éw*WﬁQ’;lgy C().?Q()ﬁ“?’é /Q\(
,4@2-3qaﬁ7\

LONG-ACTING CONTRACEPTION
edited by

Alfredo Goldsmith, M.D., M.P.H

Assistant Professor, Department of Obstetrics and Gynecology
Northwestern University Medical School

Head, Research Project Development

Program for Applied Research on Fertility Regulation
Chicago, IL U.S.A.

Mokhtar Toppozada; M.D.

Professor, Department of Obstetrics and Gynecology
Shatby University Hospital

The University of Alexandria

Alexandria, Egypt

Printed in U.S.A.
Johnson-Lindroth, Inc.
8135 North Lawndale Avenue
Skokie, I1linois 60076

Production: Ruvenia Thomas
PARFR, Northwestern University



Papers presented at the Symposium on Long-Acting Contraception
Alexandria, Egypt
November 3-4, 1983

This pubiication was supported by the United States Agency
for International Development (USAID). The contents do not
necessarily refiect USAID policy.



TABLE OF CONTENTS

PREFACE

1. Contraception in the Arab World cceeceecececcectcscccecsccncece
Abdel R. Omran

2. Contraceptive Development for the FUture ceececececoceccccccsse
Gerald I. Zatuchni

3. Prarmacological Aspects of Slow-Releasing Steroidal Systems ...
Lee R. Beck

4. Low Leve] Progestogens 000 P O OGO OGSO OOEORODPOOOS PSR SOSOIBDNOSEOSEROIONORNOTOTOTISNDN
Egon Diczfalusy
B.M. Landgren

5. Injectable and Implantahle Progestins: Probable Lack of

Feta] Effect 2 2O 00 OO O CO OGO DO OO OO OO0 O OSSO0 S PO 0O SORRSOSISOPRE SRS

Joe Leigh Simpson

6. Bleeding Patterns with Long-Acting Steroidal Contraceptives ...
Tapani Luukkainen
Pertti Lahteenmaki
Pekka Lahteenmaki

7. Steroidal Contraception and Abnormal Bleeding: What are the

Prospects for Improvemnent? .ceccececscescsscsacscsscaccascscce

I.S. Fraser
Eaon Diczfalusy

8. Monthly Injectable Contraceptives ceceececescececcoccsccrecssccns
Mokhtar K. Toppozada

9. Norethisterone Enanthate Injectable Contraceptive cecceeccececcs
H.K. Toppozada

10. The Injectable Contraceptive Debate: An Update eeeencecevesces
Peter E. Hall '

]]l Po]y NET Contraceptive Syste'n 00 00000 GO 00O OO OSSO DOOOEOSOOSOOSEOENNTSSPSNDODDS
Lee R. Beck

]2. Norp]ant C]inica] Studies OO O 0O OO0 OOOOBIOOILOOOOOOOPNONOOEPOEBSOSPOEPONTPOPEPOOONTDS
Fouad Hefnawi

13. Vaginal Rings Releasing Steroids seececccocccccccccscccrscscsse

Giuseppe Benagiano
Francesco M. Priiiero

24

36

52

69

76

93

104

109

116

124

137

“\

A\



14.

15.

16.

]7.

]8.

19.

20.

2].

22.

New Deve]opments in IUD TeChnO]ogy E RN E NN NRE N NN N N NN N N N R N NN N N NN N
Giuseppe Benagiano
Stefano Barchiesi

Uterine Geometry and IUD Performance scececsecscececccccccccnss
Harvrith M. Hasson

Intrauterine Release of Levonorgestrel cececececcococcercscnccs
Tapani Luukkainen
Carl Gustaf Nilsson
Hannu Allonen
Maija Haukkainaa
Juhani Toivenen

Levonorgestrel Releasing Contraceptive DeviCes cecceescccescens
S. E1 Mahgoub

Anatomical and Physiological Factors in the Fallopian Tube ....
Carl J. Pauerstein

Surgical Sterilization TechniqueS eeeceeccecccccssccsassscccccss
John J. Sciarra

Open Laparoscopy EEEREEEEEEEEEENENNE NN N N NN N BN NN BN B NI I NI N N N NCECE N NN N J
Harrith M. Hasson

Long-Term Sequelae of Female Sterilization ceececsescsscccccses
Samir E1 Sahwi
Mohamed Rocca

Female Sterilization Using Chemical AgentS seeececococccccccess
Ralph M. Richart

CONTRIBUTING AUTHORS LISTING (A ERX XN NN NE NI AN N NI NN NN NN NN AN AN N AN

147

157

167

174
180
191
202

210

221

233



PREFACE

Until the present century, fertility regulation meant sexual ab-
stinence, coitus interruptus, a variety of concoctions to be inserted
into the vagina or smeared onto the penis, and abortion. Certainly,
these methods were ineffective, dangerous to the point of death in many
cases, generally not available to most people, and obviously not accept-
able to the vast majority of the growing population of the world.

The modern era of fertility regulation began about 100 years ayo, with
the introduction of spermicidal formulations that were more effective
and far safer than the preparations used during the past 2000 years, and
with the discovery of rubber and the cubsequent development of barrier
contraceptives -- condoms, diaphragms and cervical caps/pessaries.

Then, only 23 years ayo, the discovery of steroidal contraception and
the re-emeirgence cf intrauterine contraception revolutionized fertility
regulation. For the first time it was possible to think of and develop
large-scale programs that would bring contraception to the masses of
people. Disappointed with the problems of oral pill use and IUDs, many
women and men elected to undergo voluntary sterilization. Indeed,
during the 1970s, the number of sterilization acceptors grew to the
point where voluntary sterilization (male and female) is the number one
method of family planning in the world and the number of acceptors
continues to increase.

In the 1980s, then, people wishing to control their own fertility have a
much wider choice of methods. Along with this increasing choice, how-
ever, have come problems of supply and distribution, cost, training of
medical and paramedical personnel tuv provide the services, and many cther
problems related to the “echnology of these new methods. Despite the
problems engendered by the so-called "cafeteria" approach to fertility
regulation, providing couples with a choice gives users a tremendous
sense of personal control over their own fertility. Most important, the
variety of contraceptive methods now available encourages widespread
community involvement in oryanized programs of family planning.

Continuing progress is being made in the development of new and improved
methods of fertility regulation. These advances not only include the
development of new methods, but encompass a whole range of concerns that
involve social scientists, public health workers, medical personnel,
pharmaceutical and instrument manufacturers, engineers, and reproductive
scientists. Accordingly, it is appropriate that individuils with these
diverse interests come together from time to time to discuss and update
their knowledge on the recent advances in fertility regulation.

During the past 10 years in Egypt, an acute awareness of the health
consequences of excessive population growth has developed. Mounting a
large-scale effort that carries all aspects of a family planning pro-
gram into the village community, the Egyptian government has been notably
successful in meeting its goals. The program reiies mainly on modern



and effective methods of fertility regulation. Despite the initial and
hard-won successes in promoting the concepts and use of family planning,
much more needs to be done to restore a better balance between birth and
death rates. Obviously, without modern contraception, mass programs
such as the one in Egypt could not have attained their present levels of
success. It is hoped that newer advances in fertility regulation will
continue to provide the increasingy momentum that is so necessary to
bring about the solution to the world's problems of excessive population
growth.

The organizers of this Seminar, would like to express its appreciation
to the staff of the Department of Obstetrics and Gynecolegy, Shatby
Hospital, and the Program for Applied Research on Fertility Regulation,
Northwestern University for coordinating the myriad details so necessary
for & successful neeting.

Much gratitude and appreciation must also go to the United States Agency
for International Development for their financial support of this Seminar.

The editors of this volume wish to acknowledge, with thanks and appreci-
ation, participants of the conference and the fine contributions made
by the authors. They also wish to acknowledge, with thanks, the good
efforts expended by Ruvenia Thomas for her tireless assistance in typing
the manuscript.

Gerald I. Zatuchni, M.D., M.Sc.
Professor, Department of Obstetrics
and Gynecoloyy
Director, Program for Applied
Research on Fertility Regulation
Northwestern University
- Chicaygo, I1linois
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CONTRACEPTION IN THE ARAB WORLD
Abdel R. Omran

THE NEEDS

Thne Arab world represents a unique group of countries that shares
common social, cultural and linguistic traits.

Uemographically, the Arab countries have great similarities. Rich and
poor alike, they have a very high rate of population growth, an overly
young population composition, a large family size as norm, an uneven
population distribution, a high rate of urban expansion and unhealthy
city growth, a maldistributed and under-utilized labor force, and a low
participation rate by women in the economic activities outside the home.
Marriage is a universal institution in the Arab world, and young age at
marriage is the norm. High parity, young age at pregnancy, continued
childbearing beyond age 35, and close spacing of children are overtaxing
the health and survival chances of the Arabian woman and. her children.

These traits prompted me, a few years ago, to call upon all Arab coun-
tries to adopt population policies to correct their demographic stiua-
tion according to their own national goals. Today, I am going a step
further and am calling upon all Arab countries to adopt family planning.
Besides the rewards of demographic adjustment, there can be little doubt
that the high reproductive risks in the region can be substantially miti-
gated by family planning. The ability of parents to instill cultural
values in their children, and to raise them as capable and well-educated
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citizens, is gyreater for a small than for a large family. This chapter
will, therefore, address briefly, these three major rationales for family
planning in the Arab world:

a. the demoyraphic rationale,
be. the health rationale, and
Ce the socio-cultural rationale.

In addition to these needs, this chapter will discuss the constraints to,
and prospects for, high contraception acceptance in the region.

Family planning for demographic adjustment

Not all the Arab countries are in urgent need to adjust their demographic
growth rate to their land and economic resources. Some countries have
enough resources and land space to accommodate population growth for a
while. Several other countries, however, are already suffering from in-
crea.ing population pressures on limited resources. These include Moroc-
co, Alyeria, Tunisia, Eygypt, Sudan, Syria and Jordan. Soon to experience
similar population pressures are the twd Yemens, Mauritania, Somilia and
Djibouti, countries where the population growth rate used to be partly
checked by high mortality. The death rates have, in recent years, been
falling in these countries and, in absence of contraception, population
explosion is inevitable.

Altogether, we have at least twelve Arab countries in immediate need of
demographic acjustment. Fertility in this group of tweive countries is
high, with a birth rate of 38-50 per 1000, and a total fertility rate of
about 6-8. These are to be compared to a birth rate of 15 per 1000 and a
total fertility rate of 1.9 for the more developed countries in the
world. Even with declining death rates in these Arab countries, the pop-
ulation growth is about 30-35 per 100 per year (Tasle 1) and is higher
than the 18 per 1000 for the world as a whole (1983 estimate), and much
higher than the 6 per 1000 in the more developed countries. The popula-
tion of 145 million in these twelve countries in mid-1933 may reach 230
million in 23 years, with little or no chance for an equal growth in
economic, social or land resources to accommedate such rapid increase.

High population growth has been overtaking the econcmy and impeding the
process of development in the countries concerned. Population growth is
also exerting serious pressures on the education system, health services,
public services, housing, job creation and manpower development, all of
which are currently substandard, to say the least. It is also distres-
sing to find that a sizable proportion of economic resources in these
countries is absorbed in what is called "demographic investment", i.e.
activities to cops with the increasing population in an attempt to main-
tain the same standard of living and prevent it from deteriorating fur-
ther. The problem of overpopulation in these countries is compounded
with population maldistribution, poor population characteristics and
young age composition.

A1l of this represents the demographic need for family planning.
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Family planning for health in the Arab world

This is by far the least controversial and the more universally appealing
rationale for family planning in the Arab world. It is also the one
rationale most endorsed by Islam, the predominant religion in almost all
Arab countries. The 'health rationale is, furthermore, equally relevant
to countries with demographic pressures on their resources, as well as
those with adequate resources.

In virtually all the Arab countries, pregnancies are poorly spaced and
improperly timed. About one of every four births in Arab countries occur
to mothers at maternal ages of risk, i.e. under twenty years or over
thirty-five years. These ratios are to be compared with & ratio of one
in twenty in Japan (Figure 1). Furthermore, high parity, particularly
grandmultiparity, a condition that is rapidly disappearing in the more
developed countries, is still prevalent in the Arab world. Compounded
with poor prenatal and natal care and iradequate child care, unregulated
fertility can result in serious health risks to the mothers and children.
Family planning can, therefore, mitigate substantially these problems.

World experience has confirmed most convincingly several relationships
between family formation patterns and maternal and child health. The
most impressive health benefit has been the documented improvement in
chances of childhood survival. The family formation patterns responsi-
ble for this improvement are adequate spacing of pregnancies, limiting
the number of offspring, and appropriate timing of pregnancies to occur
between ayes of 20 to 34. Scientists measure the health risks to child-
ren in terms of proportion of pregnancies lost (pregnancy wastage), pro-
portion of babies born dead (stillbirths), the population of infants who
die before their first birthday (infant mortality), and the proportion of
children who die between one and five years of age (childhood mortality).
With unregulated fertility, all of these mortality risks to children in-
crease. Other measures of reproductive health risks to the child include
prematurity, malnutrition, poor growth and development, congenital de-
fects, delayed sexual maturation and mongolism, or mental retardation.
One of the most disquieting findings is the risk of low average intelli-
gence quotient found by many studies to be associaced with large family
size.

Maternal chances of survival are also affected by family formation pat-
terns. Poor obstetric performance, increased gynecological problems and
higher rates of systemic diseases, such as diabetes, are all functions of
unregulated fertility. Until recently, very little information about
these relationships has been available for Arab countries. Recent epi-
demiologic studies of the health risks associated with unregqulated fer-
tility have, fortunately, been carried out in a number of these coun-
tries. These include studies by the World Health Organization in Lebanon
in the early 1970s, and in Syria and Egypt in the late 1970s; by the
Interntional Fertility Research Program in Sudan and Egypt, by the High
Institute of Public Health in Alexandria, by Assiut University, by the
Amzrican University in Beirut, and by the Central Bureau of Statistics in
Syria. These studies have confirmed the world experience and make a good
case for family planning to safeqguard the health of mothers and children.
We will cite a few examples.
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1. In a study in six maternity centers in Egypt and Sudan, perinatal
mortality was found to increase with parity of mothers, especially
for grand multiparas (Figure 2).

2. Disease of children increase with family size (or the number of
their sisters and brothers). This was illustrated in the World
Health Organization study in the Assiut area where, for example, the
prevalence of parasitic infestation increased with parity in both
rural and semi-urban areas (Figure 3).

3. That high parity affects mothers' health adversely is attested to by
several studies. For example, the World Health Organization study
has found an increcase of prolapse with parity among Syrian women in
these areas (Figure 4).

4. Poor timing of pregnancies also has a neygative impact on the health
of mother and children. For example, stillbirths as a percent of
total births, are siynificantly higher among children born to mo-
thers aged 35 and over compared to children born to mothers aged 20
to 34. There is also some increased risk fer children born to
mothers under age 20. This is demonstrated in the above mentioned
Syrian study (Figure 5).

5. Close spacing of pregnancies is certainly associated with high risks
to mothers and children. This is demonstrated by the World Health
Organization studies in Lebanon, Syria and Egypt. As shown in Fig-
ures 6a, 6b and 6¢c, the highest risks occur for birth intervals of
less than one year and two years; the risks are minimal for inter-
vals of 3 to 5 years, but increase slightly for longer periods, per-
haps because of the older age of mothers.

6. Alarming reports of the negative impact of large family size on in-
tellectual development of children have been accumulating since the
1930s from a number of countries. On the average, the IQ of first,
second, and third born children is higher than that of fourth and
later born children. This has been documented by studies in Scot-
land, France, England and in the United States (The U.S. National
Center for Health Statistics, 1974). More recently, a similar
impact was found in several developing countries by the World Health
Organization studies, particularly in Turkey, the Philippines and
Colombia. It was also demonstrated in a large stucy; among 20,000
school children in Taiwan.

Investigation of this vital issue in the Arab countries is just beginning
and is most enthusiastically encouraged. In a small study in the Assiut
area, it was cemonstrated that (a) the mean IQ of children decreased
progressively with birth order (and parity), and (b) the mean IQ of
children born to mothers aged 20 to 34 was higher than those for children
born to mothers under age 20, or over age 35 (Figure 7).

I have deliberately given more emphasis to the health rationale for fami-
ly planning in the Arab countries for a good reason. While controversy
continues to confuse the issue of family planaing legitimacy in Islam,
there is no hesitation to endorse family planning for health objectives.
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This was expressed most fluently and convincingly by the late Sheikh
Shaltut, and is evident in his statement (Figure 8).

Family planning for socio-economic aspirations

Being the cradle for so many civilizations, the Arab world is always
haunted by joining the present with the past. This is not impossible if
serious and long-term master plans are formulated and sincerely put to
work in successive incrementl stages. Among these plans should be a
cultural revival through younyger generations, including care of the mind
and the body. In view of deteriorating societal values, however, it is
obvious that the major cultural upbringing of children lies with the
family. With so many demands on the time and resoucres of parents in
modern day life, their ability to devote time and effort to their child-
ren on a one-to-one basis is limited. Certainly, the smaller the family,
the greater the opportunity for family interactions. Such a task cannot
be left to overcrowded sciools, decaying communities, and misguided peer
groups. Thus, planning one's family can result not only in physical
health benefits, but also in better spiritual development of children.

Arab women can also benefit from family planniny by a reduction in the
physiologic burden of repeated pregnancies within short periods of time,
and the physical strain of caring for large families. With better chan-
ces for her own education and potentially to participate in economic
development, the Arab woman will be better able to raise her children
and share with her husband, directly or indirectly, the cost of modern

day living.
THE CONSTRAINTS

Despite the obvious health and socio-cultural benefits of family planning
and availability of medically approved contraceptive methods, it is dif-
ficult tu understand why Arab couples are not using contraception to any
great extent. One may speculate as to the following constraints.

1. The inclination to equate numbers with power has prevailed since
tribal times.

2. Because the family planning movement is identified with Western in-
stitutions, many Arab authorities fear that it is a plot to reduce
the number of Arabs.

3. Most of the Arab governments do not view rapid population growth as
a national problem. Some do 2ven endorse increased growth for na-
tional gains. While this is understandable from the oil-rich coun-
tries, it is deplorable for ccuntries with mounting pnpulation pres-
sures on limited resources.

4. Awareness of hiah risks associated with unregulated fertility is
very limited, even among the educated public. Only recently has
the media yiven scme credence to this issue.

5. Large family sizes continue to be appealing to some groups for per-
sonal reasons, as (a) desire for a son when only daughters have been
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born to the couple, (b) loss of previous children, (c) the exagger-
ated economic rewards of larger numbers of children, and (d) inse-
curity of old age without children.

6. The commitment of political leadership to solve the population pro-
blem is insufficient in most countries, even those with overpopula-
tion problenis.

7. The religious leadership has shown inconsistency and hesitation in
their support of family planning, an attitude that has resulted in
confusion. Such an ambivalent attitude has had a negative impact on
the family planning movement in the Arab world.

8. There is insufficient enthusiasm and involvement of the medical pro-
fession in the family planning proyrams.

9. There is the continued inclination of having as many children as
possible to safeguard against child loss. This is an aftereffect
of centuries of high child mortality which could be offset only by
high fertility.

10. There are also programmatic constraints. Family planning services
inay be totally lacking in communities where it is most needed, name-
ly the rural and remote areas, or marginal areas in cities. They
may be irregular, inconveniently located or timed, or provided with
insufficient information.

11. Rumors exaggerating the side effects of contraceptive methods pre-
vail in many areas, and may discourage adoption of contraception.
The media do little to antagonize these rumors.

12. The poor performance of family planning programs in some countries
led people to believe that there is no hope for family planning in
the region.

THE PROSPECTS

There are reasons for both pessimism and optimism in regard to the future
of contraception in the Arab world. The reasons for pessimism have been
generally covered herein under the discussion on constraints. There have
been, in addition, some administrative constraints and experimental dis-
appointments to family planning. It seems that the mechanism for admin-~
istering a successful program dealing with sensitive issues like marital
relations and family planning is very limited in many Arab countries.
The success of family planning campaigns has been limited relative to the -
size of administrative and financial inputs. The reluctance of many Arab
countries to adopt explicit population policies is also disappointing.

Nevertheless, being the eternal optimist that I am, I feel that the fu-
ture for family planning in the Arab world is not dim. Family planning
is not foreign to this region. It has been used by Muslims, though spar-
ingly, since the time of the Prophet Muhanmad. The Prophet knew about
and sanctioned withdrawal (al-azl); if family planning were prohibited
by Islam, The Qur'aan would have stated so.
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Contraceptives, other than withdrawal, were also used. The Arab medical
texts were the first and foremost in world history to include explicit
chapters about contraception. This is particularly intriguing because
most of the medical texts in Europe and the United States, up until 1950,
ignored completely this major medical and social concern. It appears
that when the Arab medical texts were adopted by European medical insti-
tutions, the chapters on contraception were systematically edited or
deleted.

Many Arab countries have active family planning programs through official
(government support) and/or through voluntary organizations. Some of
these programs have been successful, such as the national program in
Tunisia, and the voluntary program in Lebanon. Furthermore, the diffu-
sion of contraceptive knowledge and practice is increasing, even in coun-
tries without official family planning policies.

In spite of constraints, the health rationale for family planning is
being slowly recognized in Arab countries, especially by educated couples.
Given the decline in infant and child mortality in most countries, cou-
ples will no longer be inclined to have too many children as a safeguard
against potential loss. Furthermore, family planning and contraception
no longer have the social stigma they had a decade or so ago. Continued
discussion of the religious attitudes toward family planning are expected
to eventually reinforce the positive stand of Islam on family planning.

CONCLUSION

Family planning is needed in the Arab world for three main reasons: (a)
for demographic adjustment in countries with population pressures on
limited resources; (b) for safeguarding the health of mothers and child-
ren, and (c) for the socio-cultural benefits of having smaller families.
While several political, cultural and administrative constraints hinder
the diffusion of contraceptive use, the prospects for increasing accep-
tance in the following decade are encouraging.



CONTRACEPTIVE DEVELOPMENT FUR THE FUTURE
Gerald I. Zatuchni

Contraceptive practice has undergone a revolution in the past 20
years following the developments of oral hormonal contraceptives, plas-
tic IUDs and technological advances in female sterilization. Accompany-
ing this contraceptive revolution was a significant increase in the
social and economic environment of many societies. The rights of women
and their social status have constantly improved, along with consequent
changes in attitudes towards family size. The 1970s witnessed signifi-
cant progress in the decline of unwanted fertility, and this decline was
noted in both developing countries and the more economically privileged
ones. It is likely, however, that in 1982 on a global basis no more than
200 million couples (approximately one-third of couples of reproductive
age) used some measure of fertility control - traditional or permanent,
and including legal or illegal abortion.

In 1982, an estimated 150 million women worldwide had a live birth;
another 100 million women suffered a spontaneous abortion or a still-
birth; and 50 million women, legally or illegally, had induced abortions.
Repeated national and international surveys jndicate the likelihood that
30 to 60% of the conceptions, or 90 to 180 million pregnancies, were un-
planned and mostly unwanted. This huge number of unplanned pregnancies
occurred due to ignorance of contraception, the unavailability of con-
traceptive methods presently available. Additionally, another group of
about 300 million women worldwide are "at risk" each month having an
unwanted or unplanned pregnancy.

-8 -



Table 1 indicates the estirated use of methods of fertility regulation in
1982. It also indicates the contraceptive use-effectiveness rates. Ster-
jlization of the male or female has become the leading method of fertility
regulation. Oral steroids, intrauterine devices, condoms and vaginal bar-
rier methods are also commonly used. Approximately two-thirds of the
methods are used by the female, and approximately one-third by the male.

TABLE 1. Methods of Fertility Regulation by Estimated World Use in 1982
and by Use-Effectiveness Rates

Couples Use-Effect1veness
Method (in millions)* (in %)**

Sterilization 90

Male (Vasectomy) 35 99,7

Female (Tubal sterilization) 55 99.4
Oral Steroids 48 96
Condoms 46 92
Intrauterine Devices 45 95
Vaginal Barriers/Spermicides 25 88
Withdrawal/Rhythm ? 80
Induced Abortion 50 100

* Estimates obtained from U.S. Agency for International Development and
United Nations Fund for Population Activities.
** Mean estimates of various studies

Current contraceptive technology has limitations with respect to the use-
effectiveness of the methods, the known health risks, the possibilities
of unknown risks particularly after long-term use, consumer acceptability,
and continuity of use. Women are more fortunate in the sense that they
can choose from a wider range of methods for fertility regulation, but
each method has certain disadvantages that liinits its appeal and use. In
the case of men, short of surgery (vasectomy), a male has only the choices
of withdrawal or condom use - neither of which are very acceptable or
effective.

In modern times, the almost universal use of contraception in industrial-
ized nations has led to increasing interest in reproductive biology and
the application of this new knowledge in turn is leading to the develop-
ment of more appropriate and more acceptaole methods of fertility regula-
tion.

Table 2 presents a list of criteria that must be considered in the de-
velopment of new methods of contraception. Although the medical criteria
of effectiveness, safety and reversibility are highly important, the
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other criteria indicated are equally as important with respect to the
extent of use of a particular contraceptive. Even the most advanced
technological method may not be utilized because of attitudes molded by
the religious, social and cultural environment.

TABLE 2. Criteria for Contraceptive Acceptability

Criterion Contraceptive Characteristics of Concern
Medical
Effectiveness Level dependent upon needs of couple.
Safety No method 100% safe. Risks versus benefits.
Reversibility Dependent upon life-cycle stage of couple.

Mode of Administration Oral most useful. Injections preferred in
soime societies. Vayinal methods not
acceptable in some societies.

Personal Ease of use; freedom from minor side effects,
independence from act, male or female appli-
cation, long-lasting effect from single
administration, appropriateness to life-
cycle stage.

Cultural Suitability of method to local customs con-
cerning sex, reproduction, menstruation, etc.

Religious Catholic attitudes toward mechanical/chemical
methods; Islamic attitudes toward menstrua-
tion. Religious opposition to abortion.

Sexual Real or perceived effects upon libido,
machismo, pleasure.

Logistical Distribution through health-care systems or
over the counter, availability of supplies
and trained persons.

Economic Manufacturing and distribution costs; costs
to consumer; costs to society.

Political Degree of welcome given to "outside" products.
Degree of enthusiasm by government for
fertility regulation.

Adapted from Freedman, R. and Berelson, B. The Record of Family Planning
Programs. Studies in Family Planning 7:1-40, 1976.

