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Preface

Infertility, as with many aspects of medicine, is at the mercy of rapid
technological advance. Many of these developments initially seem attractive to
both clinicians and patients, but need to be rigorously assessed if their real
value is to be understood and clinical practice is to develop. In this book issues
of importance to the management of infertile patients are discussed. The gaps
in our knowledge which prevent a better understanding of the condition are
identified, and recent developments, both clinical and scientific, are subjected
to peer review and discussion. An important feature of the book is an acceptance
that training in infertility practice is a real problem. This is perceived not only
by the practising clinicians, both doctors and nurses, but particularly by the
clinical scientists, including embryologists, who now provide such an essential
part of the service. Similarly the provision of the clinical service has been
examined in detail from a variety of standpoints, in an attempt to make sensible
recommendations which balance real need with limited resource.

The book is based on the papers presented and discussed at the 25th RCOG
Study Group held in April 1992. The discussion after each paper was civilised
but uncompromising and forms an important part of this publication. The rapid
processing of the written and recorded material by the staff at the RCOG, and
particularly Miss Sally Barber, has ensured that the book has been produced
while the issues are live, the reviews contemporary and the discussion relevant.
The publishers, Springer-Verlag, are also to be thanked for their help in this
respect.

Finally the recommendations printed at the end of this book were thought
through very carefully by the participants, and represent a statement of intent,
to which the Study Group felt committed. It is hoped that the recommendations
will be of help to those providing the clinical service, as well as those who
have responsibility for purchasing services for infertile couples. In addition
several of the recommendations are relevant to the present Code of Practice
published by the HFEA, and these will no doubt be considered when it is thought
timely. As a footnote it is gratifying to know that the last recommendation in
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the book has been realised and due to pressure from many sources, the
confidentiality clause in the Human Fertilisation and Embryology Act has now
been amended. Our thanks go to all those who participated in the Study Group
and contributed to this book.

May 1992 A. A. Templeton
J. O. Drife
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Section I

Epidemiology and Clinical Presentation




Chapter 1
Reproductive Trends in the UK

B. J. Botting

Introduction

The civil registration system is the main source of information about fertility
trends and how these have varied over time.

Two Acts of Parliament passed in 1836 established the basic registration
procedure. These were “An act for marriages in England” and “An act for
registering births, deaths and marriages in England”. As a result of two further
Acts of Parliament, a registration system was set up in Scotland in 1855 and
in Ireland nine years later. Civil registration of births was not compulsory in
England until 1874. Stillbirths did not have to be registered until 1927 in
England, 1939 in Scotland and 1961 in Northern Ireland.

The decline in the numbers of births was a subject of national concern in
the 1930s and early 1940s. This gave rise to a desire to increase the amount of
information collected on the subject. Under the Population (Statistics) Act of
1938, additional data including the parents’ ages and the mother’s parity within
marriage were collected at birth registration in England and Wales from mid-
1938 onwards and in Northern Ireland and Scotland from the beginning of
1939.

This chapter is mainly based on these registration data but also includes data
collected about terminations of pregnancy which take place under the 1967
Abortion Act, about infertility treatment through statistical returns from
licensed clinics to the Interim Licensing Authority and from surveys; the
ongoing General Household Survey, and the study of triplet and higher order
births based on births in 1980 and 1982-85. As a result of using these different
sources, some data are presented for the UK as a whole, some for Great
Britain (for example, abortion data, as there is no abortion Act in Northern
Ireland) and some for England and Wales (for example, specific fertility
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analyses which are not calculated by the separate Register Offices in Scotland
and Northern Ireland).

Overall Fertility

The general fertility rate, the number of live births per 1000 women aged 15-44
years (Fig. 1.1), peaked in 1964 at 93 per 1000 women. Birth rates declined
overall between the mid-1960s and 1977 when the general fertility rate reached
a minimum of 58. Since 1982 there has been a slight upward trend reaching 64
in 1990.

Comparing the component countries of the UK (Fig. 1.2), fertility rates for
Northern Ireland are always much higher than the other countries but mirror
the same pattern. The other three countries have rates close to one another.
In Northern Ireland the proportion of births occurring outside marriage -is
lower than in the other countries. Northern Ireland also has the highest mean
age at childbirth. This is due, at least in part, to women, on average, having
more children. In 1989 36% of births within marriage in Northern Ireland were
the woman’s third or higher order birth, compared with 23% of births in
England and Wales. As a result Northern Ireland has the highest total period
fertility rate (average number of children per woman based on the age-specific
rates of a given calendar year).

100 -

90 —

Births per thousand women aged 15-44 years

50— T T T T T T T |
1952 1955 1960 1965 1970 1975 1980 1985 1990
Year

Fig. 1.1. General fertility rate, United Kingdom, 1952-90.
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Fig. 1.2. General fertility rates, UK component countries, 1970-90.

Marital Status

One of the most striking trends in recent years has been the dramatic increase
in both the number and proportion of all births which occur outside marriage.
In 1990 28% of births in the United Kingdom occurred outside marriage. The
differences in the level between England, Wales and Scotland were small. The
proportion of births outside marriage in Northern Ireland (19%), however,
was less than in Great Britain, although the rate of increase over the previous
decade was similar [1].

In England and Wales between 1960 and 1980 the number of births outside
marriage nearly doubled from 43 000 to 77 000. Since then the number has
more than doubled reaching 200 000 in 1990 [2]. In percentage terms this
represents an increase from 5% of all births in 1960 to almost 30% in 1990.

The proportion of births which are outside marriage and registered by the
mother on her own is not rising, however. The increase is entirely in the
proportion of births outside marriage registered by both parents together. Fig.
1.3 shows that, in 1980 when only 12% of all live births were outside marriage,
almost half of these were registered solely by the mother. Since then there has
been a substantial increase in both the number and the proportion of births
registered jointly by both parents. In 1990 73% of all births outside marriage
were registered by both parents. In three quarters of these registrations the
mother and father stated that, at the time they registered the birth, they were
living at the same address.

It also has to be borne in mind that marriage patterns vary from culture to
culture. Ethnic origin is not recorded in official registration statistics and
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Fig. 1.3. Live births outside marriage as a percentage of total live births, England and Wales,
1980-90. *Estimates of patients address(es) based on a sample of jointly registered births outside
marriage for 1983-85, and for all cases for 1986-90. This information is not available for years
before 1983.

country of birth is used as a crude approximation to it. While very few women
born in Pakistan have babies outside marriage, about half the babies born to
women born in the West Indies are outside marriage [2].

Age at Childbirth

Figure 1.4 shows that between 1980 and 1990 fertility levels increased
considerably among women in their thirties and forties. In contrast, fertility
rates fell among women in their twenties. However, the late twenties remain
the peak childbearing years, with fertility levels substantially above those for
all other age groups.

The shift to childbearing at older ages is one reason for the steady rise in
mean age at childbirth seen since 1975 for births both inside and outside
marriage (Fig. 1.5). It is also due to a gradual increase in the proportion of
women aged 15-44 years who are in the older part of the age range. An upward
shift in the age distribution of women of childbearing ages would, in itself,
raise the average age at childbirth if fertility rates were to remain constant.
Among married women in 1990 the mean age at childbirth was 28.7 years, the
highest since .1952. In contrast, mean age at childbirth for births outside
marriage was much lower at 24.6 years, because a far larger proportion of
births outside marriage were to women aged under 25 (59% in 1990) compared
with births inside marriage (23%).
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Fig. 1.4. Age-specific fertility rates, England and Wales, 1980 and 1990.
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Fig. 1.5. Mean age of mothers at childbirth, England and Wales, 1964-90.
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Childlessness

Since the early 1960s there has been an upward trend in the level of childlessness,
i.e. those women who had not had a registrable birth by a given age. The
proportion of women childless at givenrages rose steadily for successive cohorts
of women born between 1945 and 1965. There followed a reversal of this
pattern for women born in 1970, who are estimated to be following the pattern
of the 1960 cohort (Fig. 1.6). Over a third of women born in 1960 reached age
30 without having at least one child. This was twice the proportion for women
born in 1945.

It is difficult to determine fully how much is voluntary childlessness and how
much is an inability to have children. In Britain it is believed that more than
one in ten couples experience difficulty either achieving pregnancy or having
a liveborn child [3]. Whether this has varied much over time is not known.
Even estimating the current number of these couples is difficult [4].

The current level of childlessness may be explained to some extent by the
trend towards later childbearing, later age at marriage and higher levels of
marital breakdown. It may also be related indirectly to other factors such as
more women being highly qualified. The 1988 General Household Survey
(GHS) [5] found that for women born in the late 1950s less-qualified women
stated a greater preference for a family with four or more children (12%
compared with 6% among more-qualified women) whereas a smaller proportion
expected to have no children (5% compared with 10% among more-qualified
women). Of course, birth expectations may not necessarily translate into actual
childbearing experience, but nevertheless the 1988 GHS showed that by the

Percentage of women childless

0 1 i i | 1 1
15 20 25 30 35 40 45

Age of woman (years)

Fig. 1.6. Percentage of women childless at successive ages, 1945-70 cohorts.
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time women born in the early 1950s had reached age 30 those with higher
academic qualifications had on average 1.2 children whereas those with fewer
qualifications had on average 1.7 children.

Infant Mortality

The infant mortality rate (deaths of live-born infants under one year of age
per 1000 live births) in England and Wales in 1990 was 7.9, the lowest ever
recorded, and 7% lower than the 1989 rate of 8.4 [6]. Between 1989 and 1990,
the stillbirth rate (stillbirths per 1000 total births) fell from 4.7 to 4.6, again
the lowest rate ever recorded.

Figure 1.7 shows trends in the two components of infant mortality, neonatal
deaths (deaths at less than 28 days after live birth) and postneonatal deaths
(deaths at ages 28 days or over but under one year) since 1975. These show
that the neonatal mortality rate fell continuously from 10.7 per 1000 live births
in 1975 to 4.6 in 1990. The postneonatal mortality rate also fell, though less
steeply and less regularly, from 5.0 per 1000 live births in 1975 to 3.3 in 1990,
after fluctuating around 4.0 between 1983 and 1987. The infant mortality rate
has also fallen in each year with the exception of 1986, when there was a small
increase due to a rise in the postneonatal mortality rate.

One possible explanation for the slower decrease in postneonatal mortality
in recent years compared with neonatal mortality is that improvements in
medical knowledge and neonatal intensive care facilities may have prolonged
the lives of some babies. The proportion of infant deaths occurring in the
postneonatal period has increased from 32% in 1975 to 42% in 1990. Thus

20

Fig. 1.7. Linked infant mortality rates, England and Wales, 1975-90.
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babies who might have died in the neonatal period could now be surviving
longer but dying in the postneonatal period.

Pregnancies

Not all pregnancies result in a registrable live or still birth. Fig. 1.8, prepared
for the Confidential Enquiry into Maternal Deaths [7], estimated that during
1985-87 76% of pregnancies led to a maternity resulting in one or more
registrable live or still births. A further 17% of pregnancies were legally
terminated under the 1967 Abortion Act.

The remaining 7% of “other” pregnancies included ectopic pregnancies and
spontaneous miscarriages where the mother was admitted to hospital. Hence
these figures do not include other pregnancies which miscarry early and where
the woman is not admitted to hospital, or indeed where the woman herself
may not even know she is pregnant.

Fig. 1.8. Estimated pregnancies, England and Wales, 1985-87. Source: Confidential Enquiry into
Maternal Deaths, 1985-87, Crown copyright.

Conceptions

In England and Wales, data are provided which combine the numbers of
maternities resulting in live or still births with the number of legal terminations,
adjusted back in time to estimate the year and the women’s ages at conception.
This adjusted is based on the given period of gestation for terminations and
stillbirths and an estimated gestation of nine months for live births. These data
are referred to in official statistics as “conceptions” and are based on the
estimated year of conception. Miscarriages before 28 completed weeks of
gestation are not included in these data.
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Fig. 1.9. Outcome of conceptions among women aged 15-44 years, England and Wales, 1969-89.

Figure 1.9 shows that conception and birth rates fell between 1970 and 1976,
a period when termination rates stabilised between 10 and 12 terminations
per 1000 women aged 1544 years. Birth rates then increased between 1976
and 1979, and these increases were similarly reflected in increases in conception
rates. Between 1980 and 1983 both birth and termination rates fell slightly.
Fertility and abortion rates then resumed their gradual increase.

In 1989 20% of all conceptions ended in termination. The highest proportions
of conceptions ending in termination occur in the youngest and oldest women
(Fig. 1.10). Approximately 40% of all conceptions to women aged under 20
or 40 or over are legally terminated. In 1989 the lowest proportion of conceptions

Fig. 1.10. Percentage of conceptions ending in abortion, England and Wales, 1970, 1980 and
1989.
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resulting in termination (fewer than 1 in 7) were for women aged between 25
and 34. This is the age group where fertility rates are the highest.

Over time there has been an increase in the percentage of conceptions ending
in abortion for age groups under 30. For older age groups there was an increase
between 1970 and 1980 followed by a fall between 1980 and 1989, but the level
remained above those in 1970.

Abortions

The 1967 Abortion Act came into force on 27 April 1968. Fig. 1.11 shows the
abortion rate for residents of England and Wales between 1968 and 1990. It is
likely that a major effect of the 1967 Abortion Act was to transfer abortions
from the illegal to the legal sector [8]. This would explain the rapid increase
in terminations to residents from 22 000 in 1968 to 109 000 in 1972. The number
of abortions for residents remained fairly constant until 1978 when there was
an increase of over 20 000 terminations over two years. Among other factors,
this increase corresponded with an increase in birth rates. The number of
terminations for residents rose again between 1979 and 1984, reaching 136 000,
and then increased in each successive year reaching 174 000 in 1990.
Residents from elsewhere in the UK may travel to England and Wales for
terminations and these are shown in Fig. 1.12. The 1967 Abortion Act does
not apply to Northern Ireland where only a few hundred legal terminations
are performed each year on medical grounds under the case law which applied
in England and Wales before the 1967 Abortion Act [9]. Each year almost

20 -

Abortlons per 1000 women aged 15-44 years

0 T T I 1 i i 1 T 1] i 1
1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990
Year

Fig. 1.11.  Abortion rate, residents of England and Wales, 1968-90.
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Fig. 1.12. Abortions in England and Wales to residents elsewhere in the UK, 1970-90.

2000 women giving usual addresses in Northern Ireland travel to England and
Wales for terminations.

The projected average lifetime abortions presented in Fig. 1.13 is a
hypothetical measure which gives the average number of terminations for a
cohort of 1000 women who throughout their reproductive years experienced
the age-specific abortion rates for the given time period. It is a composite
measure as it makes no allowance for women who have more than one
termination. Nevertheless, the measure shows that, based on 1970 data,
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Fig. 1.13. Projected average lifetime abortions, England and Wales, 1969-90.
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approximately 20 women in every 100 had a termination, compared with 45
women in every 100 based on 1990 data.

Contraception

Recent patterns of fertility are likely to have been affected by the availability
of effective contraception, which means that most people are now able to
decide on the number and spacing of their pregnancies.

Although sterilisation should be completely effective in preventing pregnancy,
no method of contraception can guarantee that pregnancy will not occur. Since
different methods of contraception vary in their effectiveness and their use has
changed over time, it is relevant to consider whether changes in contraceptive
practices have been associated with changes in the number of conceptions.

Before 1968, contraception services under the NHS were restricted to women
who had a medical need to avoid pregnancy. The Family Planning Act of 1967,
which came into effect in 1968, enabled local authorities to provide contraceptive
advice irrespective of marital status or medical need.

On 1 April 1974 contraceptive supplies prescribed and dispensed through
clinics became available free of charge. Since July 1975 contraceptive supplies
prescribed by GPs have been free of charge and GPs have been paid “item of
service” fees for providing contraceptive services. GPs are not able to prescribe
condoms.

Female sterilisation on medical grounds has been available since the NHS
began. It also became explicitly available on family planning grounds in 1974.
The National Health Service (Family Planning) Amendment Act 1972 gave
local authorities the power to provide vasectomy services from November 1972,
on the same basis as those for contraception, but some vasectomies had been
done under the NHS before this date.

Based on data taken from four surveys carried out by the Office of Population
Censuses and Surveys (OPCS) between 1970 and 1983, there was an overall
rise in the use of contraception by ever-married women and some marked
changes in the popularity of different methods [10-14]. The use of the condom,
cap, withdrawal and safe period continued to fall whereas the use of the pill
increased. By 1975 the pill, rather than the condom, was the most popular
method of contraception among ever-married women. By 1983 the earlier
increase in use of the pill had halted and there was a small decrease in usage.
This decrease continued to 1986 [13,14].

The main change in the pattern of contraceptive use among ever-married
women between 1976 and 1986 was in the proportion of ever-married women
aged 16-40 years who were sterilised or who had partners who were sterilised
for contraceptive reasons. In 1970, only 4% of these women were sterilised or
had partners who were sterilised. By 1986 almost half of all women aged 3544
years or their partners had been sterilised for contraceptive purposes, compared
with approximately 20% in 1976. Fig. 1.14 is based on all women regardless
of marital status and shows the use of the contraceptive pill and sterilisation
in 1976, 1983, and 1986 by the women’s ages. It shows that use of the
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Fig. 1.14. Percentage of women aged 1844 years using the pill or sterilisaticn (woman or partner)
as a method of contraception by age, Great Britain, 1976, 1983 and 1986.

contraceptive pill was concentrated in the younger age-groups and sterilisation
in the older age-groups.

The decrease in conception rates for residents of England and Wales between
1974 and 1977 coincided ‘with the growth in freely available contraceptive
services (although many sterilisation.operations are paid for privately). The
subsequent decrease in pill usage between 1976 and 1983 can be contrasted
with increases in conception rates between 1977 and 1980 followed by a fall
until 1983.

It is not possible directly to correlate termination rates with contraceptive
practices since many of those seeking legal termination may not have been
using any form of contraception. A study reviewing the contraceptive practices
of patients seeking legal abortion in the Scottish Highlands in 1986 showed
that two-thirds of patients seeking a legal termination had not been using
contraception [15]. In order to correlate termination rates and contraceptive
practice more directly, better information about the use of methods would be
required.

Multiple Births

Patterns in the incidence of twin and higher order births have not followed
that of overall fertility. The collection of data about multiple births in England
and Wales began in July 1938 through the Population (Statistics) Act. Its aim
was to collect additional data so that fertility rates could be monitored more
fully. The reason for analysing multiple births was given as follows: “Although
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fertility is usually measured by the number of children born rather than by the
number of maternities experienced, it is necessary to remember that the former
is a composite total made up of the number of maternities, which is susceptible
to voluntary control and the number of extra children born in multiple
maternities which cannot be so readily controlled”. [16]

Although multiple births form only a small proportion of all maternities,
their number has risen steadily over the past ten years from over 6000
maternities in 1980 to over 8000 in 1990. While twin births are quite common
at about 1% of all deliveries, the higher order births are much less so.

Fig. 1.15 shows the proportion of all maternities in England and Wales
between 1939 and 1990 which resulted in a multiple birth. The proportion of
all pregnancies which were a twin or higher order delivery rose from 1939 until
the early 1950s and then fell until the late 1970s before starting to increase
again. The increase in rate from the late 1970s is, at least in part, a consequence
of the growing use of ovulation-stimulating drugs and, in the most recent years,
various techniques of assisted conception such as IVF and GIFT.

A much more marked pattern is observed if triplets and higher order births
are looked at separately. The ratio of higher order multiple births to twins has
reduced in recent years such that by 1990 1 in 39 multiple births was a triplet
or higher order delivery compared with 1 in 81 multiple births in 1970.
Nevertheless, twins continue to dominate the pattern of all multiple births.

Fig. 1.16 shows the increase over time in the numbers of triplet and higher
order births as a proportion of all pregnancies. The striking feature of this
graph is the large increase in triplet and higher order births since 1970. These
higher order birth rates showed a marked increase in 1986 when a record 123
sets of triplets were born in England and Wales. A similar level was recorded
in 1987, but the rate then increased again in 1988 and 1989. In 1990 201 sets
of triplets were registered. This was the most in any year since multiple birth
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Fig. 1.15. Proportion of all maternities which resulted in a multiple birth, England and Wales,
1939-90.
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Fig. 1.16. Proportion of all maternities which resulted in a triplet or higher order birth, England
and Wales, 1939-90.

statistics were first compiled, and represented a rate of 29 sets of triplets per
100 000 maternities (pregnancies leading to a registrable birth) compared with
a rate of 14 in 1985.

The National Study of Triplet and Higher Order Births [17] had an overall
aim to look for ways of improving the care and services provided for families
with children from triplet and higher order births. It was planned by a Steering
Group which included clinicians, parents and members of the Child Care and
Development Group, the National Perinatal Epidemiology Unit and the Office
of Population Censuses and Surveys. The Study was made up of a series of
linked surveys of obstetricians, parents, general practitioners, community
nursing departments and social services departments.

Data from the obstetric survey of the study of triplet and higher order births
showed that 70% of mothers of quadruplet and higher order births in 1980 and
1982-85, and 36% of mothers of triplets in these years, had used drugs for
ovulation induction. In contrast, only 6% of mothers of twins and 2% of
mothers of singleton babies had used these drugs. These data are shown in
Fig. 1.17. The impact of IVF and other assisted conception techniques was
negligible in the survey period except in 1985.

Infertility Procedures

Some infertility is the result of a failure of ovulation and the woman can be
prescribed drugs which stimulate ovulation. These drugs have the disadvantage
that under some conditions more than one ovarian follicle ripens to produce
multiple ova with a resulting higher risk of multiple births. It has been estimated
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Fig. 1.17. Treatment for infertility, National Study of Triplet and Higher Order Births, 1980 and
1982-85.

that 6%-8% of pregnancies following treatment with the ovulation-induction
drug clomiphene led to multiple births [18]. The risks with gonadotrophins
were higher with estimates ranging from 18% to 54% [19]. The percentages
varied according to the reasons for infertility and the dosage and timing of the
drugs used. The majority of these multiple births will be twins, but a small
proportion will be triplets and higher multiples.

More recently, multiple births have been the result of assisted reproduction
techniques such as in vitro fertilisation (IVF) and gamete intrafallopian transfer
(GIFT). The higher multiple pregnancy rate achieved with these assisted
reproduction techniques is greater than expected [20].

The Sixth Report of the Interim Licensing Authority (ILA) [21] presents a
statistical analysis of 1989 data reported to the ILA from centres licensed to
perform IVF and/or GIFT. The overall multiple pregnancy rate for IVF in
1989 was 26.8% and for GIFT 20.4% (Fig. 1.18). The risk of multiple pregnancy
increased with the number of eggs or pre-embryos transferred. When two or
more pre-embryos were transferred during IVF and a pregnancy was established,
the chance of a multiple birth was over 20%.

Mortality of Multiple Birth Babies

Babies born in a multiple birth have far higher mortality risk, partly due to
being born preterm and of low birthweight. Fig. 1.19 shows that mortality risks
for multiple births have not changed much since 1981 although this hides the
increase in the number of triplet and higher order births which are more at
risk than twins.



Reproductive Trends in the UK 19

Fig. 1.18. Multiple pregnancies after IVF and GIFT, 1989. (Reproduced with permission of the
Interim Licensing Authority.)
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Fig. 1.19. Infant mortality rates for singleton and multiple births, England and Wales, 1975-89.

In 1989, as in previous years, over half of all live births in a multiple delivery
were of low birthweight (less than 2500 g) compared with 6% of singleton live
births. An even more marked pattern is seen within subgroups of this low
birthweight category. Fig. 1.20 shows the distribution by birthweight of live
births from singleton and multiple births in 1987-89. Of multiple births 8%
were of very low birthweight (less than 1500 g) compared with 1% of singleton
births.

Babies of very low birthweight (less than 1500 g) often die at very young
ages, so they contribute disproportionately to very early deaths [22]. In 1987
54% of all singleton live-born babies that died during the first 30 min had
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Fig. 1.20. Percentage distribution of singleton and multiple live births by birthweight, England
and Wales, 1987-89.

weighed less than 1500 g compared with 92% of deaths among multiple births.

Low birthweight babies born in a multiple birth have higher mortality rates
than heavier babies, whether from a singleton or multiple birth. For any given
birthweight, however, babies from multiple births will, on average, be of an
older gestational age and hence more mature. For babies born in a multiple
birth in 1989, the overall stillbirth rate was three times higher than that for
singletons, but for low birthweight stillbirths the rate was 45% lower. Again,
the infant mortality rate for all multiple birth babies was five times higher than
for singletons, but for low birthweight babies it was only 12% higher.
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Chapter 2
The Epidemiology of Infertility

A. Templeton

Introduction

Few countries collect information relevant to the study of the epidemiology of
infertility. National data available in the UK are either indirect or incomplete.
Furthermore, most published studies have methodological problems which
mean they must be carefully interpreted. In particular there are difficulties
studying the rates of resolved infertility and secondary infertility. Similarly,
there are few data or studies in any European countries which provide
information on secular trends in infertility, although such information may be
available in the US. It is in the national interest to have this information both
from the point of view of public health, and also in the planning, purchasing
and provision of medical services. It is, however, clear that infertility is a
common problem affecting a large proportion of otherwise healthy individuals,
usually in their 20s and 30s. Infertility diminishes their sense of wellbeing and
fulfilment and sometimes causes great personal distress. This chapter reviews
the available information on the epidemiology of infertility and, even though
all the current surveys are deficient in one way or another, conclusions are
drawn where possible. It is hoped that the need for a robust system of national
data collection will become apparent.

Historical Aspects

For the purpose of ascertaining the point by numerical data, I had a census
taken of two villages of considerable size — near Grangemouth in Stirlingshire
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and Bathgate in West Lothian — the one consisting principally of a seafaring
population, and the other of persons engaged in agriculture and manufacture.
Fecundity, Fertility and Sterility. Matthews Duncan, 1872

Matthews Duncan (an Aberdeen graduate) was the first to publish a study of
infertility rates in this country. His book Fecundity, Fertility and Sterility was
written more than a hundred years ago and is all the more remarkable for its
report of the first, and until recently only, population-based study of infertility
[1].

Since that time surprisingly little attention has been paid to the prevalence
of infertility, although a number of studies have employed census or parish
record data in an attempt to define overall sterility rates [2]. Similarly, census
data in the US indicate fluctuations in the rates of childless women during the
20th century, with a rise in the 1970s. An important, and indeterminate, factor
in reviewing census data is the rate of voluntary infertility. This has apparently
shown marked changes during the 20th century, particularly in the US where
the prevalence has been reviewed by Poston and Kramer [3]. During the 1920s
and up until the time of the Second World War, voluntary childlessness was
extremely common, perhaps accounting for 25%—40% of cases of apparent
infertility. After the War, there appeared to be a strong aversion to childlessness.
Voluntary childlessness was extremely unusual and there was an overall
reduction in infertility. In the 1960s, however, there was a very gradual increase
in the overall incidence of childlessness, both voluntary and involuntary, with
several studies highlighting the contribution by the voluntary category in the
1960s and 1970s [4-6]. Indeed some have concluded that the apparent increase
in infertility in the 1960s and 1970s was due to voluntary rather than involuntary
factors [3].

That having been said, there is no doubt that the major factor affecting the
incidence of involuntary infertility is pelvic infection. There is a close association
between sexually transmitted disease and fluctuations in infertility rates and
the importance of preventing infection is well established [8,9]. Since 1984
when the Warnock Committee observed “even today there is very little factual
information about the prevalence of infertility” [10], there have been a number
of reports studying the problem. It is these studies, published mainly during
the last decade, which form the basis of this review.

Methodology

The scarcity of useful data is not really surprising when the problems inherent
in measuring the prevalence of infertility are considered [11].

The major problem with census data, as previously indicated, is that they
cannot assess the impact of voluntary childlessness, nor do they give any
indication of the extent of secondary infertility. A number of alternative
approaches have been attempted, which have been reviewed by Greenhall and
Vessey [11] and Thonneau and Spira [12]. Surprisingly few countries have
adopted large-scale population surveys, the most notable exception being the
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National Survey of Family Growth (NSFG) in the US which over the last 25
years has yielded important information on prevalence rates and trends [13-15].
In a population-based survey a stratified random sample of women in Denmark
was interviewed in 1979 [16]. Such surveys carried out at intervals, using the
same techniques in geographically defined populations, could yield important
information on prevalence and trends, as well as assessing individuals’ attitudes
and the uptake of medical services. However, such information is available
only from the US surveys. Such national surveys, on the other hand, do not
lend themselves easily to interregional comparisons, nor can they give any
indication of the aetiology of infertility. Other methods of sampling total
populations have been attempted and include survey of general practitioner
records [11,17] or random sampling from the Age-Sex Register [18] or
Community Health Index [19,20].

Yet another approach has been the study of infertility among groups of
women assembled for other purposes. These include screening for cervical
cancer [21], a case—control study of breast cancer [11] and women stopping
contraception presumably with the intention of becoming pregnant [22,23].

Thonneau and Spira [12] described two regionally based studies, one based
in three French regions [24] and one based in Bristol, UK [25]. However, both
these surveys included only those couples who had consulted a doctor for
infertility and in the second case only those who were seen in a specialist clinic,
and it is now well established that not all infertile couples will seek medical
advice. However, these and other clinic-based approaches will give some
indication of the relative rates of primary and secondary infertility as well as
information on the several different causes of infertility. Clearly this information
will have value in planning services.

A further problem relates to the duration of infertility defined in the various
studies. Many of the studies described above use a one-year duration, most
notably the NSFG studies in the US [14,15], the Oxford study [11], the French
study [24], the Bristol study [25], and the Danish study [16]. A two-year
definition was used in the Aberdeen studies [19,20] and has been supported
by Trussell and Wilson [2]. This definition may be more in keeping with clinical
practice and referral patterns.

Greenhall and Vessey [11], and Mosher and Pratt [15] have drawn attention
to further problems in assessing the prevalence of subfertility. Infertile groups
will include those who are sterile and those who have impaired fecundity.
These authors have suggested therefore that infertility be categorised into
“resolved” and “unresolved”. There is a high number of pregnancies among
apparently infertile women, independent of treatment [26,27] as well as
following treatment, and this difference is important in attempting to understand
the condition and in the planning and provision of services.

Prevalence of Infertility

The prevalence rates for all relevant studies published during the last ten years
are given in Table 2.1. There is remarkable agreement among the studies,
given the different methodologies and definitions used. In particular the region-
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Table 2.1. Studies published in the last decade suggesting prevalence rates of infertility

Clinic based studies Hull et al. [25] 17%
Thonneau et al. [24] 14%
Population based studies Rachootin and Olsen [16] 18%
Hirsch and Mosher [14] 14%
Johnson et al. [17] 14%
Page [18] 13%
Greenhall and Vessey [11] 24%
Templeton et al. [19,20] 15%

or clinic-based studies could be expected to underrate the prevalence, as the
estimates are based on only those couples who sought medical help. Similarly
studies which employ shorter durations of infertility could be expected to report
higher prevalence rates. Furthermore the reported studies span a decade,
during which there may have been changes in the prevalence of both voluntary
and involuntary infertility, as well as changes in referral patterns associated
with greater awareness and understanding of the problem.

Overall, about 14% of individuals surveyed appear to have had a problem
with infertility. Most studies, although not all, differentiate between primary
and secondary infertility. In contrast to clinic-based studies, which indicate that
the majority of couples will present with primary infertility [24,25,28-30],
population-based studies indicate an equal or greater proportion of women
with secondary infertility [11,14-16,19,20]. This difference reflects the uptake
of medical services, and highlights the difficulties that clinic-based studies have
in studying prevalence and change.

As indicated above, it has been suggested that infertility should be divided
into resolved and unresolved categories [11]. Resolved infertility refers to those
who became pregnant following a subfertile episode. The studies described in
Table 2.1 indicate that the resolved rates for primary infertility vary from 5%
to 14% and for secondary infertility from 3% to 12%, reflecting the differences
in methodology and particularly the duration of infertility used. However, for
unresolved infertility there appears to be more agreement, the range for primary
infertility being 3%-6% and for secondary infertility 3%-7%.

These figures highlight the difficulties associated with oversimplification in
describing infertility rates. Clearly the standard textbook figure suggesting that
10% of couples are infertile requires modification. From the studies presented
above, which pertain mainly to Western society, it can be seen that around
14% of couples will be troubled by infertility, although rates as high as 25%
have been reported when shorter durations of infertility are used [11,18]. At
least half of these couples will present with secondary infertility, and the
infertility will remain unresolved in a further half of each group. Thus overall
only 3%—4% of couples will remain involuntarily sterile.

Changes in Prevalence

With the exception of the US and possibly France [12], national data that
would allow the study of trends in the rates of infertility are unavailable.
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Table 2.2. Prevalence of infertility among three age cohorts of women from a defined geographical
area

Infertility Aged 26-30 years Aged 3640 years Aged 46-50 years
(n = 465) (n = 1064) (n = 766)

Primary 6.7 7.1 7.3

Primary or secondary 0.6 2.3 1.6

Secondary 5.4 5.3 5.2

Total 12.7% 14.7% 14.1%

Census data, with all their limitations particularly with respect to voluntary
infertility and secondary infertility, have nonetheless indicated an overall
increase in the prevalence of infertility during the last three decades compared
to the five decades before that [31,32].

Between 1965 and 1976 there was no overall increase of childlessness in the
US [13]. However, this apparent stability obscured highly significant increases
among young women, particularly younger black women in whom an increase
from 3% to 13% was observed. During the same period there was a considerable
increase in the rate of sexually transmitted disease [33,34] and the relationship
between pelvic infection and infertility has been well documented [35]. During
the same and subsequent decades, there has been a clearly documented increase
in the associated condition of ectopic pregnancy [36-38].

However, despite these trends, any significant increase in the rate of infertility
in Western Europe has been difficult to demonstrate. In fact, over the last
10-20 years the evidence points to a fairly stable background prevalence [12].
Two studies have attempted to address the problem by surveying different age
cohorts in the same population. Johnson et al. [17] examined the general
practitioner records of all women on their lists born in 1950 and 1935. The
rates of involuntary childlessness were respectively 3.3% and 4.5%. Templeton
et al. [20] surveyed women randomly selected from the Community Health
Index for a geographically defined region. They have now compared three age
cohorts, namely 26-30, 36-40 and 46-50 years. There was no overall increase
in the prevalence of infertility whether primary or secondary, resolved or
unresolved (Table 2.2). Further study (as yet unpublished) indicates no
difference between rural and urban communities. Thus, despite an increase in
sexually transmitted disease and a substantial increase in the rate of ectopic
pregnancy in the same community [38] there has been no significant increase
in the prevalence of infertility that can be determined using this methodology.
However, this is perhaps not too surprising. Overall Mosher and Aral [33]
have estimated that the incidence of infertility caused by sexually transmitted
disease among white women is of the order of 0.7%-1%, a small proportion
of the overall rate.

Use of Medical Services

It seems unlikely that the apparent increase in the prevalence of infertility in
Western countries is associated mainly with an increased use of medical services,
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and this was first highlighted about a decade ago [39,40]. However, the available
studies show very considerable differences in the uptake of services, and the
evidence is worth reviewing.

Rachootin and Olsen [41] have demonstrated very clearly in Denmark, albeit
ten years ago, that the majority of women with reduced fecundity did not seek
medical care, with perhaps only a quarter of those with secondary infertility
being referred to hospital. Similarly Hirsch and Mosher [14] have reported a
greater use of services among US women with primary infertility and there
were marked social differences (mainly higher income and education), among
women with secondary infertility who made use of the services. Overall,
however, only 50% of infertile women sought medical services. This is in stark
contrast to the studies by Hull et al. [25] and Thonneau et al. [24] where the
assumption was made that almost all infertile women would seek medical
advice.

An increasing demand for specialist referral was documented in the above
mentioned general practitioner study [17]. Nearly twice as many women born
in 1950 had consulted a specialist compared to women born in 1935. Similarly,
Templeton et al. [20] documented an increased use of both general practitioner
and hospital services among younger women (Table 2.3). In fact, among young
women with primary infertility only 5% had not consulted their doctor compared
to 28% in the older age group. There were further differences in the uptake
of medical services depending on the social class and urban or rural domicile,
but these differences were less marked.

Thus there is variation in the uptake of medical services in different countries,
although it is unlikely that there has been a considerable increase in all western
countries in the past decade. It is important to know the present level of uptake
in each region, so that future needs can be anticipated and services planned
appropriately.

Table 2.3. Proportion of infertile women seeking medical
advice. Two age cohorts from a defined geographical area

36-40 years 46-50 years
(n=1064) - (n = 766)

(%) (%)
Attended hospital 76 62
Primary care only 13 7
Did not seek advice 11 31

From Templeton et al. [20].

Spontaneous Abortion in Infertile Women

A number of population-based studies have suggested a higher rate of
spontaneous abortion among infertile women compared to fertile women in
the same age groups [16,20]. In our study, among women in the 36-40-year
age group the proportion of pregnancies ending in spontaneous abortion was
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as follows: women with primary infertility 15%, secondary infertility 19%, and
no infertility 7%. These figures are striking, although it has to be remembered
that the response is based on patient recall and there may be an element of
under recording in some groups [42]. Nonetheless, surveys of this sort have
been evaluated and the quality of the recall data appears to be acceptable [43].

Higher abortion rates have also been reported among infertile women
attending infertility clinics, particularly those with secondary infertility [44-46].
Subgroups of the infertile population among whom spontaneous abortion rates
appear to be high include those treated with gonadotrophins [44,47,48] or
LHRH [49] and those with polycystic ovarian disease or even elevated luteinising
hormone levels [S0]. Among other common groups, including those with
endometriosis [44,45] and tubal disease [45,51] there does not appear to be
any increased risk. Other subgroups with a higher spontaneous abortion rate
have been reported, but would be unlikely to contribute to an overall increase.
These include women with uterine malformations [52,53] and autoimmune
disease [54]. Higher abortion rates after assisted-conception techniques, particu-
larly in older women, are well documented [55,56].

Voluntary Infertility

Although high rates of voluntary infertility have been reported in the recent
past [3,57,58] there are few reliable contemporary data. Johnson et al. {17]
reported an increase in voluntary childlessness among women born in 1950
(9.2%) compared to women born in 1935 (1.9%). On the other hand Templeton
et al. [20] could detect no significant difference in the rate of voluntary infertility
among two cohorts of women aged 36-40 years and 46-50 years. The overall
rates of voluntary infertility were 8.6% and 7.3% respectively. The reason
given by most women was that they had not married, whereas among married
women the rate of voluntary infertility was extremely low, around 2%. This
rate was even lower in a rural community within the same region. These figures
are much lower than previous estimates {3,58] but clearly apply to only one
region and an assumption should not be made about general applicability.
Similar surveys in other parts of the country would be of interest.

Conclusions

All studies relating to the prevalence of infertility published in the last decade
have been reviewed. The methodological difficulties in assessing prevalence
rates are considerable, and different approaches are needed to answer different
questions. Changes in prevalence rates can be discovered only from population-
based studies and except for the US NSFG no such studies exist. Overall in
Western countries, 14% of couples would appear to have a problem with
infertility, with half or more of these having a problem with secondary infertility.
In half of each group again, the infertility will remain unresolved, so that
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3%-4% of couples will remain involuntarily childless. Uptake of medical
services varies considerably from country to country and probably from region
to region within countries, but there is evidence of a considerable increase in
the last decade. In some communities almost all women with primary infertility
will seek medical help, although there are social and other differences in the
level of uptake. The spontaneous abortion rate among infertile women is
increased. Voluntary infertility is probably much less frequent than previously
estimated, although further studies are needed to assess this. This review has
highlighted the need in the UK for a national survey of infertility, that can be
repeated at fixed time intervals, to provide data on secular trends.

