriosis Ill and IV
=« d - with frozen ET
~—@—Tubal infertility

-+ Q-+ with frozen ET

2 3
Number of treatment

Figure 2.27 The cumulative pregnancy and live born rates in endometriosis. This figure
shows that there is a significantly lower pregnancy rate per fresh embryo transfer
amongst women of stage 3 and 4 with endometriosis, as compared to stage 1 and 2
endometriosis, or tubal infertility
[This figure is from Kuivasaari et al. (2005)]

Table 2.34(a) Cumulative pregnancy and live-born rates of fresh cycles for patients
with stage 3, 4 endometriosis as compared with cumulative pregnancy and live
born rate of fresh cycles with stage 1, or 2 endometriosis, and tubal cause of infertility.
[This table is from Kuivasaari et al. (2005)]

Cause of infertility

Cumulative pregnancy rate

Cumulative Tive birth rate

Endometriosis stage I, 2 64.5% 51.6%
Endometriosis stage 3, 4 44.8% 32.8%
Tubal infertility 69% 40.2%
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Table 2.34(b) Cumulative pregnancy and live- born rates for cycles with endometriosis
when frozen embryo transfer was included.
[This table is from Kuivasaari et al. (2005)]

Cause of infertility Cumulative pregnancy | Cumulative live birth
rate rate
Endometriosis stage 1, 2 67.7 % 55.8%
Endometriosis stage 3, 4 56.7% 40.3%
Tubal infertility 81.6 % 43.7%

In our study, we found that the outcome of IVF-ET is affected by the cause of
infertility with highest pregnancy and implantation rate were when there is tubal,
unexplained and PCOS (61.9%, 37.55%), (46.4%, 29.62%) and (41.7%, 27.5%)
respectively; see table 2.24(a), figure (2.18) but we found that the distribution of low
quality embryos “embryos with grade 2 and 3” was mainly among cycles in which
there was endometriosis see table 2.24(b). This is probably the reasons behind the low

outcome of cycles involving endometriosis.

Barnhart et al. (2002) found that the chance of achieving pregnancy was
significantly lower for endometriosis patients [OR 0.56; 95% CI (0.44-0.70)], when
compared with tubal factor controls. Multivariate analysis also demonstrated a decrease
in fertilization and implantation rates, and a significant decrease in the number of
oocytes retrieved for endometriosis patients. Pregnancy rates for women with severe
endometriosis were significantly lower than for women with mild disease {OR 0.60;
95% CI (0.42-0.87)]. They concluded that patients with endometriosis undergoing IVF
respond with significantly decreased levels of all markers of reproductive process,
resulting in a pregnancy rate that is almost one half that of women with other
indications for IVF. In addition, they suggested that the effect of endometriosis is not
exclusively on the receptivity of the endometrium but also on the development of the

oocyte and embryo.

Akande et al. (2004) found that women with minimal endometriosis have a
lower probability of pregnancy compared with women with unexplained infertility 36%
versus 55%; P <0.05. In addition, they found that other factors like primary infertility,

smoking and longer duration (>3 years) of infertility were adversely associated with
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pregnancy in women with unexplained infertility whilst the relationship was more

complex in women with minor endometriosis.

2.6.8.3 Ectopic Pregnancy:

From the analysis of the cause of infertility, we notice that patients with a
history of ectopic pregnancy and patients with hydrosalpinges had a low chance of
becoming pregnant after IVF-ET as compared to tubal cause. The underlying cause for
that is not known for ectopic pregnancy. Research by Lesny and co-workers found that
difficult embryo transfers are associated with a greater risk of ectopic pregnancy, and
they reported a case of ectopic pregnancy after TMET (Lesny et al. 1999b). This may
explain the association of a hyperactive junctional zone with ectopic pregnancy and as
we know from Fanchin et al the detrimental effect of junctional zone contraction on the

outcome of IVF-ET.

2.6.9 The relationship between the cause of infertility and the grade of
embryos:

In our study, we saw that the highest proportion of low grade embryos (grade
2,3) was among the cycles in which the cause of infertility was endometriosis (22%)
and male factor infertility (16.6%), while the highest proportion of high grade embryos
(grade 4,5) was among cycles in which the cause of infertility was PCOS. (P=0.051).
In the case of endometriosis, there may be other underlying causes of low pregnancy
rate rather than embryo quality, such as junctional zone contraction, and similar ideas

can be applied to the cases of patients with a previous history of ectopic pregnancy.

In case of hydrosalpinx, the underlying cause may be due to a permanent defect
in the endometrial receptivity resulting from the toxic effects of the fluid drained from
the hydrosalpinx to the endometrium and not due to low grade embryos. In our study
we found that the presence of a hydrosalpinx does not impair the quality of embryos
transferred but seems to impair the implantation process. This may be due to leakage of
fluid into the uterine cavity, which may disturb the receptivity of the endometrium

and/or the developing embryos.
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2.7 Conclusion:

Many factors can affect the outcome of an IVF-ET cycle. These factors
include female age being less than 36, the quality of embryos, day of embryo transfer
and the type of embryo transfer procedure. The most important parameters relating to
the embryo are the grade of the embryo and blastomeres count. We found that when the
grade of embryos is 4 or 5, or when the blastomeres count is 4 at day 2, and 8 at day 3,
the chance of implantation is around 40%; see tables (2.14) and 2.18(a),(b); figures
(2.11), (2.12) and (2.13). This result supports the idea of transferring only one embryo
in order to avoid the risk of multiple pregnancy, by a proper selection of the embryo in
a patient with good prognosis to avoid a low pregnancy rate. The potential low
pregnancy rate can be compensated with the transfer of one blastocyst. This may lead
to improved outcomes but further assessment requires a randomised study. For patients
above 36 and those with unfavourable prognosis it would be better to continue double

embryo transfer in order to avoid low pregnancy rates.

Although the pregnancy and the implantation rate for frozen embryos is lower
than for fresh embryos, cryopreservation of the good quality embryos should also be
considered in order to make future IVF cycles cheaper and less stressful physically for
the female with one egg retrieval, patient can have many embryo transfer with out

exposure to the risk of hyperstimulation.

We found also that there is a statistically significant difference in the outcome
of day 2 and day 3 embryo transfers, with better outcome with day 3 ET, see table
(2.20 ), figure (2.14) which means that we should consider delaying embryo transfer

one day as that would give us more time for selection of good quality embryos.

In case of TCET there is no statistically significant difference in the outcome of
embryo transfer when the procedure is easy or difficult; see table 2.21(b), figure (2.15).
This supports the results of several published studies (Wood et al. 1985; Egan et al.
1990; and Tur- Kaspa et al. 1998). However in case of TMET, in our study we found
that the outcome of the TMET is low although the difference is not statistically
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significant may be due to the fact that we had only a few cases. This low outcome may
be explained by the exaggeration of the junctional zone contraction with its negative
effect on the outcome of the IVF-ET. Because of this ,TMET should not be done as a
routine and should be done only in rare cases when the Mock ET is impossible or very
difficult due to cervical atresia, stenosis, or in the presence of false passage. In such
cases if the patient has at least one patent fallopian tube, GIFT or ZIFT should be
considered because the success rate is higher and there will be no disturbance of the
endometrium by the transfer catheter. In our study there was one patient who had a
false passage in the cervical canal, which was confirmed by hysteroscopy. The patient
went on to have 2 negative TMET cycles followed by a third cycle with ZIFT from
which the result was positive and at the time of writing this thesis she was 9 weeks

pregnant and foetal heart and foetal movement positive.

The cause of infertility is a very important parameter. Previous history of
ectopic pregnancy, hydrosalpinx, endometriosis or high FSH have a potential negative
influence on the outcome of the embryo transfer; while tubal, PCOS and unexplained

factors have result in a much more positive chance as regards the outcome of IVF-ET.

In many IVF units nurses are the professional group with whom couples have
most contact during treatment; they play a fundamental role in caring for infertile
couples. In our study, we found that the outcome is good when a nurse do the embryo

transfer procedure this will encourage to leave all the straightforward procedures to be

done by the nurse.
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CHAPTER THREE

Differences in the Outcome of IVF-ET between
Egg Donors and Recipients in an Egg Sharing
Program

3.0 Introduction:

The data analysed in chapter 2 has demonstrated that one of the main negative
effects on IVF/ET outcome is female age and that this effect is due, at least in part, to a
lowering of embryo quality with advancing female age. However, it was not possible to
determine from these data if there is also a component of the age effect that is due to

endometrial factors.

3.1 Aim of the study:

The aim of this study was to assess whether ageing of the ovary or ageing of the

uterus has the greater negative effect on the outcome of IVF-ET.

3.2 Patients:

This retrospective study included 31 couples who were treated in the egg
sharing program of Hull IVF unit from 1% January 2000 to 31% Dec 2004. It also
included all recipients who received their eggs from altruistic donors in the period from
January 1993 to 31 of December 1999, after this date the program of altruistic donors
was not stopped but there was no altruistic donors, the reason was unknown, and all the

recipients were receiving their eggs from egg sharing donors.
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3.3 Design and setting:

This was a retrospective study in the setting of a single academic research centre
based at the Hull IVF unit. The unit has been providing IVF treatment for 20 years and

oocyte donation for the last 14 years.

3.4 Method:

Among 148 cycles which were included in this retrospective study, there were
31 cycles of egg sharing patients, the corresponding 31 cycles of egg sharers in the egg
sharing program, and the remaining 86 cycles were egg recipients (i.e. they received
their eggs from altruistic donors). The total number of cycles of egg recipients (i.e. egg
sharers plus recipients from altruistic donors) were collected together to show the
outcome in different age groups of recipients, in order to determine whether aging of
the ovary or the uterus is more important. We tried to determine whether there is a
detrimental effect of the supra physiological hormone concentrations on the outcome of
IVF treatment during egg sharing. More over we compared the outcome of standard
IVF with the outcome of egg sharing in order to find whether there is any detrimental

effect of egg sharing when the patient donates half of her eggs to other patients.

The protocol for oocyte donation required a detailed medical and family history
to be taken from the donors, and all underwent hormonal assays for FSH, screening test
for HBsAg, HIV, HCV, CMV and Chlamydia. In addition they had a chromosomal
analysis and a screening test for the commonest genetic mutation of cystic fibrosis.
Information regarding the donor’s physical characteristics, medical history, educational
background, occupation and interests was recorded. Matching of a donor with a

recipient was based on physical characteristics.

All donor patients, whether in the egg sharing programme or altruistic donors,
had the same long protocol of pituitary down regulation as standard IVF patients (for
full details see chapter 2), with buserelin 1mg subcutaneously daily started at mid-luteal
phase. Ovarian stimulation was carried out with h(MG, with the starting dose depending
on age between 150iu and 250iu daily. When the leading follicles reached a pre-
ovulatory size (18-22mm), 10000 IU of hCG was administrated. Oocytes were

92



Differences in the Outcome of IVF-ET between Egg Donors and Recipients
in an Egg Sharing Program

aspirated using transvaginal ultrasound guidance 34-36 hrs after hCG administration. In
the egg sharing programme oocytes were shared with the recipients when the number of
aspirated eggs equalled or exceed 8, otherwise all oocytes were retained by the sharer.
Oocytes from altruistic donors were usually shared between two recipients. All
embryos were allowed to cleave and the best two or three embryos were selected for
transfer. Cryopreservation was offered to the recipient couple if more than two good
quality embryos remained after transfer. Fresh embryo transfer was performed on day 2
or day 3. All recipients and egg-sharing patients started oral progesterone on the day of
egg retrieval, and continued with vaginal administration after embryo transfer until a

pregnancy test was performed 2 weeks after embryo transfer.

The hormone replacement protocol for recipients depended on whether they had
any ovarian function or not. For patients with ovarian function a long protocol with
buserelin for down regulation was commenced simultaneously with the donor. A trans-
vaginal ultrasound scan was performed on day 3 or 4 to check the endometrial thickness
and the ovarian activity. If the endometrial thickness was <5 mm and no ovarian cysts
were seen, patients commenced 100 pg oestradiol patches (Evorel Janssen-Cilag Ltd,
UK) at a starting dose of one oestradiol patch on alternative days. The dose was then
adjusted according to the endometrial thickness, aiming to achieve a double thickness
of 10mm. 10 mg of oestradiol valerate orally daily and progesterone (Utrogestan
100mg Laboratories Besins International Paris France) 6 tablets at bed time orally was
started 4 days before embryo transfer. For women with no ovarian function, oestradiol
patches were started when the egg-sharer commenced ovarian stimulation. All
recipients were started on a progesterone supplement, Utrogestan, from 4 days before

embryo transfer, and continued until a pregnancy test was performed.

Data were analysed by Statistics Package for Social Sciences (SPSS, Surrey,
UK). The outcomes recorded from the notes were pregnancy rate, implantation rate,

abortion rate and live birth rate.

3.5 Results:

In the study, there were 31 cycles in which patients were seeking treatment for

infertility but they were also donors, sharing their eggs with other patients. The
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recipient either shared eggs with the donor in an egg sharing program or received eggs
from a fertile woman who had donated their eggs altruistically, for the sake of helping
other people. The cause of infertility of the recipient varied as follows: In 4 cycles the
cause was idiopathic primary ovarian failure, in 1 cycle the patient had Turner’s
Syndrome, in 2 cycles both partners were carriers for cystic fibrosis, in 38 cycles the
patients had previously responded poorly to stimulation, in 24 cycles the cause was
poor eggs or poor embryos, in 46 cycles the cause was premature ovarian failure, in 1
cycle the patient had previous pelvic radiotherapy, in 1 cycle the patient had
chemotherapy, see table 3.1, the grade of embryos in all donors and all egg sharers and

all egg recipient cycles are shown in table 3.2.

Donors are always aged less than 35 years old in the UK because of the HFEA
guidelines. Donors conceived successfully in 11 of the egg-sharing cycles and the
pregnancy and implantation rates were 35.5% and 18.33% respectively. The recipient
cycles were divided according to their age. In 42 cycles the recipient’s age was less
than 35. 16 of these cycles were positive and the pregnancy and implantation rates
were 38.1% and 18.27% respectively. In 20 cycles, the recipient’s age was between 35
and 39. 7 of these cycles were positive, pregnancy and implantation rates were 35%
and 26.9% respectively. In 54 cycles the recipient’s age was 40 or above. In 19 of
these cycles the results were positive and the pregnancy and implantation rates were
35.18% and 15.96% respectively, [P = 0.991 (> 0.05), Odds ratio, and 95% CI
0.875(0.288-2.655)] for the pregnancy rate, and [P=0.637, Odds ratio, and 95% CI
0.996(0.431-2.306)] for the implantation rate, see table (3.3), and figure (3.1). This
means that the difference in the outcome is not statistically significant and the outcome
of the IVF procedure depends on the age of the ovary and not on the age of the uterus.
when we divided the recipient cycles further according to age we saw that there were 7
cycles in which the age of patient is equal to or more than 45 years but still the

outcome is good and the pregnancy rate is 28.6%, see table (3.3.).
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Table 3.1 Aetiology of infertility in recipients of donated oocytes.
All recipients of egg sharing and recipients from
altruistic donors are included

Aetiology of infertility No. (cycles)
Primary ovarian failure 4
Turner Syndrome 1 cycle

Both partners were carriers for cystic fibrosis 2
Poor response in the previous IVF cycles 38
Poor eggs or poor embryos in previous treatment cycles 24
Premature ovarian failure 46

Pelvic radiotherapy 1

Chemotherapy 1

Table 3.2 The grades of embryos obtained and transferred in all donors and recipients

Gradesof | n | Gradesof | n | Gradesof |n| Gradesof | n | Gradesof |n
embryos embryos embryos embryos embryos
transferred donated to donated to donated to donated to
to egg recipients recipients recipients recipients
sharers aged aged aged aged
<35yrs 35-39yrs 39-44 yrs >45yrs
2,3,3 1 4,4,5 1 3,3,4 2 4,4,4 1 4,4,5 1
2,2,3 1 3,4,5 1 2,3,3 1 3,44 1 3,3,4 1
4,5 1 3,3,4 1 4,5 2 3,3,4 2 3,4 1
4,4 3 3,3,3 1 4,4 2 3,3,3 1 3,3 2
3,4 9 2,3,3 1 3,4 2 2,34 2 2,3 2
3,3 11 2,2,3 3 3,3 3 2,23 2 | 2frozenET | 1
2,3 2 2,2,2 1 2,3 5 4,5 5
4 3 4,5 3 4 1 4,4 2
24 |2 34| 7
34 |9 33 |14
3,3 7 2,3 5
2,4 1 2 frozenET | 2
2,3 5 1 frozen ET | 1
2 frozen | § 1 ET grade | 2
ET 3
4 1
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Table 3.3 Difference in the outcome between egg sharers their age is always <35 years,
and different age groups of recipient, the difference in the outcome was checked

with Chi square, and logistic regression test

Donor Total | Recipien | Recipient | Recipien | P value Odds | Recipien
cycles | recipient t age 35-39 | tage> | ratioand 95% | t45 yrs
(all < S age < 40 CI and
35) 35 above
Total 31 117 42 20 54 7
Pregnanci 11 42 16 7 19 2
es
Pregnancy | 35.5% | 35.89% | 38.1% 35% 35.18% P 0.991 28.6%
rate/ET 95% CI 0.875
(0.288-2.655)
Implantati | 18.33% | 18.06% | 18.27% 26.9% 15.96% P 0.637
on 95% CI1 0.996
rate/Embr (0.431-2.306)
yo
Difference in the outcome between egg donors and egg
recipients in egg sharing program according to female
age
45.00%
= 40.00%
E 35.00%
(>-"‘ A0 @ Pregnancy rate of
g 25.00% recipient
= 20.00% B Pregnancy rate of
87 15.00% egg sharers
= 10.00%
0 500%
0.00% T
Donorand Recipientage Recipientage
recipient age 35-39yrs 40 yrs or
<35yrs above
Age of egg donor and egg recipient

Figure 3.1 Difference in the pregnancy rate between egg sharers and egg recipients in
the egg sharing program. The outcome of egg donors was compared with the outcome
of egg recipient of the same age because all donors are below 35 years;
we found that there is no statistically significant difference
regardless of the age group of the recipient.
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In our study, we found that for egg sharing there were 11 positive results from
31 cycles and pregnancy rate per embryo transfer was 35.5%. In total for the recipients
42 out of 117 cycles were positive and the pregnancy rate 35.89% [P 0.966 > 0.05,
95% CI= 0.982(0.430 -2.246)], and the implantation rate for the total egg sharers versus
egg recipients were 18.33%, and 18.06% respectively[P 0.637, 95% CI 0.996 (0.431-
2.306)], see figures (3.1), and (3.2) . Among the egg sharer positive cycles there was
one abortion and the abortion rate was 9%. The live birth rate for the egg sharers was
32.25%. In the recipient positive cycles there were 11 abortions and the abortion rate
was 26.19% with live birth rate was 26.5% [P=0.228 > 0.05, Odds ratio, and 95% CI
=3.548 (0.406-31.005)] for the abortion rate, and [P=0.524 > 0.05, Odds ratio, and
95% CI = 1.321 (0.560 — 3.115)] for live birth rate, see table (3.4) and figure (3.3). We
can see that the pregnancy rate for the recipient < 35 years old (38.1%) is almost the
same as the pregnancy rate of egg sharers (35.5%), and the abortion rate is higher and
consequently live birth rate were lower in the total recipient cycles as compared to egg
sharing cycles, but the difference did not reach to statistically significant level, which
means that there is no difference in the outcome between egg recipients and egg sharing

donors, see table (3.4).

Table 3.4 Pregnancy, abortion, and live birth rates of total egg recipient and egg
sharing donors. The difference were checked with Chi square test,
and logistic regression tests

Egg sharing Recipient P value, Odds ratio and 95%
CI
Pregnancy 11/31 42/117 0.966 > 0.05
rate/ET 35.5% 35.89% 95% CI= 0.982(0.430-2.246)
Implantation rate 18.33% 18.06% P 0.637,0dds ratio, and 95%
CI0.996 (0.431-2.306)
Abortion rate /11 11/42 0.228>0.05
9% 26.19% 95% CI =3.548 (0.406-
31.005)
Live birth rate / 32.25% 26.5% 0.524 > 0.05
ET 95% CI = 1.321 (0.560 —
3.115)
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Difference in the implantation rate between egg sharers
and egg recipients

30.00%
o 25.00%
ot
c
& 20.00%
=) @ Implantation rate
w 15.00% of recipients
g cycles
S 10.00% - B implantation rate
g of donors cycles
= 5.00% -

0.00% - T T

age <35yrs Recipient recipient
35-39yrs age >39 yrs
Age of egg shareres and egg recipients

Figure 3.2 Difference in the implantation rate between egg sharer and egg recipient.
The difference is statistically not significant

Difference in abortion and live birth rate between egg
sharers and egg recipients

35%

30%

25%

@ Abortion rate
B Live birth rate

20%

15%

Abortion and live birth rate

5%

0% -
Total egg donors Total egg recipients
Egg sharers or egg recipients

Figure 3.3 Difference in the abortion and live birth rate between total egg sharers
cycles and total recipients cycles. There is high abortion rate and lower live birth rate in
recipients cycles as compared to total egg sharers cycles

Moreover, if we choose only recipient cycles, although the number is small, we
found that there is stepwise increase in the abortion rate and stepwise decrease in the

live birth rate with increase in recipient age, P>0.05, see table 3.5(a) same result was
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found in the standard IVF cycles, in which there is stepwise increase in the abortion
rate and consequently step wise decrease in the live birth rate with increase in female
age, and the difference in the live birth rate was statistically significant, see table 3.5 (b)

may be due to defects in the endometrial receptivity coinciding with the increase in the

maternal age.

Table 3.5 (a) The increase in abortion rate and decrease in live birth rate with increase
in recipient age, the difference was checked with Chi square test

Egg Egg Egg Egg P value
donors recipients recipients recipients
their age less | their age 35- | their age 40

than 35 years 39 years and above
Abortion rate 9% 18.75% 28.57% 31.56% 0.606
>0.05
Live birth rate | 32.25% 30.95% 26.31% 23.21% 0.771
>0.05

Table 3.5(b) Increase in The abortion rate and decrease in the live birth rate with
increase in female age of standard IVF patients, difference in the abortion rate was
checked with Chi square test, while difference in the live birth rate
was checked with logistic regression test

Female Female Female Female Female P value,
age age age age age Odds ratio,
20-25 yrs | 26-30yrs | 31-35 [ 36-39yrs | >40yrs | and 95% CI
yrs
Abortion 37.5% 12.34% 16% 22.7% 27.3% P=0.237
rate
Live birth | 26.3% 39% 29.9% 20.5% 12.9% P<0.0001,
rate Odds ratio,
and 95% CI
1.791(0.618-
5.188)

In addition, if we compare the pregnancy rate of recipient’s cycles with ovarian
function, with the pregnancy rate of recipient’s cycles with no ovarian function, we
found that there were 63 cycles in which there is ovarian function, out of these, 26
cycles were positive, making the pregnancy rate 41.3%. Further more we had 54 cycles
in which there is no ovarian function, out of these, 16 cycles were positive, and the
pregnancy rate was 29.62%, P 0.216 (>0.05), see table (3.6). Although the difference

did not reach to a statistically significant level, we found that the outcome is better
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when there is ovarian function, the difference may become significant with higher
number of cases, and the explanation for this result may be due to defect in the
endometrial function probably resulted from long time exposure of the endometrium to

low oestrogen level when there is ovarian failure.