In addition to the above indicated criteria, contraceptive methods must
meet certain social-biological requirement that will vary with the life-
cycle stage of the couple. An unmarried 18 year-old female, for example,
having relatively infrequent intercourse has contraceptive needs that
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are quite different from her married 20 year-old sister who may desire
to have children, but much later in her marriage. One can appreciate
then that, in addition to the highly important characteristics of contra-
ceptives, their eventual use is modified in turn by the particular needs
of the individual couple at certain times during their reproductive life.
Accordingly, there will never be an "ideal" contraceptive that could
meet all the above criteria and at the same time be appropriate for use
in stajes of a couple's reproductive cycle. Further, when one considers
the world with its tremendously differing societies, and the multipli-
city of groups within each society, it soon becomes obvious that the
greater the variety of fertility regulation methods available, then the
more the widespread use will occur.

This chapter will provide descriptions of newer methods of fertility re-
gulation that are currently under investigation and development. Some of
the newer approaches are modifications of existing methods, while others
represent entirely new concepts in the regulation of human fertility.
Each of the research developments will be described in accordance with
its intended method of interference with specific reproductive processes.

PHARMACOLOGICAL METHODS THAT INTERFERE WITH SPERM FORMATION, MATURATION
MOTILITY OR FUNCTION

A large number of chemical compounds and pharmacologic agents, both ster-
oidal and nonsteroidal, have been shown to cause direct or indirect in-
terference with the process of spermatogenesis. The first chemical com-
pounds tested for their potential application as contraceptives were the
nitrofurans, commonly used to treat urinary tract infections. Unfortu-
nately, clinical trials indicated severe untoward effects.

Investigators have noted that alpha-chlorohydrin and other chlorinated
sugars exhibit significant decreases in fertility among all animals test-
ed, including sub-human primates. Apparently, these compounds inhibit
enzyme activity in the sperm, rendering them less motiie and perhaps
decrease or eliminate their fertility capability. Unfortunately, these
compounds or their metabolites are found in high concentrations in cere-
brospinal fluid, and they may inhibit glucose transfer mechanisms; con-
sequently, human use is unwarranted.

Other investigators have utilized the antiandrogen cyproterone acetate
in animal studies and in men. Under treatment, sperm lose their motility
and fertilizing capacity, apparently due to the epididymal effects of
the drug on sperm maturation. However, large doses of cyproteronc
acetate are required to induce this condition, and these high levels
affect other androgen target tissues as well. Other antiandrogenic
compounds are under study that would selectively focus activity on the
epididymis, seminal vesicles or prostate. Until this can be achieved,
the eventual contraceptive use of this class of compound is negated.

It has been known for many years that the administration of certain
gonadal steroid hormones will produce oligpspermia or even azoospermia.
This action may be a result of decreased synthesis and/or release of
pituitary gonadotropins, or due to local testicular effects. Varying
hormonal agents have been investigated, including estrogens, progestins
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and androgens. The estrogens, obviously, are not acceptable for use in
the male because of their feminizing effects, and other serious side
effects. Progestins, as a group, induce oligospermia, but at doses that
also cause suppression of testosterone production. This undesirable
effect at the doses required to reduce sperm concentration preclude pro-
gestins from beirg used as single contraceptive agents in the male.

Testosterone, when administered in appropriate dosage and at appropriate
intervals does lead to severe oligospermia or azoospermia. This effect
is reversible after discontinuation of hormone administration, and even
sudden increases in sperm concentration ("rebound" effect) can occur
with Tow levels of administered testosterone. A major research attempt
was undertaken to combine testosterone with other hormonal agents, e.g.
antigonadotropins (danazol), or progestins. The concept underlying these
hormonal combinations was that both agents might act in a synergistic
fashion, at low dose levels, sufficient to cause severe decrease in
sperm concentration without the production of unwanted side effects.
Certain studies have indicated the feasibility of the concept with re-
gard to their synergistic action on spermatogen:sis; however, all combina-
tions revealed serious side effects, including libido decline, gynecomas-
tia, and elevated serum transaminase levels.

Steinberger has presented considerable evidence that administration of
testosterone, by itself, at appropriate doses and appropriate time inter-
vals will cause azoospermia, and this condition can be maintained for
long periods of time. Importantly, the doses of testosterone necessary
to achieve this antispermatogenic effect do no need to result in siygnifi-
cant elevation of blood testosterone levels. He has been able to demon-
strate that the negative feedback of testosterone on LH production and
release may allow spermatogenic arrest to occur even in the presence of
normal levels of plasma testosterone. Additional studies are required
to better define dose-response activity of testosterone administered in
a chrenic fashion.

According to reports of Chinese investigators, a product found in the
pigment glands of cotton-seed, term Gossypol, has been administered to
10,000 men and proven to be highly effective in inducing azoospermia,
with a high degree (over 90%) of reversibility when the drug is discon-
tinued. The Chinese came upon this discovery when they noted a high
level of infertility among men eating unrefined cottonseed o0il. Subse-
quent epidemioloyical investigations and laboratory animal studies con-
firmed that gossypol does severely inhibit sperinatogenesis. Unfortunate-
ly, major side effects have occurred in some men, and the question of
the extent of reversibility still remains an important issue. Ouring the
next years, synthetically produced analogs of gossypol may be developed
that could cause the desired antispermatogenic effect, but without the
other toxic side effects demonstrated in many animal species and in men.

LHRH super analogs

LHRH is a peptide hormone produced in the hypothalamic area of the brain
which participates in a major way in normal reproductive physiology, both
ir. the male and in the female. Analogs of LHRH have been synthesized
and these analogs possess potencies many more times the activity of the
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naturally occurring hormone. The analogs are of two major classes de-
pending upon their activity, agonistic effects or antagonistic effects,
on the reproductive axis.

Animal studies with LHRH super agonists indicate that treatment paradoxi-
cally results in suppression of spermatogenesis. These synthetic com-
pounds may exert this effect by one or more mechanisms at the central
and local levels. Early clinicai studies in the human male have deter-
mined that LHRH super agonists can suppress spermatogenesis over long
periods of time by appropriately adwinistered doses and in a reversible
manner. however, the agonists also suppress the production of testos-
terone with consequent ill-effects. Theoretically, this could lead to
decreased androgenizatior with its accompanying untolerable side effects -
loss of hair, loss of livido or even impotence. Accordingly, it may be
necessary to combine treatment (contraception) by LHRH super agonists or
antagonists with apprupriate doses of testosterone.

LHRH antagonistic analogs have been synthesized and tested in the rat.
studies from several iaboratories indicate that the antagonistic analogs
may be more appropriate cocmpounds for suppression of spermatogenesis.
Much research still needs to be accomplished with regard to the efficacy
and reversibility characteristics of this approach to male contraception
before it can be properly evaluated.

METHODS THAT BLOCK SPERM TRANSPORT IN THE MALE TRACT

Though vasectomy is a simple out-patient surgical technique which can be
performed under local anesthesia and is aliost 100% effective, acceptance
of this procedure by men has been at & low level in most societies. Only
in China, India and the United States has this procedure been done in
large numbers. Indeed, the number of vasectomies performed in these
countries alone account for over 60% of all vasectomies ever done. The
acceptability of this simple procedure is greatly thwarted by the machis-
mo attitude prevalent in many cultures; the confusion of vasectomy with
castration; the confusion of vasectomy with loss of libido and even im-
potence; and the lack of easy and effective reversibility should the need
arise. Accordingly, new approaches to vas occlusion are being studied
with the intent of developing a procedure that would be more acceptable
to men.

Non-surgical percutaneous vas occlusion techniques

In 1972, Coffey and Freeman, and other investigators, injected a variety
of chemical sclerosing agents into the vas deferens of various animals.
Later, a combination of 90% ethanol with 3.6% formaldehyde was selected
and injected into ten human volunteers. The technique demonstrated sim-
plicity and a moderate level of efficacy in closing the vas. Davis has
improved this technique by injecting a smaller quantity of the ethanol-
formaldehyde mixture via a series of multiple site injections percutan-
eously directly into the vas deferens. Preliminary results indicate
that approximately 75% of the men develop vas occlusion, with consequent
azoospermia. The technique is being further refined in an attampt to
increase the efficiency of the method. Other than hematospermia noted
in the first one or two ejaculations post-injection, there have been
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relatively few side effects reported.

Several investigators have studied a percutaneous vas occlusion technique
that utilizes electrocautery. A specially designed bipolar electrode is
inserted directly through the skin, under local anesthesia, and a suit-
able electrical current is applied. In about six wee:s, the cauterized
vas undergoes extensive fibrosis and occlusion. Early clinical experi-
ments have delineated the simplicity of this approach, its high efficacy
in closing the vas, and a noticeable lack of complications resulting from
the procedure. More extensive clinical trials have been started.

Reversible vas occlusion devices

The irreversibility of vasectomy, except in the hands of a highly trained
surgeon using an operating microscope, has stimulated investigators to
attempt d-veloping various occlusive devices that would be highly effec-
tive in shutting off the flow of sperm, and that would be easily reversi-
ble, either by removing the occlusicn or by the principle of a value
arrangement. Scientific and engineeriny interest has led to the develop-
ment and implantation in huran volunteers of various devices; silicone or
nylon threads, a sophisticated valve having the capability of an on-off
arrangement, bypass tubular valves, disks of micro-dimensions, polymers,
and metalic wires, especially copper ones. The presence of a foreign
body in the vas deferens, depending upon its material, may be inimical
to sperm motility and/or function.

Currently, no method of reversible vas occlusivn has been found satisfac-
tory. Problems have been encountered because of the extremely narrow
lumen of the vas, the strong muscular wall of the vas which can cause
displacement of the device, the tendency for epithelium of the v:s to
regenerate causing spontaneous fistulae to develop, thereby by-passing
the obstruction, and other technical difficulties. One of the most pro-
mising attempts has been a double plug made of polymer connected via a
nonbicdegradable polymer suture which is implanted into the vas Tumen
via two needle injections in the vas deferens. The loop of suture re-
mains external to the vas for later removal should there be a desire
to have sperm flow restored. Work on this development is about to reach
the stage of human trials, based on promising monkey studies.

METHODS THAT BLOCK SPERM TRANSPORT IN THE FEMALE REPRODUCTIVE TRACT

Vaginal contraceptives

Present available spermicidal preparations are extremely effective in
vitro. In the human female, however, the use-effectiveness of the sperm-
icides, whether in the form of jellies, creams, foams, or suppositories,
leave much to be desired. Much of the reported high failure rates with
these types of vaginal preparations is related to their lower rates of
in vivo spermicidal potency, technical problems with the vehicle used to
suspend the spermicide, the short duration of activity (usually less than
two hours), and improper use by the woman. Accordingly, several inves-
tigators are examining the possibilities of utilizing chemical compounds
that interfere with the fertilizing capabilities of sperm rather than
trying to obtain a spermicidal effect. A significant number of such com-
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pounds - termed sperm enzyme inhibitors, have been studied and found to
be more effective than commercially available spermicidal preparaticns
in the animal model. These inhibitors may interfere with sperm motility
as well as interfere with enzymes located in the acrosomal cap of the
sperm that are necessary for penetration of the egg. imnortantly, such
compounds have been found effective in extremely small doses.

Other investigators have attempted to develop compounds that would retain
their spermicidal potential for longer periods of time - up to 72 hours,
when inserted into the vagina. Many problems remain to be overcome due
to the absorption propensities of the vaginal mucosa, the effects of gra-
vity when the woman is in the upright position, and the continual daily
production of vaginal and cervical fluid which exerts a diluting effect on
any chemical.

Vaginal barriers

Vaginal sponges for contraceptive purposes were first prescribed over
3,000 years ago, and consisted of cotton or lint impregnated with lemon
oil, honey, and other substances. Natural sea sponge is still in exten-
sive use by women living in the Mediterranean area. As there are vir-
tually no side effects associated with barrier methods, the research
questions revolve around increasing their effectiveness and increasing
acceptability characteristics.

A barrier contraceptive sponge (Today) made of polyurethane containing
nonoxynol-9, has been recently approved by the FDA. Results of early
trials have indicated some problems with efficacy (failure rates of
10-12%) and user acceptability. Newer sponges are being developed and
will soon be in clinical triais.

Diaphracms, in one form or another, have been available for about 100
years, and until recently, there has been little scientific inquiry aimed
at improving the technology. The disadvantages of the diaphragm plus
spermicide method are many and well-known. In an attempt to overcome
these acceptability and effectiveness problems, several novel types of
diaphragms are under deve’opment.

Individual investigators and pharmaceutical companies are developing
diaphragms in which the spermicidal material, usually nonoxynol-9, is
incorporated. When inserted into the vagina, the spermicide is slowly
released over hours or even days. These spermicide-releasing diaphragms
would be disposable after one-time use. Investigators in Japan are de-
veloping a spermicidal-releasing vaginal ring that fits into the vagina
in a manner similar to that of the diaphragm. The ring does not act as
a mechanical barrier, but merely as the vehicle for spermicide release.

An interesting concept in vaginal contraception is the deveiopment of
polymer materials that include spermicide, and are then manufactured into
a shape resembling a condom. The plastic film is water soluble. The
film is draped over the penis, and upon intromission, the film dissolves
in the vaginal fluids, thereby depositing an effective dose of spermicide
in the posterior fornix and arourd the external os. Clinical trials
with this water-soluble, spermicidal condom are soon to get underway.
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Cervical cap

Unlike the diaphragm, which blocks the upper part of the vagina, the cer-
vical cap only blocks the cervix. Cervical caps have been made of metal
or rubber, and¢ most recently of polyethylene or latex. A major advantage
of the cervical cap is its potential usefulness in women with uterine
prolapse, the absence of need for a spermicidal preparation, and the po-
tential for long-term use.

Currently undergoing large scale clinical trials is a cervical cap, made
of latex, that is custom-fitted to the women's own cervix. An impression
is made of the cervix, similar to a dental impression, and the latex is
molded to this impression. The resulting cervical cap is quite thin and
has a flap valve. The cap is placed over the cervix and is held there by
the suction-like effect of the thin layer of fluid between the cap and
the cervix. Theoretically, the flap valve permits menstrual blood to
escape, but does not permit spermatozoa to enter the cervical canal. Pre-
liminary studies have indicated the pntential for this type of barrier
method, but only large-scale clinical trials will answer the important
questions of acceptability and use-effertiveness of the method.

Intracervical devices (ICDs)

Though the major antifertility effect of progestational hormones (proges-
tins) is the suppression of ovulation, many studies have demonstrated
that these compounds also interfere with the production of cervical se-
cretion, thereby exei'ting a local (cervical) antifertility effect. Pro-
gestins administered orally or released from implants in microdose quan-
tities do effect the physical characteristics of cervical mucus (ferning,
viscosity, and spinnbarkheit) and chenical characteristics of the mucus
with respect to its content of enzymes, electrolytes and proteins. Ac-
cordingly, several research developments are underway to investigate
intracervical delivery systems that would release microgram quantities
of prngestins deily over long period of time. The intracervical device
is merely the vehicle for release of drug, and does not serve the purpose
of acting as a mechanical barrier to sperm transport through the cervix.
(See Chapter 17.)

Transcervical approaches for female sterilization

Recent advances in the techniques and instrumentation of hysteroscopy,
and improvements 1in laparoscopy, have stimulated new interest in the
atteapt to seek out the uterotubal junction and apply one method or ano-
iher in order to cause obstruction to sperm transport from the uterus to
the Fallopian tubes.

OUne of the first attempts to cause uterotubal occlusion was by a "blind"
approach with an electrocautery instrument. More recently, the utero-
tubal junction has been electrocoagulated under direct vision by hystero-
scopy. A large-scale clinical trial performed in over 500 women inaicat-
ed, however, that the failures and complications associated with this
procedure were too high for further human studies. Nevertheless, a few
investigators have continued to use this method and claim a very high
effectiveness rate and a very low complication rate.
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Instead of electrocoagulation, another investigator has attempted to
cause necrosis and subsequent scarrinyg of the cornual areas of the uterus
by using cryosurgery. Preliminary animal studies and some human investi-
gations have indicated the remarkable regenerative powers of that portion
of endometrium.

A large number of investigations have been carried out in animals and in
humans in an attempt to find an appropriate chemical that would cause tu-
bal scarring and closure when administered transcervically. Despite the
large number of avcilable compounds that can cause tubal epithelial ne-
crosis, problems have existed with each of them reyarding their potential
toxicity if delivered into the systemic circulation, and/or their possible
peritoneal effects if the compound leaked out the fimbrial end of the
tube. Actually, only two compounds are still under investigation at this
time. The first of these is an anti-malarial drug, quinacrine, which has
been extensively utilized as a fallopian tube occlusive agent by LZipper.

The second chemnical that offers promise is methylcyanoacrylate (MCA), a
tissue adhesive. This compound causes acuve inflamnation when applied
to epithelial structures, and the inflammation leads to necrcsis and
fibrosis. Recently, a uniquely engineered delivery system has been
developed (FEMCEPT Device) that delivers 0.6 ml of MCA to the tubal Tu-
men. (See Chapter 22.)

Reversible methods of obstructing the uterotubal junction

A team of investiyators have developed a possibly reversible occlusion
technique that utilizes silastic as a viscous liquid instilled into the
Fallopian tubes under hysteroscopic control. Polymerization occurs ra-
pidly and a tubal plug is formed. Early results indicate excellent
effectiveness, although major technical problems remain to be solved.
Results are yet too preliminary to comment upon the long-term effective-
ness of the procedure in preventing conception on the one hand, and
the possibilities for reversal when the silastic plug is removed years
later.

Occlusive devices made of solid inert materials that are inserted into
the ¢*erine ostia of the Fallopian tubes, under hysteroscopic guidance,
are beiny investigated by several researchers. One of the most promis-
ing devices is the Uterotubal Junction Device (UTJD), which is a poly-
ethylene plug, approximately 10 mm in length, having four metallic spines
attached to the base of the plug. The spines fix the plug in place in
the tubal opening by penetrating the adjacent myometrium. Extensive
testing in baboons and in a few women indicate that the devices do con-
sistently block sperm transport when properly inserted. Furthermore, at
least in baboons, fertility is restored upon simple removal of the device.
Early clinical trials have just started, but certain technical problems
need solution prior to more extensive trials.

INTRAUTERINE CONTRACEPTION

Much of the present research on intrauterine contraception centers around
improvement of the method regarding effectiveness, bleeding, pain and
expulsion.
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Contraceptive effectiveness

The basic mechanism{s) of contraceptive action of intrauterire devices is
incompletely understood and, hence, a completely effective device cannot
be designed except by trial and error. Presently available copper IUDs
are associated with high effectiveness rates when the device is in the
proper uterine position. Accordingly, there is little room for improve-
ment in this parameter. Affecting rates of contraceptive effectiveness
is the duration of action of an IubD. Non-medicated IUDs possess long-
terin contraceptive effectiveness - pernaps for the entire reproductive
age of the woman. On the other hand, presently available copper IUDs
have a lifetime use of about three to five years. This is so because
the copper wire used in these devices fragments after some years in the
uterine cavity. This fraymentation is quite variable from individual to
individual, and cannot be predicted. New forms of copper IUDs are in
large scale clinical trials and these devices have been developed to
avoid the necessity for changing the IUD every three years. Preliminary,
but extensive, studies with these new IUDs indicate that the addition of
a copper sleeve(s), rather than copper wire, does extend the long-term
use to ten or more years.

The duration of action of a hormone-releasing IUD is dependent upon the
nature of the steroid, the reservior, and the type of IUD carrier. The
use of potent progestins, for example, levonorgestrel, in a suitable IUD
reservoir provides much longer duration of action than the presently
available progesterone-releasing IUD, which must be changed annually.

Bleeding

The major unwanted side effect of IUD contraception is bleeding, probably
accountingj for over half the IUD discontinuance rate. The bleeding is
rarely suificient to cause anemia, except in malnourished women where the
IUD-induced blood loss can ayyravate an underlyiny anemia. The cause of
the increased menstrual bleeding and interienstrual spotting is unknown.
(See Chapter 14.)

Expulsion

Tie major factor influencing retention of an IUD is the geometry of the
device - its size, shape and configuration, ail of which must be in con-
cordance with the geometry of the particular intrauterine cavity. The
efficiency of this relationship is best summarized in the measurement of
expulsion rabes.  any subfactors, however, also influence this important
relationship; age, parity, anatomical variations, racial differences, and
characteristics of the device itself.

Hasson has developed a measuring device that can provide the exact dimen-
sions of the endometrial cavity, including its geometric shape. Use of
this device offers promise of better fitting of IUDs in the particular
woman, with expected consequent improvement in expulsion rates, and per-
haps improveilent in discontinuance due to cramping pain and/or bleeding.
(See Chapter 15.)

Research efforts are underway to utilize presently available IUbs or
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develop special IUDs for special uses. For example, a loop has been re-
designed to provide excellent retention characteristics when inserted
into a postpartum uterus immediately following delivery of the placenta.
Biodegradable devices are being considered for short-term use extending
over a period of several months. Standard devices are being utilized as
post-coital contraceptives in those women who have had urprotected inter-
course.

Future systems may include agents or drugs that would exert fertility- .
inhibiting effects much beyond those of available IUDs. Certain sub-
stances, e.g. quinacrine, could be loaded onto an IUD and its subsequent
release could cause tubal inflammation and eventual fibrosis at the site
of entry of the Fallopian tube into the endometrial cavity. It is also
possible for certain drugs known as luteolytic egents to be housed on an
IUD and released in minimal daily doses, causing interference with corpus
luteum function and/or decidualization. More effective intrauterine con-
traception may be provided by the incorporation into an IUD of various
immunological or spermicidal agents that would interfere with sperm moti-
lity or capacity for fertilizatior. The incorporation of antifibrinoly-
tic agents, e.g. epsilon aminocaproic acid, or trasylol, or inhibitors of
prostaglandin synthetase, may prevent or considerably decrease the bleed-
ing associated with IUD use. (See Chapter 14.)

LONG-ACTING CONTRACEPTIVE DELIVERY SYSTEMS

A major approach to improving the effectiveness, safety, and acceptabi-
lity of steroidal contraceptives is to develop long-acting preparations
and delivery systems that can provide continuous medication at minimal
daily doses. These minimal doses must be sufficient to obtain therapeu-
tically effective blood levels in order to suppress ovulation or sperma-
togenesis. Two different developments have taken place in the attempt to
achieve minimal intervention fertility control - a pharmacologic approach,
represented by injectable steroids having intrinsic chemical properties
which provide for slow release, and the bioengineering approach which
utilizes inert drug carriers to control the rate of drug release. The
delivery systems have assumed a variety of forins, including injectable
depot formulations, injectable or implantable hiodegradable capsules and
rods, nonbiodegradable subdermal and intrauterine systems, and other
medicated devices to be inserted into the uterus, vagina, or cervix. (See
Chapter 3.)

Injectable long-acting steroids

Approximately twenty progestins have been studied as long-acting compounds
in the female. The injection regimen has varied from two months to six
months, depending upon the formulation of the depot preparation and the
characteristics of the steroid itself. In most series, complete inhibi-
tion of fertility does result as lony as there is a sufficient blood
level of the steroid present to inhibit ovulation. The injectable pro-
gestins are convenient and easy to administer. Because they contain no
estrogens, the well-known side effects due to estrogen are eliminated.
Although the advantages are excellent, the disadvantages are that treat-
ment cannot be immediately reversed; there is a high incidence of abnor-
mal bleeding, leading to amenorriiea in many women; there is some question
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about how sovon the woman can return to a state of fertility following the
last injection. (See Chapter 4.)

Hon-biodeygradable implants

Silastic implants impregnanted with a variety of steroids and inserted,
via a small skin incision, into the subdermis of the arm or leg have been
studied from contraceptive effectiveness and consumer acceptability points
of view.

The in vivo release profiles are similar for most progestins when the im-
plant is made of silastic; namely, a rapid, but decreasing rate of release
for the first two or three months, followed by a much slower decline in
the rate of release. Individual variation amonyg subjects treated with
identical silastic impiants may not be a solvable problemn.

Silastic implants containing progestins are effective in preventing preg-
nancy, although the dose release is erratic and can lead to irregular
menstrual cycles, amenorrhea, or irregular bleeding. The implants are
retrievable, although with difficulty. The question of consumer accept-
ability seems to be paramount in whether this novel method of long-term
contraceptive administration will become popular. (See Chapter 12.)

Biodegradable contraceptive systems

Copolymers, containiny various percentages of lactide and glycoclide have
been blended with 1levonoryestrel, a long-acting steroid. The mixture
is extruded into rod shapes for implantation under the skin. In vivo,
the steroid is released at constant daily rates by both diffusion of the
steroid through the polymer and by bioerosion of the polymer. Prototype
systeins have been developed that will release steroid for long periods
of time - up to eight years. The duration of activity is dependent
upon the molecular weight of the polymers, the dose loading of the ster-
oid and the characteristics of the steroid itself. The advantage of the
system is the complete biodegradation of both the system and the steroid
over a known period of time. The rod system can be retrieved, however,
but with difficulty.

Another type of biodegradable system has been developed consisting of an
injectable steroid in the form of a microsphere. The prototype 3 and 6-
month system consists of microspheres made of a biodegradable polymer,
polylactic acid, in which micronized crystals of norethindrone are homo-
genously dispersed. {See Chapter 11.)

IMMUNOLOGICAL APPROACHES FOR FERTILITY CONTROL

Anti-pregnancy immunization

Much research is being directed toward the acellular, gelatinous layer
surrounding the ovum - zona pellucida. The zona is essential for sperm
recognition and attachment prior to fertilization. The zona has a number
of proteins (antigens) that could be utilized to induce antibody forma-
tion and consequently immunologically prevent attachment of the spern
and/or fertilization. The feasibility of this approach has been eluci-
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dated by using antigens derived from pig zona and these antigens are
effective cross-species. For example, dogs and marmosets have been
actively immunized with antigens obtained from pig zona, with consequent
interference in the process of fertilization.