References

. Duncan JM. Fecundity, fertility and sterility. Edinburgh: A and C. Black, 1866; 194.

. Trussel J, Wilson C. Sterility in a population with natural fertility. Popul Stud 1985; 39:269-85.

. Poston SL Jr, Kramer KB. Voluntary and involuntary childlessness in the United States. Soc

Biol 1983; 30:291-306.

4. Veevers JE. Factors in the incidence of childlessness in Canada: an analysis of census data.
Soc Biol 1972; 19:266-74.

5. Waller HH, Rao BR, Li CC. Heterogeneity of childless families. Soc Res 1973; 20:133-42.

6. Poston DL Jr. Characteristics of voluntarily and involuntarily childless wives. Soc Biol 1976;
23:198-209.

7. Sherris JD, Fox G. Infertility and sexually transmitted disease. A Public Health Challenge.
Popul Rep [L] 1983; 4:113-51.

8. Belsey MA. The epidemiology of infertility: a review with particular reference to sub-Saharan
Africa. Bull World Health Organ 1976; 54:319-41.

9. Meyer L, Job-Spira N, Bouyer J, Bouvet E, Spira A. Prevention of sexually transmitted
diseases: a randomised community trial. J Epidemiol Community Health 1991; 45:152-8.

10. Department of Health and Social Security. Report of the Committee of inquiry into Human
Fertilisation and Embryology. London: HMSO, 1984. (Warnock Report).

11. Greenhall E, Vessey M. The prevalence of subfertility: a review of the current confusion and
are part of two new studies. Fertil Steril 1990; 54:978-83.

12. Thonneau P, Spira A. Prevalence of infertility; international data and problems of measurement.
Eur J Obstet Gynecol Reprod Biol 1990; 38:43-52.

13. Mosher WD. Infertility trends among US couples: 1965-1976. Fam Plann Perspect 1982;
14:22-7.

14. Hirsch MB, Mosher WD. Characteristics of infertile women in the United States and their
use of infertility services. Fertil Steril 1987; 47: 75-9.

15. Mosher WD, Pratt WF. Fecundity and infertility in the United States: incidence and trends.
Fertil Steril 1991; 56:192-3.

16. Rachootin P, Olsen J. Prevalence and socioeconomic correlates of subfecundity and spontaneous
abortion in Denmark. Int J Epidemiol 1982; 11:245-9.

17. Johnson G, Rolberts D, Brown R et al. Infertile or childless by choice? A multipractice survey
of women. Br Med J 1987; 294:804-7.

18. Page H. Estimation of the prevalence and incidence of infertility in a population: a pilot study.
Fertil Steril 1989; 51:571-7.

19. Templeton A, Fraser C, Thompson B. The epidemiology of infertility in Aberdeen. Br Med
J 1990; 301:148-52.

20. Templeton A, Fraser C, Thompson B. Infertility — epidemiology and referral practice. Hum
Reprod 1991; 6:1391-4.

21. Rantala M, Koskimies Al. Infertility in women participating in a screening program for cervical
cancer in Helsinki. Acta Obstet Gynecol Scand 1986; 65:823-

22. Vessey M, Wright NH, McPherson K, Wiggins P. Fertility after stopping different methods

of contraception. Br Med J 1978; i:265-7.

wWN =



The Epidemiology of Infertility 31

23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34,

35.
36.
37.
38.
39.
40.
41.
42.
43,
44,
45,
46.
47.
48.
49.
50.
51.
52.

53.

Spira N, Spira A, Schwartz D. Fertility of couples following cessation of contraception. J
Biosoc Sci 1985; 17: 281-90.

Thonneau P, Marchand S, Tallec A et al. Incidence and main causes of infertility in a resident
population (1 850 000) of three French regions (1988-1989). Hum Reprod 1991; 6:811-16.
Hull MGR, Glazener CMA, Kelly NJ et al. Population study of causes, treatment and outcome
of infertility. Br Med J 1985; 291:1693-7.

Bernstein D, Levin S, Amsterdam E, Insler V. Is conception in infertile couples treatment-
related? A survey of 309 pregnancies. Int J Fertil 1979; 24:65-7.

Collins JA, Wrixon W, Janes L, Wilson EH. Treatment-independent pregnancy among infertile
couples. N Engl J Med 1983; 309:1201-6.

Templeton AA, Penney GC. The incidence, characteristics and prognosis of patients whose
infertility is unexplained. Fertil Steril 1982; 37:175-82.

Haxton MJ, Black WP. The aetiology of infertility in 1162 investigated couples. Clin Exp
Obstet Gynecol 1987; 14:75-9.

Randall JM, Templeton AA. Infertility: The experience of a tertiary referral centre. Health
Bull 1991; 49:48-53.

Jacobson CK, Heaton TB, Taylor KM. Childlessness among American women. Soc Biol 1988;
35:187-97.

Hastings DW, Robinson JG. Incidence of childlessness for United States women, cohorts born
1891-1945. Soc Biol 1974; 21:178-84.

Mosher WD, Aral SO. Factors related to infertility in the United States, 1965-1976. Sex
Transm Dis 1985; 12:117-23.

Aral SO, Holmes KK. Epidemiology of sexually transmitted diseases. In: Holmes KK, Mardh
PA, Sparling PF, Wiesner PH, eds. Sexually transmitted diseases. New York: McGraw Hill,
1984; 127-41.

Westrom L. Incidence, prevalence and trends of acute pelvic inflammatory disease and its
consequences in industrialized countries. Am J Obstet Gynecol 1980; 138:880-92.

Westrom L, Bengtsson L, Mardh PA. Incidence, trends and risk of ectopic pregnancy in a
population of women. Br Med J 1981; 282:15-18.

Rubin GL, Peterson HB, Dorfman SF et al. Ectopic pregnancy in the United States 1970
through 1978. JAMA 1978; 239:1715-29.

Flett GMM, Urquhart DR, Fraser C, Terry PB, Fleming JC. Ectopic pregnancy in Aberdeen
1950-1985. Br J Obstet Gynaecol 1988; 95:740-6.

Aral SO, Cates W. The increasing concern with infertility. JAMA 1983; 250:2327-31.
Menken J, Trussell J, Larsen U. Age and infertility. Science 1986; 233:1389-94.

Rachootin P, Olsen J. Social selection in seeking medical care for reduced fecundity among
women in Denmark. J Epidemiol Community Health 1981; 35:262—4.

Miller JF, Williamson E, Glue J. Fetal loss after implantation: a prospective study. Lancet
1980; 1:554-6.

Joffe M. Feasibility of studying subfertility using retrospective self reports. J Epidemiol
Community Health 1989; 43:268-74.

Jansen RPS. Spontaneous abortion incidence in the treatment of infertility. Am J Obstet
Gynecol 1982; 143:451-73.

Pittaway DE, Vernon C, Fayez JA. Spontaneous abortions in women with endometriosis.
Fertil Steril 1988; 50:711-15.

Chong AP, Keene ME, Forte CC, Dileo PE, Brown PC, McGBarry JG. Incidence of
spontaneous abortion among treated infertility patients. Int J Fertil 1991; 36:219-21.
Radwanska E, Maclin V, Rana N, Henig I, Rawlins R, Dmowski WP. Early endocrine events
in induced pregnancies. Int J Fertil 1988; 33:162-7.

Corsan GH, Kemmann E. Risk of a second consecutive first-trimester spontaneous abortion
in women who conceive with menotropins. Fertil Steril 1990; 53:817-21.

Homburg R, Eshel A, Armar NA et al. One hundred pregnancies after treatment with pulsatile
luteinising hormone releasing hormone to induce ovulation. Br Med J 1989; 298:809-12.
Regan L, Owen EJ, Jacobs HS. Hypersection of luteinising hormone, infertility, and
miscarriage. Lancet, 1991; 337:119-20.

Singhal V, Li TC, Cooke ID. An analysis of factors influencing the outcome of 232 consecutive
tubal microsurgery cases. Br J Obstet Gynaecol 1991; 98:628-36.

Hannoun A, Khalil A, Karam K. Uterine unification procedures: postoperative obstetrical
outcome. Int J Gynaecol Obstet 1989; 30:161-4.

Michalas SP. Outcome of pregnancy in women with uterine malformation: evaluation of 62
cases. Int J Gynaecol Obstet 1991; 35:215-19.



32

54.
55.
56.
57.
58.

Infertility

Silman AJ, Black C. Increased incidence of spontaneous abortion and infertility in women
with scleroderma before disease onset; a controlled study. Ann Rheum Dis 1988; 47:441-4.
Medical Research International, SART, AFS. In vitro fertilization-embryo transfer (IVF-ET)
in the United States: 1990 results from the IVF-ET Registry. Fertil Steril 1992; 57:15-24.
Crosignani PG, Walters DE, Soliani A. Addendum to the ESHRE multicentre trial: a summary
of the abortion and birth statistics. Hum Reprod 1992; 7:286-7.

Veevers JE. Voluntary childlessness: a review of issues and evidence. Marriage Fam Rev 1979;
2:1-26.

Porter M. Infertility: the extent of the problem. Biol Soc 1984; 1:128-35.



Chapter 3

The Causes of Infertility and Relative
Effectiveness of Treatment

M. G. R. Hull

Introduction

There has been greatly increased demand for treatment of infertility during the
last decade, not due to any increase in its incidence but because of the
perception that effective treatment is now available. And the demands are
worldwide. Infertility is as deeply painful to the affected individuals in
undeveloped overpopulated countries as in developed countries. It also seems
to be equally common (though accurate demographic studies are only available
in developed countries, as described in Chapter 2), and the causes appear to
be the same except in Africa, where tubal damage is relatively common due
to sexually transmitted pelvic infection [1]. Therefore the needs of treatment
are virtually the same the world over.

Assisted conception methods have given great encouragement to couples
particularly with tubal disease, endometriosis and prolonged unexplained
infertility. Yet effectiveness and public and personal affordability have been
questioned [2]. Furthermore, properly controlled study of some conventional
treatments (for example hormonal treatment of minor endometriosis or artificial
insemination using husband’s semen) has shown them to be ineffective. This
review aims to assess the actual and comparative effectiveness of treatments in
so far as there are well-defined and strictly comparable published data available.
It will concentrate on studies that are confined to couples with a single reliably
defined condition and which report pregnancy rates that are time-specific or
cycle-specific.

Use of time-specific or cycle-specific conception rates is essential. Crude
pregnancy rates per couple are almost meaningless. Pregnancy rates per cycle
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can also be misleading if limited to the first cycle or two because the rate may
fall in subsequent cycles. Therefore cumulative rates will be described in this
review whenever possible.

Time-specific prognostication is also of key practical importance to the
patients. Their expectations need to be measured in terms of months or at
most 1-2 years. A chance of success amounting to 10%, 20% or 30% in the
course of the next two years offers no realistic hope to a couple who have been
trying to conceive for some years already. Even a greater chance may seem
hopeless to a woman already in her late 30s.

Because most infertility is not absolute and there is a chance of conceiving
naturally without treatment, carefully controlled prospective studies are needed
to assess the true benefit of treatment. This review will focus whenever possible
on such studies. When controlled trials are lacking, results will be compared
with pregnancy rates observed in similarly defined couples without treatment,
preferably from the same centres to standardise diagnostic criteria. Comparison
between centres can be very unreliable because of marked variation in entry
criteria and assessment of results.

In some cases controlled trials of treatment are inappropriate, except of one
treatment against another, for example ovulation induction therapy in women
with amenorrhoea. In such cases a useful reference for comparison is the
conception rate in a normal poopulation of proven fertility. The highest reported
rates will be used for reference in this review [3,4]. It should be noted that
some reports of treatment describe over-optimistic results by comparing them
with “normal” rates that are too low.

Peak normal fertility observed per cycle is only about 33%, in the first month
of trying, but falls quickly settling to about 5%. The average is only 20%-25%
per cycle [5] and expectations of any fertility treatment must be judged against
that. But less effective treatments may be acceptable. In couples with subfertility
the choice of treatment depends on a balance of factors: the chance of pregnancy
without treatment; or the chance with simple but only modestly effective
treatment; or with more successful but more complex and costly treatment;
and other factors must be taken into account like the duration of infertility or
age. Comparable data to enable such choices will be presented wherever
possible in this review.

There is only sufficient space here to consider the more common causes of
infertility. Results will be selected for illustrative purposes when they seem to
be representative and uncontroversial. In other cases all the useful data found
will be considered and pooled and corrected for weight of numbers to give a
representative overall picture. Discussion must be brief. The data will be
presented so they can speak for themselves! The section on treatment is
essentially drawn from a review published elsewhere [6].

Causes of Infertility

The true distribution of causes of infertility is difficult to determine accurately
because there are numerous factors that bias every study and which are virtually
unavoidable. Nevertheless, there is a fairly consistent pattern in most reports.
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The causes can only be determined when couples have been investigated,
therefore the only sources of information can be specialist clinics. Patterns of
causes will be affected by the couples seeking referral, by referral policy,
resources and special interests of the clinic. Secondary infertility is more
common than primary and the patterns of causes are somewhat different, but
more couples with primary infertility seek help. The pattern of causes will also
be affected by how soon couples seek help. For instance unexplained infertility
is less common with longer duration because many such couples are fairly
normal and conceive without treatment. Age is not a relevant factor with
respect to the causes of infertility, but affects the chance of pregnancy occurring
either naturally or in response to treatment.

The distribution of causes is also affected by the diagnostic criteria employed.
Less use of laparoscopy will reduce the incidence of endometriosis or peritubal
adhesions. Use of only seminal microscopy without testing sperm function to
assess male infertility will lead to inaccurate diagnosis (and treatment), though
it may not affect the apparent frequency of male infertility because men both
with normal and abnormal sperm function will be misdiagnosed and therefore
interposed. Some spurious diagnoses may be considered, however, such as
“hyperprolactinaemia” in women with ovulatory cycles. Such diagnoses have
been excluded in the simplified list of main causes given in Table 3.1 [1,7-11].
This table describes the distributions of causes reported during the last decade
from clinics in developed countries, along with some of the factors affecting

Table 3.1. Percentage frequency distribution of main causes of infertility in developed countries,
and clinic population characteristics of age, duration of infertility and proportion with primary
infertility

Collins  Cates Hull Haxton Randall  Thonneau

et al. et al. et al. and and et al.

1983 [7] 1985 [1] 1985 [8] Black  Templeton 1991 [11]

1987 [9] 1991 [10]

Country of origin Canada 15 countries UK UK UK France
Number couples 1145 3904 708 1162 633 1318
Woman’s age (mean yr) - - 28 27 30 31
Duration infertility
(mean yr) >2 >2.5 2.5 >2 4 3.5
Primary infertility (%) 71 71 59 71 62 67
Cause of infertility (%)
Ovulatory disorder 30 33 21 38 19 32
Tubal/peritubal damage 16 36 14 13 22 26
Endometriosis 4 6 6 2 11 4
Cervical mucus defect 5 - 3 - - .4
Sperm defects/dysfunction 25 22 24 11 14 52
Azoospermia 6 2 3 9
Coital impairment - ~ 6 - - -
Unexplained 13 14 28 31 23 8
Others - - 11 12 - 3

Totals 100 110 115 110 100 138
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the distributions, namely the proportions with primary infertility, mean duration
of infertility and the woman’s age. Some reports gave only the single most
important cause in each couple (therefore adding to totals of exactly 100%),
but others showed that 10%-15% of couples had more than one cause. One
study, from three regions in France [11], appeared to find several abnormalities
more frequently than other authors and 38% of couples had more than one
cause. Some causes like cervical mucus abnormality or coital impairment were
not recorded by many authors.

In general, the main causes or categories of infertility appear to be: ovulatory
disorder (mainly amenorrhoea or oligomenorrhoea) about 30%; sperm defects
or disorder and unexplained infertility each about 25%; and tubal/pelvic damage
about 20%. Much less frequent were endometriosis (5%), cervical mucus
defects or disorder (4%) and coital impairment (6% in one report). Seminal
antisperm antibodies accounting for sperm dysfunction were reported in 8% of
couples by Hull et al. [8] but less than 1% by Thonneau et al. [11]. Genital
tuberculosis was found in only 0.5% by Haxton and Black [9]. Uterine
abnormalities were never specifically mentioned and appear to be rare. In
primary infertility endometriosis and seminal abnormalities were consistently
more frequent and tubal damage consistently less frequent compared with
secondary infertility.

Treatment of Infertility

Ovulation Failure and Induction

Ovulatory disorder in women with normal menstrual cycles rarely occurs
persistently enough to cause prolonged infertility. Subtle impairment of early
luteal progesterone secretion is of some prognostic significance for natural
fertility [12] but there is no specific effective treatment.

Amenorrhoea and oligomenorrhoea are the only clear indications of ovulatory
failure and after excluding primary ovarian failure the patients are generally
very successfully treated as shown in Fig. 3.1 [8]. In women with amenorrhoea,
given accurate diagnosis of the underlying disorder and appropriate selection
of treatment every method is highly effective (Fig. 3.2) [13,14]. A minority of
patients undergoing the simpler treatments are unsuccessful but all can
then respond to gonadotrophin therapy as shown. Conception rates with
gonadotrophin therapy are virtually constant in successive cycles up to at least
10 or 12, and cumulative rates are apparently above normal [13,15].

Results are slightly below normal in women with oligomenorrhoea, mainly
it seems because of polycystic ovarian disease which accounts for most cases.

Polycystic Ovarian Disease Unresponsive to Clomiphene

However, women with PCO presenting with either oligomenorrhoea or
amenorrhoea who fail to respond adequately to clomiphene are a particularly
problematic subgroup. They make up about 16% of women with oligo- or
amenorrhoea [16] and respond variably to gonadotrophin therapy with relatively
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Fig. 3.1. Cumulative conception rates of some of the commonest single causes of infertility in a
complete population of infertile couples treated by conventional methods, compared with normal
[3.4]. Donor insemination, assisted conception methods, and reversal of sterilisation not included.

SE, standard error. (From Hull et al. [8].)
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Fig. 3.2. Cumulative conception rates resulting from individual treatment methods as appropriate
in women with amenorrhoea, compared with normal. GnRH, gonadotrophin releasing hormone;

hMG, human menopausal gonadotrophin. (From Hull et al. [13]; Mason et al. [14].)

poor pregnancy rates and high miscarriage rates. Furthermore, a high proportion
of treatment cycles have to be discontinued due to either inadequate or often
excessive response. Cumulative pregnancy rates reported after six cycles of
gonadotrophin therapy have been only 38%—63% [15-19], rates that have been
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matched by laparoscopic ovarian electrocautery in one controlled study [17].
Ovarian electrocautery treatment has been reviewed by Vaughan Williams [20].

There have been numerous recent optimistic reports of the results of
gonadotrophin therapy but these must be judged with caution because they are
per cycle and not cumulative. The heterogeneity of responsiveness of these
relatively difficult cases of PCO is likely to result in diminishing cycle fecundity
in successive cycles. Table 3.2 summarises an analysis [21] of the reports,
comparing standard-dose [22-27] with more recent low-dose therapy aimed at
achieving uni-ovulation [17,19,24,2528,29]. Low-dose therapy succeeded in
more than halving the risk of multiple pregnancy but at the price of a
proportional reduction in the chance of achieving a pregnancy, which presents
a clinical dilemma in the choice of treatment method.

It is notable that the relatively high risk of miscarriage was not reduced by
low-dose gonadotrophin therapy, nor does it appear to be reduced when
combined with pituitary down-regulation, nor by pulsed gonadotrophin releas-
ing-hormone therapy following pituitary down-regulation (see Chapter 15). The
relative effectiveness of the latter treatments involving pituitary down-regulation
has not yet been adequately assessed.

Table 3.2. Summarised dose-related analysis of reported results of gonadotrophin
therapy (without pituitary down-regulation) to induce ovulation in women with
oligomenorrhoea or amenorrhoea and polycystic ovaries resistant to clomiphene.
Rates for multiple pregnancy, miscarriage and on-going pregnancies

Standard Low dose
dose
Patients 111 243
Cycles 210 786
Completed ovulatory cycles 163(78%) 570(73%)
Pregnancies 49 86
Per cycle 23% 11%
Per ovulatory cycle 30% 15%
Multiple pregnancy rate 23% 9%
Miscarriage rate 17% 37%
On-going pregnancy rates
Per cycle 20% 7%
Per ovulatory cycle 25% 9%

From Hull [21], with permission.

Tubal/Pelvic Infective Disease and Surgery

There is growing disappointment with tubal surgery despite the advance of
microscopic methods. It is difficult to assess the true benefits of surgery because
of selectivity of cases and reporting, and lack of controlled studies. Fig. 3.1
illustrates the overall outcome in a complete population of women with tubal
disease, some of whom had surgery and others did not because their condition
was either inoperable or seemingly too minor to justify operation. The overall
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2-year cumulative pregnancy rate was 19% [8], similar to the overall rate of
23% in the population reported by Wu and Gocial [30], who achieved a rate
of 33% with surgery compared with 16% in those not operated upon.

Selectivity for surgery is essential. Table 3.3 gives the time-specific intrauterine
pregnancy rates following microsurgery for different types of tubal/pelvic
inflammatory disease reported by several leading centres [31-34]. Salpingostomy
for distal tubal occlusion carries the worst prognosis: a 2-3-year pregnancy rate
of 23%-27%. That can now be expected in a single cycle of IVF (in vitro
fertilisation) treatment. Clearly the most limiting factor for surgical success is
the irreversible damage to tubal mucosal and fimbrial function.

Table 3.3 also suggests that the severity of disease is important for the
outcome of surgery and the specific nature of the tubal damage and extent of
pelvic adhesions should be considered. In the specific case of distal tubal
occlusion both hysterosalpingography and laparoscopy to assess the tubal
mucosa are valuable prognostic indicators [35,36]. Wu and Gocial [30] developed
a general system to classify tubal/pelvic disease into four grades of severity.
Some patients offered surgery declined and, though not strictly controlled, the
outcome can be compared with or without surgery (Figs. 3.3 and 3.4). Figs.
3.3 and 3.4 show that even the most minor degrees of infective damage (such
as only adhesions with healthy-looking tubes) are associated with severe
subfertility unless treated, and surgery appears to be of substantial benefit. In
the second grade of severity, cumulative conception rates after surgery approach
50%.

It appears from the report by Wu and Gocial [30] that only 25%-50% at
most are suitable for surgery, though others have estimated the proportion to
be as low as 10% [37,38]. It also follows that most appropriate surgery should
be possible laparoscopically. Even if suitable for surgery, IVF must be
considered a year, or two at most, after surgery if still no pregnancy occurs.
In the more severe cases surgery of any sort is wasted and IVF should be the
immediate choice.

Table 3.3. Time-specific intrauterine pregnancy rates* after tubal microsurgery

Operative procedure No. of 1 year 2 years 3 years Total actual
patients (%) (%) (%) (%)
Salpingolysis [31] 42 43 62 - 64
Fimbrioplasty [31] (patent 132 37 57 60 60
phimosis)
Salpingostomy
Tubes not distended [31] 27 15 40 45 48
Hydrosalpinges [31] 56 5 11 20 23
Mixed [33] 93 9 13 16 13 -
Mixed [34] 230 17 28 31 33
Tubocornual anastomosis [32] 26 48 56 74 58
Overall 606 22 34 37 39

“By life-table analysis where necessary to allow for incomplete follow-up to later time points.
Hence total actual pregnancy rates are sometimes lower.



40 Infertility

100
W
@
[=}
3
<]
o o
k]
o 50
o
© 5
€
g Severity grade |
e .,

H—e

) Ve :
% 12 24 36

Months

Fig. 3.3. Cumulative conception rates with untreated tubal/pelvic disease related to disease
grading, compared with normal [30]. Ectopic pregnancies included, up to 10% of pregnancies (Wu,
personal communication).
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Fig. 3.4. Cumulative conception rates after surgery for tubal/pelvic disease related to disease
grading as in Fig. 3.3. The most severe cases (grade IV) were not operated on.

Endometriosis

Endometriosis even in minor degree is associated with marked subfertility as
shown in Fig. 3.5 [39-44]. Severe disease is usually treated but the few data
available show very severe subfertility without treatment. It is notable, however,
that relatively minor involvement of the ovaries such as limited adhesions on
their undersides can be associated with severe subfertility and may require
treatment.

Hormonal Treatment

Severe disease with extensive damage is an obvious cause of infertility, and
relief of associated pain by hormonal suppression of endometriotic activity led
to the assumption that subfertility associated with minor disease would also
benefit from such treatment. However, controlled studies have shown no
benefit of danazol or progestogen in minor endometriosis [40,45-47]. On the
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Fig. 3.5. Cumulative conception rates with untreated endometriosis related to disease grading,
compared with normal. (From 1, [39]; 2, [40]; 3, [41]; 4, [42]; 5, [43]; 6, [44].)

contrary, the chance of pregnancy is delayed by the duration of treatment.
Treatment by pituitary down-regulation appears to lead to reduced crude
pregnancy rates [48].

Surgery

There remains no controlled study of ablative therapy for minor endometriosis
but time-specific conception rates after laparoscopic laser therapy have been
only slightly higher [49] or similar [50] to those reported without treatment
(Fig. 3.5).

Fig. 3.6 shows that in severe endometriosis surgical therapy to ablate disease
and lyse adhesions, particularly by microsurgery or laparoscopic laser, appears
to be of substantial benefit compared with the chance of conceiving without
treatment (shown in Fig. 3.5). These results may be over-optimistic and must
be interpreted with caution, because the studies are uncontrolled and even lack
information on how matched patients perform without surgery in the same
centres [41,49-52]. Nevertheless they are encouraging, and seem to be notable
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Fig. 3.6. Cumulative conception rates in severe endometriosis related to type of surgical treatment,
compared with normal. (From 1, [50]; 2, [49]; 3, [51]; 4, [41]; 5, [52].)
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in leading to a continued possibility of conception after one or two years, unlike
tubal surgery for infective damage. Presumably women with endometriosis retain
some degree of tubal function. Pregnancy rates are still markedly subnormal,
however, and IVF or GIFT (gamete intrafallopian transfer) should be considered
after no more than one or two years. Superovulation/IUIl (intrauterine
insemination) is probably not appropriate in view of likely remaining structural
damage or adhesions.

Assisted Conception Methods

Whatever the mechanism of subfertility associated with endometriosis, fertilising
ability is normal or only slightly impaired [53] and the results of treatment are
relatively favourable.

In cases of severe endometriosis, however, there have been reports of
relatively poor results with IVF due to reduced availability of eggs and impaired
implantation [54,55], but favourable with GIFT [56]. The effect of prior surgical
ablation in these cases is unknown.

By contrast, in minor endometriosis the results of both IVF and GIFT are
particularly favourable, with pregnancy rates per cycle around 30% [54,56-58].
But should IVF or GIFT be applied in cases of minor endometriosis? The
chance of natural conception is only 3% per cycle on average (Fig. 3.5). It is
also likely, as with unexplained infertility (see below), that the chance of
natural conception will be inversely related to the duration of infertility. After
more than 3 years there will be an appreciable reduction in fecundity. Prognostic
information related to duration of infertility and age in cases of minor
endometriosis is lacking. However, after more than 2 years from the time of
diagnosis the balance of choice seems to be clearly in favour of IVF and GIFT,
and to a lesser extent superovulation/IUI. The effectiveness of these treatments
appears to be maintained in successive cycles giving rise to favourable cumulative
pregnancy rates as illustrated later.

Cervical Factors

The picture is generally unclear, partly because it is difficult to define disorders
of cervical mucus production and function reliably (timing and repetition in
different cycles are critical but often not done adequately), and partly because
when well defined they are very uncommon.

In a report by Check et al. [59], treatment aimed specifically at improving
mucus quality using mucolytic agents or oestrogen led to a 6-month cumulative
pregnancy rate of 22%, but that was uncontrolled and may be no better than
without treatment. A small subgroup of patients with evidence of underlying
ovulatory disorder treated mainly with gonadotrophins appeared to do better,
with a 6-month pregnancy rate of 53%.

In the usual absence of any underlying ovulatory disorder IUI is an obvious
choice to simply by-pass the cervix, and one controlled study has shown
significant benefit compared with natural intercourse [60], but reported results
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are very variable ranging from 1.5% to 16% per cycle (see references [59,60]
and reviews by Irianni et al. [61] and Dodson and Haney [62]).

Results with combined IUI and superovulation using gonadotrophins are
equally scanty and unreliable, though more encouraging (see reviews [61,62]).
It seems likely that assisted conception methods like IUI or IVF and GIFT
would succeed as well as they do for unexplained infertility (see below), and
in the absence of specific proven therapy can be offered optimistically. In most
cases there is no reasonable alternative.

Sperm Disorders

This subject is too complex and important to deal with briefly. Sperm disorders
are the single most common cause of infertility but are heterogeneous in origin.
Proper assessment of treatments is elusive because of fundamental differences
and inaccuracies in the definition of sperm disorders in the first place. As an
introductory summary, Fig. 3.1 illustrates three points: sperm disorders can
occur in men with normal sperm “counts” on standard semen microscopy,
cause severe subfertility, and there is virtually no treatment of proven benefit
to restore natural fertility. That is why donor insemination (DI) is so often
required to by-pass the problem.

Numerous prospective studies have shown that semen microscopy is at best
only a weak predictor of fertility, and tests of sperm function show that there
are men with low seminal sperm counts who have normal fertility, and vice
versa. In prolonged “unexplained” infertility in which the male is defined only
by normal seminal microscopy, one-third have been shown to have severely
defective fertilising ability by testing hamster egg penetration [63]. That also
correlated with simpler evidence of sperm dysfunction as tested by penetration
of normal cervical mucus in vitro [64]. Ability to fertilise human eggs has also
been correlated in several studies with mucus penetration, sperm migration
into culture medium (“swim-up”) and more complex measurements of motility.
Defining men as infertile because of moderately reduced seminal sperm counts
(as so often reported) when there is normal sperm behaviour in mucus or
culture medium leads to claims of successful therapy which are spurious. It is
of key importance to distinguish between properly defined sperm dysfunction
and the commonly reported “male factor” infertility based on semen microscopy
alone (Chapter 5). Assessment of reported treatments in the following review
is based on defined sperm dysfunction as far as possible.

In summary, controlled trials have demonstrated no benefit of treatment
either by hormonal stimulation (see review by Hewitt et al. [65] and references
[66-69]) or by artificial insemination, using whole semen [70] or prepared
sperm by IUI [60]. The classic report indicating benefit of IUI by Kerin et al.
[71] is now recognised to be not of sperm dysfunction, but the negative report
by te Velde et al. [60] is also not well defined. Uncontrolled reports of 1UI
have shown very poor results (about 1% pregnancy rate per cycle) when sperm
disorder is well diagnosed [61].

Seminal antisperm antibodies are the only specific cause of sperm disorder
to have been shown to benefit from treatment, specifically aimed at suppressing
antibody production, but only in one study and the benefit was small (see
below). Treatment of varicocele remains unproven and unencouraging. In
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general the main hope in cases of sperm dysfunction is from IVF treatment as
discussed below.

Seminal Antisperm Antibodies

Optimistic reports of glucocorticoid therapy have been questioned [72]. Table
3.4 summarises the only properly controlled studies reported, all employing
high-dose therapy [73-75]. Treatment was cyclical to minimise risks. Two of
the three studies found no benefit. Hendry et al. [74] found statistically
significant benefit only after more than six cycles of treatment and therefore
emphasised the need for protacted therapy. A 9-month cumulative pregnancy
rate of 27% seems small reward, however, for unpleasant and potentially
dangerous treatment. Hendry et al. [74] noted that pregnancy was usually only
achieved by men whose seminal antibody levels were completely suppressed.
Perhaps a selective approach to continuation of therapy should be explored
according to such effect and/or improvement in sperm-mucus penetration.

Assisted conception methods aim to by-pass the problem of sperm progression
through cervical mucus and minimise binding of the seminal antibodies to the
sperm by early treatment and recovery into serum-rich medium [76]. Encourag-
ing results with such methods have been reported and are summarised in Table
3.5 [77-79]. Pregnancy rates are surprisingly good given the marked reduction
in fertilisation rates, presumably as a result of a plentiful excess of eggs. For
those reasons IVF should be preferred to GIFT or IUL

Sperm preparation as just described is more favourable than by standard
delayed “swim-up” [76] but still relatively inefficient at preventing or reducing
sperm—antibody binding. Better separation of bound from unbound sperm by
immunobead attachment has led to encouraging preliminary success [79].

Table 3.4. Results of placebo-controlled studies of high-dose glucocorticoid therapy for infertility
due to seminal antisperm antibodies

Author and treatment Patients Cyclesper  Pregnancy rates (%)
patient
Cumulative Monthly
(estimated)
Haas and Manganiello [73]
Methyl prednisolone 24 3 13* 4
Placebo 19 3 5 1.5
Hendry et al. [74]
Prednisolone 33 9 27 35
Placebo 27 9 7 1
Bals-Pratsch et al. [75]
Prednisolone 17 3 0 -
Placebo 17 3 0 -

*Not significant; **P < 0.05.
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Table 3.5. Results of IVG, GIFT and ZIFT treatment for infertility due to seminal antisperm
antibodies

Reference Cycles Fertilisation Pregnancy
per oocyte per cycle
(%) (%)

Palermo et al. [77] 38 48 34

Van der Merwe et al. [78] 29 24 24

Elder et al. [76] 54 44 24

Overall 121 44 27

Assisted Conception Methods for Non-Immune Sperm Disorders

In cases of well-defined sperm disorder IVF and related treatments have been
disappointing, but substantial improvements seem to have been made recently.
Clearly what matters is sperm function, not simply number.

IUI with or without superovulation is completely useless according to Irianni
et al. [61] if “male factor infertility” is well defined (pregnancy rate 1% per
cycle). Not only is there sperm dysfunction but for IUI much larger numbers
are needed than for IVF or GIFT.

When limits are placed on the number of embryos or eggs transferred by
IVF or GIFT respectively it is clear that IVF should be preferred in cases of
sperm dysfunction, to be able to adjust appropriately to the reduced fertilisation
rate. Pregnancy and implantation rates are lower with GIFT than IVF when
there is sperm dysfunction [80] but higher when sperm function is favourable
[53].

IVF treatment may be able to take numerical advantage of increased
superovulation or concentration of sperm in microdroplet culture. Stimulation
of sperm motility using, for example, pentoxifylline has been reported
optimistically [81] but a properly controlled trial is awaited. The use of Percoll
density gradient separation of the favourable sperm to minimise their adverse
exposure to free oxygen radicals released by damaged sperm or macrophages
[82] has led to significant improvement in fertilisation and consequent pregnancy
rates in a controlled study [83]. It seems that clinical pregnancy rates of about
17% per cycle can now be achieved using such simple methods [58]. However,
very variable results are reported with IVF for sperm dysfunction, which should
not be surprising given conditions varying and methods performing at their
functional limits. In cases of sperm disorder IVF must always be undertaken
speculatively and with diagnostic as much as therapeutic intent. Cumulative
pregnancy data are not available, and would anyway be biased by couples who
choose not to continue IVF treatment after initial failure or poor fertilisation
rate.

Micromanipulation

Micromanipulation methods involve extreme attempts to facilitate entry or
inject sperm through the zona pellucida. There have been few well-controlled
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Table 3.6. Results of reported comparisons in the same treatment cycles of micromanipulation
methods and standard IVF, expressed as monospermic fertilisation rates per oocyte

Method and authors Micromanipulation Standard IVF

Oocytes Fertilised  Oocytes Fertilised

(%) (%)
Zona drilling
Gordon et al. [84] 45 11 16 13
Partial zona dissection
Cohen et al. [85] 50 56 45 33
Cohen et al. [86] 2202 230 128 21
Hill et al. [87] 88 18 65 23
Zona cutting
Payne et al. [88] 69 36 68 28
Subzonal injection
Fishel et al. [89] 311 150 250 8k

aStated selection bias against micromanipulation method.
*Includes polyspermic fertilisations but most apparently monospermic.

comparisons with standard insemination of eggs for IVF. The results of reported
comparisons in the same treatment cycles are summarised in Table 3.6 [84-89)].
They show little or no benefit and point to an important change in basic policy.
The benefit shown by Cohen et al. in 1989 [85] is of the same order as that
achieved with simple Percoll preparation in cases of only moderately severe
sperm disorder [83]. Micromanipulation methods need to be focused on only
the most severe cases. In a separate study Cohen et al. in 1991 [86] found
similar monospermic fertilisation rates by partial zona dissection (15%) and
subzonal injection (16%) but concluded that the two methods should be applied
to different types of sperm disorder. Only Fishel [89] and Cohen have achieved
implantation rates when embryos have been obtained. Pregnancy rates per
treatment cycle have been 0-5%, not all from micromanipulated oocytes.

Azoospermia

Azoospermia, or virtual azoospermia, is an infrequent cause of infertility
(excluding cases of regretted vasectomy) and there is insufficient space here to
deal with the several aspects of the subject.

Primary spermatogenic failure is untreatable but not always complete and
IVF may be considered. Hypothalamic—pituitary failure is treated by specific
endocrine methods. In cases of obstructive azoospermia the results of microsurg-
ical anastomosis are generally poor and current interest is focused on surgical
recovery of epididymal sperm, which have proved surprisingly motile, for IVF.
Only one centre reports optimistic results, however, placing emphasis on a
combination of microsurgical skills to collect the spermatozoa, production of
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at least 10 mature oocytes, and willingness to transfer relatively large numbers
of embryos to the fallopian tube [90].

Donor Insemination

Donor insemination (DI) treatment offers the most realistic option for most
couples whose infertility is due to sperm dysfunction or obstructive azoospermia.
Cryopreservation of semen leads to substantial functional damage to sperm
and pregnancy rates are lower than with fresh semen, but use of cryopreserved
semen is now obligatory therefore only results with such semen will be
considered here. The large experience in France [91,92] seems representative
and the results are shown in Fig. 3.7.

Most couples can achieve pregnancy if they are prepared to continue
treatment long enough, which is feasible because of its simplicity. Women over
35 years old have a substantially reduced chance of success and may wish to
consider assisted conception treatment without much delay. There are no
reliable data about IUI using donor sperm but widespread (though little
published) evidence of normal fertilising ability of cryopreserved donor sperm
in vitro. It is not usually until after the age of 40 years that any substantial
reduction in success by IVF treatment has been noted (see later).

100

Normal <i3‘0 yr' Overall?

Cumulative pregnancy
rate (% patients)
[6,]
o
1

0 ' 12 ' 24 ' 36
Cycles

Fig. 3.7. Cumulative conception rates resulting from donor insemination treatment using frozen
semen. Results are shown overall and related to the woman'’s age, compared with normal. (From
1, [91], and 2, [92].)

Unexplained Infertility

The literature on unexplained infertility is difficult to interpret because of
varying, often poor, definition of the condition. There is general agreement
that investigations should be included to demonstrate normal ovulatory cycles,
normal tubal/pelvic state by laparoscopy, and normal semen microscopy. There
is variation in the minimum duration of infertility required but general
recognition of the importance of that factor. There are claims that an
abnormality of some sort can be found to “explain” the infertility in most cases
if enough investigations are done, but controlled studies have demonstrated no
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significant relevance to any other abnormalities suggested, except sperm
dysfunction. The need to test sperm function is as important in the definition
of unexplained infertility as it is conversely in the diagnosis of sperm disorder;
it is the other side of the same argument discussed earlier. This review will
focus as far as possible only on reports of unexplained infertility which include
tests indicating favourable sperm function, usually including a normal postcoital
test.