Table 3.6 Difference in the outcome between recipients with ovarian function
and recipients with no ovarian function

Recipients with Recipients with no P value
ovarian function ovarian function
Pregnancy rate 41.3% 29.62% 0.216 >0.05

Moreover, if we compared the outcome of egg sharing patients with the
outcome of standard IVF patients of Hull IVF unit who had the same stimulation
treatment, had the transfer of same quality embryos, and the embryo transfers were
done by the same operators (see chapter two) there are 771 cycles of IVF-ET and
IVF/ICSI-ET cycles in which the female age was less than 35 years old and had 2
embryo transfer. 314 cycles were positive making the pregnancy and the implantation
rate 40.7% and 25.61% respectively. We found that egg sharing patients have lower
pregnancy and implantation rate while the live birth rate of the egg sharers is almost the
same of the standard IVF patients, see table (3.7) and figure (3.4). The low abortion
rate for egg sharer, which is only 9%, may be due to the total number of egg sharer is
small which is only 31, with higher number of egg sharers this rate may become more,
and may be equal to the abortion rate of the standard IVF patients. From this result we
can see that egg sharing patient have good outcome as compared to the standard IVF
patients, and we can conclude that egg sharing program have no detrimental effect on

the outcome of egg sharing patients , see table (3.7), and figure (3.4).

Table 3.7 Difference in the pregnancy, implantation, abortion, and live birth rate
between egg sharing cycles and standard IVF cycles

Pregnancy Implantation | Abortionrate | Live birth
rate/ET rate/ET rate
Standard IVF- 40.7% 25.61% 20.46% 32.29%
ET patients
Egg sharers 35.5% 18.3% 9% 32.25%
patients
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Difference in the outcome between standard IVF
patients and egg sharing.
45.00%
40.00%
35.00%
30.00%
25.00% +
20.00% 4—
15.00%
10.00%
5.00%
0.00%

E Pregnancy rate
B Implantation rate
OAbortion rate
OLive birth rate

Pregnancy,implantation
,abortion and live birth
rate

Standard IVF patients Egg sharers patients

Standard IVF or egg sharing patients

Figure3.4 Difference in the pregnancy, implantation, abortion, and live birth rates
between egg sharers and standard IVF patients. It shows that pregnancy and
implantation rate is lower, live birth rate is higher, and implantation and abortion rates
is lower in egg sharers as compared to the standard IVF patients.

3.6 Discussion:

3.6.1 Egg sharing programs:

The first successful pregnancy after oocyte donation was reported by Lutjen et
al. (1984), and since then egg donation has proved to be a valuable tool in allowing
couples who would otherwise have been unable to conceive to have children. Currently
in the UK there is a shortage of supply of donor eggs compounded by an increase in
demand (Abdulla 1996; Kan et al. 1998). As many couples have difficulty in funding
their own fertility treatment, couples sometimes agree to share any excess eggs
retrieved with other women in exchange for a reduction in the cost of their own
treatment. This process, known as egg sharing, which is an effective way to provide
treatment for patients who need help funding their own fertility treatment as well as
providing eggs for couples who require them. Paid egg donation is not permitted in the

UK (Johnson1997).
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The criteria to be a donor in an egg-sharing program are: age between 21 and 35
years, negative medical and family history of any hereditary disease that could pass
through the eggs, and normal blood screen (HIV, hepatitis B, and C, syphilis,
cytomegalovirus, cystic fibrosis and karyotype). The aim of the programme is for each
sharer and recipient to receive at least four eggs (Ahuja et al. 1998). In the event of an
egg-sharer producing less than eight eggs, she has the options of either donating all the
eggs to the recipient and to have a free cycle later or to leave the egg-sharing scheme
and become a standard IVF patient, keeping all the eggs that are collected with no
charge (Information for egg providers 2002) ©http://www.crmlondon.co.uk/PDFfiles/I-
13-EggSharingProvider.pdf (Accessed on 14/05/06 at 12.11pm)

The donors are free to withdraw from the egg-sharing scheme at any time before
the recipient has had her embryo transfer (Information for egg providers 2002). The
donation is performed anonymously and no information will ever be given out to any
individual or parties other than the Human Fertilisation & Embryology Authority
(HFEA). On 1* of April 2005 a new law came into effect, which allows people

conceived through donation to find out who the donor was once they reach the age of

18 years (The National Gamete Donation Trust) http://www.ngdt.co.uk/( Accessed on

2/07/06 at 11.12am).

In an egg-sharing program, it is important not to ignore the psychological and
ethical aspects of such a treatment. It has been suggested that it could be emotionally
traumatic for an egg-sharer, desperate for a child, to consider that although her
treatment has been unsuccessful, recipients could be pregnant with her eggs and
therefore all egg-sharers and recipients attend counselling sessions prior to embarking
on treatment. Counselling is also available during and after treatment as patients may
also experience an extra psychological burden. In a 1997 British survey, it was found
that 8% of 79 donors who failed to become pregnant reported experiencing such

distress (Ahuja et al. 1998).

Kan et al. (1998) performed a questionnaire based study of 501 women
enquiring about anonymous oocyte donation at a private IVF clinic and they
investigated the demographic characteristics and logistical issues involved in ovum

donation. They found that women in full-time employment were the majority of actual
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donors, and logistical factors, such as the distance to travel, time involved and social
commitments during the stimulation period, as well as concerns about complications

were major reasons for non-donation (Kan et al. 1998).

Several studies have looked at the difference in the outcome between egg-

sharers and recipients (Check et al. 1992; 1995; 1999; 2001; and Ahuja et al. 1996).

A study by Check and co-workers in 1992 found that there is a statistically
significant difference in the pregnancy rates per retrieval (10.5% donors versus 29%
recipients), and per transfer (11.1% versus 32.3%). In addition, they found that
abortion rates were similar (25% donor, 27.2% recipients). The authors suggested that
the underlying cause for this lower outcome in the donor when compared to the
recipient is possibly due to a negative effect of hyperstimulation or to the adverse
endometrial environment of the donor (Check et al. 1992). Similar results were seen in
another study (Ahuja et al. 1996). This group found that there were more births per
patient amongst recipients than amongst donors (30% versus 20%). The authors
therefore concluded that an egg-sharing program is a very constructive way of solving
the problem of the shortage of eggs for donation. In our study we found that the
pregnancy and implantation rates of egg sharers in which female age is <35 years old as

compared to egg sharing donors is almost the same 38.1% versus 35.5% respectively,

and 18.27% versus 18.33 respectively.

Check et al. (1995) found that there is a difference in the outcome between
recipients with ovarian function and other recipients with no ovarian function following
both Fresh and frozen embryo transfers, and they found that clinical pregnancy and
implantation rates per transfer for fresh embryo transfers were 17.5% and 7.5%
respectively for donors, 20.4% and 8.6% respectively for recipients with ovarian
function, and 46.3%, 15.6% for recipients with ovarian failure (P < 0.05), see table
3.8(a), (b). The corresponding pregnancy and implantation rates for frozen embryo
transfers were 15.3% and 5.1% for donors, 17.2% and 5.2% for recipients with ovarian
function and 23.8% and 7.1% for recipients with ovarian failure, see tables 3.8(a), and
3.8(b), in addition, they found that there is a difference in the clinical pregnancy rate
between recipients with ovarian function and their age is equal or more than 40 and

recipients with ovarian function but their age is below 40, and the pregnancy rate was

103



Differences in the Outcome of IVF-ET between Egg Donors and Recipients
in an Egg Sharing Program

14% versus 22.2% respectively, same result was found for recipients with ovarian
failure 33.3% for the older group of women and 39.4% for the younger group.
Furthermore, they found that ovarian function was the only factor to have an

independent effect on outcome (Check et al. 1995), see table 3.8(c).

Table 3.8(a) Difference in the pregnancy rate between egg sharers and two groups of
recipients one with ovarian function and one with ovarian failure in fresh and
frozen cycles. [This table is from Check et al. (1995)]

Clinical PR Recipient with Recipient with P
for donor ovarian function no ovarian
function
Fresh cycles 17.5% 20.4% 46.3% < 0.05
Frozen cycles 15.3% 17.2% 23.8% > 0.05

Table 3.8 (b) Difference in the implantation rates between egg sharers and the two
groups of recipients one with ovarian function and one with ovarian failure in fresh and
frozen cycles. [This table is from Check et al. (1995)]

Implantation Recipient with | Recipient with P
rate for donors | ovarian function no ovarian
function
Fresh cycles 7.5% 8.6% 15.6% <0.05
Frozen cycles 5.1% 5.2% 7.1% > 0.05

Table 3.8(c) Difference in the pregnancy rate between recipients with ovarian function
aged <40 and >40 and recipients with ovarian failure aged < 40 and > 40.
[This table is from Check et al. (1995)]

Recipients Recipients Recipient with | Recipients
with ovarian with ovarian | ovarian failure | with ovarian
function aged | function aged aged <40 failure aged

<40 > 40 >40
Pregnancy 22.2% 14% 39.4% 33.3%
rate

Check et al. (1999) found a higher implantation rate (39% versus 22.5%; P <
0.05) in recipients compared to donors in stimulated cycles, and no differences were
seen in the pregnancy or implantation rates in frozen ET cycles. They concluded that

superior implantation rates and pregnancy rates in oocyte recipients versus donors were
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related to the hyperstimulation regimen rather than to better oocyte quality for

recipients because of egg sharing or to a better uterine environment because of similar

results with frozen ET in all three groups (Check et al. 1999).

A study done by the Society for Assisted Reproductive Technology and the

Centres for Disease Control and Prevention for the year 1995 (Ovarian Aging and

Infertility) http://www.havingbabies.com/age-infertility-ovarian.html (Accessed on
19/08/06 at 5.34 pm), They compared the outcome of IVF-ET for a group of recipients
when they used their own eggs and the outcome of another group after using eggs from
donors and found that live birth rates per transfer remain the same when donor eggs

were used while using their own eggs live birth rate became lower at the age of 35

years and further decreased with increases in maternal age, see figure (3.5).
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Figure 3.5 Live births per transfer of fresh embryos from own and donor eggs, by age
of recipient.
This figure is Adapted from SART/CDQ report for ART clinics, 1995, December,
1997. (Ovarian Aging and Infertility)© http://www.havingbabies.com/age-infertility-
ovarian.html (Accessed on 19/8/2006 at 5.34pm).
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Advancing age in women is associated with an accelerating impairment in the
ability to conceive and an increasing risk of miscarriage or of chromosomal abnormality
in surviving offspring. These effects can be attributed to defective oocyte quality, as
indicated by the success of oocyte donation treatment (Balmaceda et al. 1994). There is
some evidence of a decrease in the functional capacity of the human uterus in older
reproductive age women with an age-related increase in the number of spontaneous

abortions in which the embryo is apparently chromosomally normal (Stein 1985).

Meldrum et al. (1992) found that significantly fewer ongoing and delivered
pregnancies occurred in recipients aged >40 years receiving oocyte donation from
young women than in a similar group of younger recipients (8% versus 43%, P<0.02).
A significant improvement was achieved in another group of women over 40, treated
with a doubled dose of progesterone, (46% ongoing and delivered, P<0.01), and they
suggest an effect of ageing on uterine receptivity that is at least partly correctable by

progesterone stimulation of the endometrium.

In our study, we found that there is an increase in the abortion rate and a
consequent decrease in the live birth rate with increase in female age of recipient in egg
sharing program or patients of standard IVF. This result is consistent with a results
found in previous studies (Stein 1985; Meldrum et al. 1992). This means that when a
recipient is aged 35 and above she has more chance of an abortion and a lower chance
of a live birth even after the transfer of embryos with donated eggs from young, normal

females. This effect is probably related to a defect in the endometrial receptivity

coinciding with increase in the maternal age.

A further study published in 2001, found that conception is more likely after
fresh than frozen embryo transfer with recipients (63.4% versus 43.6%). but this

difference is similar to donor conception rates (Check et al. 2001).

Thum et al. (2003) found that the average amount of gonadotrophin required to
achieve follicular maturity, the average number of oocytes collected and the chance of
achieving a pregnancy or live birth were not significantly different between egg-sharers
and standard IVF/ICSI patients. They concluded that egg sharers are not exposed to a

higher risk of ovarian hyperstimulation syndrome, and egg-sharing does not
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compromise the outcome for an egg-sharer or a recipient as compared to standard

IVF/ICSI patients. There was also no imbalance of egg allocation (Thum et al. 2003).

In our study, we found that the pregnancy, implantation, abortion and live birth
rates for egg-sharer compared with standard IVF-ET patients (40.2% versus 35.5%),
(25.61% versus 18.3%), (9% versus 20.46%) and (32.25% versus 32.29%%)
respectively, see table (3.7) This means that egg sharing has no detrimental effect on

the outcome of IVF-ET to egg donors patients.

3.7 Conclusions:

Egg sharing is a good treatment option for older women, for those who are
carriers for hereditary disease and for women with ovarian failure. The most imperative
conclusion is that participating in an egg-sharing program does not compromise the
chance of achieving a pregnancy or live birth for the egg-sharer or the recipient
compared with standard IVF/ICSI patients. Those patients participating in an egg-
sharing programme are providing a valuable resource of donor eggs while not
compromising their own treatment outcome or putting themselves at any additional risk
of complications. In our study we found that pregnancy rates for the recipients were
almost the same regardless their age, see table (3.3), and figure (3.1), therefore being
the recipient of egg sharing is more attractive to older women. This method of egg
donation will also help to alleviate the financial problems many couples face when they
have to finance their IVF treatment themselves. However, the ethical and
psychological aspects should not be ignored, especially as it has been suggested that it
could be emotionally traumatic for a childless donor to consider that although her

treatment has been unsuccessful, recipients could be pregnant with her eggs.

The only parameter which is alterable and which might affect success rates is

the technique of ET itself.

The next chapter therefore will discuss the choice of technique from published

literature
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CHAPTER FOUR

A Review of the Literature Concerning the
Technique of Embryo Transfer

4.1 Basic technique of embryo transfer:

Conventional IVF involves several related procedures, including ovarian
stimulation, egg retrieval (Fleming et al. 1994; Filicori et al. 1999), semen preparation
to select progressively motile spermatozoa (Drevius 1972; Pertoff et al. 1978),
insemination of the eggs, in vitro culture, assessment of fertilization, assessment of
cleavage (Staessen et al. 1989, 1992 and 1993), transfer of two or three embryos
(Edwards and Brody 1995) and cryopreservation of excess embryos (Friedler et al.
1988).

Embryo transfer is the last and the most critical step in the IVF cycle but it has

been changed very little since its introduction 1978 (Steptoe and Edwards 1978).

Figure 4.1 Loading of the
embryo transfer catheter and the
technique of ET.
P p—) After insertion of the vaginal
speculum the outer sheath of the
transfer catheter is advanced to a
Ineer catheter point approaching, but not
' touching, the uterine fundus. The
Uodium & eabryos inner catheter loaded with the
Too tip of W Ioer eacheter embryos is then inserted into the
outer sheath. The transfer catheter
contains 2 or 3 embryos in 2 drops
of culture media and contained
between 2 air bubbles.
Modified figure from Kojima et
al. (2001)

In our retrospective study, see Chapter (2) we found a statistically significant

difference in the pregnancy and implantation rates between day 2 and day 3 ET, with a
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better outcome when embryo transfer procedure was delayed for one day, (i.e. day three
instead of day two). This delay probably gives more time for selection of better quality
embryos for transfer 35.1% versus 42.8% respectively (P<0.024), and 21.53% versus
27.43% respectively (P< 0.005), see table (2.20), figure (2.14). In addition, we found
that a better outcome when the procedure was transcervical or transtubal if at least one
tube was patent, while the outcome of transmyometrial embryo transfer (TMET) was
low. We concluded that TMET should be done only in rare cases, and when the tubes
are not patent. The difference between the pregnancy and implantation rates of easy
versus difficult transcervical embryo transfer (TCET) were not statistically significant,
37.3% versus 40% respectively, P = 0.612 (>0.05), and 23.1% versus 26.31%
respectively P = 0.242, and the pregnancy and implantation rates for TMET (both 10%)),
see table 2.21(b), figure (2.15).

Furthermore, our study showed a statistically significant difference in the
outcome if the procedure done by any one of three different operators 35.2%, 41.7%,
and 26.5% respectively (P<0.05), with better outcome when a nurse performed the
procedure, see table (2.22), figure (2.15). In addition, we found that a new trainee
would take around one year to become expert in doing the embryo transfer procedure,
see table (2.23), and figure (2.17). We concluded from the previous analysis that
embryo transfer is “the step in the IVF process most likely to be amenable to
modification in order to improve IVF success rates”. In this chapter, we will review
published articles related to the embryo transfer procedure in order to compare the

results from our retrospective study with the result obtained from other previous studies.

Generally, the transfer is carried out 48-72 hrs after oocyte collection when the
embryo is at the 2-8 cell stage of cleavage (Staessen et al. 1992; 1993). Transfer is with
a special catheter, typically positioned within the uterine cavity with its tip 5-15mm
from the fundus (Lesny et al. 1998a; Mansour and Aboulghar 2002; Coroleu et al.
2002), see figure (4.1) and (4.2). In the UK the Human Fertilization and Embryology
Authority (HFEA Act 1990) has ruled that a maximum of three embryos may be
transferred although the majority of IVF centres transfer only two embryos in order to

avoid the risk of a high order multiple gestation (HFEA Code of Practice 6™ Edition).

109



A Review of the Literature Concerning the Technique of Embryo Transfer

Figure 4.2 Schematic illustration
of the embryo transfer procedure.
One or more embryos suspended in
a drop of culture medium are drawn
into a transfer catheter; the operator
guides the tip of the loaded catheter
through the cervix and deposits the
fluid containing the embryos into the
uterine cavity.

This figure is from
©Embryo transfer
http://www.drmalpani.com/book/cha

pter25¢.html
(Accessed on 10/08/06, at 4:13pm)

4.1.1 Loading procedure of the embryo transfer catheter:

Studies have tried to optimise the embryo transfer technique. Poindexter et al.
(1986) found that a large volume of the transfer media (>60 uL) and a large air interface
may result in an increased risk of either embryo expulsion from the uterus, or of

adherence to the outside of the catheter.

Meldrum et al. (1987) found that the pregnancy rate increased after reducing the
volumes of both air and transfer media. Others found that increasing the viscosity of the

transfer media did not increase the success rate (Menezo et al. 1989)

The liquid media containing the embryos is placed near the distal end of the
catheter and contained between two air bubbles to avoid spillage of the embryos from
the open end (Mansour and Aboulghar 2002). Evidence shows a positive correlation
between culture media volume and the occurrence of an ectopic pregnancy (Marcus and

Brinsden 1995).

Ebner and co workers found that loading the transfer catheter with a culture
media volume of <10ul and including the air bubbles both had a negative effect on the

implantation and pregnancy rates (Ebner et al. 2001), see table (4.1).
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Table 4.1 Loading process of the embryo transfer catheter and Qutcome.

[This table is from Ebner et al. (2001)]

Transfer related | Pregnant Not Implantation Pregnancy
parameter pregnant Rate (%) Rate (%)
Transfer volume .
<10pL 46 131 14.1 P <0.05 26 P <0.001
10-20pL 59 68 19.1P <0.05 46.5 P <0.001
Presence of air
Bubbles
Yes 17 90 9.3 <0.001 15.9 P <0.001
No 88 109 20.5 <0.001 44.7 P <0.001

The syringe used for embryo transfer catheter should be tested using a mouse
embryo bioassay in order to confirm that it is not embryo toxic (Gardner and
Schoolcraft 1999). The syringe should be pushed in a controlled way, so as not to push
the embryo with such excessive force that they are either damaged or pushed in to the
fallopian tube (Leong et al. 1986). To minimize the potential for movement and
expulsion of the embryos following embryo transfer, a fibrin sealant “biological glue”
has been used to try to attach embryos to the endometrium at the site of embryo
deposition (Feichtinger et al. 1990). In a prospective, randomized study no significant
difference in clinical pregnancy rate or ongoing pregnancy rate, but a significant
reduction in ectopic pregnancies, was found by using this method (Feichtinger et al.

1992).

4.1.2 Routes and methods of embryo transfer:

The embryo transfer procedure has not been changed much since it was first
described (Steptoe and Edwards 1978). It can be performed either into the fallopian tube

or into the uterus.

4.1.2.1 Transcervical intrauterine placement of the embryo:

The majority of embryo transfers are currently performed by a non surgical
approach. The transcervical method is a simple, rapid procedure with no analgesia

required. However, the disadvantage of this method is the technical difficulty in patients
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with cervical stenosis, which sometimes make this procedure very difficult, or even

impossible (Wood et al. 1985; Sharif et al.1996; Noyes et al. 1999).

4.1.2.2 Transmyometrial intrauterine placement of the embryo:

Kato et al. (1993) described another method of embryo transfer, traﬁsmyometrial
embryo transfer (TMET). This procedure was performed for patients who had had very
difficult embryo transfers in the previous cycle. The authors achieved a pregnancy rate
of 36%. Another study performed by Sharif et al. (1996) used this method when a mock
transcervical embryo transfer, performed immediately prior to actual embryo transfer,
proved to be impossible, and achieved a pregnancy rate of 23%. The transmyometrial
embryo transfer (TMET) as described by several groups (Kato et al. 1993; Sharif et al.
1996) is not difficult when performed under ultrasound guidance and does not require

anaesthesia.

There is a case reported by Anttilla et al. (1999) in which a TMET was
performed for an obstructive abnormality of the uterus. The patient had cervical atresia,
diagnosed at the age of 24 years. Attempts to create a neocervix had been unsuccessful
but since there was no sign of retrograde menstruation or of haematometra, with her
consent a hysterectomy was not done. At the age of 32 years, a successful pregnancy
was achieved after IVF and TMET, and she was delivered by emergency caesarean

section at 32 weeks gestation due to sever pre eclampsia (Anttilla et al. 1999).

In another case reported by Asaad and Carver (1997) a patient with unexplained
infertility received seven unsuccessful cycles of treatment over two and a half years,
comprising four IVF-ET cycles using fresh embryos, one ET using frozen- thawed
embryos and two attempts using fallopian sperm perfusion. In a final attempt, a new
technique of embryo transfer was tried for her. Gestaldi et al. (1993) had previously
described this technique. They described a technique of actual implantation of the
embryo directly into the endometrium using a modified Monash catheter. Using this
catheter four embryos were transferred and released at the junction of the endometrium
and myometrium without puncturing the endometrium (the embryos were kept below
the endometrium). The site of deposition was confirmed by ultrasound. The procedure

was successful and the patient subsequently delivered twins (Asaad and Carver 1997).
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Several studies have shown that difficult transcervical embryo transfer,
including the use of a tenaculum, can stimulate junctional zone contractions (Lesny et
al. 1998a; 1999a). One study by Biervliet et al. (2002) investigated the occurrence of
junctional zone contractions after TMET. They found that after the insertion of a
Towaco needle there was a significant increase in the number of random, opposing, and
cervico fundal contractions (Biervliet et al. 2002). Junctional zone contractions have
been shown to have a negative effect on the pregnancy rate (Fanchin et al. 1998b), and
Lesny et al. (1999b) found that junctional zone contraction can dislocate the embryo
from the uterine cavity and lead to an ectopic pregnancy. Based on the above results
Biervliet et al. (2002) suggested the avoidance of TMET as a routine procedure, and

recommended its use only when other options were impossible.