The placenta is a rich source of antigens which are present within the
woman for a brief period, and are in general, "non-self" components,
thereby lending themselves to the potential development of an antipreg-
nancy vaccine. There are at least three placenta-specific soluble pro-
teins exhibiting hormonal activity, and quite a few more non-hormonal
compounds that have been isolated. Of the identified placental hormones,
most research in the field of vaccine development has been carried out
with chronic gonadotropin.

hCG is a placenta-specific hormone that is initially elaborated by the
fertilized ovum in order to provide gonadotropin support to the corpus
Tuteum in early pregnancy. The corpus luteum in turn produces proges-
terone and estrogen. Following implantation, hCG 1is produced by the
cytoplasm of the syncytiotrophoblast. Experimental studies in several
animal species indicated that antibodies raised to hCG were effective in
neutralizing the activity of the hormone. Because of the overlap with
LH, antibodies were raised to the beta-subunit of the hCG molecule, which
allowed no cross-reactivity with LH. As the beta-subunit of hCG is a
weak antigyen, a unique linkage with tetanus toxoid was developed. When
this combination was injected into primates, the antibody response to
both the beta-subunit and tetanus toxoid were of high order, at least
initially. Unfortunately, later studies in female volunteers indicated
that beta-hCG antibody levels were not sufficiently high to provide long-
lasting immunization. Another investigator has attempted to increase
the efficiency of the immunization mechanism by utilizing a small portion
of the beta-subunit of hCG. These peptides, consisting of 30-45 amino
acid residues, also were only weakly immunogenic.

Sperm antigens

Antibodies to sperm can be detected in serum of females and males. Fol-
lowing vasectomy, sperm antibodies can be found in the male in the major-
ity of instances. Whether "naturally" occurring antibodies to sperm play
a role in the development of infertility remains a topic of serious con-
troversy. Nevertheless, as demonstrated in many animals experiments per-
formed during the past 50 years, and in some clinical situtions, anti-
bodies to sperm antigens that exist in the female genital tract can cause
infertility by somehow interfering with sperm motility and/or function.

In the past ten years, several sperm antigens have been isolated and
characterized. One in particular, known as lactic dehydrogenase (LDH-Cg),
has been isolated from sperm cells of several species. Antibodies raised
to this enzyme will react with intact sperm cells and such sperm have
evidenced reduced fertilizing capacity. Interestingly, sperm LDH-Cg
appears to exist among several species, so that antibodies raised aginst
LDH-C4 obtained from mouse sperm can provide an antifertility effect when
injected into female rabbits or baboons.

A1l of the above immunological approaches, and others not discussed, will
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require many more years of research and clinical studies before any of
these fertility control methods could be approved for general use. The
research questions revolve not only around efficacy of this antifertility
approach, but most importantly, revolve around the issues of unknown,
long-term potentially serious side effects. The major question of rever-
sibility of the infertile state following successful immunization also
needs resolution. In addition to these concerns with safety, a host of
technical problems remain to be solved in the development of appropriate
and useful anti-pregnancy vaccines. Finally, our basic understanding of
the entire immunological system is rudimentary at best. Accordingly, it
will take years of funaamental research and new knowledge in this area
in order to develop, in a systemic fashion, an effective, reversible, and
safe vaccine.
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PHARMACOLOGICAL ASPECTS OF SLOW-RELEASING STEROIDAL SYSTEMS
Lee R. Beck

The discovery of synthetic materials that are both histocompatible
and biodegradable opened a new vista in the search for long-acting
steroidal contraceptives. Programmed delivery of contraceptive steroids
had Tts origin in the early 1970s with the discovery that histocompati-
ble polymers in the form of subdermal implants could be utilized to
achieve slow release of steroid hormones. This led to the development
of medicated contraceptive systems of various types including Silastic
implants, medicated intrauterine, intracervical and intravaginal devices,
and biodegradable implant and injectable formulations.

The rationale for programmed delivery is to improve the sarfety, effec-
tiveness and acceptability cf ronventional contraceptives by more effi-
cient utilization. The biological response to hormonal stimulation is
dose-dependent. It follows, therefore, that the deyree of risk cannot
be considered independent of the dose and method of administration of
the drug. The optimal dose and method of delivery is one that evokes
effective fertility control with minimun therapeutic intervention. The
concept of minimal intervention fertility control and how it might be
achieved through programmed delivery is illustrated in Fiqgure 1. The
curves compare the blood levels of the hypothetical steroid following
conventional and improved delivery. For this example, conventional de-
livery is by the oral route, and improved delivery is by the use of an
injectable forimulation which provides programmed release. The blood
level of the drug dose necessary for contraception is represented by a
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FIGURE 1. Serum levels of a hypothetical steroid following oral inges-
tion and programmed delivery.

narrow zone. Doses in excess of the optimal therapeutic range constitute
overmedication with potential fcr dose-dependent side effects; whereas,
doses below the effective range can result in contracpetive failures.
Minimal intervention fertility control occurs when the steroid is main-
tained within the therapeutic effective range. Oral administration re-
sults in immediate high blood levels that decrease with time and repeti-
tive doses must be given at frequent intervals to keep the blood leveis
within the effective zone. This results in blood steroid fluctuations,
the peaks of which exceed what is necessary for contraception. The pro-
grammed delivery system meters the steroid into the blood at a control-
led rate designed to maintain the blood level in the desired range,
thereby achieving minimal intervention fertility control. Controlled re-
lease allows for reduction of the total amount of steroid administered
over a prolonged period of time and reduces the chance of human error by
eliminating the need for repetitive self-administration.

Two different approaches have been used in the attempt to achieve minimal
intervention fertility control. The pharmacological approach represented
by injectable steroidal formulations relies on the pharmacolegical pro-
perties of the drug to achieve slow release. The properties include
solubility in the drug in the body fluid at the injection site, affinity
for receptors in the body fluid and tissues, and rate of metabolism and
excretion from the body. The systems enjineering approach utilizes inert
drug carriers to control the rate of the drug release. Although the de-
gree of control may vary from one carrier to the next, the systems ap-
proach can be distinguished from the pharmacological approach on the
basis of a controlled-release mechanism which is neither a body nor drug
component.
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Long-acting steroidal contraceptive systems can be further classified as
those designed for systemic or local delivery. The implant and inject-
able systems as well as medicated intravaginal devices are designed for
systemic delivery; whereas, medicated intrauterine and intracervical
devices are intended for local delivery. The rationale for local deli-
very is to reduce the steroid load even further by direct delivery to the
target organ. This completely avoids the possibility of systemic side
effects.

Injectable Depot Formulations

The first contraceptive steroids were synthetic proyestoygens which had
to be administered at frequent intervals because they had short biologi-
cal half lives. The synthesis and screening of new compounds led to the
discovery of structures having longer durations of action which made
administration by injection an attractive alternative to oral contracep-
tion.

Two progestogens, medroxyprogesterone acetate (MPA) and norethindrone
enanthate (NET-EN), emerged from this early work promising injectable for-
mulations. Upjohn Pharmaceuticals developed MPA under the trade name
Noristat. Other progestogens <hich have been administered by injection
include hydroxyprogesterone caproate (Delalutin, Squibb), dihydroxypro-
gesterone acetoptenide (Deladroxate, Squibb), levonorgestrel unducylate
(Schering AG), and levonorgestre! ncnanoate (Schering AG). Clinical ex-
periments with these ccupounds are presented in other chapters of this
book.

The injectable progestogens are effective, convenient, easy to adminis-
ter, do not inhibit lactation, free the patient from having to remember
to take medication on a daily basis, and are free from side effects of
estrogen. The disadvantages are as follows: treatment cannot be imme-
diately reversed; there is a greater incidence of irregular bleeding;
there is possible delay in return to fertility; self-administration is
impossible; and there is a limited choice of compounds available for use.

The most significant shortcoming of the injectable progestogens is the
poor linear release profile. The initial blood levels of NET far ex-
ceed that which is necessary for effective contraception. There is a
gradual decline during the first few weeks post-treatment before the
deposited progestins pass through the zone of minimal therapeutic inter-
vention. Slow release in this instance does not satisfy the concept of
minimal intervention fertility control.

Although there is little doubt that the approach is extremely attractive,
the role of the injectable progestogens remains uncertain. At present
the choice is limited.to only a few compounds, and although the search
is ongoing, new compounds having more acceptable release profiles are
not yet available.

Subdermal Implants

The evaluation of contraceptive implants which utilize an inert carrier
to control the rate and duration of drug release began in 1964, with the
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discovery that silicone rubber can be used as a carrier for prolonged
drug therapy.

Subdermal Silastic implants impregnated with megestrol acetate (MA) were
shown to be effective in preventing pregnancy in early clinical trials.
The original aim for the implant was to administer a daily dose of pro-
gestin sufficient to inhibit fertility without interference with normal
ovarian function. High pregnancy rates with single implants prompted
the use of multiple devices in order to achieve higher blood levels of
the progestin and longer durations of release. Four capsules provided
9 to 10 months protection; five capsules 12 to 15 months; and six cap-
sules, 18 months.

The contraceptive effectiveness and acceptability of Silastic subdermal
implants containing either levonorgestrel or norgestrienone have been
compared in a multi-national clinical trial. Four hundred ninety-two
women treated with levonorgestrel capsules (180 mg) had a cumulative
12-month pregnancy rate of 0.6% and a continuation rate of 74.6%. Four
hundred ninety-eight women treated with norgestrienone capsules (180 mg)
had a cumulative 12-month pregnancy rate of 3.5% and a continuation rate
of 79.4%. The major side effect for both steroids was irregula. bleeding
patterns. The rates of termination due to bleeding irregularities were
12.3% for levonorgestrel and 4%.3% for norgestrienone.

Norethindrone was found to be ineffective in preventing pregnancy using
up to 12 implants containing 20 to 30 mg of NET each. Gestrigone (R~
2323), delivered by Silastic implants, is effective in preventing preg-
nancy. However, it has been excluded from further use as a systemic
contraceptive because it has been shown to elevate transamidinase levels
in Chilean women.

The 19 norsteroid ST-1435 has a high rate of in vivo release from Silas-
tic capsules (40 mg/cm/day) and provides effective contraception when
used as a single implant. The rapid rate of release, however, limits
the duration to less than one year.

Lynestrenol has in vivo release rates from Silastic cansules even greater
than ST-1435 (i.e., 60 mg/cm/day), and studies have bieen discontinued
because of rapid release.

Silastic capsules, 22 mm long containing 40 mg of norethindrone acetate
which have an in vivo release rate of 128 ug/NET/day, provide protection
against pregnancy for approximately 10 months. The short duration of
effect represents a disadvontage compared to other longer-acting im-
plants.

The in vivo release profiles are similar for all progestins: rapid de-
crease in rate of release for the first 50 to 100 days followed by a much
slower rate in decline. The plasma levels of the progestins delivered
from Silastic implants vary as much as threefold between individual sub-
jects treated with identical implants.

In general, it can be concluded on the basis of the clinical studies that
Silastic implants containing synthetic progestogens are effective in pre-
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venting pregnancy and represent an acceptable form of contraception for
some populations. The duration of effect is dependent on the rate of
release of the steroid from the Silastic capsule. Accordingly, steroids
having higher rat.s of release have corresponding short durations of ac-
tion; whereas, steroids having lower rates of release, have longer dura-
tions of action but require multiple implants in order to deliver effec-
tive daily doses. If one balances the number of capsules necessary to
give contraceptive protection against duration of release ana side ef-
fects, ievonorgestrel and norgestrienone appear to be the most attractive
steroids for use in subdermal Silastic implants. Levonargestrel 1is a
more effective contraceptive. However, the incidence of irregular bleed-
ing is significantly greater for levonorgestrel than for norgestrienone.

The use of Silastic rods instead of capsules to obtain higher rates of
levonorgestrel release reduces the incidence of breakthrough bleeding and
increases amenorrhea. The estimated in vivo release rate from rods is
three to four times greater than from capsules. Bleeding irregularities
can be controlled to some extent by adjusting the daily dose of the pro-
gestogen. There is also some evidence to suggest that the incidence of
intermenstrual bleeding decreases with time. Successful use of subdermal
implants on a wide scale will require effective management of bleeding
problems that will arise unless more effective systems can be developed.
One possibility for achieving better bleeding control which is currently
under investigation is to include estradiol in the implants.

The Norplant, which has been developed and tested by the Population Coun-
cil, is Silastic subdermal implants that contain levonorgestrel. Six
implants each of which contain 36 mg of levonorgestrel are implanted in
the arm using a trocar. The releuse rate is approximately 50 ug/day for
the first year, 30 ug/day for the second year and remains constant for
the next 4 years. (See Chapter 12.)

Subdermal dimethylpolysilaxane implants containing potent progestogens in
the form of capsules &nd rods have been shown to provide effective con-
traceptive protection without serious side effects. The advantages of
Silastic subdermal implants over oral contraceptives are as follows: (1)
the improved therapeutic dose; (2) continuous constant release for per-
iods of up to one year or longer; (3) the necessity of only one adminis-
tration; (4) lack of vehicle discomfort; (5) reliability of administra-
tion; (6) rapid return to ovulation upon removal; (7) easy reversibility;
(8) avoidance of liver portal circulation; and (9) avoidance of intermit-
tent single bolus stimulation of the liver.

The main shortcomings of Silastic implants are as follows: (1) because
they have limited surface area as many as six or eight devices are re-
quired to provide effective blood levels of the contraceptive drug, (2)
since silicone rubber is not resorbed by the tissue, the spent devices
have to be removed surgically, (3) variation in solubility of different
synthetic steroids 1imits the choice of progestins that can be delivered
by this route; and, (5) significant variation occurs in the blood levels
of individual subjects treated with identical devices.
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Medicated Intrauterine Systems

Medicated intrauterine systems represent a major advance toward achieving
minimal intervention fertility control. The medicated IUD represents the
first steroidal contraceptive system to focus on local, rather than sys-
temic, delivery. The rationale for intrauterine steroids is based on the
principle that progestogens delivered directly to the uterine lumen in
low doses will act directly on the uterine 7mucosa inducing changes in the
endometrium which prevent implantation. Supposedly, this can occur with-
out influencing normal ovarian function and/or other systemic effects.

This concept yrew out of the earlier work on subdermal implants and the
related development of controlled release delivery systems. The first
medicated intrauterine system were modeled after subdermal implants.
Doyle and Clewe were the first to test a steroid-releasing intrauterine
device in animals.

Alza Pharmaceutical Company was the first to launch a comprehensive pro-
gram to develop a long-acting steroidal intrauterine contraceptive cys-
tem. This led to the developmen: of the Progestasert, a T-shaped IUD,
which delivers 65 ug of progestogen per day for 365 days. The Progesta-
sert represents a major advance toward minimal intervention fertility
control. Up until this time all controlied-release devices had high
jnitial rates of release that decreased in linear fashion with time;
whereas, the Progestasert provides a constant rate of release for the
life of the unit. In order to achieve this degree of control, advanced
technology in polymer chemistry was focused on the problem of developing
a polymeric membrane capable of providing a constant zero order rate of
progesterone release with a high cagree of precision and constancy. Se-
veral prototype systems having different rates and durations of release
were developed and tested in animals. The system selected for human
trial was a T-shaped device having a 36 mm vertical stem and a 32 mm
transverse arm. The transverse arm contained 32 mg of crystalline pro-
gesterone in medical grade silicona oil and barium sulfate. The polymer-
jc diffusional rate-limiting membrane consisted of a polymer of ethylene
+inyl acetate containing titanium dioxide. The rate of progesterone re-
lease from the device was 65 ug/day for a duration of 12 to 18 months.

Many studies have evaluated contraceptive effectiveness, acceptability,
side effects and mechanism of contraceptive action of Progestasert. (See
Chapter 14.)

Intrauterine progesterone at dose levels insufficient to inhibit ovula-
tion has been shown to have a wide spectrum of effects including the in-
duction of morphological changes in the endometrium and oviduct; altera-
tion of sperm capacitation properties of uterine fluid; alterations in
prostaglandin concentrations of endometrium and menstrual blood; changes
in biochemical, enzymatic, and trace elements in the endometrium; altera-
tion of the ovarian hormone levels; reduction in menstrual blood loss;
and inhibitory effects on embryo development and transport. The exact
mechanism and/or combination of mechanisms which inhibit fertility is
not known.

The need to change the Progestasert annually is considered a disadvant-
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age, and this has motivated the use of potent synthetic progestins as the
active principal. New intrauterine de’ices that release progesterone for
three years are being tested by the World Health Organization, and plans
have been made to test devices that release levonorgestrel at the rate
of two mg/day. Theoretically, these devices will have effective life
spans of five years or greater. (See Chapters 16 and 17.)

In spite of the initial promise, the medicated IUDs have not been wide:y
accepted for good reason. The design of the device offers no advantage
over conventional bleeding, pain, and uterine perforations. If the medi-
cation is taken away, what remains is a conventional IUD with all of its
inherent problems. The original intent for the medicated intrauterine
system was to rely on the medication for contraceptive effect, thereby
affording greater flexibility in design of the device itself. Unfortu-
nately, there has been little effort to design smaller, less troublesome
JUDs for use as intrauterine drug-delivery systems. If intrauterine
progestin alone is enough to inhibit fertility, without synergistic ef-
fects of the device, then it should be possible to design devices of
novel form free of those side effects which characterize conventional

IUDs.

Medicated 1 itravaginal Systems

The rationale for the MIVD is based on the knowledge that steroids rapid-
ly penetrate the vaginal mucosa, and the. foreign bodies of considerable
size can be left in the vagina for long periods without discomfort. The
possibility of intravaginal contraception became apparent with the dis-
covery that Silastic rubber can be used to achieve controlled-release of
steroids for extended periods of time. The entire area of vaginal rings
is presented in another chapter of tnis book.

The major advantage of the MIVD over other types of controlled release
steroidal contraceptive systems is that the treatment is self-administer-
ed and reversible at will. Although self-administration may be an advant-
age in populations where motivation and compliance is good, it may be a
distinct disadvantage in populations with poor motivation. Sanitation
and proper care of the device may also present problems. Better design
of the system may help to improve acceptability. For example, systems
designed for disposal after a single insertion would eliminate sanitation
concerns. Biodegradable systems might help to improve acceptability be-
cause they can be left in place, thereby eliminating responsibility of
the user to remove and care for the device.

Biodegradable Systems

The use of biodegradable polymers for the programmed delivery of steroid
hormones represents a major advance in countraceptive technology, the full
impact of which is yet to be realized. On the surface there is the ob-
vious advantage that biodegradable systtems comprising drug polymer com-
binations eliminate the need for device removal following use. An under-
lying and more significant consideration is that the use of polymers that
biodegrade allows for greater flexibility in systems design.

There are three basic types of biodegradable systems under current deve-
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lopment that differ in structure, method of administration and mechanism
of drug release (Figure 2). Capsules and rods are designed for implant-
ing under the skin, and small particulate systems are designed for injec-
tion. The capsule or reservoir devices have an outer shell surrcunding
a cen.ral drug core, whereas the rods or monolithic devices are solid
structures with drug homogeneously dispersed throughout the matrix of the
device. In order to distinguish between the small spherical reservoir
devices and small spherical onolithic devices, we use the term micro-
sphere for the reservoir configuration and microsphere for the monolithic

BIODEGRADABLE SYSTEMS UNDER CURRENT DEVELOPMENT

MECHANISM OF METHOD OF
SYSTEM RELEASE ACMINISTRATION
Diffusion Implantation
;;)- .
PN R i
X ?4;’!“ g:,?s‘;::‘o" a Implantation

@ _ Diffusion &
@ @ Erosion

small particulate

Injection

FIGURE 2. Structure and administration of biodegradable systems under
current development.

form. In the past the term microsphere has been used to describe small
spherical systems in general. Reservoir devices in microcapsular form
are designed to release drugs from the reservoir by diffusion across the
capsuie wall. For this to occur, the drug must be soluble in the biode-
gradable material used to formulate the capsule. Controlled release
cannot occur in the absence of an intact outer wall. Accordingly, the
rate of biodegradation of the capsule wall must not exceed the duration
of drug release. Pitt and associates are using polycaprolactone capsules
implanted subcutaneously to deliver levonorgestrel and norethindrone for
periods ranging from 6 to 12 months. The prototype system is designed
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to release the drug at a constant rate for up to 12 months after which
the empty capsules biodegrade. These are large capsules which are im-
planted subcutaneously.

Monolithic devices in the implant or injectable form can release druy by
diffusion and/or erosin. The mechanism of release depends on the solu-
bility of the drug in the polymer and/or the rate of biodegradation of
the polymer. Alza Pharmaceutical Company has developed a synthetic poly-
mer called Chronomer which erodes at a ronstant rate in vivo. Implant-
able monolithic devices in the form of rods made of this polymer are
being used to deliver norethisterone and levonorgestrel. The prototype
system has a 3-month duration of drug release in vivo. The steroids are
not soluble in the polymer. Accordingly, bioerosion is the sole mechan-
ism of drug release from Chronomer polymer. Work on this sytem was dis-
continued due to adverse reactions at the site of implantation.

In a program sponsored by PARFR, Dynatech Research Corporation has de-
veloped a hiodegradable implant which consists of a co-polymer contain-
ing 90% lactide and 10% glycolide blended with 50% by weight levonorges-
trei. The mixture is extruded into rods designed for implantation under
the skin. Following implantation, levonorgestrel is released at a con-
stant rate by diffusion and bioerosion of the polymer. The prototype
system has a duration of levonorgestrel release in vivo nf approximately
8 years. The low rate of release requires the use of multiple implants
to achieve adequate daily doses. Work is currentiy under way to increase
the rate of release and shorten the duration.

The Department of Obstetrics and Gynecology at the University of Alabama
in Birmingham and the Biosystems Division of Southern Research Institute
have been engaged in a continuous program of research to develop and per-
fect a biodegradable microsphere (monolithic) contraceptive delivery
system.

The system consists of small particles of a biodegradable polymer (d,1-
polylactic acid) in microsphere form, which contain 20% by weight cry-
stalline norethisterone homogeneously dispersed throughout the matrix
of the microspheres. Figure 3 shows a scanning electron micrograph of
typical norethisterone made by a solvent evaporation process. The micro-
spheres vary in diameter and the relative size distribution can be con-
trolled to some extent during the manufacturing process. The size frac-
tion of a microsphere comprising a dose is an important consideration
because the rate and duration of drug release is dependent on the surface
area of the microspheres. (See Chapter 11.)

The rate and duration of NET release from the prototype microsphere for-
mulation are dependent on the drug loading and the size of the micro-
spheres. The smaller particles have faster rates of NET release. We have
shown that it takes approximately one year for DL-PLA microparticles to
biodegrade. Accordingly, a build-up of DL-PLA occurs following repeated
injections. Theoretically, this could be avoided, at least in part, by
substituting polymeric excipients that afford microspheres having simi-
lar NET release kinetics but that biodegrade faster. This prompted us
to develop second-generation microsphere formulations that biodegrade
within 6 months. Reduction in biodegradation time, without compromising
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FIGURE 3. Sceaning electron micrograph showing d,1-polylactic acid
microspheres containing 20% by weight norethisterone.

the NET release kinetics, was achieved by using a copolymer consisting
of DL-lactide and glycolide in lieu of DL-lactide alone. Tha result is
an improved formulation that has utility as either a 3- or a 6-month
injectable contraceptive.

Microspheres made from a biocompatible, biodegradable polymeric exci-
pient, poly(Dl.-lactide-co-glycolide) (DL-PLGA) that contained 22 wt per-
centage norethisterone (NET), were prepared by a solvent-evaporation
microencapsulation process. NET microsphere formulations have been iden-
tified for clinical testing which releases NET for 3 months and biode~
grades completely within 6 months.

Pharmacokinetics and pharmacodynamics of the second generation long-
acting injectable microsphere delivery system were tested in 10 women.
Two doses of the microsphere formulation contains either 150 ro 200 mg
of NET were administered by intramuscular injection on Day 5 of the
menstrual cycle. Treatment suppressed ovarian function and inhibited
ovulation in all subjects for three months. Norethisterone serum could
be detected for 20 weeks post-treatment. Norethisterone levels in sub-
jects that received the higher 200 mg dose were proportionately greater
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than those who received the lower 150 mg dose. Following injection there
was a rapid rise in the NET serum levels followed by a gradual decline
until 8 to 10 weeks. Between 10 and 20 weeks post-treatment there is a
secondary rise and fall in the NET serum levels. The biphasic NET re-
lease profile occurred in all 10 subjects and is pharmacokinetic, which
is characteristic of this formulation. Treatment caused suppression of
the endometrium for 3 months, and, with the exception of spotting and
irregular menstrual cycles, there were no adverse side effects. Treat-
ment has no significant effect on serum lipids.

CONCLUSION

One of the major problems with use of steroidal contraception in develop-
ing countries is the need to take a pill on a daily basis. Even where
motivation for daily use of contraceptives is good, compliance is often
poor, oving to inadequate education or understanding. Another limitation
is the relatively great expense of the drugs. Hence, there is a great
need to develop steroidal contraception that can be administered on a
long-acting basis.

Several injectable steroidal contraceptives are presently being used in
developing countries, but although these methods eliminate the need for
daily motivation to take a pill, they have not been widely accepted
because of problems with irregular menstrual bleeding and amenorrhea, and
with related psychosexual and religious considerations.

Accordingly, it is hoped that the principles outlined in this communica-
tion that emphasize a constant low blood level of steroid will result
in adequate fertility control without the present bleeding problems. If
this can be accomplished, we will have come a long way toward providing
adequate and acceptable fertility control for women in developing coun-
tries and in developed countries as well.

The work to develop long-acting contraceptive systems follows a trend
towards the application of more sophisticated technology and wider diver-
sity of technological expertise. The new systems being developed require
input from biomaterial specialists, life scientists and clinicians. The
multidisciplinary approach to research requires centralization of exper-
tise and a broad funding base in order to be effective. The current
philosophy of government funding is leading in the opposite direction.
The technical expertise required to develop highly sophisticated long-
acting steroidal contraceptive systems is available. The challenge which
lies ahead is to focus the full spectrum of this expertise on the pro-
blem. This review is intended to describe where we have been so that we
can better plan where we should be going.
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LOW LEVEL PROGESTOGENS
E. Diczfalusy,
B.M. Landgren

In conceptual terms the history of low level pregestogens as fertil-
ity regulating agents inay be traced to the end of the last century, when
Beard and Prenant observed that no ovulation takes place during pregnancy.
However, to realize that the same condition can be duplicated by the
administration of progesterone necessitated the continued efforts of hun-
dreds of chemists, biologists and clinical investigators during more than
half a century, until it was shown that in women ovulation can be inhi-
bited by the oral administration of progesterone, or of synthetic proges-
togens, such as norethynodrel. The idea that progestogens may interfere
with fertility even when administered in doses so small that they do not
invariably inhibit ovulation was launched in the mid-sixties by a group
of Mexican investigators.