Given that definition, the main factors determining the chance of conceiving
naturally are the woman’s age and, more importantly, the duration of infertility
so far [8] (Fig. 3.8). Those findings demonstrate the heterogeneous nature of
unexplained infertility. In particular:

1. Couples with unexplained infertility of less than 3 years duration are mostly
normal and have simply been unlucky so far. Most will conceive within 2
years. All they need (apart from diagnostic investigations) is advice and
encouragement. There is no evidence of any benefit from simple treatment
such as clomiphene [93] and the balance of choice does not yet justify
assisted conception methods except in women aged in their late 30s.

2. After more than 3 years duration the chance of natural conception offers
unrealistic hope. The monthly chance is down to 1%-3% (from Fig. 3.8);
Crosignani et al. [94] estimated about 1% and at most 2%. Treatment is
needed.
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Fig. 3.8. Cumulative conception rates in unexplained infertility without treatment related to
duration of infertility when investigated. (From [8].)

Treatment of Prolonged Unexplained Infertility

Controlled studies of clomiphene treatment have shown significant but only
slight benefit and have not been extended in duration: pregnancy rates of
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3%-5% per cycle for 3-4 cycles {93,95]. A controlled study of IUT (alone) [71]
(which was described to be of male infertility though sperm function is now
recognised to have been favourable), found pregnancy rates per cycle of 21%
versus 2% in untreated controls. It was described as a preliminary report but
the study has never been repeated, and such results have never been achieved
by others. The only other controlled studies of treatments of unexplained
infertility have been of IVF compared with tubal infertility, showing slightly
reduced fertilisation rates per oocyte in unexplained infertility but roughly
similar pregnancy rates [53,96,97]; and of IVF compared with GIFT, showing
advantage in favour of GIFT [53].

Reported results are summarised in Table 3.7 [57,58,60-62,71,80,93-103],
expressed as pregnancy rates per cycle. Cumulative rates over an extended
series of cycles have not been reported specifically for unexplained infertility
but are available pooled with other conditions that are favourable for assisted
conception methods and are described later in that section of this review. It is
clear that simple treatment with clomiphene is worth pursuing initially, perhaps
for 6 months, but then only assisted conception methods combined with
superovulation offer any substantial hope of success.

Assisted Conception Methods of Treatment

Assisted conception methods are here defined as involving a combination of
superovulation therapy and delivery of prepared sperm to the eggs. The basic
range is IVF, GIFT and superovulation/IUI. They are considered jointly here
because they are the common solution to a variety of infertility problems and
results as reported are often inseparable. Others are considered later as variants
of the basic methods (zygote or embryo tubal transfer after IVF, or direct
intraperitoneal insemination instead of IUI, for example). From the foregoing
discussion it is clear that the main indications for assisted conception treatments
are tubal disease, unexplained infertility, and endometriosis, when they have
reached a stage that the chance of conceiving by any other means is less than
1%-2% per cycle or 20%-30% after 2 years, or the woman’s age leaves
insufficient time for speculative treatment.

Assisted conception treatment, particularly IVF, may also be undertaken
speculatively as in cases of sperm disorder partly for diagnostic purpose; also
in women over about 40 years old, in whom ovarian responsiveness declines
uncertainly. Those are the commonest factors adversely affecting the success
of treatment. It is important to classify results accordingly in order to compare
the effectiveness of different methods, not only in terms of results per cycle
but as valid cumulative rates. The validity of life-table analysis depends on the
reasons being unbiased for couples not continuing in treatment as long as
others. Cases of sperm disorder and women over 40 years old are likely not
to continue. _ ’

For those reasons cumulative pregnancy rate data are lacking for treatment
of (well defined) sperm disorders and older women. Tan et al. [104] have
reported substantial reduction in pregnancy rates in women aged 35-38 years
and further reduction aged 39 years or more, after three and six cycles of IVF
treatment but also in the first cycle. Other authors, reporting simply rates per
cycle have not noted such a marked effect, if at all, until after about 40 years
of age.
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Table 3.7. Reported results of treatments for prolonged unex-
plained infertility

Treatments, authors Conception
rates per
cycle

Clomiphene

Fisch et al. [95] 3%*

Glazener et al. [93] 5%"*

HMG

Serhal et al. [98] 6%

Crosignani et al. [94] 8%

1U1

Kerin et al. [71] 21%¢

Serhal et al. [98] 3%

te Velde et al. [60] 3%

Irianni et al. [61] 6%

Clomiphene and/or TUI

Martinez et al. [99] 9%

HMG and IUI (or IPI)

Serhal et al. [98] 26%

Dodson and Haney [62] 15%

Crosignani et al. [94] 23%

Hull et al. [58] 18%

Turhan et al. (IPI) [100] 23%

IVF

Navot et al. [96] 32%

Audibert et al. [97] 14%

Crosignani et al. [94] 28%

Hull et al. [58] 27%

1990/91 treatments: 32%

GIFT

Braeckmans et al. [101] 26%

Borrero et al. [57] 31%

Wong et al. [102] 29%

Crosignani et al. [94] 29%

Hull et al. [58] 36%

ZIFT

Devroey et al. [103] 48%

Tubal embryo transfer

Tanbo et al. [80] 38%

a, b, ¢, d Controlled studies - results per cycle: *, 1%, *, 1%,

€, 2%, ¢, zero.
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The cumulative pregnancy rates illustrated in the following figures refer to
mainly favourable conditions for treatment, though variously defined, including
women under 35-40 years old. They appear to be valid and representative.
Results using donated eggs are not included.

In Vitro Fertilisation (IVF)

Fig. 3.9 illustrates cumulative pregnancy rates reported from six centres or
groups in Australia [105], France [106], Holland [107], UK [58,104] and USA
[108]. In most cases the women were under 40 years old but the report by Tan
et al. [103] from the UK was limited to women under 35. Pregnancy rates in
the first cycle were 13%—28%, and after three cycles 35%-51%, after six cycles
54%-66% , and after nine cycles 71%-79%.

The lowest results relate to some of the earliest years of IVF practice
(1980-85). There was a steady improvement in later years and marked
improvement in pregnancy rates since about 1990. Pregnancy rates per cycle
of 28%-30% seem to be the normal expectation now [58,94], despite strict
limitation imposed on the number of embryos transferred for example in the
UK [58].

Cumulative “take-home baby” rates are what really matter. The only useful
report is of 60% after four cycles of IVF treatment [58]. Fig. 3.10 shows the
rates not only for IVF but for combinations of assisted conception methods,
for instance GIFT or IUI if appropriate following an initial cycle of IVF. The
cumulative “take-home baby” rate was 70% after six cycles and 90% after nine
cycles in all women under 40 years old and men with normal sperm [58].

It is important to note that all the foregoing reports of cumulative pregnancy
rates where reliable data exist show little or no reduction in the chance of
pregnancy in successive cycles, usually up to at least six cycles and perhaps
more. By contrast, one report from the USA describes marked reduction of
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Fig. 3.9. Cumulative conception rates by IVF treatment per attempted egg recovery, done for
mostly favourable indications in women aged less than 35-40 years old, compared with normal.
(From 1, [108]; 2, [105]; 3, [106]; 4, [104]; 5, [107]; 6, [58].)
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Fig. 3.10. Cumulative successful birth (“take-home baby”) rates by IVF (mostly) or by GIFT or
superovulation/IUI treatment, individually or in serial combinations as applied in practice, in
women under 40 years old and men with normal sperm [58], compared with a normal population
range (parous and nulligravid) [113].

cycle fecundity in successive cycles and draws attention to heterogeneity of the
patient population treated [109]. That serves to emphasise the crucial importance
of classifying results by specific diagnostic categories and other critical factors
like age. In practice it is the only way to avoid bias in life-table analysis and
to be able to give reliable advice to patients.

Gamete Intra-fallopian transfer (GIFT)

GIFT was introduced about 5 years after IVF, and reports are mostly limited
to relatively small series so that useful cumulative pregnancy rates are not
available. Reported rates per cycle are 26%-36% (Table 3.7).

Superovulation with 1UI or IPI

The results reported by Chaffkin et al. [110] shown in Fig. 3.11 indicate clearly
that neither IUI nor superovulation alone is effective and the two must be
combined. The average pregnancy rate per cycle was nearly 20% but fell
sharply after three or four cycles and the cumulative rate was about 68% after
six cycles. Dodson and Haney [62], in a large study, reported an average
pregnancy rate per cycle of 14% which did not decline significantly and the
cumulative rate was 56% after six cycles.

Other Methods and Relative Effectiveness

There have been optimistic isolated reports of ZIFT (zygote intrafallopian
transfer) [103] and tubal embryo transfer [80] as extended variations of IVF,
and substantial reports of direct intraperitoneal insemination (IPI) as an
alternative to IUI [100,111], but they have not yet been fully assessed.
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Fig. 3.11. Cumulative conception rates by IUI, HMG or combined superovulation/IUI, done for
various favourable indications. (From [110].)

Proper comparison of reported results with different assisted conception
methods is difficult, for several reasons: pooling of diagnostic indications;
unspecified and unrestricted numbers of eggs and embryos transferred, or of
follicular stimulation for TUI and IPI; and inclusion of early “biochemical”
pregnancies in some reported “success” rates. Few fertility reports give
birth rates though clinically confirmed pregnancies would be acceptable for
comparison, given miscarriage and ectopic pregnancy rates.

The few controlled comparisons of treatment show that IVF is about equally
effective in endometriosis [53,54,56] and unexplained infertility [53,96,97]
compared with tubal infertility.

Comparison of GIFT with IVF for non-tubal infertility has revealed variable
findings. Leeton et al. [112] and Crosignani et al. [94] found no difference but
did not specify numbers of eggs and embryos transferred. Tanbo et al. [80]
found reduced success with GIFT but later recognised sperm dysfunction
contributing to failure in many of the GIFT treated couples. The only strictly
comparable study showed significant advantage in favour of GIFT [53].

Comparison of superovulation/IUI with GIFT cannot be made strictly because
of variation in follicular stimulation for IUI. Crosignani et al. [94] found similar
rates but gave no information about the limits of ovarian stimulation if any.
Mills et al. [S3] applied cautious limits and achieved half the pregnancy rate
with TUI compared with GIFT (20% versus 40% per cycle). Nevertheless TUI
may seem to be a cost-effective choice particularly in relatively young women,
and encouraging cumulative pregnancy rates have been reported, as described
ealier [62,110]. The concern about multiple birth rates remains, however.
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Discussion

Beral: Professor Templeton showed data that 3% to 6% of women who want
to have children are permanently childless, and yet many of the figures show
that about 15% of women are what are called infertile. The difference between
those figures is huge, and in terms of population, of services needed, and so
forth, on a national scale is quite massive. If 5% of women who wanted children
were nonetheless childless and 15% were called infertile, are those 10%
infertile, or are they women who take a long time to get pregnant? Is there
something in between or is it the end of the distribution?

Templeton: Between 3% and 4% remain childless, and another 3%—4% remain
without having completed their families. Overall there are between 6% and
8% who have primary infertility and a further 6%—-8% with secondary infertility.
Thus half of each group have unresolved infertility, and half eventually achieve
a pregnancy.

As far as services are concerned, the important figure is 15% because this
is the proportion of women who are likely to seek advice.

Beral: There is a big difference between those numbers, huge if it is multiplied
back to the number of women of childbearing age and related to the services
required. Is that difference just people who take a long time to conceive, or
people with real pathological conditions?

Hull: One can easily calculate what the cumulative rates will be at fixed rates.
Even at 1% per cycle, after a decade the majority, certainly more than half,
will have conceived. The issue in practice from the clinical point, of view and
from the patient’s standpoint is this. Is it appropriate to take a 10- or 20-year
view of their chances of eventually conceiving and perhaps conceiving only
once? For them their perspective is in a much shorter time frame, and that is
the time frame in which we need to work. They want an accelerated chance
of conceiving not just once, but probably more than once within that sort of
time frame, and that is a very different perspective from looking retrospectively
at ultimate fertility or infertility in the population.
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Beral: The implication is that infertility is a perception.

Hull: It is not a perception at all. There is a degree of subfertility, which we
can define, and work out, from cumulative conception rates, the monthly
fecundity. In some cases, for instance in short unexplained infertility, it averages
8% per cycle, which is slightly below average but well within the normal range.
Then there are others with prolonged infertility and for example endometriosis,
with clearly demonstrable marked subfertility; one can define it at perhaps 3%
per cycle, or less.

Barlow: The Aberdeen population study described those with both voluntary
and involuntary infertility. Within the voluntary group are we including women
who are not in relationships and therefore they have no opportunity to become
pregnant, or are these a separate group?

Templeton: The total voluntary infertility figure I first showed, about 8%,
includes all women, including single women. Among the married women,
2%-3% deliberately chose not to have children.

Shaw: In your chapter were you describing age-related infertility rates?

Templeton: No, the figures represented the cumulative experience. We chose
the 46-50-year age group first because they are at the end of their reproductive
life. It was the total experience of infertility in that age group. We then looked
at the 36-40-year-old group, the vast majority of whom had decided that their
reproductive life was over for all effective purposes and so it was a cumulative
experience for them as well.

Beral: It seems to be quite important in this sort of discussion to know what
the prevalence is. It is quite extraordinary that we do not know whether
prevalence is increasing over time. With the increase in sexually transmitted
diseases, for example, one might expect that the prevalence is increasing, but
the evidence is not there.

Templeton: There is some evidence of an increase in subsections of the
population from the US surveys, but there are methodological problems because
the surveys were done in slightly different ways for each of the five years and
the results are therefore open to question.

Baird: I should like to pursue this further. There was a question about the
difference between the 5% who remained childless and the 15% who sought
infertility services. Really the relevant question is not are these 15% infertile,
the relevant question to ask is what is a reasonable time for somebody to try
and get pregnant without seeking medical help, and hence having resource
implications. Those are the data they collected in Aberdeen and are based on
a two-year wait, which most people would say, subject to variation in age, in
other things, is reasonable.

The other relevant question to be borne in mind is how do we identify those
for whom treatment may make a difference. Quite a large percentage of women
do become pregnant relatively quickly without treatment, and those of us who
run infertility clinics know this. But perhaps more importantly, there is a
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significant proportion of couples who attend infertility clinics for whom
treatment will not make any difference and in the triage system we should
avoid pouring resources into those types and causes of infertility.

It is unproductive to spend a long time asking if this is a disease, or is it a
perception, or something. It is really what is acceptable.

Templeton: A question on the methodology of doing cumulative conception
rates. Professor Hull showed one chart for normal fertility and one for mild
endometriosis. The starting points are different: mild endometriosis starts from
the point of diagnosis and the normal from the point of trying to achieve
conception. If we look at mild endometriosis from the point of attempting to
achieve conception, conception rates are superimposed on the normal rates.
The reason that they appear lower than the normal rates is that women with
mild endometriosis who go to infertility clinics only do so because they are
infertile and it then happens that the mild endometriosis is diagnosed. It would
be wrong to draw the conclusion that mild endometriosis causes infertility.

Hull: I accept the implication. Those results beg very important questions
about an association with subfertility, a causal relationship, whether it exists,
what the mechanism might be if there is a cause, and treatment methods. 1
have said it begs all those suggestions and I am not suggesting there is a causal
relationship.

Templeton: I wanted to make the general point that very frequently in reporting
fertility rates, starting points are different, and so results are not comparable.

Hull: Could I make another plea? I do not think we are to have the opportunity
to evaluate particular treatments and assisted conception methods. The way
the data are presented is largely uninterpretable, from the literature around
the world, and even indeed from the licensing authority. One of the problems
from around the world is that there are often no restrictions on numbers of
eggs and embryos transferred by GIFT and IVF, and that makes interpretation
difficult. And even in the UK where we now have strict regulation, and in the
last few years we have only been allowed to transfer four in exceptional
circumstances, there are still problems in the interpretation of the data as
presented. They are not classified by, for example, the woman’s age, they are
not classified by diagnostic background. Last year for the first time the licensing
authority published data by diagnostic class, and extraordinarily they included
in the male infertility group those who were treated with donor sperm [1]. We
simply cannot unravel that. This plea is directed at the new licensing authority
that if it is getting into data publication, then please do it in a sensible classified
way.

It is of practical importance because when we come to attempting to give
couples prognostic information about their expectations, on a cumulative basis
one can only apply treatment repetitively if we know that the situation is
favourable, or at least defined. Professor Templeton raised an issue about life-
table analysis. It is only valid if the assumption is made that those who did not
continue in a study would have done as well as those who did, and therefore
we must exclude bias from our calculation of cumulative rates. That can only
be excluded if the diagnostic classification is accurate and specific at the start.
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Templeton: Dr Botting, from the OPCS perspective, how easy would it be to
ask specific questions about infertility on the back of the General Household
Survey.

Botting: The General Household Survey seems to me an ideal vehicle for that
kind of survey because the resources involved in mounting a GP-based survey
are huge. Every two years there are questions in the General Household Survey
on contraception and if a woman answers that she is not using any method of
contraception, I believe there is a follow-up question which asks why she is
not currently using contraception and so identifies cases where the woman is
not currently in a sexual partnership. It, therefore, seems that there is the
potential for adding in there additional questions. This seems to be an ideal
facility and it would give results every other year, and by age, by marital status,
by geography. It would give a wide range of data.

Beral: So the message is that OPCS would not mind a request that some
information on infertility be collected as part of the General Household survey
and it could easily be done, although there would be some resource implications.

Asch: There was a reference to multiple pregnancies. What percentage of all
multiple pregnancies results from assisted reproduction techniques? And do we
have the numbers in women aged 40 years and over?

Botting: I do not have the figures in detail. It is a small proportion. But the
problem is that it includes not only the IVF and GIFT data, which we know,
but also a large number of cases resulting from ovulation induction, and that
is not measurable. There are no data at all.

With IVF and GIFT, in excess of one-third of triplets and above are results
of assisted conception techniques. It is a smaller proportion of twins because
there are large numbers in the general population.

Whittall: About the data that HFEA is collecting, there are a variety of ways
in which the information can be analysed and what was suggested should be
possible.

In terms of worldwide data, an international group meets on an ad hoc basis
and somebody from the authority has started to attend that group. They are
looking at ways of getting some sort of conformity in data collection and
presentation.

Beral: I have been involved in this international group in looking at statistics
from IVF and assisted conception and there really is a need, particularly from
the HFEA, to have data that are relevant, that can be used for scientific
purposes and for the evaluation of the efficacy of treatment; and also, something
that has not been mentioned, looking at the health of the child. The treatment
of infertility is not only to produce a pregnancy but to produce a child that is
healthy and it is extremely important to have a broad view of the long-term
outcome and to ensure that the children are healthy as a result.

Cooke: To take up the point about triage. Professor Baird was referring to
resources but the other element of triage is the economic cost. In any appraisal
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of health economics there is the economic cost and there is also the assessment

of the utility of any exercise, and unless both of those are addressed, the
technical developments do not sit in perspective.

Beral: A good note to end on and a good beginning to these deliberations.

Reference
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Chapter 4
Male Infertility Due to Testicular Dysfunction

E. Nieschlag and H. M. Behre

Herod: After all, you are barren.
Herodias: I barren? ...It is absurd to say that.

I have borne a child.

You have never had a child,

not even by one of your slaves.

It is you who are sterile not I that am barren.
Herod: Be quiet. I tell you that you are barren.

You have not borne me a child.

Oscar Wilde, Salomé (1892)

Fertility disturbances are among the most common disorders of young and
middle-aged men. Neither the public nor the medical profession is aware of
this dimension of the problem, since the field is still surrounded by taboos.
The dialogue Oscar Wilde ascribed to Herod and Herodias a hundred years
ago in a plot taking place 2000 years ago is still valid today. Men have difficulties
in accepting the possibility of infertility — and in obtaining medical advice. Of
men consulting for infertility 60% have let more than two years pass before
deciding to consult a doctor [1]. A further obstacle to overcoming taboos is in
the fact that in many cases medical assistance would be possible but is not life
preserving, as in other medical disciplines, so that the patient has no physical
pressure to seek help. Although two decades of intensive research have
increased considerably our knowledge about male reproductive functions,
andrology as the science and clinical practice of male fertility has been slow to
gain academic status. However, the number of patients consulting for infertility
is increasing, probably not because of an increasing incidence of male infertility,
but because the taboos surrounding male potency and fertility are gradually
diminishing.



Interdependence of Male and Female Reproductive
Functions

Disturbances of male fertility may go unrecognised for a long time and
become evident only when marriage remains without issue despite unprotected
intercourse and the wish for a child. Fertility disorders must be assumed when,
after 6-12 months of unprotected intercourse, no pregnancy occurs, since in
the general population 70% (by 6 months) to 90% (by 12 months) of pregnancies
occur within this time frame [2]. As illustrated by Fig. 4.1, fertitity disturbances
of one partner may become evident only through the other partner’s problems,
whereas optimal reproductive function of one partner may compensate for
impaired function of the other and may prevent the couple from attending a
clinic. Thus, infertility is mostly a disorder of the couple that should be
investigated and treated as a single entity or at least in parallel. A worldwide
survey indicated that these couples in whom fertility problems exist in both
partners make up about a quarter of infertility patients in general [3], whereas
they constitute the majority of cases in specialised centres. This means that
unless azoospermia has been diagnosed, the significance of male fertility
disorders has to be considered relative to the female reproductive status.

Fig. 4.1. Interdependence of male and female reproductive functions. Couples of group 1 and
also couples of group 2, where one is compensating the other’s problems, will rarely seek medical
assistance. In group 3 diagnosis and treatment will concentrate on one partner, and groups 4 and
5 represent the “hard core” of infertile patients and require concerted action by the andrologist
and gynaecologist. :

Classification of Male Fertility

Male fertility disturbances may be associated with other symptoms which may
become clinically relevant independent of the wish for offspring. In particular,
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endocrine disorders may have their origin in the dual functions of the testes,
i.e. sperm production and testosterone synthesis. Whereas disturbances of
spermatogenesis and spermiogenesis may occur without impaired testosterone
synthesis, endocrine insufficiency of the testes always leads to infertility.
Infertility may also have its origin in disorders of the outflow ducts (e.g.
infections, traumata, agenesis/aplasia), the blood vessels (varicocele) or the
immune system (sperm antibodies); infertility may also be the consequence of
other diseases (e.g. renal insufficiency, diabetes mellitus, neoplasia, myotonic
dystrophy) or exposure to pharmaceuticals and toxins. Usually the term
“infertility” is used to describe disorders without clinically overt endocrine
insufficiency of the testes, and the term “hypogonadism” describes infertility
associated with symptoms of testosterone deficiency.

In order to account for the manifold causative mechanisms of male fertility
disturbance we use localisation of the cause or the level of origin of the
disturbance as a basis for a systematic classification, as shown in Table 4.1. As
a complete review of male infertility is beyond the scope of this chapter, we
will concentrate here on disturbances of spermatogenesis and spermiogenesis
which are involved in the disorders most frequently encountered, as shown by
a survey of more than 5000 cases from our Institute (Table 4.2). Therefore,
endocrine hypogonadism, maldescended testes, varicocele and idiopathic infer-
tility will be the object of this chapter preceded by general diagnostic
considerations.

Table 4.1. Classification of male fertility disorders based on the localisation of the cause

Localisation Disorder Cause Androgen- Infertility
of the cause deficiency
Hypothalamus/ Idiopathic Congenital disturbances of + +
Pituitary hypogonadotropic GnRH secretion

hypogonadism and
Kallmann syndrome

Prader-Labhart-Willi  Congenital disturbances of + +
syndrome GnRH secretion

Laurence-Moon-Biedl Congenital disturbances of + +
syndrome GnRH secretion

Familiar cerebellar Congenital disturbances of + +
ataxia GnRH secretion

Constitutionally “Delayed biological clock” + +
delayed puberty

Secondary disturbance Tumours, infiltrations, traumata, + +
of GnRH secretion irradiation, malnutrition,

disturbed blood circulation,
general disease

Panhypopituitarismus ~ Tumours, infiltration, traumata, + +
irradiation, ischaemia, surgery

Pasqualini syndrome  Congenital disturbance of LH + (+)
secretion

Isolated FSH Congenital disturbance of FSH — +

deficiency secretion

Hyperprolactinaemia ~ Adenoma, pharmaceuticals + +

Continued overleaf
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Table 4.1. Continued
Localisation Disorder Cause Androgen- Infertility

of the cause

deficiency

Testes

Seminal
ducts and
accessory
glands

Semen
deposition

Androgen
target organs

Exogenous
disturbances
Congenital anorchism
Acquired anorchism

Gonadal dysgenesis

Persistent oviduct
syndrome

Germ cell aplasia
Leydig cell aplasia
Male
pseudohermaphroditism

Klinefelter syndrome
XXY syndrome

XX male
Male Turner syndrome

Maldescended testes
Testicular tumours
Varicocele

Orchitis

Globozoospermia

Immotile cilia
syndrome

General diseases and
exogenously caused
disturbances

Infections
Obstructions

Cystic fibrosis

Young syndrome
Disturbed liquefication
Immunologic infertility
Penis deformities
Hypo-/epispadias
Phimosis

Retrograde ejaculation
Erectile dysfunction

Testicular feminisation

Reifenstein syndrome

Pharmaceuticals, drugs

Fetal loss of testes

Trauma, torsion, tumour,
infections, surgery

Defective Y-chromosome
Lack of antiMiillerian hormone

Congenital or acquired
Congenital

Enzymatic defect in testosterone
synthesis

Meiotic non-dysjunction
Numerical chromosome
abnormality

Translocation of the Y-
chromosome

Translocation of the Y-
chromosome

Congenital, lack of testosterone
?

Incompetent venous valves
Infectious destruction of tubular
epithelium

Disturbed spermiogenesis
Disturbed spermiogenesis

e.g. Renal insufficiency, liver
cirrhosis occupational hazards,
irradiation

Bacteria, viruses
Congenital abnormalities,
infection, vasectomy
Mutation of the CF gene
?

?

Autoimmunity

Congenital or acquired
Congenital

Congenital

Disturbed innervation
Vascular, neurological,
endocrine, psychological
Complete androgen receptor
deficiency

Incomplete androgen receptor
deficiency

+ +
+ +
+ +
+ +
- (=)
- +
+ +
+ +
+ +
(+) (+)
+ +
+ +
(+) +
+ +
(=) +
) +
- +
- +
+ +
- +
- +
- +
- +
- +
- +
- +
- +
- (+)
-+
(+) =)
+ +
+ +

Continued
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Fig. 4.2. Testicular volumes (determined by sonography and combined from both sides) of 478
infertile patients show a positive correlation with the total sperm count and a negative correlation
with serum FSH.

Table 4.3. Resuits of scrotal sonography from 650
consecutive infertile patients attending the Institute of
Reproductive Medicine of the University of Miinster
(5]

n %
Normal 360 55
Varicocele 141 22
Hydrocele 43 7
Epididymal pathology 43 7
Spermatocele 40 6
Inhomogeneity 26 4
Cyst 7 1
Tumour 4 0.6

Semen Analysis

Although semen analysis is the most important laboratory test for male
infertility, it is the last area of the medical laboratory to be subjected to quality
control. Reasons for this lack of quality control are the difficulty in working
with live gametes and the absence of standardised methodology. However,
since 1980 the World Health Organization (WHO) has provided guidelines for
semen evaluation. A third edition of these guidelines appears in 1992 [6] and
should be used by all andrological laboratories. Application of the recommended
techniques is a prerequisite for standardisation and quality control. Variability
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Table 4.4. Criteria of normality for semen samples analysed
according to WHO guidelines [6]

Volume >2.0 ml

pH 7.2-8.0

Sperm concentration >20 x 10%ml

Total sperm count >40 X 10° per ejaculate

Sperm motility >50% a+b or
<25% a

Sperm morphology >30% normal

Sperm vitality >75% live

White blood cells <1 x 10%ml

Immunobead test <20% sperm with
particles

MAR-test <10% sperm with
particles

a-Glucosidase >20 mU/ejaculate

Zinc >2.4 pmol/ejaculate

Fructose (total) >13 wmol/ejaculate

a = rapid, b = slow progressive motility, MAR = mixed
agglutination reaction.

of results can thus be reduced to an acceptable level [7], but the comparability
of results generated in different laboratories still leaves much to be desired [8].

If properly conducted, semen analysis will provide values for sperm number,
motility and morphology as well as for seminal markers and sperm antibodies.
These values can be classified as “normal” and “subnormal” according to
criteria established by WHO (Table 4.4). It is, however, important to bear in
mind that these criteria do not discriminate between fertile and infertile men,
as there is a wide overlap of seminal parameters from “spontaneously” fertile
men with those from patients attending an infertility clinic who eventually
become fathers and those who remain infertile [9,10] (Fig. 4.3). Therefore, as
long as sperm are present, subnormal values should not induce despair but
should encourage andrologists and gynaecologists to collaborate closely in an
effort to improve the couple’s chances for pregnancy.

However, there are disturbances of spermiogenesis which cannot be treated.
These disorders are globozoospermia, where sperm lack the acrosome and
therefore cannot interact with the egg [11] and axonemata defects of the sperm
tail such as the “9+0” axoneme resulting in sperm immotility [12] (Fig. 4.4).
For these cases microinjection of sperm into the oocyte may provide a solution
in the future.

In addition to semen analysis, sperm cervical mucus interaction and other
sperm function tests as described in the next chapter are important tools for
evaluating male fertility further.

Serum FSH

The most important endocrine parameter in the infertility work-up is serum
follicle stimulating hormone (FSH), since it reflects intratesticular events well.
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Fig. 4.3. Distribution (%) of seminal parameters from three groups of men: “spontaneous fathers”
(n = 50), patients who fathered a child after attending our infertility clinic (= = 100) and patients
who remained infertile (n = 100). Data indicate that subnormal semen parameters do not exclude
paternity. (Modified from reference [9].)

Highest FSH levels are found in orchidectomised and Klinefelter patients, i.e.
in the absence of spermatogenetic tissue. De Kretser [13] postulated that
elevated FSH levels could be observed in patients with Sertoli cell only (SCO)
syndrome, with spermatogenetic arrest before the appearance of spermatids
and/or with hyalinisation of the basal tubular membrane. In a recent series of
97 cases we found that a relatively good correlation exists between serum FSH
and testicular histology when the mass of SCO tubules is taken into consider-
ation; the highest FSH values were found in azoospermic patients with bilateral
complete SCO syndrome, followed by azoo- or oligozoospermic patients with
bilateral focal SCO tubules and patients with unilateral focal SCO tubules,
whereas oligozoospermic patients without SCO tubules showed FSH within the
normal range [14] (Fig. 4.5). The Sertoli cells of the SCO tubules also showed
a higher than normal immunoreactivity for FSH and inhibin, indicating the
functionally diseased state of these cells.
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b

g. 4.4. Cross-section through human sperm tails. a Normal man: two single microtubules and
e circle of nine doublets form the axoneme which is surrounded by a fibrous sheath and the
asma membrane. b Sperm tail from a patient with “9+0 syndrome”. The central microtubules
1d their central sheath are missing. All other structures of the axoneme (microtubular doublets
ith dynein, nexin, spokes, and spoke heads) are present. The fibrous sheath is much thicker than
the normal sperm (see reference [12]).

These findings underline the quantitative aspect of the relationship between
SH and testicular histology. A certain number of seminiferous tubules needs
y be affected before a rise in FSH occurs. In animal experiments we could
emonstrate that 30% of testicular tissue needs to be destroyed in order to
ssult in an FSH elevation [15]. Whether such a strict correlation also exists in
umans under clinical conditions is difficult to assess, since biopsies may not
e fully representative of the remaining testis and entire testes cannot be
btained for this purpose.

However FSH has remained the single most important parameter in the
valuation of spermatogenetic activity. Elevated FSH levels make testicular
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Fig. 4.5. Testicular histology of 97 infertile men in relation to serum FSH. Solid bars: mean
values = SE of serum FSH levels (different superscripts indicate significant differences). Hatched
bars: percentage of patients in one group with serum FSH above the upper normal value.of 7
IU/l. SCO = Sertoli cell only; OAT = oligoasthenoteratozoospermia. (Modified from reference

(14].)

biopsy superfluous since a rational treatment of the underlying condition does
not exist. Biopsies are mainly reserved for the differential diagnosis of
azoospermia with normal FSH due to obstruction or to spermatogenetic
disorders prior to eventual reconstructive surgery. Testicular biopsies are further
warranted in the diagnosis of neoplasia including carcinoma in situ.

It should be mentioned here that the SCO syndrome is not a pathological
entity but may result from different causes. The SCO syndrome may be
congenital in origin, or may be the final stage of various influences on the
testes, e.g. viral infections, chemotherapy, radiation, maldescent, varicocele.

FSH is usually measured by immunoassay but immunoactivity may not
necessarily reflect bioactivity of the hormone [16, 17]. However, in cases of
male infertility a good correlation exists between FSH immuno- and bioactivity
[18] so that for diagnostic purposes it is sufficient to rely on (reliable!)
immunoassays. Inhibin, so far, has not shown any correlation to spermatogenetic
activity [19] and has thus not contributed to infertility diagnosis.

Hypogonadism

The endocrine regulation of testicular function is the best elucidated aspect of
male reproductive function. The feedback mechanisms between hypothalamus,
pituitary and testes are well known and their disturbances result in rational
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diagnostic and therapeutic measures in the case of secondary hypogonadism.
Although testosterone (in pharmacological doses) or FSH are sufficient to
induce or maintain qualitatively normal spermatogenesis, the presence and
interplay of both hormones appears to be necessary for qualitatively normal
spermatogenesis (for review see reference [20]).

Therefore secondary hypogonadism has to be treated with a combination of
hCG (= luteinising hormone (LH) which stimulates testosterone) and hMG
(= FSH) to induce spermatogenesis or, alternatively, in the case of idiopathic
hypogonadotropic hypogonadism (IHH) caused by hypothalamic dysfunction,
GnRH may be administered in pulsatile fashion. Unless other confounding
factors are encountered, such as maldescended testes, these therapies are
effective in inducing spermatogenesis and pregnancies. However, the current
schemes of hCG/hMG and GnRH application may not entirely reflect the
physiological situation since normal testis sizes and sperm counts are not
achieved in most cases [21-23]. This may, for example, be due to insufficient
administration of FSH as current therapeutic schemes appear to provide FSH
for too short periods [24]. Perhaps, in the course of introducing biosynthetic
FSH [25], pharmacokinetic studies may be performed and result in improved
therapeutic schemes. Nevertheless, even the subnormal number of sperm
produced by the current regimen is sufficient to induce pregnancies, since these
are probably healthy sperm.

In cases of primary hypogonadism, among which Klinefelter syndrome is
most frequently diagnosed (1/500 men in the general population), spermatogen-
esis cannot be improved. Klinefelter syndrome as well as other severe
disturbances of spermatogenesis may be caused by numerical chromosomal
abnormalities. More recently, qualitative chromosomal abnormalities have also
been identified as causes of azoospermia, such as deletions in the short arm of
the Y-chromosome [26]. In the future, molecular genetics may further help
to identify causes of primary hypogonadism and severe spermatogenetic
disturbances.

So far, at least the lack of testosterone can be treated satisfactorily in patients
with primary hypogonadism. Conventional substitution therapy consists of
intramuscular injections of testosterone enanthate, subcutaneous implantation
of crystalline testosterone or oral application of testosterone undecanoate (for
review see reference [27]). New forms of substitution therapy are under
development, such as transdermal testosterone [28] or the long-acting ester
testosterone buciclate [29], which may provide serum testosterone closer to
physiological levels thus providing the patient with improved well being and
long-term effects.

Maldescended Testes

A surprisingly high percentage of patients attending our infertility clinic
complain of disturbed testicular descent (Table 4.2). In most cases maldescended
testes have already been recognised and treated, and it is rare that the testes
are actually in an abnormal position at the time of presentation with infertility.
This indicates that prior treatment did not lead to complete prevention of
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infertility. In the past it was the usual procedure to deal with maldescended
testes in advanced childhood or in puberty. This opinion has changed and for
the past 20 years it has become accepted that the position of the testes should
be corrected by the end of the second year of life. Most recently the consensus
was formed that treatment by hCG, GnRH or orchidopexy should occur before
the end of the first year of life [30]. As the average age of our patients is 32
years, patients given such early treatment will begin to turn up only gradually
in infertility clinics or will remain conspicuous by their absence, if the concept
of early treatment as a preventive measure proves itself.

There is great variability in the histological appearance of maldescended
testes: in the worst of cases this may represent SCO syndrome [31]. These
testes not only cause fertility disturbances, but also become malignant about
ten times as often as completely descended testes. However, the chance of this
occurring (0.04%) is low and drops further after the age of 30. It is not yet
clear whether the early treatment recommended today actually reduces this
risk. However, treatment should be carried out to make screening easier as
both palpation and sonography can be performed better when the testes are
in a scrotal position.

There is no possibility of improving ejaculatory parameters in patients with
this condition wishing fertility. As in the case of idiopathic infertility, only
assisted fertilisation can be implemented, observing the minimal criteria required
for these procedures.

Varicocele

Varicocele results from inadequate functioning of the valves of the testicular
vein leading to a reflux of venus blood into the pampiniform plexus and the
testes. As a consequence, spermatogenesis is disturbed, which may result in
oligoasthenoteratozoospermia and hence in impaired fertility. The possible
pathogenic mechanisms underlying varicocele are increased venous pressure
with increasing scrotal temperature (which can be measured thermographically
[32]) and reduced removal of toxic substances. The results are impaired
spermatogenesis and a reduction of testicular volume on the affected side.

Varicoceles are observed in about 10% of men, but only a small percentage
of these become infertile [33]. Treatment is generally considered in a patient
wishing fertility when there is a lower testicular volume on the affected side
and subnormal semen parameters are observed. Venous reflux is intercepted
by surgical ligation or radiological embolisation of the spermatic vein. Semen
parameters may improve within 3~12 months after such therapy and pregnancy
rates of 20%-50% have been reported. In a randomised study involving 71
couples we found that treatment by surgical ligation is as effective in terms of
pregnancy rates as embolisation (unpublished). Thus, both methods appear to
be equivalent. Since the rate of complications using sclerosing agents of the
testicular vein appears to be high and pregnancy rates have not been established,
the sclerosing procedure cannot be recommended.

Even if several studies have observed a positive influence on semen parameters
and pregnancy rates, it should not go unmentioned that not all investigators
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are convinced that a varicocele requires treatment. Well-designed studies should
resolve this controversy.

Idiopathic Infertility

As shown in Table 4.2, the largest group of patients with disturbed fertility suffer
from “idiopathic infertility”. These patients show impaired spermatogenesis and
subnormal semen parameters with or without elevated FSH, but the pathological
cause of this disturbance remains unclear. This diagnosis probably harbours a
multitude of different pathologies and represents a constant challenge to
andrological research. New insights are expected from molecular biology,
paracrinology and gamete biology. However, since the patients require treatment
now, there is a constant temptation to use a variety of drugs and procedures
without final proof of effectiveness.