Kato suggested doing TMET for fragile embryos (Kato et al. 1993), and others
have suggested employing it after multiple implantation failures (Asaad and Carver
1997; Groutz et al. 1997) or when the uterus is acutely anteverted, or when there is
cervical stenosis (Sharif et al. 1996; Biervliet et al. 2002). An alternative strategy was
described by the Bourne Hall group, They advised that carrying out a cervical dilatation
after down regulation with an LHRH analogue prior to stimulation with gonadotrophin

could result in a reduced incidence of difficult embryo transfers(Abusheikha et al.

1999).
4.1.2.3 Zygote intrafallopian tube transfer (ZIFT):

During this procedure, the fallopian tube can be cannulated either from the
fimbrial end with the use of laparoscopy (orthograde), or through the uterine end with
the guidance of ultrasound, with tactile sensation or with the use of hysteroscopy
(retrograde) (Al Hussaini 1992). With this procedure, there is a risk of flushing the
embryo from the tube if the injection flow rate is high (Woolcott and Stanger 1994).
ZIFT can be undertaken only if the tube is patent and if the patient does not have a
previous history of pelvic inflammatory disease (PID), otherwise there is a much
increased risk of ectopic pregnancy (Al-Hussaini 1992). ZIFT may be indicated in cases

of recurrent IVF failure (Al-Hussaini 1992).
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4.1 3. When to transfer the embryos after insemination:

4.1.3.1 Transfer of the embryos at the cleavage stage or at the blastocyst
stage:

At the time of ejaculation, 300 million sperm may enter the upper part of the
vagina but only 1% (approx 3 million) enters the uterus. The sperm can survive for up
to 48hrs in the genital tract. During IVF, each oocyte will be inseminated with about
100,000 sperm, and fertilization is not a single event but a continuum. It begins when
the capacitated spermatozoa come into contact with the ovum, and the initial contact
between them is a receptor mediated process (Shabonowitz and O Rand 1988). A
number of glycoprotiens have been identified in the zona pallucida, termed ZP1, ZP2,
and ZP3. Only ZP2 and ZP3 have been shown to possess biological functions. ZP3 is
the most abundant and expressed only in a growing oocyte (Florman and Wassermann
1985; Bleil and Wassermann 1986). Sperm-zona binding is highly species specific
(Saling and Storey 1979). Once the binding is accomplished, the acrosome reaction is
triggered by the peptide chain component of the receptor glycoprotein (Shabonowitz
and O Rand 1988).

After oocyte and sperm fusion, the oocyte will extrude the second polar body
with its excess chromosomes. The fusion of the oocyte and the sperm nuclei by the
formation of two pronuclei marks the creation of the zygote and the end of fertilization

(Edwards et al. 1969).

At 1.5 to 3 days after ovulation, the zygote begins to cleave and each
subsequent division increases the number of cells, which are termed blastomeres. Each
division occurs approximately every 20 hrs (Cummins et al. 1986), and with each
division the blastomeres within the zona pellucida become smaller and smaller. When
the blastomeres number is 16-32 (day 3 to 4) the zygote is termed a morula (Edwards et
al. 1980). At 4 to 5 days after fertilization, cell division continues and a cavity is formed
at the centre. The cells will become more flattened while the zona pallucida remains the
same size. At this stage, the embryo is called a blastocyst (Mohr and Trounson 1982;

Howlett et al.1985).
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The presence of the blastocyst indicates that two cell types are forming; the
inner cell mass, and the trophectoderm (approximately 45 and 80 cells respectively)
(Hardy et al. 1989). The inner cell mass then divides rapidly to form a two-layered disc.
The top layer of cells forms the embryo and the amniotic cavity, while the lower cells
become the yolk sac (Wiley 1987). Prior to implantation the blastocyst must break free
from the zona pellucida, a process termed hatching. Around the 6™ day after
fertilization, the trophoblast cells secrete an enzyme that erodes the epithelial uterine

lining and creates an implantation site for the blastocyst (Hardy et al. 1989).

The first clinical human pregnancy after in vitro fertilization was established by
the transfer of a blastocyst (Steptoe and Edwards 1978). However, due to difficulties in
maintaining the human embryo in culture for more than a couple of days, cleavage-stage
transfers became routine. The recent introduction of sequential culture media, which can
facilitate successful extended culture, has refocused attention upon the role of human
blastocyst in IVF. The success of extended culture depends on many factors in the

laboratory including medium composition (Gardner 2000).

In all mammalian species studied to date, the transfer of embryos to the uterus at
the cleavage stage does not lead to as high a pregnancy rate as the transfer of morulas or
blastocysts. This is true for both fresh embryo cycles (Schoolcraft and Gardner 2000)
and frozen embryo cycles (Langley et al. 2001). In general, morula and blastocyst can
tolerate a wider range of environments (Gardner et al. 2000). However, it is evident that
human pregnancies can be established after asynchronous transfers (Ahuja et al. 1985).
Like mammalian embryos, the human embryo has the ability to grow in a wide variety
of culture conditions and it can adapt to its environment and continue its development

(Gardner et al. 2000).
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Figure 4.3

(a) Day 3 embryo 6-8
cells

<« (b) Day 5 embryo
@ Daecuban (blastocyst)
(a) — ERERSEERUENA These figures from
Victoria fertility centre
Ohttp://www.victoriaf

(b) Day 5 emb ertility.com/services/e
ay 5 embryo

- mbryo-culture-
R R AT transfer.htm
(Accessed on 29/08/06
(b) at 11.32 am)

Blastocyst transfer has advantages and disadvantages. The advantages include
the following: Firstly, allowing the embryos to develop in the laboratory for a longer
period of time seems to be a better method for selecting the most normal embryos that
would be more likely to implant. Secondly, the transfer occurs closer to the natural time
when the uterine lining may provide a better environment for the embryo to implant.
Because of the high pregnancy and implantation rates after blastocyst transfer, fewer
embryos need to be transferred to maintain an acceptable pregnancy rate. This
technique significantly reduces the chance of higher order multiple gestations such as
triplets [© (Genetic and IVF institute http://www.givf.com/blastocyst.cfim (Accessed on
01/07/06 at 9:15 am)]

The risk and disadvantages of blastocyst transfer include the following: Firstly,
40% of grade 1 and 35% of grade 2 cleaving embryos have growth arrest before
blastocyst formation (Edwards and Brody 1995). In this report, two fifth of the embryos
formed blastocysts containing from 10 to >60 nuclei on day 5. At best only 13% of all
fertilized eggs will form a normal blastocyst (Winston et al. 1991). Therefore, the total
number of embryos available for transfer and freezing will be less. Unfortunately, some
couples undergoing IVF, especially those with a low starting number of embryos, will
have all their embryos die in the laboratory and will not have any embryos available for
transfer. There is no evidence whether or not the embryos that die in the laboratory
would have developed into a normal pregnancy if they had been transferred into the
uterus at an earlier stage (Gardner et al. 2000). Secondly, a risk which is similar to

transferring embryos at earlier stages, is that the blastocyst may not survive the freeze-
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thaw process when utilized for a later attempt to achieve pregnancy [Genetic and IVF

institute Ohttp:/www.givf.com/blastocyst.cfm (Accessed on 01/07/06 at 9:15 am)]

Schwiirzler et al. (2004) performed a retrospective study on 1,259 consecutive
cycles, in order to evaluate differences in the outcome when embryo transfer was
performed either on day 2-3 (cleavage stage, CS-group), or on day 4-5 (blastocyst
stage, BS-group). They found that pregnancy rate was 44% versus 28%, (P<0.001), and
the ‘take home baby rate’ was 37% versus 22% in the BS-group and the CS-group
respectively. The rate of multiple gestations 34% versus 17%, (P<0.001) was
significantly higher among the BS-group, resulting in a higher rate of preterm deliveries
< 36 weeks 26% versus 17%, P<0.045. Female factors causing infertility 40% versus
21% (P<0.001) was significantly higher among the BS-group. For the CS-group, the
rate of singleton pregnancies 83% versus 66%, (P<0.001) and idiopathic cause of
infertility 34% versus 22%, (P<0.012) were significantly higher. In addition, they found
that there was no statistically significant difference in the sex, Caesarean section rate,
Apgar score, umbilical artery pH-values, total mean birth weight, admission rate to
intensive care unit, days of hospitalization or number of minor and major birth defects.
They concluded that blastocyst transfer might lead to a higher pregnancy rate with an
overall better take-home baby rate (Schwirzler et al. 2004), see table (4.2).

Table 4.2 Difference in the outcome between embryo transfer at cleavage stage or at
blastocyst stage. [This table is from Schwirzler et al. (2004)]

Variable Total Cleavage-group | Blastocyst- | P-value
group
Total number of 1259 549 710
transfers
Pregnancy rate 468 (37%) 156 (28%) 312 (44%) | <0.001
Miscarriages 77 (16%) 32 (21%) 45 (14%) n.s
Stillbirths 6 (1%) 3 (2%) 3 (1%) n.a.
Babies per implanted 385 (31%) 121 (22%) 264 (37%) | <0.001
embryo (THBR)
Singleton in vital 274 (71%) 100 (83%) 174 (66%) 0.001
pregnancy
Twins in vital 107 (28%) 20 (17%) 87 (33%) 0.001
pregnancy
Triplets in vital 4 (1%) 1 (1%) 3 (1%) n.s.
pregnancy
Total of multiple 111 (29%) 21 (17%) 90 (34%) 0.001
pregnancies
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Menezo et al. (1999) reported that statistically significantly more male infants
were born after transfer of fresh blastocysts. No specific differences in birth weight
were observed between infants born after blastocyst transfer compared with those born

after spontaneous conception.

Blastocysts have been grown in vitro for many years, with results as good as
50% of embryos reaching the blastocyst stage in studies more than 10 years ago,
although many failed to expand fully (Fishel and Edwards 1983). Expanded and
hatching blastocysts were also cryopreserved, ready for a later transfer (Cohen et al.
1985; and Fehilly et al. 1985).

Clinical trials of blastocyst culture and transfer have largely focused on patients
with a good prognosis, with an adequate response to gonadotrophin. However, Marek et
al. (1999) performed a retrospective study for all patients who attended a fertility clinic
and underwent blastocyst culture and transfer. They determined that extended culture
resulted in increased implantation and pregnancy rates compared to the use of cleavage-
stage embryo transfer. The implantation rates where 32.4% versus 23.3% respectively,
P <0.05, pregnancy rates where 57.5% versus 46.1% respectively. In addition, there
was a significant increase in the percentage of patients who did not have an embryo
transfer 6.7% versus 2.9% respectively. Furthermore, the number of embryos
transferred on day 5 was significantly below that transferred on day 3 (Marek et al.
1999). Similar results have been observed by Vidaeff et al. (2000), and they concluded
that blastocyst transfer, with resultant high implantation rates, represents an effective
means of eliminating high order multiple gestations in good prognosis patients and
should be considered especially for patients electing to have a single embryo transferred
(Marek et al. 1999; Vidaeff et al. 2000).

4.1.4 Influence of the time employed in the performance of the
transfer:

A number of studies have shown how some environmental factors can have a
detrimental effect on embryos, such as exposure to light (Smith 1993; Evans et al. 1999)
or extremes of temperature (Rocha et al. 1998). The importance of keeping embryo
temperature close to 37°C and O, and CO, concentrations within specific ranges is well
known (Bavister 1995; Cohen et al. 1997).
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Matorras et al. (2004) investigated whether there was any clinical significance
to the time interval between embryo loading and embryo deposition. They found that the
longer the duration the lower the pregnancy and implantation rates. They found that the
decrease in pregnancy and implantation rates was gradual until the time interval was 120
seconds, after which it decreased sharply. They recommended speeding up the embryo
transfer process wherever possible. A time interval of >120 seconds carries a poor

prognosis and should, when possible, be avoided, see table (4.3)

Table 4.3 The significance of the time interval between embryos
loading and embryo depositing [This table is from Matorras et al. (2004)]

Time elapsed between embryo <30 31-60 | 61-120 { >120 P
loading and embryo deposition sec sec sec sec
Pregnancy rate 38.9 33.2 31.6 19.1 | <0.05
()
Implantation rate 21.2 15.4 15.9 94 | <0.01
(o)
Pregnancy rate excluding difficult | 40.0 333 32.0 | 19.4 | <0.05
transfers
(%)
Implantation rate excluding 21.4 15.4 16.2 8.8 | <0.01
difficult transfers
(%)

4.1.5 Site of placing the embryos in the uterus:

The clinical touch method was first described by Steptoe and Edwards (1978).
With this method the catheter was gently inserted in to the uterine cavity until it touched

the fundal endometrium, then withdrawn 0.5cm before the embryo was expelled.

Webster (1986) suggested placing the embryo about 10mm below the fundus.
Nazari and co workers found that there was an increased incidence of ectopic pregnancy
with high fundal transfers (Nazari et al. 1993), while Bennett and co workers found that
there was an increased incidence of cervical pregnancy with low uterine transfers
(Bennett et al. 1993). Depositing the embryos in the mid fundal area of the uterus was

found to be important in improving the pregnancy rate (Rosenlund et al. 1996).

Lesny and co workers considered that not touching the endometrium and uterine

fundus when transferring the embryo into the lumen of the endometrial cavity was most
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important, and they demonstrated that touching the fundus with the transfer catheter
stimulated junctional zone contractions (Lesny et al. 1998a). It had been shown already
that these contractions have negative effect on the pregnancy rate (Fanchin et al.
1998b). To avoid this, it was suggested to deposit the embryos 1cm from the fundus and

2cm from the internal cervical os (Lesny et al. 1998a).

Naaktgeboren et al. (1998) suggested placing the embryos lower in the uterine
cavity, and being absolutely sure that the catheter has passed through the cervical canal.
Mansour and Aboulghar emphasised that a soft catheter can curve inside the cervical
canal, and this can be confirmed by rotating the catheter 360°. They said that if it recoils
this means that it is curved inside the canal. They also suggested taking individual
measurements of the cervical canal and uterine cavity before attempting any embryo

transfer (Mansour and Aboulghar 2002).

A study described by Coroleu et al. (2002) performed ultrasound guided embryo
transfers on 180 patients who were randomised into three groups according to the site of
placement of the embryos. In the first group, the embryos were placed 10+1.5mm from
the fundus, while in the second and third groups the embryos were placed at 15+1.5mm,
or 20+1.5mm respectively. They found that the implantation rates in groups 1, 2 and 3
were 20.6%, 31.3% and 33.3% respectively. They concluded that the depth of embryo
placement into the uterine cavity may influence the implantation rate (Coroleu et al.
2002), see table (4.4). In contrast Franco et al. (2004) found that implantation and
pregnancy rates were similar whether the embryos were deposited in the upper or in the

lower half of the endometrial cavity.

Table 4.4 Pregnancy rate in relation to the site of placing the embryo.
[This table is from Coroleu et al. (2002)]

Pregnancy rate in day one Pregnancy rate
10 £ 1.5 mm 20.6%
15 £ 1.5 mm 31.3%
20+ 1.5 mm 33.3%
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4.1.6 Withdrawal of the embryo transfer catheter:

Embryo transfer should be performed gently in order to avoid stimulation of
junctional zone contractions (Lesny et al. 1998a). Martinez et al. (2001) performed a
randomised study on 100 patients, which investigated the influence of the time interval
before withdrawal of the embryo transfer catheter. They investigated whether this time
interval could affect the pregnancy rate. They divided the patients into two groups: in
one group, the catheter was gently withdrawn immediately, while in the second group
the catheter was withdrawn after a 30 second wait. They found that there was no
difference in the pregnancy rate in a population of women with a good response to
stimulation and who had an easy ultrasound-guided transfer of good quality embryos.
They concluded that, either this waiting interval was not sufficient to create a difference
or the retention of the transfer catheter after embryo transfer was not a factor that

affected the pregnancy rate (Martinez et al. 2001).

4.2  Is Bed rest necessary for the patient after embryo
transfer?

When Steptoe was performing embryo transfer more than 25 years ago, he used
to keep the patient in the knee chest position on a special bed with a bumper. The
patient would be instructed to slide forward on her abdomen and was advised to stay in
bed that night and to try to avoid turning over. Subsequently embryo transfer became an
out patient procedure with most women having only few minutes rest (Slikke and

Corson 2002)
http://www.obgyn.net/displaytranscript.asp?page=/avtranscripts/AIT2002 Corson

(Accessed on 14.07.06 at 3.24pm)

Knutzen et al. (1992) performed a study on 34 infertile patients in the luteal
phase of the cycle immediately preceding IVF treatment at the time of mock embryo
transfer. They observed the uterine retention of radio opaque dye mimicking embryo
transfer. The transfer was performed before they positioned the patient supine or axial
for those who had a retroverted uterus or knee chest position for those who had an
anteverted uterus. They then monitored the position of the dye during and after catheter
removal and during patient roll over. They found that the dye remained in the uterine

cavity in 68% of optimum embryo transfer positions, and in 48% of non optimum
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embryo transfer positions. Of these two groups, the dye moved to the tubes, cervix and
vagina in 38.2%, 11.8% and 8.8% respectively. They concluded that if the transfer had
been an actual transfer, 32% of patients positioned optimally and 52% of patients
positioned non optimally would have lost their opportunity to conceive due to the

technique itself rather than the position of the patient (Knutzen et al. 1992).

A randomised controlled study performed by Botta and Grudzinskas (1997)
found no statistical significant difference in pregnancy rates between patients who had
20 minutes bed rest following embryo transfer, compared to those who had 24 hrs bed
rest. The same result has been obtained by other studies (Sharif et al. 1998; Rezabek et
al. 2001; Amarin and Obeidat 2004) who found that the early mobilization groups after
embryo transfer have a better implantation and pregnancy rate, a better take home baby

rate and no statistical significance in the rate of twin pregnancy and miscarriages.

Table 4.5(a) Effect of bed rest after embryo transfer on the pregnancy rate. This table
and the following tables 4.5(b,c,d and e) are from Natalija Vedmedovska, (2005), see
©www.gfmer.ch/PGC_RH_2005/pdf/Mobilization ET_R.pdf (Accessed on 09/09/06, at 8.10pm)

24 hrs bed rest 20-60
Study after ET minute bed RR 95% CI P
rest after
ET
Botta and 21.6% 21.3% >0.05
Grudzinskas 1997

Sharif et al. 1998 22.9% 30%
Rezabek et al 2001 22.2% 50% 0.08
Amarin and 18% 22% 0.87-1.41(1.11) | >0.05

Obeidat 2004

Table 4.5(b) Effect of bed rest after embryo transfer on the take home baby rate

Study 24 hrs bed rest 20-60minute rest P
Rezabek et al. 11% 40% P<0.07
2001
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Table 4.5 (c) Effect of bed rest after embryo transfer on the implantation rate / cycle

Study 24 hrs bed rest | 20-60 minutes bed | RR 95%ClI P
after ET rest after ET
Botta and
Grudzinskas 24.1% 23.6% >0.05
1997
Rezabek et al.
2001 14.5% 22.5% 0.26
Amarin and (1.10-1.47)
Obeidat 2004 9% 14.4 1.27 <0.05
Table 4.5(d) Effect of bed rest after embryo transfer on twin pregnancy
24 hrs rest after | 20-60 min P
Study ET rest after RR 95% CI
ET
Botta and
Grudzinskas 14.2% 13.6% 1.50 >0.05
1997
Amarin and 9% 20% (1.03-2.19) 1.50 <0.05
Obeidat 2004

Table 4.5(e) Effect of bed rest after embryo transfer on the miscarriages rate

Study 24 hrs bed rest 20-60 min. RR 95% CI P
after ET rest after ET
Botta 1997 19% 18.1%
>(0.05
Amarin and 5% 9% 1.31(1.31-1.78)
Obeidat 2004 <0.05

The authors of these studies advised early mobilization of the patient after
embryo transfer, and they concluded that this was cost effective and might relieve some

maternal stress. (Sharif et al. 1998; Rezabek et al. 2001; Amarin and Obeidat 2004).

4.3 Sexual intercourse around the time of embryo
transfer:

Couples trying for a pregnancy tend to make love less frequently than those who

have no concern about fertility. The reasons for this include the mistaken idea that a
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long period of abstinence improve the sperm, and that the days around the time of
ovulation are the only times when intercourse should take place. These ideas are
exacerbated by anxiety or the fear that intercourse will dislodge an early implanting

embryo (Lamont and Anderson 1993).

Intercourse might impair implantation by two mechanisms: the introduction of
infection, or initiation of uterine contraction (Tremellen et al. 2000). Fox et al. (1970)
found that uterine myometrial activity increase during intercourse. It was shown that
these contractions might interfere with the implantation of an early embryo, since a high
level of these contractions had a negative effect on the IVF-ET outcome (Fanchin et al.
1998b). In addition, it was found that sub-clinical infection of the upper genital tract is

associated with a poor IVF-ET outcome (Fanchin et al. 1998a).

In animal studies, evidence shows that seminal plasma is important for
achieving embryo implantation and development, and embryos transferred without
exposing them to seminal fluid have a lower rate of implantation (Queen et al. 1981).
In the human, studies are small and inadequately randomised. Some show seminal
plasma to be beneficial (Bellinge et al. 1986; Marconi et al. 1989), whereas others have

shown no effect (Fishel et al. 1989; Qasim et al. 1996).

Tremellen et al. (2000) performed a study on 1,343 embryos transferred during
478 cycles of IVF and found that there was no significant difference between
intercourse and abstinence in relation to pregnancy rate 23.6% and 21.2% respectively,
but the proportion of embryos that were viable at 6-8 weeks was significantly higher in
women exposed to semen compared to those who abstained (11.01 versus 7.69 viable
embryos per 100 transferred embryos, P<0.036, OR 1.48, and 95 % CI 1.01-2.19 ).
They concluded that exposure to semen around the time of embryo transfer increased

the chance of successful early embryo implantation and development (Tremellen et al.

2000).

4.4 Ways of making embryo transfer easier:

4.4.1 Mock embryo transfer before actual embryo transfer:

Over the past 1015 years, there have been increasing success rates with assisted

reproductive technologies (ART) in all age groups. The Society for Assisted
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Reproductive Technology reported an increase in live birth rates from 28% in 1996 to
32% in 2002 (National Summary and Fertility Clinic Reports 2001 ; Neithardt et al.
2005). This increase has been attributed to multiple factors including improved ovarian
stimulation protocols (Bergh et al. 1997), advances in laboratory techniques (Scoutt

2002), and improvement in ET techniques (Choe et al. 2001).

There are many studies, which have suggested carrying out a mock embryo
transfer before actual ET (Mansour et al 1990; Knutzen et al 1992; Sharif et al. 1995;
Ghazzawi et al. 1999). Mock embryo transfer enables the selection of the most suitable

catheter, thus limiting the time the embryos spend out of the incubator.