Why did it take almost a decade after tha introduction of combined oral
contraceptives before progestogen-only forimulations were tried? With the
methods used in the mid-sixties for the large scale synthesis of the
first contraceptive steroid, norethynodrel, it was difficult to complete-
ly remove a relatively important impurity, a strong estrogen, the 3-methyl

This chapter was reprinted with permission from the editor from the
proceedings of an International Symposium on Research of the Regulation
of Human Fertility. Forum Printer, Copenhagen, Denmark, 1983.
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ether of ethynylestradiol (mestranol). When the complete separation was
finally achieved, it was found that the pure progestogen caused signifi-
cantly more bleeding irregularities than the "impure" one. This observa-
tion led to the standardization of 1.5% mestranol “impurity" in the first
marketed oral contraceptive, Enovid; it also caused some hesitation
whether or not to develop progestogen-only contraceptives. Indeed, the
majority of the 80 million women taking steroidal contraceptives today
are using combined estrogen-progestogen formulations, rather than low-
dose progestogens. The limited popularity of the latter is attributable
in part to their lower efficacy and in part to the higher frequency of
bleeding irregularities associated with their use.

Why bother then and try to develep improved low-dose progestogens? The
answer is that the majority of adverse effects of steroidal contracep-
tives are estrogen dependent. Would it be possible to improve the effi-
cacy and/or bleeding patterns achieved with low-dose progestogens, then
these formulations would acquire an important place in our contraceptive
arsenal, because of their established safety. It should be stressed,
however, that it will hardly be possible to improve the performance of
low-dose progestogens without a great deal of mission-oriented basic
research on their mechanisms of action when they induce infertility and
intermenstrual bleeding.

The objective of this chapter is to review the more recent information on
low level progestogen contraceptives when administered by various routes.
Special emphasis will be placed on human pharmacokinetic and pharmacocy-
namic investigations.

CHEMISTRY

These steroids have been studied either as "minipills", or following their
continuous release from various delivery systems, such as vaginal devices,
or subdermal implants.

Most published information is available on chlormadinone acetate, nore-
thisterone and levonorgestrel. Following the withdrawal of most C-21
steroids, because of the (highly controversial) issue of mammary nodules
in beagle doys, the continued development in this field became largely
centered on norethisterone and levonorgestrel and their closely related
analongues.

PHARMACOKINETIC PROPERTIES

A simplified view of the expected profile or peripheral plasma levels of
a progestogen administered by different routes is depicted in Figure 1.

What this figure intends to illustrate is that an even, near zero urder
rate of release is most likely to be achieved by the use of delivery sys-
tems such as vaginal rings, biodegradable or non-biodegradable subdermal
implants, and perhaps transdermal systems. Depending on the rate of
hydrolysis and/or dissolution (in the case of microcrystalline formula-
tions and implants), the profile of various long-acting injectables may
show considerable differences.
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PLASMA LEVELS

Minipills

In the case of minipill formulations, the peripheral plasma levels are
known to exhibit marked ups and downs. B:cause of the risk of pill omis-
ssion, the removal half-life of the progestogen used is of practical re-
levance for its efficacy. Since, as indicated in Table 1, the removal
half-1ife or norethisterone is much shorter than that of levonorgestrel,
"missing"” a pill or two will have a more marked effect on the plasma
levels of norethisterone than on those of levonorgestrel.

Vaginal delivery systems

In the WHO studies conducted in Stockholm, blood was drawn 3 times weekly
(Mondays, Wednesdays and Fridays) during a pre-treatment (control) cycle
and during 90 days (3 segments) with the devices in situ. The data in-
dicate ie little, if any, initial "burst" effect and fairly constant

PHARMACOKINETIC PROFILES OF PROGESTOGEN CONTRACEPTIVES

30
O EXISTING INJECTABLE
p ©® NEW INJECTABLE
i A IMPLANT OR VAGINAL RING
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Figure 1. Schematic representation of the expected, pharmacokinetic pro-
files of progestogens administered by different routes and in
different formulations.
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release rates in association with considerable individual variation in
ovarian response to the same peripheral level of norethisterone achieved

by markedly different release rates (50 and 200 ug/24 h, respectively).
The data indicate the high degree of reproducibility in individual Tevo-
norgestrel levels, even when rings of different origin are used by the

same subjects.

The mean levels of levonorgestrel and norethisterone in the peripheral
plasma of women using vaginal delivery systems with different release
rates are indicated in Fiaure 2.

From the equations of the lines it can be calculated that the daily de-
cline in levonorgestrel levels (at a release rate of 20 ub/24h) was 0.3%,
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Figure 2. Geometric mean values and 95% confidence limits of the peri-
pheral plasma levels of norethisterone (filled circles) and
levonorgestrel (open circles) in 8 and 7 subjects, respec-
tively, during the initial post-insertion period of vaginal
delivery systems releasing norethisterone at a rate of 200
ug/24 h. The values are expressed es percentages of the con-
stant levels found on the 8th post-insertion day. (Modified
from the data published by Landgren et al.)
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whereas in norethistercne levels it amounted ot 0.2% (at a release rate
of 50 ug/24 h), respectively. These data suggest that the useful life
span of these devices could be considerably prolonged. Mcreover, the
data also indicate that the initial absorption rate of levonorgestrel is
significantly fasier and its removal half-life significantly longer than
the correspondiny characteristics of norethisterone. Hence, ceteris
paribus, the pharmacokinetic profile of levonorgestrel as a low level
progestogen is more favorable than that of norethisterone.

Subdermal silastic implants

A system (Norplant) consisting of 6 silastic capsules (each 30 mm in
length and 2.4 mm in diameter and with a load of approximately 35 mg of
levonorgestrel) has been developed and tested by the Population Council.
This system is placed under the skin of the upper arm with a 10-gauge
trocar, and it provides contraceptive effectiveness for a minimum of 3
years. It is described in detail by Hefnawi in this volume. 1t is men-
tioned briefly here, since the available data sugyest that some ovulatory
cycles occur in the presence of levonorgestrel levels which are rather
similar to those reported by Landgren et al. with vaginal devices releas-
ing the same compound at a rate of 20 ug/24 h.

‘ther implants

Several other systems have been studied in clinical investigations, such
as a single implant releasing norethisterone acetate and the Capronor
system (Ory et al.) releasing levonorgestrel. The future of the first-
mentioned one is uncertain, whereas the latter one - with a potential to
be developed as a biodegradable system with several years' duration - is
being actively pursued. From the preliminary evidence it would appear
that ovulation inhibition is not invariably achieved. Therefore, for
the time being, these systenis may be classified as low-dose progestogen
systems. The testing of these has not yet advanced much beyond the
Phase I stage.

Biodegradable implant systems

Such systems were developed to release norethisterone at an approximate
rate of 70-100 ug/24 h and levonorgestrel at a rate of 25-35 ug/24 h.
Since some local irritation has been observed with these devices. their
clinical testing has been discontinued.

Microencapsulation

Microsphere systems have been developed in which the duration of action
of progestogens is prolonged by encapsulation into polylactic and/or poly-
glycolic acid microspheres, which are biodegradable and appear to provide
sustained blood levels for several months. Such systems undergoc Phase
I to Il clinical testing for the time being. (See Chapter 11.)

PHARMACODYNAMIC PROPERTIES

The most important aspecté in this respect include not only pituitary,
ovarian and endometrial function, but also metabolic effects and possible
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adverse reactions. In the latter context, it should be emphasized that
much better and more stringent information may be obtained form those
studies conducted with long-acting injectable formulations in which a
large number of subjects were continuously exposed to large doses of pro-
gestogens during prolonged periods of time.

Normal values

It should also be re-emphasized that a conditio sine qua non for the
proper assessment of the pituitary, ovarian and endometrial effects of
any fertility regulating modality in general and of low-l1evel progesto-
gen formulations in particular is adequate information on the hormonal
and morphological indices characterizing these functions in normal ovula-
tory cycles. A review of the literature reveals that, with few excep-
tions, such normal material was not available to the majority of inves-
tigators, which resulted in considerable differences in their definitions
of the indices characterizing a normal cycle.

In view of this, efforts have been made to obtain a representative nor-
mal material as to the peripheral plasma levels of LH, FSH, estradiol,
progesterone, 17-hydroxyprogesterone and Z0a-dihydroprogesterone and the
relationship of these hormonal parameters to a variety of morphometric
indices characterizing normal endometrial function.

Furthermore, an analysis of the daily hormone levels in 100 normally men-
struating women revealed that 96% of them exhibited a plasma progesterone
level of 16 nmol/1 or more for a minimum of 5 days. Additional exper-
jence gained with daily assays in 40 women during the past 2 years con-
firms the previous contention that this is a minimal estimate and that
it is by far the most reliable characteristic of a normal ovulatory-1like
cycle.

There is also an enormous amount of information on the morphological
changes taking place in the human endometrium during the menstrual cycle
and under various pathological conditions; a discussion of these changes
is bevond the scope of this review. The relevant aspect in the present
context is the objective, quantitative assessment of morphometric histo-
chemical, cytochemical and perhaps receptor changes of the normally
cyclic endometrium in order to evaluate the specific alterations induced
by progestogens. This problem will be discussed shortly in connection
with the bleeding irregularities associated with the use of Tow-1evel

progestogens.

For more than a quarter of a century, the dating of the endometrium has
been based on the classical system of Noyes et al., which proved to be
most useful. However, viewed in the light of modern criteria, the system
has 2 shortcomings, since it is not based on morphometric measurements
and since, for historical reasons, it could not take into account the
variability of the characteristic hormonal events of the cycle as re-
flected by the peripheral hormone levels measured daily. Indeed, a paral-
lel dating carried out independently by Noyes & Haman on more than 1,000
biopsy specimens agreed only in 63% of the biopsies and it correlated
with the basal body temperature shift and with the date of the subsequent
menses within one day only in 60% of the biopsies. In the more recent
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assessment of the endometrial effects of low-dose progestogens carried
out in Stockholm, a morphometric analysis was always carried out in
conjunction with the assay of peripheral hormone levels.

Pituitary effects of low-level progestogens

From the mid-sixties onward, many studies have been conducted to assess
the pituitary effects of various progestogens. More recently, the ef-
fects were studied by the analysis of daily peripheral FSH and LH levels
in conjunction with the estimation of estradiol and progesterone levels
in more than 4U women taking the 300 ug norethisterone minipill. It was
found that the predictive value of FSH and LH analysis is indeed limited;
in women wi*h completely suppressed luteal function, the FSH and LH le-
vels did not differ from those exhibiting normal ovulatory-like steroid
profiles. In general, the bizarre FSH an LH profiles induced by various
progestogens were uncorrelated with their ovarian effects.

[t appears, therefore, that the occurrence of a discernable prcovulatory
FSH and LH surge is not a prerequisite for normal ovulatory-like steroid
levels and that the estimation of peripheral FSH and LH levels in women
using low-level progestogens is of limited value in the assessment of the
hormonal effects of gestagens.

Ovarian effects

Since the classical studies of Martinez-Manautou it is established thet
minipill formulations containing different steroids do not invariably
inhibit ovulation. However, in these studies the interpretation of the
hormonal indices, especially of tlie progesterone levels defining a normal
ovulatory-like cycle, varied considerably. Therefore, Landgren & Dicz-
falusy established a system for the classification of ovarian response
to low-dose progestogens, which is also applicable to other forms of
steroidal contraceptives. This system of classification, which is based
on the nonnal levels indicated above (Table 1) and on the daily estradiol
and progesterone levels analyzed in 43 women taking the 300 ug norethis-
terone minipill, is indicated in Table 2. In this system, follicular
maturation is assessed on the basis of estradiol levels and luteal func-
tion on the basis of progesterone levels.

Reactions type A ana B are characterized by the absence of any luteal
activity; in case of C-type reaction, the luteal phase progesterone levels
are significantly but inadequately elevated. Whether this reflects granu-
losa or theca cell luteinization, or the presence of a tru corpus luteum
with suppressed steroid secretory ability, cannot be stated at present.

Moreover, from the analysis of daily 7-gydroxyprogesterone and 20 a-
dihydroprogesterone levels in 42 cycles, it appears that they provide
little, if any, new information in this respect beyond that provided by
daily estradiol and progesterone assays.

The data indicate that some 40% of the 30-day segments (or cycles) studied
with the 300 ug minipill and half of those investigated with vaginal de-
vices releasing levonorgestrel at a rate of 20 ug/24 h were normal ovula-
tory-like ones. Since the efficacy of various low-level progestogens is
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much higher than that, it must be concluded that ovulation inhibition is
not the principal mechanism of their antifertility effect. Hence the re-
lative importance of other mechanisms (sperm transport, implantation)
requires elucidation.

The data irnJicate that some 40% of the 30-day segments (or cycies) stud-
ied with the 300 ug minipill and half of those investigated with vaginal
devices releasing levonorgestrel at a rate of 20 ug/24 h were normal
ovulatory-like ones. Since the efficacy of various low-level progestogens
is much higher than that, it must be concluded that ovulation inhibition
is not the principal mechanism of their antifertility effect. Hence the
relative importance of other mechanisms (sperm transport, ovum transport,
implantation) requires elucidation.

The data also indicate that the ovarian effect of the 50 ug/24 h nore-
thisterone devices was too weak and that of the 200 ug/24 h devices per-
haps too strong. These findings must be related to the efficacy and
endometrial effects (including intermenstrual bleeding) of these formu-
lations. Indeed, a Phase Il trial indicated an unacceptably high preg-
nancy rate for the former and an unfavorable bleeding performance for
the latter. The bleeding patterns observed with these formulations are
indicated in Table 5 and will be discussed later. The data also indicate
that the ovulation inhibiting potency of 200 ug norethisterone when re-
leased continuously from a vaginal delivery system is considerably stron-
ger than that of 300 ug of the same compound administered daily in a dis-
continuous fashion as a minipill.

Endometrial effects

Prolonged exposure to small doses of progestogens results in a sup-
pressed proliferation and abortive secretion, which may gradually turn
into an endometrial atrophy. Some of the changes in endometrial vascula-
ture (such as the dilatation of venules) are suspected to be instrumental
in causing intermenstrual bleeding the problem is, however, that such
changes were not observed invariably, and especially not when biopsy
specimens were studied instead of the entire uterine lining. Another
problem is that the majority of investigators did not assess the ovarian
function pari passu with the endometrial changes. Since a considerable
proportion of minipill users exhibit normal ovulatory-like progesterone
levels, whereas others have anovulatory cycles, and since anovulatory
and ovulatory-like cycles often alternate in the same subject, and in a
haphazard sequence, conclusions based exclusively on the appearance of
the endometrium may easily be misleading. However, in a limited but
carefully controlled study of 24 subjects using the 300 ug norethisterone
minipill, it was found that, irrespective of the ovarian function, the
minipill significantly reduced the number of endometrial glands, dimin-
ished the grandular diameter, reduced the amount of deoxyribonucleic
acid per cell nucleus and increased the number of capillary plasmolemmal
vesicles and the proportion of venular endothelial cells showiny contrac-
tion. Any, or none, of these changes may represent a predispcsing factor
for intermenstrual bleeding. Since, however, the above changes were not
influenced by the presence of intermenstrual bleeding, or by the simul-
taneous administration of 50 ug ethynylestradiol for a week, it can only
be concluded that the statistically significant endometrial changes in-
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TABLE 1.

of the normally menstruating women studied.

Critical levels of hormonal indices characterizing normal follicular and

luteal function in more than 90%

Characteristic

Hormonal index and mean level Mean level Pre-ovulatory Luteal Mean level
No. of cycles studied days 1 to 6 days LH-7 to LH3 peak maximum luteal phase
FSH* >0.9 <4.0 >0.6 <5.2 >»2.5 <16.0 -- -- >1.5 <3.3
LH* >1.0 <3.5 >0.9 <4.8 >13.0 <36.0 - -- >1.5 >3.3
Estradiol** >0.15 <0.37 -- -- >0.7 <2.1 >0.48 (1.2 >0.3 <0.7
17-hydroxyprogesterone** >0.6 1.8 - -- >3.2 <6.3 >5.5  (11.8 >3.2 <6.4
Progesterone** >1.2 4.4 -- - -- - >32.0 <Y96.0 >15.0 <42.0
20 a-dihydroprogesterone** >0.5 >l.5 -- -- -- -- >7.3 <25.0 >4.4 <12.0

*[U/1 in terms of the 69/104 International Reference Preparation.

**nmol/1.

Table 2. Classification of ovarian reaction to steroidal
contraceptives.

Reaction Follicular Luteal

type maturation* function**
A None None
B Marked None

C Normal Inadequate
D Normal Normal

*As reflected by the peripheral estradiol levels.

**As reflected by the peripheral progesterone levels.



dicated above were indeed induced by the norethisterone minipill and that
the therapeutic value of estrogen therapy for improving the bleeding per-
formance in women using low-dose proygesterone formulations remains to be
established. Several, but not all, of these minipill effects could be
duplicated by the continuous premature release of small amounts (1.4
mg/24 h) of progesterone from vaginal delivery systems during days 7-11
of the normal menstrual cycle.

The relative paucity of relevant information underlines the necessity of
greatly increased mission-orientated basic research on the complex rela-
tionship between endometrial bleeding and steroidal contraceptives.

EFF1CACY

The efficacy of low-dose progestogens administered as minipills has been
extensively studied. On the other hand, studies on the efficacy of pro-
gestogens released from vaginal delivery systems have not advanced as yet
beyond the stage of a first Phase III study. Hence - with the exception
of implants of the Norplant type, which are discussed in Chapter 12 -
efficacy data are wainly available with various minipill formulations.
The data shown in Table 3 are taken from the reviews of Fotherby.

TABLE 3: Cumulative results of trials of tne efficacy of various types
of gestagens administered as "minipills"”.

No. of women Pregnancy

Daily No. of nmonths of rate
Compound dose (ug) women treatment (Pearl index)
Chlormadinone acetate 500 7359 44552 2.8
Lynestrenol 500 4731 37405 0.9
Ethynodiol diacetate 500 2420 24534 2.1
Northisterone 350 2925 26173 2.3
d1 Norgestrel 75 2202 29006 2.4
Levonorgestrel 30 3218 36118 3.0

Although the efficacy of the progestogen-only formulations shown in
Table 3 is clearly inferior to that of combined oral contraceptives, it
should be emphasized that the overall failure rate is less than 3 per
100 woman years for any of the formulations, alghough in individual
triels, pregnancy rates higher than this figure have been reported. The
failure rate appears to be age-related, probably a reflection of the
well known decline of fertility with age.

In view of their relatively short removal half-life, "missing" a pill or
two represents a far greater hazard with minipills than with combined
oral contraceptives. It is therefore important that minipills be taken
at approximately the same time each day, which, wnenever possible, should
be related to the pattern of sexual behaviour.

METABOLIC EFFECTS

Hormonal contraceptives have been associated with a variety of metabolic
effects; the most frequently discussed ones are indicated in Table 4.
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TABLE 4: Metabolic effects discussed in connection with steroidal con-
traceptives. Effects considered as possibly progestogen re-
lated are indicated by an asterisk.

Parameter Effect

Coagulation factors
Fibrinolytic factors
Platelet function
Weight gain
Carbohydrate metabolism
Lipid metabolism
Mineral metabolism
Liver function

Renal function
Adrenal function
Thyroid function

* % %t

%1 1t

A review of the literature reveals that, in most instances, these effects
were attrihutable to the estrogen component of the steroidal contracep-
tive. Indeed, the relative paucity of metabolic effects seen following
progestogen administration has been shown by a large number of studies
with a variety of minipill formulations and was further underlined by
the fact that large doses of progestogens administered during prolonged
periods of time as long-acting injectable formulations, such as depomed-
roxyprogesterone acetate and norethisterone enanthate appear to have
little or no effect on most of the indices indicated in Table 4. In
addition to weight gain, the metabolic effects which have been discussed
as possibly progestogen related (marked with an asterisk in the Table)
are those on carbohydrate and lipid metabolism and on adrenal function.
These will be considered only briefly and mainly on the basis of long-
term studies involving exposure to large doses of progestogens adminis-
tered as injectable formulations.

Carbohydrate metabolism

It would appear that - contrary to the findings of some earlier reports -
contraceptive doses of depo medroxyprogesterone acetate (150 mg every
third month) have little, if any, effect on glucose tolerance. On the
other hand, and in contrast with most other studies, Spellacy continues
to find changes in glucose tolerance also following the administration
of the minipill; in a recent study of 50 women using continuously a 75 ug
dl-norgestrel minipill for 18 months, a significant increase in blood
glucose and insulin levels was found, and in 8 subjects the glucose tol-
erance became abnormal. Be that as it may, there is little doubt that
the effect, if any, is rapidly reversible upon discontinuation of the
treatment.

Lipid metabolism and transport

Minipills do not markedly affect the peripheral levels of cholesterol and
triglycerides. On the other hand, it would appear that most currently
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used synthetic progestogens decrease the levels of high density 1ipopro-
tein (HDL) cholesterol. However, the temporal and dose-effect relation-
ships, the effects on HDLp to HDL3 ratios and the correlation of these
to ischemic heart disease remain to be established. Indeed, it is well
pointed out in a recent review that "In the absence of a comprehensive
assessment of progestin effects on the levels and composition of all lipo-
protein classes it is premature to link isolated effects on lipids or
lipoproteins to predictions of cardiovascular risk". At any rate, lipo-
protein metabolism is an aspect of progestogen use which requires a great
deal more systematic investigation.

Adrenal function

Progestogens, when given in very large therapeutic doses, are known to
suppress adrenal cortical function. On the other hand, depo medroxypro-
gesterone acetate when administered in contraceptive doses has only in-
significant or no effect on the circadian rhythm of cortiscl; it has no
effect on the circadian rhythm of a variety of other adrenocortical ster-
oids or on the adrenal reserve capacity. In view of these data, it ap-
pears most unlikely that low-dose formulations of the progestogens indi-
cated should possess a significant inhibitory effect on adrenal function.

OTHER CONCERNS

Neoplasia

There is a great deal of controversy at present about suitable toxico-
logical models to be used in lifetime exposure studies to 50-times or
more the human dose of various progestogens. This aspect (and the beagle
issue), which has been considered elsewhere is beyond the scope of this
review.

Concerning epidemiological studies, in 1978, a WHO Scientific Group con-
cluded that "there are no adequate data from studies in women to assess
whether progestogens used as contraceptives in the form of progestogen-
only pills, or injections have any effect on the risk of neoplasia", WHO
initiated a case-control study in 12 Centre on the association of oral
and injectable contraceptives and the risk of cancer of the breast, cer-
vix, endometrium, ovary and hepatobiliary system. More than 2,000 sub-
jects and 4,000 controls have been enrolled so far, and the results are
expected to be available in 1983. The proportion of controls who ever
used injectable contraceptives will make it possible to detect a minimal
relative risk of 2.0 or more with both combined oral contraceptives and
depo medroxyprogesterone acetate. However, the limited number of sub-
jects using minipill formulations will not permit a similar analysis.

Effects on progeny

Concern has been expressed about possible affects on the fetus in utero
(because of method failure, or mother being pregnant when starting to
use progestogen contraceptives) and about exposure of the infant to pro-
gestogens present in breast milk. These concerns, which relate princi-
pally to injectable progestogens, rather than to minipills, include a
wide variety of problems, ranging from congenital anomalies following in
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utero exposure to possible effects on physical growth and skeletal matur-
ation, immunologic competence, hypothalamic and pituitary development,
reproductive organ and psychological development. The data available to
answer these questions are meager and not always consistent; however,
“it is clear that any teratogenic hazard associated with in utero expo-
sure to progestogens is small and the more reliable investigations sug-
gest either no risk or an approximately two-fold increase in the risk
of some abnormalities, such as cardiovascular defects, associated with a
variety of contraceptive and non-contraceptive exposures'. Furthermore,
children exposed to depo medroxprogesterone acetate in breast milk have
been examined for physical growth and development up to 18 months of
age; no adverse effects were found. It is also established that the
quantity and quality of breast milk are not affected in an adverse manner
by progestogens given as minipills or as long-acting injectables. A
recent review of the available data suggests that the small amount of
progestogen ingested by the infant through breast milk is unlikely to
give rise to adverse effects on the child's development.

Ectopic pregnancy

A few reports have suggested an increased incidence of ectopic pregnan-
cies in women using minipills. The mechanisms by which these ectopic
pregnancies occur have not been elucidated, and this aspect requires con-
tinued investigations. At any rate, whenever women using low-dose pro-
gestogens present such symptoms, the possibility of an ectopic pregnancy
should not be 1ightly dismissed.

Return of fertility

There is little, if any, reason to suspect that following cessation of
the administration of low-dose progestogens, ovulation and fertility
should not be readily re-established. Indeed, studies with prolonged
exposure to large doses of medroxyprogesterone acetate do not indicate a
significant difference in the return of fertility in comparison with
intrauterine devices or combined oral contraceptives.

Bleeding irregularities

Disruption of the normal menstrual pattern is the major disadvantage of
all low-dose progestogen formulations, administered as various minipills,
implants or vaginal delivery systems. compared to combined estrogen-
progestogen contraceptives, they do cause bleeding irregularities more
frequently, and this fact constitutes by far the most important reason
for discontinuation. The assumption that the bleeding performance will
gradually improve with prolonged progestogen administration is a classic
fallacy, since subjects experiencing menstrual irregu'arities will be
the first to discontinue, leaving behind a highly selected population,
with a bleeding profile which eventually may even approximate that seen
in normally menstruating women in contradistinction to the effects of
long-acting injectable formulations. Amenorrhea occurs rarely in women
using low level progestogen formulations and the predominant menstrual
irregularity is intermenstrual bleeding and spotting. The pathogenesis
of this bleeding is incompletely comprehended. A recent Symposium orga-
nized by WHO carried out an in-depth examination of the available infor-
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mation on the connection between intermenstrual bleeding and steroidal
contraception and concluded that in this field the lacunae in our know-
ledge are deep and numerous and that it will be essential to intensify
research in this critical area. Indeed, a limited morphometric, cyto-
chemical and electron microscopic comparison of the "bleeding" and "non-
bleeding" endometrium in minipill users underlines the problem, since -
with the exception of a slight reduction in glandular diameter in "bleed-
ers" - no difference was found with regard to any of the endometrial
indices studied, including venular capillary size. Moreover, treatment
with ethynylestradiol or with placebo exerted no effect on the frequency
of bleeding, or on any of the endometrial indices studied.