As hormones are so effective in the treatment of hypogonadism it was
tempting to try their application in idiopathic infertility. Ever since gonado-
trophins became available for clinical use in the early 1960s, they were also
applied in this condition. Only relatively recently was a controlled double-blind
study performed by which we could demonstrate that in comparison to the
placebo group, no improvement of seminal parameters or increase in pregnancy
rates could be produced [34]. Similarly, pulsatile GnRH therapy recommended
for infertile men with normal or elevated FSH levels did not lead to improved
semen values and pregnancy rates in our experience [35].

Time and again therapy of idiopathic infertility with androgens has been
attempted although rationally not justifiable. After many years of mesterolone
use for infertility, WHO performed a randomised, controlled, double-blind
study involving 256 couples. Compared to placebo, no significant increase in
pregnancy rates could be demonstrated [36].

Currently antioestrogens (in particular tamoxifen) have taken over from
mesterolone. Antioestrogens block oestrogen action in the pituitary and thereby
increase gonadotropins in serum. The results obtained to date are controversial
and a representative controlled study based on a number of patients large
enough to allow statistically valid conclusions is still lacking. The same is true
for kallikrein, which is used in some countries without final proof of its
effectiveness.

Today, techniques of assisted fertilisation are used in many centres for
idiopathic infertility. Details are given in later chapters but it should be
emphasised here that techniques of assisted fertilisation have to be subjected
to the same rigorous criteria as any other method in order to establish
effectiveness.

Conclusion

As this brief review shows, a multitude of disorders may be hidden behind the
diagnosis of male infertility, of which only a few are defined as pathogenic
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entities. Endocrine disorders are the best defined and can be diagnosed and
treated rationally, and thus form the backbone of andrology. Disturbances
which cannot be treated well, in particular idiopathic infertility, must provide
continued impetus for intensive research, but must not mislead the doctor to
use untested therapy or purposeless polypragmatic treatment. All procedures
whose effectiveness has not been clearly proved in controlled studies should
be applied only in the framework of clinical trials until their effectiveness has
been established. At the same time it should not be forgotten that fertility
disturbances affect a couple and that one partner with especially good
reproductive function may, to a certain extent, compensate for the deficits of
the other. For this reason, the optimisation of female reproductive function
must be an essential part of any strategy for treatment of male infertility. To
come back to the historic example mentioned at the beginning, it would not
suffice to treat Herod alone. Herodias, her early proven fertility notwithstanding,
would also have to be examined and treated, if necessary.
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Chapter 5
Diagnosis of Male Infertility

R. J. Aitken

Introduction

Recent evidence suggests that among patients attending infertility clinics for
the first time, approximately 1 in 4 is characterised by a clear-cut defect in the
functional competence of the spermatozoa [1]. Once the major causes of
infertility, such as anovulation or tubal damage, have been successfully
addressed, the male factor is by far the most important single cause of infertility
in the residuum of patients, for whom there is little prospect of an accurate
diagnosis or effective therapy. Moreover there is growing evidence that semen
quality has declined in the population at large during the past 40 years [2].
Thus the male factor is not just of current interest as a major reproductive
pathology but may be of growing importance in the aetiology of human
infertility.

Development of accurate techniques to diagnose and treat male infertility
must ultimately depend on improvements in our understanding of the cell
biology of the human spermatozoon and definition, at the molecular level, of
the defects responsible for the loss of fertilising potential. Progress has been
made in recent years through the development of a range of bioassays with
which to monitor the various attributes of sperm behaviour that contribute to
the fertilising potential of these highly specialised cells. With the aid of these
functional assays we are now beginning to develop an understanding ‘of the
cellular mechanisms responsible for the control of human sperm function and
the specific nature of the defects responsible for male infertility. The following
account is a brief summary of the status of the bioassays and biochemical
tests that are currently used for evaluating the functional status of human
spermatozoa.
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Sperm Movement

One of the most unique and striking features of a spermatozoon is its capacity
to exhibit specific patterns of movement that are exquisitely adapted to meet
the different physical demands of penetrating cervical mucus, ascending the
female reproductive tract and breaching the zona pellucida.

The advent of computerised image analysis systems for monitoring the
movement characteristics of spermatozoa has enabled us to undertake objective
assessments of sperm motility and relate these measurements to the functional
competence of human spermatozoa. Such computerised systems are pro-
grammed with algorithms that permit the sperm head to be identified on the
basis of its size, shape and brightness. Once identified, the trajectory followed
by the sperm head can be traced and accurately measured. The major problem
facing such cell identification systems is the presence of leukocytes, precursor
germ cells and non-cellular debris in human ejaculates, that might be confused
with immotile spermatozoa. Motility analysers such as the Hamilton Thorn
2030 system overcome this problem by using a background subtraction procedure
in order to temporarily remove from the analysis all immotile objects in the
field. The motile population of cells is then examined in order to confirm that
the objects identified are of a size and optical intensity typical of spermatozoa,
and are not being confused with other motile particles, such as bacteria or
drifting debris. The mean size and optical intensity of the sperm head is then
computed for this motile population, in order to derive values which can
subsequently be applied to all static background objects, to identify and quantify
the immotile sperm population.

The trajectory followed by the sperm head during movement gives the
general appearance of a pseudosinusoidal wave, which can be characterised in
terms of its amplitude, frequency and velocity. The latter can be described in
terms of the total distance travelled by the sperm head in unit time (curvilinear
velocity or VCL) or computed as a 5-point running average to give the average
path travelled by the sperm head (average path velocity or VAP). The straight-
line distance travelled by the sperm head (straight-line velocity or VSL) can
also be measured and compared with the curvilinear velocity (VSL/VCL) to
give a measure of the linearity (LIN) of sperm progression.

In order to standardise these measurements as much as possible, it is
important that the conditions under which such assessments are performed are
carefully controlled. Temperature, for example, has a dramatic effect on the
movement characteristics of human spermatozoa and should set to 37°C. Even
with a heated microscope stage, care should be taken to note any instability
in temperature due, for example, to the pulsatile behaviour of the heating
element, since we have observed that temperature oscillations within 1.0°C can
have a dramatic effect on the parameters of sperm movement.

The thresholds of sperm head size and optical intensity also have to be
chosen carefully and verified for accuracy using the playback facility (if
available) and ultimately adjusted if errors are found in cell identification and
tracking. Unfortunately, it is not possible to define a set of thresholds that will
apply to every computerised sperm analysis system, because these values will
vary according to the physical properties of the specimen being examined, the
type of illumination used to visualise the specimen, the dimensions and type
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of chamber used to house the sample and the quality of the optical system
used to generate an image for analysis.

The values obtained for any analysis of sperm movement will also depend
on the rate at which the sperm track is sampled. In Europe, video equipment
is designed to generate a complete field every 1/25th of a second, giving a
video framing rate of 25 frames/second or 25 Hz. In the United States the
equivalent figure is 30 Hz. The speed at which spermatozoa are sampled makes
a considerable difference to the values obtained for the movement characteristics
of these cells, particularly with respect to apparent amplitude and frequency
of the pseudosinusoidal wave described by the sperm head [3]. In general, the
faster the framing rate, the more accurate the analysis, and computerised
systems are now being developed which operate at speeds of 60 Hz. With the
existing range of hardware available, the rational approach is to analyse semen
samples at the maximum frame rate possible. As for the number of frames
collected for analysis, 20-30 frames is normal, the major objective being to
obtain adequate detail on a given sperm track without creating problems of
track identification due to the crossing over of sperm trajectories. Clearly, the
frequency with which sperm tracks will cross over depends on the concentration
of these cells in suspension. For this reason there is an optimal working
concentration for most systems which, in the case of the Hamilton Thorn
motility analyser is in the order of 5-50 million spermatozoa/ml; at concentrations
over 150 million/ml a warning is automatically given on the data screen, to
alert the operator to possible inaccuracies in the results.

In view of this dependency on sperm concentration, it is occasionally necessary
to adjust the concentration of spermatozoa in a semen sample by adding
homologous seminal plasma. If the analysis is being performed on a washed
sperm suspension then it is a simple matter to adjust the concentration of
spermatozoa to the optimal working range of 10-20 million/ml.

While sperm trajectories that are too long may create problems due to an
excessive incidence of cross-over, sperm tracks that are too short may also
give rise to inaccuracies because the algorithms designed to calculate ALH
(Amplitude of Lateral Head Displacement), mean path velocity, linearity etc.
will be meaningless on a cell that has moved insufficiently to give a
pseudosinusoidal track. For this reason, it is usual to define a lower threshold
of movement (VAP of >10 pm/s is the convention) which must be exceeded
if a trajectory is to be analysed.

Another source of variation in the analysis of sperm movement derives from
the type of chamber in which the spermatozoa are held. For the analysis of
spermatozoa in semen, where the flagellar beats tend to possess a narrow
amplitude, a 10 pm deep Makler chamber or a 20 wm microcell slide is probably
optimal. These types of chambers are also sufficiently well engineered to be
used for performing sperm counts. However, for washed, capacitated sperm
suspensions associated with the high amplitude flagellar waves typical of
hyperactivated cells, deeper chambers are preferred, such as 100 pm deep, oval
cross-sectioned capillary tubes supplies by Vitrodynamics (Camlab, Cambridge
UK).

Having established the optimal conditions for the analysis of sperm movement
in terms of sperm concentration, frame number, framing rate, temperature and
chamber size, the number of cells analysed has to be sufficient to account for
the heterogeneity inherent in every human semen specimen. A formal analysis
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of this problem by Ginsburg et al. [4] found that most parameters of sperm
movement stabilised after approximately 200 cells had been analysed in a total
of 12 fields.

The analysis of sperm movement, in the kind of detail now possible with
computerised image analysis systems, is only rational if we can be confident
that the objective assessment of sperm movement conveys information of
relevance to the fertilising potential of the ejaculate, that could not have been
obtained by the assessment of percentage motility alone. This is a simple
question of fundamental importance that has not yet been adequately answered.
However, within donor insemination [5] and in vitro fertilization [6] pro-
grammes, data are gradually emerging to support the notion that the detailed
analysis of sperm movement can yield information of prognostic value, that
could not have been obtained from the conventional semen profile.

Cervical Mucus Penetration

Cervical mucus penetration is a good example of a biological function that
spermatozoa must perform, that is heavily dependent on their capacity for
movement. Hence multiple regression analyses employing the penetration of
cervical mucus as the dependent variable have repeatedly shown that the
outcome of such tests is closely correlated with the concentration and
morphology of the spermatozoa and their capacity for movement [7-11]. All
the various measures of sperm head velocity (curvilinear velocity, average path
velocity and straight line velocity) appear to be positively correlated with
cervical mucus penetration, but it is the path velocity which is repeatedly
selected as the most informative variable in stepwise multiple regression
analyses. Measures of the straightness of individual sperm trajectories (linearity
and mean linear index) are also positively correlated with the ability of human
spermatozoa to penetrate cervical mucus, as is the lateral displacement of the
sperm head. The latter is such a functionally important aspect of sperm
movement that cases of infertility have been identified in which the only defect
in the semen is a reduced amplitude of lateral sperm head displacement, as a
result of which the spermatozoa are unable to penetrate the cervical barrier
[8-12]. This relationship is thought to exist because a small amplitude of lateral
sperm head displacement reflects a low amplitude flagellar wave [13] and it is
the latter that determines the propulsive force that can be generated by the
spermatozoa as they arrive at the cervical mucus interface.

Clinically, the most difficult aspect of performing cervical mucus penetration
assays is the amount of time and effort that has to go into timing the aspiration
of cervical mucus from the female partner, which must be performed at mid-
cycle if the results are to be meaningful. It would clearly be beneficial if an
artificial substitute for cervical mucus could be identified, the penetration of
which depended on the same characteristics of sperm movement as the native
material. Recent independent studies suggest that hyaluronic acid polymers can
serve just such a role. The penetration of human spermatozoa into hyaluronate
polymers has been shown to correlate with their ability to penetrate into both
human and bovine cervical mucus and to depend on the same attributes of
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semen quality, including sperm number, morphology and movement [7,11]. Of
the parameters of sperm movement examined, penetration of both cervical
mucus and hyaluronate were found to depend on a similar progressive, linear
mode of motility, associated with a significant amplitude of lateral sperm head
displacement. Stepwise regression analysis indicated that the most informative
single variable was the percentage of cells exhibiting a mean path velocity of
more than 25 pm/s. This variable could, together with data derived from the
conventional semen profile (morphology, motility and sperm count), account
for 70% of the variability in hyaluronate or cervical mucus penetration (Table
5.1).

Sperm penetration into hyaluronate polymers is so closely dependent on the
movement characteristics of human spermatozoa that the outcome of such tests
can be used to obtain an extremely accurate assessment of the overall quality
of sperm motility. Such relationships raise the question of whether the diagnostic
potential of cervical mucus penetration assays is simply a consequence of their
close correlation with sperm movement or whether they are providing additional
information of relevance to the fertilising potential of the spermatozoa. If it is
the relationship with sperm movement that is the key to the clinical significance
of such assays, then it would be simpler and more objective to assess the
movement characteristics of human spermatozoa directly, rather than become
engaged in the logistical and technical problems of carrying out a cervical
mucus penetration assay. The one area where cervical mucus penetration tests
might be said to be providing important additional data would be in cases of
autoimmunity, characterised by the presence of antisperm IgA antibodies. One
part of the IgA molecule, the Fc portion, is capable of binding with great
tenacity to cervical mucin chains, so that spermatozoa coated with antisperm
IgA become bound to the cervical mucus and display a characteristic “shaking
phenomenon”. In situations where there is limited access to computerised
image analysis systems or the reagents necessary to carry out antisperm antibody
tests, the cervical mucus penetration assay possesses merit in terms of low cost
and a documented ability to predict the fertilising potential of human
spermatozoa in vivo and in vitro [14].

Table 5.1. Stepwise regression of the relationship between the conventional semen profile, sperm
movement and Theoretical Vanguard Distance achieved in Hyaluronate Polymer (Sperm Select®)
of Bovine Cervical Mucus (Penetrak®) [7]

Medium Criteria R Standardised B

Hyaluronate VRapid (VAP >25 pmi/s) 0.807 0.380
Motility 0.834 0.312
VTotal Count 0.856 0.270

Bovine cervical mucus VRapid (VAP >25 pm/s) 0.808 0.874
V/Sperm concentration 0.822 —0.235
Morphology 0.838 0.193

R = Regression Coefficient.
Standardised B indicates the relative information content of each variable.
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Hyperactivation

The penetration of cervical mucus is not the only attribute of human sperm
function dependent on movement. The ability of spermatozoa to cross the zona
pellucida also depends on the way in which spermatozoa move. Zona penetration
presents a different kind of physical challenge to the spermatozoon, necessitating
the evolution of a particular form of movement known as hyperactivation. The
current thinking is that as spermatozoa capacitate in the female reproductive
tract, their changing physiological status results in a modified flagellar beat
pattern involving increases in amplitude and asymmetry. The increase in beat
amplitude seems to occur first, resulting in high amplitude sperm trajectories
that are still progressive and characteristic of spermatozoa that have entered
the transitional phase of hyperactivation [15]. Further capacitation results in
an increasing asymmetry of the flagellar wave, so that the swimming trajectories
become less progressive and may adopt a number of different configurations,
variously described as helical, starspin or thrashing. Such highly motile, non-
progressive cells are fully hyperactivated and are regarded as having reached
a terminal stage of capacitation (Fig. 5.1).

The high amplitude, thrashing movements of the sperm tail that characterise
such hyperactivated cells are thought to be necessary for generating the
propulsive forces needed to achieve penetration of the zona pellucida [16]. The
expression of a hyperactivated form of movement by human spermatozoa has
been a source of controversy for many years. It now appears that this

Fig. 5.1. Sperm movement analysed by a computerised image analysis system: a linear progressive
tracks of a non-capacitated sperm population; b high amplitude, non-progressive tracks of a
hyperactivated, capacitated sperm population.
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discordance was largely due to a difference in the frequency with which human
spermatozoa hyperactive in vitro, in relation to the spermatozoa of common
laboratory species. Hence, whereas 70% of hamster spermatozoa consistently
express hyperactivated motility after incubation in a simple culture medium
[17], this figure may range from 3% to 50% for suspensions of human
spermatozoa [15]. Kinetic studies also indicate that within a sample, the
incidence of hyperactivation will vary with time, being maximal within 2-3 h
of sperm preparation [18] and coinciding with a period of tight binding of the
spermatozoa to the zona pellucida and an elevated incidence of spontaneous
acrosome reactions.

Recently, the analysis of hyperactivated motility and assessment of its
functional significance has been facilitated by the development of computerised
image analysis systems that may be programmed with threshold values for
velocity, linearity and lateral sperm head displacement that are typical of
hyperactivated cells (Table 5.2). This facility therefore permits the automatic
quantification of hyperactivated spermatozoa within a given sperm population.
Such criteria are currently being used in many laboratories to provide
information on the capacitation status of human sperm suspensions. The results
obtained to date suggest that modifications to the incubation medium (elevated
osmolarity, addition of fetal cord serum) that are thought to enhance sperm
capacitation [15] also elevate the incidence of hyperactivation. However, the
considerable differences between semen samples in their competence for
capacitation is due to a multitude of factors, many of which are not reflected
in the capacity of the cells to exhibit hyperactivated motility. For this reason,
there does not appear to be a simple correlation between hyperactivation and
other measures of capacitation, such as the outcome of the zona-free hamster
oocyte penetration assay [19].

Sperm~Zona Interaction

Hyperactivation is only one aspect of the complex interactions between human
spermatozoa and the zona pellucida during fertilisation. Before spermatozoa

Table 5.2. Sort criteria which may be used to automatically identify
hyperactivated spermatozoa using the Hamilton Thorn Motility

Analyzer
Criterion of movement Lower Upper
limit limit

Path velocity (wm/s) 5 290
Progressive velocity (um/s) 0 290
Curvilinear velocity (pum/s) 100 290
Linearity (%) 0 65
Amplitude of head displacement (pwm) 7.5 30
Beat frequency 0 30

From the Hamilton Thorn Operations Manual, June 1989.
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can physically penetrate the zona pellucida, they must first recognise and bind
to it. The specificity of this interaction is extremely important because a
spermatozoon may make contact with hundreds, or even thousands, of different
cells on its journey through the female reproductive tract to the ovum. In order
to accomplish this specificity, the spermatozoon has evolved surface receptors
that will bind only to a unique protein component of the zona pellucida, known
as ZP3. This particular protein is a highly conserved constituent of the zonae
pellucidae of all mammals examined to date, the primary amino acid sequence
exhibiting around 70% homology in species as disparate as the mouse and the
human [20,21]. Despite the conserved nature of the peptide core of the ZP3
molecule, sperm binding to the zona pellucida exhibits great species specificity.
For example, human spermatozoa will only bind to the zona pellucida of
another hominoid ape, such as the gibbon [22]. This species specificity is
thought to depend upon the unique configuration of the O-linked oligosaccharide
side chains of the ZP3 molecule. Treatment of the ZP3 molecule with
glycosidases to remove the O-linked side chains effectively destroys the capacity
of this molecule to bind and activate spermatozoa [23].

Quantification of the ability of human spermatozoa to bind to the zona
pellucida is thought to give an indication of their fertilising capacity [24]. The
use of this end-point in a diagnostic context has been facilitated by the discovery
that the ability of the human zona pellucida to bind human spermatozoa can
be preserved indefinitely, if the ova are stored in high salt solutions containing
1.5M-MgCl, and 0.1% dextran. As a consequence of this finding, it is now
feasible to preserve ova that have been rejected from IVF programmes, because
of a failure to fertilise, and reuse them for diagnostic purposes to test the
functional competence of patients’ spermatozoa.

One of the major problems with this approach is that the sperm-binding
capacity of the zona pellucida shows variation from patient to patient and even
between ova from the same patient. At least part of the reason for this variation
lies in the biological properties of the zona pellucida and derives from the fact
that the sperm-binding capacity of this structure varies with the state of oocyte
maturation. Hence, metaphase II human oocytes are surrounded by zonae
pellucidae that bind significantly more spermatozoa than ova at earlier stages
of development, at prophase I or metaphase I [25]. A rational solution to this
problem of inter-zona variability has been to use each zona as its own control,
as in the “hemi-zona” assay [24,26,27]. In this procedure, each zona pellucida
is cut into halves using a micromanipulator. One half is incubated with control
spermatozoa from a donor of proven fertility, while the remaining half is placed
with a sperm sample from a patient of unknown fertility status. The spermatozoa
are prepared at a concentration of 500 000/ml and incubated with the hemi-
zonae for 4 h at 37°C. The number of spermatozoa tightly bound to each hemi-
zona is then determined and a “hemi-zona index” calculated as a percentage
of the control value (number of patient’s spermatozoa bound/ number of control
spermatozoa bound x 100). Preliminary data have been obtained indicating
that the hemi-zona assay may be of some diagnostic significance, correlating
with the fertility of the spermatozoa in vitro and their capacity for hyperactivation
[26].

The future of this particular area lies in the use of recombinant ZP3 to study
the capacity of human spermatozoa to recognise this molecule and become
activated by it. This proposition stems from the fact that the human zona
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pellucida is more than just a recognition site for spermatozoa; it is also the site
at which these cells become activated and initiate the cascade of intracellular
events leading to the acrosome reaction. The gene encoding human ZP3 has
recently been cloned and sequenced and it can only be a matter of time before
biologically active recombinant human ZP3 is available [21].

The Acrosome Reaction

Spermatozoa acrosome-react as they bind to the surface of the zona pellucida
and establish intimate contact with ZP3. The liberation of proteases from the
acrosomal vesicle is thought to facilitate the passage of the spermatozoa through
the zona pellucida. In addition, the acrosome reaction is, in a way which is
not yet understood, associated with the sudden acquisition of the spermatozoon’s
ability to recognise and fuse with the vitelline membrane of the oocyte. In view
of the functional significance of the acrosome reaction, analysis of the ability
of human spermatozoa to undergo this change should be of some diagnostic
value. Unfortunately, the acrosomal vesicle of the human spermatozoon is so
small that the acrosome reaction cannot be resolved at the light microscope
level. As a consequence, it has become necessary to develop reagents that can
be used to probe this structure, so that its integrity can be easily monitored.
Two classes of probe have been introduced, comprising monoclonal antibodies
and plant lectins respectively (Fig. 5.2), usually conjugated to a label such as

Fig. 5.2. Use of a fluorescein-conjugated lectin in combination with the hypo-osmotic sperm
swelling test to monitor the acrosome reaction in populations of human spermatozoa. r, acrosome
reacted cells in which the label is confined to the equatorial segment.



90 Infertility

fluorescein. The monoclonal antibodies or lectins may be directed against the
acrosomal contents or the outer acrosomal membrane. With such probes, the
acrosomal region of acrosome-intact cells exhibits a uniform bright fluorescence.
However, when the acrosome reaction occurs, the fluorescence over the
acrosomal region gradually dissipates. In the case of the most commonly used
label, fluorescein-conjugated peanut agglutinin (Fig. 5.2), the acrosome reaction
is associated with the appearance of a punctate pattern of labelling over the
acrosomal region followed by the restriction of the label to a band around the
equatorial region of the sperm head [28,29].

Identifying appropriate labels to monitor the state of the acrosome is not
the only problem to be addressed in developing a diagnostic test around this
secretory event. A second issue concerns the viability of the spermatozoa, since
acrosomes may be lost as a result of pathological cell senescence, as well as a
biologically meaningful acrosome reaction. It is therefore necessary to include
some means of monitoring the viability of the spermatozoa, so that cells
undergoing a physiological acrosome reaction can be accurately identified.
Discrimination between the physiological and pathological event can, for
example, be accomplished with DNA-sensitive fluorochromes, such as H33258,
which exhibit limited membrane permeability and stain only cells that have lost
their membrane integrity and hence their viability [30]. Alternatively, the
viability of the spermatozoa can be assessed using the hypo-osmotic swelling
test, which identifies living cells with an intact, fluid plasma membrane, by
virtue of the coiled configuration adopted by the sperm tail when the
spermatozoa are forced to swell by immersion in a hypo-osmotic medium (Fig.
5.2).

A further problem with the acrosome reaction as a diagnostic test is that the
spontaneous incidence of this event in vitro is extremely low, amounting to no
more than 10% of the total sperm population, even after very prolonged
periods of incubation [29]. As a consequence, the test has a limited dynamic
range and the clinician is faced with the problem of differentiating between a
normal fertile specimen exhibiting around a 5% acrosome reaction rate, and a
subfertile specimen in which this figure might be reduced to 1% or 2%. In
order to determine whether there is a real difference between fertile and
potentially infertile specimens, when the dynamic range is so limited, very large
numbers of cells would have to be counted. One solution to this problem,
which has considerable potential, is to use flow cytometry to characterise the
acrosomal status of large numbers of human spermatozoa [31].

An alternative approach to enhancing the discriminatory power of acrosome
reaction tests, is to induce this process artificially. Under normal circumstances,
the acrosome reaction would occur on the surface of the zona pellucida, as a
consequence of the interaction between the sperm surface and the zona
glycoprotein, ZP3. As a consequence of the inductive power of the zona
pellucida, around 80% of human spermatozoa bound to the zona surface are
acrosome reacted, compared with only 5%-10% in the ambient miedium. Until
recombinant ZP3 becomes available, the acrosome reaction will have to be
induced by chemical means. To achieve this end, the divalent cation ionophore
A23187 has been used to induce the intracellular changes in calcium and pH
that precipitate the acrosome reaction. Since the physiological acrosome reaction
is also induced by these second messengers, the A23187-induced event does
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have a rational biological basis and does appear to correlate with the fertilising
capacity of human spermatozoa, at least in vitro [31,32].

The Hamster Oocyte Penetration Assay

Concomitant with the acrosome reaction, the human spermatozoon acquires a
capacity to fuse with the oocyte. This change is limited to a narrow band of
plasma membrane around the equatorial segment of the sperm head, which
suddenly acquires the ability to recognise receptor sites on the surface of the
oocyte and initiate fusion with the vitelline membrane. Recent studies in the
guinea pig indicate that the sperm surface receptor responsible for initiating
fusion with the oocyte is a dimeric protein complex that combines a recognition
motif in one subunit and a fusion domain in the other. The portion of the
molecule capable of initiating fusion shares many features with viral fusion
peptides, suggesting that biological events as disparate as the fusion of an
enveloped virus with its target cell and the fertilisation of the mammalian
oocyte involve similar molecular mechanisms [33,34].

Monitoring the competence of human spermatozoa to fuse with the oocyte
following the acrosome reaction is a key area of sperm function, which should
be addressed in any diagnostic work up of a potentially infertile patient. Such
assessments would pose severe logistical and ethical problems, were it not for
the existence of an alternative to the human ovum for monitoring the ability
of acrosome-reacted human spermatozoa to engage in sperm—oocyte fusion. In
1976, Yanagimachi et al. [35] made the serendipitous discovery that the oocyte
of the golden hamster, once stripped of its zona pellucida, is susceptible to
fusion with spermatozoa from a wide variety of different mammalian species,
providing these cells have undergone the acrosome reaction. The condition
that fusion depends upon the previous occurrence of the acrosome reaction
suggests that the process of sperm—oocyte fusion in this heterologous model is
physiologically meaningful. Moreover, the ultrastructural details of fusion in
this system appear to reflect the biological situation, in that this process is
initiated by the plasma membrane overlying the equatorial segment of the
sperm head [36].

In order to bring an element of standardisation into the way in which this
bioassay is performed, the World Health Organisation [37,38] has described a
basic protocol for performing the test, employing an overnight incubation in
order to capacitate the spermatozoa. With such a protocol, the levels of
sperm—oocyte fusion are low, since they depend on the occurrence of
spontaneous acrosome reactions within the sperm population. Ideally, such
assays should be supplemented with recombinant ZP3 in order to induce a
biologically relevant acrosome reaction. While we wait for such materials to
become available, the divalent cation ionophore A23187 has been used for this
purpose [39]. In the presence of this reagent, high rates of sperm activation
are observed in the normal fertile population, giving penetration rates of
70%-100%. In contrast, spermatozoa from subfertile males, such as the
oligozoospermic population, exhibit penetration values of less than 10% after
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stimulation with A23187, with about half of such patients’ spermatozoa failing
to fuse with any oocytes [39]. The diagnostic significance of the zona-free
hamster oocyte penetration test carried out in the presence of ionophore has
been demonstrated both in vivo [40] and in vitro [41] and probably represents
as good an overall test of human sperm function as is currently available.

Biochemical Criteria of Semen Quality

The development of bioassays to assess the individual components of sperm
function provides us with a means of classifying patients according to the
defects that are present in their spermatozoa. With the aid of such functional
assays, we can now start to address the molecular basis of defective sperm
function and pave the way to the development of biochemical assays that
should be much easier to perform and standardise than the more traditional
bioassays. Moreover, a deeper understanding of the cellular mechanisms
responsible for defective sperm function should provide us with a platform
from which to develop rational therapeutic strategies. In the past five years
there have been two major developments in terms of the identification of
biochemical criteria for the diagnosis of defective sperm function: free radical-
mediated lipid peroxidation and creatine phosphokinase.

Reactive Oxygen Species and Lipid Peroxidation

The fact that human spermatozoa can generate reactive oxygen species such
as superoxide anion and hydrogen peroxide was originally suggested by
MacLeod in 1943 [42] and confirmed independently in 1987 by Aitken and
Clarkson [43] and Alvarez et al. [44]. The primary product of the spermatozoon’s
free radical-generating system appears to be superoxide anion, which dismutates
to hydrogen peroxide under the influence of intracellular superoxide dismutase.
The biological significance of this highly specialised, and potentially pernicious,
free-radical generating system is currently unknown, although its role in the
aetiology of defective sperm function appears to be significant [43-49]. In both
retrospective and long-term prospective studies the excessive generation of
reactive oxygen species has been shown to be associated with impaired male
fertility [43,49]. The mechanism by which sperm function is impaired under
such circumstances involves a loss of membrane function, as a consequence of
the peroxidation of unsaturated fatty acids in sperm plasma membrane [48].
Given that this is the mechanism by which sperm function is frequently impaired,
the therapeutic benefit of antioxidants is clearly worthy of investigation.

Creatinine Phosphokinase

Another biochemical marker of defective sperm function that has come to light
in recent years is creatine phosphokinase (CPK), a key enzyme involved in the
synthesis, transport and dephosphorylation of creatine phosphate [50,51]. These
studies have highlighted the existence of a highly significant inverse relationship
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between sperm CPK activity and sperm concentrations in normospermic,
moderately oligozoospermic and severely oligozoospermic samples. The
increased CPK activity observed in oligozoospermic samples was shown to be
related to higher cellular sperm concentrations of this enzyme and appears to
be due to the retention of excess cytoplasm during the differentiation of these
defective cells [50,51].

The diagnostic potential of sperm CPK measurements has been indicated in
an analysis of the fertilising potential of human spermatozoa in an intrauterine
insemination service [52]. In this study, the fertilising potential of oligozoo-
spermic samples in vivo was correlated with sperm CPK concentrations, before
and after isolation of the most motile spermatozoa using a swim-up procedure.

Conclusions

We can identify three sequential phases in our approach to male fertility
diagnosis, which may be categorised as: (a) descriptive, (b) functional and (c)
molecular. The original approach was descriptive, and was based on the weak
premise that fertility could be predicted on the basis of the appearance of the
ejaculate, in terms of the number, motility and morphology of the spermatozoa.
The development and application of bioassays to determine the functional
competence of human spermatozoa rapidly revealed that impaired sperm
function could be detected in spermatozoa from apparently normal ejaculates.
With the aid of such functional assays accurate predictions of male fertility
have been obtained, which could not have been generated from the conventional
semen profile on the same patients. Although such functional assays are clearly
of prognostic value they are expensive and labour intensive to perform, with
the result that potentially valuable procedures, such as the zona-free hamster
oocyte penetration test, are run in only a handful of centres worldwide. The
long-term future of this area of reproductive medicine must lie in the utilisation
of such bioassays to determine, at a biochemical level, the nature of the defects
that are responsible for the loss of fertilising potential in different groups of
patients. With the aid of such information, it should be possible to develop
biochemical assays that will be much better suited to routine diagnostic
laboratories than the current bioassays. Moreover, understanding male infertility
at the biochemical level should also lead to the development of rational forms
of therapy that are specifically designed to counteract defined cellular lesions,
rather than the empirical treatments that are frequently employed at the present
time.
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Discussion

Hull: Were the WHO method standards established by critical prospective
evaluation?

Nieschlag: A good question. The guidelines are based on the published
literature and on common knowledge, but they are not the result of concentrated
effort to verify whether each of these methods is correct.

Hull: That is what worries me. Standard methodology is being imposed upon
us without, as far as I can see, proper and adequate evaluation.

Nieschlag: Yes. That is a very heuristic approach; but for practical purposes
we have to start somewhere. These guidelines have triggered several studies
which may amend the guidelines over time.

Templeton: Many clinics feel that the examination of a man prior to investigation
is not helpful. I disagree and I agree with Dr Nieschlag’s approach, which is
that the man and woman should be examined together prior to investigation.
But Professor Cooke and Bruce Dunphy have demonstrated in a study that it
does not help in management or improve the prognosis to do that [1]. It is
quite an important issue and I should like to hear Dr Nieschlag’s view.

Nieschlag: The wide range of pathologies we find is the best defence.
Furthermore if we have our diagnosis we can alert the gynaecologist to take
more or less care of the female.

Cooke: It depends very much on the population one is dealing with. Someone
who is running an Institute of Reproductive Medicine is likely to be referred
large numbers of males with problems of the male urogenital system, whereas
someone who is running exclusively an infertility clinic is likely to be sent
couples where the male primarily has an infertility problem. That polarises the
populations and therefore alters dramatically the percentage of patients that
are likely to fall into the categories. I would not recognise a distribution of
10% of hypogonadism, for example, in my infertility clinic.

Aitken: Andrology is still a very young science and although there may not
be much clinical utility in examining the male at the present time, obviously
the more we understand of male reproductive pathologies and the better able
we are to treat those pathologies, the more meaningful considering the male
will become. :

Winston: One of the issues affecting the Study Group is how we go forward
in a practical sense. I detected a note of considerable caution about the
interpretation of simple zona attachment tests and perhaps Dr Aitken would
elaborate on their usefulness.

Aitken: Most of the data on the utility of sperm zona binding comes from
Norfolk using their hemi-zona assay; it is all from one laboratory. I find it
difficult to answer. Sperm zona binding is determined by many different factors.
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It is not an entity to be considered in isolation, which they tend to do. For
example, if the sperm cells exhibit poor motility, there will be a reduction in
sperm zona binding and a very sophisticated test has been used to try to
understand something that is relatively simple.

The technology in this area is developing rapidly. We already have biologically
active recombinant ZP3. If we want to understand whether the binding sites
for ZP3 are on the surface of the cells, in a very short time there will be simple
ELISA assays which everybody will be able to use and will be used by
laboratory technical staff without any need for access to human oocytes to
understand that problem.

Abdalla: In assessing prognosis, we need to collect data in relation to count
and motility. This is what we need to advise patients.

Aitken: That is an important point but we have ongoing studies doing just
that. We have taken cohorts of men, whose female partners are normal which
is obviously important, and they are left untreated for long periods of time,
which is difficult to establish in many centres. If that can be achieved, then we
can get meaningful studies on the relationship between a variety of different
diagnostic criteria and the outcome of spontaneous pregnancy.

Braude: Presumably that information would also be important in assessing the
relevance of the WHO Manual. We would be talking about objective data as
opposed to subjective data.

Cooke: It is an expensive procedure to do automated analyses and the basic
semen analysis could be regarded as a preliminary screening on which to
concentrate, and so it is important not to neglect that. We have to be careful
looking at Professor Aitken’s data on the comparison of the computerised
analysis with his own laboratory’s manual analysis. He has an extremely
sophisticated, well modulated analysis and we cannot compare that with the
laboratories around the country where there is no quality control and there
has been no self-educative process that often is generated by using the
computerised analysis. It is important not to generalise.

Asch: Professor Nieschlag mentioned a number of treatments that were still
valid, some that were doubtful and some that were obsolete, and in the last-
named category he included treatment with gonadotrophins. In the US, a group
in Norfolk is strongly suggesting high doses of FSH to improve spermatogenesis
in people with oligoasthenospermia.

Nieschlag: The statement is based on the classical hCG-hMG treatment which
has been used since the early 1960s for improvement of male infertility of the
idiopathic type. That was used until the mid-1980s without any proper control
studies. We did a control study that showed that where a placebo group is
used, improvement is seen in the placebo group as well as in the hCG-hMG
group, so it has clearly been shown that hCG-hMG is no better than placebo
[2]. So this treatment is out.

The study I have seen using highly purified FSH is an uncontrolled study.
They used a group of men, injected them with FSH, and said that their IVF



98 Infertility

results were better. It is a mistake to do such a study and these days all studies
should be controlled studies. What this study has achieved is that large numbers
of men, before they get into the IVF laboratory, are being injected with FSH,
and I thmk that is almost unethical. One has to do a properly controlled study,
and to my knowledge that has not yet been done.

Asch: I am sure the speakers are aware of the many recent studies looking at
the effect of progesterone or of something in the follicular fluid that enhances
sperm function.

Nieschlag: Most of this work comes from Norfolk and I am in no position to
comment.

Aitken: There are data showing that some steroids can have effects on the cell
membrane and not necessarily through the normal transcription mechanisms;
neurosteroids are the obvious example. It is known that adding progesterone
to sperm cells will generate calcium signals. We have done that ourselves and
as have other groups. In our own hands we get no biological responses to those
calcium signals; as I indicated in chapter S, there is more than just a calcium
spike to activate in these cells. So really there is still debate on the therapeutic
value of adding progesterone to sperm cells.

Franks: On the subject of sperm autoantibodies. Medical therapy, as we have
heard from Dr Nieschlag, is universally ineffective, or at least there have been
no controlled studies that have shown that it works. Professor Hull, I think
quite rightly, has drawn attention to the fallibility of the controlled studies of
high dose steroids and the problems involved in using that treatment. What do
our seminologists feel is the significance of sperm autoantibodies and what do
they feel should be the treatment of choice?

Nieschlag: We have 3%-4% of patients who have sperm antibodies to a
significant level and they have an infertility problem. We have noticed from
IVF that many of them can be treated by washing the sperm and getting rid
of the antibodies, and that seems to be a good therapy. Professor Hull
mentioned the three studies with corticosteroids. In our study we showed, on
a controlled level, that it does not help [3]. Offering the treatment over half a
year, the pregnancy rate was equally low in the placebo group and in the
treated group. The studies have to be done and I do not know why it is so
difficult to convince andrologists to do controlled studies. They seem to be the
last group in medicine to think that these should not be done and they are
very difficult to convince that this is the way to go.

Franks: Are there controlled studies to show that sperm washing is more
effective than leaving sperm alone for in vitro fertilisation?

Aitken: There is a paper by Robinson where they used immuno beads from
the surface of sperm cells and they claimed that this leads to higher fertilisation
rates [4].
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Hull: There are perhaps three reports of in vitro fertilisation in cases of seminal
antisperm antibodies and they produced fertilisation rates which are moderately
reduced, just under 50% per oocyte, but pregnancy rates that are around 20%,
which are really pretty respectable, implying that there is a good implantation
rate once fertilisation is achieved. But those are the only three reports that I
know about that are optimistic — of course uncontrolled, but nonetheless
optimistic. They are better than has been achieved, it seems, with steroid
therapy.