Mansour and co workers suggested a mock embryo transfer in the cycle before
the start of IVF treatment (Mansour et al. 1990), while Sharif and co workers suggested
a mock embryo transfer on the day of egg retrieval, or just before the actual embryo
transfer, so as to avoid the problems of a different position of the uterus on the day of

the actual embryo transfer (Sharif et al. 1995).

Mansour and co workers compared the outcome between two groups; the first
group was subjected to mock embryo transfer, while the second group was not. They
found that there was no difficulty at the time of embryo transfer in the first group, while
in the second group; embryo transfer was difficult in 29.8%. They found also that the
pregnancy and the implantation rates in the first group were 22.8%, and 7.2%
respectively, while in the second group, the pregnancy and the implantation rates were
13.1% and 4.3% respectively. They concluded that mock embryo transfer is a simple,
painless procedure, which will give an idea about the length of the uterine cavity, the
degree of the utero cervical angle and the presence of any cervical stenosis, and
determine the most suitable catheter and technique for transfer. Moreover, they
explained the significantly lower pregnancy rate in the second group as due to difficult
embryo transfer. Furthermore, they suggested mock embryo transfer for every patient in
order to avoid unexpected difficulty and failed embryo transfer (Mansour et al. 1990).
Similar results were obtained by Sharif et al. (1995). They performed mock embryo
transfer with a full bladder just before the actual embryo transfer, and found that the
pregnancy rate was 45.1% for the mock ET group and 20.6% for the non mock ET

group.
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Henne and Milki (2004) in their study found that 98% of the anteverted uteruses
(AV), and 45% of the retroverted uteruses (RV), will remain in the same position at the
time of actual embryo transfer in fresh cycles, while 88% of the AV, and 67% of the
RV, will remain in the same position at the time of actual embryo transfer in subsequent

frozen cycles, see table (4.6).

Table 4.6 Difference between uterine positions at the time of mock ET and actual ET.
[This table is from Henne and Milki (2004)]

Total cycles AV at RV at Total cycles AV at RV at
at fresh actual actual at thawed actual actual
Mock ET ET ET Mock ET ET ET
623 AV 608 (98%) 15 (2%) 114 AV 100(88%) | 14(12%)
213 RV 118 (55%) | 95(45%) 46 RV 15(33%) | 31(67%)

Mansour and Sharif demonstrated that the transfer technique is basically simple,
but unexpected difficulty can be encountered during the transfer procedure at the level
of the internal os, and they explained that this can be caused by extreme flexion of the

uterus or by stenosis of the cervical canal (Mansour et al.1990; Sharif et al. 1995).

Knutzen and co workers advocate mock embryo transfer in a cycle prior to the
actual IVF cycle, in order to find the most suitable catheter for each patient, avoid

unpredicted difficulty and reduce the number of difficult transfers (Knutzen et al. 1992).

4.4.2 Ultrasound guided embryo transfer:

Each step of the IVF process has been analysed intensively in an attempt to
improve the success rate, but embryo transfer has not been given the same amount of
attention that other aspect of the process have. Recently it has become apparent that this
area is probably one of the most important areas to be considered. It is clear that
embryos should be transferred to the uterus in an atraumatic way, and that they should

be placed in an area most likely to afford implantation.

Most IVF centres still rely on clinical feel as a tactile method for transfer of the
embryo within the uterine cavity. The possible use of ultrasound to facilitate embryo
transfer was first reported by Strickler and co workers. They reported that ultrasound—

guided transfers were easier, with less catheter distortion, and ejection of the transfer
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bubble could be documented. This was reassuring to both clinician and patients

(Strickler et al. 1985; Leong et al.1986).

A prospective randomised study performed by Wisanto et al. (1989) compared
different embryo transfer catheters. One of the groups had ultrasound guided embryo
transfer using a TDT catheter and they found this group had a significantly improved
pregnancy rate (Wisanto et al. 1989). Others have advocated the use of ultrasound
guidance during the transfer procedure to improve the pregnancy rate. Hurly et al.
(1991) found that the pregnancy rate was improved by the use of transvaginal guidance
in a single embryo transfer. Prapas et al. (1995) also reported a significant improvement

in the pregnancy rate in ultrasound guided embryo transfer.

Woolcott and co worker emphasised that blind embryo transfers may be
unreliable, and the outer guiding catheter abutted, or either indented or embedded in the
endometrium in 17.4%, 24.8%, and 33.1% respectively. Furthermore, in 7.4%, there
was tubal transfer, and they also confirmed in their study the maintenance of air bubble
position after the patient stood up after embryo transfer. In addition, they concluded
that ultrasound guidance had many potential advantages. It facilitated the placement of
the soft catheter, avoiding touching the fundus and, in cases with long cervix, it would

confirm that the catheter was beyond the internal os (Woolcott and stanger 1998).

Lewin et al. (1997) showed that ultrasound would guide the embryo transfer
catheter along the uterine cavity without damaging the endometrium, and it will avoid
plugging of the catheter and avoid bleeding. Prapas et al. (2001) found that ultrasound
assistance in embryo transfer on day 3 and day 4 significantly improved the pregnancy

rate in IVF but had no impact on day 5 embryo transfers.

A randomised trial performed by Coroleu et al. (2000) found that the use of
abdominal ultrasound guided embryo transfer improved the pregnancy rate from 33.7%
to 50% . Sallam et al. (2002) measured the utero-cervical angle immediately before
embryo transfer and then moulded the transfer catheter according to the degree of
angulation. They found that this significantly increased the pregnancy and implantation

rates and reduced the number of difficult and bloody transfers.
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In all the previous studies, ultrasound was mainly used to confirm that the tip of
the transfer catheter was correctly positioned near the uterine fundus. Two prospective
trials done by AL-Shawaf et al. (1993) and Khan et al. (1999) failed to show significant
improvement in the pregnancy rate with the use of ultrasound. Similar results were
achieved by Anderson et al. (2002) who carried out ultrasound-guided embryo transfer
and compared the result retrospectively with IVF cycles when ultrasound was not used.
They found that there was no difference in the outcome, and the improvement in the

pregnancy rate was in patients who had previous failed IVF cycles. See figures 4.4 and

4.5 (aand b).

Figure 4.4
Ultrasound guided embryo
transfer. This figure is
showing the site of placing
the vaginal probe.
This figure is from
Anderson et al. (2002)

Figure 4.5 (a) Ultrasound guided
embryo transfer. This figure shows
the appearance of the ET catheter
before transfer of embryos as viewed
by transvaginal ultrasonography with
the uterus in the sagittal plane.
This figure is from Anderson et al.
(2002)

Figure 4.5(b) Ultrasound guided
embryo transfer. This figure shows
the air bubbles within the uterine
cavity after transfer of the embryos.
This figure is from Anderson et al.
(2002)

(b)
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4.4.3 The use of tenaculum in the embryo transfer procedure:

A tenaculum is used for correction of the uterine position in any gynaecological
procedure, but in embryo transfer, the situation is different. When Steptoe and Edwards
were performing embryo transfer 28 years ago, they did not use tenaculum so as to

avoid pain to the patient (Edwards et al. 1980).

Lesny et al. (1999a) performed a study to establish whether it is safe or not to
use a tenaculum in embryo transfer procedures. The study was performed at the time of
mock embryo transfer, at mid cycle on the day when down regulation was started. The
junctional zone contractions before and after the application of the tenaculum were
measured, and it was found that there was a significant increase in these contractions
after tenaculum application. The cervico-fundal, random, and opposing contractions all
significantly increased and 4/20 of the patients developed fundo-cervical contractions,
which were not seen before the application of the tenaculum. Fanchin et al. (1998b)
suggested that these contractions might be responsible for the mechanical expulsion of
the embryo from the uterus, and therefore have a negative impact on IVF-ET. Based
upon their results, Lesny et al. (1999a) advised avoiding the use of a tenaculum during

embryo transfer procedures.

Evidence shows that oxytocin can cause contractions in the non pregnant uterus,
especially during orgasm. These contractions may be involved in the passive transport

of sperm and the embryo through the oviduct (Russell and Leng 1998).

Dorn et al. (1999) measured the level of serum oxytocin before and after
tenaculum application in 10 patient having embryo transfer. They divided these 10
patients in to 2 groups, one group with tenaculum application, and the other one with
out. They performed serial measurements of oxytocin levels at 20-second intervals
during embryo transfer. They found that oxytocin levels were significantly higher in 4
out of 5 patients in whom a tenaculum had been applied, while in the other group none
of the patients had an increase in the level of oxytocin. They suggested avoiding a

tenaculum application whenever possible in embryo transfer procedure.
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4.4.4. Cervical dilatation for patients who have had a previous
difficult embryo transfer:

The difficulty of the embryo transfer has been reported to affect the pregnancy

rate in some centres (Leeton et al. 1982; Mansour et al. 1990).

Serhal et al. (2003) performed cervical dilatation with a hygroscopic cervical rod
for patients who had either failed to conceive after a previous difficult ET or who had a
difficult mock embryo transfer. The dilator was inserted for 4hrs prior to starting
gonadotrophin stimulation. Subsequently 79% had an easy embryo transfer, and 55%
become pregnant. It was concluded that cervical dilatation using a hygroscopic dilator

facilitated difficult embryo transfer and helped to improve the pregnancy rate.

Prapas et al. (2004) examined the influence of cervical dilatation in patients
who had had two previous failed IVF cycles. The dilatation was done 1-3 months
before embryo transfer. They found that patients who had a cervical dilatation yielded
significantly higher pregnancy rates than the non dilatation group 40% versus 24%
respectively; (P<0.01). The same result was found for implantation rates 24.1% versus
14.9%; (P<0.01), and live birth rates 34.48% versus 19.56%; (P<0.01). It was
concluded that cervical dilatation 1-3 months before embryo transfer led to an improved

pregnancy rate (Prapas et al. 2004).

Different results were obtained by Groutz et al. (1997). They studied 41
treatment cycles in 22 patients who had had a previous difficult or impossible embryo
transfer due to cervical stenosis. These patients had a cervical dilatation 48 hrs before
embryo transfer. It was found that this cervical dilatation made embryo transfer easier in
39 cases, but the pregnancy rate was very low, only one clinical pregnancy (2.5%) and
one ectopic pregnancy. We understood from the previous result that it is likely that

cervical dilatation should be done several weeks before embryo transfer.

4.5 Factors which affect the technique of embryo transfer

The success of IVF treatment depends on maximizing the efficiency of each step
of the procedure. Embryo transfer is the final step in the IVF treatment cycle. The goal
of the transcervical embryo transfer is to deliver the embryos into the uterine fundus in
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an atraumatic way, at a place where implantation is maximum, to avoid the presence of
blood or mucus on the catheter tip, and avoid expelled or retained embryos. The most
important thing to be avoided is the generation of junctional zone contractions (Craft et

al. 1981).

This step is associated with success or failure, and failure of implantation is the
most common cause of failed embryo transfer. Different interventions have been
evaluated, including position of the patient (Jones et al. 1983; Reinthaller et al. 1986),
quality of culture media (Martinez and Trounson 1986) and the type of catheter used
(Hazout and Me'ne’zo 1996). There are many factors, which can affect the outcome of

embryo transfer, these factors include the following:

4.5.1 Effect of difficult embryo transfer on the outcome of IVF:

Studies have been done trying to modify the embryo transfer procedure in order
to achieve optimum results. Many studies have compared the outcome between
difficult and easy procedures (Leeton et al. 1982; Wood et al. 1985; Egan et al. 1990;
Tur-Kaspa et al. 1998; Mansour et al. 1990; Lesny et al. 1999). Some of these studies
showed that difficult embryo transfers have no effect on the outcome, (Wood et al.
1985; Egan et al. 1990; Tur- Kaspa et al. 1998), while other studies showed that
difficult embryo transfers negatively influenced the pregnancy outcome (Leeton et al.

1982; Mansour et al. 1990).

Evidence shows that there is a significant increase in the junctional zone
contractions after tenaculum application in embryo transfer procedures (Lesny et al.
1999a), and they suggest the avoidance of the use of tenaculum so as to avoid the
increase in the serum level of oxytocin (Dorn et al. 1999). This means avoiding
unnecessary manipulation whenever possible because these contractions have negative

effects on the implantation of the embryo (Fanchin et al. 1998b).

In a retrospective study done by Tomas and co-workers, the study included
4,807 patients who had had a recent embryo transfer. Patients were grouped into those
who had had easy, intermediate, and difficult embryo transfers. They considered the
procedure as difficult if it was time consuming, or if there was a need to change the

catheter, or to do a cervical dilatation, or if there was blood on the catheter tip. They
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found that there was a significant difference in the outcome between the easy,
intermediate, and difficult procedures. The pregnancy rate was 30.3% for the easy and
the intermediate and 21.1% for the difficult ones. They concluded that difficulty of
embryo transfer is an independent variable for predicting the outcome of IVF-ICSI

embryo transfer procedure (Tomas et al. 2002).

Marconi et al. (2003) performed direct visualisation of endometrial lesions
immediately after mock embryo transfer using different kinds of embryo transfer
catheters. They assessed the endometrial lesions by the use of micro hysteroscopy. In
their study, they compared the endometrial lesion after the use of Tomcat, Wallace, and
Frydman catheters in 23 infertile patients, who had their mock transfer on day 2-5 post
ovulation. They found that there were different endometrial lesions ranging from tunnel
like, groove like, punch like, to crater like lesions, and they found that the Wallace
catheter was less traumatic to the endometrium than the Tomcat catheter. The Frydman
catheter caused the most significant lesions, and they suggested that some of these
lesions might be capable of compromising the success of embryo transfer; they
concluded that the severity of some of the lesions observed might explain the low
pregnancy rate associated with the difficult or traumatic embryo transfer procedures

(Marconi et al. 2003).

There is a case reported by Napolitano and Fonttis (2002) in which a 32 year old
infertile patient had 5 oocytes retrieved, IVF resulted in only one zygote and cleaving
embryo and a difficult, traumatic and bloody transfer was attempted on day 3. The
transfer procedure was cancelled that day as the embryo was retained in the catheter, so
it was kept in the incubator in culture media until a blastocyst was formed. A second
transfer was performed and a successful pregnancy was achieved and a healthy baby
was born. It was suggested that in case of difficult embryo transfer, waiting for the
blastocyst stage might allow a second non traumatic transfer with a better outcome

when the embryo and the uterus are not under stress (Napolitano and Fonttis 2002).
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4.5.2 Effect of the type of embryo transfer catheter on the
outcome of the procedure:

The ideal embryo transfer catheter should avoid any trauma to thc_: cervix, or to
the endometrium (Ghazzawi et al. 1999). Embryo transfer catheters may be classified in
general into three different types: preloaded, after loaded and catheter with memory
(Edwards and Brody 1995). The choice of the catheter remains technique-dependant,

and it is an important decision to make.

About 80% of patients undergoing IVF reach the embryo transfer stage (HFEA
1996) but only a small proportion of them achieve pregnancy, and the pregnancy rate
after embryo transfer is dependent upon multiple factors including embryo quality,
endometrial receptivity and the technique of embryo transfer itself (Mansour and

Aboulghar 2002).

Various groups have described their favourite ET techniques (Craft et al. 1981;
Leeton et al. 1982; Edwards et al 1984) and many different embryo transfer catheters
are commercially available, mainly composed of non-toxic plastics and/or metal. They
vary in length, calibre, location of the distal port and degree of stiffness and
malleability. These catheters can be subdivided by the material they are made of (i.e.
metal, hard or soft plastics) and whether they are equipped with or without an

introducing cannula that facilitates the transfer procedure (Abou-Setta et al. 2005).

Initiation of soft catheter use began with the Frydman catheter (Laboratories
CCD Paris France), and evolved to almost exclusive use of the Wallace catheter
(Copper Surgical, Shelton, CT, USA). Both catheters possess stiffer outer sheaths that
stabilize the softer inner cannula, which carries the embryos to the endometrial cavity

for transfer (Wood et al. 2000).

In the early 1980s, Edwards and co workers were the first to use the Wallace
catheter (Edwards et al. 1984) and they described it as a soft flexible catheter

surrounded by a movable outer sheath to give support if needed.
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The Tefcat catheter (Cook Ob-Gyn, Spencer, IN, USA) or Tom Cat (Sherwood
Medical, St Louis, MO, USA) have a relatively stiff, hard, polyethylene or Teflon

sheath that enters the endometrial cavity to deposit the embryos.

Several surveys have shown that the transfer catheter ranks high as an important
variable (Wisanto et al. 1989; Grunert et al. 1998; Amorcho et al. 1999; Ghazzawi et al.
1999) and some rate the type of catheter used as high as the third most important
variable (Kovacs1991).

Studies by many authors have compared soft with firm embryo transfer catheters
(Wisanto et al. 1989; Grunert et al. 1998; Amorcho et al. 1999; Ghazzawi et al. 1999).
These studies showed that softer embryo transfer catheters overall performed better. Al
Shawaf et al. (1993) found no difference in the performance of Wallace and Frydman
with regard to the outcome. Other authors found that Tom Cat catheters yielded a
significantly higher pregnancy rate than the Frydman catheter 28% versus 16%; P =
0.03 (Gonen et al. 1991).

Hans et al. (2002) performed a randomised controlled study comparing two
groups of patients, in one group they used TDT rigid catheter and in the other group,
they used K soft cannula (Cook K soft 5000 trans universal embryo transfer set), the K
soft cannula consist of single lumen cannula with 12.5 ¢cm a rigid proximal part and 4cm
soft distal part. The transfer catheter was made of an undisclosed soft polyurethren
material. They found that the type of the embryo transfer catheter contribute

significantly to the success of the IVF program.

Marconi and co workers found that there were different kinds of endometrial
lesions caused by the use of different kinds of transfer catheters, and they explained the
difference in the outcome with the use of different catheters as due to the degree of
trauma caused by these catheters. They suggested that some of these lesions might be

capable of compromising the success of embryo transfer (Marconi et al. 2003).

To gain better understanding of each patient anatomy, a mock embryo transfer is
performed in most IVF centres. One advantages of performing a mock ET is that the

direction and the length of the uterine cavity can be measured (Sharif et al. 1995). This
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facilitates an atraumatic transfer by choosing the most suitable catheter for each patient

(Mansour et al. 1990).

Microbial contamination of the embryo transfer catheter tip is correlated with a
significant reduction in pregnancy rate (Egbase et al. 1996; Fanchin et al. 1998a).
Prophylactic antibiotics administered at the time of oocyte retrieval significantly reduce
the incidence of positive microbial cultures from embryo transfer catheter tips 48 hours

after antibiotic administration (Egbase et al. 1999).

4.5.3 The presence of blood on the tip of the transfer catheter:

There is evidence which shows that the presence of blood on the catheter tip is
associated with a low pregnancy rate after embryo transfer (Goudas et al. 1998;
Awonuga et al. 1998). Other evidence shows that the embryo can be retained by either

blood or mucus occluding the catheter (Leeton et al. 1982; Egan et al. 1990).

Awonuga et al. (1998) found that gently cleaning away the cervical mucus from
the end of the ET catheter would prevent retained embryos, especially embryos that
have undergone assisted hatching, while (Edwards et al. 1984; Visser et al. 1993; and
Ebner et al. 2001) did not find statistically significant effect of catheter contamination

by blood or mucus on the outcome, see table (4.7).

Table 4.7 Effect of the presence of blood on the tip of embryo transfer catheter.
[This table is from Ebner et al. (2001)]

The parameters which | Pregnant Non Implantati | Pregnancy
may affect the outcome pregnant on rate rate
of ET
Blood on the catheter
Yes 18 38 16.2 % 321%
No 87 161 16.9 % 351 %
Mucus on the catheter
Yes 11 22 19.3 % 33.3%
No 94 179 16.4 % 34.7%

4.5.4 Is it necessary to remove the cervical mucus?

Mansour et al. (1994) carried out mock embryo transfers by using methylene

blue in place of transfer media in a similar volume. They found that when cervical
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mucus was aspirated before mock embryo transfer, methylene blue was present at the
cervix in 23%, as compared to 57% of those with out aspiration. They concluded that

cervical mucus affected the rate of embryo expulsion into the cervix.

Nabi and co workers (1997) carried out a non randomised study for 1,204
patients and found that embryos were significantly more likely to be retained in the
transfer catheter when it was contaminated with mucus, as compared with embryo
transfer procedures when the catheters were not contaminated, 17.8% and 3.3%
respectively; (P<0.000001), and they suggested that cervical mucus can plug the tip of
the embryo transfer catheter, causing difficulty in delivering the embryos inside the
uterine cavity and thus increasing the risk of a retained embryo. Furthermore, they
demonstrated that the embryos can stick to the cervical mucus around the catheter,
especially with a small amount of culture media, and can be dragged outside during

withdrawal of the catheter (Nabi et al. 1997).

Other workers found that flushing of the cervical canal with embryo culture
media using a small syringe of 1ml to be associated with an improvement of the clinical
pregnancy rate. McNamee et al. (1999) performed a retrospective study and found that
patients who had a vigorous lavage had a 55% pregnancy rate, and 26% implantation
rate, compared with a 41.7% pregnancy rate and a 10.4% implantation rate in a control

group, see table (4.8).

Sallam et al. (2000) performed an RCT and found that there was no statistically
significant difference with or without flushing of the cervix with pregnancy rates 25.5%

and 34.5%; (P=0.4053), and implantation rates 15.38% and 17.46 %;( P=0.7687).

Table 4.8 Effect of the vigorous cervical lavage on the outcome of IVF-ET.
[This table is from McNamee et al. (1999)]

Effect of vigorous
lavage Pregnancy rate Implantation rate

of the cervix
McNamee et al 1999

Yes 55% 26%

No 41.7% 10.4%
Sallam et al 2000

Yes 25.5% 15.38%

No 34.5% (P=0.4053) 17.46% (P=0.7687)
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4.5.5 Effect of the junctional zone contractions on the outcome
of embryo transfer:

Junctional zone contractions are present at frequencies in the region of 4
contractions per minute (Fanchin et al. 1998b). Fanchin and co workers found that the
pregnancy and implantation rates decreased as the frequency of these contractions
increased. Based on this result, the researchers were trying to find a way to decrease
these contractions in order to improve the implantation and the pregnancy rate, so they

started to analyse the embryo transfer procedure intensively.

Many studies have investigated junctional zone contractions during embryo
transfer (Nabi et al. 1997; Ghazzawi et al. 1999; Wisanto et al. 1999; Lesny et al. 1999;
Sallam et al. 2000; Tomas et al. 2002). They all suggest that embryo transfer should be
done in a gentle way, avoiding any excessive manipulation of the cervix, and not

touching the fundus (Lesny et al. 1999).

4.5.6 Effect of different operators on the outcome of embryo
transfer:

The embryo transfer technique has remained the same since it was described by
Steptoe et al in 1978 although many studies were done trying to improve the outcome of
IVF-ET (Wisanto et al. 1999; Lesny et al. 1999; Aboulghar et al. 1999; Fanchin et al.
1998a; 1998b; Mansour and Aboulghar 2002). ET was analysed step by step and one of

the variables which was evaluated was the experience of the operators.

Visser et al. (1993) found that there is no difference in the pregnancy rate

between different operators. The same result was obtained by Barber et al. (1996) and

Karande et al. (1999).