A recent examination of the correlation of ovarian function to intermen-
strual bleeding in women using vaginal delivery systems releasing low
doses of various progestogens is also of considerable interest in this
respect. The findings presented in Table 5 indicate that the number of
days with bleeding and spotting was significantly higher in anovulatory
segments compared to those in which a normal ovulatory-like hormonal
profile was found. The reasons for this difference could not be related
so far to endometrial morphological changes; and, to complicate matters
even more, no similar differences were noted in two (rather limited)
studies with the 300 ug norethisterone minipill used during a limited
period of time.

TABLE 5: Relationship between ovarian reaction and the precentage of
days with bleeding and spotting in women uisng vaginal devices
peleasing levonorgestrel and norethisterone, respectively.

Levonorgestrel Norethisterone
Ovarian 20 ug/24 h 50 ug/24 h 200 ug/24 h
reaction* No. of Bleeding| No. of Bleeding] No. of Bleeding
segments days (%)|segments days (%)|segments days (%)

Anovulatory 20 37.3 3 35.6 34 38.9
Inadequate luteal

function (type C) 13 29.5 5 21.3 3 22.7
Normal ovulatory-

1ike (type D) 36 27.7 26 22.0 9 27.0
Pre-treatment

cycles 23 17.6 15 18.8 15 17.2

* According to the classificiation of Landgren & Diczfalusy, indicated
in Table 3.

Last, but not least, it should be emphasized, that low-dose progestogens
are by no means unique in causing bleeding irregularities and that im-
proved bleeding profiles would have a significant impact on the continua-
tion rates with a variety of fertility regulating agents, including i.e.
intrauterine devices, injectable and implantable formulations, and even
combined oral contraceptives.

CONCLUSION
During the past 15 years, a variety of low level progestogen contracep-
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tive formulations have been developed and are stiil being developed.
They do not invariably inhibit ovulation, and their sustained release
formulations seem to be capable of interfering with fertility when ad-
ministered at such low rates as 20-30 ug/24 h. The balance of evidence
strongly suggests that the admir .s“ration of such low steroid doses mini-
mizes the possibility of inducing major metabolic alterations or adverse
effects. However, the use of tnese formulations is associated with two
major disadvantages; their efficacy is lower than that of combined
estrogen-progestogen contraceptives, and they cause more bleeding irregu-
larities, mainly in the form of intermenstrual bleeding. This last-
mentioned fact constitutes by far the most important reason for discon-
tinuation. The mechanisms by which progestogens induce intermenstrual
bleeding are incompletely comprehended.

Since improved bleeding patterns would have a significant impact also on
the continuation rates of a variety of other contraceptive methods, the .
importance of and necessity for a massive increase 1in mission-oriented
basic research on the relationship between intermenstrual bleeding and
steroidal contraceptives cannot be overemphasized.

Other areas requiring more research include the mechanisms of anti-fer-
tility action of progestogens in those (numerous) cases in which they do
not inhibit ovulation, their effect on lipoprotein metabolism and the
possible connections, if any, between progestogen use and the risks of
neoplasia, cardiovascular complications and ectopic pregnancies. In a
broader perspective, it should be realized that progestogens do not re-
present a finished chapter in the history of fertility regulation, but
rather the first act of an ongoing drama in which we have learned enough
about the complexities of the problem in order to understand how much
more remains to be learned.
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INJECTABLE AND IMPLANTASLE PROGESTINS: PROBABLE LACK OF FETAL EFFECT
Joe Leigh Simpson

Potential fetal risks of progestins include deletarious effects re-
sulting from unwitting hormone exposure during a pregnancy associated
with contraceptive failure (teratogenic effect), exposure of germ cells,
manifested in progeny conceived years later (mutagenic effect). Various
reports have claimed that medroxyprogesterone acetate (MPA), norethis-
terone (norethindrone) (NET), and norgestrel (NGT) exert boch teratogenic
as well as mutagenic effects. On the other hand, critical review leads
one to doubt claims of mutagenicity and teratogenicity, excepting genital
virilization by certain progestins administered in very high doses during
susceptible embryonic periods.

I. TERATOGENICITY OF INJECTABLE/IMPLANTABLE PROGESTINS

The optimal scientific way to determine whether injectable or implantable
progestins - medroxyprogesterone, norethisterone, or norgestrel - are
teratogenic is to observe the outcome of pregnancies occurring as result
of contraceptive failure. Because failures are fortunately rare, only
limited data are available by which to assess directly the potential
teratogenicity associated with injectable or implantable progestins.

The few groups commenting on fetal outcome after injectable MPA have not
observed increased anomaly rates; however, the total pregnancies in all
these studies is perhaps less than 100. Between 1975 and 1978, 190 of
8,816 infants born in ChiangMai, Thailand were anomalous.. .The mothers of
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the 190 used MPA in the same proportion as mothers of the 8,626 normal
infants, but whether any fetuses were exposed during gestation is not
known. Even less direct data exist concerning injectables or implantable
NET or NGT, but similarly no claims of teratogenicity exist.

The paucity of formal studies makes it necessary to seek relevant infor-
mation from other sources. Samples useful in determining the teratogeni-
city of injectable or implantable progestins include pregnancies charac-
terized by 1) administration of progestins for pregnancy maintenance, 2)
administration of progestins for pregnancy diagnosis, judged on the basis
of presence or absence of withdrawal uterine bieeding following five days
of moderately high doses, and 3) inadvertent progestin exposure (1 mg/
day) during unrecognized gestation, associated either with oral contra-
ceptives or progestogen intrauterine devices. At present the former two
indications are no longer appropriate. Nonetheless, available for our
study are populations of fetuses exposed when those indications were
valid. .

Several different types of epidemiologic approaches have been conducted,
and these differ widely in validity. Ideally one prefers prospective
studies, either of entire populations or a cohort thereof. However, such
studies are laborious, expensive, and sometime uncover only a few infor-
mative subjects. Case control retrospective studies have thus proved
popular. In such a study, one matches women with a specified abnormal
outcome (e.g. infant with a cardiac anomaly) with controls who, perhaps
after multivariate corrections, differ only with respect to the variable
under investigations (e.g., MPA or NET exposure). Is drug expesure cited
more frequently by the mothers of cases than by mothers of control? In
such a design one serious bias is that women whose pregnancies resulted
in an abnormal outcome search much harder for factors potentially respon-
sible. Case control studies inevitably yield spurious positive associa-
tions of recall biases. Studies conducted prospectively with respect to
fetal outcome should mitigate this bias.

Yet, in some prospective studies patients were interviewed before preg-
nancy outcome was known, yet months after drug exposure so timing of
drug exposure often would not be precisely recalled. Finally, in neither
retrospective nor prospective studies has infant morphology ordinarily
been systematically assessed.

Despite shortcomings in all the epidemiologic studies we shall cite, sub-
stantial data attest to the safety of injectable or implantable proges-
tins.

A. Genital Virilization

In humans, the only proved teratogenic effect of progestins is genital
virilization of female fetuses. This effect is actually not surprising
because some progestins possess androgenic properties that naturally
could affect androgen-sensitive organogenesis. Such an organ-specific
effect provides no basis, incidentally, for extrapclating that terato-
genic effects would be expected in non-androgen sensitive organ systems.
Moreover, virilization is observed only with some progestins and only in
doses exceeding those present in women receiving injectable and implant-
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able progestins.

Medroxyprogesterone acetate (MPA). In high doses, MPA virilizes female
monkeys exposed at susceptible times of embryogenesis in doses above 300
mg/day. However, MPA does not virilize mouse or rabbit fetuses. In rats
contradictory data exist. One study showed an effect, but Andrew and
Staples observed no virilization fellowing 30 to 3000 mg/kg/day. On the
other hand, virilization was observed ir rat fetuses whose mothers car-
ried medroxyprogesterone-containing intrauterine devices in both uterine
horns. Fetuses born of control mothers (silastic device in situ without
MPA) were not virilized but, interestingly, showed an increased rate of
anomalies compared to animals without a device.

In humans there is no convincing evidence that MPA ordinarily virilizes
female fetuses. Virilization has not been reported in the few human fe-
tuses conceived while their mothers received MPA injections. Further
supporting the lack of effect is the near absence of reported viriliza-
tion despite MPA having been administered in high doses (10 to 40 mg
orally daily throughout pregnancy) to thousands of women in hopes of
maintaining pregnancies. Only a few anecdotal reports can be cited.
Burstein and Wasserian administered 5 to 50 mg MPA daily to women prior
to the 12th week of pregnancy (total dose 50 to 7000 mg per patient).
Only 1 of 82 female offspring had clitoral hyptertrophy and none was
more extensively virilized. Similarly, Rawlings observed no virilization
among offspring of 72 women treated with large doses of MPA. Viriliza-
tion has also been observed in prospective studies.

Norethisterone {NET). In constrast to MPA, norethisterone (norethin-
drone) (NET) 1n hiigh doses at the appropriate stage of embryogenesis
(2 to 10 weeks) definitely virilizes female human fetuses. Labioscrotal
fusion, utrethral displacement and clitoral hypertrophy result. Women
delivered of virilized fetuses usually received i0 to 40 mg/day for var-
jous intervals, but sometimes doses were much higher. As would be ex-
pected on the basis of teratologic principles, labioscrotal fusion oc-
curred only when NET was administered within the first 10 embryonic
weeks. Exposure later in gestation sometimes caused clitoral hypertrophy
without labioscrotal fusion. Norethisterone also causes virilization in
several animal species.

Interestingly, not all human females exposed in utero are virilized, pre-
sumably because of differences in genetic susceptability. In Jacobsen's
study, 15 of the 82 female offspring whose mothers received NET were
virilized; the remaining 67 were not. Differences in susceptability
might be explained by differences in maternal absorption or catabolism.
Such a phenomenon would be relevant to injectable/implantable systems
because individual variability in NET plasma levels occurs following
implantation of a given dose.

If high doses of NET cause virilization in humans, could implantable or
injectable NET result in such a deleterious effect? Probably not, be-
cause virilization occurs only with exposures much higher than expected
with implantable or injectable NET. After 1 mg oral NET, serum NET
rises to 12 ng/ml. By 12 hcurs the level falls to 2 ng/ml. Assuming a
norinal response for steroids, a 10 mg oral dose would lead to 1 hour
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peak of about 120 ng/ml and toc a 12 hour level of 20 ng/ml. By constrast
200 mg intramusuclar NET results 5 to 7 days iater in a peak serum value
of 5 to 7 ng/ml. Thereafter, NET fails and remains for most of the next
several months at 0.05 to 1.0 ng/ml. Total 24 hours exposure of NET with
injectable systems would thus be less than that associated with daily
oral contraceptive ingestion. Absence of virilization following inadver-
tent ingestion of oral contraceptives, many of which contain norethis-
terone, would thus offer support for the safety of injectable or implant-
able prc_ estins. Indeed, Schardein tabulated 644 pregnancies in which
NET exposure, sometimes with estrogens in addition, was followed by nor-
mal offspring. The most likely circumstance in which virilization might
occur is negligent administration to a patient already six to eight weeks
pregnant. At the time of greatest embryonic susceptability, the fetus
would be exposed to plasma NET levels of 5 to 7 ng/ml. Vigilance in ex-
cluding pregnancies should minimize such exposure, but even here virili-
zation would not be likely.

Norgestrel (NGT). Edgren showed that this 19-nortestosterone masculi-
nized rat fetuses. Though relatively few data are available in humans,
the compound would be expected to virilize if administered in high doses.
But analogous to other progestins, inadvertent exposure in the lower
doses precent in oral contraceptives does not appear to have produced
genital abnormalities. It follows that virilization would not be antici-
pated after NGT injections, based upon reasoning comparable to that dis-
cussed for NET.

Conclusion. Medroxyprogesterone (MPA} does not virilize human fetuses
even in high doses. Moreover, not even anecdotal observations incrimi-
nate MPA in lower doses comparable to those that would exist after MPA
injections. By constrast, norethisterone (NET) in high doses (10 to 40
mg/day) can virilize human fetuses if administered during the susceptible
embryonic period, and norgestrel (NGT) probably could as well. However,
virilization is unlikely to be associated with much lower serum levels
in women receiving injectable or implantable NET or NGT.

B. Hypospadias

Aarskog claimed that progestins in general and medroxyprogesterone in
particular cause penile or perineoscrotal hypospadias. Although Aarskog's
data are uncontrolled, two other studies later supported his hypothesis.
A Latin American case control study claimed a relative risk of 2.4 for
hypospadias associated with exposure to all progestins. Of 314 cases,
24 (7.6%) were exposed; 12 of 319 controls (3.8%) (P <U.0S5) were exposed.
Few details concerning the time of exposure were published, and incidence
varied widely among the countries. From Hungary, Czeizel reported that
28 of 294 mothers delivered of males with hypospadias received sex hor-
mones, compared to 12 of an unspecified number of controls. This diffe-
rence was said to be significant; however, there is no confidence that
controls were well matched, and a high prevalence of hypospadias in the
proband's male relatives suggested selection bias. Other large case con-
trol studies refute the hypothesis that MPA is associated with hypospa-
dias. Among large studies failing to show significant associations are
those of Bracken, Sweet and Avellan. Indeed, no prospective study has
revealed a relationship between progestins and hypospadias.
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Conclusion. Although a few studies have claimed a relationship between
progestins and hypospadias, more extensive case control studies failed
to confirm such an association, and no prospective study found an effect.
Progestins in general and MPA in particular seem unlikely to affect ad-
versely male genital development.

C. Cardiac anomalies

That progestins could be cardiac teratogens was claimed by Le.y in 1973.
A case control study revealed that 7 of 76 mothers delivered of infants
with transposition of the great vessels received first trimester "hor-
mones"; significantly fewer (0/76) controls were exposed (p <.007). Nora
and Nora claim similar findings in a series of overlapping studies that
were initially retrospective but later more prospective in design. In
one case control study, 20 of 224 wmothers delivered o7 infants with car-
diac defects recalled receiving an estrogen/progestin compound, compared
to only 4 of 262 controls (p <0.001). Nora then began to study the ques-
tion prospectively. No siynificant differences were observed between the
first 60 mothers and their controls. Despite these negative findings,
another study was commenced with 2 contraols per subject. I[n this second
study, 31 of 176 mothers with affected offspring received hormones, com-
pared to only 21 of 352 control mothers (p <.001).

A few other case control studies have drawn similar conclusions. For
example, Janerich identified infants with cardiac defects through birth
certificates. Of !4 mothers of affected infants, 18 received hormones;
16 were for pregnancy diagnosis and 2 as a result of inadvertent contra-
ceptive use. Significantly fewer controls reported exposure. Cardiac
anomalies were also among the anomalies said to be responsible for Green-
berg's finding a relationship between progestins and generalized anomaly
rates.

With respect to prospective studies, both the Noras study cited above as
welT as the U.S. Collaborative Perinatal Project found a positive asso-
ciation. Of 1042 offspring said in the latter to have been exposed to
"sex hormones" during their gestation, 19 had cardiac defects (1.82%);
385 of 49,240 (0.78%) unexposed offspring were affected (relative risk
2.3, p <0.05). Strangely, continued contraceptive use during the second
and third lunar months was associated with a relative risk of 2.4, but
exposure to progestogens only with a risk of 1.5 and exposure to estro-
gens only with a risk of .1.4. Too few cases existed to allow analysis
by specific hormones; however, overall progestins had a low but signi-
cantly increased relative risk for cardiac anomalies (1.8) (p <.05).

Spira followed 20,000 French women throughout pregnancy. Almost half
(9,566) received hormones, usually for either pregnancy diagnosis or
pregnancy maintenance. Anomaly rate in exposed cases did not differ
from that in the unexposed. In a later tabulation of the same popula-
tion (12,764 women) by Goujard and Rumeau-Rouquette, cardiac anomalies
were no more frequent in exposed (43%) than unexposed (.41%) mothers.
Also impressive is the failure of Nishimura to detect cardiac anomalies
in 108 microdissected embryos exposed to hormones. By constrast, several
controls had cardiac defects.
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If the consensus does not implicate progestins as cardiac teratogens, why
did a minority of studies arrive at ostensibly contradictory conclusions?
Unavoidable statistical vicissitudes and differing genetic susceptibili-
ties notwithstanding, methodological shortcomings seem likely to explain
those studies purporting to show positive associations between progestins
and cardiac defects. First, we have already alluded to recall biases in-
herent in all retrospective (case control) studies. Investigations of
Janerich, Levy and the Noras, all potentially suffer from this bias. Se-
cond, reasons for the attempt to maintain pregnancies, often the reason
for administering progestins, were not sought. Third, prior pregnancy
outcome is rarely taken into account. In fact, the birth of one child
with a cardiac defect confers an increased risk (1 to 4% in subsequent
pregnancies). The increased risk might even pass unrecognized if a car-
diac defer: had unknowingly been responsible for a stillborn infant.
What is more, occurrence of a previous stillborn infant, especially of
"unknown" etiology, could tempt some obstetricians to administer hormones
empirically. Fourth, hormones could have been administered to pregnan-
cies already manifesting problems (e.g. bleeding) indicative of under-
lying defects. Indeed, Matsunaga and Shiota believe that not progestins
but rather the bleeding for which progestins were administered was re-
sponsible for cardiac detects. Fifth, few studies restrict analysis to
the interval in embryogenesis during which exposure could produce cardiac
defects. For example, in the analysis of the U.S. Collaborative Perina-
tal Project, the first 4 lunar months were considered the interval during
which exposure could have produced anomalies. However, the first lunar
month includes the 2 weeks before conception and the 2 weeks after.
During this interval (all-or-none period), anomalies cannot ordinarily be
produced. By the fourth lunar month, heart formation is complete. Thus,
exposures at this time are also not likely to cause defects.

Among the 19 infants with cardiac defects in the Collaborative Perinatal
Project, a total of 4 were exposed only during the first lunar month; 3
were exposed only during the fourth month. Excluding these 7 cases would
abolish any significant association with hormone exposure. In the only
other prospective study claiming a positive association between proges-
tins and abnormal outcome, namely that of Harlop, first lunar month expo-
sure was considered to be a susceptible interval. Unfortunately, expo-
sure intervals were not recorded precisely in this study. Finally, de-
fects caused by chromosomal abnormalities or mutant genes were not exclud-
ed from analysis. With so many methodological shortcomings, it is not
surprising that a few studies would spuriously show increased relative
risks, even statistically significant ones.

Conclusion. Most retrospectively and almost all prospective studies fail
to support the hypothesis that progestins are cardiac teratogens. More-
over, serious methodological flaws exist in the minority of reports
claiming positive associations. The magnitude of the observed differen-
ces in the few positive case control studies seems consistent with recall
biases. The few prospective studies claiming effects are marred by po-
tential selection biases and by exposures not necessarily occurring dur-
ing cardiac embryogenesis. A prudent conclusion is that progestins are
not cardiac teratogens.
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D. Limb reduction deformities

Shortening or absence of a limb, finger, or toe (limb reduction defects)
has been alleged to be associated with progestin exposure. The possibi-
lity was first raised by Janerich, who reported that 15 of 108 women with
an affected infant received hormones (inadvertent oral contraceptive ex-
posure, hormone pregnancy test, or pregnancy maintenance). Only 4 of 108
controls were exposed (p <0.05). Hellstrom recorded exposure by 7 of 32
mothers of affected offspring, compared to only 1 of 30 mothers with
spina bifida. Greenberg claimed an overall increase in anomalies follow-
ing progestin exposure, apparently contributed in part by 1imb reduction
defects. However, several of the above studies invite invalidation on
grounds of recall bias, interviews sometimes conducted as long as 10
years after birth. In the study of Janerich, some exposures also occur-
red only during the all-or-ncne period.

Other investiyations have failed to show an association between limb re-
ductions and maternal hormonal exposure. Bracken showed no statistically
significant association in & large study. In an especially well-con-
structed case control study, Oakley failed to observe a relationship.
Control in the latter study were women delivered of offspring with chro-
mosomal abnormalities, a design presumably obviating recall biases.

Prospective studies have similarly failed to confirm an association.
Moreover, missing digi.s or severe limb shortening should be obvious to
even the casual observer, strengthening the value of prospective data
in excluding a relationship with progestin exposure. Finally, Nishmura
apparently did not observe limb reduction deformities in their micro-
dissection of 108 embryos recovered from progestin-exposed mothers.

Conclusions. Despite initial concern generated by the well-publicized
report of Janerich, later studies failed to confirm a relationship be-
tween progestin exposure and 1imb reduction defects. This reassurance
is enhanced by its being based in part upon studies in which exposure
levels were much higher than those expected with injectable/implantable
progestins.

E. Neural tube defects (NTD)

Neural tube defects - anecephaly and spina bifida - were claimed almost
a decade ago to be associated with hormone exposure. The claim is now
almost completely discounted.

Using a case control design, Gal reported that 19 of 100 women delivered
of infants with myelomenigoecele or hydrocephalus received hormones
(estradiol plus ethisterone or norethisterone) for pregnancy diagnosis;
only 4 of 100 controls recalled hormone exposure (p <0.01). Unfortunate-
ly ignored in this study was prior pregnancy history, especially relevant
because in the United Kingdom NTD recurrence risk is 5%. Also not consi-
dered was the stage of embryogenesis at which exposure occurred. The
neural tube closed at 28 embryogenic days. This is earlier than attempts
to diagnose pregnancy are usually made and, hence, earlier than hormones
would ordinarily have been administered for this purpose. One later
study showing a possible relationship to NTD was that of Greenberg.
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Overall, the anomaly rate in the hormone-exposed group was increesed,
and 25 of 93 malformed infants had NTD.

Other case control studies showed no association between NTD and proges-
tins. In the United Kingdem, Laurence showed no significant increase:
22 of 271 NTD pregnancies were exposed; 22 of 323 controls were exposed.
Another large negative case study is that of Bracken. Not a single pro-
spective study showed an association between progyestins and NTD. Further
significant in view of the tendency of NTD fetuses to abort and, hence,
possibly fail to be detected, is the absence of NTD in 108 pregestin-
exposed embryos microdissected by Nishimura.

Conclusion. The hypothesis that progestins cause neural tube defects
currently receives no support. The few retrospective studies claiming a
relationship are not only greatly outweighed by prospective studies show-
ing no relationship, but can be criticized on grounds of recall biases
and exposures occurring during inappropriate embryonic periods.

F. Generalized anomalies and the VACTERL complex

Is there an overall (generalized) increase in anomalies after progestin
exposure? Although not illogical as a way of generating hypotheses, us-
ing overall anomaly rates as an end point is conceptually hazardous be-
cause of etiologic heterorgeneity. Moreover, it is almost inconceivable
that a generalized increase would exist without one or more organ systems
subsequently being identified as primarily responsible. Recall biases
are especially invited.

Excess rates for anomalies of all types following progestin exposures
have been claimed in some but not most case control studies. One study
claiming an association is that of Greenberg, a work actually of uncer-
tain validity because only a small and, hence, possibly unrepresentative
proportion of eligible women participated. No siynificant associations
were found in case control studies of Bracken and Oakley, and we have
already noted the frequency of anomalies not to be increased in 541
"pill-failure" pregnancies pooled by Harlap and Eldor.

Among prospective studies, only 2 of 15 studies showed an association.
The Collaborative Perinatal Project analysis by Heinonen showed a siyni-
ficant overall anomaly risk. There existed a significant association
with “hormones, hormone antagonists, and contraceptives," but not with
“progestational agents" alone. The prospective study of Harlap also
showed a small increased relative risk. But criticism has already been
made of both these data sets, and prospective studies fail to show an
generalized increase.

One refinement of the claim that a generalized increase in anomalies
exists is that of Nora and Nora, who believed that non-specific verte-
bral, anal, cardiac, tracheosophageal, renal, and 1imb (VACTERL) anomal-
jes constitute a complex associated with maternal progestin exposure.
Defects involving any 3 of the 7 organ systems are said to justify the
diagnosis. A further variant is the claim by Lorber for an "EFESSES
syndrome" (emtryo-fetal exogenous sex steroid exposure syndrome), char-
acterized by various dysmorphic features. Geneticists do not appear to
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subscribe seriously to the EFESSES concept, but VACTERL deserves comment.
Nora claimed a siynificantly increased frequency of progestin exposure
in 30 VACTERL probands (11 exposures) compared to 60 controls (5 expo-
sures). However, not only is the sample size small, but recall would
surely be amplified in mothers whose infants had multiple malformations.
Physician awareness of the purported relationship to progestin exposure
may also have tempted them to diagnose the VACTERL association or its
individual components. Even more importantly, we have already refuted
individually claims of cardiac and limb reduction components of VACTERL.
One should also note the failure of several case control studies to find
a significant relationship between progestin exposure and other VACTERL
components, such as esphageal atresia. In some prospective studies,
investigators specifically searched and failed to observe VACTERL com-
plex.

Conclusion. Little evidence supports the hypothesis that progestin ex-
posure causes. a generalized increase in maiiormations. In fact, such an
omnibus search serves principally ot generate hypotheses, which have
more specifically been tested by organ system with the negative findings
already noted. The validity of the VACTERL association and its associa-
tion with progestins seems highly doubtful.

III. ARE INJECTABLE/IMPLANTABLE PROGESTINS MUTAGENIC?

In addition to direct effect on the developing embryo, a deleterious
agent can produce abnormalities by inducing changes (mutations) in indi-
vidual parental germ cells. A child subsequently conceived with that
germ cell could be anomalous. The two types of potential mutations -
gene and chromosomal - will be considered separately.

A. Gene mutations

Genetic disorders associated with normal chromosomal complements result
from mutation at one (Mendelian) or more (polygenic) loci, the latter
sometimes interacting with environmental factors (multifactorial). In-
dividuals with such disorders may be affected through heritable transis-
sion, or they may be affected through a mutation. Agents can induce
gene mutations but not chromosomal mutations, and vice versa, and not
infrequently a single agent can do both.

Whether progestins result in mutations responsible for Mendelian or poly-
genic disorders in progeny conceived months or years later should ideally
be assessed locus by locus, for the mutability almost certainly varies.
However, this is mathematically impossible, given even a large increase
over baseline mutation rates of 10-° to 10'5/gamete/generation. As a
result, analyses must be content to compare overall anomaly rates in
women previously exposed and previously not exposed to hormones. (Ac-
tually most studies pool anomalies of Mendelian, polygenic, chromosomal,
and environmental etiology.) This is obviously less than an ideal ap-
proach, for which reason it is fortunate that available data are suffi-
ciently reassuring to minimize fears that more refined analyses will
yield surprises.