Gosden: We seem to be hearing that all the observations and the progress that
has been made is pushing back the questions to the cell biology of spermatogen-
esis, and yet we have heard very little about this. I presume this is because of
the great difficulty of making progress in this area, but ultimately we shall have
to understand the conditions in which meiosis and spermatogenesis take place.
One of the ways forward would be if we could mature spermatozoa in vitro,
and this might also have clinical applications.

Nieschlag: Dr Gosden is quite right. In basic science in animal models we
have made a lot of progress on the regulation of spermatogenesis, in particular
at the cell to cell level. The proceedings of the last American Testis Workshop
and the current European Testis Workshop report a very high standard of what
is known about intratesticular regulation.

Slowly there are entities emerging, maybe coming from genetic control of
spermatogenesis, and we see more and more genetic defects which are reflected
in defects of spermatogenesis. Here we find small dents in the big block of
unknown reasons, and similarly from paracrinology we should learn more. But
the problem is that one cannot deal with human tissue, or it is very difficult
to obtain it, and only when there is some real solid course from animal studies
can we switch to humans and use either pathological material or biopsy material.
But it is very difficult.

Aitken: There is a large number of people who would like to get spermatogenesis
in a test tube. The problem is that it is complex. It is not just a single germ
cell one has to get into culture, it is also all the associated cells that regulate
its function, and the paracrine factors that have to be right for those cells to
differentiate.

Gosden: So it is a very distant prospect?

Aitken: A very distant prospect, I think. The way that we are approaching it
is to start with the sperm, define at a biochemical level what is wrong with the
sperm, and then use that as a lantern to go back into the dark recesses of the
testis looking for the origin of the defect.
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Chapter 6

Sperm Preservation: Fundamental Cryobiology
and Practical Implications

P. F. Watson, J. K. Critser and P. Mazur

Human spermatozoa were first frozen successfully almost 40 years ago [1].
Although developments in dilution media, packaging and storing have occurred
in the intervening period, little is known specifically about the effects of freezing
and thawing on spermatozoa. This is largely due to the fact that a sufficient
number of cells survive the challenge to give a reasonable expectation of
fertilisation; but the shift to the exclusive use of cryopreserved semen for donor
insemination, occasioned by the awareness of the risks particularly of AIDS
transmission [2—4], has resulted in a renewed critical interest in the process of
cryopreservation. This review will cover the more significant contributions over
the past few years, and develop an argument for a sustained fundamental
approach to sperm cryobiology.

Fundamental Cryobiology

Most sperm cryopreservation studies have been empirical, comparing a range
of different treatments, usually by in vitro tests of cell survival. Although
progress has undoubtedly been made, about 50% of cells are rendered immotile
by the cryopreservation process, and there has been little improvement here.

We believe that further progress can only come from an understanding of
the causes of cryoinjury. We are engaged in studies of fundamental cryobiology
of spermatozoa to see if they respond as other cells. It is known that cells must
be cooled sufficiently slowly to allow water to be removed from the intracellular
environment, preventing intracellular ice crystal formation. It has been possible
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to describe mathematically the process of dehydration during cryopreservation
and predict at what cooling rate one might expect to see evidence of cell death
due to intracellular ice formation [5]. Our efforts are engaged to measure
hydraulic conductivity and its activation energy, cell surface area and intracellu-
lar water volume in order to apply this mathematical model to spermatozoa
[6-9].

The mathematical equations have been used to describe the survival of
several widely differing cell types and have provided good agreement with
practice [5]. If spermatozoa can be shown to be like other cells, it can be
assumed that cell death is due to intracellular ice formation. If, on the other
hand, the equations cannot match the empirical results, then other factors
peculiar to spermatozoa will need to be identified.

The Measurement of Hydraulic Conductivity

The approach to this problem has been used previously for other cell types
(e.g. erythrocytes) [10] and is two-staged. First, cells are exposed to increasing
hypo-osmotic environments, and the critical value for cell lysis is determined;
the rupture of cells (spermolysis) exposed to osmolalities below the critical
value is then timed. We have measured the critical osmolality for several
species [8,9,11; E. E. Noiles et al., unpublished observations; M. R. Curry
and P. F. Watson, unpublished observations], and found some differences
among species (Table 6.1). The calculations for human spermatozoa of hydraulic
conductivity, L, (2.84 pm min~! atm~! at 22°C), and activation energy, E,
(4.73 kcal mol~! between 0° and 30°C) suggest a high water permeability and
a low temperature dependence relative to other cell-types. However, between
0° and —3°C, L, decreases rapidly and abruptly from 2.42 to 0.50 pm min~'
atm™~! and this low permeability was retained at temperatures down to —7°C,
the lowest temperature it was possible to study the phenomenon [9]. The
implication of these studies is that membrane water permeability during the
cooling of spermatozoa changes discontinuously and dramatically, perhaps

Table 6.1. Critical osmolality, hydraulic conductivity, L,, and activation energy, E,

Species n Crit osm Hyd cond  Act Reference
(mOsm) (m energy
min~! (kcal
atm™!) mol ')
Fowl 5 17 2.1 4.4 [8]
Bull 6 36 10.8 3.0 [8]
Stallion 3 47 26.0 - E. E. Noiles et al.,
unpublished
Human 10 55 2.84 4.73 [9]
Boar 95 - - E. E. Noiles et al.,
unpublished
Ram® n 109 0.22 7.43 [7]

“Differences may be partly due to variations in techniques
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related to membrane lipid phase changes. These values appear to imply that
intracellular ice would form only at cooling rates far in excess of the upper
limit of the empirically determined optimal range.

Nucleation Temperature

When cells are cooled below zero, ice crystallises out of the external
medium creating an osmotic imbalance between the intra- and extracellular
environments, and water is removed from the cell at a rate determined by the
hydraulic conductivity of the membranes. If water cannot leave rapidly enough
to keep the intracellular environment in osmotic equilibrium with the exterior;
the intracellular water is progressively undercooled and becomes increasingly
likely to crystallise intracellularly. However, this extent is unlikely to occur
until the intracellular water is 10°C or more below its freezing point. This
temperature is known as the nucleation temperature, and in large cells like
mouse embryos it can be determined directly under a microscope equipped
with a special cooling stage [12]. We have conducted experiments to determine
the nucleation temperature indirectly by rapid cooling of spermatozoa in glass
capillaries over carefully controlled temperature ranges. Intracellular freezing
was determined by loss of cell membrane integrity as revealed by flow cytometry
of cells stained with fluorescent viability stains. Cell death did not occur above
—20°C in the presence of 0.85M-glycerol. Before intracellular ice crystal
formation will occur the cells must contain undercooled water below —20°C.
The likelihood of this event is then stochastically determined with a greater
probability, the greater the degree of undercooling.

Surface Area and Water Volume

These two features are difficult to measure because of the peculiar shape of
the human spermatozoon. Human sperm water volume has been estimated by
electron spin reasonance studies as 21.5 *+ 2.1 um® (mean = SD) (F. W.
Kleinhans et al., unpublished observations), a very similar estimate to that
resulting from a double-isotope method [13], and representing total cell volumes
of around 35 pm?. These methods are appropriate because they are independent
of cell shape, but do depend on estimates of cell concentration. However,
particle size analysers give much lower values [14,15]. Surface area is even
more difficult to determine and, combined with the pleomorphism of the human
ejaculate, represents a continuing challenge.

Diluents and Cryoprotectants

A systematic study of eight diluent formulations used for the cryopreservation
of spermatozoa [16] indicated a clear advantage to an egg yolk—citrate—tris
diluent. Some have chosen to avoid egg yolk in human semen diluents for fear
of potential disease and/or immune response risks and proposed more closely
defined solutions (e.g. human sperm preservation medium, HSPM) [17].
Glycerol is universally regarded as the most suitable cryoprotectant [18,19].
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However, glycerol has been demonstrated to have detrimental effects on the
spermatozoa of several species [20] including the human [21,22]; and a few
studies have proposed eliminating it from cryopreservation diluents [23]. The
detrimental effects of glycerol on human spermatozoa have been variously
described as “toxic” or “osmotic”; however, distinguishing between these two
mechanisms of damage has not been critically examined [22]. Our recent studies
of the permeability of human spermatozoa to glycerol gave a value of P, at
22°C of 2.21 X 1073 cm min~! and an Arrhenius temperature dependence (E,)
of 11.76 kcal mole™! based on measurements of the time to spermolysis in
hypotonic media (D. Y. Gao et al., unpublished observations); similar values
have been obtained using electron spin resonance techniques (J. Du et al,
unpublished observations). These values are comparable to those previously
found for human red blood cells (P,: 2.41 X 10~* cm min~! and an E, of P,:
7.2 kcal mole™1!) [24] and suggest that glycerol penetrates human spermatozoa
readily at ambient temperature but that permeability declines rapidly with
temperature. As glycerol is added to the sperm suspension, the cells undergo
a transient reduction in volume, as water initially leaves the spermatozoa in
response to the aniosmotic conditions. Preliminary data (D. Y. Gao, et al.,
unpublished observations) suggest that this transient reduction in sperm cell
volume may be irreversibly damaging if the extent of the shrinkage is too great.
The implication for sperm cryopreservation protocols is that glycerol should be
added in such a manner as to minimise this sperm cell shrinkage, by introducing
it “slowly enough” (as determined by the P, value). Moreover, since P,
decreases so markedly with temperature, the temperature of addition becomes
a relevant consideration.

After warming, the issue of cryoprotectant removal becomes important and
is directly related to the sperm membrane permeabilities to water and glycerol.
However, cryoprotectant removal is of most concern in essentially spherical
cell types (e.g. embryos). When the cells are exposed to media with cryoprotec-
tants and with a physiological osmolarity (i.e. ~300 mosmol), they will swell
to a volume proportional to the ratio of internal:external osmolality (assuming
the cell responds as an ideal osmometer). For example, if a cell is initially
equilibrated with 1 osmol glycerol and then placed into isosmotic medium (say
300 mosmol) it will attempt to swell to approximately 4.3 times its original
volume (1300/300). The maximal tolerated volume expansion in many cell types
is between 1.8 and 2.5 times the isosmotic volume, and abrupt placement of
cells equilibrated with cryoprotectants into isosmotic conditions will cause cells
to swell beyond this “critical volume” and lyse. Spermatozoa in general, and
human spermatozoa specifically, however, are capable of expanding between
four and nine times their isosmotic volume depending on species [8] (F. W.
Kleinhans et al., unpublished observations). This is because the sperm cell has
an highly specialised morphology which is more elliptical than spherical. As
the spermatozoon swells, it changes shape from an elongated ellipse to a
sphere, and in this geometric configuration, it is capable of encompassing a
much larger volume. Ultimately, therefore, concentrations of glycerol commonly
used for the cryopreservation of spermatozoa (< 1 osmol) appear not to make
the cells particularly susceptible to dilution-related lysis.

Contained in that argument are several assumptions, some of which are as
yet untested. First, the extent of the shrinkage and swelling is dependent on
the difference in the relative permeabilities of water and glycerol. In practice,
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glycerol is not impermeable and neither is water freely permeable, thus the
calculated volume changes represent theoretical maxima. Second, it is assumed
that as long as shrinkage or swelling do not exceed certain limits no permanent
cell damage is caused. The limits have not been ascertained and may be less
than those determined by the accommodation of the plasma membrane; the
spermatozoon has several membrane-bound subcompartments (e.g. mitochon-
dria, acrosome) which are essential to cell function and which might be more
susceptible to distortion. Third, the foregoing discussion has focused on osmotic
injury caused by glycerol. Alternatively, glycerol may be chemically toxic to
spermatozoa which would favour improvements in cryosurvival when glycerol
is added at lower temperatures [22].

Cooling Rates

Most cells exposed to the multiple factors associated with cryopreservation
demonstrate “inverted U-shaped” survival curves as a function of cooling rate
below the freezing point of the extracellular medium, i.e. low cryosurvival
resulting both from sub- and supraoptimal cooling rates [25]. A similar
relationship with cooling rate has recently been shown to be applicable to
spermatozoa (Fig. 6.1) [26-28]. In general, the survival of spermatozoa is
considerably less sensitive to cooling rate than that of most other cell types;
optimal cooling rates for spermatozoa have been reported between 10°C and
170°C min~! [20]. On the other hand, the overall survival at optimum cooling
rates differs between cell types. This may be because multiway interactions
exist among cooling rate, warming rate and cryoprotectant concentrations [20].

60 4
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Fig. 6.1. The motility of human spermatozoa frozen in plastic straws at various cooling rates,
and thawed rapidly. The spermatozoa were diluted in a 7.5% glycerol HSPM diluent and frozen
at 10°C min~'.
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For human spermatozoa, optimal freezing rates have been reported to range
between 1°C min~!' [29] to 16-25°C min~' [21,30,31]. It is important to note
that many of the cooling rates recorded in earlier literature were performed
with techniques which do not produce linear cooling. The values cited therefore
are often average cooling rates and should be carefully interpreted [20].
Compared with other mammalian spermatozoa, human spermatozoa are
relatively resistant to cryoinjury, and tolerate a wide range of cooling rates
(Fig. 6.1). Many laboratories freeze spermatozoa in plastic straws in the vapour
phase over liquid nitrogen (J. K. Critser and N. A. Ruffing, unpublished
observations). This method gives no direct control over the cooling rate and
in small vessels is not very repeatable. The advent of controlled-rate freezing
devices, introduced into IVF laboratories for embryo freezing, has resulted in
protocols being adopted for spermatozoa [32,33]. Often, although the cooling
rates may not be optimal, the control provides a superior environment to that
achieved in the vapour phase in small liquid nitrogen dewars [34].

Insufficient attention has been given to the importance of the sample
dimensions in determining both the actual cooling rate affecting the sperm cells
and the removal of heat from the specimen (i.e. the thermal properties of the
sample itself and not just the dewar or cooling chamber environment). Also,
the criterion of success has invariably been the percentage of motile cells. In
view of the limitations of motility as an indicator of cryosurvival (see later)
further work is necessary to determine optimal cooling rates and the potential
interactions with thawing rate and cryoprotectant concentration.

Critser et al. [33] considered the importance of eliminating the temperature
fluctuation resulting from the evolution of the latent heat of crystallisation
(seeding), and found no effect on post-thaw motility, but seeded samples
demonstrated a higher frequency of zona-free hamster ova penetration, a higher
frequency of membrane integrity, but also a higher frequency of acrosomal
damage compared with non-seeded samples. Similar results have been reported
for boar semen [35].

Warming and Thawing

The effects of warming rate depend on the prior cooling rate and on the cell
type. For human spermatozoa there are relatively few data regarding the
optimal warming rates. Previous reports have indicated a wide range of rates
usually determined by pragmatic considerations, including thawing in ambient
air, in water baths with temperatures ranging between 5°C and 37°C, in coat
pockets and by thawing the samples in the hand [36]. Mahadevan [36] conducted
a more comprehensive study in which warming rates between 9.2°C min~! and
2140°C min~! utilising coat pocket, hands and air (5°, 20° or 37°C) or water
baths (5°, 20°, 37°, 55° or 75°C) were examined in combination with a standard
freezing rate of 10.0°C min~! from +5°C to —80°C. The results of that study
indicated that slow thawing in 20°C or 35°C air resulted in more nearly optimal
cryosurvival of human spermatozoa in terms of both motility and supravital
staining; although there were significant differences in post-thaw motilities only
among the fastest two rates (1837° and 2140°C min~"') and all the other (twelve)
rates. Additionally, Mahadevan [36] examined the interaction between freezing
and thawing rates. Slow thawing was reported optimal for samples frozen
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slowly; however, there was little effect of thawing rate when a fast freezing
rate was employed.

Although it is common among many practitioners to use relatively slow
methods for warming frozen human spermatozoa, e.g. ambient air (J. K.
Critser and N. A. Ruffing, unpublished observations), it is clear that further
investigation of the multiple interaction among cooling rate, cryoprotectant
concentration and warming rate will be required before optimal conditions can
be determined for human spermatozoa. This is supported by the several animal
studies demonstrating the advantage of more rapid warming [37-40], and the
evidence presented above regarding glycerol permeability at low temperatures.

Fertility of Frozen-Thawed Semen

The minimum number of competent spermatozoa to achieve maximum chances
of conception in humans is unknown, and commonly 107-10® spermatozoa
are inseminated with an average cryosurvival of 50-60%; this would yield
approximately 5 X 10°-5 X 107 motile spermatozoa. Species differences in the
numbers of spermatozoa deposited by natural coitus and the site of deposition
make comparisons of actual numbers of spermatozoa required for artificial
insemination invalid. However in cattle and pigs the reduction in fertility with
decreasing sperm numbers occurs over a relatively narrow range [41,42]. More
than double the numbers of cryopreserved spermatozoa compared with fresh
spermatozoa appear to be required to achieve comparable fertility and this
cannot be explained solely in terms of numbers of motile cells [18]; other
factors, such as membrane damage to a proportion of the surviving motile
population [43], are also important.

That the fertility of frozen-thawed semen is poorer than fresh semen seems
hardly in doubt, although obtaining data which satisfy the point statistically is
more difficult. Barwin [44] found that overall success rates (percentage of
patients achieving pregnancy) were 76% (n = 56) for fresh semen and 63%
(n = 64) for cryopreserved semen; a difference which is not significant. Similar
figures, 76% (rn = 112) with fresh semen and 64% (n = 69) for cryopreserved
semen, were given by Steinberger et al. [45] and these were also not significant.
A more sensitive parameter is mean numbers of inseminations per pregnancy
(5.7 for fresh semen and 10.3 for cryopreserved semen) [46]; these figures were
assembled from different published studies and were not directly comparable.
However, when the Steinberger data quoted above were expressed as numbers
of cycles to achieve pregnancy (4.2 = 0.3 vs 9.3 = 1.5; mean * SEM), the
difference was significant (P < 0.05). Although this parameter may permit a
more sensitive measurement of relative fertility the problem of uncontrolled
population variables (discontinuity with treatment, age, female fertility, etc.)
still exists.

Cramer et al. [47] introduced the concept of fecundability (monthly probability
of conception), a life-table analysis method which takes these factors into
account. The fecundability rate for frozen semen (5.0-17.0%) was always lower
than that for fresh semen (12.0-27.4%) in studies where both fresh and frozen
semen were compared [36,48-52] although some studies reported no significant
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difference between the groups [36,50,51]. These figures may be broadly
compared with a 20-30% probability of conception per ovulatory cycle in the
normal population for unprotected intercourse 2-3 times per week [53].

The wide variability in the results of these studies is probably due to
differences in insemination practice (e.g. numbers of insemination per cycle,
number of motile spermatozoa per insemination, methods for timing insemi-
nation in respect of ovulation), and in patient populations (e.g. age range,
indications for donor insemination).

Selection of “Viable” Cells

Both in the course of preservation and in the assessment of the survival there
is an element of selection which may have practical implications. It is inherent
in the understanding of cell loss during freezing and thawing that a random
untoward effect, such as intracellular ice formation [54], and/or membrane
rupture by osmotic gradient [55] affects a proportion of the cell population as
they undergo a single freeze-thaw event. However, the likelihood of these
events being lethal is dependent on the extent of cell dehydration, and this
may be determined, not simply by random events but by characteristics of cell
membranes of individual cells. The question thus raised is whether there are
subpopulations of peculiarly susceptible cells. For spermatozoa this has never
been resolved, and in view of the recognised heterogeneity and, especially in
the human ejaculate, the pleomorphic range of spermatozoa, perhaps it would
be surprising if some element of selection did not exist. Such a situation might
explain the substantial cell loss irrespective of the optimisation process of
empirical research, and it might also explain the variation in cryosurvival
between spermatozoa of different individuals.

Kincade et al. [28] studied this question by looking at the survival after each
of a number of freeze—thaw cycles. If cryoinjury is random, a similar reduction
is expected after each cycle, but if it is non-random, a resistant subpopulation
should be selected. The result (Fig. 6.2) suggested that a random event affected
the majority of the cells, but some 10% of the population represented a more
resistant subgroup. However, the criterion of survival in this case was solely
motility, assessed visually; it would be helpful to know if a similar pattern is
reflected in other parameters of cell viability. The implications of this study
for the expectation of success in cryopreservation, depend both on the
minimisation of the cell loss per freeze-thaw cycle and whether the resistant
subpopulation is in fact also fertile.

The Effects of Cryopreservation

Spermatozoa are recognised to be involved in a maturational journey commenc-
ing in the testis and ending at the egg surface with the acrosome reaction and
fertilisation [56]. The assumption that this process is merely interrupted for an
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Fig. 6.2. The survival of human spermatozoa in plastic straws after one or more freeze—thaw
cycles. The spermatozoa were diluted in a 7.5% HSPM diluent, frozen at 10°C min~' and thawed
rapidly.

extended interval during the cryopreservation process (Fig. 6.3) now seems to
be in doubt. A growing body of evidence suggests that frozen—thawed
spermatozoa may be able to undergo an acrosome reaction and fertilisation
sooner than uncapacitated fresh spermatozoa.

Readiness to undergo maturational development may relate to glycerol
exposure since glycerol may have more actions on the cell than simply its
colligative effect on water [57]. Slavik [58] showed that exposure of ram
spermatozoa to glycerol resulted in their penetrating eggs more rapidly.

Natural Cryopreservation Cryopreservation
process affecting development
Fertilisation Fertilisation
Fallopian tube | i ?
Acrosome Acrosome
reaction reaction
Uterus Capacitation Capacitation Acrosome reaction
Vagina +
Insemination Insemination

' ——_I L Capacitation
Presei'vation_—l— PI‘CSGI[’-V-ation

Ejaculate Ejaculation Ejaculation Ejaculation

Epididymis Maturation Maturation Maturation

Fig. 6.3. Diagrammatic comparison of the life history of human spermatozoa during the natural
insemination and fertilisation process (left), and the cryopreservation, artificial insemination and
fertilisation process (centre and right). The representation (right) presupposes that cryopreservation
either induces accelerated maturation or bypasses the need for maturation (see text).
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Both bull [59] and ram spermatozoa [60,61] accumulate calcium ions when
cooled, and egg yolk, a known protectant during cooling, reduced the
accumulation of calcium [62]. It is well recognised that an increase in intracellular
calcium ion concentration occurs at the end of capacitation and is a prelude to
the acrosome reaction. Frozen-thawed spermatozoa have been cooled and have
suffered altered permeability to calcium; they may, therefore, be more
permeated by calcium at the time they are thawed. A subsequent readiness to
undergo the acrosome reaction may simply reflect their already elevated
intracellular calcium pools.

Dilution, cooling and holding rabbit [63] and human serum [64] overnight
resulted in spermatozoa more readily penetrating zona-free hamster eggs. Also,
Critser et al. [65] found that frozen spermatozoa were capable of maximal
penetration of zona-free hamster eggs immediately after thawing, whereas fresh
spermatozoa required some 24 h incubation in capacitating conditions to achieve
maximal penetration (Fig. 6.4); the significant difference in chronology was
not attributable to a difference in motility although the overall penetration rate
was lower for frozen semen [65].

These studies point towards the conclusion that cryopreservation advances
spermatozoa closer to their functional end-point, or so affects the membranes
that the maturational stages may be, to some degree, by-passed (Fig. 6.3). If
this suggestion is borne out by further study it has important implications for
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Fig. 6.4. The penetration of zona-free hamster eggs by fresh or cryopreserved human spermatozoa
after incubation in media for up to 48 h. (Modified from Critser et al. [65], by permission).
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the fertility of frozen-thawed spermatozoa. It also has serious implications for
the criteria we choose to evaluate freeze—-thaw success. If methods are chosen
which favour the greatest proportion of cells appearing like unfrozen cells,
there is a risk of selecting for unresponsive cells rather than fertile cells.

The site and timing of insemination, and number of spermatozoa inseminated,
are also influenced by these considerations. It is acknowledged that cryopre-
served spermatozoa have a shorter survival time in the female tract than fresh
spermatozoa [66,67]. However, studies in sheep have shown that high fertility
can be achieved with very modest numbers of cryopreserved spermatozoa if
they are inseminated into the uterine horn laparoscopically, carefully timed to
coincide with ovulation [68,69]. These results might all be interpreted in the
light of a shorter time to acrosome reaction, survival after which is reckoned
to be limited [56].

As a result of the studies reviewed here suggesting the means of selection
of subpopulations of hardy cells and the maturational advancement of the
survivors, the future for human sperm cryopreservation lies in the need to
adapt our techniques to accommodate these observations. Perhaps with the
development of in vitro fertilisation with cryopreserved spermatozoa it may be
possible to develop further selection of the surviving population to obtain cells
which have a very high likelihood of achieving fertilisation under those
conditions. For cervical insemination, greater attention is needed to predict
the time of ovulation, while possibly intrauterine insemination, would make
more fertile cells available for fertilisation.
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Chapter 7

Sperm-Egg Manipulation for the Treatment of
Male Infertility

S. B. Fishel and J. Timson

Introduction

Male infertility, or defective sperm function, has been described as the single,
largest defined cause of human infertility [1]. However, a precise definition of
the infertile male is elusive. Ironically, it is more difficult to define defective
sperm function with the advent of assisted conception, and high technology
micromanipulation procedures, as the dual nature of the infertile couple is
more thoroughly appreciated.

Infertility in the male can be divided into three broad categories:

1. Discernible problems: abnormal semen parameters associated with somatic
dysfunction (endocrine, structural, chromosomal or genetic).

2. Abnormal semen parameters unassociated with a somatic abnormality.

3. Apparently normal semen characteristics (count, motility, morphology and
biochemistry), but an inability to procure conception.

Problems have arisen in predicting the fertility of a male simply on sperm
density, motility and morphology because it is difficult to assess these in isolation
from female factors. Many oligozoospermic and oligoasthenozoospermic males
(<10 x 10° ml~! and less than 40% motility) father children and it is not
infrequent that males with a high density of spermatozoa and motility with
greater than 70% normal forms, are unable to achieve fertilisation in vitro.
Clearly, the ability of a spermatozoan to fertilise an oocyte resides more in
its physiological and biochemical competence, than the sheer weight of numbers,
its progressive activity or, perhaps, its overall shape. However, given that any
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of these problems exist in an ejaculate, and that this might reduce the chances
of conception in vivo, the spermatozoa and oocytes can be manipulated in vitro
in an attempt to procure fertilisation.

Various methods may be used to concentrate the spermatozoa. The gametes
may be placed in immediate contact and either transferred directly to the
fallopian tube (gamete intrafallopian transfer, GIFT), or inseminated in vitro
(in vitro fertilisation, IVF). Should the numbers of spermatozoa be too few,
the motility too weak, or, for other submicroscopic reasons, unable to bind to
or penetrate the zona pellucida, the gametes may be micromanipulated to bring
the spermatozoan and the oolemma into immediate proximity.

Micromanipulative Techniques

The concept of micromanipulation, or microsurgical techniques is not new.
Since the invention of the microscope all sorts of microdissections carried out
in a microscopic field have been devised. One of the first researchers to report
the use of microscopic dissection of tissues was H. D. Schmidt in 1895 [2].
Microsurgical or micromanipulation techniques were first used to study the
living eggs of mammals, including rat [3] and human [4], during the 1940s and
1950s. Some of the most important studies on the technical and experimental
nature of egg micrurgy was performed by T. P. Lin [5,6] during the mid 1960s.

The early events of fertilisation (videlicet; membrane fusion between
homologous and heterologous gametes, activation of the ooplasm and formation
of the pronuclei) were investigated by the injection of a spermatozoan directly
into the oocyte [7,8]. The specificity of fertilisation was further studied using
interspecies experiments between, for example, rat and mouse, rabbit and fish,
and frog and human [9].

Apart from the enormous contribution to our understanding of the biological
mechanisms of fertilisation, this work led to the appliance of techniques for
animal production. For the first time it was perceived that production and
efficient use could be made of genetically valuable, but biological defective
male gametes from domestic and wild animal species. During the 1980s advances
were being made in increasing the incidence of fertilisation in cleavage using
micromanipulative techniques, with the eventual birth of live offspring in the
rabbit and cow from direct injection of spermatozoa, intact and epididymal,
into the oocyte [10-12].

It was against this backdrop of nearly three decades of research on the
technique of micromanipulation of whole, part or single cells of embryos and
almost four decades on the manipulation of animal gametes, that embryologists
began to utilise these techniques for the alleviation of infertility.

The clinical application of the microinsemination techniques for procuring
fertilisation in vitro was first reported about 7 years ago [13]. Since then a
number of techniques have been developed (Fig. 7.1). In 1987 Laws-King et
al. [14] reported the insertion of single sperm into the perivitelline space with
subsequent fertilisation. This report used capacitated spermatozoa from donors
with a normal semen profile, and sperm from donors with semen profiles of
low quality, including those with coiled and twin tails. Lanzendorf et al. [15]
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Direct injection
into ooplasm

Injection into
perivilline space

Opening the
Zona peliucida

Zona drilling

Fig. 7.1. Description of microinsemination techniques.
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injected sperm from infertile males directly into the ooplasm with 58% of
patients having an oocyte developing with a male pronucleus. Gordon et al.
[16] used acid Tyrodes solution for “drilling” a hole in the zona pellucida of
the human oocyte before transferring them to a suspension of sperm.
Insemination of these oocytes was with semen from patients who had failed to
achieve fertilisation by conventional IVF. Of the 63 eggs from 10 couples, 32%
of those “zona drilled” fertilised, compared with 25% of the non-drilled. Five
diploid eggs were transferred, but no pregnancies were achieved. In the same
year, Cohen et al. [17] reported their technique of partial zona dissection
(PZD). This mechanical approach, which causes a breach in the zona pellucida
by the microneedle piercing opposing ends of the zona pellucida, followed by
rubbing the latter up against the hole in the pipette until it tears (Fig. 7.2),
resulted in 2 PZD and a single control (fertilised by conventional IVF) embryos
being transferred into two patients. Both patients became pregnant, each with
a set of twins. Further work resulted in the establishment of a number of
pregnancies from only micromanipulated eggs, and one patient was reported
to have delivered healthy dizygotic twins [18].

A few years earlier a group in Singapore [19] reported studies in the human
which followed as a result of an observation by Aitkin et al. which was published
in 1983 [20]. These workers demonstrated that sperm from men with immotile
cilia (Kartagener) syndrome can fuse, penetrate and undergo pronuclear
formation in the egg cytoplasm. It was reported by Ng et al. [19] that fertilisation
of oocytes and the formation of embryos occurred from a patient with immotile
cilia syndrome after the spermatozoa had been deposited in the perivitelline
space. Continuing efforts resulted in a report of the first human pregnancy
after subzonal insemination [21], and this was followed by a report on the birth
of a set of normal, healthy twins and a singleton after subzonal insemination
(SUZI) for men with severe oligoasthenozoospermia [22].

Fig. 7.2. Creating a break in the human zona pellucida. Original magnification X 200.
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Preparation of Spermatozoa for Micromanipulation

For IVF, GIFT and micro-assisted fertilisation (MAF) procedures it is essential
to separate the spermatozoa from seminal plasma to permit capacitation and
the expression of the biochemical events on which fertilising ability depends.
For MAF it is also necessary to use a technique which can concentrate
spermatozoa into a small volume. Various methods have been used for the
preparation of spermatozoa, particularly for assisted conception procedures not
involving micromanipulation. The two main techniques are Ficoll [23] and
Percoll [24]. The former, which has also been called “sperm entrapment” [23],
involves the centrifugation of spermatozoa prior to the layering of a Ficoll
solution on to the concentrated suspension of spermatozoa. Motile sperm swim
into the Ficoll layer, and remain trapped there. The Ficoll is removed by
centrifugation and fresh sperm suspension introduced into the microinjection
microneedle.

The other technique, which is the method of choice of this author, is
centrifugation through a discontinuous gradient of 90% and 45% Percoll. The
seminal plasma is layered on top of the 45% Percoll and, after centrifugation,
sperm cells, depleted of the cellular and debris contamination from seminal
plasma, are recovered from the 90% Percoll at the base of the centrifuge tube.
This sperm suspension is mixed with culture medium, re-centrifuged, the
supernatant removed, and the pellet resuspended in a tiny volume of fresh
culture medium. The volume of culture medium added to the sperm pellet will
depend on the concentration of spermatozoa, but can be as little as 20 wl.

Concerns about the generation of reactive oxygen species (ROS, superoxide
and hydroxyl radicals) [25] from “debris” in the pellet of centrifuged seminal
plasma, including immotile sperm cells, and especially from men with severe
seminal defects, has necessitated the preparation of spermatozoa by methods
which separate out the latter from the seminal components. Any method which
involves the separation of spermatozoa from the seminal plasma such as
discontinuous Percoll or Nycodenz [26] is acceptable, as are migration methods
using, for example, Sperm Select [27] or Tea-Jondet tubes [28]. However, the
latter methods depend on the density and progressive activity of the available
spermatozoa.

Micro-Assisted Fertilisation (MAF)

The indications for using MAF can be divided into four major categories.

1. “Normal” semen/spermatozoal characteristics where fertilisation in vitro has
been repeatedly unsuccessful.

2. Immunologically derived infertility, such as antisperm autoantibodies, with
failure to achieve fertilisation in vitro.

3. Defects in the quality of spermatozoa, but where the density was sufficient
to try IVF but this had repeatedly failed.
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4. Insufficient spermatozoa or severely defective spermatozoa, such as 100%
immotility or spermatozoa extracted from the epididymis because of
obstructive azoospermia.

Techniques which rely on creating a breach in the zona pellucida, which have
been termed partial zona dissection (PZD), zona puncture (ZP), zona cutting
(ZC), zona tearing (ZT), or zona drilling (ZD), rely on the inherent motility
of the spermatozoa. Given that there is a failure in the spermatozoa either to
bind or to penetrate the zona pellucida, but they still retain fertilisation
potential, clinical results have shown that the size of the breach is extremely
important. A large breach may cause a high incidence of polyspermy and care
must be taken to reduce the concentration of spermatozoa during insemination.
Therefore, the assessment of the particular technique for a specific indication
is crucial if a high incidence of fertilisation and a low incidence of polyspermy
is to be achieved. Cohen et al. [29] and Malter et al. [30] demonstrated that
fertilisation can occur after PZD in patients who have repeatedly failed to
achieve fertilisation in vitro.

After a series of animal studies, the first zona breaching technique to be
applied to clinical studies was ZD [31]. Fertilisation was frequently achieved,
but in many instances embryonic cleavage was abnormal. Many centres have
attempted ZD, but no pregnancies have been reported to date. In addition to
the acidic methods used for breaching the zona pellucida, enzymatic methods,
using chymotrypsin or trypsin have been used. Both these methods have proved
to be less effective with human oocytes than with the mouse. This approach
has ceased as a viable option in humans.

SUZI, rather than creating a major breach in the zona pellucida, by-passes
the latter depositing the spermatozoa in the vicinity of the oolemma, in the
perivitelline space. Therefore, the number of spermatozoa injected could be
controlled and this approach might reduce the incidence of polyspermy in high
risk cases.

Results

Overall Data for SUZI: Patients and Oocytes

A total of 307 patients underwent oocyte recovery, 47.9% achieved fertilisation
with SUZI, and 43.6% had embryo transfer. The 31 pregnancies established
represented an overall incidence of pregnancy of 23.1% per transfer and 10.1%
of all oocyte recoveries.. Approximately 54% of patients had one embryo
transferred compared with 28% and 17% having two and three embryos
transferred respectively.

The number of oocytes available for SUZI was 1384, 21% of these fertilised,
92.4% cleaved and 77.3% were replaced; this represented 16.3% of the total
number of oocytes undergoing SUZI. Of the fertilised oocytes, 9% were
multipronucleate. The highest order of multipronucleate eggs observed was
five per nucleus which arose in 1% of oocytes. The incidence of parthogenetic
activation by SUZI was observed at 0.58%.
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The mean number of spermatozoa injected for all oocytes was 5.13 = 1.06
(SEM). The incidence of fertilisation increased as the number of sperm injected
into the perivitelline space increased (Fig. 7.3). The majority of oocytes were
injected with either three (23.2%) or four (26.4%) spermatozoa.

SUZI Versus IVF with Sibling Oocytes

To establish whether the SUZI technique per se is more effective than IVF it
is necessary to use sibling oocytes with the spermatozoa from the same ejaculate.
This was possible in 191 patients, and the data demonstrated that significantly
more patients, 44%, achieved fertilisation with SUZI compared to those who
achieved fertilisation with both SUZI and IVF (8.4%). Less than 2% of patients
achieved fertilisation with IVF only.

In this group of 191 patients the incidence of fertilisation per egg with SUZI
was significantly higher than with IVF, 26.8% compared with 4.4% respectively.

Fig. 7.3. Assessment of fertilisation versus number of sperm injected. The values in parentheses
are the numbers of oocytes.
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Assessment and Classification of Semen Parameters

Six parameters were used to assess the semen: volume (ml), total count (TC
X 109), total motility (TM, %), total count X 10° ml~! (TC ml!), total motile
count X 10° (TMC) and progression (P, on a scale 0-4).

In early studies the semen parameters according to four groups of patients:
those patients in whom fertilisation did not occur (non-fertilised); where
fertilisation occurred but no cleavage; the occurrence of fertilisation; and those
patients in whom pregnancy occurred, it was found that only the total motile
count and progression showed a significance difference [32]. There was a higher
total motile count (TMC) in the group of patients that achieved fertilisation
compared with those which failed to achieve fertilisation, and similarly for a
rating of progression of spermatozoa for the same two groups. Although
progression is highly subjective and observer dependent, this might suggest
an advantage for considering computerised tracking of spermatozoa as a
prognosticator of fertilisation after MAF procedures.

The previous data established that SUZI was beneficial in achieving
fertilisation where IVF failed. However, one of the main aims of this work is
to try to establish which patients will benefit from these procedures. In an
attempt to do this the incidence of fertilisation was assessed according to two
classifications of seminal parameters. The first, using the standard World Health
Organisation (WHO) characteristics was difficult as these parameters do
not consider the various degrees of severity of asthenozoospermia and
oligozoospermia, nor the various combinations. For example, a classification
based on asthenozoospermia and oligozoospermia only, resulted in 16 groups
ranging from “normal” to a combination of very severe oligozoospermia/very
severe asthenozoospermia. Such a large division presents difficulties for a
meaningful analysis. ,

The second classification utilised total motile count only, which considers
volume, density and percentage motility of spermatozoa; providing information
on a total number of spermatozoa available. This classification utilised five
groups according to TMC. Groups 1 to 5 had a TMC of <1, 1-5, 6-10, 11-20
and >20 X 109, respectively. The incidence of fertilisation with SUZI, according
to this classification, is shown in Figs. 7.4 and 7.5. The majority, 68%, of
patients were in groups 1 and 2. The incidence of fertilisation per patient was
approximately 40% (Fig. 7.4), and per oocyte approximately 21% (Fig. 7.5).
There was a trend to decreasing fertilisation per patient, with increasing total
motile count. In groups 1 and 2, significantly more patients achieved fertilisation
with SUZI than with IVF. In group 1, none of the 72 patients had fertilisation
with IVF. Evaluating the data on a per egg basis, all groups, except in group
4, had a significant increase in the incidence of fertilisation with SUZI compared
with IVF.

This is in slight contrast to earlier published reports [32] that patients
presenting with a TMC in group 1 had a significantly reduced chance of
fertilisation, both on a per egg and per patient basis. However, since those
early data, an increasing number of spermatozoa have been injected into the
perivitelline space in this group of patients. This has resulted in an increase in
the incidence of fertilisation without a significant increase in the incidence of

polyspermy.
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Fig. 7.4. SUZI versus IVF and sperm classification 2 (patients).