Hearns et al. (2000) performed a study on 854 infertile patients. All of them
received the same regime of down regulation, ovarian stimulation and luteal support.
Embryo transfer was performed by 11 different physicians in rotation, so that there was
no patient selection. There was a significant difference in the pregnancy rate between
physicians but on direct observation of the physician with the lowest pregnancy rate,

there was no obvious difference in their technique.
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4.5.7 Nurses performing embryo transfer:

In the past, embryo transfer was done exclusively by doctors. More recently,
nurses have started to perform the procedure after proper training and doctors will
perform the procedure only if the nurses find difficulty at the time of mock embryo
transfer, or if they are on vacation. Barber et al. (1996) describes a study by the Oxford
Group of 771 embryo transfers. 88% were performed by nurses, and 12% by doctors,
either as first operators, or after the nurse has experienced difficulty. The nurse-transfer
clinical pregnancy rate was 36.2% and the doctor-transfer rate was 29.4%, P >0.05

(Barber et al. 1996).

Sinclair et al. (1998) compared the outcome of 151 ETs performed by doctors
with 371 procedures performed by a nurse. The pregnancy rate per nurse transfer was
40.2% versus 41%, with corresponding implantation rates of 16.9% versus 17%. None
of the differences were statistically significant (>0.05), they showed that nurses

managed to do 71% of the embryo transfers.

4.5.8 Effect of fluid accumulation within the uterine cavity at
the time of embryo transfer on the outcome of IVF-ET:

Fluid accumulation within the uterine cavity, or hydrometra, after ovarian
stimulation, and before embryo transfer, has only sporadically been reported in the
literature (Welker et al. 1989; Mansour et al. 1991; Andersen et al. 1994; Sharara and
McClamrock 1997), and most of these cases were also claimed to have hydrosalpinx.
How often this complication occurs in women with tubal infertility is unknown, neither

is whether women with other indications for IVF have the same problem.

Studies have been done to investigate the correlation of hydrometra with tubal
disease and its effect on the outcome of IVF-ET. Many authors explained that
embryonal apposition could not occur when a fluid layer is overlaying the endometrium

(Andersen et al. 1994; Sharara. and McClamrock 1997).

Endometrial cavity fluid is occasionally observed during assisted reproductive
technology (ART) cycles; however, few reports have described its prevalence or
significance. The use of ultrasound to evaluate the endometrial cavity for fluid

accumulation prior to embryo transfer has been reported by many studies (Mansour et
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al,, 1991; Andersen et al. 1996; Bloechle et al. 1997) but this is still not performed

systematically in most centres.

Andersen et al. (1996) evaluated 38 patients with a hydrosalpinx who underwent
one IVF cycle, 17 (44.7%) of whom had a history of hydrometra. Only one woman
(5.8%) conceived. Three patients (8%) had fluid in the endometrium prior to hCG, and
none of these conceived after embryo transfer. Six additional patients (16%) were noted
to have fluid in the endometrium 5 days after embryo transfer and only one conceived,
but with an ectopic pregnancy. They also found that there was no difference in the
largest diameter of the hydrosalpinx between those patients who conceived (7/38) as

compared to those who did not (31/38) and there were also no differences in the

endometrial pattern between the two groups.

Sharara and McClamrock (1997) reported on two cases with hydrosalpinx. In
both cases the hydrosalpinx enlarged in response to gonadotrophin stimulation,
hydrosalpinx fluid reflux into the endometrial cavity became radiologically visible only
after receiving hCG. From the first case, a clear yellowish fluid was aspirated
transvaginally from the hydrosalpinx until it collapsed completely. In addition, 100 ul
of clear fluid was aspirated from the endometrial cavity until it had disappeared by
ultrasound. After extensive counselling, the patient elected to proceed with the embryo
transfer if there was no fluid re-accumulation prior to transfer. Six assisted hatched
embryos were replaced because of her age, and to increase the implantation rate, but no
pregnancy ensued. Then she underwent laparoscopic salpingectomy prior to initiating

another cycle, during which five embryos were replaced, which resulted in an ongoing

singleton gestation, see figure 4.7 (a).

In the second case, a Wallace catheter was introduced through the cervical os
and 100 pl was aspirated with disappearance of the fluid collection observed by
ultrasound. The patient was extensively counselled against undergoing an embryo
transfer, and opted to cryopreserve the four resulting embryos at the pronuclear stage

(Sharara and McClamrock 1997), see figure 4.7 (a), and (b).

Levi et al. (2001) observed the accumulation of endometrial fluid in some
patients during stimulations and in the others after hCG administration, and the overall

incidence was 8.2%. They found that when endometrial fluid was observed during
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stimulation, the cancellation rate due to poor ovarian response was significantly higher
29.8% versus 16.9%, (P<0.05), and the pregnancy rate per started cycle was
significantly lower 26.3 versus 42.4%, (P <0.05), than cycles without endometrial fluid.
While for those who had endometrial fluid only after hCG administration, the
pregnancy rates were similar to the group for which endometrial fluid was not observed

(Levi et al. 2001).

Table 4.9(a) Effect of intrauterine fluid accumulation at the time of ET.
[This table is from Levi et al. (2001)]

Endometrial fluid Endometrial fluid not P
observed at the time | observed at the time of
of stimulation stimulation
Cancellation rate 29.8% 16.9% <0.05
Pregnancy rate / 26.3% 42.4% <0.05
started cycle

Chien et al. (2002) carried out a retrospective study of 746 cycles, and found
that uterine fluid accumulation was identified in 35 cycles (4.7%). 18/225 (8%) had
tubal disease, and 17/521 (3.3%) had no tubal disease. In 15 out of 35, cycles (2%) the
fluid persisted until the time of embryo transfer, 2 out of 20 cycles of women with
transient fluid accumulation were pregnant and non of those with fluid retention on the
day of embryo transfer conceived. The authors concluded that fluid accumulation in the
uterine cavity detected during the IVF cycles had a detrimental effect on the embryo
implantation (Chien et al. 2002), see table 4.11(b).

Table 4.9(b) Effect of intrauterine fluid accumulation on the outcome of IVF.
[This table is from. Chien et al. (2002)]

Total Cycles with Cycles Cycles Cycles with Cycles with
cycles fluid with with no temporary persistent
accumulation | tubal tubal fluid fluid
in the uterus cause cause accumulation | accumulation
746 35(4.7%) 18/225 17/521 20 cycles 15 cycles
8% 3.3% 2 (10%) were all were
positive negative
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Akman et al. (2005) retrospectively investigated patients who had intrauterine
fluid accumulation, and had either PCOS or tubal factor infertility. This group was
compared with another group of patients with either PCOS or tubal factor who had
ovarian stimulation but did not show any fluid collection. It was found that implantation
rates were lower in the tubal factor patients in the presence of endometrial fluid 6.12%
and 21.4%, respectively in comparison with all other tubal factor infertile patients in
whom no fluid accumulation inside the cavity was detected. Things were different in the
PCOS group as there was no significant difference in the implantation rate in patients
with endometrial fluid in comparison with the other cycles in which no fluid
accumulation was detected. It was concluded that when fluid collection inside the
endometrial cavity is first seen during ovarian stimulation of PCOS patients undergoing
IVF, embryo transfer can be performed safely if the fluid has disappeared and not
returned by the day of embryo transfer, while in tubal factor cycles one should think of

either cancellation of the cycle or cryopreservation of all embryos (Akman et al. 2005).

If fluid accumulation is found before hCG administration, cancellation of the
cycle should be considered. Mansour et al. (1991) recommended consideration of
evacuation of the fluid noted after hCG administration, but other studies have reported

re-collection of the fluid immediately after aspiration (Bloechle et al. 1997).

Kato, Sharif and co workers recommend transmyometrial embryo transfer as an
alternative method when fluid accumulation is noted before embryo transfer, (Kato et al.
1993; Sharif et al. 1996), yet the effectiveness is unproven. Cryopreservation of

embryos until a favourable cycle is the treatment of choice at the present time, but it has

to be proved in a further study.

141



A Review of the Literature Concerning the Technique of Embryo Transfer

Figure 4.6 Endometrial fluid
collections noted after human
chorionic gonadotrophin (hCG)

(a) Case 1; the endometrial lining
measured 13 mm. The fluid
collection measured 4.0 mm.

(b) Case 2, in which endometrial
fluid collection noted after hCG
measured 4.5 mm.

This figure is from Sharara and
McClamrock, (1997).

(b)

In conclusion, fluid accumulation within the uterine cavity during IVF treatment
mainly occurs in patients with tubal infertility. However, it can also be observed in
patients with non-tubal factors. Although it is not a common complication of IVF—ET
cycles, the presence of excessive uterine fluid is detrimental to embryo implantation.
Serial transvaginal ultrasonography evaluation of both the endometrium and uterine
cavity is necessary during the entire treatment cycle to avoid transferring embryos into

an unfavourable uterus.

4.6 Is their any limit to the number of IVF-ETcycles
which can be attempted on the same patient?

The difficult question, which always needs to be asked, is what to do if IVF
fails, and how many times the couple can try again? Before answering this question,

first of all, the IVF cycle should be evaluated carefully, and the record of the

embryologist and ovarian reserve should be assessed again. In patients with a low
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ovarian reserve, their chance to become pregnant is low (Aboulghar et al. 1999). A
diagnostic laparoscopy might find endometriosis, and surgical treatment can improve

the outcome (Marcoux et al. 1997).

There is a case report of 37 attempts over 12 years to achieve pregnancy
(Kovacs and Hewlett 2004). The patient was diagnosed with unexplained sub fertility at
the age of 29 years. Her assisted reproductive treatment started in April 1991, through
which she had eight stimulated IVF cycles, twenty-five clomifene minimum stimulated
IVF cycles, three natural IVF cycles and one frozen thawed embryo transfer cycle. She
had a total of twenty six embryos, transferred in twenty two attempts. Sixteen days
after her third egg retrieval she developed a pelvic abscess and ovarian hyprestimulation
syndrome followed by adult respiratory distress syndrome. She was treated
conservatively and the subsequent egg retrieval was performed under antibiotic cover.
In 1992, she had a laparoscopic resection of a hydrosalpinx. In 1998, she had a
hysteroscopic resection of a uterine fibroid, and during her last attempt, in March 2002,
she became pregnant, but her pregnancy was complicated by intermittent heavy vaginal
bleeding starting from eight weeks up to twenty weeks. She had caesarean section at 34
weeks for meconium stained liquor. They suggested trying again and again until

treatment becomes successful.

There is evidence, which shows that genetic abnormality is more common
among couples with repeated IVF failures (Raziel et al. 2002). Others attributed
implantation failure to immunological abnormalities, and they suggested that couples
with repeated IVF failures and unexplained infertility should undergo genetic
counselling and testing, and if genetic problem are identified donor gamete transfer

should be considered (Balasch et al. 1996).

Kovacs (2002) suggested that if a genetic abnormality is only present in some of
the cell lines (mosaicism), repeated IVF could be recommended after proper
counselling. If genetic problems are identified, either donor gametes should be
considered or preimplantation genetic diagnosis can be used to evaluate the embryo.
Farhi et al. (2000) suggested that ZIFT can be considered as a mode of treatment for

patients with repeated failure of implantation in IVF-ET.
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1. Mock embryo transfer at the time of down regulation, so that if there is any sign

of cervical stenosis, dilatation can be performed to make ET easier.

2. There is no convincing evidence that patient position affects the outcome of
embryo transfer (Diedrich et al. 1989). The dorsal lithotomy position is most
commonly used for embryo transfer, especially for patients with a retroverted
uterus, whereas for patients with an anteverted uterus, the knee—chest position
has been recommended to eliminate expulsion of embryos from the uterus

(Knutzen et al. 1992).

3. Gentle insertion: manipulate the cervix with a speculum; avoid any excessive

manipulation to avoid initiation of uterine contractions.

4. Remove excess cervical mucus, and flush the cervix (but not the canal) with

culture media.

5. Transabdominal ultrasonographic guidance with a full bladder or transvaginal
ultrasonographic guidance to avoid the catheter tip causing any damage to the

endometrium, and avoid touching the fundus.
6. A full bladder can make ET easier by making the cervico-uterine angle straight.

7. Soft catheter, 20-30pL volume of culture media with two air bubbles to avoid

spillage of the embryo. Inject the embryo slowly and remove the catheter slowly

8. Catheter should be checked by the embryologist for any retained embryo

144



The Uterine Junctional Zone and its Contractions

CHAPTER FIVE

The Uterine Junctional Zone and its Contractions

5.1 Histology and embryological origin of the
myometrium:

The human uterine muscular wall is composed of three layers; the stratum
subvasculare, immediately adjacent to the endometrium with a predominantly circular
arrangement of the muscular fibres, the subserosal stratum supravasculare, with a
predominantly longitudinal arrangement of the muscle fibres, and in between, the
stratum vasculare, which consists of a three dimensional mesh of short muscular

bundles, and constitutes the bulk of uterine muscular wall in the female (Wetzstein

1965).

During human embryology both the stratum supravasculare and the stratum
vasculare develop in the third trimester of gestation or even postnatally, while the inner

myometrium is already apparent at the beginning of the second trimester (Werth and

Grusdew 1898).

With the circular arrangement of mesenchymal cells around the primordial
uterus and tubes, ontogenetically early formation of the inner circular layer is also
documented by a kind of fundo cornual raphea of the stratum subvasculare, which
results from the fusion of two paramesonephric ducts, and their mesenchymal element,

which together form the primordial uterus (Werth and Grusdew 1898).

The origin of the outer myometrium is from the outer mescenchyme "non
mullerian origin", whiles the origin of the endometrium, and the stem cells of the

junctional zone, are both paramesonephric "mullerian origin" (Werth and Grusdew

1898).

The sub endometrial layer of the myometrium “the junctional zone” is
characterized by high cellular density, lower cytoplasmic/nuclear ratio and different

expressions of the components of the extra cellular matrix (Brosens et al. 1998).
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The differentiation of the myometrium into two distinct layers is strictly under
ovarian hormonal control, see figure (5.1). In the pre-menarcheal girl, and
postmenopausal woman, the zonal anatomy is often indistinct. Ovarian down
regulation with a GnRH analogue "Gonadotrophin Releasing Hormone analogue" leads
to the appearance of the uterus mimicking that of the postmenopausal period on MRI

scan (Demas et al. 1985; and Wiczyk et al. 1988).

Figure 5.1 MRI appearance of the human uterus.

From inside to outside on the level of the uterine cavity: the
endometrium with high signal intensity; the stratum
subvasculare of the myometrium with low signal intensity
(‘junctional zone'), the stratum vasculare of the myometrium
with high but more irregular signal intensity and the stratum
supravasculare of the myometrium with intermediate signal
intensity. The halo comprises about one-quarter of the thickness
of the whole myometrium on the level of the uterine corpus.
[This figure is from Kunz et al. (2000)]

The endometrium and the junctional zone are also functionally different from
that of the outer myometrium. The function of the outer myometrium is mainly to
expel the foetus during labour, while the endometrium and the junctional zone are

involved in many of the other biological activities of the reproductive system, including
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particularly sperm transport, and implantation. Proliferation and differentiation of the
endometrium prepares for implantation of the embryo, and peristalsis of the junctional
zone may assist the passive transport of sperm, and the embryo in the oviduct leading to
a higher implantation of the embryo in the uterus. Peristaltic movements may also help
to remove the endometrial debris during menstruation (Kunz et al. 1996); and
(Leyendecker et al. 1996). For all of these functions to be possible the epithelium and
the stroma of the endometrium, as well as the junctional zone, constantly undergo
structural and biochemical changes through out the ovarian cycle (Guidice and

Ferenczy 1996).

5.2 Immunocytochemical expression of oestrogen,
progesterone, and oxytocin receptors in the human
myometrial and endometrial layers:

Immunocytochemistry is a method of detecting the presence of specific proteins
in cells and tissues. With special monoclonal antibodies, it allows visualisation of the
oestrogen and progesterone receptors in an individual cell and the tissue layers of the

uterus as a target organ of ovarian steroids (Einspanier et al. 1998).

Studies have been performed on the uteruses of animals to see the distribution
of the oestrogen, progesterone, and oxytocin receptors in different phases of the ovarian
cycle. This research found that the staining of the steroid receptors was mainly
intranuclear, whereas the oxytocin receptor was localised in the cytoplasm or on the

outer cell membrane (Einspanier et al. 1998).

Einspanier et al. (1998) also found that staining, localization, and intensity
varied, as did the percentage of immunoreactive cells, throughout the cycles. Similar
studies were done for the human uterus, but in most of these studies only the sub
endometrial layer of the myometrium was analysed and was considered to be

representative of the whole uterine muscle wall (Lessey et al. 1988; and Snijder et al.

1992).

Noe et al. (1999) performed Immunocytochemistry on the uteruses of 27
women and found that there was no consistent pattern of steroid receptor expression

across the myometrial wall. The expression of steroid receptors in the sub endometrial
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layer of the myometrium paralleled the cyclical pattern of the endometrial epithelium

and stroma, while the outer myometrium showed no cyclical pattern at all but a strong

staining throughout the whole cycle, see figure (5.2).

Figure 5.2.. Representative sections of Immunostaining for oestrogen receptors of the
uterine wall throughout the menstrual cycle. The sections depict the endometrium (1),
the stratum subvasculare (2), the stratum vasculare (3) and the stratum supravasculare
(4) respectively, during the early proliferative (A), peri-ovulatory (B), early secretory
(C) and late secretory (D) phases respectively of the menstrual cycle. Bar = 50 pm.
[This figure is from Noe et al. (1999)]
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5.3 The use of imaging techniques in the detection of
junctional zone:

Due to their non-invasive nature imaging techniques are ideally suited to

assessing the endometrium prior to embryo transfer.

5.3.1. The use of ultrasound in the detection of ‘junctional zone
and its contractions

In contrast to MR, ultrasound is much cheaper and more widely available while
being easier to use. The development of real time ultrasound allowed the rapid non-
invasive observation of the junctional zone as a hypo dense zone about 3-5 mm in depth

(Kunz et al. 1998b).

Junctional zone movement has been identified by both transabdominal
(Brinholz 1984) and transvaginal ultrasound (Oike et al. 1988; Abramowitz and Archer
1990; Lyons et al. 1991; Fukuda and Fukuda 1994; Kunz et al. 1996; Kunz and
Leyendecker 1996). Junctional zone contractions have been quantified in several
studies (Ijiland et al. 1996; 1997a; 1997b; Fanchin et al. 1997; and Lesny et al. 1998a)
and it has been shown that both natural and fertilization cycles contain different kinds
of contractions (ljiland et al. (1997; Lesny et al. 1998a). Early studies done by
Abramowitz and Archer (1991); and Fukuda and Fukuda (1994) were able to show
junctional zone contractions in IVF-ET cycles using simple methods. With the
introduction of more sophisticated equipment "audio visual and computer technology"
it became possible to observe this particular layer of the myometrium in more detail

and to see its movement more objectively (Lesny et al. 1998a; and Fanchin et al.

1998b).

Evidence shows that junctional zone movement is responsible for the peristaltic
movement of the endometrium (Scoutt et al. 1991; Turnbull et al. 1994; Brosens et al.

1995; and Tetlow et al. 1997).

Ultrasound has been described as an easy way to detect the contractions of the
junctional zone but its use might affect the outcome. Lesny and co-workers have listed
several factors that might affect the result. Firstly, pressing the vaginal transducer

down too hard with the hope of getting a better image of the endometrium might disturb
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the contractions. Secondly, the type of contractions seen depends on the view itself,
whether it is longitudinal, transverse or oblique, with the optimum method of seeing the
contraction being through the use of the longitudinal view. In a longitudinal view the
direction will be observed correctly "cervico-fundal or fundo-cervical" while in the
transverse view the contractions will involve the whole circumference of the
endometrium and appear like a contracted ring. In the oblique view, the image will be a
mixture of both the longitudinal and the transverse views. Moreover, with the use of
the fast forward function of the video tape machine fine contractions cannot be
visualised (Lesny et al. 1998a). The above finding may be responsible for the
inconsistency in the classification of uterine contractions (Abramowitz and Archer

1990; Lyons et al. 1991).

5.3.2. The use of magnetic resonance in the detection of uterine

junctional zone:

Several studies have shown that the structural differences of the myometrium
allow in vivo visualization of the myometrial zonal anatomy by T2 weighted MRI (Lee
et al. 1985; Brown et al. 1991; Scoutt et al. 1991). In women of reproductive age
distinct zonal differentiation in both the corpus and the cervix may be identified. Using
these method three layers can be distinguished in the myometrium. Surrounding the
high signal intensity of endometrial strip there is a low signal intensity junctional zone
followed by an outer intermediate signal intensity of the intermediate zone and a thin
low signal intensity subserosal zone, see figure (5.1), and (5.3). The junctional zone
looks like a hypo dense halo surrounding the hyper-dense area of the endometrium (Lee

et al. 1985; Brown et al. 1991; and Scoutt et al. 1991).

The appearance of the junctional zone is subjected to a wide variety of
physiological factors including direct mechanical effect due to contraction or hormonal
effect (McCarthy et al. 1986; Togashi et al. 1993). Ovarian suppression with GnRH
analogues lead to an appearance of the uterus mimicking that of post menopause on
MRI, while HRT in post menopausal women results in reappearance of the myometrial

zonal anatomy (Demas et al. 1985).
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Turnbull et al. (1995) showed that myometrial zonal anatomy changes profoundly
during pregnancy. Focal disruption of the junctional zone occurs in early pregnancy,
observed as early as 7 days post ovulation. Other authors found that during pregnancy
the junctional zone increases in signal intensity and the zonal difference become
indistinct with normal zonal anatomy reappearing within 6 months of delivery (Willms

et al. 1995).

Kido et al. (2005) evaluated the effect of oral contraceptive pills on the
junctional zone in 23 women who were of reproductive age and using oral
contraceptive pills (OCP users). The outcome was compared to that of 15 women who
were not using oral contraceptive pills (controls). Results showed that the endometrium
and junctional zone were significantly thinner and that the myometrium was thicker in
the OCP users compared to controls. Uterine peristalsis was markedly decreased in the
OCP users and the signal intensity of the myometrium and the cervical mucus was

significantly higher in the oral contraceptive users than in controls (Kido et al. 2005).

The uterus exhibits subtle and rhythmical contractions with the inner
myometrium showing subtle wave like movements while the direction and the
incidence of the peristalsis varies according to the menstrual cycle (Lyon et al. 1991).
Such uterine peristalsis may be displayed using the cine mode display of ultra fast MR
(Nakai et al. 2000). Since disorders of these peristaltic movements may possibly affect
the chance of implantation (Fanchin et al. 1998), or may result in a variety of clinical
disorders such as endometriosis, ultra fast MRI might become the appropriate

procedure to identify relevant uterine function in the future (Nakai et al. 2000).

(b)

Figure 5.3
MRI detection of the junctional zone (a), and (b). MRI of human uterus, the
junctional zone involves both the fundus and the cervix. From Nakai et al.
(2001)
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5.3.3. The use of cine mode MRI for the detection of junctional
Zone contraction:

Conventional MRI techniques may take more than a minute to obtain a T2
weighted image of the uterus and as such the time resolution of this image may be out
of the range of that of the peristalsis. Therefore, junctional zone contractions have been

previously disregarded by MRI (Fujiwara et al. 2003).