Outcome of pregnancies by women conceiving after discontinuation of in-
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jectable/implantable medroxyprogesterone (MPA) or norethisterone (NET)
represent the obvious sample. Relatively few pregnancies have been moni-
tored to date, but in those there is no evidence for increased anomalies.
For example, women delivered of anomalous infants in Chiang Mai, Thai-
land, were no more likely to have previously received injectable MPA than
were women delivered of normal infants.

Offspring of women who used oral contraceptives prior to conception con-
stitutes a larger sample that should provide relevant information. In
fact, cohort studies of over 20,000 offspring have failed to detect evi-
dence for mutagenicity. Further verifying the safety is the failure of
national surveillance reports to record an increase in any Mendelian dis-
order after the introduction of oral contraceptives. By constrast, a
sudden increase in phocomelia first suggested that thalidomide cause
tetraphocomelia.

Sometimes overlooked as a source of data concerning gene mutations is the
sex ratio. Induction of lethal X-linked recessive mutations decreases
the proportion of liveborn males. Mutations at any X-linked loci would
contribute to the decrease. Moreover, observations would have general
applicability because agents that induce X-linkea mutations also induce
autosomal mutations. Several large cohort studies provide no evidence
of an altered sex ratio, contradicting two earlier studies of very small
sample size.

Finally, neither MPA, NCT nor NGT are representative of those classes of
compounds known to be mutagens. For example, progestins do not yield
mutations in the Ames test.

Conclusion. Definitive proof that progestins do not induce mutations
would require locus-by-locus analysis, a truly impossible task. However,
relative s.fety can be assumed on the basis of acceptable alternatives:
1) comparing the overall frequency of malformations in previously exposed
and previously unexposed women and 2) searching for sex ratio changes.
Neither approach suggests that progestins are mutagenic. Previous oral
contraceptive users show no evidence for a mutagenic effect, nor do the
few pregnancies occurring after discontinuation of injectable or implant-
able progestins show an increase in anomalous liveborns. Incidentally,
failure of progestins to induce mutations causing anomalies offer reas-
surance against unexpected mutagenic effects (e.g., cancer) later in
life.

B. Numerical chromosomal abnormalities

That prior hormonal exposure could induce chromosomal abnormalities has
been the subject of surprisingly intense investigation. Actually the
hypothesis is not unreasonable. Oocytes remaining in dictyate of miosis
I until ovulation might complete meiosis sluggishly as a result of hor-
mone exposure. Resulting abnormalities would be cytogenetic.

Almost all relevant data have been derived from women previously exposed
to oral contraceptives. Systematic cytogenetic studies following inject-
able/implantable progestins have not yet performed. Clinical impressions
are unfortunately of limited value because not all chromosomal abnormali-
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ties manifest abnormal phenotypes at birth.

Initial concerns were generated by Carr, who reported an increase in
chromosomally abnormal abortuses: 48% in abortuses of women previously
using nral contraceptives and only 22% in controls. Most of the excess
was due to polyploidy. However, these observations were not confirmed
in later studies. Boue reported abnormal complements (16% polyploidy)
among 243 previous contraceptive users, compared to 63% (18% polyploidy)
among 604 controls. Lauritsen found a slight excess in those women pre-
viously using oral contraceptives (61% v. 49%). The insignificant in-
crease was due to momosomy X and structural abncrmalities, however, and
not polyploidy as Carr had reported. Alberman observed 32% abnormalities
in 524 prior users, compared to 26% in 428 controls. Dhardial found dif-
ferences of a similar, but again, insignificant magnitude. In induced
abortuses, Klinger similarly noted an insiginficantly higher frequency
in prior contraceptive users (1%) than in controls (0.5%).

Failure to confirm Carr's initial findings is especially noteworthy be-
cause any of several biases would spuriously yield increased abnormality
rates in exposed groups. First, unrecognized induced abortuses are
surely more likely to be included inadvertently among contrrols than among
women who ceased contraception in order to attempt pregnancy. Indeed,
illicit abortions furnish a likely explanation for the unusually low
(22%) frequency of chromosomally abnormal abortuses in Carr's controls.
Second, ovulation may be delayed immediately after contraceptive discon-
tinuation, unwittingly producing abortuses younger than controls, who are
more likely to have normal cycles. The frequency of chromosomal abnor-
malities is inversely related to gestational age; thus, unrecognized
earlier gestational ages would lead to ostensibly higher abnormality
rates among prior contraceptive users.

Yet other evidence suggests that oral contraceptives do not induce numer-
ical chromosomal abnormalities. First, if prior contraceptive use leads
to chromosomal abnormalities, the absolute frequency of spontaneous abor-
tions should increase after hormonal discontinuation because 50% to 60%
of first trimester abortuses show cytogenetic abnormalities. To the con-
trary, several large prospective studies show no increase in abortion
rates. Second, increased frequencies of liveborns with Down syndrome
should be evident inasmuch as trisomy in both abortuses and liveborns is
presumably caused by the same cytologic mechanism (nondisjunction).
Neither a case control study nor prospective studies show such an in-
crease. Down syndrome has on the basis of surveillance studies not in-
creased in frequency since oral contraceptives were introduced.

Conclusion. Initial concern generated by Carr's observing an excess of
polyploid abortuses following cessation of oral contraceptives has been
replaced by a consensus that progestins do not predispose to chromoso-
mally abnormal abortuses, and no study has suggested such an effect in
liveborns. Injectables or implantable progestins should similarly prove
safe.

C. Structural Chromosomal Abnormalities

Several in vitro studies claimed increased chromosomal breakage in lym-
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phocytes of contraceptive users. Thus, the possibility that progestins
could be mutagenic (clastogenic) needs to be considered. However, break-
age studies are hazardous without rigorous "blind" analysis to guard
against unwitting bias. Confounding experimental variables are also
legend. Further attesting to lack of a clinically significant increase
in structural chromosomal abnormalities is failure to observe increased
structural chromosomal abnormalities in abortus studies. There is simi-
larly no evidence for an increase in anomalous liveborns. Finally,
structural chromosomal abnormalities in liveborns would be expected to
contribute to an increased overall anomaly rate, a phenomenon we have
already concluded does not exist.

Conclusion. Progestins may or may not induce chromosomal breakage in
vitro. Irrespective, the possibility of increased structural abnormali-
ties occurring in offspring of women previously exposed to progestins
seems extremely remote.

IV. OVERALL CONCLUSION

Critical review leads this investigator to conclude that injectable or
implantable progestins are very unlikely to exert teratogenic or mutagen-
ic effects. Of course, prudent physicians must always be cognizant of
potential deleterious effects, and should continue to gather data that
can confirm this sanguine conclusion.
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TABLE 1. Summaries of prospective studies evaluating effects of progestin during pregnancy.
dologies preclude meaningfully pooling disparate data bases.

progetins in the doses received were not teratogenic.

Use of different metho-

_ However, the clear consensus is that

Investigator

Sample

Control

Anomalies

Comment

Smithells (1965)

Rice-Wray (1966)

. .
o Peterson (1969)
-

Spira (1972)

189 wommen receiving
hormonal pregnancy
tests (United Kingdom)

321 women receiving
oral contraceptives,
7 of whom received
drug during pregnancy
(Mexico)

15 women who used oral
contraceptives during
pregnancy (United States)

9566 women, interviewed
in the third month, who
received hormones (mostly
for pregnancy support or
diagnosis) (France)

None

None

669 women who used
non-steroid contra-
ception

427 women who used
contraceptives be-
fore, but not dur-
ing, pregnancy

- 8387 not receiving

hormones

0-2/189

0/7

/15

6/699 (0.8%)

7/427 (1.6%)

171/9566 (1.8%)

168/8387 (2.0%)

Anomalies ("patent
ductus arteriosus” in
twins; "systolic mur-
mur") may or may not
exist

Anomalies equally
frequent in exposed
and unexposed preg-
nancies
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Investigator

Sample

Control

Anomalies

Comment

Harlap (1975)

Kullander and Kallen
(1976)

Royal College General
Practitioners (1976)

Goujard and Rumeau-
Rouquette (1977)

11468 women, 432 r<ns.. -

ing "hormones" (Israe:}

6376 pregnancies from
which 194 mothers had
abnormal infants
(Sweden)

136 pregnancies con-
ceived during oral
contraceptive therapy

12895 mothers inter-
viewed in the first
trimester, of whom
1165 were exposed
(France)

§Same population as
pira)

11036 unexposed

5002 women delivered
of normal infants

11009 pregnancies
non-users

5530 pregnancies in

prior contraceptive
users

9822 non-exposed

47/432 (10.9%)
all anomalies;
21/432 (4.9%)
major anomalies
only

925/11036 (8.4%)
425/11036 (3.9%)
major only

5/194 were exposed

to progestogen
(2.6%)

98/5002 were ex-

posed to progesto-

gen (2.0%)
2/136 (1.5%)

177711009 (1.6%)

86/5530 (1.6%)

5/335 (1.5%) “tes-

tosterone deriva-
tives”; 15/830

(. 8%) "progeste-
rone derivatives"

160/9822 (1.6%)
non-exposed

Small increase (25%)
(p <.02) observed but
recall bias possible
because interviews
months after exposure

Exposure rates simi-
lar in bott groups

No differences among
aroups

Chromosomal anomalies
excluded from analysis
no differences observ-
ed either overall or
after separate analy-
sis for cardiac and
skeletal defects
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Investigator

Sample

Control

Anomalies

Comment

Heinonen (1977)

Nora (1978)

Torfs (1978)

Collaborative Perinatal
Project (50282 women)
1958-66, of whom 1042
were exposed to "sex
hormones" and 866 to
progestogens only
(United States)

118 women who received
hormones in "first tri-
mester" (United States)

Over 12000 women of whom

203 nad "hormonal preg-
nancy tests"
(United States)

49237 not exposed to
to any sex hormones;
49416 not exposed

to progestogens

At time of delivery
of exposed women,
"control infant
without....exposure
+.e.osSelected"

689 with serum preg-
nancy tests;

332 with urine preg-
nancy tests;

17057 with no preg-
nancy tests

19/1042 (1.8%)
cardiac after any
sex hormone expo-
sure; 75/866
(8.7%) all anoma-
lies after proges-
tin exposure alone

385/49240 (.8%)
cardiac;
3172/49416 (6.5%)
all anomalies

16/118 (13.6%)

4/118 (3.4%)

9/203 (4.4%)

30/€17 (4.4%)

9/332 (2.7%)

650/17047 (3.8%)

No significant differ-
ence for total anoma-
lies but significant-
ly increased for card-
iac anomalies alone
(relative risk 2

p <0.05). Relative
cardiac risk 1.8 for
progestogens alone

(p <0.05). However,
some infants (e.g.,

4 of 19 cardiac de-
fects) exposed only
during first lunar
months, others expos-
ed only during fourth
Tunar month.

Probably not truly
prospective for con-
trols with bias to-
ward unrecognized
exposure in controls.
Exposure interval not
well defined.

No significant differ-
ence among groups
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Investigator

Sample

Control

Anomalies

Comment

Goujard (1979)

Vessey (1979)

Savolainen (1981)

Michaelis (1983)

3451 women, of whom 133
used progestins (France)

66 pregnancies conceived
while on oral contracep-
tives (United Kingdom)

3002 mothers of malformed
infants, of whom 38 con-
ceived while receiving
"pills" (Finland)

13643 pregnancies of
whom about 10% received
hormones for diagnosis
or support

76/3318 non-exposed

None

3002 matched controls,
of whom 39 conceived
while receiving "pills"

Matched controls within
same population who
were not exposed

5/133 (3.8%)

76/3318 (2.3%)
overall

1/66 (1.5%)

4/320 (1.3%)
Progesterone
alone; 11/610
(1.8%) Proges-
terone and
Estradiol

Four of five anomalies
occurring in subset

of 35 women who used
testosterone deriva-
tives

Anomaly rates similar
in sample and control,
both for prior or con-
current contraceptive
usage

No significant differ-
ence between exposed

cases and their unex-
posed matched controls




SELECTED RECENT REFERENCES

2.

3.

4.

5.

6.

/e

8.

9.

10.

Harlap S, Eldor J: Births following oral contraceptive failure.
Obstet Gynecol 55:447, 1980

Heinonen OP, Sloane D, Monsom RR, Hook EB, Shapiro S: Cardiovascu-
lar birth defects in antenatal exposure to female sex hormones. N
Eng J Med 296:67, 1976

Kullander S, Kallen B: A prospective study of drugs and pregnancy.
Acta Ubstetricia at Gynecologica Scandinavia 55:221, 1976

Nora JJ, Nora AH, Blum J, Ingram J, Fountain A, Peterson M, Lorts-
cher RH, Kimberling WJ: Exogenous progestogen and estrogen impli-
cated in birth defects. JAMA 240:837, 1978

Savolainen E, Saksela E, Saxen L: Teratogenic hazards of oral con-
traceptives analyzed in a national malformation register. Am J
Obstet Gynecol 140:521, 1981

Simpson JL: Mutagenicity and teratogenicity of injectable and im-
plantable progestins: Probable lack of effect. In Zatuchni GI,

-Goldsmith A, Shelton Jb, Sciarra JJ (eds): Long-Acting Steroidal

Contraception. Philadelphia, Lippincott, 1983 (in press)

Spira N, Goujard J, Huel G, Ruimeau-Rouquette C: Etude teratogene
des hormones sexuelles. Premiers resultats d-une enquete epidemio-
logique portant sur 20,000 femmes. Rev Med Fr 41:2683, 1972

Torfs CP, Milkovich L, van den Berg BJ: The relationship between
hormonal pregnancy tests and congenital anomalies: A prospective
study. Amer J Epidemiol 113:563, 1981

World Heaith Organization: The effect of female sex hormones on
fetal development and infant health. World Health Organization
Technical Report Series, 657. Geneva, 1981

Wilson JG, Brent RL: Are female sex hormones teratogenic? Amer J
Obs* 2t Gynecol 141:567, 1981

- 68 -



BLEEDING PATTERNS WITH LONG-ACTING STEROIDAL CONTRACEPTIVES
Tapani Luukkainen,
Pertti Lahteenmaki,
Pekka Lahteenmaki

Progestins are used as long-acting steroid formulations mainly alone
without the combination with estrogen. The most widely used is a crystal-
line suspension of depomedroxyprogesterone acetate (DMPA) which is given
150 mg every three months. The next important is an oily suspension of
norethindrone enanthate (NET-EN) which is given 200 mg every eight weeks.
Although NET-EN was the first injectable steroid contraceptive, the
larger experience with NET-EN has been accumulated not until during the
last five years. The pharmacodynamics and metabolism of these two pro-
gestins are different. The elimination of medroxyprogesterone acetate
is slow therefore, by increasing the dose, a longer duration of contra-
ceptive effect can be obtained. NET-EN is eliminated almost completely
in ten weeks and after the injection high but rapidly declining plasma
concentrations are observed. Therefore, an increase in the dose does
not prolong the fertility regulating effect on this formulation. GCuring
the high plasma concentration of NET, the ovarian function is strongly
suppressed. Then with medium levels of NET there is an activation of
follicular synthesis of estradiol which results in an elevation of
plasma estradiol concentrations. Further declining plasma levels of NET
after ten weeks results usually in a normal ovarian function with the
ovulation. This mechanism of action results in quite regular artificial
cycles with bleedings from the withdrawal of estradiol. The profiles of
bleeding with NET-EN cannot be regulated by increasing the dose as one
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can anticipate from pharmacokinetics but by using a different schedule
of administration.

The number of days of bleeding and spotting furing NET-EN treatment after
abortion is presented in Figure 1. The injection schedule of 8-12 weeks
was used. Those women having the longest bleedings discontinued the me-
thod after the third injection. This could explain the good bleeding
control during the last months of the years.

:
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Months after first NET-EN injection

FIGURE 1. Mean number of days of bleeding and days of spotting during
the first 12 months of use of NET enanthate 200 mg intramus-

cularly starting immediately after abortion.

If medroxyprogesterone acetate is given 150 mg every ninety days there
seems to be a moderate suppression of the follicular function and com-
plete suppression of the ovulation during the first 100 days. In the
bleeding pattern during the first half year there is a complete disrup-
tion of the menstrual cycle. The profiles of bleeding vary from daily
spotting to irregular bleding episodes for a few days. During the second
half of the year there is an increased incidence of amenorrhea. Usually
most of the patients are amenorrhoic after one year of use.

Experience using DMPA as a contraceptive has revealed a high discontinua-
tion rate because of irregular bleedings. The number of bleeding and
spotting days of those who continued the method is presented in Figure
2. The mean number of bleeding and spotting days was calculated for
every 30-day period of bleeding days. The number of bleeding days is
low during the first month after the injection and increases until the
subsequent injection. After the third injection there seems to be a
clear cumulative effect of the drug. The average number of spotting
days is highest usually during the second menth of injection. This
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analysis seems to support the view that higher plasma concentrations are
associated with lower average number of bleeding days. It could be that
giving an injection every 6 weeks during the first 6 months could result
in a sharp veduction of the number of bleeding days and an eariier intro-

duction of amenorrhea.
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Months after first DMPA injection

FIGURE 2. Mean number of davs of bleeding and spotting during the first
12 months of use of depomedroxyprogesterone injections every

90 days.

Medroxyprogesterone acetate can also be administered immediately at the
abortion and during the full lactation between 6 to 8 weeks after the de-
livery. The comparison of bleeding patterns varies from clinic to clinic
mainly because the recording and the definition of bleeding and spotting
has been different from center to center. Therefore, it seems that for
the analysis of the clinical results on bleeding problems a comparative
study should be initiated so that the results of various clinics could be
compared. In studies with long-acting steroidal contraception our labora-
tory has used the insertion of a copper-releasing IUD as a control method
against which the bleeding patterns and side-effect of new methods have

been evaluated.

The problems with injectable contraceptives are connected with the de-
cline in circulating steroid levels. This limits the duration of the
action and affects the bleeding control. The main reason for the discon-
uation of the use of injectables is the irregularity of the bleeding pat-
tern. In the Thai National Family Planning program, the menstrual pro-
blems were the main reason for the termination of the use of DMPA. The
pharmacokinetics of the injectables make it impossible that the duration
of action could be prolonged by using higher doses. It seems that the
real sustained release can be .chieved only by using semipermeable mem-
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branes. This principle has been used in subdermal implants, vaginal
rings and in steroid-releasing IUDs and ICDs. The membrane which regu-
lates the release of steroid from the reservoir eliminates the high
burst at the beginning and, depending on the chemical properties of the
steroid and the membrane, different release rates and duration of effi-
ciency can be obtained.

A subdermal implant which releases levonorgestrel, Norplant™ will serve
as effective contraception for 5 years. The correct counselling results
in a very low rate of discontinuation because of menstrual problems.
Sivin reported annual cross event rates for menstrual problems to be
between 6 and 7 during the first two years and thereafter the rate was 3
per year. Cumulative net event rate for ienstrual problems was 14.1 at
four years. Nilsson and Holma measured the amount of menstrual bleeding
before implant insertion and during the first year of use and found that
the amount of bleeding was significantly reduced during the use of nor-
gestrel-releasing subdermal implants. Kurunmaki studied the contracep-
tion with levonorgestrel-releasing subdermal implant after abortion and
found that the average number of bleeding days during 30-day period was
higher during the months 3, 4, and 5 than the mean number of bleeding
days of copper-releasing IUD (Nova-T) users, but after month 6 there was
no difference. The standard deviation in the number of bleeding days of
implant users was significantly higher, showing that in implant users
there are women with frequent spotting and women with oligomenorrhea.
The continuation rate with Norplant™ at one year was 91.7 and the discon-
tinuation because of menstrual problems was 6.0. In the control IUD
group the continuation rate was 74 and discontinuation because of bleed-
ing and spotting 17. The last mentioned study clearly demonstrates the
usefulness of a randomized comparative approach using copper-releasing
IUD as a control for the evaluation of long-acting steroidal contracep-
tion. This study further demonstrates that the hemoglobin concentration
is significantly increased in women using the Norplant™ subdermal implant
for.one year. The low discontinuation because of bleeding problems re-
flects a good counselling of the women. The reduced bleeding will cause
feeling of well-being because of the improvement of hemoglobin.

Another promising long-ating steroidal contraceptive subdermal implant
contains a new progestin St-1435 (Merck, Darmstadt, Germay). The silas-
tic subdermal implant Tonger than 30 mm will release so much steroid
daily that the ovarian function is completely suppressed and the majority
of patients is amenorrhoic from the beginning of the treatment. The
high potency of the steroid makes it possible to use only one implant
which gives effective contraception for 10 to 12 months. The ovulation
suppression can always be reached if the plasma concentration of ST-1435
is more than 50 pg/ml, and therefore the final daily dose should be se-
lected by giving at least this plasma concentration. The attractive:ess
of this method is its use during lactation because it seems that the
steroid if given by oral route, rapidly metabolizes to biologically non-
active metabolite and no active steroid is detected in the blood stream.
Preliminary investigations .how that an acceptable bleeding pattern can
be obtained with one imp.ant of 20 mm, but no studies have yet been con-
ducted during lactation. Also, the use of Norplant™ during lactation,
requires further investigation. It seems that the ideal time for the
introduction would be six to eight weeks after the delivery during lacta-
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tion, and methods for the detection of steroid in milk have been devel-
oped.

The only commerc’ally available progestin-releasing IUD, the Progesta-
sert, has a reservoir of progesterone which releases about 65 micrograms
of progesterone daily for slightly more than one year. The benefit of
Progestasert is the reduction of menstrual bleeding but the other pro-
blems, such as the irregular bleeding and spotting and possible increased
rate of ectopic pregnancies, remain.

The use of active progestin levonorgestrel in an IUD resulted in the de-
velopment of a long-acting steroidal contraceptive method which strongly
affacts bleeding pattern. The clinical triais show the significant re-
duction of the average number of days of bleeding when compared to the
copper-releasing IUD. However, the removal rate because of bleeding and/
or pain was equal for the norgestrel-releasing IUD and for the copper-
releasing IUD as was the average number of spotting days. It seems
therefore that the life-table method is not measuring the number of days
of bleeding and the irregular spotting and bleeding is the main reason
for the discontinuation which is recorded by the life-table. The number
of spotting days is high during the first 90 days after the insertion of
levonorgestrel-releasing IUD but it is well tolerated because the amount
of spotting is very low. Adequate counselling will also decrease the
discontinuation for spotting during the use of this method. A strong
suppression of endometrium is observed during the intrauterine release of
levonorgestrel. In many women this makes the endometrial cavity totally
insensitive to estrogens and amenorrhea develops. During the use of the
levonorgestrel IUD there is an increased incidence of this symptom,
Other women will have very regular scanty bleedings, suggesting that a
small part of the endometrium is not under the complete suppression of
levonorgestrel and therefore responds to the normal ovarian function.

The insertion ¢ the levonorgestrel-releasing IUD immediately after abor-
tion results in good bleeding control. The performance is even better
than with & copper-releasing IUD during the first 90-day period. There-
after there is a significant reduction in the average number of days of
bleeding and also in the days of spotting. It seems therefore that for
those postabortal patients who are dissatisfied with other methods of
contraception but are highly motivated for family planning, there should
be levonorgestrel-releasing IUDs available for contraception.

The insertion of the levonorgestrel-releasing IUD during the full lacta-
tion demonstrated, during the first month after the insertion, almost
daily spotting and scanty Sleeding. The bleeding was minimal from the
second month after the insertion and spotting decreased sharply and was
well tolerated. It seems therefore that the levcnorgestrel-releasing
IUD can be inserted during the menstruation, during lactation and immed-
jately after the abortior. There is a sharp reduction in the number of
days of bleeding and in the amount of bleeding. This is also seen as a
positive effect on the serum ferritin, which reflects the body iron
stores. Women should receive counselling for increased spotting during
the first months after the insertion and for increased ir.idence of
amenorrhea during the long-term use. During amenorrhea ovarian and
pituitary function is normal.
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The preliminary experience with intracervical device releasing norgestrel
has shown reduction in the number of bleeding days, regular scanty bleed-
ings, and no occurrence of amenorrhea. This could be explained by the
intracervical residence of the device and therefore the local effect of
endometrium is suppressive, but complete suppression is never observed.

The bleeding pattern can be altered by administering the long-acting
steroidal contraception immediately after abortion or during full lacta-
tion. The discontinuation of injectables during the first year of use
may be decreased by more frequent administration of injection during the
first six months which in turn will increase incidence of amenorrhea.
From the programming point of view, the treatment of bleeding problems
is not recommended. The proper counselling of women will decrease the
discontinuation of use of subdermal implants or the intrauterine proges-
tin-releasing IUD because bleeding is never heavy. For the health per-
sonnel on the field, an effective method of treatment of spotting and in
case of injectables heavy bleeding can sometimes be very valuable for
the individual patient. It could be that if an effective method of
treatment is found this could enhance the acceptance of long-acting
steroidal contraception, because the main problem of discontinuation
can then be controlled.
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STEROIDAL CONTRACEPTION AND ABNORMAL BLEEDING: WHAT ARE THE PROSPECTS
FOR IMPROVEMENT?

I1.S. Fraser,

E. Diczfalusy

Modern steroidal contraceptives are far from perfect, but they are
effective and often highly effective contraceptive agents. Among the
many reasons for women failing to use these agents, one of the most im-
portant is a disturbance of the normal menstrual rhythm. In some cul-
tures major disturbances such as amenorrhea or prolonged breakthrough
bleeding are quite unacceptable at the present time. The progestogen-
only contraceptives tend to produce the most disturbances of bleeding
patterns, but they do have some major advantages in that they contain no
estrogen, may release very low quantities of steroidal per day and may
have the great convenience of an injection cnly once very 2-3 months.

A scientific solution must be sought, and it seems clear that a prere-
quisite for a rational approach is a greatly increased knowledge of
basic factors influencing initiation and prolongation of bleeding under
various circumstances. At this stage there appear to be few simple
correlations with the occurence of breakthrough bleeding and the iden-
tification, and quantitation of factor involved in the process may not

This chapter was reprinted with permission from the editors from
Endometrial Bleeding and Steroidal Contraception. Pitman Press, Ltd.,
Bath, England.
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be easy. There are many who are pessimistic about the pnssibilities for
early improvenent, especially of the long acting injectable formulations,
but there have been several encouraging advances in knowledge within the
past few years.