Sperm Morphology and SUZI

The strict morphological criteria for assessing spermatozoa is shown in Fig.
7.6. Assessing the data overall, there was a significant reduction in the incidence
of fertilisation, multipronucleate oocytes and cleavage, and a significant increase
in cytoplasmic fragments in patients with >95% abnormal forms (Fig. 7.7).
Assessing the data compared with Classification 2 confirmed that patients with
the severest morphology (>95% abnormal forms) tended to result in a lower
incidence of fertilisation between groups and within each group. The incidence
of pronuclear stage arrest and, possibly, the level of cytoplasmic fragments,
appeared to be related more to the degree of abnormal forms than the actual
TMC.

SUZI Versus PZD and IVF

Tables 7.1 and 7.2 present the published results comparing SUZI with PZD.
There is great difficulty in assessing these data on the basis of matched controls
and, therefore, in comparing the efficacy of the various procedures described.
In all but one study it is clear that the number of patients described is the
same as the number of cycles (to get a measure of success it is important to
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Fig. 7.5. SUZI versus IVF and sperm classification 2 (oocytes).
Table 7.1. Comparative fertilisation with SUZI and PZD: Patients
Reference SUZI PZD
Number  Number with Percentage Number  Number with Percentage
of fertilisation ~ pregnancy of fertilisation ~ pregnancy
patients E.T. (%) patients E.T. (%)
(? cycles)
Ng et al. [42] 131 58 (44.3) 6.92
@) 3.1®
Palermo et al. [45]¢ 44 34 (77.3) 20.6*
15.9°
Payne et al. [46]° 23 15 (65.2) 0
Cohen et al. [38] 47 33 (70.2) 15.22 57 38 (66.7) 10.5#
10.6° 7.0°
Fishel et al. [32] 307 134 (43.6) 231.
10.1
Fishel et al. [32]¢ 131 56 (42.7) e 131 40 (30.5) e

#Pregnancy per transfer.

*Pregnancy per cycle (patient).

°Not clear cases of severe male infertility.

9Sibling oocytes used for each case study.

<Pregnancy resulted from mixed embryos so cannot be assessed.



Sperm-Egg Manipulation for the Treatment of Male Infertility

Normal Forms

Amorphous

Megalo

Small

Elongated

Duplicated

Immature

Loose

Midpiece Abnormality

Cytoplasmic Droplets

Coiled Tails

Multiple Tails

Fig. 7.6. Sperm morphology evaluation.

Table 7.2. Comparative fertilisation with SUZI and PZD: Oocytes

125

Reference SUZI PZD
Number  Number >2PN Number  Number >2PN
of fertilised (%) of fertilised (%)
oocytes oocytes
Ng et al. [42] 771 128 (16.6) 1.9%
Palermo et al. {45]* 433 134 (30.9) 3% ,
Payne et al. [46]* 147 47 (32) 6.4%
Cohen et al. [38] 254 65 (25.6) 20% 267 97 (36.3) 24%
Fishel et al. [32] 1384 291 (21) 8.9%
Fishel et al. [32]° 319 101 (31.7) 10.9% 300 93 (31) 21.5%

2Not clear cases of severe male infertility.
bSibling oocytes used for each case study.
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Fig. 7.7. SUZI and sperm morphology versus fertilisation, pronuclei, cleavage and cytoplasmic
fragments.

know whether data are presented on a per patient basis or per cycle basis). In
many of the control studies presented a majority of patients had mixed embryos
transferred, i.e. embryos from PZD and/or SUZI and/or IVF were transferred
to a single patient. In assessing fertilisation, it is not always clear that sibling
oocytes have been used, as percentages of overall incidence of fertilisation are
often presented. Furthermore, there is no clearly defined assessment of the
indication for micro-assisted fertilisation, for example, the number of times the
patients have failed IVF. Specific criteria on the seminology is often not
presented, only broad ranges. For example, the comparative data presented
by Cohen et al. [38] purports to compare SUZI and PZD, but with 47 patients
having SUZI and 57 with PZD! It was not entirely clear whether all oocytes
were directly compared on a sibling oocyte/same ejaculate basis.

In the data presented in Tables 7.1 and 7.2 the range of fertilisation and
embryo transfer per patient was 43%—77% with SUZI compared to 31%—67%
with PZD. The pregnancy rate with PZD varied from 0 (and the author has
had this confirmed from a number of unpublished studies from various groups
representing a total of more than 194 cases), to 11% per transfer. The incidence
of fertilisation per egg for SUZI was 17%-32% compared to 31%-36% for
PZD (Table 7.2). However, the incidence of polyspermy was 2%-20% with
SUZI compared to 6%-24% with PZD. Overall, the incidence of polyspermy
was higher with PZD than with SUZI.

A direct comparative study, by this author, used sibling oocytes from 131
patients to compare various MAF procedures. Each cohort of oocytes had a
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proportion subjected to either SUZI, PZD or IVF. These data were further
compared according to the TMC. In the group 1 patients, 45.2% achieved
fertilisation with SUZI only, compared with 4.8% having PZD. Four (9.5%)
of patients achieved fertilisation with both SUZI and PZD. No patient achieved
fertilisation with PZD. As the concentration of TMC increased, the incidence
of fertilisation per patient with PZD increased, but overall significantly more
patients achieved fertilisation with SUZI only, compared to PZD only. In the
group of patients with antisperm autoantibodies, five of the eight achieved
fertilisation, two with SUZI only, one with PZD only, two with both PZD and
SUZI, and none with IVF.

Assessing fertilisation on a per egg basis (Fig. 7.8), significantly more oocytes
from patients in TMC groups 1 and 2 fertilised with SUZI compared with PZD.
The overall incidence of fertilisation was generally higher with SUZI than PZD
in TMC groups 1 to 5, and, including a group of patients with antisperm
autoantibodies, significantly more oocytes were fertilised with SUZI than with
PZD. The incidence of fertilisation with the group expressing antisperm
autoantibodies was, however, higher with PZD (68%) than with SUZI (44%).
There was a general trend indicating a lower incidence of fertilisation with
SUZI but a higher incidence with PZD as the TMC increased.

As the TMC increased, the incidence of polysperm increased with SUZI and
PZD, although this was more marked in the latter group, 10.9% versus 24.6%,
respectively. Conversely, there seemed to be a higher incidence of moderate
to severe cytoplasmic fragments in embryos from SUZI when sperm from TMC
groups 1 and 2 were used. Overall there was a higher incidence of cytoplasmic

Fig. 7.8. Fertilisation and cleavage in sibling oocytes with SUZI, PZD and IVF.
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fragments in embryos resulting from SUZI (31%) compared to PZD (19.6%),
although this was not statistically significant. However, this may reflect the
high incidence of abnormal sperm morphology often seen in TMC groups 1
and 2. The incidence of cleavage in zygotes resulting from SUZI or PZD was
similar, 86.1% and 89.2% overall, respectively; but this is generally lower than
that observed after routine IVF.

When these comparative data between MAF procedures was reassessed
according to whether the patients had a previous single or multiple failure of
IVF a different pattern emerged. Combining TMC groups 2 to 5 (group 1
patients have too few sperm for IVF) resulted in 123 patients, 34.1% of whom
had failed IVF on only one occasion and 65.8% of whom had multiple failures
of IVF. In all cases the incidence of fertilisation was less with both MAF
techniques in the latter group of patients. This was more evident with oocytes
undergoing PZD. Fertilisation after PZD was greatly reduced in patients having
more than one failure after IVF.

Discussion and Conclusions

The data presented in this series, and that published by other workers, have
demonstrated that by micromanipulating sperm and oocyte it is possible to
achieve fertilisation in patients who have previously failed to attain conception
in vitro by IVF, or who have been repeatedly rejected for IVF based on severe
defects in their seminal parameters. The procedures per se have not resulted
in a significant increase in abnormal embryos [33], nor in the birth of abnormal
babies [33]. However, the efficiency of the technique and the type of patient
who may benefit has yet to be established. The efficacy of any micro-assisted
fertilisation procedure can only be assessed where (a) the use of in vitro
insemination with sibling oocytes is used for comparison; and (b) a clear
classification of the sperm is used.

The relevance of sperm morphology to micro-assisted fertilisation procedures,
especially to SUZI, needs to be clarified. A mechanistic relationship, that is,
sperm function, to particular morphological abnormalities remains unclear.
Sperm morphology has been shown to be of value as a prognosticator of sperm
function, with the zona free hamster egg assay [34,35] and human oocyte
fertilising ability [36,37]. However, the particular relevance of sperm morphology
in relation to micro-assisted fertilisation is unclear. Recently Cohen et al. [38]
demonstrated that in cases of extreme teratozoospermia embryos derived from
SUZI implant at a significantly higher rate than those resulting from PZD.
Another study has demonstrated that one-third of spermatozoa located in the
perivitelline space after SUZI from men with severe oligospermia, were
abnormal [39]; with defects of the nucleus, acrosome, midpiece and axoneme
having been observed in the spermatozoa penetrating the ooplasm after SUZI
[40].

From the current study, in which the incidence of fertilisation was clearly
affected by the severity of the TMC and morphology of spermatozoa, it would
appear unnecessary to determine the optimum numbers of spermatozoa used
for SUZI in each particular group. For example, with TMC Group 1 and >95%
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abnormal forms, the group with the lowest incidence of fertilisation, would it
be advantageous to use more spermatozoa for SUZI? The incidence of
polyspermy was lowest in this group, but the incidence of cleavage arrest was
highest. It may be that in this group the incidence of viable embryos produced
by SUZI is lower. Whether this is a result of achieving fertilisation with
abnormal sperms (and whether there is an association with abnormal phenotype
and genotype is unclear), or whether it is related to the supernumerary sperm,
active, senescent or dead, within the perivitelline space, remains to be
established. Obtaining a balance between the incidence of polyspermy, which
was also a function of TMC, and the effective maximum number of spermatozoa
that should be deposited in the perivitelline space, above which there may be
a negative correlation with fertilisation, must also be determined.

Although it is assumed that the only block to polyspermy, in the human,
existed at the level of zona pellucida, it is clear from studies with MAF
procedures that there is some degree of block to polyspermy at the level of
the oolemma. However, the main block to polyspermy still resides at the level
of the zona pellucida. The existence of slow and fast blocks to polyspermy and
the respective roles of the oolemma and zona pellucida in human oocytes has
been discussed extensively elsewhere [32,39,41].

Summary

Techniques of sperm preparation have improved as an understanding of the
pathophysiology of sperm function and fertilisation has increased. Careful and
precise preparation of the spermatozoa is essential with severe cases of male
infertility, and for the use of spermatozoa in the micro-assisted fertilisation
procedures.

Zona breaching and subzonal insemination procedures are effective means
of achieving fertilisation in certain cases of sterility. The method using enzymes
or acid to “drill” a hole in the zona pellucida is insuccessful to date in humans.

If patients had failed IVF on more than one occasion PZD would probably
be less successful than SUZI. It is evident that sperm morphology is relevant
and in conjunction with an acceptable sperm classification such as TMC, may
be predictive of fertilisation by either SUZI or PZD.

Current data suggest that PZD should the first approach with antisperm
autoantibodies, but care should be given to the insemination concentration to
prevent a high incidence of polyspermy. However, for patients with very low
TMC SUZI would be the preferred approach.

Even durlng this early stage in the use of MAF procedures, normal
pregnancies and births have been achieved, but there is an underlying concern
because of the incidence of abnormal embryos. Whether this increases after
SUZI, or PZD, due to by-passing selection criteria for spermatozoa at the level
of the zona pellucida is unclear. There is some suggestion, especially in cases
with very severely reduced TMC and after using SUZI, that there may be an
increase in the demise of resulting embryos. Despite nature having its own
peri-implantation screening, this concern cannot be dismissed. However, the
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numbers of normal, ongoing pregnancies and births to date, have alleviated
many of the initial concerns.

Little mention has been made of the direct injection of spermatozoa into the
cytoplasm for clinical use. There has been reported fertilisation [42] and the
occasional mention of a pregnancy with this procedure [43]. However, no data
reflecting the possible efficacy or success of this procedure are available for
analysis. Clearly, there is a higher risk of damage to the oocyte than with PZD
or SUZI, and, as it would only be used in the severest of cases, this work
should be reserved until more research data are available. A recent study [44]
reported a high incidence of chromosomal abnormalities in human sperm
haploid complements after direct ooplasmic injection into hamster oocytes.
The frequency of structural chromosomal abnormalities was up to 10 times
higher than that from the same donors used for fertilisation of zona-free
hamster oocytes.

Evaluation of the fertility of a given sperm sample, and optimising the
efficacy of MAF procedures is essential. An important step forward would be
the development of acceptable and reproducible sperm function test(s). The
current assessment of sperm function, especially in relation to micro-assisted
fertilisation, which is based on TMC and morphology, is a crude assessment.
More sophisticated sperm function tests, which might include computerised
sperm tracking, an assessment of the incidence of acrosome-reacted sperm in
a given population, and perhaps sperm binding and fusion assays, must be
obtained.
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Chapter 8
Epididymal Surgery
S. J. Silber and R. H. Asch

Male factor infertility has undergone revolutionary changes in the last decade.
The human male, and the gorilla, have the poorest sperm production of any
animal. Whereas most animals produce 20 to 25 million sperm per gram of
testicular tissue per day, the human produces only 4 million [1,2]. Even the
very fertile human male has terrible sperm when compared to most other
animals. The large number of abnormal forms, debris, and non-motile sperm
found in human semen is not seen in other animals. This chapter will be divided
into three sections: (a) the treatment of male factor infertility with IVF or
GIFT; (b) microsurgery for obstructive azoospermia; and (c) IVF with
epididymal sperm for irreversible obstructive azoospermia and congenital
absence of the vas.

IVF and GIFT for “Male Factor” Infertility

Great excitement has been generated about the use of IVF in couples with
very low or poor quality sperm counts. Fertilisation rates in most IVF centres
are clearly poorer in couples with oligospermia, but fertilisation and pregnancy
have been regularly obtained in severely oligospermic couples using IVF, GIFT
and ZIFT [3]. Theoretically IVF or GIFT allows the fewer number of available
sperm a greater opportunity for direct contact with the ovum [4,5]. In fact, if
the partner’s eggs fertilise in vitro with the husband’s few sperm, the pregnancy
rate is no different from what it is in couples with normal semen analysis.

Dr Silber unfortunately had to cancel his attendance at the Study Group for personal reasons. He
was therefore unable to present his chapter for discussion by the group.
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In cases of congenital absence of the vas, a collaborative study has been
made to aspirate sperm from the blocked epididymis, fertilise the partner’s
oocytes in vitro, and place the resultant embryos into the fallopian tubes
(Zygote Intrafallopian Transfer, ZIFT) [6-8]. Resultant pregnancies led to the
conclusion that even sperm with severely reduced motility can often fertilise
the oocyte if other obstacles are eliminated.

Rodriguez-Rigau et al. [9] assessed the semen of a large number of couples
who did or did not achieve a pregnancy with GIFT (Table 8.1). They found a
correlation of the pregnancy rate with standard semen parameters such as count
and motility. A similar finding was also reported by Kruger et al [10].
Morphology of spermatozoa was examined very carefully in partners of patients
undergoing IVF. Any spermatozoa with a slight defect such as neck droplets,
bent necks, abnormal heads, etc., were considered to be abnormal. Remarkably,
provided that at least 4% of spermatozoa demonstrated perfectly normal
morphology, fertilisation in vitro was achieved. Once again, this suggests that
a critical visual exmination of the husband’s spermatozoa is a predictor of the
likelihood of fertilisation.

The great success in treating many severely oligospermic couples with IVF,
GIFT or ZIFT, has required a whole new definition of “male factor” so as to
distinguish those who readily fertilise their partner’s oocytes despite oligospermia
from those who do not. With IVF in “male factor” cases, the pre-wash motile
sperm count in the semen is not a heavily significant determinant of fertilisation,
or pregnancy. The pregnancy rate with IVF or GIFT is, of course, lower in
men with low sperm counts than in men with high sperm counts, but what
really determines the pregnancy rate is the total motile sperm count after
washing. In our experience, when the total motile sperm count recovered from
a Percoll or mini-Percoll preparation is greater than 1.5 X 10° million motile
sperm, the fertilisation rate is not significantly different from patients with
higher numbers of recoverable sperm. When the motile sperm count after
washing is less than this, the fertilisation rate and pregnancy rate are greatly
reduced.

Table 8.1. Relationship of motile sperm
count and linearity of sperm movement
to GIFT pregnancy rate

Total motile Motility Clinical
count per index pregnancy
ejaculate (%)
(x10°)
25 7.7
25-100 15.2
100 24.1

0.8 12.2

0.8 27.6

From Rodriguez-Rigau et al. [9].
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Processing “Male Factor” Sperm for IVF, GIFT and ZIFT

When the total number of motile spermatozoa in the ejaculate is less than
5 x 10° (classified as severe oligoasthenozoospermia) [11], the conventional
methods of sperm preparation such as swim-up [12], wash and resuspension
[13], sedimentation [14] and Percoll [15] are not very effective in allowing the
recovery of a sample that is clean with a sufficient number of normal motile
spermatozoa. This, in turn, leads to very poor IVF results [16-18]. We use a
modified mini-Percoll technique [19,20], which consists of a reduced volume,
discontinuous, Percoll gradient.

Semen samples are diluted 1:2 with culture medium and centrifuged at 200 g
for 10 min. After centrifugation, pellets are suspended in 0.3 ml of medium
and layered on a discontinuous Percoll gradient consisting of 0.3 ml each of
50%, 70% and 95% isotonic Percoll (mini-Percoll). An isotonic solution of
Percoll is obtained by mixing nine parts of Percoll (Pharmacia, Sweden) with
one part Ham’s F-10 (10 x) (Gibco, RI), and adding 2.1 g/l of sodium
bicarbonate. To obtain the 95%, 70% and 50% layers, this isotonic solution
is diluted with human tubal fluid (HTF) and HEPES. The discontinuous
gradient is established by carefully pipetting 0.3 ml of 95%, 70% and finally
50% isotonic Percoll into a 15-ml centrifuge tube, centrifuging at 300 g for
3045 min. Following centrifugation of the gradient, the 95% Percoll layer is
removed, washed twice and resuspended in 1 ml of HTF and 10% human cord
serum (HCS) and incubated until the time of insemination.

Several advantages can be associated with the use of a mini-Percoll gradient.
First, the reduced volume of each Percoll layer allows better migration of
spermatozoa; second, the volume of 0.3 ml per layer still retains the “cleaning”
function, as in other reported techniques using Percoll, filtering out all the cells
and debris that are usually present in severe oligoasthenozoospermic samples
and represent one of the limiting factors for successful fertilisation; and third,
the use of mini-Percoll allows recovery of a high proportion of the normal and
motile spermatozoa present in the sample.

Other aspects of IVF are beyond the scope of this chapter except for
epididymal sperm aspiration, which will be discussed at the end.

Microsurgery for Obstructive Azoospermia

An understanding of how to obtain high success rates with vasectomy
reversal will eventually lead to more successful vasoepididymostomy results in
postinflammatory obstruction, and finally to success with sperm aspiration and
in vitro fertilisation for congenital absence of the vas.

Vasectomy Reversal

Vasectomy is the most popular method of birth control in the world today [21].
For many years the pregnancy rate after surgical reanastomosis of the vas had
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been very low, and a variety of explanations has been offered for this
[22-24]. With the advent of microsurgical techniques pregnancy rates improved
considerably, suggesting that purely micromechanical factors were associated
with the low success rates [25-27]. Yet there were still many cases of
technically perfect vasovasostomies followed by complete azoospermia or severe
oligoasthenospermia. It was then found that the pressure increase after
vasectomy had led to secondary epididymal obstruction which was the cause
of failure of otherwise successful vasovasostomy. The greater the duration of
time since vasectomy the greater the chance of either “blowouts” or inspissation
in the epididymis with failure to achieve fertility. Thus, vasoepididymostomy
was required in many cases of vasectomy reversal in order to obtain a high
success rate.

Theories for the consistently poor results with vasectomy reversal had
included development of sperm antibodies, damage to the deferential nerve,
and testicular damage [28-35]. However, any major correlation between sperm
antibodies and subsequent fertility after vasovasostomy has been questioned
[36,37]. It has been established that the deleterious effect of pressure increase
subsequent to vasectomy was not in the testis, but on epididymal dilatation,
perforation and sperm inspissation and blowouts in the epididymis, causing
secondary epididymal obstruction, which is the major problem in readily
returning fertility to vasectomised men [25,27]. Despite the finding of no sperm
in the vas fluid at the time of vasovasostomy the testicular biopsy of such
patients had always appeared normal [38,39]. This deleterious effect of pressure
increase is always on the epididymis, not on the testis, in humans. In fact, the
secondary epididymal obstruction caused by vasectomy leads us to recommend
that the testicular end of the vas not be sealed at the time of vasectomy, so as
to lessen the pressure build-up, and possibly increase the ease of reversibility
later (notwithstanding the potentially damaging immunological consequences)
[40-42].

What is the fertility rate in the favourable group of patients undergoing
vasovasostomy who have suffered no secondary epididymal damage (as shown
by sperm being present in the vas fluid at the time of vasovasostomy)? Ten
years ago a group of such patients was studied [37]. A total of 326 men who
had been previously vasectomised underwent vasovasostomy and received
extensive long-term follow-up. In 44 of those men, no sperm was found in the
vas fluid. All such patients have been found to be azoospermic after
vasovasostomy and required vasoepididymostomy later.

The vasovasostomy involved a meticulous, two-layer microsurgical technique
performed by the same surgeon with accurate mucosa-to-mucosa approximation
[25]. Almost all the patients had proven prior fertility as evidenced by previous
fatherhood. All patients were followed for nine or ten years.

The overall, long-term pregnancy rate is summarised in Table 8.2. None of
the azoospermic patients got their partners pregnant. If azoospermic patients
are excluded, 88.4% of patients with sperm patency postoperatively eventually
impregnated their partners. This compares to Vessey’s expected pregnancy rate
of 96% for previously fertile couples discontinuing contraception (1978).

The frequency distribution of semen parameters postoperatively in men who
did and did not get their partners pregnant is summarised in Tables 8.3 and
8.4. There was remarkably little difference in pregnancy rate among men with
low or high sperm counts. The pregnancy rate was somewhat lower with
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Table 8.2. Overall long-term pregnancy rates in patients
undergoing vasovasostomy: 10-year follow-up (sperm seen in

vas fluid)
Combined 1975 Original 1975
and 1976-77 series
series
Total patients 282 (100%) 42 (100%)
Total pregnant 228 (81%) 32 (76%)
Azoospermic 24 (9%) 5 (12%)

Table 8.3. Pregnancy rate according to distribution of motile sperm count
in men with sperm patency following vasovasostomy (10-year follow-up)

Total motile Total patients Pregnant Not pregnant
sperm count
(per ejaculate)

(1079

>0-10 32 (12%) 25 (78%) 7

10-20 31 (12%) 27 (87%) 4

20-40 32 (12%) 30 (93%) 2

40-80 79 (31%) 68 (86%) 11
80 84 (33%) 78 (92%) 6

Totals 258 (100%) 228 (88%) 30

Table 8.4. Pregnancy rate according to percentage sperm motility in men
with sperm patency following vasovasostomy (10-year follow-up)

Motility Total patients Pregnant Not pregnant
>0-20 24 18 (75%) 6
20-40 70 66 (94%) 4
40-60 82 71 (86%) 11
60-80 62 55 (88%) 7
80 20 18 (90%) 2
Total 258 (100%) 228 (88%) 30 (100%

motility of less than 20%. Above 20% motility, the pregnancy rate was not
seriously affected by low semen parameters. These postoperative semen
parameters in patent cases were not very different from previously reported
prevasectomy semen parameters [43].

As shown in Table 8.5, a left-sided varicocele was clinically apparent in 42
of the 282 patients (14.8%). Varicoceles were not operated on, and yet the
pregnancy rate was not significantly different in patients with varicocele as
opposed to patients without varicocele. Table 8.6 summarises the relationship
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Table 8.5. Lack of effect of varicocele (not operated on) on pregnancy
rate following vasovasostomy

No. patients Patients with Patients without
varicocele varicocele
Pregnant 228 (80.9%) 33 (78.5%) 195 (81.2%)
Not pregnant 54 (19.1%) 9 (21.4%) 45 (18.8%)
Totals 282 (100.0%) 42 (14.8%) 240 (85.2%)

Table 8.6. Relationship of serum sperm antibody titres to pregnancy rate after vasovasostomy

Total Immobilising titre Agglutinating titre
studied (Isojima) (Kibrick)
>2 >10 >( >20

Husband not
azoospermic:
Wife pregnant 75 29 (39%) 18 (24%) 42 (56%) 30 (40%)
Wife not pregnant 11 4 (36%) 2 (16%) 6 (54%) 6 (54%)
Husband azoospermic 12 5 (42%) 3 (25%) 7 (58%) 5 (42%)
Entire group studied 98 38 (39%) 23 (24%) 56 (57%) 41 (42%)

of preoperative serum antisperm antibody titres to the pregnancy rate after
vasovasostomy. As with varicocele, the presence of high immobilising or
agglutinating titres in serum had no influence on the pregnancy rate.

Reason for High Pregnancy Rate in Patients with No Secondary
Epididymal Blockage

The high pregnancy rate in this group of patients requires some explanation.
Many reasons have been suggested for the failure to achieve fertility after
reversal of vasectomy, including autoimmune changes and damage to the testis.
Our study suggested that the eventual pregnancy rate in patients who have
patency accurately re-established without epididymal damage is not significantly
less than a normal population of couples. Vessey demonstrated that among
couples with proven prior fertility, 96.5% conceive within four years of
discontinuing contraception (1978). In our couples with patent results after
vasovasostomy who had no evidence of epididymal pressure damage, 88%
conceived with long-term follow-up. Patients with secondary epididymal
blockage require a completely different approach.

It has been shown that the success rate of vasovasostomy decreases with the
duration of time since vasectomy [25]. This decrease is directly related to the
absence of sperm in the vas fluid at the time of vasovasostomy, and this is
caused by the interruption of epididymal patency by pressure-induced sperm
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extravasation, and inspissation [38]. The incidence of this pressure mediated
interruption of epididymal patency is reduced dramatically by the presence of
a sperm granuloma at the vasectomy site which serves as a release valve to
prevent the pressure increase that would otherwise occur proximal to the
vasectomy site [27,40,41]. When there are no spermatozoa in the vas fluid,
vasoepididymostomy proximal to the site of epididymal blockage is required
[44,45].

It thus appears that the fertility rate and pregnancy rate are quite high in
patients with no epididymal blockage who undergo technically “successful”
vasovasostomy.

Vasoepididymostomy

When vasectomy has produced secondary epididymal blockage, or in cases of
postinflammatory obstructive azoospermia, very precise microsurgical tubule-
to-tubule vasoepididymal anastomosis is required. But as important as precise
microsurgical technique is a practical understanding of epididymal physiology
[26,27,44-46].

In every animal that has been studied, spermatozoa from the caput epididymis
are capable of only weak circular motion at most, and are not able to fertilise
[47]. In previous studies, spermatozoa from the corpus epididymis could
occasionally fertilise, but the pregnancy rate was still low. Spermatozoa were
simply aspirated from specific regions of the epididymis, and then promptly
inseminated [48-50]. In some studies where the epididymis was ligated to
determine if time alone could allow spermatozoal maturation, the obstructed
environment was so pathological that no firm conclusions could be reached.
Thus the outlook seemed theoretically poor for vasoepididymostomy.

In 1969, Orgebin-Crist [47] pointed out that it was not known with certainty
from any of these animal studies whether the factors governing the maturation
process of spermatozoa are intrinsic to the spermatozoa themselves and just
require time, or whether spermatozoa must transit through most of the
epididymis in order to mature. It was entirely possible that ageing alone might
mature the spermatozoa, and that spermatozoa might not need to pass through
all of the epididymis in order to develop the capacity to fertilise. Yet because
of the animal studies, and poor results in humans using non-microsurgical
techniques, it has always been assumed that epididymal blockage carries a poor
prognosis [51-54].

However, as far back as 1931, Young’s experiments in guinea pigs with
ligation at various levels of the epididymis indicated “that the time consumed
by spermatozoa in passing through the epididymis is necessary for a completion
of their development; that the changes undergone during this period represent
a continuation of changes which start while the spermatozoa are still attached
to the germinal epithelium, and are not conditioned by some specific epididymal
secretion” [55]. In fact, he observed the same inversion of regions of sperm
motility and non-motility in the obstructed epididymis that we have noted in
clinical obstructive azoospermia. The more distal regions have the poorest
motility and the more proximal regions have the best motility. Young concluded
that in an obstructed epididymis the more distal sperm are senescent, whereas
the more proximal sperm have had time to mature despite having not traversed
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the epididymis. Our clinical experience with specific tubule vasoepididymostomy
supports Young’s original thesis [56].

All vasoepididymostomies are performed with the “specific tubule” technique
described, which involves either an end-to-end or an end-to-side anastomosis
of the inner lumen of the vas to the epididymal tubule, mucosa-to-mucosa in
a leakproof fashion [25,44,46]. Because of the high rate of technical failure
with older surgical methods, reliable data on the fertility of spermatozoa from
the epididymis in the past has been difficult to obtain.

1 Head of epididymis
L Vas deferens

>z Tail of epididymis

Patent tubule

Fig. 8.1. Specific tubule-to-end anastomosis of the vas lumen to the epididymis proximal to site
of obstruction.
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The anastomosis of the vas to the epididymis is performed at the transition
point from no spermatozoa to the point where there is an abundant amount
of spermatozoa in the fluid coming from the epididymis tubule (Figs. 8.1 and
8.2a and b). Usually five or six 10-0 nylon interrupted sutures complete the
leakproof end-to-end anastomosis, and then the outer muscular layer of the
vas is separately sutured to the outer epididymis tunic with 9-0 nylon interrupted
sutures.

Of the cases of epididymal anastomosis 72% have resulted in eventual
pregnancy [56]. The younger the partner, the higher was the pregnancy rate.
The pregnancy rate was not related to the numerical sperm count but was
related to the motility. The fact that pregnancy occurred in cases patent to the
caput indicates that transit beyond the head of the epididymis is not an absolute
requirement for spermatozoa to attain fertilising capacity.

Recent clinical cases have demonstrated that it is possible in some circum-
stances for spermatozoa which have never transited any length of epididymis
to fertilise the human egg. In two cases of anastomosis between the vasa
efferentia and the vas deferens, the postoperative ejaculate contained normally
motile sperm, and the partners became pregnant [57]. In addition, pregnancy
from aspiration of epididymal sperm combined with in vitro fertilisation and
ZIFT in cases of unrepairable obstruction gives further evidence that transit
through the epididymis is not a mandatory requirement for fertilisation [6,7].

Newer studies of epididymal sperm transport in the human indicate that the
human epididymis is not a storage area, and spermatozoa transit the entire
human epididymis very quickly, in two days, not eleven days as was previously
thought [58]. Thus, it is possible that in the human, the epididymis may not
be as essential to spermatozoal development and fertility as it appears to be
in most animals.

Congenital Absence of the Vas Deferens and Sperm
Aspiration with IVF

Congenital absence of the vas deferens accounts for 11%-50% of cases of
obstructive azoospermia, and has until now been considered untreatable [59].
This is a large and frustrating group of patients who have been shown on
testicular biopsies to have normal spermatogenesis, and are theoretically making
sperm quite capable of fertilising an egg. Yet treatment up until now has been
very poor [60].

Dr Ricardo Asch and I have collaborated to develop a treatment protocol
involving microsurgical aspiration of sperm from the proximal region of the
epididymis, combined with IVF and ZIFT, which now offers very good- results
in this previously frustrating group of couples [7,8,25,57].

Induction of Follicular Development and Oocyte Retrieval

The female partners of men with azoospermia caused by congenital absence of
the vas undergo induction of multiple follicular development with the following
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Fig. 8.2. a Small openings are made in the epididymal tunic beginning distally and moving
proximally. After a longitudinal slit is made in the epididymal tubule with the microscissors, the
distal-most level at which motile sperm are found is used for the anastomosis. b The end-to-side
specific tubule anastomosis of the vas lumen to the epididymal tubule requires first a posterior
row of three 10-0 nylon interrupted sutures followed by an anterior row of three 10-0 nylon
interrupted sutures. The muscularis of the vas is then sutured to the outer epididymal tunic with
9-0 nylon interrupted sutures.
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protocol: leuprolide acetate (Lupron, TAP Pharmaceuticals, North Chicago,
IL) 1 mg subcutaneously daily until the day of follicular aspiration (Fig. 8.3).
Patients then receive human follicle stimulating hormone (FSH) (Metrodin,
Serono Laboratories, Inc., Randolph, MA) and human menopausal gonadotrop-
ins (h(MG) (Pergonal, Serono) 150 IU intramuscularly (IM) daily from day 2
of the menstrual cycle until many follicles of 2.0 cm were noted on ultrasound.
Then human chorionic gonadotropin (hCG) (Profasi, Serono, Randolph, MA)
10 000 IU is administered IM.

At 36 h after hCG administration, the patients undergo follicular aspiration
using a transvaginal probe (GE H4222 TV) adapted to an ultrasound system
(GE RT 3000 General Electric Company, Milwaukee, WI) with a needle set
for ovum aspiration and connected to a Craft Suction Unit (Rocket USA,
Branford, CT) (no. 33-100) at a maximum vacuum pressure of 120 mmHg.
The follicular fluid is given immediately to the embryology laboratory adjacent
to the operating room.

Fig. 8.3. [Illustration of placement of the ultrasound probe for transvaginal needle aspiration of
eggs.

Epididymal Sperm Aspiration, Washing Methodology, and IVF

At the same time the husband undergoes scrotal exploration in order to dspirate
sufficient numbers of motile spermatozoa for use for IVF of the aspirated eggs,
with subsequent transfer into the partner’s fallopian tube.

The surgical technique (Fig. 8.4) in the male is as follows: scrotal contents
are extruded through a small incision, the tunica vaginalis is opened, and
the epididymis is exposed. Under 10-40X magnification with an operating
microscope, a tiny incision is made with microscissors into the epididymal tunic
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Fig. 8.4. Technique for epididymal sperm aspiration which begins in the distal corpus region of
the epididymis, and moves proximally until motile sperm are recovered. In most cases, motility is
observed only in the most proximal region of the epididymis.

to expose the tubules in the distal-most portion of the congenitally blind-ending
epididymis. Sperm are aspirated with a no. 22 Medicut on a tuberculin syringe
directly from the opening in the epididymal tubule. Great care is taken not to
contaminate the specimen with blood, and careful haemostasis is achieved with
microbipolar forceps. The epididymal fluid is immediately diluted in Hepes-
buffered medium, and a tiny portion examined for motility and quality of
progression. If there is no motility or poor motility, another aspiration is made
0.5 cm more proximally. We thus obtain sperm from successively more and
more proximal regions until progressive motility is found. In all cases, motile
sperm were not obtained until the proximal-most portion of the caput epididymis
or even the vasa efferentia was reached. This is the inverse of what might have
been anticipated (Fig. 8.5).

In the laboratory the epididymal sperm are concentrated into a volume of
0.3 ml, layered on a discontinuous mini-Percoll gradient, and centrifuged for
30 min. The entire 95% fraction is then washed twice and inseminated with all
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Fig. 8.5. The most motile sperm are found very proximally, usually in the vasa efferentia or rete
testis.

of the eggs in a Falcon mini-test tube with 1 ml of HTF culture medium and
incubated at 37°C with 5% CO, in air [47] (Fig. 8.6).

Two days after insemination, embryos are transferred to the fallopian
tubes, via minilaparotomy using a technique similar to that used for gamete
intrafallopian transfer (GIFT), via a Tomcat catheter (Monoject, St Louis,
MO) 2.5 cm inside the fimbrial ostium (Fig. 8.7). The patients are discharged
the next day and undergo fairly painless postoperative recovery. The wives
receive progesterone in oil, 50 mg IM/day beginning with the day of embryo
transfer.

Results

At present, of 115 cases, there have been 24 pregnancies, with six miscarriages,
i.e. a pregnancy rate of 21% and a live-baby rate of 16% (Table 8.7).-
Pregnancies which have occurred readily after vasoepididymostomy to the
caput epididymis (and even in some cases to the vasa efferentia) suggest that
immature sperm which have not had a chance to transit the epididymis might
mature on their own during storage in the vas deferens [6,8]. If this theory
were true, it might explain why we have been able to achieve success
by aspirating more proximally, not being limited (because of theoretical
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Fig. 8.6. Sperm being placed in test tube with egg, resulting in 4-cell embryo two days later, and
retrieval of 4-cell embryo for transfer back to patient.

Fig. 8.7. In the ZIFT procedure eggs would have already been fertilised and growing for the
previous 2 days in the laboratory and placed in the fallopian tube in a similar fashion to the GIFT
procedure.

considerations) to distal regions of the epididymis where the sperm are generally
senescent and non-motile in the chronically obstructed state.

Other factors in the success of this technique which may be equally important
are: (1) obtaining large numbers of oocytes in order to increase the odds of
fertilisation; (2) obtaining sperm which are clean and free of erythrocytes; (3)
incubation of sperm outside the milieu of the obstructed epididymis; and (4)
transfer of the embryos into the fallopian tube (ZIFT) rather than into the
uterus.



Epididymal Surgery 147

Table 8.7. First 100 cases of in vitro fertilisation for congenital
absence of vas: pregnancy rates

Series no. No. of No. pregnant  Pregnancy
sperm (term rate per
aspiration pregnancy) cycle
cycles

1 32 10 (7) 31% (22%)

2 16 2(1 12% (6%)

3 21 5(4) 24% (19%)

4 13 0(0) 0 (O

5 18 5 (4% 28% (22%)

Totals 100 22 (16) 22% (16%)

# Ongoing pregnancies not yet delivered.

Problems that remain in the way of achieving a higher pregnancy rate are

that even the most proximal epididymal sperm with the best motility, have
poor fertilisation rates in 70% of cases, and no fertilisation in 40% of cases.
It is our suspicion that these obstructed sperm are senescent, but slightly less
senescent than the dead, distal epididymal sperm. If that hypothesis is true,
better fertilisation rates might be achieved by first aspirating the epididymis of
all old sperm, and then at a later interval, re-aspirating to get sperm for IVF.

Although improvements are needed, for the moment it is safe to conclude

that:

1.

2.

Sperm from the proximal-most caput epididymis are capable of fertilising
the human egg in vitro.

Passage of time after emergence from the testicle may be adequate for
sperm maturation in some cases without the absolute need for transit through
the rest of the epididymis.

. There is now a non-experimental, valuable approach for achieving pregnancy

in couples with a previously dismal condition, congenital absence of the vas
deferens.
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Discussion

Aitken: 1 would like to know the mechanism by which cooling has an effect
on sperm—oocyte fusion. If we freeze and store cells, they are much more
fusogenic than the fresh cell. What I have always imagined to be the mechanism
is that when a cell is cooled and it gets down below its phase transition
temperature, big areas of lipid crystallise out and push the intercalating proteins
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to one side, and when the cell is thawed out or warmed up, those intercalating
proteins do not flow back into the lipid-rich areas of membrane, they stay as
just areas of lipid.

Watson: Not all data confirm that. Some studies suggest there is a phased
separation, which is reversed when the cells have been warmed. So that may
be part of the story. Our thawing rates are much more rapid than our cooling
rates, and it may well be that there is not the time during thawing for that
redistribution to occur, so that we may well get cells at body temperature which
do have these large areas. It may also be that the process of fusion takes a
very short time.