MRI techniques have rapidly advanced and cine mode MRI is one of the recent
advances that show some promise. Nakai et al. (2001) demonstrated that this new tool
could be used to allow them to obtain serial images of the uterus with an examination
time of less than a second. As such more than 100 images can be obtained within only a
few minutes. Cine mode display of these serial images in the same plane can provide
demonstrable information relating to the dynamic changes of the human abdomen and
pelvic organs. This information was impossible to obtain through the use of traditional
static MRI techniques or the use of CT scanning of the pelvis (Nakai et al. 2001; and
Fujiwara et al. 2003).

Nakai and co-workers found that the use of ultra fast imaging techniques
allowed clear identification of the uterine peristalsis as a wave conduction of a low
intensity area within the inner myometrium or as an endometrial stripping movement
Nakai et al. (2001). In addition, they found that there are no identifiable diurnal
changes in these contractions and that the direction and the frequency are dependent on
the phase of the menstrual cycle. Furthermore, they found that during menstruation the
low intensity movement of the endometrium is conducted form the fundus to the cervix.
The peak frequency of contractions was found to be during the peri-ovulatory phase
with sub endometrial low intensity conduction from the cervix to the fundus, while in
the luteal phase these contractions disappear. The direction and the frequency of these
contractions fitted the functions of the uterus. They concluded that cervico-fundal
contractions might be responsible for sperm transport and retaining the embryo in the
fundal area, while the fundo-cervical contractions may be responsible for the discharge
of menstrual blood (Nakai et al. 2000; and 2001). Other authors noted that the direction
and the frequency of the uterine peristalsis shown in Cine mode MRI are in accordance
with those seen in transvaginal ultrasound, which are 2-3 contractions per minute (de

Vries et al. 1990; and Oike et al. 1990).
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5.4 Contraction of the non-pregnant uterus:

The uterus is not a quiescent organ and contractions of the non-pregnant uterus
throughout the ovarian cycle have been described Martinez et al. (1973). This group
studied these contractions by the use of both invasive and non-invasive methods. These
included monitoring the amplitude and the frequency of contractions by measuring the
intra-uterine pressure. They used three rubber balloon catheters to record the intra-
uterine pressure and they distinguished between propagated and non-propagated
contractions. The results of the study noted that the frequency of these contractions is

highest in the peri-ovulatory phase of the ovarian cycle Martinez et al. (1973).

There is evidence to show that in the non-pregnant uterus oestrogen receptor
expression is highest in the late follicular phase and decreases sharply in the early luteal
phase while progesterone receptor expression has an initial rise in the follicular phase
followed by a constant level throughout the cycle (Snijder et al. 1992). Other evidence
has shown that the expression of oestrogen receptors is significantly higher in the sub
endometrial myometrium. However, the underlying mechanism is unknown (Richard

and Tiltman 1995).

It has been shown that the junctional zone exhibits a cyclical pattern of
oestrogen and progesterone receptor expression that is parallel to that of the
endometrium, while the outer myometrium does not exhibit a cyclical pattern of

oestrogen or progesterone receptor expression (Noe et al. 1999), see figure (5.2).

It has been shown that during the reproductive years the lymphoid aggregate
consists mainly of T lymphocytes and few B lymphocytes. This lymphoid aggregate is
found mainly at the endometrio-myometrial junction (Stewart et al. 1992). Recently, it
was found that CD3-positive T lymphocytes, which are found in characteristic
lymphoid aggregate in the endometrio-myometrial junction, play an important role in
polarizing the endometrial epithelium by producing cytokines such as gamma
interferon (Tabibzadeh et al. 1988). The mechanism underlying the cyclical pattern of
inner myometrial contractions is not well understood though it is thought that the
synchronous contractions of the inner myometrium depend on the electrical coupling
of the smooth muscle by gap junctions, which are intercellular communication channels

consisting of protein, in the human myometrium. The protein involved in gap
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Jjunctions is mainly connexin-43 and the expression of these gap junctions is mediated
through the binding of certain proteins (Geimonen et al. 1996). In the myometrium,
oestrogen receptor activation leads to increased concentration and stabilization of these
proteins (Webb et al. 1995). The higher level of oestrogen receptor expression in the
junctional zone during the follicular phase may be explained by oestrogen regulation of
connexin-43. Progesterone and human chorionic gonadotrophin are thought to inhibit
the expression of these gab junctions and this may explain the cyclical pattern of these

contractions (Rao and Ambarus 1994; and Zhao et al. 1996).

The presence of these gap junctions alone is not enough to trigger myometrial
contraction. It was found that gap junctions, with the help of several cytokines such as
epidermal growth factor, might modulate myometrial contractions (Gardner and Stancel
1989). Binding sites for other uterotonic substances, such as endothelin-1, have also
been found recently and it has been suggested that endothelin-1 in the endometrium can
induce release prostaglandin F2 alpha (Bacon et al. 1995). It is postulated that
junctional zone differentiation is regulated by complex interactions between ovarian sex
steroid hormones and cytokines along with uterotonin produced locally at the

endometrio-myometrial junction (Brosens et al. 1998).

5.5 The junctional zone as a separate functional unit:

The junctional zone is the myometrial layer just underlying the endometrium
and has recently been described as a separate functional unit. One of the functional
properties of this layer is that it produces contraction waves during the natural cycle
(Tjiland et al. 1996; 1997b; Kunz and Leyendecker 1996). These contractions have
been classified according to their direction as: contractions directed toward the uterine
fundus (cervico-fundal), contractions from the fundus to the cervix (fundo-cervical),

random contractions, and opposing contractions (ljiland et al. 1996).

It has been described that the lower endometrium remains mobile throughout
the entire cycle and that different contractile patterns are associated with higher
pregnancy rates ([jiland et al. 1997a). It has also been demonstrated that these
contractions may be strong enough to displace embryos in the uterine cavity (Lesny et

al. 1998a).
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It was found that the direction and the amplitude of these contraction waves are
stimulated by hormonal influence (Kunz et al. 1996), and physical stimuli (Lesny et al
1998b; Lesny et al. 1999a). High frequency contractions on the day of the embryo
transfer during IVF/ET treatment were found to reduce the chances of implantation and

pregnancy (Fanchin et al. 1997).
5.6 Junctional zone contractions in the natural cycle:

Spontaneous endometrial wave-like activity of the uterus during the natural
cycle was observed during the 1970s (Martinez et al. 1973), but the velocity and the
duration of the wave interval throughout the cycle were not initially reported. Advances
in transvaginal tomography enabled researchers to see the endometrial wave-like
movements in more detail. These advances therefore generated an interest in the
possible clinical significance of the endometrial wave-like movement (Lyons et al.
1991; Fukuda and Fukuda 1994; Ijiland et al. 1996; 1997a; 1997b).

It has been shown that uterine contractions of the non-pregnant uterus involve
only the sub endometrial layer of the myometrium and that these contractions exhibit
cyclical patterns of frequency and direction Lyons et al. (1991). Further, recently it was
found that peristaltic activity of the non-pregnant uterus plays an important role in the
process of reproduction and that an impairment of these contractions may result in

infertility Kunz et al. (1996); and (1997).

Observation of the endometrial wave-like movement has been performed by
transvaginal ultrasound in 23 cycles of 16 healthy females with regular cycles (Jjiland
et al. 1996). Serial ultrasound scanning was commenced on day 3 of the menstrual
cycle and continued throughout all the phases of the cycle at 1-3 days intervals. The
scanning was for 2 minutes and found that in the early follicular phase the endometrial
movement could not be observed. From the late follicular phase, the endometrial like
movement was gradually increased, and the direction was vertical to.the longitudinal
uterine axis. During the peri-ovulatory phase the intensity and frequency of
endometrial wave-like movement reached a peak and almost all of these wave-like
movements were directed from the cervix to the fundus. After ovulation, the

appearance of the endometrial like movement gradually decreased and the direction of
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the contractions becomes parallel to the longitudinal uterine axis. In the mid-luteal
phase the endometrial like movement disappeared gradually only to reappear before
menstruation with movement from the fundus to the cervix. There was also a trend of
increasing wave velocity from the mid-follicular to the late-follicular phases. Cervico-
fundal contractions have the highest velocity in the peri-ovulatory phase where the
frequency is also highest and in the early luteal phase the wave interval may become

negative (Ijiland et al. 1996; 1997a; and 1997b).

There is evidence to show that this endometrial wave-like movement is
associated with myometrial contractions (de Vries et al. 1990) while other evidence
shows that these myometrial contractions can be assessed by measurement of uterine

cavity pressure (Akerlund et al. 1978; Gubbini et al.1991).

Measurement of uterine cavity pressure throughout the menstrual cycle has
shown that the uterine cavity pressure is approximately 30mmHg in the peri-ovulatory
phase and that it gradually decreases toward the mid-luteal phase when uterine cavity
pressure is approximately 0OmmHg (Csapo 1980). Uterine cavity pressure may reach up
to 100mm Hg during menstruation and changes in the endometrial movement is
synchronised with the changes in the uterine cavity pressure. From this, it was
concluded that it is difficult to explain the underlying hormonal influence on this
cyclical pattern of contractions (Csapo 1980). Evidence has shown that prostaglandin
levels are high during menstruation while the level of oestrogen and progesterone is

low (Downie et al. 1974).

Researchers have observed these endometrial like movements during the natural
cycle and measured the levels of oestrogen and progesterone during their observation
(Toshimichi et al. 2002). They found that these endometrial like movements are
synchronised with the changes in the serum oestrogen level. They also found that these
endometrial waves like movements disappear at the onset of increase of the
progesterone level. The mechanism put forward to explain this is that prostaglandins
contribute to the fundo-cervical contractions at the peri-menstrual phase while in the
follicular phase prostaglandin levels will be reduced and then increase again in the mid-
luteal phase. This means that the decrease in the contractions in this phase is not

contributed to by the increasing level of prostaglandins, but is instead due to the

156



The Uterine Junctional Zone and its Contractions

antagonistic effect of progesterone on prostaglandins (Toshimichi et al. 2002). Based
on this evidence, they explained that the antagonistic effect of progesterone on
prostaglandins contributed to the disappearance of the endometrial wave-like
movement in the mid-luteal phase. They also found that there is a parallel relationship
between endometrial wave-like movement and serum oestradiol level. This finding
suggested that oestrogen might contribute to the endometrial wave-like movement in
the peri-ovulatory phase (Toshimichi et al. 2002). Differing research study evidence
appears to show that some endometrial wave-like activity may cause the hydrostatic
alteration and turbulence in the uterine cavity fluid that is necessary for nutrient and
oxygen supply to the peri-implantation embryo (ljiland et al. 1996; Kunz et al. 1996).
From the above findings, it is clear that junctional zone contractions reflect an
important physiological phenomenon while cervico-fundal contractions contribute to
the ascent of sperm in the female genital tract and to higher implantation of the embryo

in the uterus (Kunz et al. 1996).
5.7 Uterine function in the transportation of sperm:

Transport of the spermatozoa within the female genital tract is one of the critical
steps in the process of reproduction. To be successful this step requires a patent and
functioning uterus and oviduct, as after ejaculation the sperm have to migrate from the
site of deposition in the posterior vaginal fornix to the ampullary portion of the
fallopian tube where fertilization will occur. Then the fertilised oocyte will have to be
transported the opposite way to reach the uterine cavity for implantation. However, the
mechanism for coordinating and timing this bidirectional transport is not understood

(Harper 1994; and Pulkkinen 1995).

The mechanical patency of the oviduct may be assessed by procedures such as
hysterosalpingogrphy (HSG), laparoscopy with dye chromo perturbation, and
Hysterosalpingo Contrast Sonography (HyCoSy). However, none of these procedures

will assess the functional integrity of the oviduct (Randolph et al. 1986; Kiyokawa et al.
2000).

Studies have been done to try to find a procedure that could asses the functional

integrity of the oviduct (Kunz et al. 1996; Wildt et al. 1998). A 1998 study of a group
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of women looked into the distribution of radioactive particles following insertion into
the vagina Wildt et al. (1998). The women had tubal patency confirmed by the use of a
Hysterosalpingogram and then the dominant follicle was identified and localised by
ultrasound. Serum levels of oestrogen and progesterone were measured and 1-2 ml of
micro labelled (technetium 99) human serum albumin was used (their size roughly
corresponded to the size of spermatozoa). These small particles were injected in the
posterior fornix and their distribution assessed with the use of a gamma camera. The
researchers found that labelled particles could be detected as early as 2 minutes after
intravaginal application, indicating that there had been rapid transport of the particles
from the vagina into the uterus. The researchers also observed the uptake of the
particles into the uterus during the follicular as well as during the luteal phase of the
cycle, and they found that in the follicular phase 15% of the patients had the radioactive
particles enter the fallopian tube bilaterally, in 64% the distribution was unilateral, and
in 21% the radioactive particles remained in the uterine cavity with 6% of subjects
showing a significant amount of the radioactive particles present in the peritoneal cavity
Wildt et al. (1998). In addition, they found that the pattern of distribution of the
radioactive particles within the uterus in the luteal phase is different from that observed
during the follicular phase. In the luteal phase, there was a broad area while in the
follicular phase there was an elongated area and transport to the oviduct Wildt et al.
(1998). Furthermore, they found that with the increase in the diameter of the leading
follicle the epsilateral sperm transport (to the site of the dominant follicle) was
significantly increased from 10% to 75%. The researchers also found that this
epsilateral sperm transport increased after oxytocin administration and that there is an
increase in the tone and amplitude of the contractions as well as a reversal of the
pressure gradient from a fundo-cervical to a cervico-fundal direction Wildt et al.
(1998). Interestingly, the subsequent pregnancy rate following timed intercourse or
intrauterine insemination was significantly higher among those who had epsilateral
sperm transfer Wildt et al. (1998). The researchers concluded that the uterus and the
fallopian tube act as a functional unit through action as a peristaltic pump. The activity
of this pump will increase in the follicular phase and therefore increase the transport to
the epsilateral side. They also suggested that oxytocin may have a critical role in this
process Wildt et al. (1998). Another study has also suggested that there is an endocrine

signal from the dominant follicle to the epsilateral site of the cornua Kunz et al. (1996).
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The intensity and the direction of junctional zone contractions have been found
to differ according to the stage of the cycle and that fundo-cervical contraction will
disappear in the peri-ovulatory phase of the cycle and while there is an increase in the
cervico-fundal contraction at the same phase has been shown by several studies (Jjiland

et al. 1996; 1997a; 1997b).

Two theories of uterine sperm transportation have been put forward (William et
al. 1993; Kunz et al. 1996). The first suggests that direct sperm transport is a genuine
function of the uterus (William et al. 1993). This study excluded the mechanism of
chemotaxis from the sperm transportation mechanism. The authors explained that
direct sperm transport requires specific morphological structures to enable the uterus to
transport the sperm into the tube. The other suggestion was that the uterus, although it
is an unpaired organ, will behave as a paired organ according to the morphological
division of the circular muscle of the stratum subvasculare "junctional zone" at the site
of the fundus and the cornua and therefore increase the blood flow in the cornua at the
epsilateral side in relation to the dominant follicle (William et al. 1993; Kunz et al.
1996). The same studies concluded that the utero-ovarian counter current system may
provide higher oestradiol concentrations in the cornual region of the epsilateral side and
that oestradiol may induce endocrine and paracrine changes (William et al. 1993; Kunz
et al. 1996). It has also been found that oestradiol will cause upgrade regulation of the
oxytocin receptors in the endometrium (Zingg et al. 1995). It has been suggested that
this rapid transport of sperm within the genital tract could be mediated by these

contractions (Kunz et al. 1996; 1998).

5.8 Uterine junctional zone contractions during assisted
reproductive cycles

There is some evidence to show that the sub-endometrial layer of the
myometrium, which consists of condensed myocytes, is responsible for the wave-like

movement of the endometrium (Scoutt et al. 1991; Turnbull et al. 1994).

Junctional zone contractions have been observed in the natural cycle (ljiland et
al. 1996). Further work has also been carried out by Lesny and co workers in which
they studied 18 female egg donors (Lesny et al. 1998a). Serial vaginal ultrasound

scanning was performed for each woman for 3-5 minutes after down regulation. Scans
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was done on day 0, day 8, day 10, the day of the hCG injection, before and after egg
retrieval as well as days 2, 3 and 4 after egg retrieval. This research found that the
junctional zone contractions were never seen at the time of down regulation and that
they appeared in all cases on day 8 after super ovulation. The researchers observed
many kinds of contractions, including fundo-cervical and random wavés, but the most
accentuated contraction was in the cervico-fundal direction. The same contractions
were predominant at the time of hCG injection. Opposing contractions appeared while
fundo-cervical and random contractions decreased. It was found that the cervico-fundal
contractions increased in frequency, velocity and intensity immediately after egg
retrieval. In addition, they saw that these contractions have wave-like pattern
movement and may be disrupted by rapid random movement which was not seen prior
to this stage. Furthermore, they found that on days 2 and 3 after egg retrieval these

contractions were decreased and that on day 4 the endometrium was very quiet (Lesny

et al. 1998a).

5.9 Effect of junctional zone contractions on the success
of IVF-ET

Jjiland and co workers (1997a) did a prospective study for 59 infertile patients
and they analysed the endometrial activity throughout the natural cycle, they found that
conception cycles showed less-activity as compared with non conception cycles.
Further study done by the same authors, regarding unidirectional waves (the fundo-
cervical and the cervico-fundal waves) looked into the relation between these
contractions and the ultrasound endometrial character, the character of the follicles,
hormonal values, and to the occurrence of pregnancy (Ijiland et al. 1999). The authors
found that, in contrast to non-pregnant patients, pregnant patients have a significantly
different frequency of occurrence of the various wave types on the day of hCG
stimulation. In addition, they found that there was a switch of the predominant wave
direction from fundo-cervical to cervico-fundal, and they also showed that a premature
wave direction switch was associated with a low pregnancy rate. The authors proposed
that ovarian monitoring in IVF cycles should be supplemented by uterine monitoring
for the endometrial wave-like activity, and they suggested that uterine endometrial

wave-like activity patterns reflect the receptivity of the uterus (Jjiland et al. 1999). The
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authors concluded that endometrial wave-like activity patterns appeared to be more
promising than the thickness or texture of the uterus as an indicator of endometrial
receptivity in IVF cycles, and they also hypothesised that endometrial thickness and
texture may reflect the response of the endometrium to stimulation, while endometrial
wave-like activity may reflect the integrated receptivity of the uterus as awhole (Ijiland

et al. 1997).

A study of 209 infertile patients looked into the consequences of uterine
junctional zone contraction on IVF-ET success rates (Fanchin et al. 1998b). The
patients were exposed to the same level of ovarian stimulating drugs and they were
chosen according to certain criteria with the aim of avoiding other factors which might
affect the result, such as embryo quality and endometrial receptivity. Therefore, only
patients with a morphologically normal uterus, who had at least 3 good quality embryos
and an age of 38 years or below, were included. All patients underwent 5 minute
transvaginal ultrasound scanning and their blood was collected for oestrogen and
progesterone level monitoring. Just before the embryo transfer the type and the
frequency of the junctional zone contractions was observed, see figure 5.4 (a) and (b).
The authors found that there was a progressive increase in the prevalence of retrograde
contractions (contractions from the cervix to the fundus), and a progressive decrease in
the prevalence of antagonistic contractions (contractions from the fundus to the cervix).
When the outcomes were analysed they found that patients with high frequency
junctional zone contractions have a lower clinical and ongoing pregnancy and
implantation rate, see figure 5.4(c), and table 5.1. There was also a significant negative
correlation between plasma progesterone levels and uterine junctional zone contractions
(Fanchin et al. 1998b). This study encouraged the researchers to search for the factors

which exaggerate these uterine contractions and to try to minimise them.
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Figure 5.4(a) Computerized
assessment of uterine
contraction.

After determining the uterine
section to be Analysed (left
panel), Time-dependent
changes in endo—myometrial
interfaces corresponding to
UC were assessed (right
panel).

This figure is from Fanchin et
al. (1998)

Figure 5.4 (b) Computerized
assessment of uterine
Contraction (UC) frequency
This figure is from Fanchin et
al. (1998)

Figure 5.4 (¢) Effect of the
junctional zone contractions at
the time of embryo transfer on

the outcome of IVF-ET.
There is step wise decrease in
the pregnancy rate with increase
in the frequency of the
Jjunctional zone contractions.
This figure is from Fanchin et
al. (1998)
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Table 5.1 Effect of the junctional zone contractions
at the time of embryo transfer on the outcome of IVF-ET.
[This table is from Fanchin et al. (1998, 2000a)]

(4 days after HCG administration) Pregnancy | Implantati
rate on rate
Uterine contraction >5 /min 14% 4%
Uterine contractions< 3 contractions / min 53% 21%

5.10Uterine junctional zone contractions at the time of
blastocyst transfer:

Until recently the culture of embryos in the laboratory to the blastocyst stage
was very difficult because the variety of culture media that were used to supply
nutrients to the embryos were inadequate for extended embryo growth in the laboratory
(Wilson et al. 2002). Therefore, many embryos died before they developed into
blastocyst. Improved culture media are now available that sustain embryo growth in
the laboratory for several days prior to implantation (Wilson et al. 2002). Many IVF
centres now culture embryos to the later blastocyst stage before transferring them into a
woman’s uterus in an attempt to maintain or increase the pregnancy rate. Fewer of the

later-stage embryos are transferred to reduce the risk of multiple gestations.

In animal studies evidence shows that during ovulation there is a release of
prostaglandin and inflammatory factors from the ovary (Espey et al. 1992; and
Kannisto et al. 1992). In human studies it was found that there is exaggeration of
uterine contraction at the time of egg retrieval in hyper stimulated cycles when
compared to natural cycles. It has been suggested that supra- physiological levels of
oestradiol due to hyperstimulation and brief exposure to progesterone may be the
underlying cause for this exaggeration of the junctional zone contraction in the IVF
cycles (Lesny et al. 1998). These contractions were not noted at the time of hCG
administration or immediately before oocyte retrieval. The exaggeration of junctional
zone contraction following difficult embryo transfer (Lesny et al. 1998a) or the
application of tenaculum (Lesny et al. 1999) have been suggested as the underlying
cause though the outcomes may be due to local factors or neural stimulation that may

be responsible for these uterine contractions (Lesny et al. 1998; 1999).
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Research has found that high-frequency uterine contractions at the time of non-
cavitating embryo transfer adversely influence IVF—embryo transfer outcome (Fanchin
et al. 1998). The authors assessed uterine contractility in 43 [VF-embryo transfer
candidates on the day of (hCG) administration, 4 days after hCG (non-cavitating
embryo transfer), and 7 days after hCG (blastocyst transfers). The authors performed 2
minute ultrasound scans for the sagittal plane of the uterus; this was digitized with a
computerized system for assessment of uterine contraction frequency. Results showed
that there is significant decrease in uterine contraction frequency observed from the day
of hCG (4.4 + 0.2 contractions/min) to (3.5 + 0.2 contractions/min) 4 days after hCG,
with more decrease at 7 days after hCG (1.5 + 0.2 contractions/min; P < 0.001), see
figure (5.5). They concluded that during the luteal phase of ovarian stimulation uterine
contractility decreases progressively, and reaches a nearly quiescent status 7 days after
hCG administration, at the time of blastocyst transfers. It is possible that such uterine

relaxation assists blastocyst implantation and improves the success rate of IVF (Fanchin

et al. 2001).