THE ENDOCRINE PERSPECTIVE OF THE NORMAL CYCLE

The endometrium is a unique tissue. It shows duration cycles of striking
growth, differentiation, functional change and regression of a type which
is not seen in any other tissue. These changes are accompanied by a dra-
matic development and then regression of blood vessels. The cyclical
events in the normal endonetrium are dependent on a specific sequence of
endocrine events. In the first 6 days of the cycle there is an estrogen
dominance with a high plasma estradiol-progesterone ratio, and this is
followed by a striking surge of estradiol prior to ovulation. In the
luteal phase there is a further estradiol surge accompanied by a major
increase in the plasma levels of progesterone. These endocrine events
produce a morphological picture in the endometrium which has been exten-
sively studied.

The normal endometrium has an in-built "self-destruct" mechanism which
allows a coordinated breakdown and partial shedding of tissue following
the combined fall of plasma estradiol and progesterone to low levels.
Under these circumstances the occurence of intermenstrual bleeding, ex-
cept of microscopic amount, is uncommon.

THE ENDOCRINE PERSPECTIVES OF STEROIDAL CONTRACEPTIVE-TREATED CYCLES

The exogenous and endogenous hormonal fluctuations with different steroid-
al contraceptives have been thoroughly reviewed by Johannisson and Land-
gren. With the combined estrogen-progestogen pill there is a variable
early estrogen dominance and a simultaneous sharp rise in estroger and
progesterone to intermediate levels which fluctuate markedly from day to
day for three weeks until the sharp simultaneous fall to baseline levels.
This pattern is associated with morphological endometrial and vascular
changes which have been extensively described and which differ substan-
tially from the normal cycle. There is usually a predictable withdrawal
bleed and although breakthrough bleeding is more common than in the nor-
mal cycle, it is not a major concern unless the combined steroid dose is
very low.

The progestogen-only minipills and the constant-rate progestogen-releas-
ing devices, such as implants and vaginal rings, result in a variety of
endocrine profiles, a variety of endometrial morphological appearances,
which have not been extensively studied, and a variety of abnormal bleed-
ing patterns. With these contraceptives there is never an initial estro-
gen dominance or a complete progestogen withdrawal. In general terms,
with the low-dose progestogen minipill and with very low dose zero-order
progestogen-release devices, regular withdrawal bleeding occurs; break-
through bleeding is not good, but it is not too bad. As the progestogen
dosage is increased, the incidence of amenorrhea, breakthrough bleeding
and lack of withdrawal bleeding increases, but there is a great indivi-
dual variation between women. It is worthy of note that in some women a
high anovulatory rise and fall of endogenous estradiol may not be fol-
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lowed by a withdrawal bleed.

Monthly injectables containing an estrogen ester and a progestogen ester
offer some hope of providing more regular bleeding patterns. Although
the epidemiological information on bleeding patterns with monthly inject-
ables is inadequate, there is evidence that some patients will develop
breakthrough bleeding and amenorrhea. An estrogen and a progestogen are
injected simulataneously so that high plasma levels are achieved fairly
quickly. The rate of clearance of each steroid will depend on the phar-
macokinetics of the injected ester. If longer-acting esters are used
there may be a progressive accumulation of drug. A withdrawal bleed
usually occurs some days after the fall in esiradiol.

The long-acting injectable progestogens and the high-dose progestogen-
only releasing devices results in the greatest disturbance of th2 men-
strual pattern. With the injectables there is an erormous initial pro-
gestogen dominance followed by a gradual progestogen withdrawal. Ovu-
lation is inhibited and endoyenous plasima concentrations of estradiol
and progesterone remain low until the exogenous progestogen has fallen
to very low levels. With these agents, there is ar initial rapid "matur-
ation” of the endometrium through the secretory changes to suppression
and finally atrophy by day 20. At this stage the epithelium has a low
cuboidal appearance. From day 50 there is gradual reversal of the atro-
phy with increasing development of columnar epithelium, stroma and vascu-
lar elements. Normal proliferative appearances have usually been restor-
ed by day 90. Sometimes a pseudodecidual response is seen. The morpho-
logical appearances have been described by several authors but have not
been extensively studied.

Uterine bleeding patterns may be classified into three broad types:

- that which occurs when the endogenous or exogenous hormone levels are
falling and one would expect bleeding. This may be termed normal men-
struating or, with contraceptive agents, withdrawal bleeding. It is
again worth noting that withdrawal bleediny does not always occur with
contraceptive agents when levels of the endogenous or exogenous hormones
fall.

- that which occurs unpredictably and which may be termed breakthrough
or intermenstrual bleeding. It is this which is of most importance to
the discontinuation of contraceptive use especially when it is frequent,
heavy or prolonged.

- amenorrhea or complete absence of uterine bleeding for longer than an
arbitrary period, often taken as 45 or 60 days, is common with some ster-
oidal contraceptives. It can be a major source of concern to some women,
especially in certain cultures.

From this evidence it seems that the bleeding patterns become worse when
higher doses of progestogen-only agents are used, but it is obvious that
no close correlation exists between endocrine factors and the initiation
or prolongation of bleeding.

In the clinical stiuation with spontaneous menstrdal disorders it is well
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recognized that bleeding may begin when endogenous estradiol levels are
constant or even when they are rising.

CURRENT STATUS OF KNOWLEDGE OF FACTORS RELATED TO ENDOMETRIAL BLEEDING

1. Patterns of bleeding

A large body of information is avaiiable on the epidemiology of bleeding
patterns with many of the steroidal agents, but unfortunately many of
thesc studies cannot be compared due to lack of standardized methzdology.
Knowledge about the bleeding patterns with prcoestogen-only contracep-
tives is much less extensive than for the combi.¢d estrogen-progestogen
pill. The major problem with these studies is that large numbers of sub-
jects must be studied prospectively, and in-depth assesswent of the endo-
crine, endometrial and other factors correlating with their bleeding pro-
blem, or lack of bleeding abnormalities, has always been very difficult.

It has been established that many women specify menstrual disorders as
the major reason for discuntinuing use of steroid contraceptives, and
that the extremes of amenorrhea and prolon¢ed bleeding are least well
tolerated.

2. Endome.rial function

The paucity of basic scientific information about aspects of endometrial
function which may be directly relevant tc the study of abnormal bleed-
ing is impressive.

Factors affecting development of the endometrial vasculature seem to be
a major importance and some information is available about these. There
is a good understanding of the three-dimensional architecture of the
arterial and venous part of the vasculature of the endometrium during
the normal cycle, but minimal information during steroidal hormonal treat-
ment. There 3is a large literature concerning the 1light microscopic ap-
pearances of the vessels in normal and contraceptive-treated endometrium,
but 1ittle about the ultrastructure or the perivascular tissues. An
interest is now being taken in the proliferation kinetics of the endome-
trial cells and vessels, Lut the factors stimulating this have barely
been considered. Estrogens have a strong influence on growth of the
capillaries and the increase in blood flow through them, but progesterone
appears essential for the full development of the spiral arterioles.
Study of the endometrial enzyme content and its changes has given some
functional insight into changes in vascular activity during this growth
phase.

Lysosomal enzymes may be important during the early remodelling/regenera-
tion phase of the cycle. Howevei, information in this whole area is
meager. It is perhaps relevant that lysosomes can be mediators of hor-
mone action. In recent years, study of the steroid hormone receptors in
endometrium has indicated the importance of an understanding of the way
in which they mediate hormone action. However, knowledge of the way in
which changes in receptors and changes in tissue concentrations influence
endometrial and vascular growth is lacking. There is no doubt that some
vascular tissue contain specific receptors for hormones, including estro-
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and this must have some importance for the interpretation of vascular
function.

There is no information about other factors which influence growth of the
endometrial vessels. It has recently been demonstrated that LH-releasing
hormone has a direct stimulatory effect on uterine growth in animals and
this requires further exploration.

It is clear that many factors have a striking influence on function of
the endometrial vasculature. There seems little doubt that prostaglan-
dins have important actions on the endometrial vessels in vivo. Fr ex-
ample, the concentration of prostaglandins Ep and Fp3 1n human endome-
trium increases progressively during the menstrual cycle, infusion of
PGFo, decreases endometrial blood flow in monkeys and ingestion of pros-
tag%andin synthetase inhibitors decreases menstrual blood loss. Steroids
also have a direct vascular action and estrogens, particularly, have a
rapid vasodilator effect which is probably mediated through synthesis of
an intracellular enzyme. Several biochemical processes, involving sub-
stances such as histamine, bradykinin and prostaglandins may be involved
in mediation of estrogen effects on vascular function.

Many factors may play a part in the regulation of blood flow through the
normal endometrium and through different regions of the endometrium. Ox-
ytocin and vasopressin stimulate vasoconstriction in the endometrium but
the physiological significance of this unknown. It has been reported
that PGFp, secretion can be stimulated from the endometrium of non-preg-
nant sheep by oxytocin and this obviously requires further study in wo-
men. No in vivo studies have been reported on the action of angiotensin
on endometrial vessels in non-pregnant women or animals, althongh angio-
tensin II has been shown to stimulate in vitro prostaglandin E secretion
from human umbilical vein endothelium. There is some evidence that in-
creased production of prostaglandin E may be associated with excessively
heavy bleeding in women with spontaneous menstrual disorders.

Histochemical studies have demonstrated several active enzyme systems in
endometrial vessles and the activity of most of these does seem to vary
during the menstrual cycle. The most widely studied enzymes have been
alkaline phosphatase and acid phosphatase and these do not develop in a
normal pattern during treatment with contraceptive steroids. It is not
entirely clear how these changes in enzyme activity are reflected in
changes in functien.

It is now obvious that receptors must be present to mediate the action
of these hormones and study of the concentration and turnover of recep-
tors is an important part of the interpretation of hormone function.
Studies to date have mainly concerned steroid receptors and it seems
that we are only just becinning to understand the complexity of these
systems. The discovery that endometrial receptor concentrations vary
depending on the site of sampling within the uterine cavity may indicate
variable hormone responsiveness or even dreater likelihood of break-
through bleeding from certain areas. Of some importance is the observa-
tion that progesterone and progestogens inhibit the replenishment of
estrogen receptors in endometrium and other uterine tissues. This may
have implications for the ability of progestogen-treated endometrium to
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respond to estrogens given to treat breakthrough bleeding.

It seems likely that increasing knowledge of the interaction between dif-
ferent hormones and receptor systems will begin to reveal the true com-
plexity of hormone action in the endometrium. Few other hormone recep-
tors apart from steroids have been studied in human endometrium. Endo-
metrial oxytocin receptors have been investigated in the sheep and these
show an increase to a peak at estrus, when the binding capaciiy of the
endometrium is double that of the myometrium. Oxytocin enhances the
release of prostaglandin Fp, from endometrium in culture and the degree
of enhancement increases at estrus. It will be valuable to study the
interaction of other hormones in detail under various circumstances.

If nonhuman primate models are to be used for future basir studies, much
more comparative information on vascular function and blood flow to the
uterus is required. Approaches such as the use of radioactive-labelled
microspheres may be useful. It is noteworthy that basic reproductive
processes have been studies so far only in few of the more than 200 sub-
human primate species.

3. Endometrial breakdown

There is some kncwliedge of the events occurring during the breakdown of
the vasculature and shedding of the endometriun, although there are still
large gaps in the picture. Much of the present understanding still comes
from elegant studies in menstruating subhuman primates by investigators
such as Markee and Hartman, but unfortunately many of their feelings have
been directly extrapolated, without qualification, to the human.

The one study which stands out above all others is the meticulous and
extensive investigation of endometrial autotransplants to the anterior
chamber of the eye of the rhesus monkey by Markee. This work indicates
that an intense spasm occurs in the spiral arterioles immediately prior
to the onset of menstruation and confirmation of this comes from histo-
logical studies. The vasoconstriction persists through menstruation but
individual vessels show intermittent relaxation and bleeding. The spasm
occurs particularly at the endometrial-myometrial junction and in the
inner myometrium.

The cause of the spiral arteriole constriction is not known. It has been
suggested that prostaglandin release may play a part, but loss of amine
oxidase activity within the endometrium might sensitise the endometrial
vessels to circulating catecholamines. Endometrial amine oxidase activi-
ty increases in the secretory phase, but it is not clear if a fall occurs
at menstruation. The endometrium is not innervated by adrenergic nerve
fibers but is capable of a significant uptake of adrenaline and non adre-
naline. Release of vasoactive substances or precusors from lysosomes

may also be involved.

Spiral arteriole constriction is associated with a rapid fall in endome-
trial capillary flow and hydrostatic pressure, a decrease in stromal
edema and a rapid decrease in thickness of the endometrium. Withdrawal
of estrogen probably also causes an increase in capillary permeability
and fragility, but arteriolar constriction may lead to the appearance
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of holes or breaks observed largely in the small vessels of the function-
alis layer. Capillary fragility can be reduced by ethamsylate which also
reduces bleeding time and menstrual blood loss. Ethamsylate apparently
has an anti-hyaluronidase activity waich decreases the rate of breakdown
of mucopolysaccharides in ground substance of the capillary wall. This
suggests that a reduction in vessel damage in the endometrium has a bene-
ficial effect on menstrual blood loss. It is not clear whether ethamsy-
late also has other actions.

It i< probable that lysosomes and the lysosomal hydrolases are involved
in the mechanism of menstruation, but it is not known wnether or not
their role is restricted entirely to remodelling of the tissue after
breakdown. It has been suggested that relaxin, a water-soluble peptide
of molecular weight about 8,000, is released from endometrial granulo-
cytes as progesterone levels fall and may play a part in the dissolution
of intercellular bonds.

The mechanism of haemostasis in the uterus is still not well understood,
but it now clear that it differs from that in most other body tissues.
Hemostatic plugs containing platelets and fibrin do appear to be impor-
tant, although these may be partially inhibited by heparin, or prostacy-
clin release, or broken down prematurely by the very active fibrinolytic
system in the endometrium. Studies of menstrual blood have given some
insight into the processes occurring within the uterus at menstruation,
but much remains to be learnt.

There is still controversy amongst morphologists about the exact extent
of tissue shedding at menstruation. The traditional view was that the
entire endometrium above the basal layer was shed at the end of each
cycie, but more recent studies indicate that there is a very variable
and often relatively small loss of tissue from the superficial "compact"
and "furctional" layers. On average this shedding is accompanied by a
hemoglobin loss equivalent to 30-40 ml of blood.

This brief summary of the present understanding of some of the mechanisms
involved in the breakdown of normal endometrium gives very little idea
of the differences which may be present during the breakdown of contra-
ceptive-steroid treated endometrium. In particular, there is very little
idea of the factors which precipitate and prolong intermenstrual or break-
through bleeding.

4, Breakthrough bleeding

It is clear that there are abnormalities of the endometrial vasculature
in contraceptive-treated women. These may include prominent dilatation
of superficial stromal venules, inhibition of spiral arteriole develop~
ment, endothelial proliferation and, occasionally, localized intravascu-
lar thrombosis.

In order that breakthrough bleeding may begin there must be vascular da-
mage in some form. At a functional level this could just involve diape-
desis with very small amounts of blood loss, but in most cases it is more
likely that actual breaks will occur in vessels. It is ot known whether
these occur in arterioles, capillaries or venules and there are few clues
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to the underlying cause of the damage. There may be increased "fragi-
lity" of the capillaries with abnormal changes in the perivascular sup-
porting tissues, but some precipitating factor such as release of lysoso-
mal enzymes, hypoxia or trauma may need to be postulated.

Once vascular damage has occurred, local defects of coagulation, vascular
function and tissue repair may contribute to the prolongation and volume
of the blood loss.

5. Present treatient methods

In this state of knowledge the actual options for treatment of establish-
ed bleeding have been greatly restricted. The options have been restrict-
ed to discontinuation of the method, reassurance and explanation, a num-
ber of arbitrary estrogen regimes or rarely, curettage. This limited and
uncertain situation obviously requires urgent clarification. It ought
also to be emphasized that at present there are no realistic ideas on how
this abnormal bleeding may be prevented in steroidal contraceptive users.

FUTURE STRATEGY

Future strategy should include the simultaneous pursuit of 3 distinct
and complementary goals:

Mission-oriented basic studies to elucicate the factors contributing to
abnormal bleeding. Since it is the very nature of basic information that
there are always new and exciting ideas involving many workers and that
data collection never comes to an end, there must always be an emphasis
on the mission-orientation.

Well-planned clinicel studies must always be emphasized in order to fol-
low up present leads and new findings whenever they appear.

Long-term deveiopmert of improved steroidal contraceptive methods which
may minimize the occurrence of menstrual disturbances. Long-term de-
velopment of improved methods of treatment and of non-steroidal ayents
to prevent bleeding problems may also be rewarding.

BASIC STUDIES

Basic investigations may be extremely compiex and may need to take into
account some or all of the following conditions:

(i) Steroid-treated endometrium and the factors which may influence it.

(a) under therapy with different steroidal agents and different durations
of use.

(b) with and without breakihrough bleeding.

(c) during the use of therapeutic agents.

(d) during the recover period following withdrawal of steroid-contracep-
tive use.

Some attention ought to be directed towards an understanding of the fac-
tors which cause predictable amenorrhea, since this may be acceptable
in some communities and could have siynificant health benefits in terms
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of reduction of body iron loss.

(i) Normal endometrium and the factors which may influence it for com-
parison with the abnormal sitution, preferably in the same laboratory
using the same method.

This whole area is one in which particularly fruitful collaboration might
be initiated with bioengineers or other basic scientists who have exper-
tise in the use of modern electronic techniques which may be applied to
the in vivo situation. Many of these problems may initially only be
amenablé to study with in vitro tecnniques. The importance of in vitro
techniques should not be underestimated, bul the problems of interpreta-
tion must be appreciated. The hormone-releasing intrauterine devices
(IUD) provide a special case where care in studying different areas of
the endometrium reveal unexpected and relevant information concerning
abnormal bleeding. Consideration miyght also pe yiven to the potential
of modern electronic tecnnology in developing IUDs carrying sensor devi-
ces tor transmitting a variety of information from the uterine cavity.

Suggested areas for fundamental research

1. Morphology of the endometrial vessels

(a) Growth of the vessels. It is important that factors which stimulate
vessel growth in the endometrium be studied specifically. There is good
evidence to show that estrogens are important in the stimulation of pro-
liferative activity of endometrial cells and vessels, but there is no
jnformation about the occurrence of other growth factors, perhaps of the
type exemplified by platelet growth factors. There is no indication why
the arterioles in the endometrium always take up a spiral conformation
when stimulated by the specific sequence of endocrine influences in the
normal cycle. This spiral conformation seems important in the mechanism
of normal menstruation and requires further elucidation. It might also
be rewarding to contrast the endometrium with the endosalpinx which also
contains vessels which undergo spiral yrowth and regression each cycle.
Why does the tubal nwucosa have spiral arterioles yet not exhibit "men
strual” sheddiny?

(b) Vascular architecture. There is little knowledge of the three-dinen-
sional vascular architecture of the eidometrium during treatment wi®h
different steroid combinations. Information of the type obtained by
Farrer-Brown et al, in the normal uterus might give useful clueu for in-
vestigation of abnormal bleediny.

(c) Superficial dilated venules. A great deal more attention need to be
given to the factors which influence the development and progression of
the superficial dilated venules in endometrium treated with contracep-
tives, especially of the progestogen-only type.

These thin walled dilated venules may be etiologically important in the

genesis of breakthrough bleeding. However, it requires to be established
whether tney really are venules, since formed blood elements are not
usually seen in them. Are they perhaps dilated lymphatics which have
picked up a few stray red cells within the endometrium?
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(d) Perivascular tissues. HMuch aore needs to be learnt about the compo-
nents of the perivascular tissues, both cellular and non-cellular. These
factors may be extremely important in terms of capillary and venule fra-
gility.

(e) Cells containing "granules". Mast cells and granulocytes may be found
in perivascular areas, and there is evidence that they may contain sub-
stances which will have an effect on vascular function, e.g. heparin,
histamine or relaxin. Their true importance is quite unclear.

(f) Endothelial changes. Endothelial alterations, such as proliferations
and protrusions. have been reported, but there is little idea of their
importance in terms of function. This requires further detailed study to
correlate morphology and function.

(g) Lymphatics. Knowledge of the lymphatic system in the human endome-
trium is negligible and much further work requires to be done to eluci-
date its extent in different situations and the part which it plays in
endometrial breakdown and remodelling.

(h) General wmorphology of the endometrium. It is worth consideriny that
uniformity of descriptive terminology and understanding of the basic mor-
phology of the contraceptive-treated endometrium is still lacking. All
future studies on morpholoyy ought to bear this in mind.

2. Hemostatic mechanisms in the endoietrium

(a) Arachidonic acid metabolisi in platelets. The inter-relationship be-
tween the thromboxanes of platelet origin and their interaction with the
prostacylin-synthetase system of the vascular endothelium within the en-
dometrium will obviously be an area fro fruitful research for those who
are prepared to take the necessary care with methodology. The place of
specific inhibitors and potentiators requires exploration. Simple stud-
ies of bleeding time and malondialdehyde production with contraceptives
and breakthrough bleeding are required.

(b) Sequence of endometrial breakdown. There is still considerable un-
certainty about this sequence of events. It is now appreciated that the
endometrial hemostatic reaction is deficicnt compared with other tissues,
but why is this so? What events precede the initial vascular damage?
What departure from normal endometrium is seen with contraceptives, and
particularly with breakthrough bleeding?

(c) Fibrinolysis. The endometrium contains an active fibrinolytic sys-
tem, but it is not certain which hormonal factors influence this or
which organelles are responsible for synthesis of the plasminogen activa-
tor. Is this fibrinolytic activity merely a reflection of a generalized
lysosome breakdown? How much fibrinolysis occur in the uterine cavity
and how much fibrinogenolysis is there? How does this depart from normal
with abnorinal bleeding with contraceptives?

3. Other factors which influence the microcirculation of the endometrium
(a) Arachidonic acid metabolism in endometrium and endometrial vessels.
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This requires further study in parallel with the metabolism of arachidon-
ic acid in platelets (see above).

(b) Effects of prostanoids on vessels. Most of these substances are vaso-
active but their relative importance within different phases of endome-
trial development requires a great deal of further elucidation. For in-
stance, do the spiral arterioles become more sensitive to certain prosta-
noids in the premenstrual phase?

(c) Effects of other vasoactive substances on vessels. There is informa-
tion about the influence of several hormones on blood vessels within the
endometrium but it is by no means clear which factors, or how any factors,
play a part in the regulation of blood flow within the endometrium under
different circunstances. It is possible that blood flow may vary inde-
pendently within different parts of the endometrium at any one time. An
observation which requires further study is that blood flow can fall
sharply in response to psychological influence, suggesting mediation
through the sympathetic nervous system.

(d) Capillary dynamics. This area of study has been neglected in rela-
tion to the menstrual cycle and abnormal bleeding. There is some evi-
dence that capillaries in the fingernail bed show changes at the time of
menstruation, but this has not been well investigated. It is possible
that study of capillaries in easily accessible parts of the body, such
as the nail bed or retina, may give useful clues about vascular response
in different circumstances and this is easily amenable to study. The
interpretation of findings from direct observation of human endometrial
vessels at hysteroscopy is fraught with great difficulties.

(e) Capillary fragility. A greater understanding of this feature of the
endometrial circulation in contraceptive-treated women is a high priority.
Studies of this area should place particular importance on the assessment
of therapeutic agents which decrease fragility, as well as natui‘al fac-
tors which may be responsible for increasing fragility. It is possible
that nail-bed capillaroscopy might also be applicable here.

4. Hormones and their targets

(a) Plasma steroid levels. In recent years, endocrinologists have been
greatly concerned with the measurement of plasma hormone levels under
different circumstances. Plasma measurements of endogenous and exogen-
ous steroids will continue to be important to provide a background for
tissue studies.

(b) Tissue steroid concentrations. In many situations the availability
of a steroid at a tissue level may be more important than gross fluctua-
tions in plasma levels. This concept, as well as the possibility of in-
terconversion of steroids in the tissues, requires closer attention in
future stucies.

(c) Steroid receptors. Receptors provide the cellular link betwen the
hormone and its action and it has recently become increasingly clear that
a knowledge of cytoplasmic and nuclear receptor concentrations and their
turnover rate is crucial to the understandinrg of steroid action in dif-
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ferent circumstances. This field requires much more detailed research in
women treated with different steroids and particularly as part of the
investigation of breakthrough bleeding. There is also Tittle information
on steroid receptors and the changing influence of steroids on the endo-
metrial vessels in different situations.

(d) Non-steroidal hormones and their receptors. Plasma and tissue con-
centrations of non-steroid hormones and their receptors may be of greater
importance than is currently realize¢. It is probable that interactions
between these different hormones will .lso turn out to be important. The
hormones which need to be studied may include prolactin, LH-releasing
honnone, insulin, prostanoids, oxytocin, vasopressin, <catecholamines,
angiotensin and perhaps also compounds such as serotonin, histamine,
bradykinin, etc.

(e) Endometrial lysosomes and enzymes. Further study of lysosomal func-
tion is a high priority in women with breakthrough bleeding since unstable
lysosome function could certainly contribute to this problem. Lysosomes
may contain many enzymes and it is likely that theie are different popu-
lations of lysosomes containing different enzymes under varying circum-
stances. There is a great need for the development of improved biochemi-
cal and histochemical technology for studying the activity of free and
bound enzymes in different cells fractions and new technoloyy is required
for the ultrastructural localization and quantitation of enzyme action
within cells. Application of improved immunochemical techniques would
be useful. A specific case can be made for a careful study of lysosome
function in the endometrial vessels.

5. Animal models

Since primates are the only creatures who menstruate, subhuman primates
are the only possible animals models for the study of true menstruation.
It is also clear that some subhuman primates may be less appropriate
models than others. Since much of current knowledge of the process of
menstruation comes originally from subhuman primates, it is reasonable
to presume that much more could be done in this field.

(a) Comparative study of endometrial morphology and menstruation. There
is very little detailed information on the differences in endometrial
morphology between the menstruating and non-menstruating subhuman pri-
mates. There is still controversy over the question of whether spiral
arterioles are present in all those species which menstruate. It is sug-
gested that careful comparisons may provide useful clues for further in-
vestigations in women.

(b) Direct visualization of endometrial transplants. It has been suggest-
ed that a great deal of sophisticated information could be obtained by
the repetition, using modern technology, of Markee's experiments with
autotransplation of small endometrial fragments into the anterior chamber
of the eye in rhesus monkeys. However, there is increasing ethical con-
cern about this approach. An alternative might be to use an immunologi-
cally privileged site, such as the hamster cheek pouch, for the trans-
plantation of human endometrium. This would permit direct inspection
of the tissue under different endocrine influence. Studies of this kind
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are in progress in some laboratories.