Aitken: I am sure that is the case. How is it possible to differentiate in those
cooled/warm cells between increased permeability to calcium and a decreased
ability to pump out calcium? I had always imagined that the sperm cell was
relatively permeable to calcium. What the intact cell does is to continually bail
out the cation.

Watson: [ think that is right. As the cell cools below 15°C or so, the pumps
shut off and the cell then accumulates calcium simply because it is stopping
the process of bailing out.

Abdalla: In our clinic, patients who have artificial insemination with frozen
donor sperm have a low pregnancy rate, compared to those where GIFT is
carried out using frozen sperm.

Watson: The GIFT procedure provides the optimal position for fertilisation.
If the sperm are closer to that fertilisation event in terms of the membrane
maturational changes, they may be able to achieve that fertilisation before they
run out of steam. An acrosome reacted sperm has a relatively short lifespan.
We have also referred to the importance of the acrosome reaction taking place
close to or attached to the zone surface.

Kerin: We are told that the frozen-thawed sperm have a short time in which
to fertilise the egg. Is there evidence from clinical studies that intrauterine
insemination for these reasons using frozen sperm might be better than
pericervical insemination?

Watson: I can only answer in terms of my reading, the literature is conflicting.

Asch: What is Dr Watson’s impression, based on the physiology of how
cryoinsemination works, -of freezing severely oligoasthenospermic specimens?
Is there any technique that would allow concentration of many specimens from
an individual.

Watson: I do not have any specific techniques for dealing with that situation,
but I do believe if we can come to grips with the causes of cryoinjury in normal
sperm to get a higher percentage of cells that survive the freeze-thaw process,
then that will have its repercussions for a situation where only a few cells are
present. But the fertility, as I understand it, of oligospermic individuals, is
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lower in terms of function and therefore the chances of achieving reasonable
fertility by that procedure is reduced.

Fishel: It strikes me from the data just presented on behalf of Dr Silber that
the pregnancy rate is probably influenced by the number of embyros replaced.
But the incidence of implantation or pregnancy, given the low fertilisation rate,
may also be a function of the type of sperm — as we also see in microinsemination.
Are there data to suggest a higher miscarriage rate or an earlier miscarriage
rate among these patients?

Asch: We have very few miscarriages in these patients. I do not know why.
Perhaps we take particularly good care of them. The take home lesson for me
is that if we take sperm from the same place, in patients with the same
condition, we can get four totally different populations of sperm, from sperm
that are severely asthenospermic all the way to sperm that are almost like
ejaculated sperm, those that fertilise 66% of the time.

Winston: Surely the problem could be solved by letting us know the implantation
rate per single embryo transferred. That should be a useful statistic for us to
have and we can then evaluate this. It is a statistic in general by which we
should be trying to evaluate IVF more and more, because that would certainly
answer that problem.

Dr Fishel reported on 307 patients. How many cycles? Of the 31 clinical
pregnancies, how many of those have progressed to something looking like a
pregnancy which will establish successfully.

Fishel: I did not have time to show all the data. The 307 is all cycles and it
also represents patients. Most of the microinsemination data that are being
produced at the moment are cycles and patients. However, the miscarriage
rate is definitely high.

Aitken: Professor Asch mentioned that they stimulated the sperm; he mentioned
pentoxyfilline and I think they also use 2-deoxyadenosine. Do they do that
globally or do they have some sort of selection criteria by which to apply these
stimulants?

Asch: We do it in all cases, but we do not do it in all sperm.
Aitken: Has Dr Fishel tried any stimulatory drugs with these sperm?

Fishel: Yes, I have. It is a little preliminary and I do not have too much to
show at the moment. Actually I am disappointed with pentoxyfilline. My
finding at the moment is that there is some increase in the incidence of
fertilisation with IVF, but once we start to move to microinsemination
techniques, they will either fertilise or they will not, and pentoxyfilline at the
moment, from the data that I have, does not seem to make that much
difference.

We are discussing the use of drugs for stimulating fertilisation. It is my
understanding that these drugs still have to be used in the UK on a named
patient basis, but that the HFEA may give clarification on their use.
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Whittall: The line that the authority takes on drugs such as pentoxyfilline and
their clinical use in IVF is that if a centre intending to use it can demonstrate
effectiveness, either through literature or through its own work, then the
authority would consider it. Generally it will take the line on the basis of an
individual centre applying for use, but there will come a point eventually with
a particular aspect of treatment that it will become generally accepted. I do
not think that we want to put down a set of rules, but just to recognise that
there is a process that each particular drug will go through in becoming
accepted.

Hull: My reading of the information available seems to show a rapid change
in the last few years in which fertilisation rates by standard IVF - this is in
controlled studies, sister oocytes— have been of the order of 20%-30% and
higher. Jacques Cohen has published fertilisation rates of 20% or 30% with
other methods of micromanipulation [1]. What is becoming apparent is that by
better methods of sperm preparation, we are now doing a lot better. Certainly
we have controlled studies, as yet unpublished, showing marked improvement
with Percoll.

Fishel: Only a few people are doing microdrop IVF, but to do this with Percoll-
type preparations increases the chances of IVF fertilisation. One of the big
problems with comparative data is that there are enormous differences in the
populations of males being assessed. Certainly the high incidence of fertilisation
in some of the controlled studies says a lot about the types of males that are
undergoing micro manipulation.

Braude: Dr Fishel was rather disparaging about direct intracytoplasmic
injection, yet four pregnancies in patients with two failed SUZI attempts have
been reported.

Fishel: I do not view it disparagingly. I think it is a valuable technique which
will come. But at this stage, apart from Palermo’s data there are no other
studies to suggest an advantage.

Braude: If one was summarising the state of the art in terms of micro-assisted
fertilisation, then surely the way we should be progressing is towards direct
intracytoplasmic injection, which eliminates all the other problems if it can be
made to succeed. I cannot see the disadvantage of direct injection over any of
the other methods, but I can see advantages.

Fishel: I do not think I am arguing against it at this stage but there will have
to be a far greater evaluation of that technique. I do not deny it may be of
use and eventually better than SUZI.

Templeton: Dr Fishel, I wanted clarification of Group 1, which included
patients with extremely low sperm motility. Was it always necessary that there
was at least some residual motility for fertilisation to take place, or were there
patients with no sperm motility where fertilisation occurred?
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Fishel: It would only be fair to assess patients that have zero motility as a
separate group, which I have done. Again I have been singularly unsuccessful
in achieving fertilisation with 100% immotile sperm.
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Chapter 9
Tubal Physiology and Function

H. J. Leese and C. J. Dickens

The emphasis in this review will be on the human Fallopian tube.

Research on the tube has tended to be overshadowed by that on the uterus.
As Fig. 9.1 shows, the number of papers published between 1980 and 1990 on
the uterus (basic and clinical aspects) far exceeded those on the rest of the
female tract combined; mainly the Fallopian tube, cervix and vagina.

As techniques for assisted conception have become more widespread,
publications in the category; “Egg, fertilisation and early embryonic develop-
ment” have increased dramatically (Fig. 9.1). However, IVF and related
procedures such as GIFT remain relatively unsuccessful, and this has led to
renewed interest in the tube, much of it very recent and not reflected in Fig.
9.1. A particularly lively area of research is that of “co-culture”, in which
preimplantation embryos are grown together with oviduct cells in vitro. This
is proving especially popular in domestic animals, such as the cow, sheep and
pig, where there are commercial advantages to be had from the improvement
of embryo culture techniques.

Tubal Anatomy

The Fallopian tube may be divided anatomically into an outer, myosalpinx,
responsible for tubal contraction and an inner, endosalpinx, responsible for
creating the environment in the lumen. Research on tubal physiology and
biochemistry has tended to reflect this anatomical distinction, with papers on
tubal contractility rarely considering the endosalpinx and those on tubal
secretions ignoring the myosalpinx. Such a rigid allocation of function in terms
of anatomy is unwise. Contractions of the myosalpinx may influence events in
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Fig. 9.1. Number of publications per annum listed in the “Bibliography of Reproduction™ under
the headings: A, egg, fertilisation and early embryonic development; B, uterus: basic and clinical;
C, reproductive tract (excluding uterus): basic and clinical.

the lumen by minimising the build-up of unstirred layers and there may be
subtle co-ordination of the response of the endo- and myosalpinx via the
sympathetic nervous system. For example, in the rabbit, B-adrenergic stimulation
increases ovarian arterial pressure, stimulates oviduct fluid secretion
(unpublished observations) and causes relaxation of the myosalpinx [1].
Analogous effects may be shown in the anatomically related small intestine [2].

A second way in which the tube may be subdivided anatomically is into
its regions: infundibulum, ampulla, ampullary-isthmic junction, isthmus and
uterotubal junction. The classification might be seen as arbitrary on anatomical
grounds, since its most obvious basis, the proportion of endosalpinx to
myosalpinx, does not change abruptly, but continuously along the length of
the tube. There is a parallel with the anatomy of the small intestine, in the
gradual manner by which the jejunum becomes the ileum. However, the
existence of different regions along the length of the tube may be justified on
physiological grounds, since it is generally thought that the isthmus acts as a
sperm reservoir, fertilisation occurs in the lower ampulla above the ampullary-
isthmic junction and that the resulting preimplantation embryos are retained
at this point, before moving rapidly through the isthmus into the uterus.
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Cell Biology of the Endosalpinx

The tubal lumen is lined by two main cell types: ciliated and non-ciliated, also
called secretory. Together, they comprise the tubal epithelium. As with the
proportion of myo- to endosalpinx, so the proportion of ciliated to non-ciliated
cells also changes continuously rather than abruptly along the length of the
tube, with the ciliated predominating in the infundibulum and non-ciliated in
the isthmus [3].

The turnover of the epithelium is very low, and there appears to be no
population of stem cells. Cell division is seldom observed, either as mitotic
indices in histological sections [4] or as the incorporation of bromodeoxyuracil
(unpublished observations). This has clinical implications since the tube
regenerates only slowly after being damaged.

In contrast to the low overall cell turnover, there are well-established,
hormonally controlled changes in the morphology of individual epithelial cells,
well-summarised by Jansen [5], and, for the primate oviduct, by Brenner and
Maslar [6]. Epithelial height and degree of ciliation reach a maximum during
the late follicular phase in women, with some atrophy and deciliation at the
end of the luteal phase [7]. About 10%-20% of the cells of the fimbriae and
ampulla then form new cilia during the early follicular phase.

The cell biology of the hormonal response of the primate oviduct is intriguing.
Using indirect immunocytochemistry to localise oestrogen and progestin
receptors in the macaque oviduct, Brenner et al. [8] have shown convincingly
that some of the steroid hormonal effects exhibited by the epithelial cells are
mediated via receptors in the underlying stroma. The data, summarised in Fig.
9.2, show that ciliated cells lack detectable oestrogen and progestin receptors
at all times of the cycle, whereas these are both present in the secretory cells
during the follicular phase but not the luteal phase. The data require the
existence of soluble factors to transmit hormonal signals from the stroma to
the epithelium. These paracrine effects are not unique to the oviduct, but are
also found in the primate endometrium, prostate and seminal vesicles.

Tubal Fluid

Tubal fluid has a number of origins, as outlined in Fig. 9.3 [9]. It is mainly
formed by the selective passage of molecules from the plasma, with specific
contributions from the epithelial cells. At ovulation, there may be important
additions from follicular fluid and the cumulus oophorus. Up to 90% of oviduct
fluid in rabbits, sheep and cows is thought to be lost into the peritoneal cavity
[10], following the path of least resistance. Bellve and McDonald [11] showed
in the sheep, that when embryos are traversing the uterotubal junction, much
of the flow, reduced at this stage (as in the rabbit, [10]), is into the uterus.
Such a phenomenon would tend to prevent ectopic pregnancies. Perhaps such
a reversal of oviduct fluid movement is less well developed in women, since
ectopics are rare in other species.



160 Infertility

Follicular Phase Luteal Phase
Ez
fe E.
P

Epithelium

— )

e ————

Basal Lamina

——=——— ]
Stroma

Fig. 9.2. Hormonal regulation in the oviduct. The figure summarises the relationships between
oestrogen receptor (ER), progestin receptor (PR) and the growth and differentiation of ciliated
and secretory cells in the oviduct. At all times during the cycle, ciliated cells lack detectable ER
and PR. Secretory cells develop both ER and PR under oestrogen but lose both receptors when
progestins dominate. Stromal cells develop ER and PR under oestrogen influence and lose ER,
but not PR during progestin action. (Reproduced with permission, from Brenner et al. {8].)
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Movement of Large Molecules into Oviduct Fluid

The rate of passage of plasma proteins into oviduct fluid in rabbits is inversely
proportional to their molecular weight [12]. The data shown in Fig. 9.4 have
great significance; they imply that all plasma proteins will be present, in varying
degrees in oviduct fluid. Thus, although serum albumin is a very large molecule,
it is the most abundant protein in the plasma and also in oviduct fluid. When
relatively small proteins such as insulin have been sought in oviduct fluid, they
have been found [13]. In other words, gametes and embryos are likely to be
exposed, at all times, to the proteins present in plasma. The same argument
applies to molecules such as steroid hormones, which, since the ovarian vein
and artery lie close to one another, may also pass from the ovary to the tube
via a countercurrent mechanism [14]. These considerations all argue for the
inclusion of patient’s serum in the media used for in vitro fertilisation.

Very few studies have addressed the question of the route by which plasma
proteins traverse the endosalpinx. The most likely possibility is by endocytosis
at the basal membrane of the epithelium, with the passage of membrane vesicles
across the cells and their release into the lumen by exocytosis. Evidence comes
from studies on the local mucosal immune system in the oviduct [15]. For
example, Parr and Parr [16] detected IgA and IgG in epithelial cell vesicles of
the mouse preampulla; Oliphant et al. [17] have reported the presence of
immunoglobulins in rabbit oviduct fluid at about one-tenth their concentration
in plasma, and Yang et al. [18] found IgM in rhesus monkey fluid. This is a
potentially important area of research. Does the secretion of epithelial cell-
derived proteins, such as those involved in the mucosal defence system of the
tube, follow the same pathway of exocytosis as that used by plasma proteins?

It seems that the oviduct of all species studied, secrete a small number of
glycoproteins [19]. In some species, such as the rabbit, the secretion is very
pronounced such that the proteins form a conspicuous mucus coat which
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Fig. 9.4. The passage of serum proteins into rabbit oviduct fluid. The amount (%) of serum
proteins present in oviduct fluid plotted against the molecular weight of these specific proteins;
amylase (Amy), albumin (Alb), immunoglobulin G (IgG) and catalase (Cat). (Reproduced, with
permission, from Oliphant et al. {12].)
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envelops the embryos. In most cases, however, the secretion is not so apparent.
The glycoproteins seem to be derived from the non-ciliated cells and are
produced by the oviducts of the mouse [20], hamster [21], rabbit [22-24], cow
[25-27], pig [28], sheep [29], non-human primate [30] and human [31].

At the time of writing, these are proteins looking for a function(s). They
have been shown to associate with the zona pellucida and/or perivitelline space
of the eggs and embryos in a number of species [32-38]. Do they act to
mediate embryo—maternal dialogue? Are they important at implantation? Two
cautionary notes are required. The first is to guard against these molecules
being seen as magic ingredients which will solve the problems of embryo
culture, and the failure of implantation. The phenomenon of implantation is
daunting in its complexity with at least 20 factors implicated [39]. The second
is that it has been known for many years that oocytes can take up macromolecules
such as albumin and horseradish peroxidase in a non-specific manner [40,41].

The Movement of Small Molecules into Tubal Fluid

For the purposes of this review, two types of small molecule will be considered:
ions and nutrients.

Ions in Tubal Fluid

Borland et al. [42] used the technique of electron probe microanalysis applied
to picolitre-sized samples to determine the ionic composition of human Fallopian
tubal fluid. The most significant result was that K* ions were present in 4-5-
fold higher concentration (21.2 mm) than in human serum (3.6-5.0 mm). It may
also be significant that the Cl~ concentration was slightly higher (132 mm) than
in serum (102-113 mm) and that of Ca** (1.13 mMm) was about half that in
serum (2.27-2.72 mm). The physiological significance of these observations is
unknown. The ionic composition of tubal fluid may obviously influence gamete
and embryo survival but could also be a consequence of the mechanism by
which tubal fluid is secreted.

This aspect of tubal physiology has been explored in our laboratory. :Using
a preparation for the combined vascular and luminal perfusion of the rabbit
oviduct [43], evidence was produced which strongly suggested that the tube
was lined by a chlorine ion-secreting epithelium [44] and that the rate of
secretion could be controlled by second messenger molecules such as cyclic
AMP. We have followed up these observations using a pure preparation of
rabbit oviduct epithelial cells grown on collagen-impregnated filters in primary
culture [45]. The advantage of this technique is that the cells re-form tight
junctions with one another and establish a polarised cell monolayer with their
basal surface attached to the collagen substrate and their apical surface with
microvilli and cilia projecting into the culture medium. This enables the
transepithelial flux of ions to be measured readily. The results with this
preparation with respect to chloride ions are summarised in Fig. 9.5 which
shows a net secretion of Cl~ from the basal to apical side of the cells, which
is inhibited by cyclic AMP.
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normally in the secretory direction; 1 mM-dibutyl cyclic AMP (cAMP) abolishes net CI~ flux and
oviduct fluid formation.

Nutrients in Tubal Fluid

The nutrients of greatest interest in tubal fluid are those which are utilised by
gametes and preimplantation embryos: pyruvate, lactate, glucose and amino
acids, in particular, glutamine. They are ultimately derived from the plasma
[43] and may be metabolised as they cross the oviduct; indeed glucose is a
major fuel for the human and rabbit endosalpinx [46,47]. Nutrients may also
be supplied to unfertilised and fertilised oocytes by cumulus cells [48].

The nutrient composition of tubal fluid is known for a variety of species, the
most reliable data being for those animals which secrete copious amounts, such
as the rabbit [49]. In the human, tubal fluid is present in very small quantities.
Samples of the order of 1 ul were obtained with the minimum of disturbance,
and when analysed, gave values for pyruvate, lactate and glucose concentrations
of 0.24, 2.16, and 1.0 mm respectively (Leese and Winston, unpublished
observations). These values were almost identical to concentrations reported
for human hydrosalpinx fluid [50]. The glutamine concentration in hydrosalpinx
fluid is 0.30 mm. Such information is useful in devising human embryo culture
media; spare human embryos developed successfully in a medium whose
nutrient composition was similar to that of tubal fluid [51].

Functional Aspects

These fall into three categories:

1. Sperm transport, egg/cumulus and preimplantation embryo transport
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2. Sperm, egg and preimplantation embryo nutrition
3. Defence against infection

Gamete and Preimplantation Embryo Transport

The detailed mechanisms for moving sperm in one direction along the Fallopian
tube and eggs and embryos in the opposite direction are poorly understood.
The most noteworthy of recent studies are those which have sought to examine
the complex manner by which sperm reach the ampullary-isthmic junction, the
site of fertilisation, and the manner by which ovulation and sperm transport
are synchronised [52,53]. Research on the pig, cow and rabbit has established
that sperm are sequestered in a number of “reservoirs” along the female
reproductive tract, the one closest to the site of fertilisation being the tubal
isthmus. Sperm in this location undergo cycles of attachment and detachment
from the epithelial cells lining the isthmic lumen; the ciliated cells seem more
important that the non-ciliated in this respect [54-56]. Such sperm exhibit
further characteristics; hyperactivated motility, the completion of capacitation
and onset of the acrosome reaction. As regards the human, very little is known
of sperm physiology in the upper reaches of the female reproductive tract and
the extrapolation of these observations on animals has, at present, to be
tentative, although there is evidence for a sperm reservoir in the isthmus in
the non-human primate [52]. Comparable studies on possible interactions
between embryos and the tubal epithelium have not been carried out.

Knowledge on the location of preimplantation embryos in the human female
genital tract has been summarised by Ortiz and Croxatto [57]. The number of
eggs and early embryos that have been recovered from women is limited but
it seems that development occurs up to the 8-cell stage in the Fallopian tube
with morulae and blastocysts being recovered from the uterus. Tubal embryos
were recovered from the ampulla or ampullary-isthmic junction, implying that
transit through the isthmus is rapid.

Sperm, Egg and Preimplantation Embryo Nutrition

This topic has been referred to earlier. In summary, sperm can use a wide
variety of substrates; in most mammals, unfertilised and fertilised oocytes have
a requirement for pyruvate; The later preimplantation stages can utilise glucose;
glutamine may also be an important substrate; lactate is a prominent end-
product. It is important to note that all this information is derived from the
study of gametes and embryos in vitro; it remains an act of faith that these
nutrients are consumed in vivo [58]. One topic yet to be pursued is how changes
in the concentrations of tubal fluid constitutents, in response to the presence
of gametes and embryos, are brought about, together with their physiological
significance.

Defence Against Infection

The oviduct mucosal immune system, mentioned in the context of macromolecu-
lar secretion, is likely to be crucial to the maintenance of an appropriate tubal
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environment, but remains little studied. Kutteh et al. [59] reported the presence
of IgA-containing plasma cells in the stroma and secretory component-producing
cells in the epithelium, providing a first line of local defence against tubal
infection. This is, however, one of few papers to have explored the operation
or control of the tubal mucosal immune response.

Co-culture

Preimplantation embryo development is retarded in vitro; typically being
delayed by one or two cell cycles over a 5-day period. One way of overcoming
this retarded development is to culture embryos in the presence of oviduct cells
maintained either as monolayers or in suspension. In some cases, medium
“conditioned” by exposure to oviduct cells has been used. The number of
reports of such “co-culture” has increased dramatically over the past two years
[60,61], largely because the practice is widely used commercially to grow the
embryos of farm animals. At the present time, research in this area is
characterised by a bewildering number of claims and counter-claims of the
success of co-culture. The consensus is that the procedure does confer some
advantage to embryo development, but not to the extent that in vivo rates are
restored. Most studies report only limited information on embryo phenotype
such as the proportion which reach the blastocyst stage and their cell number
and the basis of the contribution made by the supporting oviduct cells is
unknown. This research area is likely to be very active over the next few years,
and lead directly, or indirectly to answers to the types of questions which
follow.

Basic Research Questions

1. By what mechanisms are large and small molecules and water transported
into tubal fluid?

2. Are there different mechanisms in the ampulla and the isthmus? What are
the roles of the ciliated and non-ciliated cells in tubal fluid formation?

How is tubal fluid formation controlled?

How is the control mechanism(s) modified in different hormonal states?
What is the function(s) of the oviduct-derived glycoproteins?

What physical interactions occur between the ciliated and non-ciliated cells
and the sperm, cumulus mass and. preimplantation embryos?

7. What is the basis of the advantage(s) to preimplantation embryo development
conferred by co-culture?
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Chapter 10
Falloposcopy

J. F. Kerin

Introduction

Falloposcopy is defined as microendoscopy of the fallopian tube lumen from
the uterotubal ostium to the fimbria using a non-incisional transvaginal approach
[1-3]. To date the only section of the human female genital tract that has not
been explored adequately by endoscopy resides within the fallopian tube and
extends from the uterotubal ostium to the ampullary-isthmic junction. The
inability to visualise this narrowest medial third of the tubal lumen has been a
major drawback because it is vulnerable to the sequelae of ascending genital
tract infections and surgical interventions. Falloposcopy may aid in the
diagnosis of subclinical epithelial and vascular damage, stricture formation and
intraluminal non-obstructive adhesions, and the detection of endotubal debris,
which may play a significant role in infertility, or predispose women to tubal
pregnancyy. Previous attempts to explore the tubal lumen endoscopically using
the transvaginal approach have been unsatisfactory because of the difficulty in
negotiating the narrow medial tubal lumen and the limited resolution and
illumination characteristics of the endoscopes used [4]. Modifications and
refinements to current angioscopic instruments, and techniques that are
currently used for intraoperative and percutaneous angioscopy of the vascular
tree [5,6] have been incorporated into the falloposcope.

Brief History of Transvaginal Fallopian Tube

Cannulation

A description and an illustration of the passage of a wire probe through the
intramural segment of the human fallopian tube using a transvaginal approach
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were first published by Gardner in 1856 [7]. In 1954, Lisa studied the gross
anatomy of the intramural tube from 300 hysterectomy specimens and noted
that it was 2 cm in average length and varied from 0.2 to 0.4 mm in a diameter
[8]. In 1963 Sweeney studied the course the intramural tube took through each
lateral uterine horn to the uterotubal junction (UTJ) in 100 post-hysterectomy
uterine specimens [9]. He noted that the intramural tubal length ranged from
1 to 3.5 cm and that the course of the tube through the uterine wall was
variable in both calibre and direction. In 69% of cases the intramural tube was
tortuous, in 23% straight, and in 8% curved. He concluded that it was not
possible to pass probes from the uterine cavity along the tubal lumen and that
such attempts may cause damage to its integrity and therefore be of little value.
This sentiment was conveyed in a critical and challenging editorial by De
Cherney as late at 1987 where he cautioned over-enthusiastic investigators
about the complex, narrow and tortuous nature of the intramural tube and
stated that too much harm may be done by persevering with retrograde
cannulation procedures [10]. With this background in mind the functional in
vivo anatomy of the intramural and isthmic tubal lumen, and how it differs
from the above ex vivo studies, will be described.

The Importance of Understanding the Living Tubal
Lumen

Unlike a blood vessel, the tubal lumen is collapsed and therefore considered
as a potential space. Its primary longitudinal and secondary epithelial folds
provide great surface area to its collapsed lumen, which contains mucus-like
secretions throughout most of the menstrual cycle. The tubes are paired organs
which vary from 7 to 14 cm in length and are enclosed in the mesosalpingeal
borders of the broad ligament. The tubes’ smooth muscle wall becomes thinner
both in relation to its distance from the uterine horn and as its luminal diameter
increases. Furthermore, the tubes may take a gentle C-shaped curve to a more
tortuous path as they proceed from the uterine horn, anterolateral and then
posterior to the ovary. These variations in tubal configuration may be further
distorted by uterine fibroids, peritubal adhesions, infection, ectopic pregnancy,
intratubal disease, and space-occupying tumours in the broad ligament, ovary
and adjacent pelvic structures. An appreciation of the dimensions, curvatures,
muscular contractions and variable epithelial appearances within different parts
of the tubal lumen is essential for performing intelligent and successful
cannulation procedures. One of the most important things that has been learnt
from in vivo tubal cannulation experience [2] is that the dimensions and path
of the intramural lumen bear little resemblance to observations made on ex
vivo uterotubal specimens by Lisa [8], Hernstein [11] and Sweeney [9]. It was
pointed out by Corfman [12] that observations made from in vivo studies such
as those of Rubin [13], Rubin and Bendeick [14] and Kerin et al. [2], indicate
that the tube tends to take a straight or gently curved course in its intramural
segment. It is, therefore, likely that the tortuous course of the intramural tube
in non-living ex vivo uterine specimens is due to artifactual changes secondary
to myometrial contraction, resulting in distortion. In addition, the intramural
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lumen diameter of 0.2-0.4 mm described by Lisa [8] in ex vivo specimens is
probably also due to collapse and contraction of the tubal wall. It has been
observed during falloposcopy that the intramural tube is 0.8-1.2 mm in diameter
and can accommodate a cannula of 1-1.2 mm in diameter without epithelial
damage [2]. The healthy elastic tubal wall can probably tolerate minor extra
distension provided the cannula is flexible and smooth walled and is advanced
using a coaxial [2] or a linear eversion catheter (LEC) system [15]. As a
prerequisite for minimising technical difficulties associated with falloposcopy
procedures it is most important to understand the living cyclical anatomy and
behaviour of each tubal segment undergoing cannulation. Like the ovary and
endometrium, the tube is a dynamic organ which undergoes important cyclical
secretory, epithelial, vascular and motility changes as it provides a functional
environment for critical stages of sperm, oocyte and embryo development.

Delivery Systems Used for Falloposcope Tubal
Placement

The first successful delivery system developed for placing the falloposcope
successfully and safely in the fallopian tube was a coaxial delivery system [1-3].
The other system that has been developed specifically for falloposcopy using a
non-hysteroscopic technique involves the use of a miniaturised linear eversion
catheter (LEC) delivery system. Each system will be described in detail and
the advantages of each system will be outlined. However, it must be emphasised
that the technique of falloposcopy is in its formative stages and these techniques
are constantly being refined and upgraded. Therefore the conclusions drawn
at this stage should be regarded as preliminary.

Development and Description of a Falloposcope

Based on evaluations made with small flexible fibreoptic endoscopes, which
were used to cannulate fallopian tubes from women who were undergoing
hysterectomy and salpingectomy, the initial prototype falloposcopes were made
by Olympus (Olympus PF-5X; Olympus Corp., Lake Success, NY), Intramed
(Intramed Laboratories, San Diego, CA), Medical Dynamics (Medical Dynam-
ics, Inc., Englewood, CO), Advanced Interventional Systems (AIS, Costa
Mesa, CA) and Imagyn (Imagyn Medical Inc., San Clemente, LLA). As a result,
falloposcopes measuring 1.0-1.5 m in length and 0.5 mm in outside diameter
(OD), containing an atraumatic leading end, and sufficiently flexible to minimise
the risk of perforation or damage to the endosalpinx and myosalpinx, were
designed and evaluated.

Falloposcopes with adequate optical qualities for defining endotubal surface
anatomy contained 1800-2200 imaging fibres with a centre to centre cross-
sectional fibre distance of 4 pm, a distal lens of 0.3 mm diameter, a depth of
field from 2 mm to infinity, two-point discrimination down to 10 pm, 8-50x
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magnification, an angle of end-on field of view in air of 72° and in water of
54°, and 8-12 illuminating fibre bundles each of 100-130 wm in diameter. A
300W xenon light-source provided illumination through a flexible cable attached
to the falloposcope at its proximal end. A 35-70 mm video coupler relayed
images from the falloposcope to a light-sensitive colour microchip video camera.
During the procedure, the real-time images were displayed on a high-resolution
colour monitor and were recorded permanently on tape using a high-quality
video cassette recorder. Still photographs were obtained from the recorded
video-tape using a computer graphics freeze-frame technique and a colour
video printer for production of hard copy prints.

Development of a Flexible, Miniature Hysteroscope

Small flexible hysteroscopes were also evaluated as suitable for effectively and
atraumatically guiding the falloposcope into the ostium of the fallopian tube
under direct vision (Olympus Corp., Lake Success, NY; Intramed Laboratories,
San Diego, CA). The 25-30 cm working fibre of these hysteroscopes was
semirigid and the distal 5 cm flexible and steerable about a tight radius of
1.5 cm with a range of movement from neutral (straight) to 90°. The focus and
steering were operated from the proximal end, next to the eyepiece. The
working channels of these hysteroscopes ranged from 1.6 mm to 2.2 mm in
diameter, and were adequate to accommodate the cannulation and falloposcope
instrumentation. The small outer diameter (OD) (3.3-4.5 mm) of these
hysteroscopes and their distal flexibility permit them to be introduced through
the cervical canal without prior dilatation. The firm seal created between the
hysteroscope and endocervical canal was important for producing adequate
distention of the uterine cavity and tubal ostium for good visualisation to
facilitate easy passage of the falloposcope, associated guide wires and cannulas
into the tube under direct vision, and for an economy of the use of the fluid
distention medium, because of minimal leak back into the vagina.

After refinement of the hysteroscope and falloposcope prototypes, approval
was obtained from the Institutional Review Board of Cedars-Sinai Medical
Centre, Los Angeles, California, in March 1987, for use of the falloposcope in
the human female under general anaesthesia. The female subjects who were
undergoing elective hysteroscopy or combination hysteroscopy-laparoscopy
procedures were fully informed about the nature and risks of this experimental
procedure and voluntarily signed an appropriately designed consent form,
before the procedure.

The Coaxial, Hysteroscopy-Assisted Delivery System for
Falloposcopy

A hysteroscope was gently introduced through the cervical canal and into the
uterine cavity after uterine sounding but without cervical dilatation. The uterine
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cavity was then irrigated with lactated Ringer’s solution at a rate of 10-40 ml
min~!, using a gravity-fed system. Under video monitoring, the distal tip of
the hysteroscope was directed to within 3 mm of one of the tubal ostia so that
a direct long-axis view of the intramural tubal lumen was obtained. The coaxial
technique involved the passage of small “floppy”, steerable, Teflon-coated or
stainless-steel platinum-tip tapered guide wires (Target Therapeutics, Fremont,
CA; Cook OB/GYN, Spencer, IN; Glidewire, Medi-Tech Incorporated,
Watertown, MA) into the fallopian tube under video hysteroscopic monitor-
ing. These flexible guide wires ranged from 0.3 mm to 0.8 mm OD and were
able to negotiate the natural curvatures of the tubal lumen atraumatically.
When the wire had been passed to a point of resistance, or 15 cm beyond
the uterotubal ostium, flexible Teflon cannulas of 1.2-1.3 mm OD with
polished leading ends (Target Therapeutics; Cook OB/GYN) were introduced
over the guidewire and through the tubal ostium under direct hysteroscopic
vision to a point of resistance or for approximately 15 cm to the region of
the fimbrial segment of the fallopian tube and into the immediate peritoneal
cavity.

The guidewire was then withdrawn while the Teflon cannula remained in
place and the falloposcope introduced into the Teflon cannula. The Teflon
cannula provided protection to the entire length of the falloposcope and also
served as a conduit to carry fluid irrigation to the distal end of the falloposcope,
to minimally distend the tube and permit a lens-fluid-epithelial interface for
image facilitation. The direct apposition of the endothelium onto the lens
otherwise resulted in a “white-out reflection”. Second, by lifting the endothelium
off the lens, the falloposcope could be advanced under direct vision, thus
preventing epithelial damage. Furthermore, if the falloposcope met with an
obstruction or tubal distortion, this limited hydrotubation facilitated negotiation
of the falloposcope along a narrow intramural, isthmic or ampullary segment,
through strictures or intraluminal adhesions, under video monitoring. It became
very obvious when the leading end of the falloposcope passed beyond the
fimbria, because the light carried by the falloposcope was insufficient to light
adequately the larger peritoneal cavity. However, when the falloposcope lens
came to within millimetres of bowel, mesentery or ovary, transient views of
these moving organs were obtained [2]. When this procedure was carried out
with laparoscopic peritoneal illumination, more light was present for a tunnel
view of intraperitoneal structures through the falloposcope.

In all cases a better inspection of the tubal epithelium was obtained by
retrograde withdrawal of the falloposcope from the fimbria toward the uterine
ostium with continuous insufflation by irrigation. This was due to elimination
of an “antegrade white-out reflection” associated with advancing the fallopo-
scope lens against a curvature of the tubal lumen before it straightened out
again, when moving toward the fimbria. Dual video monitoring was used
simultaneously for both continuous hysteroscopic and falloposcopic recordings.
A fluid-tight irrigation system was achieved by using a Tuohy-Borst type Y
adaptor (Cook OB/GYN; Rotating Hemostatic Valve; Advanced Cardiovascular
Systems; Temecula, CA) connection for introducing the falloposcope and fluid
via the proximal end of the hysteroscope operating channel (Figure 10.1). The
normal falloposcopic appearance and dimensions of the intramural, isthmic,
ampullary and fimbrial tube as viewed falloposcopically have been described
in detail [2].
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Fig. 10.1. A falloposcope (“Baby scope”, bottom) with a fibre OD of 0.5 mm (Olympus Corp.
PF-5X) inserted through a Y-connector assembly connected to a Teflon cannula which in turn
passes through a second Y-Connector attached to a 1.7 mm operating channel of a steerable
miniature hysteroscope (“mother scope”, top) with an optical fibre OD of 4.5 mm (Olympus
Corp). Irrigation for the tubal lumen and uterine cavity is run through the other arms of the
respective Y-connectors.

The Linear Eversion Catheter Delivery System for
Falloposcopy

Until recently the coaxial technique has been the primary method of introducing
the falloposcope and endotuboplasty devices into the tube. A promising
refinement in catheter technology has been the development of a miniaturised
linear eversion catheter (LEC) system for the introduction of the falloposcope
into the tube with or without the need of a hysteroscope (Imagyn Medical).
Unlike most coaxial catheter systems where guide wires and catheters need to
be pushed along the tubal lumen, the linear eversion catheter system advances
the falloposcope using the gentle action of a linear everting catheter principle.
Currently this LEC system has been approved by the Food and Drug
Administration (FDA) for a multicentre clinical trial in selected medical centres
throughout North America. A diagrammatic description of the LEC System is
illustrated in Fig. 10.2. The inner lumen of the balloon is constructed of a
material that is flexible enough to conform to the fallopian tube path and
diameter variations but retains sufficient radial integrity to maintain an open
internal lumen under balloon pressure. This open lumen facilitates irrigation
and the free, independent movement of the falloposcope or an embryo/gamete
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Fig. 10.2. adisplays the relationship of a precurved transuterine guiding catheter and falloposcope
for end-on viewing of the tubal ostium. b displays a close-up diagrammatic view of the construction
of the LEC delivery system showing the relationship between the outer transuterine catheter tip,
balloon, scope and irrigation channel. ¢ shows the LEC delivery system carrying the falloposcope
advanced through the intramural and isthmic segments of tubal lumen. d displays the LEC delivery
system everted into the ampulla with the falloposcope flush with the balloon’s end for optimal
viewing. (With kind permission from Imagyn Medical, Inc.)

cannula along the length of the everted balloon. Once the tubal ostium is
visualised and coaxial alignment is achieved the LEC is advanced into the tube.
The actual LEC consists of a long miniature tubular balloon with an outside
diameter of 1.2 mm, which is inverted in on itself. As hydraulic pressure is
driven into the proximal end of the balloon its inner lumen is forced to roll
outside itself to become its outer lumen, thereby advancing itself in a forward
manner along the tubal lumen. Furthermore, any cannula system located within
the inverted balloon lumen, such as a falloposcope, irrigation system or gamete
transfer catheter, will be carried forward.

The advantages of the LEC system are fourfold. First, the LEC and its
balloon automatically keep the falloposcope coaxially aligned along the tubal
lumen. Second, its unrolling action effectively eliminates any shear forces
between the balloon element and the inner walls of the tube. Third, the forward
progression of this LEC balloon system concentrates its energy at its tip,
making it a self-guiding delivery system that follows the tubal lumen and
conforms to variations in tubal diameter. Fourth, the LEC system can be
delivered via the transvaginal route to the uterotubal ostium using either a
hysteroscopic or non-hysteroscopic approach [15]. The use of the LEC systems
without the need for hysteroscopy enables falloposcopy or tubal cannulation
procedures to be performed in the non-anaesthetised woman with little or no
sedation. These properties may make the LEC system an attractive method
for placing gametes or embryos at a known position in the oviduct lumen under
visual monitoring, using the transvaginal approach. As the balloon catheter
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continues to roll out, it advances the falloposcope automatically, but at the
same time the falloposcope can be moved independently for fine adjustments
to keep it aligned with the leading end of the balloon catheter for optimal
visualisation and prevention of epithelial trauma, particularly during antegrade
manoeuvres.