Figure 5.5 Uterine
junctional zone contractions
on the day of blastocyst
transfer showing a
progressive decrease in
the frequency of the
junctional zone
contraction from the day
of hCG administration (4
&= 0.2),(3:5+0.2) at
hCG+4 days, to (1.5 +
0.2) at day 7 in the IVF
cycle. This figure is from
Fanchin et al. (2001)
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5.11 The relation between ectopic pregnancy and uterine
junctional zone contraction:

The first reference to ectopic pregnancy appears in the writings of the famous
Arabic physician Abulcasis (Abdul Qasim Al Zahrawi 936 — 1013) (Lurie 1992).
Abulcasis in his book (Al tasreef) described a patient who had abdominal swelling that
underwent suppuration and drainage (Lurie et al. 1992). The first successful

salpingectomy was reported by Lawson Tait who described it as the definitive

treatment for tubal pregnancy (Tait 1884).

There is a high frequency of ectopic pregnancy after IVF or GIFT and the first
clinical pregnancy after IVF was ectopic (Steptoe et al. 1976).

03/19/682 10 08 54
ROVANCED FERTILITY CIR OF CHI P70 Thete 5?21
a3 W P

Figure 5.6 Ectopic
pregnancy.
This photo is from
advanced Fertility centre
of Chicago, (2006)

©://www.advancedfert
ility.com/ectopic.htm)
Accessed on 11/4/06
at 12.13pm

Ectopic pregnancy reduces future fertility and it is one of the leading causes of
maternal mortality. It is also extremely distressing to many patients after their major

efforts required to establish pregnancy (Edwards and Brody 1995).

The incidence of ectopic pregnancy after IVF is 2-5 % and it has been suggested
that the underlying cause that could explain this high rate of ectopic pregnancy
following ART, may be due to many patients who seek assisted conception having a
defect in the fallopian tube (Marcus and Brinsden 1995). Further studies have been
carried out by researchers trying to reduce this high rate of ectopic pregnancy (Lesny et
al. 1999b; Amin and Sunny 2003). Research has shown that ectopic pregnancy was 3.9

times more closely associated with difficult embryo transfer procedures than with easy
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ones (Lesny et al. 1999b). The authors put forward the suggestion that junctional zone
contraction may be the underlying cause for this high rate of ectopic pregnancy. It was
also shown that junctional zone contractions decrease with increasing time after oocyte
retrieval (Lesny et al. 1998a). Other researchers found that there is a significant
reduction in cervico-fundal contractions at day 7 after hCG administration compared
with day 0 and day 4 after hCG administration Fanchin et al. (2001).‘ Depending on the
above finding, they suggested that the incidence of ectopic pregnancy might be reduced
if the embryos were transferred at day 5 (blastocyst stage) (Fanchin et al. 2001).

Amin and Sunny (2003) compared the incidence of ectopic pregnancy between
day 2 or day 3 embryo transfer versus day 5 embryo transfer,. They found that there
was (3.5%) ectopic pregnancy in the first group and (3.9 %) ectopic pregnancy in the
second group, and the difference between the two groups was not statistically
significant. The authors suggested that factors other than the date of transfer
predisposed to ectopic pregnancy after IVF treatment. Compared to day 2 or day 3
embryo transfer (early cleavage stage), blastocyst culture and transfer represent an
effective means of eliminating high order multiple pregnancy. Implantation rate after
extended blastocyst culture and transfer was found to be 32.4% and it is therefore
significantly higher than that obtained after the transfer of a cleavage stage embryo
(23.3%) (Wilson et al. 2002).

5.12 Uterine hyperperistalsis may be the cause of
endometriosis:

Endometriosis is a common condition characterised by the presence of
endometrial glands and tissues outside the endometrial cavity. It can be a debilitating
disease for some women who experience ongoing pain or it may be asymptomatic and
diagnosed only during infertility work up. Around one third of infertile women have

endometriosis and it is not yet clear how the endometriosis affect the fertility

(Koninckx et al. 1991).

Retrograde menstruation (Sampson 1927) is one of the theories, which gained
widest acceptance though there are many other theories including coelomic metaplasia
and mullerian remnant (Nissolle and Donnez 1997). Subsequently it was found that

retrograde menstruation is a physiological phenomenon and it is observed in nearly all
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menstruating women with patent tubes (Bartosik et al. 1986). However, it is still not
understood why only 10-15% of those patients develop endometriosis, which is the

incidence of endometriosis in the population (Nissolle and Donnez 1997).

Research has found that the defect is in the eutopic endometrium and the
researchers explained this through the theory that altered endometrium has a higher

potential of implantation and growth in the ectopic location (Wingfield et al. 1995).

Another study measured the transport of inert particles in 2 groups of patients
(Leyendecker et al. 1996). In one group, the patients had endometriosis and the other
group were endometriosis free. The authors found that uterine peristalsis is increased
with nearly double the frequency of peristaltic waves during the early follicular, mid-
follicular and mid-luteal phases of the cycle in comparison with healthy women. The
authors also found that the inert particles are transported beyond the confines of
physiological passive sperm transport and the amount of radioactivity measured in this
group during the early follicular phase is increased 3 fold over the corresponding value

for healthy women in the mid-follicular phase (Leyendecker et al. 1996).

Several studies have demonstrated that in patients with endometriosis, there is
impairment of sperm transport and they concluded that the defect is primarily located at
the level of the uterus (Leyendecker et al. 1996; and Kunz et al. 1996). Other studies
used a variety of molecular and protein techniques and demonstrated that both
endometriotic lesions and eutopic endometrium from women with endometriosis
contain transcripts for P450 aromatase (Noble et al. 1997; Kitawaki et al. 1997). It has
also been found that this enzyme acts in the conversion of C19 steroids (androgens like
androstenedione and testosterone) to oestrogens (oestrogen and oestradiol) without
changing the respective serum levels (Takahashi et al. 1989). These changes were
found in the endometrium of patients with endometriosis but not the normal
endometrium from the controls. The authors therefore concluded that this locally
aromatase expression by eutopic endometrium may be related to the capability of these

tissues to implant on peritoneal surfaces (Noble et al. 1997; and Kitawaki et al. 1997).

Transvaginal ultrasound for patients with endometriosis when compared with
non-endometriotic patients has shown that there is a significant increase in the

thickness of the junctional zone in patients with endometriosis as compared with the
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control group (Kunz et al. 1998a). In addition, the authors found that there is no
correlation between the thickness and the stage of endometriosis. Furthermore, they
explained that both increased endometrial oestrogen concentration and expansion of the
junctional zone have fundamental effects on junctional zone contractions (Kunz et al.
1998a). It has been found that locally increased oestrogen levels inevitably up-regulate
the endometrial oxytocin mRNA (Zingg et al. 1995). This increaéed oxytocin level
results in increased peristaltic movement of the circular muscle of the myometrium
"junctional zone" (Kunz et al. 1998a). These contractions will lead to an increase in the
intrauterine pressure (Bulletti et al. 1997) and increased trans-tubal seeding of the
endometrium and finally infertility by impairment of uterine mechanism of rapid sperm

transport (Kunz et al. 1996; and Leyendecker et al. 1996).

5.13 Is it possible to reduce the uterine contractions after
embryo transfer by medications?

5.13.1. The use of vaginal progesterone:

Despite the advances in the technique of IVF-ET the rate of achieving
pregnancy is still not justified. Factors which could improve the success rate have been
analysed intensively and one of these factors was reduction of junctional zone
contraction to avoid uterine contractions in the non-pregnant women. This was
assessed previously by the use of an invasive method by insertion of a pressure probe in
the uterine cavity (Henry and Browne 1943; Martinez et al. 1973). These invasive
methods limit the study of the role of these contractions in human reproduction. Now,
the advent of imaging techniques permits a rapid and non invasive detection of these
contractions (Abramowitz and Archer 1990; Lyons et al. 1991). The role of uterine
junctional zone contraction before and after embryo transfer was studied; the negative
effect of high frequency contraction after embryo transfer on the success rate was
reported( Fanchin et al. 1998b).

A study was done to investigate the effect of medications in the early luteal
phase on the junctional zone contraction (Fanchin et al. 2001) studied the effect of early
luteal phase support with progesterone gel (Crinone 8%, Ares —Serono S.A. Geneva,,
Switzerland) in their study, they did transvaginal ultrasound scan for 2 minutes in 84

infertile women on the day of hCG, At the same time oestrogen and progesterone level
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were estimated. The women were divided into 2 groups. In the first group, vaginal
progesterone was started on the day of oocyte retrieval, while in the second group
vaginal progesterone started on the evening of the embryo transfer. The scan was
repeated for them just before the embryo transfer. It was found that despite the high
level of systemic progesterone on the day of hCG administration, the level of the
junctional zone contractions was high in the second group, while in first group, who
had the vaginal progesterone on the day of oocyte retrieval, the level of contractions
was reduced. It was concluded that vaginal route administration of progesterone is
effective in reducing the junctional zone contractions on the day of ET as compared
with the day of hCG, and it was suggested that this uterine relaxation before ET might
avoid displacement of the embryo and improve the outcome (Fanchin et al. 2001).
Other authors they found that decrease in uterine contraction frequency reached
statistical significance on the third day of exposure to Progesterone without differences
between the three dose groups of Crinone containing 45, 90, and 180 mg of

Progesterone per application respectively (Ayoubi et al. 2001).

5.13.2. The use of antiprostaglandin and smooth muscle
relaxant:

Prostaglandin was first described by the American gynaecologists Kurzok and
Lieb in 1930 (Kurzok and Lieb 1930), they described the stimulatory effect of seminal
fluid on human uterine muscle. Prostaglandins are unsaturated carboxylic acids
synthesised from essential fatty acids (arachidonic acid) through the cyclooxygenase
path way (Samuelsson 2003). Embrey (1971) found that prostaglandin (PGE2 and
PGF20) stimulate myometrial contraction. Robins et al. (1975) suggested that

prostaglandin is not only uterotonin but also uterotropin.

Wood (1981) found that the use of anti prostaglandin did not show any
beneficial effect on the pregnancy rate. A similar result was obtained by Diedrich et al
(1989). Shaker (1993) tried to reduce junctional zone contractions at the time of
embryo transfer by the use of smooth muscle relaxant (Glyceryl nitrate); they found
that the use of muscle relaxant at the time of embryo transfer did not affect the

pregnancy rate.
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5.13.3 Effect of nitric oxide on the contractility of the
myometrium:

Nitric Oxide (NO) is an inhibitory neurotransmitter released from the peripheral
neurons; it is derived from L-arginin, which is one of the 20 most common amino acid,
and its 1 of 10 essential amino acid (Pickard et al. 1991). NO hyperpolarizes the smooth
muscle and inhibits its contraction, and it is synthesised from catalytic oxidation of L-

arginin by the action of the NO synthase enzyme (Moncada et al. 1991).

NO plays a crucial rule in many biological activities, in the process of
reproduction and fertilization, NO is responsible for penile erection, female ovulation,
menstruation, implantation, pregnancy maintenance, labour and delivery (Yallampalli
et al. 1998; and Battaglia et al. 2002), the acrosome at the tip of the sperm head
activates its NO synthase when it enters the egg. The release of NO in the egg is
essential to block the entry of other sperms into the egg and it helps in the orientation of

the pronuclei for fusion (Yallampalli et al. 1998).

In the human, the presence of NO- cGMP dependent pathway was first studied
in the pregnant uterus (Yallampalli et al. 1993), they showed that the addition of L-
arginin to the uterine muscle strip causes substantial relaxation in the tissue in addition
they showed also that L-arginin causes dose dependent relaxation in the preterm
pregnant uterus, further more they found that NO decreased during spontaneous
delivery, and they explained that L arginin — Nitric Oxide system may be responsible
for the quiescent state of the uterus during pregnancy, and diminished responsiveness of
the uterine muscle to the NO at term, may lead to increase uterine contractions and

initiation of labour (Yallampalli et al. 1993).

Evidence demonstrates that there is negative effect of uterine contraction on the
pregnancy rate (Fanchin et al. 1998) and other studies show the positive effects of NO
on the pregnancy rate in poor responder patient (Battaglia et al. 1999; Hoffman et al
(2003). They suggest further experiments on human myometrium for better
understanding of the modulation of myometrial contractility, before the use of NO in

the IVF patient (Hoffman et al. 2003).
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CHAPTER SIX

A prospective Study of Uterine Junctional Zone
Contractions

6.1 Aim of the study:

Previous chapters of this thesis have presented data that identify embryo
transfer as the point during IVF/ET, which might be amenable to improvement. In
chapter five, 1 discussed the technique of measuring uterine junctional zone
contractions as a possible means of assessing the technique of embryo transfer. The aim
of this study was to assess the relationship between the frequency of uterine junctional

zone contractions after embryo transfer and the outcome of IVF-ET.

6.2 Type of study:

This was a prospective observational study.

6.3 Patient characteristics:

113 patients who were having IVF-ET in the Hull IVF unit were invited to
participate in the study and 50 agreed. All patients were counselled and participated on
a voluntary basis and gave written consent. The research project was approved by the

Hull and East Riding Local Research Ethics Committee.

6.4 Method:

All patients were given an information sheet on the day of egg retrieval, so that
they could read about the aims of our research for the next two days before they had

their ET. Their consent was then requested on the day of ET.
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All the patients in the study had the same long protocol combining both
complete pituitary desensitization with a GnRH agonist and ovarian hyperstimulation
as mentioned in chapter two. In addition, they had a mock embryo transfer at the time
of down regulation to measure the uterine length and to determine the most appropriate
catheter type. Oocyte retrieval was performed under i.v. sedation using Midazolam and
Alfantanil. Embryo transfer was done within 2-3 days after egg retrieval. All patients
had additional ultrasound scans before and after embryo transfer as described below.
Each embryo transfer procedure was carried out in the lithotomy position without
anaesthesia. A speculum was used to fully expose the cervix and the use of a tenaculum
avoided. During embryo transfer, the catheter tip was placed 1cm from the uterine

fundus.

Statistical analysis was with the use of the SPSS statistic program of social
science. Chi square test was used and a p value of <0.05 regarded as statistically

significant.

6.5 Imaging technique:

A transvaginal ultrasound scan (Voluson 730 Pro, GE Healthcare, Pollards
Wood, UK) recorded the images in the mid-sagittal plane of the uterus for 2 minutes
before and 2 minutes after each embryo transfer. Every effort was made to keep the
ultrasound transducer as still as possible so that the only movements recorded would be
those of the uterine contractions. These images were stored digitally on a Dell laptop
computer using Adobe Premiere Pro software and converted to x 5 normal speed. The
frequency of contractions was determined by visual observation of the speeded up
images. Uterine contraction frequency before embryo transfer was compared with the
frequency after embryo transfer in order to see if the technique used for ET stimulated
the uterus. In addition, the outcome of each IVF-ET cycle was compared with the

frequency of junctional zone contractions, both before and particularly after ET.
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6.6 Results:

Unfortunately, more than half of our patients refused to participate in the study
and to have the additional ultrasound scans, particularly those who had had previous
failed IVF-ET cycles. Some said they were concerned that the vaginal probe might

cause displacement of the embryos.

In the study, our patient ages ranged between 25-44yrs with a mean age of 38yrs.
All the women had transfer of two good quality embryos. The cause of their infertility

is shown in table (6.1).

Table 6.1 Aetiology of infertility of all patients who had ultrasound at the
time of embryo transfer in the prospective study

Cause
PCOS
Endometriosis
Male factor
Tubal
Recipients of egg donation
Unexplained
Anovulation
Male factor and PCOS
Male factor and
endometriosis
Donor sperm 1

""“N\]W\Dlﬁ—"—‘g

In this prospective study, we did not find any change in the frequency of
junctional zone contractions after embryo transfer. This may be because of the near-
perfect technique of the person performing the embryo transfer procedure (trying to
avoid any excessive manipulation of the cervix and uterus). In all the cases both the
characteristics and the frequency of waves after embryo transfer remained the same as
before embryo transfer. Easy embryo transfer was possible in all cases randomized to
this study group, probably, at least in part, because of the information gained at the

careful mock embryo transfers.
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In our study, we had 50 patients who agreed to have 2 minutes ultrasound
before and after embryo transfer, 11 of them had a positive pregnancy test 2 weeks later.
We found that there were 214 total contractions before embryo transfer, and 215 total
contractions after embryo transfer, and we can see that the number of contractions is
almost the same before and after embryo transfer, this means that the embryo transfer
procedure is not creating more contractions after the procedure. Analysing the
contractions before and after embryo transfer according to their type we found that
there were 25 (11.68%) fundocervical contraction (FC), 124 (57.94%) random
contractions (RC) and 74 (34.57%) cervico fundal contractions (CF) before embryo
transfer. While the contractions after embryo transfer, were 33 (15.34%) FC, 113
(52.5%) RC, and 69 (32%) CF, see table 6.2. We can see that the frequency of the
contractions is almost identical before and after embryo transfer, and the type of

contractions is mainly random and Cervico-fundal contractions.

Table 6.2 Frequency and type of junctional zone contractions
(JZC) before and after embryo transfer

Total | Fundo-cervical Random Cervico
contractions contractions fundal
contractions
JZC Before ET 214 25(11.68%) 124(57.94%) | 74 (34.57%)
JZC after ET 215 33(15.34%) 113(52.5%) 69 (32%)

If we compare the difference in the outcome between those who have <5
contractions per 2 minutes after ET, and those who have > 5 contractions per 2 minutes
after ET, we find that 37 patients had < 5 JZC/2 minutes of which 11 had a positive
pregnancy test after 2 weeks, making the pregnancy rate 29.7%. 13 patients had >5
JZC/2 minutes and all of them had a negative pregnancy test 2 weeks later making the
pregnancy rate for this group 0%, P = 0.026 (<0.05). Hence there is a statistically
highly significant difference in the outcome between patients who had more than 5

contractions and those who had less than 5 contractions over a 2 minute period after

174



A prospective study of uterine junctional zone contractions

embryo transfer. Junctional zone contractions are associated with a poorer outcome of

IVF-ET, see table (6.3).

Table 6.3 Difference in the pregnancy rate between patients who had <5 contractions in
2 mins after embryo transfer as compared with patients who had > 5 contractions in 2
mains after embryo transfer. Difference was checked with Chi square test

<5 JZC/2min after | >5JZC/2 min after ET P value
ET
N 37 13
Pregnancies 11 0
Pregnancy 29.7% 0% 0.026(<0.05)
rate /ET

Ultrasound is known to have the potential to heat tissue and even though safety
levels were maintained during this study, it is possible that the extended ultrasound
examinations might have acted on either the uterus or the embryos so as to reduce the
pregnancy rate. In order to check whether the prolonged ultrasound examination was
harmful for each of the 50 patients in the study the result of the next treated patient not
in the study was recorded. 12 patients out of this control group of 50 become pregnant,
making the pregnancy rate 24%, which is not significantly different from the 22% seen
in our study group [P >0.629]. Hence, ultrasound has no detrimental effect on the

outcome of IVF-ET, see table (6.4).

Table 6.4 Effect of extended ultrasound scanning on the outcome of IVF-ET.

Study patients Controls P value
Pregnancy 11/50 12/50 0.629
rate/ET 22% 24%
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6.7 Discussion:

The present study was conducted to investigate the possible effect of Junctional
Zone Contractions (JZC) as visualized by ultrasound at the time of embryo transfer on
the outcome of IVF. We observed poorer rates of pregnancy in patients displaying

higher JZC frequency in comparison with those presenting lower JZC frequency.

Brinholz (1984) originally reported the visualization of JZC in the non pregnant
women. With the use of transabdominal ultrasound, uterine contractility was not seen
in 27% of cases. More recently, transvaginal ultrasound was used to visualize JZC
during the menstrual cycle, and it was found that the frequency and the amplitude of
these contractions increase progressively during the follicular phase to a maximum
activity at mid-cycle before declining throughout the luteal phase (Abramowicz and
Archer 1990). De Vries et al. (1990) found that there is a rhythmic contraction of the
inner third of the myometrium in pregnant, nonpregnant, and postmenopausal women,
and the majority of women showed Cervico-fundal contractions. While in menstruating
women and cases of abortion, the contractions were antegrade (Fundo-cervical). They
concluded that these retrograde contractions of the inner third of the myometrium might

be important in sperm transport and for the conservation of early pregnancies within the

uterine cavity.

The Physiological role of JZC at mid-cycle is probably to promote sperm
transport through the uterine cavity to the Fallopian tubes (Lyons et al. 1991; Kunz et al.
1996). In the luteal phase, the progressive reduction in uterine contractility may be
necessary for the contact between blastocysts and endometrium and may therefore
assist implantation (Abramowicz and Archer 1990; Lyons et al. 1991). The
fundocervical contractions observed during the menstrual phase probably help to get rid
of the menstrual debris. Knutzen et al. (1992) suggested that the considerable
mechanical stimulation of the uterus as a result of the embryo transfer procedure might

further stimulate the myometrial activity.
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Oike et al. (1990) found that there is a positive correlation between the
frequency of peristaltic movements and the oestradiol level in the proliferative phase,
and oestradiol level in the secretory stage of the cycle. Same authors found that the
detection rate was lowered significantly when the serum progesterone level was more
than 3.8 ng/ml. Other studies described uterine junctional zone (JZ) contractions in both

natural cycles (Ijiland et al. 1996; 1997b), and assisted reproduction cycles (Lesny et al.
1998b).

In our study, we found that random contractions were the main type of
contraction (57.94%) seen at the time of embryo transfer. Our results are consistent
with the result of a previous study by Lesny and co workers who found that Cervico-
fundal contractions were present in 3/14 (21.42%) of cases, but the contractions were
short and did not involved the whole length of endometrium. In addition, they noted
that opposing contraction were present in 7/14 (50%) of patients and random waves

were present in 11/14 (78.57%) of patients (Lesny et al 1998a).

Jjiland et al showed that there was a lower frequency of these contractions
throughout natural cycles and that different contraction characteristics are associated
with a higher pregnancy rate (Ijiland et al. 1997a, 1999). Similar results were achieved
by Fanchin and co workers in stimulated cycles. Fanchin et al. (1998a) who showed
that increased JZ contractions at the time of embryo transfer are associated with a lower
pregnancy rate. The result of our prospective study is consistent with the result of
Fanchin et al 1998, as we also found that exaggerated junctional zone contractions at
the time of embryo transfer have detrimental effect on the pregnancy rate after IVF-ET.
Different results were achieved by Woolcott and Stanger (1997), as they reported an
improved IVF-ET outcome when uterine contractile activity was present just after
embryo transfer. Lesny et al. (1998b) showed that difficult embryo transfers in oocyte
donors are associated with stimulation of the junctional zone contractions and can cause
displacement of the embryos towards the cervix and into the fallopian tubes. In addition,
they demonstrated that increased junctional zone contractility after a difficult embryo
transfer could be seen as late as 45 min afier the procedure and they concluded that

there is no point in waiting for the release of embryos from the catheter or keeping the
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catheter ‘in situ’ for 60 seconds after embryo transfer as recommended by Al-Shawaf et
al. (1993b) and Wisanto et al.(1989). In our study, all our embryo transfer procedures
were easy and we did not have difficult embryo transfer i.e. in all our 50 cases embryo
transfer catheter was not changed, a tenaculum was not used and all the procedures
were very smooth and performed with same catheter that was chosen on the day of
mock embryo transfer. For this reason, we did not have the chance to see the difference
in the character and the frequency of contraction before and after difficult embryo

transfer, and whether these contractions become exaggerated or not.