Falloposcopic Classification, Scoring, and Localisation
of Tubal Lumen Disease

A falloposcopic classification and scoring system for determining the localisation,
nature and extent of tubal lumen disease was developed so that objective
evaluation of the endoscopic findings could be recorded and graded [16]. A
scoring system for a series of parameters including degree of patency, abnormal
epithelial changes, abnormal vascular patterns, degree of adhesion formation,
amount of dilatation, and abnormal intraluminal contents was developed.
Scores of 1 (normal), 2 (mild to moderate disease), and 3 (severe disease) were
ascribed to each of the four segments of the left and right tubes. A total
minimum score of 20 for each tube reflected normality, a score between 20
and 30, mild to moderate endotubal disease, and a score of 30, severe endotubal
disease (Fig. 10.3).

Such a scoring system could then be prospectively evaluated against the
diagnostic value of falloposcopy in relation to tuboplasty treatment and
pregnancy outcome. The classification and scoring table is divided into three
sections. The top section covers the history, and the middle section contains
the scoring chart. The third section contains a diagram of the tubes, uterus
and ovaries, treatment summary, pregnancy prognosis, and a recommendation
for future treatment. If the tube was considered to be falloposcopically normal
throughout its intramural, isthmic, ampullary and fimbrial segments (normal
score = 20 points), no further procedures were performed. Falloposcopic
characterisation of each segment of the fallopian tube has been described and
its position confirmed laparoscopically by transillumination from the leading
end of the falloposcope through the wall as it progresses along the tubal lumen
[2]. If the tubes contained intraluminal debris or filmy adhesions, simple tubal
cannulation and “aquadissection” were performed [1,3,17]. If the tube contained
polypoid structures, thicker criss-cross adhesions, or short segmental strictures,
the passage of flexible dilatation wires with OD up to 0.8 mm (Cook OB/GYN,
Spencer, IN; and Target Therapeutics, Fremont, CA) were used in an attempt
to dilate stenoses or break down adhesions [1,3]. When there was evidence of
thick intraluminal adhesions, rigid structures or obstructions small “Stealth”
balloon catheters (Target Therapeutics, Fremont, CA) with OD of 1.0 mm in
the deflated and up to 2.5 mm in the inflated state were used [1,3] (Fig. 10.4).

Operative falloposcopy procedures were performed under laparoscopic
monitoring to observe if the tuboplasty technique was associated with excessive
tubal distortion, partial or complete perforation, or bleeding. These tuboplasty
techniques have been described in detail [1]. Before any falloposcopic-directed
tuboplasty procedure, the nature, site and extent of the lesion was classified
and scored. The lesion was falloposcopically reassessed immediately after the
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EALLOPOSCOPIC CLASSIFICATION, SCORING AND LOCALIZATION OF TUBAL LUMEN DISEASE
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Fig. 10.3. Falloposcopic classification, scoring and localisation of tubal lumen disease.

tuboplasty procedure was completed to observe if there was improvement to
the lesion of if evidence of tubal damage had been induced. Improvement was
considered to be significant if a stenosis, adhesion, or obstruction had been
visibly enlarged or broken down with a concurrent improved flow of fluid
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Fig. 10.4. 1, Flexible guidewire (Target Therapeutics. Fremont, CA) entering the ostium. 2,
Same platinum-tipped guidewire exiting the fimbria. 3, Falloposcope (Olympus Corp.) enclosed
in its Teflon cannula (Target Therapeutics) entering the ostium. The openings of individual
proliferative endometrial glands can be seen. 4, Close-up laparoscopic view of the same transparent
Teflon cannula enclosing the falloposcope, exiting the fimbria. 5, The proximal white end of a
tubal plug occupying the isthmic lumen as contrasted against the Indigo Carmine solution instilled
by a tubal cannula. 6, Mobilisation of the same plug as seen in 5, presenting to the fimbria,
followed by the appearance of Indigo Carmine fluid, indicating the achievement of patency. 7,
Stringy, non-obstructive weblike or fenestrated adhesions in a pale devascularised fibrotic and
atrophic epithelium. 8, Stenosis in isthmic segment down to 0.2 mm diameter. Note the proximal
distension of the lumen due to irrigation during the falloposcopy procedure.

through the tube and associated fimbrial spill. The patients were prophylactically
given an intravenous antibiotic at the commencement of the falloposcopy
procedure. They were reviewed within the first week of surgery and then at 3-
month intervals for a minimum of 12 months. Patients with subsequent tubal
patency were followed prospectively for 1 year to see if pregnancy occurred
spontaneously.

Clinical Results Following Falloposcopy Procedures
Using the Coaxial Delivery System

To date 75 women with a provisional diagnosis of endotubal disease have had
a total of 121 tubes available for falloposcopy. Falloposcopy was performed
successfully within 112 tubes. Technical failures, defined as an inability to
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advance the falloposcope within the tubal lumen in the absence of a detectable
intraluminal obstruction, occurred in 9 cases (7%). Technical failures were
because of the inability of the currently available coaxial cannulation systems
to negotiate successfully the more tortuous tubal lumens that are encountered
in any population of women [2]. Therefore, the falloposcopic evaluations and
pregnancy rates (PRs) were confined to the 66 women who underwent
the procedure successfully. There were no intraoperative or postoperative
complications related to the falloposcopy procedure. However, when flexible
wire cannulation or direct balloon tuboplasty procedures were attempted on
27 occasions in which severe endotubal disease was diagnosed, five instances
of partial and one instance of complete tubal perforation were observed
laparoscopically to occur just proximal to the obstructive lesion. These
perforations were small and the same size as the dilator or balloon (<1 mm in
diameter) and were not associated with external tubal bleeding as viewed
laparoscopically, but were associated with minor, endotubal bleeding when
viewed falloposcopically; this bleeding spontaneously resolved in less than 1
min on two of the five occasions in which it was noted. If the tube had
undergone advanced fibrosis, the normal vascular epithelium was absent and
bleeding was not likely to occur with perforation. Therefore a total absence of
bleeding was considered to be a poor prognostic sign. In all instances, the
nature of the intratubal disease was of a major degree, and the perforation
was not considered sufficient to further compromise the patients’ tubal status.
There was no evidence of pyrexia, inflammation, or infection associated with
either diagnostic or operative falloposcopy.

Of the 112 tubes examined falloposcopically 60 (54%) had evidence of
disease, and the total number of lesions detected was 119. Therefore, each
diseased tube had an average of two endotubal lesions present. The incidence
of falloposcopically disease-free tubal lumens was 46%, despite suggestive
evidence from prior hysterosalpingograms and hydrochromotubation procedures
carried out under laparoscopic monitoring that tubal patency or spill could not
be demonstrated. Of the 28 women who had falloposcopically normal tubes
(falloposcopy score = 20), 6/28 (21%) conceived within a year of the procedure.
However, the clinical pregnancy rate in women with mild to moderate disease
(falloposcopy score 21-30) was poor during a one-year follow-up period where
only 2/22 (9%) conceived. None of the 16 women with severe endotubal disease
(falloposcopy score greater than 30) conceived during the one-year follow-up
period [16].

Preliminary Evaluation of Falloposcopy Using the Non-
Hysteroscopic Linear Eversion Catheter Delivery
System

The LEC delivery system (Imagyn Medical) has been specifically designed to
deliver a 0.5 mm OD falloposcope successfully and safely into the human
fallopian tube lumen using the transvaginal approach and without the need for
hysteroscopic guidance.
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It is important to realise that the balloon or membrane employed in the
linear everting catheter system is quite distinct from the conventional “balloon
catheters” used for tuboplasty procedures. The linear everting catheter balloon
unrolls or everts to achieve linear progression, whereas conventional balloons
expand radially, without advancing in a forward direction.

Prospective FDA-approved clinical studies to assess the clinical efficacy and
safety of the LEC system are currently in progress in North America and
collaborating medical centres in the United Kingdom, Europe and Australia.
Preliminary studies have indicated that the non-hysteroscopic LEC delivery
system can access the tubal lumen with an acceptable degree of reliability.
Furthermore, clinically useful diagnostic information could be obtained from
the falloposcopic images to influence the course of infertility treatment [15].
In a series of observations made within five separate institutions following 45
falloposcopy procedures in women with suspected endotubal disease, using the
LEC system, successful imaging within the tubal lumen occurred in 39 instances
(87%). Identifiable lesions within the tube were found in 26/39 cases (62%)
and were significant enough to alter the patient’s counselled management in
18/26 instances (67%). In these procedures, falloposcopy findings assisted in
selecting candidates for IVF versus endotuboplasty or conventional microsurg-
ery. Furthermore, falloposcopy can provide an assessment of healthy tubal
mucosa and tubal potency immediately prior to transvaginal intratubal transfer
procedures. Thus falloposcopy with the LEC system provides an effective
diagnostic tool which can significantly influence patient management [18].

Conclusion

A stepwise developmental outline of falloposcopic exploration of the human
fallopian tube lumen has been described. The falloposcope’s construction and
necessary properties and the technique for safe and successful microendoscopy
of the tube have been outlined. The two currently used falloposcope delivery
systems and the differences between the coaxial and LEC system have been
described. An attempt has been made to define normal and abnormal lesions
as viewed falloposcopically and a classification and scoring system has been
constructed in order to quantify the degree of severity of endotubal lesions.
Preliminary results indicate that meaningful clinical information can be obtained
from falloposcopy procedures which may influence the patient’s management.
The initial studies indicate that falloposcopy may add a useful diagnostic and
therapeutic dimension to the clinician’s armamentarium for treating tubal
infertility and for providing a means of retrograde transfer of gametes and
embryos into the fallopian tube.

Acknowledgements. Special thanks to Mrs Anna Manuel for typing the manuscript and to Barrie
Schwortz for his expert production of the endoscopic photographs.
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Discussion

Aitken: There is some evidence now, from our own work and others, that
oxidative stress does play a role in arrested embryonic development. Has
anybody looked to see whether radical scavenging enzymes like superoxide
dismutase or glutathione peroxidase are secreted into the tubal lumen?

Leese: There is a paper showing superoxide dismutase (SOD) present
throughout the epithelial cells. As for the secreted enzyme, 1 do not know.
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Aitken: Would it be worth assessing the antioxidant activity of tubal fluid?

Leese: That has not been done as far as I know. And there would be the
problem of collecting sufficient tubal fluid. I guess one would have to use a
domestic animal to do it. Certainly SOD is present in the epithelial cells, and
could be secreted I guess. But we do not know. The compound pyruvate will
scavenge free radicals to some extent, and that is present in quite high
concentrations at fertilisation. It could be an added function of pyruvate but
we have no real evidence for that.

It is perhaps worth adding, the PO, in the tube is about 40 mmHg, which
is equivalent to about 5% oxygen. So those clinics, which grow human embryos
in 5% oxygen, that is probably physiological. Indeed people will claim that
they get much better embryo development rates at that PO, whereas other
people will claim different.

Templeton: Jansen when he was working in San Antonio suggested that the
isthmus might secrete mucus which acted as a sperm reservoir in the human,
possibly similar to other species. Is there evidence of mucus secretion at all
times of the cycle?

Leese: It is quite copious, and clears at the time that the embryos need to go
down to the uterus. That is an old finding and I guess I should like to see
more recent data, but it looks very sound, as though there is copious mucus
prior to fertilisation which then disappears as the embryos have to progress.
In embryos such as the rabbit it is very conspicuous; the embryo has a very
pronounced mucus coat. It could be argued that all embryos need a mucus
coat to some extent.

Kerin: It is a fascinating area. I have seen mucus within the fallopian tube.
We have taken about 10 women now around the time of ovulation and very
gently put the falloposcope in the tube with very low irrigation rates. Our
biggest frustration is that we probably flush out so much information. But we
have seen white mucus and I have got it on videotape.

The other fascinating thing is that purely by chance when we were passing
the falloposcope under laparoscopic control with fluid through the isthmus we
could see very fine mucus strands, very springy, similar to pericervical mucus.
It is interesting how we can extend it out beyond the fimbria with the
falloposcope, and when we touch this mucus on to the pre-ovular follicle it
sticks to it very firmly and we can then draw it back into the tube again.

Winston: Occasionally it can be encountered under the operating microscope.

Watson: How long do 'fallopian tube epithelial cells in culture remain
differentiated as apparently good tubal cells? '

Leese: We have not got beyond 17 days. This is primary culture and we have
shown steady glucose consumption and lactate production over days 7 to 17;
they become confluent in 2, 3 or 4 days. Other people have passaged human
tubal epithelial cells but not grown on plastic. Bongso has passaged them many
times, as he has recently described [1]. They then begin to dedifferentiate and
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the cilia are lost; that is the message there. These seem to be the ones that
are difficult to maintain with the phenotype. But we have not passaged ours.
They are primary culture and 17 days is our limit so far. But the obvious aim
would be to passage them, freeze them, know that they are AIDS free, HIV
free, and that would be the substrate on which to put human eggs and embryos.

Gosden: Going back to the question of mucins both in the oviduct and in the
cumulus mass round the oocyte, one of the interesting properties of these
materials is that they are very highly charged and by binding cation, they may
profoundly alter the microenvironment. The sampling that we take from the
tubes, may be very different from that in the cells’ microenvironment. There
could be dangers of modelling culture media precisely on the fluid rather than
on the environment within the glycosaminoglycans.

Leese: I could not agree more. We are down to about a microlitre in the
human. The expression that has recently been used about the human tubal
lumen was “a potential space”. Often it is no space at all and so potential
space is a very apposite description. We are not down to the picolitre or
nanolitre samples we would need to take for the microenvironment. We have
produced a model looking at unstirred layers around embryos and this could
well be important. And we have no analytical access to that compartment.

Winston: Certainly one of the problems with the tube is that drainage does
not come through the uterotubal junction, and that is one of the reasons for
the mechanism of the hydrosalpinx formation. Similarly we see this in the
sterilised tube where one segment becomes distended, i.e., the uterine end,
but the distal end does not become distended.

Braude: Dr Leese mentioned wories about the viral problem in connection
with cocultured cells. Are there any other cells that have been successfully
used.

Leese: The consensus in the coculture field is that oviduct is best, but it is not
overwhelming. Some people find no advantage of coculture or of conditioned
medium. But there were 100 abstracts in Theriogenology not so long ago and
about 80 found some advantage from co-culture. It then comes down to
different laboratories, different species, different methods. But I do not think
it will go away, and I suspect it will be frozen human tubal lines or something
like that. It is whether they de-differentiate too far to sustain the embryos,
and we just do not known that yet.

Aitken: Does it have to be of the same species?

Leese: No. They can be mixed. One can put any embryo in a rabbit oviduct
and it is quite happy. The HFEA might be interested if we were to do that!
The literature is a mess at the moment. The people who culture other cells
will say that what we are going through now, the mess of coculture, is something
we have to go through, because coculture has been used in other cell types. It
will resolve itself eventually, it just needs more research. But at the moment
the literature is confusing and contradictory.
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Cooke: The legislation prohibits doing an embryo transfer into another species,
but as I recall it does not mention cell lines.

Leese: No. I think it will have to take that one on board. Roger Gosden and
I are always interested in simple mixing. We keep saying this, but we have
never done the work ourselves, which I guess we should do. Embryos will be
stirred within the female tract, both by cilia and by the mesosalpinx, as will
sperm, and we just keep saying this and not doing the research to show whether
that simple mixing might confer some advantage.
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Chapter 11
The Role of Reproductive Surgery

R. M. L. Winston and R. A. Margara

Introduction

The treatment of tubal disease has been reappraised in the last two decades.
It used to carry a virtually hopeless prognosis except in a few cases. Microsurgical
techniques and the development of in vitro fertilisation have changed this and
the treatment of tubal infertility now has an excellent outlook.

Increasing use of IVF has changed the indications for surgery. The best tubal
surgery will inevitably be conducted where the alternative of IVF is also
available. In those centres, microsurgery will be increasingly used for the “best”
cases, i.e., those with lesser damage and where the prognosis will be better
with surgery than with assisted conception.

There can be little argument now that the clinical and anatomical results of
operating using a microscope are superior to surgery done using the naked
eye. It is sad that, in the 1990s, so many surgeons still cause unnecessary
iatrogenic damage by using instruments and techniques that should have been
abandoned years ago. The attitude seems to be “We do not do microsurgery,
let’s give the patient some hope whilst she is on a waiting list for IVF”. In our
view, that is a cruel deception. The results are unnecessary pain and waiting,
avoidable National Health Service expenditure, and the risk that pelvic damage
may worsen the prognosis when definitive treatment is finally conducted.

The Scope of Reproductive Surgery

In this chapter, most attention will be given to tubal surgery for inflammatory
disease, such as adhesiolysis, salpingostomy, cornual damage and sterilisation
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reversal. Endometriosis is also an important indication for surgery, particularly
when the ovaries are heavily involved. The scope is a good deal wider than
this, however, and we frequently perform surgery for various uterine problems
such as fibroids, Asherman’s syndrome and congenital conditions. Conservative
surgery for ectopic pregnancy also has an important place.

Pelvic Adhesions

Pelvic adhesions are the result of inflammation, endometriosis, or previous
abdominal surgery. Occasionally congenital adhesions are a significant cause
of infertility, sometimes in association with other genital tract anomalies. The
clinician will often see infertile patients with pelvic adhesions of varying severity,
but with patent tubes.

Basic Microsurgical Approach

We used to make a large incision giving wide exposure, limiting peritoneal
handling and traction, and in the past have usually opened the abdomen with
a big Pfannenstiel incision. An excellent alternative is the Czerny incision,
which gives a bloodless approach with superb access. This incision can be kept
small, allowing patients home after three nights. Haemostasis is best secured
by use of blended microdiathermy; very often a retractor is not required,
avoiding bruising and hence, postoperative discomfort. Whether loupes are
used or the microscope, it is important to avoid handling the tissues more than
absolutely necessary, to obtain complete haemostasis, to use sharp rather than
blunt dissection, and to irrigate the whole field constantly with Ringer’s lactate
solution. Raw peritoneal areas should be repaired without tension; free
peritoneal grafts are very useful in strategic sites. Although some authors
favour the use of magnifying spectacles, we invariably use an operating
microscope. The coaxial illumination, the freedom of movement and the
variable magnification give unsurpassed advantages.

Laparoscopic Adhesiolysis

Laparoscopic surgery is finding increasing favour, because of the rapidity of
recovery and the reduced pressure on hospital beds. Patients like it because it
avoids a major wound. Most surgeons prefer videolaparoscopy, because keeping
one’s eye to the eyepiece for long periods of time is tiring. Moreover, the use
of closed circuit television allows assistants a view of the procedure. However,
the use of even the most sophisticated three-tube colour camera with the best
light source does not give the same resolution achieved using direct vision.
This is important because some subtle pathological changes may simply be
missed using television and accurate dissection is more difficult.

The technique varies considerably from surgeon to surgeon. Excellent
descriptions are published by Nezhat et al. [1] and Reich [2]. There is argument
about the best method of dissection, and the use of the laser [3], diathermy or
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simple cold cutting [4] instruments is favoured by various authors. There is no
statistical evidence that any of these instruments or methods is superior.
Whichever method for dissection is used, all workers are agreed that multiple
abdominal punctures are used, in addition to the portal for the telescope.
Usually three further entry sites are needed; one for lavage, through which
gas, or blood-contaminated fluid, can be aspirated, and two others (usually in
each iliac fossa) for grasping or dissection of tissues. Instruments have now
been designed for applying sutures during laparoscopic surgery, and these are
usually placed with instruments situated in one flank.

Results of Adhesiolysis

Operations conducted to divide adhesions tend to have higher success rates [5]
than other types of tuboplasty. Unfortunately, there is always the lurking
suspicion that the patient might have conceived without any surgical procedure.
There are no published reports of controlled studies on the value of salpingolysis
when the tubes are patent. Suitable studies, using life-table analysis of results,
are still much needed. There are suggestions in the literature that adhesiolysis
can speed conception, as many patients become pregnant very soon after
surgery of this kind. In the past we had low success rates after adhesiolysis,
but since the advent of IVF with better patient selection, there has been
substantial improvement.

One contentious area is whether laparoscopic surgery gives results which are
as good, or better than open microsurgery. No clear picture emerges, because
controlled randomised trials have not been done. Many of the surgeons doing
excellent laparoscopic surgery are uncomfortable using an operating microscope;
conversely most practitioners of microsurgery inherently feel that they get
better anatomical results with open surgery. There is no doubt that laparoscopic
adhesiolysis may be effective for pain [6]. There is also some evidence that
open surgery is likely to be associated with recurrent adhesion formation as
Lundorff et al. [7] showed in their randomised study of patients followed after
removal of ectopic pregnancy. However, it is also clear that laparoscopic
surgery is not free of risk of causing further adhesions [8].

Our own figures for adhesiolysis are shown in Table 11.1. To qualify for this
study patients had to be under 42 years of age and have both tubes patent,
with no evidence of serious cornual disease. This is not a randomised study,
though in general, the patients on whom laparoscopic surgery was done had
less extensive pathology (hence the laparoscopic approach). Consequently, the
results of open surgery seem impressive. Nevertheless, a properly randomised,
controlled study is seriously needed. The main prognostic factor seems to be
ovarian fixity.

Salpingostomy

Microsurgical salpingostomy has been extensively described [9,10] and a full
description of technique is inappropriate here. The most important aspects can
be summarised:
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Table 11.1. Comparison of pregnancy rates after microsurgery and

laparoscopy
Patients Pregnant >28 weeks Ectopics

Microsurgery

Free ovaries 47 26 (55%) 220 2

Fixed ovaries 41 17 (41%) 15+ 0

Total 88 43 (9%) 37 2
Laparoscopy

Free ovaries 42 17 (40%) 15 4b
Fixed ovaries 33 9 (27%) 7 2

Total 75 29 (35%) 23 6

“Two of each of these patients had failed laparoscopic surgery.
®Three patients with tubal ectopics also had a term pregnancy.

. The tube should be opened at its most terminal part. Any incision which

is not terminal will, in effect, be linear. Linear incisions in the tube tend
to heal over [11].

. The reconstructed fimbria should be positioned so that the tubal ostium

can move over the whole ovarian surface.

. It is important to avoid cutting across mucosal folds. Transection of the

folds may disturb the blood supply and also prevent the passage of the egg
into the tube.

. Reconstruction of the fimbria ovarica may help provide the main communi-

cation between ovary and tube.

. Tubal mucosa should be everted sufficiently to achieve a stable tubal

ostium. Too much eversion may devitalise the fimbrial “lip”.

. Too large an ostium should be avoided, otherwise there is a risk that

mucosal folds will not gain contact with each other.

. Tubal tissue should not be resected unless it is obviously redundant.

Following salpingostomy, involution of some large hydrosalpinges occurs.
Damage to the fimbrial blood supply should be avoided.

No raw areas should be left around the margins of reconstructed fimbria
otherwise there may be recurrent tubal closure.

The surface area of the ovary available for ovulation should be maximised.

Careful dissection can only, in our view, be achieved under good magnifi-
cation. We feel less confident that good anatomical results are achieved using
the laparoscope, particularly when the laser is used. Laser treatment to the
end of the tube causes considerable damage and denudes serosal surfaces.
Check laparoscopy after laser salpingostomy suggests that the effects of this
damage are often considerable with fibrous adhesions and reclosure of the tube
being frequent.
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Results of Salpingostomy

Following microsurgical salpingostomy [12] in a series of 323 primary operations,
we found that 74 patients had a term pregnancy. Over half the women who
conceived went on to have at least one other term pregnancy; emphasising the
return to natural fertility which can occur after tubal operations. The results
were closely related to pre-existing pathology. Stage I disease (occluded tubes
with a thin wall and relatively normal mucosa, no fibrosis, and few ovarian
adhesions) resulted in 39% of patients having a term pregnancy. Operations
on stage II disease (thick-walled tubes, or tubes with fibrous adhesions and
poor mucosa) resulted in 18% of patients conceiving. In stage III and stage IV
disease the results were worse with 13% and 8% of patients being successful.
Only a minority (in our series, 23%) of patients have stage I disease, but in
these patients surgery undoubtedly should be preferred to IVF. Our results
were similar with salpingostomy done as a repeat procedure (secondary
salpingostomy) in women whose tubes reoccluded after conventional surgery.
Secondary salpingostomy, widely thought of as useless, was comparatively
successful when pathology was limited. Our results for primary surgery are
similar to those reported by others in smaller series [9,13-16]. These results
are certainly no worse, and possibly better than, those obtained by authors
undertaking laparoscopic salpingostomy or laser surgery [17-20].

Our own results for laparoscopic salpingostomy are worse than those obtained
by open microsurgery. Our study (Table 11.2) is not randomised and there is
a possibility that the cases on whom laparoscopic surgery was undertaken were
those with more badly damaged tubes, it tending to be offered more frequently
to women who already had failed open macrosurgery.

Surgery for Cornual Occlusion

Cornual anastomosis {21] is now the standard procedure for dealing with
cornual block, or blockage in the proximal isthmus. The commonest cause of

Table 11.2. Comparison of pregnancy rates after laparoscopy and open

surgery

Patients Term >2 term Intrauterine Ectopics
Open surgery
Primary 323 74 39 106 (33%) 32 (10%) ,
Repeat 65 12 7 16 (25%) 6 (9%)
Total 388 86 46 122 (31%) 38 (10%)
Laparoscopy
Primary 33 4 0 6 (18%) 2
Repeat 45 2 0 4 (8%) 4

Total 78 6 0 10 (13%) 6
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such blocks is infection, following an abortion or the insertion of an intrauterine
contraceptive device, or salpingitis isthmica nodosa. Cornual occlusion following
adenomyosis or as a result of congenital atresia of the intramural portion can
also be treated by cornual anastamosis. Some patients requesting reversal of
sterilisation are also best with tubocornual anastomosis if there has been injury
to the cornua. Tubal implantation used to be the standard until microsurgical
cornual anastomosis was introduced. Implantation should only be contemplated
when all the intramural portion is damaged. Occasionally this part of the tube
is so fibrotic, either as a result of severe infection or extensive high-frequency
diathermy during sterilisation, that implantation only is possible. Tubal
implantation has several disadvantages. It causes undue shortening of the tube,
destroys the uterotubal junction and is associated with excessive bleeding and
damage to tubal blood supply. Moreover, there is a risk of rupture of the
uterus in the event of subsequent pregnancy and therefore most authorities
agree that delivery by elective caesarean section is best. For these reasons
tubocornual anastomosis should be done whenever feasible.

Results of Cornual Anastomosis after Inflammation

The results of tubal anastomosis following resection of an inflammatory block
are less good than the results of sterilisation reversal. There is no doubt
that inflammation, particularly salpingitis isthmica nodosa and especially
tuberculosis, causes diffuse muscular and mucosal damage which may extend
along the whole length of the tube. A high proportion of patients with salpingitis
isthmica nodosa have hydrosalpinges or major adhesions. In spite of this, the
use of microsurgery has improved the results of surgical treatment. Previously,
isthmic and cornual obstruction was treated by various methods of tubal
implantation [22] and, with the exception of a very few series, only 20% of
patients had live births. Rocker [23] pointed out that the intramural portion
of the tube was seldom obstructed after inflammation, demonstrating that so-
called cornual block usually occurred where the isthmic portion of the tube
joins the uterine muscle externally. This observation led Shirodkar [24] and
Ehrler [25] to try to join the tube directly onto the patent intramural segment
over an indwelling splint. However, neither of these surgeons produced superior
results to those following uterotubal implantation. This is probably because the
lumen of the tube is so narrow at this point that a conventional macrosurgical
approach is inadequate to get proper apposition. The microsurgical approach
to anastomosis improved results.

Results of tubocornual anastomosis depend on the proficiency of the surgeon
as the technique demands experience in identifying pathological tissue requiring
excision and manual dexterity. A frequent mistake is to resect too little rather
than too much tube. High power magnification (16-25X) is required to identify
healthy mucosa and muscle. Inadequate resection of tissue (6ne cause of
recurrent blockage early in our series) may result in a continuing inflammatory
process.
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Pathology of Cornual Obstruction

Fortier and Haney [26] found that the commonest causes of cornual block were
obliterative fibrosis (38.1%), salpingitis isthmica nodosa (23.8%), chronic
inflammation (21.4%) and endometriosis (14.3%). Wiedemann et al. [27] felt
that the degree of histological damage was an important prognostic factor; they
also reported that careful serial sections revealed that some tubes, apparently
blocked at the time of laparotomy, showed no definite occlusion. Jansen [28]
pointed out that, whatever the pathology, wide excision of abnormal tissue was
important for best results. Pathological findings vary greatly from one country
to another. For example, Wang [29] found non-specific infection in about half
his cases and tuberculosis in one-third. Endometriosis was rare in his experience.
The surgical results were poor, suggesting that he probably was operating on
severely damaged tubes.

Results of Cornual Anastomosis

Our results following surgery for inflammatory or endometriotic cornual
obstruction are reported in Table 11.3. When long lengths of tube require
excision, or after tuberculosis, the results are less good. Even when patients
do not conceive, tubes joined microsurgically remain patent in 85% of cases.
A limiting factor is recrudescence of disease or extension of the original
inflammation seen at check laparoscopy one year after tubal reconstruction.
Gomel [30] reported similar results, 53% of his patients having at least one
term pregnancy after this approach. Gillett and Herbison [31] found little
correlation between degree of pathology or adhesion formation, and subsequent
pregnancy rate. A poor sperm count or poor ovulation were more significant.
Donnez and Casanas-Roux [32] reported that 44% of patients achieved a term
pregnancy and that good tubal length, absence of chronic inflammation and
lack of endometriosis all favourably influenced prognosis.

Ectopic pregnancy has not been a large problem in any major series; this is
surprising as many of these women have diffusely damaged but patent tubes.
One advantage of cornual anastomosis is that it does not weaken the uterine
muscle and caesarean section is not mandatory afterwards.

Table 11.3. Cornual anastomosis for inflammatory disease

Patients Delivered  Ectopic %
<1 cm isthmus resected 107 65 4 59
>1 cm isthmus resected 83 39 3 46
Ampullocornual 53 21 4 40
Uteroisthmic 25 8 0 32
Uteroampullary 32 14 1 45
Implantation (macro) 23 6 1 26

Total 323 153 13 47
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Alternatives to Sutured Microsurgical Cornual Anastomosis

Some authors have used tissue adhesives or thrombin instead of sutures.
Rouselle et al. [33] pointed out that thrombin, an adhesive, appeared to reduce
implantation rate in the rabbit. Dargenio et al. [34] found no effect on nidation
rate when they used fibrin glue, and demonstrated good patency rates in
animals; however, they did not translate this success into clinical practice.
Swolin [35] proposed the use of a single suture to hold the tube in apposition;
he reported a single pregnancy, since when, like so many “advances” in tubal
surgery, no further success has been published. Another approach was suggested
by Ngheim Toan [36] who threaded an absorbable filament past the cut ends
of tube and allowed the tube to heal over this. Although he claimed 100%
patency rates, there is no clinical advantage in this approach.

Two other techniques have received widespread attention. The laser has
been used to resect the damaged cornu by various authors; most have not
reported any clinical improvement. However, in a small uncontrolled study, it
was claimed that 100% of the cornua treated with CO, laser excision remained
patent and that 71% of patients became pregnant [37]. These results are
surprising as no other worker using the laser has achieved such a success rate.
Moreover, it is difficult to understand how the laser could improve the quality
of the join at the cornu.

Mechanical cornual canalisation has also had some adherents. Daniell and
Miller [38] appear to have been first in establishing a pregnancy after cannulating
the intramural portion from below. They used a ureteric stent and reported a
term pregnancy. Thurmond and Rosch [39] performed transcervical fallopian
tube catheterisation under fluoroscopic control in 100 patients with blocked
cornua; 26 intrauterine pregnancies resulted. It is unclear whether all these
women were fully evaluated and laparoscopic confirmation of tubal pathology
was not confirmed in most cases. In a more recent report, Thurmond [40]
states that 10% of his patients suffered ectopic pregnancy. In a more cautious
report, Deaton et al. [41] suggested the alternative of hysteroscopically guided
wires passed into the cornu. They felt that this was therapeutic, six out of
eleven of their patients conceiving. Further studies are needed to evaluate a
technique which may have a definite place when the cornua show only limited
damage.

Reversal of Sterilisation

Reversal of sterilisation was the first procedure to be widely undertaken using
microsurgery [21]. The microsurgical approach has stood the test of time and
the best results are obtained when sterilisation has been done using clips in the
isthmic region. Results are less good when the ampulla is damaged, or when
the lumen of the two joined segments show wide disparity in diameter. Our
results are shown in Table 11.4.
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Table 11.4. Sterilisation reversal

Patients Term Ectopics %
Isthmoisthmic 21 17 0 81
Isthmoampullary 32 20 3 62
Cornualisthmic 27 22 0 81
Cornualampullary 33 18 2 55
Ampullary—ampullary 19 9 0 47
Clip removal 25 24 0 95
Miscellaneous® 30 13 2 43
Fimbriectomy 8 1 1 12
Total 195 124 8 64

Site of anastomosis classified according to “better” tube. *Miscellaneous refers to
unclassifiable, e.g. where many adhesions, large amounts of the tube missing
unequally on both sides or double-clipping or ligation.

Endometriosis

The surgical treatment of endometriosis is controversial. Many infertile women
have minor endometriotic lesions in the peritoneum which are generally easy
to ablate. There has been a vogue for treating these with diathermy, or with
the laser. There is no controlled evidence that this improves fertility, though
some authors claim that such treatment prevents the development of more
serious lesions later. Conversely, severe endometriosis represents a very difficult
technical problem. There is no clear consensus about how useful surgical
management really is. Certainly, surgery is helpful for women in pain, but
restoration of fertility is unpredictable. One problem is that none of the
published series are truly comparable with each other. This is because most
authors rely on the American Fertility Society (AFS) classification system which
is difficult to score and may not be accurately related to prognosis. A second
problem is that, in the case of severe endometriosis, there are no controlled
studies published, making proper evaluation impossible.

We are uncertain about the place of surgery for endometriosis. It seems to
be a significant advantage in preparing the pelvis for IVF and in our
hands, superovulation and egg collection has been more successful after all
endometriotic cysts have been resected with careful ovarian repair. Our results
are reported in Table 11.5.

There has recently been incréasing use of laparoscopic surgery for endome-
triosis. The results seem to differ from centre to centre, possibly in part due
to poor standardisation of material, variable reporting and indifferent follow-
up. Kojima et al. [42] reported that only 37% of patients conceived after
surgery, though most obtained pain relief. Nezhat et al. [43] claimed an
astonishing success rate in a large series. In their report, 168 patients out of
243 (69.1%) operated for endometriosis conceived. No figures are given for
overall length of infertility before treatment. No further fertility treatment was
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Table 11.5. Ovarian cystectomy for endometriosis

No tubal pathology = Tubal damage

Single cyst

Patients 45 32
Pregnant 18 (40%) 11 (34%)
Bilateral cysts

Patients 32 27
Pregnant 10 (31%) 5 (18%)

Rather than use the vagaries of the AFS classification, only
patients with a cyst of greater than 3.5 cm diameter are included
in these results. Bilateral involvement, or concomitant tubal
damage, gave the worse results.

given after surgical intervention. In this series, there was no significant difference
at all in success rate between those patients who had the mildest disease, those
with moderate involvement, and those with severe damage (AFS stage IV).
These results are difficult to understand as in almost all other reported series
a relationship has been reported between pathology and prognosis. This mystery
is compounded by an earlier report by the same authors [44] in which 102
patients were treated for endometriosis, some without cysts; 75% with mild
endometriosis conceived; only 42.1% with stage 1II disease conceived.

It is not possible to comprehend why different centres should achieve such
widely varying results. These paradoxes can only be solved by properly
conducted randomised studies which are carefully evaluated by life-table
analysis.

Uterine Surgery

The commonest indication for uterine surgery in infertile women is leiomyomata.
Several authors [45-47] have tried to evaluate the success of myomectomy in
restoring fertility. A problem remains that the indications for myomectomy are
diffuse and there is no evidence that all fibroids cause infertility. In general,
reports on myomectomy do not give the length of time patients were infertile
before surgery and do not analyse cumulative conception rates afterwards. This
makes judgement of the effect of surgery impossible.

Babaknia et al. [48] reported a term pregnancy rate of 38% after myomectomy
for primary infertility, 50% for secondary infertility. They could not find
evidence that endometrial cavity distortion before surgery correlated with
subsequent prognosis. Berkeley et al. [49] concluded that myomectomy may
actually result in decreased fertility, possibly due to adhesions. However, in
their series conventional surgical techniques were used. Garcia and Tureck [50]
removed submucosal myomata larger than 5 cm from the uterine wall; 53% of
their patients attempting a pregnancy conceived within ten months of surgery.
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They concluded that myomectomy was beneficial. Rosenfeld [51] removed
intramural or subserous leiomyomata only; 65% of his patients conceived within
one year. No correlation was found between success rate and the patient’s age,
duration of fertility, size of fibroids, or the presence of menorrhagia. Egwatu
[52] reported reduced miscarriage rates after myomectomy in a large series
from Nigeria.

Various modifications of traditional myomectomy technique have been
reported, of which the most popular seems to be by laser. In Starks’ [53] series,
59% had a term pregnancy. He found no evidence that the size or positon of
tumours made any difference to outcome, but presumably most of his patients
would have had relatively superficial myomata for laser myomectomy to be
possible.

In our own series (Table 11.6) patients have been classified according to the
position of the myoma. Intrauterine fibroids occupying the cavity have a very
significant effect on fertility and their removal carries a marked increase
(P < 0.001) in the chance of conception. Unlike other authors, we found that
age apparently carried an effect and that older women did less well after
myomectomy.

We have had no experience in laser myomectomy; we are reluctant to remove
submucosal myomata by transcervical resection because we are concerned that
the endometrial cavity may be irreparably damaged by this approach.

Table 11.6. Results of myomectomy from different sites

Position Mean age (years) Patients Pregnant MCTI*
Polyp >1 cm diam®  37.3 22 16 4.2
Submucosal 343 31 15 7.1
Subserous 37.1 34 14 8.3
Cornual 31.1 9 3 5.2
Others all >35 41 17 11
Others all <34 21 11 7.8

All patients had been infertile for a minimum of 18 months. *MCI, mean
conception interval in months after surgery. "Myomectomy done by hysterectomy,
except in 10 cases. The recorded miscarriage rate in this series was 13.8%.

Age and Female Reproductive Surgery

Age appears to have an important influence on the outcome of microsurgery.
We recently analysed the outcome of sterilisation reversal by age in 504 patients
(Fig. 11.1). As nearly all these women had been very fertile before sterilisation
and all were checked for ovulation and male fertility before reversal, and were
generally sexually active, we question whether tubal surgery generally is
particularly helpful in women much over 40 years old. By comparison, we have
found that IVF can have surprisingly good success rates in older women (Fig.



196 Infertility

100 7

% live births
B3 ) @®
(o] (=] o

n
o
1

o

25 30 35 40 45
Age (years)

N
(=]

Fig. 11.1. The outcome of sterilisation reversal in 504 patients.

Fig. 11.2.  Analysis of 298 treatment cycles in women over 40 years old compared with 251 cycles
in a matched cohort of women under 40 years, treated during the same period by IVF. Most had
two embryos transferred. Of women over 40 years getting to oocyte collection 19% had a
pregnancy, but in a high proportion of cycles (32%) superovulation was inadequate and treatment
was abandoned.

11.2). IVF cycles, with the transfer of more than one embryo, carry conception
rates which are as good as, or better, than those achieved naturally. In view
of this apparent advantage, we tend to recommend that older women undergo
IVF rather than surgery as a first option. Perhaps fertility surgery is better
reserved for those women who have more time to conceive naturally following
operation.
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