6.8 Conclusions:

We conclude that uterine junctional zone contractions are inherently present
whatever precautions are taken to avoid uterine stimulation during embryo transfer.
Furthermore, we found that exaggerated uterine contractility has a negative effect on
the outcome of IVF-ET. Previous studies support the view that this may cause embryo
displacement and consequently implantation failure. For this reason, it is reasonable to
suggest that several precautions should be taken to avoid the initiation of uterine
contractility. This can be achieved by using soft catheters, gentle manipulation,
avoiding touching the fundus, avoiding using a tenaculum, and considering ZIFT rather
than TMET in cases where transcervical transfer is not possible and at least one
fallopian tube is patent. Moreover, in the future we may find a drug that can be used as
a standard treatment to reduce the frequency of these contractions in order to improve

the outcome of IVF-ET.
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CHAPTER SEVEN

7.1 Recommendations for embryo transfer

Embryo transfer is the most critical step in the IVF process and as such extra
care and time should be devoted to ensuring the highest poésible chance of a
successful transfer. This final hurdle in assisted reproduction will determine the
result of a sustained period of effort and concern on the part of all those involved.
Everything from ovulation induction and ovum retrieval, to insemination and
embryo culture and the work of embryologists to maintain the viability of embryos
is futile if a traumatic and subsequently unsuccessful embryo transfer follows.
Englert et al. (1986) reported a 33.3% pregnancy rate with transfers rated

«excellent”, while “bad” transfers yielded only a 10.5% pregnancy rate.

7.1.1 Mock embryo transfer

In order to ensure the highest chance of a successful embryo transfer the
following suggestions may be considered. Evaluation of the uterine cavity before
the IVF cycle is important and mock embryo transfer before the IVF cycle begins is
one of the measures that enable us to perform this assessment and ensure the proper
placement of the embryos. Mock embryo transfer allows us to evaluate the length
and direction of the uterine cavity as well as the cervical canal and to choose the
most suitable catheter for the embryo transfer. It also helps to reveal any
unanticipated difficulties in entering the uterine cavity, such as a pinpoint external os,
the presence of a cervical polyp or fibroids. It may also show anatomical distortion
of the cervix from previous surgery or due to congenital anomalies. Another way of
evaluating the uterine cavity is through the use of ultrasonography (US). This gives
precise information about the length of the uterine cavity, the length of the cervical
canal and the degree of the cervical angulation in relation to the uterine cavity.
Ultrasonography is also very important for diagnosing any fibroids that may be

distorting the endometrial cavity or the cervical canal.
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7.1.2 Uterine junctional zone contractions

Initiation of uterine contractions may produce worse outcomes and as such,
several precautions should be taken to avoid this. Gentle manipulation should
always be the rule, even when introducing the speculum to avoid unnecessary
pressure on the cervix. It has been observed that the use of tissue forceps to hold the
cervix can trigger uterine contractions (Lesny et al. 1999a) therefore, holding the

cervix by a tenaculum should be completely avoided except in rare cases.

7.1.3 The transfer catheter

The embryo transfer catheter should be soft and smooth enough to avoid any
trauma to the endometrium or to the endocervix and flexible enough to find its way
into the uterine cavity. Several studies have compared different kinds of catheters
for embryo transfer and have demonstrated that soft catheters produce the best
results in terms of pregnancy rates (Wisanto et al. 1989; Mansour et al. 1994; Cohen
1998; and Wood et al. 2000). In addition, the outer rigid sheath should be minimaily
used with the aim of just stopping short of the internal os. The stimulus of the
transfer catheter passing through the internal cervical os can also initiate contractions,
which are probably mediated by the release of prostaglandins (Fraser 1992). Due
to this risk of contractions in humans, itis advisable to perform the embryo transfer
without manipulation of the cervix (Dorn et al. 1999; Lesny et al. 1999a). If cervical

stenosis is diagnosed, it is advisable to perform cervical dilatation before ovarian

stimulation.

At the time of embryo transfer, it is essential to be absolutely sure that the
embryo transfer catheter has passed the internal os and entered the uterine cavity.
Soft catheters can sometimes be misleading as they can curve inside the cervical
canal. Some authors suggest waiting before withdrawal of the catheter so that the
uterus can stabilize (Wisanto et al. 1989; and Al-Shawaf et al. 1993a). However,
other authors achieved good results by withdrawing the catheter immediately after

the transfer (Zech et al. 1997).
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7.1.4 Embryo quality

Embryo quality is a critical parameter in human IVF-ET, and one of the most
difficult aspects of assisted reproductive technology (ART) is the determination of
which embryos are most suitable for transfer into the uterus. Embryos exhibiting
irregular shaped blastomeres and severe fragmentation are considered poor quality
embryos and show a higher incidence of chromosomal abnormalities 62% compared
to embryos of good quality 22.2% (Almeida and Bolton 1996). Fragmentation has
been shown to be correlated to chromosomal mosaicism (Munne and Cohen 1998).
In addition, slow cleaving and rapidly cleaving embryos show a higher incidence of

chromosomal aneuploidy (Magli et al. 1998).

Evaluation of embryo quality determines which and how many embryos will
be transferred and as pregnancy rates are directly related to the number and the
quality of the transferred embryos, see chapter (2), tables 2.11(a), (2.14), and figures
(2.9), (2.11) this is obviously of central importance. Embryos are usually classified
according to the presence of cytoplasmic fragmentation, regularity of the
blastomeres and cleavage rate (Staessen et al. 1992). However, a fragmented embryo
can produce a normal pregnancy, though this occurs less frequently than with non-
fragmented embryos (Veeck 1987). Therefore, it is suggested that poor quality

embryos can be an inherent feature in human fertility.

7.1.5 Cleavage rate

In our retrospective study, we confirmed that embryo cleavage rate is
another important factor relating to embryo viability. Embryos with slower cleavage
rates have lower rates of implantation. This study shows that in a comparison
between the transfer of embryos at the 2 or 4 cells stage versus embryos at the 6 or 8
cells stage, the high cleavage rate embryos found in the 6 or 8 cells stages yielded
higher pregnancy and implantation rates, for a similar degree of fragmentation when
compared to 2 or 4 cell embryos, see chapter (2), table 2.18(a),2.18(b) and figures
(2.12), (2.13). The presence of fragmentation has been shown to reduce the
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implantation rate (Staessen et al. 1992) and equally cleavage rate is another
important factor reflecting the embryo viability (Edwards and Brody 1995).

However, this means that choosing the right embryo becomes a crucial issue in order

to maintain a good chance of pregnancy.

7.1.6 Number of embryos transferred

Several programs have limited the number of embryos transferred to two due
to the increased incidence of multiple gestations after IVF and embryo transfer
(HFEA 2004); however, reducing the number of embryos for transfer will not
entirely eliminate multiple gestations. Monozygotic twinning has been reported to
be higher following assisted reproduction (Edwards et al. 1986; Wenstrom et al
1993). The exact mechanism of monozygotic twin formation in ART is unknown; it
has been ascribed to ovulation induction (Derom et al. 1987) or ART culture
conditions (Edwards et al. 1986). Limiting the number of embryos transferred has
lead to a dramatic decrease in the number of triplets but the risk of twin gestation is
still high at around 25% (Devreker et al. 1999). To reduce the risk of twin gestation

the transfer of only one embryo may be a good alternative.

7.1.7 Maternal age

Maternal age is another critical parameter in human fertility. In our
retrospective study, we confirmed the effect of maternal age on the outcome of IVFE-
ET, see chapter 2, table (2.4) and figure (2.4). With increasing maternal age
pregnancy rates decrease due to the progressive depletion of the ovarian follicle
store with a subsequent decrease in the number oocytes that can be collected and
therefore a smaller number of embryos are available (Spandorfer et al. 1998). While
embryo quality reflects embryo viability it has been shown that embryos that appear
to be perfect can contain DNA abnormalities and that the frequency of these
abnormality can increase with an increase in maternal or paternal age (Munne et al.
1995). This may explain the lower pregnancy rates observed in this study for older
women when compared to younger women with similar embryo quality. We also

found that infertility due to male factors is more closely correlated with poor quality
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embryos. Transfer of embryos of a high quality will allow reduction of the number
of embryos transferred therefore leading to a reduction in the risk of multiple
gestations. As multiple gestations are a major issue in assisted reproduction
programs risk should be avoided wherever possible. Therefore, the transfer policy
should be modified to replace only one embryo of good quality in patients with a
good prognosis i.e. those of a low age, especially with tubal causes of infertility.
This policy will encourage the use of mild ovarian stimulation, which has been
recommended (Edward et al. 1996). This may lead to avoidance of maximum
collection of oocytes and embryos if we are going to use only one or two embryos.
Blastocyst transfer may be a good solution but it requires the use of more
appropriate culture media and still remains to be confirmed by a randomised study.
Since the uterus may be a better milieu than current blastocyst media preparations,
we should be cautious in assuming that failure to reach the blastocyst stage indicates
that the embryo never had implantation potential. It is also important to note that
between 2% and 40% of patients will have their embryo transfer cancelled because
no embryos developed to day 5 (Alper et al. 2001). It may be pertinent to ask
whether some of these patients would have had a reasonable chance of success if

they underwent a transfer of their embryos at the cleavage stage.

7.1.8 Cryopreservation

Freezing programmes increase the chance of pregnancy per cycle; see
chapter (2), table (2.9), and figure (2.7), with patients undergoing controlled
hyperstimulation as an outpatient. In conclusion, the possibility of choosing
embryos for transfer remains the main determinant of the outcome and prospéctive
and randomised studies should improve the technique of embryo selection for each
patient. From the previous points we can see that attention to the details of the
technique of embryo transfer appear to be as important as the effort of the

embryologist in the laboratory in the final success of IVF.
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7.1.9 Future possibilities

In the future, we may learn more about junctional zone contractions and

uterine relaxant drugs may become standard treatment at the time of embryo transfer.

Improving the catheter design may also increase the efficiency of the embryo

transfer without damaging the uterine cavity.

We might find a new marker for endometrial receptivity that will enable us
to better understand the conditions necessary for implantation. Along similar lines,
pre-transfer endometrial sampling may become a standard to confirm that conditions

are compatible with implantation.

Abstinence is commonly practised during infertility treatment and often
recommended by the treating physician. Encouraging couples to engage in
intercourse during IVF treatment might have psychological advantages in term of

normalizing the conception process.

In the future, we may have an embryo marker that may determine which
embryos have the highest developmental potential, and therefore allow the selection

of fewer embryos (only those with the greatest potential for producing a pregnancy).

7.1.10 Day 2 versus day 3 transfer

Van Os et al. (1989) were the first to demonstrate that embryo transfer could
be delayed from Day 2 to Day 3 without any detrimental effect on subsequent
pregnancy rates. In addition, they found that a higher number of viable pregnancies
were established following transfer of embryos on Day 3. In a later study, Dawson et
al. (1995) demonstrated that although the pregnancy rate was not significantly
different between Day 2 or Day 3 embryo transfer, the implantation rate was
significantly higher on Day 3. Our results of the prospective study are consistent
with the previous two studies; hence, it seems reasonable to suggest embryo transfer

always on day 3 rather than day 2, see figure (2.14).
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7.1.11 Operator experience

Nurses have a wide range of roles in the treatment of infertility. Their roles
vary from primary assessment and referral of infertile couples (Saulsbery and
Pohlaus 1992), to a specialized nursing role in infertility counselling (Jennings
1992), and moral support (Clapp 1985). In the Hull IVF Unit, as with many other
IVF units in the UK, nurses have extended roles including counselling, moral
support, treatment planning, dose adjustment, consulting, ultrasound monitoring,
egg retrieval and embryo transfer. The satisfactory results obtained and the
extensive experience without complications demonstrates that this role is effective.
The availability of proper supervised training is an important issue here as it was
shown in our study that a new trainee or nurse may take around one year or the
experience of performing more than a hundred embryo transfer procedures before
they can be regarded as well experienced, see chapter (2), table (2.23), and figure
(2.17). There should also be a clearly defined limit of responsibility to avoid any

medico-legal issues.
7.1.12 Hydrosalpinges

Patients with hydrosalpinx should be offered surgical treatment as early as
possible after the diagnosis to avoid possible permanent damage to ovarian function
or to the endometrium (Freeman et al. 1998). For those patients with documented
endometrial fluid accumulation, freezing of the resulting embryos should be
considered. This should be followed by surgical correction of the hydrosalpinx prior

to transfer of frozen embryos, see chapter (2), table 2.26(a), 2.26(b), and figure (2.
21).

7.1.13 Oocyte donation

The majority of studies suggest that oocyte aging is the main factor
responsible for decreasing fertility with age. Oocyte donation was introduced in
1984 to treat premature ovarian failure. The original indications for oocyte donation
were premature menopause, genetic disease and inaccessible ovaries; however with
the passing of time, several other indications have been suggested. The increasing
pregnancy rate from oocyte donation strongly supports this evidence and indications

for oocyte donation include: resistant ovary syndrome, abnormal oocytes during IVF
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treatment, surgical castration or following chemotherapy or radiotherapy, ovarian
dysgenesis and in women with hereditary genetic disease (Anselmo et al. 1999; and

Ahuja et al. 1999).

7.1.14 Timing

In all instances, the most critical component is the synchronization between
the donor and the recipient for the appropriate timing of embryo transfer. The
recipient must also have oestrogen and progesterone therapy to prime the
endometrium prior to ET. The age of the woman producing the oocyte affects the
chance of implantation of an embryo in a manner that appears to be independent of
other factors contributing to the infertility of the couple. The obstetric profile of
pregnancies following oocyte donation poses a special risk to the mother and to the
fetus. In pregnancies following oocyte donation there is a high incidence of pre-
eclampsia and intrauterine growth retardation. The negative influence of the
increased maternal age may contribute to the above complications. Due to the
relative short amount of time elapsed since the introduction of oocyte donation the
effects on the long term physical and psychological development of these children is

still unknown.

7.2 Primary aim of the thesis

In my thesis, my aim was to identify factors that might influence the
outcome of IVF-ET treatment and which might be amenable to modification in order
to improve IVF pregnancy rates. I realize that many factors can affect a couple’s
chance of achieving pregnancy and birth by using IVF-ET or IVF/ICSI and one of
the most significant factors of these is maternal age. I found that with increasing
maternal age the probability of ongoing pregnancy established by the use of IVF-ET
decreased. Certain parameters like the antral follicle count can be used as a
predictive for the success to identify if women over 40 years still have favourable
prospect (Broekmans and Klinkert 2004). I also found that increasing male age can
affect the outcome of IVF-ET. Dunson et al. (2002) reported that fecundity begins to
decline in the late 20s for women and in the late 30s for men. They suggested that

the effect of male age on fecundability can be minimized by timing intercourse to
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the days with optimal cervical secretions. There are clear cut indication for ART and
medical practitioners should refer infertile patients under their care that require IVF-
ET or IVF/ ICSI to ART centres before age catches up with either the female or the

male partner.

Generally, it is agreed that advances in the laboratory resulting in better
quality embryos are perhaps the most significant reason why the success rate of
IVF-ET has increased. Laboratory condition such as cleanliness, room lighting,
odour, culture media, and incubators (i.e. temperature and CO, level) should be
optimised in order to achieve maximum success. In my study I found that 4 cell
embryos transferred on day two gave rise to significantly higher pregnancy and
implantation rates as compared with early cleavage embryos, and similar result was
found with 8 cell embryos transferred on day three as compared to slow cleaving
embryos transferred on the same day. In addition, I found that selecting good quality
embryo on the basis of morphology helps to significantly raise the pregnancy and
implantation rates. This may encourage a change in policy to reduce the number of
transferred embryos in good prognosis patients and reduce the chance of a multiple
gestation as a result. This suggestion can be supported by our result which shows
that the transfer of 3 fresh embryos give lower pregnancy rate but higher twin and

triplet rates.

Cryopreservation has proven to be an extraordinarily useful procedure in
assisted reproductive technology. It allows multiple embryo transfer from single egg
retrieval; it avoids frequent exposure of the patients to the risk of OHSS, with
acceptable pregnancy and implantation rates. Optimization of the technique of
freezing, thawing, and choosing the optimum type of the cryoprotectant agent may
improve the outcome of IVF-ET in the freezing cycles, but it is obviously of the
utmost importance that these excellent results are not overshadowed by neglect of
the ethical and legal problems of cryopreservation. Otherwise, the advantages of

cryopreservation will be lost.

In my study, I tried to clarify the optimal date for embryo transfer. I found
the outcome was better when embryo transfer was performed on day five or day
three rather than day two, which means that delaying embryo transfer one day, may
allow a more accurate selection of the most viable embryo. In addition, I found that

blastocyst transfer carries a significantly higher pregnancy and implantation rates,
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but the main problem is an increased embryo transfer cancellation rate. Optimization
of the laboratory condition and culture media may reduce the cancellation rate and
improve the IVF-ET outcome. Levitas et al. (2004) found that the ET cancellation
rate was reduced significantly if the decision to proceed to blastocyst transfer was
made on day 3 after oocyte retrieval, and they suggested doing blastocyst transfer in

patients who failed to conceive in at least three IVF/ET cycles.

I found also that there is a difference in the outcome of IVF-ET according to
the technique of embryo transfer, which is either TCET or TMET with a better
outcome when the procedure is done transcervically even if this is difficult, and to
consider ZIFT when TMET is indicated if at least one fallopian tube is patent. Some
factors encouraged us to recommend ultrasound-assisted transfer, especially in

previously difficult cases.

I found that there is a difference in the outcome according to the aetiology of
infertility with the best outcome when the cause of infertility was tubal. I found that
there is a difference in the outcome between treated and untreated hydrosalpinx,
especially when there is an intrauterine fluid collection. Therefore, we should
consider removal of the hydrosalpinx before the start of IVF cycles and freezing the
embryos and postponed the embryo transfer procedure when intrauterine fluid
accumulation was identified at the time of embryo transfer. I found that variation in
the embryo transfer technique among different physicians has a profound impact on
individual pregnancy rates in the same situation with a good outcome when nurses
perform the embryo transfer procedure. We should consider leaving all
straightforward embryo transfer procedures to be done by the nurse. This will bring
a potential benefit for the couples by ensuring good continuity of care, which
increases their confidence and reduces their stress, but there should be a clearly
defined limit of responsibility and agreed protocols as well as availability of an

appropriate supervised training program.

By studying the results of the egg-sharing programme, 1 showed that aging
of the ovary is more important than aging of the uterus, and that pregnancy rates in
egg recipients were almost the same as the pregnancy rate in egg sharers of the same
age group. Abortion rates were higher and consequently live birth rates were lower
with increasing age of recipient but the difference was not statistically significant. In

addition, I found that there is no difference in outcome between egg sharers and
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standard IVF patients, which means that egg sharing has no detrimental effect on the
outcome for egg sharers, and this program can be used for a wide range of patients
with conditions such as premature ovarian, primary ovarian failure or a history of
genetic disease; but the utmost important point is not to neglect the legal and the

ethical issues.

7.3 Second aim of the thesis

The retrospective nature of this study may be a limiting factor for my
conclusions but the results may serve as a basis for further large randomised
prospective studies. Therefore, my second aim was added in which I tried to identify
the ways in which the quality of any modification might be judged with out the need
of a large clinical trial. The only factor which was found to be amenable to
modification and which might be relevant was the technique of embryo transfer. In

order to meet the second aim, two methodologies were employed

7.3.1 Targeted literature review

Firstly, I performed a review of the published literature which showed that
the embryo transfer technique is the critical phase of IVF. Successful completion of
all other processes is in vain if embryos are damaged, misplaced or reflux into the
cervix, vagina or fallopian tube. For optimization of pregnancy and implantation
rates smooth catheters should be used and blood, mucus, bacterial contamination
and trauma to the endometrium should be avoided. An ideal catheter design that
does not cause any endometrial irritation or trauma at the time of embryo transfer

may be found in the future.

7.3.2 Randomised prospective study

Secondly, I performed a prospective randomised study of junctional zone
contractions to identify the effect of these contractions on the outcome of IVF-ET. I

demonstrated that exaggerated junctional zone contractions have a detrimental effect
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on the outcome of IVF-ET. This result is consistent with the study by Fanchin et al.
(1998b), in which they concluded that uterine relaxation before ET is likely to
improve IVF-ET outcome by avoiding the displacement of embryos from the uterine
cavity. Lesny et al. (1998a) found Junctional zone activity throughout the IVF cycle
to be more exaggerated when compared to the results reported from observations of
the natural cycle but following a similar pattern. In a further study, Lesny et al.
(1998b) found that an easy mock embryo transfer did not change endometrial
mechanical activity, and demonstrated that Echovist remained in the upper part of
the uterine cavity and was not dispersed after 45 min. In contrast, after a difficult
mock embryo transfer strong junctional zone contractions, were seen to relocate
intrauterine embryos and this activity seemed to depend on physical stimulation of
the uterus. Furthermore, they concluded that junctional zone contractions could be
implicated in cases of IVF/ET failure or ectopic gestation. Lesny et al (1999a) found
that manipulation of the cervix with a tenaculum stimulated junctional zone
contractions and they suggested avoiding the use of tenaculum at the time of embryo
transfer. In a study published in 2001, Fanchin et al. found that vaginal progesterone
administration starting on the day of oocyte retrieval produced a decrease in uterine
contraction frequency on the day of ET as compared with preovulatory values.
William et al. (2001) found that pregnancy rates were significantly decreased by
initiating luteal-phase progesterone supplementation on day 6 after oocyte retrieval
during in vitro fertilization cycles. Ayoubi et al. (2001) found that a decrease in
uterine contraction frequency reached statistical significance on the third day of
exposure to Progesterone without differences between three dose groups. Biervliet et
al (2002) found an increase in the junctional zone contractions with TMET, and they
concluded that the increase in junctional zone contractions after transmyometrial

embryo transfer forms a theoretical objection to this procedure.

7.4 Suggestions for further study

Further experiments on human myometrium for better understanding of the

modulation of myometrial contractility are required.

The prospective study of uterine contractions described in this thesis has

developed the methodology whereby different techniques for embryo transfer can
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now be evaluated without the need for comparing pregnancy outcomes between

large groups in order to obtain statistical significance.

In the future, a new medication may be found that will be able to suppress
the exaggerated junctional zone contractions and hence could be used as a standard

treatment at the time of embryo transfer to improve the outcome of IVF-ET.

The only current alternative to a difficult transcervical embryo transfer,
TMET, is also associated with an increase in junctional zone contractions. We
therefore suggest a prospective study to investigate the most effective method of
embryo transfer in cases where a difficult transcervical embryo transfer is

anticipated due to cervical factors.
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