(c) Repeated biopsy studies. The subhuman primate model may offer some
advantages for multiple biopsy studies which would be ethically unaccept-
able in the human, but easy access to the uterine cavity must therefore
be possible in the species chosen.

(d) Removal of normal uterus. Investigations where removal of a normal
uterus is essential can appropriately be performed in subhuman primates.
An example of this type of study is the use of radioactive-labelled micro-
spheres for the measurement of absolute blood flow which could then be
correlated with other parameters of endonetrial function.

(e) Testing of new therapeutic agents. This wmay be the major value of
animal models. Promising agents may be used in subhuman primates when
toxicology testing is still insufficient for huwan usage. The most ap-
propriate models at present still seem to be the baboon, rhesus nonkey
and stump-tailed macacque. However, there remains the problem of demon-
strating whether breakthrough bleeding occurs with reasonably high fre-
quency with contraceptive steroids in any of these animal models. Even
if this does occur there is still concern about the lack of knowledge of
comparability of the endocrine and endometrial profiles with the human
situation.

CLINICAL STUBIES

Although less space will be devoted to these than to the ideas for basic
investiyations, the central importance of these clinical studies and
their early initiation is obvious.

1. Epidemiology of patterns of bleeding

(a) Standardization of epidemiology methodology. This is an important
aspect requiring further world-wide cooperation so that different studies
may be comparable. Consideration should also be given to standardization
of nomenclature.

(b) Epidemiology of bleeding patterns with monthly injectables. Phase II
studies of the bleeding patterns of at least two of the available monthly
injectables are required to give reasonable data to determine how satis-
factory these agents may be in large scale use.

(c) Comparative study of different progestogens. There is anecodotal
evidence that some progestogens, when given in low dosage, may be less
inclined to cause troublesome breakthrough bleeding than others. This
needs to be confirmed in a large scale trial using progestogen dosages
of approximately equal efficacy in preventing pregnancy.

(d) Quantitation of blood loss. There is no information on the volume
of blood loss during withdrawal bleeding or breakthrough bleeding with
any steroidal contraceptive except the combined estrogen-progestogen
pill. It is expected that total blood loss will be low in most patients,
but no information is available.
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(e) Identification of possible predictive factors for bleeding patterns.
Recent evidence suggests that simple pretreatment measurements of folli-
cular phase/luteal phase length ratios may correlate with the likelihood
of disturbance of ovarian function while taking the 300 ug norethisterone
minipill. Tnis is a subject which has been given very little attention,
but it is possible that patients with a particular menstrual cycle pro-
file may be more likely than others to develop menstrual disturbances
with progestogen-only contraception.

2. Treatment of established bleeding abnormalities

(a) Comparative evaluation of estrogen regimes. Estrogens have been used
haphazardly for the treatment of breakthrough bleeding associated with
combined oral contraceptives, the progestoyen-only minipill and inject-
able contraceptives. There is no clear indication that any one regime
is better than another, and there is an obvious need to set up good com-
parative studies of different regimes for each different contraceptive
method. These comparative studies should also contain a placebo-group
as well as one or two groups treated with the non-steroidal compounds
discussed below.

(b) Comparative evaluation of prostaglandin-synthetase inhibitors. These
drugs, and particularly the fenamate, mefenamic acid, should be consid-
ered for inclusion in any comparative study of treatment for heavy or
prolonged bleeding. There is good reason to expect a beneficial effect
of these drugs on heavy bleeding, but there is anecdotal evidence to sug-
gest that they may not be as effective for prolonged or frequent episodes
of bleeding.

(c) Comparative evaluation of other non-steroidal agents. Other drugs
mentioned previously in this volume may have a role in treating or pre-
venting abnormal bleeding. Consideration should be given to including
soimne of them in clinical studies or at least ensuring that further eval-
uation of their mechanism of action is carried out at a basic level.
These drugs include the fibrinolytic inhibitors, ethamsylate, vasopressin
analogues, anti-heparin agents and tamoxifen.

(d) Treatnent of amenorrhea. Most investigators believe that if a pu. 2nt
cannot tolerate amenorrhea she should not be asked to use a long-act.ng
injectable T1ike DMPA. In this situation a monthly injectable may be pre-
ferable, but it is not certain that a monthly injectable will produce a
predictable withdrawal bleed when it is started soon after the patient
discontinues DMPA. This is amenable to investigation.

LONG-TERM DEVELOPMENT

Three areas may be considered at a philosophical level.

1. Remodelling of the steroid nucleus

Is it possible to produce a greater separation of proyestogenic effects
on the hypothalamo-pituitary unit and the endometrium by manipulation of
the steroid nucleus, or is it possible to produce a reliable anti-implan-
tation effect without a serious effect on endometrial vascular function?
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Is this a vain hope? Might once-a-month anti-progestogens produce a
reliable withdrawal bleed without disturbing the subsequent cycle?

2. Non-steroidal agents for the prevention of bleeding abnormalities

What are the chances of developing a simple non-steroidal agent which
could be taken perhaps once per week and reduce bleeding problems, for
example by an effect on capillary fragility?

At present there is no available agent to prevent breakthrough bleeding,
except for the addition of frequent or prolongcd exogenous estrogen to

the regimen.

3. New agents or delivery systems for the treatment of bleeding

What are the chances of developing new and safe agents for treatment?
This is 1ikely to have to wait until more basic information or mechanisms
is available. It is conceivable that simple microcapsule delivery sys-
tems may be devised which would allow vaginally-administered medication
to migrate through the cervix and act specifically within the uterine
cavity, but this requires a great deal of further investigation.

CONCLUSION

The etiology and management of disturbances of the menstrual cycle assoc-
jated with the use of steroidal contraceptives have, until recently, been
greatly neglected. Since there are also large areas of uncertainty in
the understanding of the mechanisms underlying normal endometrial func-
tion and menstruation, useful solutions are likely to require a great
deal of applied research. For some reasou, applied research has always
seemed relatively unylamorous, but, in the word of Sir William Bate Hardy,
recalled by Sir Henry Tizard in his Haldane Lecture of 1955, "You know,
this applied science is just as interesting as pure science, and what's
more it is a damn sight more difficult!"

The scientific world is faced with a most difficult, complex and challeng-
ing problem if it is to eliminate these disturbances of bleeding patterns.
However, there seems to be 1ittle doubt about the possibilities for intel-
lectual satisfaction from the work which can be immediately initiated in
this area, and there is no question of the immediate and major practical
significance which new advances will have.
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MONTHLY INJECTABLE CONTRACEPTIVES
Mokhtar K. Toppozada

Monthly injectables share the advantages and drawbacks of inject-
ables in general, but they are associated with a better cycle control
than that observed with formulations given every 2-6 months. On the
other hand, the need for frequent injections every 4 weeks or 30 days re-
presents a practical inconvenience that may be reflected on the accept-
ability and continuation rates.

Formulation

There are many formulations used as injectables which differ from each
other in many respects. The most relevant difference relates to whether
the injectable is made of a progestogen only or contains an estradiol
ester as well. The second aspect involves the type of progestogen pre-
sent, and its dose. A third difference relates to the mode of manipulat-
ing the steroid molecule to prolong its action, such as by esterifica-
tion, crystal formation or mixing with biodegradable polymer. The last
variable in this connection is the nature of the injection vehicle.

The first report published on monthly steroid injections for contracep-
tive purposes appeared in 1963 and dealt with the administration of a
combination of 500 mg 17 - hydroxyprogesterone corporate plug 10 mg
estradiol valerate. At around the same time in China a similar monthly
injectable (but using half the dose) has been under clinical evaluation.
It is estimated now that this combination monthly injectable (termed
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in ¢hina "Injectable No. 1") is used by 1% of all contraceptive users
in China.

Tables 1 and 2 show a tentative 1list of the monthly injectables that have
been tested in humans. Most of these injectables have been used in limit-
ed trials to probe their potential vaiue as contraceptive agents. Only a
few formulations have been administered in sufficient number of cycles to
provide a meaningful evaluation in clinical terms. The most coimon pro-
gestogens used were depot medroxy progesterone acetate (DMPA), dihydroxy-
progesterone acetophenide and norethisterone enanthate (NET-EN). In the
combination types, only estradiol esters have been used (cypionate,
valerate, enanthate, benzoate, unducelate, benzoate butyrate and hexahy-
drobenzoate). Types containing DMPA aqueous suspensions having the pro-
gestogen in crystalline form while those with NET-EN were oily solutions
(mixture of benzyl benzoate and castor oil in a ratio of 6:4).

TABLE 1. Combined estrogen - progestogen monthly injectables.

Commercial or

Progestogen Estradiol ester Trial Wame of Drug

(1) DMPA Cypionate Cyclo-provera

(2) 16-17 dihydroxyproges- Enanthate Deladroxate or Per-
terone acetophenide lutal or Tobasel

(3) 16-17 dihydroxyproges- Benzoate butyrate Unimens

terone acetophenide

(4) 17 -OH Progesterone Valerate Gravibinon
caproate
(5) Norgestrel Hexa-hydrobenzoate @ = -----=--
(6) Superlutin caproate Valerate Lutofollin
(7) Norethisterone enan- Valerate @ = eee;e----
thate or Unducelate
or Cypionate
(8) Norethisterone Mestranol
(9) Megestrol acetate Cyclopentyl propio- = ==ce=-<==
or valerate
(10) Chlormadinone ca- Valerate @ = eeemee--
proate

It is apparent from the large number of monthly injectables listed 1in
Tables 1 and 2 that the development of a proper formulation acceptable
has not yet been achieved. Various estrogen - progesterone combinations
and progestogen - only types have been, and still are being tested in a
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Table 2. Proyestogen and estrogen only monthly injectables

Commerical or trial
Progestogen Estradiol ester name of drug

Progestogen only

(1) Lynestrenol phenyl ~  emeeee  =-mee-
propionate

(2) 16-17 dihydroxypro-  ===-=- Deladroxone
gesterone acetophenide

(3) 17 -OH-Progesterone =~ ======  ===e=-
caproate

4) DMPA ememee mmeees

(5) Norethisterone enan-  ===ee= ooome-
thate

(6) 17-0H-19 Norproges- ~ ====-- SH - 582
terone caproate

(7) 208-0H, 4,9 nor pregnane
3 one, 20B phenyl
Propionate

Estrogen only

...... Estradiol Unduce- Progynon depot
late

wide range of doses to detect optimal formulations. Also, special deli-
very systems as gelatin or polyglycclic - polylactic microcapsules for
controlled release may improve the clinical performance of the monthly
administration schedule.

Mechanism of action

The mechanism of action of monthly injectables is partially known for
only few preparations. Most of the available investigations in this
connection were conducted in women who received only one or few injec-
tions, presenting changes which may not be identical to those present
after many injections, hence there is a need for studies among long-term
userse.

The metabolic fate and excretion values of the two steroids in Deladrox-
ate (150 mg dihydroxyprogesterone acetophenide = DHPA + 10 mg E2 enan-
thate = EE) were studied in two women following an j.m. injection of H
EE plus non-eadioactive DHPA and in two other volunteers who received
T14¢" pHPA plus non-radioactive EE. The same experimental design was
repeated after 4 to 6 cycles of Deladroxte therapy. The results indicat-
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ed a higher excretion of the progestogen in feces while the estradiol
ester was preferentially excreted in urine and no significant differences
in the metabolic turnover were detected after chronic treatment with the
drug. The mean plasma disappearance rate was 7.5 days for EE and 24 days
for DHPA. However, traces of labelled EE were still detectable in the
blood 60 days after the injection.

The reported endometrial effects of monthly Deladroxate injections were
rather controversial; some studies showed a pattern similar to that seen
with combined 0.C.'s. While others concluded that the injections induced
endometrial changes indicative of estrogenic predominance over the pro-
gestogenic component.  Occasional hyperestrogenic endometrial picture,
has also been reported. Moreover, other investiyators found a confused
and mixed endometrial picture. The changes induced by one injection
were commonly carried over to the next cycle due to enough of the active
agents remaining to alter the regeneratiny endometrium.

The main wechanism by which Jeladroxate prevents pregnancy so effectively
is by inhibition of ovulation, which has been documented in most studies
evaluating this aspect. Also, the carry-over effect of the injections
may contribute to the delay in the return of fertility observed in soine
subjects after discontinuation of use.

The monthly injectable Unimens contains the saue progestoyen as Deladrox-
ate but differs with respect to the estradiol ester where E2 butyrate-
benzoate (10 mg) replaced the original Ep Enanthate which was believed
to remain in the body for period longer than desired. This new Ep ester
has a duration of action that approximates the aim of 3 weeks. Endome-
trial biopsies taken premenstrually following administration showed a
secretory appearance indicating a progestational predominance.

The pharmacokinetic and pharmacodynanic data following injections of cy-
cloprovera (25 my depot medroxyprogesterone acetate = DMPA + 5 mg estra-
diol cypionate = EC) have been reported in a multicenter study undertaken
by WHO. Twelve subjects from four centers were recruited and each one
received three consecutive injections at 4 week intervals. There was no
evidence of ovulation during therapy and for 7 weeks following the last
injection. After the third injection, the plasma MPA levels are detect-
able for 28-62 days while follicular activity returned between 28-50
days in all the cases.

Endometrial biopsies performed during the first months of cycloprovera
therapy revealed distinct phases of endometrial proliferation and secre-
tion, but after 6 months, endometrial hypoplasia became the dominating
feature. The karyopyknotic index of vaginal smears obtained from woimen
using cycloprovera showed a definite shift towards progesterone dominance.
One of the studies with cycloprovera indicated that the drug effect was
cumulative and suggested that the interval between injections be increas-
ed, or that the monthly dose of progestogen be decreased after 3-4 months
of ordinary dosage.

The effect of different estrogen - progestogen monthly injectable combi-
nations on ovulation has been studied in the People's Republic of China.
Eight milligrams of NET-EN plus 5 mg estradiol valerate inhibited ovula-
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tion in all of the 100 subjects studied while megestrol acetate (2.5 mg)
plus estradiol cyclopentylpropionate (5 mg) prevented ovulation in 73
out of 77 cases during the treatment cycle. Other preparations of meg-
estrol acetate were shown to inhibit ovulation in 88% of studied sub-
jects.

A combination of 50 mg NET-EN and 5 mg Eo valerate has been shown to
offer a promising potential following preliminary trials in two centers
and was given the code name of HRP 10Z. Initial data indicated that
this combination as well as cycloprovera (DMPA 25 mg + EC 5 mg) probably
contain a dose of progestogen higher than that required since most sub-
jects presented detectable plasma progestogen levels and ovulation in-
hibition for periods longer than one month. In view of these findings,
ongoing studies sponsored by WHO are evaluating lower dosage coimbinations
of both cycloprovera (DMPA 12.5 mg + E2 2.5 my) and HRP 102 (NET-EN 25
my + Ep valerate 2.5 mg). HMoreover, these Phase I studies also incorpor-
ate groups of subjects given the progestogen alone (either DMPA 25 mg or
12.5mg or NET-EN 50 my or 25 my).

In India, monthly progestoyen-only injectable contraceptives have been
tried in different doses. DMPA was evaluated in a dose range of 10-20
mg given at monthly intervals. The 10 mg dose had a high failure rate,
did not inhibit ovulation and did not have any effect on the target
organs except the vagina since vaginal cytology showed a progestational
pattern. With the 15 mg/monthly dose ovulation was not inhibited in
many cases but cervical mucus showed atypical arborization at midcycle
and no pregnancies were reported in a limited number of subjects. Rais-
ing the dose to 20 mg inhibited ovulation and the mid-cycle arborization
of the cervical mucus but the menstrual cycle was severely disrupted.
The authors concluded that the optimal monthly injections i.m. DMPA
dose was 15 mg. A series of experiments with NET-EN given at monthly
injections in doses of 10, 20 or 30 mg were carried out by the same
group of investigators. The 20 mg i.m. monthly dose induced reproductive
changes rather similar to the 15 mg DMPA dose, and the NET levels in the
blood were still measurable 30 days after administration in six out of
the seven studied cases. In three subjects ovulation was inhibited, two
other cases showed delayed ovulation till 33-36 days post-injection and
one subject had a normal ovulatory pattern. Addition of 0.5 mg estradiol
enanthate to either injectable to improve cycle control achieved its aim
but resulted in many pregnancies due to method failure.

The pharmacokinetic properties of three estradiol esters (Cypionate,
Valerate and benzoate) were investigated to select the one with optimal
profile for incorporation as a monthiy injectable. An i.m. dose of 5 mg
resulted in a peak plasma level of estradiol 4 days after the cypionate
and 2 days following the injection of the valerate or the benzoate.
Increased levels of estradiol were detected in plasma for 11 days with
the cypionate, for 7-8 days with the valerate and only for 4-5 days with
the benzoate. There were marked variations from one subject to the other
but the valerate ester appeared to possess the most predictable pharmaco-
kinetic bahavior.

It therefore appears from the above data, apart from the progestogen-only
mini - injectable approach, that most of the monthly injectable combined
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preparations in current use contain relatively higher doses of steroids,
especially the progestogen component, than that required for a monthly
contraceptive. Moreover, the optimal dosage of monthly injectable ster-
roids that is neither associated with a high falure rate or a carry-
over effect on subsequent cycles may be clarified when the results of
the ongoing pharmacokinetic/pharmacodynamic studies carried out by WHO
become available.

Contraceptive efficacy

The ability of monthly injectables to prevent preynancy depends on the
above variables. The combination types are highly effective contracep-
tives and their theoretical effectiveness approximates that of combined
pills but concerning use-effectiveness, the available data speak in
favor of the monthly injectables. Almost no pregnancies have been repor-
ted in association with the use of cycloprovera, Deladroxate and NET-EN
+ E» unducelate.

These three preparations offered a contraceptive efficacy of about 100%
in more than 32 thousand cycles of use. Other combinations used in the
People's Republic of China in a larger number of cycles had a Pearl
index ranging between 0-1.44.

Monthly injectables containing a progestogen only had a higher rate of
failure and most of these types have not been tested in large enough
series to permit a conclusive opinion as to their protective value
against pregnancy. However, the failure rate ranged between 0-28%.
With respect to the mini-injectable approach, the use of i.m. 20 mg
NET-EN at monthly intervals was associated with a method failure rate of
5 pregnancies (1 ectopic) during 2,892 treatment cycles. This regimen
appears promising but needs further confirmation prior to use in large
scale trials.

Cycle control

Women using monthly injectable preparations usually experience some dis-
turbances in their menstrual cycles which may range from mild alterations
up to complete disruptions of the cycle. These changes depend on the
presence or absence of estrogens, on the type of steroid used and its
dose, and certain individual variations. In general, monthly injectables
provide a more acceptable cycle control than formulations administered
less frequently. Among those given every month, the types containing
estrogens provide more predictable bleeding patterns than those lacking
estrogens.

Menstrual cycle disturbances were the most common complaint among users
of Deladroxate injections. The general trend of cycle events was one of
an initial shorter cycle with increased amount of bleeding followed by a
gradual lengthening of the cycles and scantier bleeding episodes. The
overall reported abnormalities in the study conducted in Alexandria are
shown in Table 3. The lack of heavy bleeding in this study is contradic-
tory to other studies where heavy and prolonged bleeding episodes occa-
sionally requiring curettage, have been reported.
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TABLE 3. Menstrual disturbances during Deladroxate therapy.

Average No. Average Duration
No. of of Cycles of therapy
Cases Percent Affected (months)
Polymenorrhea 26 84.0 10.5 15.0
Hypomenorrhea 22 71.0 3.0 16.0
Amenorrhea 2 6.5 4.0 15.0
BTB 17 58.8 2.5 16.6
Menorrhagia -- ——— ———- -——

BTB - Breakthrough bleeding.

Unimens combination injectable which contains the same progestogen but
a shorter acting estrogen defied theoretical expectations since irregu-
lar spotting and shortening of cycles during treatment was commonly
encountered. Also, there was a delay in resumption of normal cycles
following interruption of medication. The discrepancy between theoreti-
cal assumptions and clinical results was attributed to a relatively low
dose of the estrogen ester (estradiol butyrate-benzoate) in the vial.

Cyclo-provera appears to induce a better and more acceptable cycle con-
trol than the above mentioned two preparations. A high dose (double
the one in current use) of both the progestogenic and estrogenic com-
ponents led to warked disruptions of the uenstrual cycle. Several
studies compiled by the manufacturer include 6,021 cycles of cyclo-
provera use in the recommended dose of 25 mg DMPA and 5 mg EC showed a
breakthrough bleeding in 34% of subjects; half of these cases, however,
experienced this event only once. Moreover, cycle length was within
normal limits in at least 80% of cases. Trials using variable doses
(15-25 mg UMPA and 3-5 mg EC) showed no differences overtime in the
number of bleeding days per cycle up to 30 mohths. The occurrence of
amenorrhea during cyclo-provera contraception increases with continued
use being around 10% in the first year and 25% by the end of 2 years.
Contrary to Deladroxate, heavy bleeding requiring curettage is rareiy if
ever, needed among cycloprovera users.

Gravibinon which contains 250 mg 17 - hydroxy progesterone caproate and
5 mg Ep benzoate has a short duration and therefore the initial dosage
requires 2 injections in the first cycle (together or 10 days apart),
then once on the 10th to 12th day of the cycle. Very short cycles are
liable to ensue while twice a month injections of half the doses did not
improve the clinical outlook due to breakthough bleedings, though cycle
length improved to 20-24 days.

Few studies evaluated other monthly estrogen - progestogen combinations
and claimed an acceptable cycle control in 80-90% of cases, but the num-
ber of cases in each study was quite limited requiring further confirma-
tion in larger groups of women. On the other hand, similar studies with
monthly progestogen-only injectables were quite disappointing in this
respect. Estrogen alone as a contraceptive injection induced a high
frequency of amenorrhea that was occasionally associated with endometrial
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hyperplasia.

Return of fertility after discontinuation

The consensus among most workers is that the carry over effect contri-
butes to the delay in recovery of fertility following discontinuation of
deladroxate use (Table 4). The duration of infertility, however, was
variable and without permanent residual gonadotropin suppression and the
delay was believed to be totally reversible. With cyclo-provera contra-
ception, there was also a tenaency towards some delay in the return of
fertility after discontinuation, ranging between 1-29 months (mean of
7.25). Unimens use as a contraceptive in a small number of cases result-
ed in a delayed resumption of normal cycles following interruption of
medication. The above data contribute to the general feeling at present
that available monthly contraceptive preparations are probably overdosed
and investigation of lower doses is warranted. This assumption is
further supported by the data following discontinuation of low dose
NET-EN monthly contraceptive (20 mg/month) where 100% of cases resumed
normal menstrual pattern within 3 months and 82.2% got pregnant within 9
months after withdrawal of the injectable.

TABLE 4. Return of fertility following discon.inuation of Deladroxate

therapy.
Period of
No. of Infertility
Cases Parameter of Evaluation (range in weeks)
23 E.Bl 6 - ]4
94 B.B.T. and pregnanediol 4 - 42
33 Pregnancy 7 -192

E.B. = Endometrial biopsy
B.B.T. = Basal body temperature

Honmenstrual side effects and metabolic changes

Apart from cycle disturbances, other side effects such as breast tender-
ness, fluid retention and weight gain, hypertension, headaches, dizzzi-
ness, dysmenorrhea and decreased 1ibido have been reported with various
monthly preparations. These diverse complaints were inconsistent, gener-
ally insignificant and their true relevance requires careful assessment
in comparative studies with different injectables as well as placebo.
It is well known from studies of combined pills versus placebo that many
of these side effects can occur in the absence of the active ingredients.
An increase or a decrease in weight has been reported in association with
deladroxate therapy, which diminishes the likelihood of a direct corre-
lation with the drug.

Breast tenderness was relatively common but periodic breast examination

revealed absence of local abnormalities. Two investigations revealed an
elevation in B.P. in some cases receiving monthly Deladroxate injections

- 100 -



but this response was reversible following discontinuation. The effect
of the drug on libido was controversial since some studies reported a
decrease in 1ibido during treatment while others reported no changes or
even an increase in libido. Laboratory investigations (Hematologic,
blood chemistry and liver, thyroid and adrenal functions) indicated the
absence of a potential toxic effect.

Fewer studies reported on the minor side effects and laboratory investi-
gations during cyclo-provera therapy. There were no significant changes
in weight or in B.P. as a result of cyclo-provera treatment while minor
side effects such as breast ache or tenderness, headache, dizziness, etc.
were occasionally encountered.

With the other monthly preparations, the available information related
to nonmenstrual side effects and metabolic changes is very scarce since
few subjects were given each of these formulations. The low dose proges-
togen-only monthly injectable (NET-EN 20 mg) induced insignificant chan-
ges in body weight, arm circumference, fat fold thickness or in B.P. fol-
Towing 24 months of repeated injections. Also HB. concentration was not
altered as a result of treatment.

Neoplastic potential

The tumor inducing potential of monthly injectables is an unresolved
issue, particularly with preparations containing estrogens. Though the
human data in this respect show no evidence of increased risk of neo-
plasia, yet the relatively limited experience with these agents and the
lack of well controlled prospective and case control studies make a con-
clusion in this regard difficult at the present time. Moreover, animal
toxicology data with some monthly injectables pointed towards a possible
hazard of developing tumors in some animal species.

A11 vaginal cytologic studies during Deladroxate therapy revealed absence
of abnormal findings except two studies that detected a few suspicious
class smears. Even in the latter reports, the authors concluded that a
correlation between the drug and the cytologic changes was unlikely and
without any evidence to support it. With cycloprovera treatment, there
were no abnormal Papanicolau among 6,021 cycles of use either at 6 or 12
months following the onset of cycloprovera administration.

The theoretical concern about using preparations containing estrogens is
more valid when it is related to the endometrium. Endometrium hyperplas-
ja has been reported in some cases using Deladroxate monthly contracep-
tive injections but there were no cases of endomet)ial atypia or carci-
noma. These findings indicate a relative predominance of the estrogenic
component and may carry a certain risk among long-term users. Combined
formulations with progestogenic predominance such as cycloprovera or
those containing no estrogens are probably safer in this respect.

The breast is another target organ at potential risk of developing tumors
in response to steroid therapy. This is substantiated by certain toxico-
logical studies in some animal species. Despite the controversy; about
animal models as valid experimental tools in the study of tumorogenic
potential of steroids, the fact remains that some studies in dogs reveal-
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ed the potential risk of developing breast cancer with Deladroxate. How-
ever, none of the human trials with this injectable supported such a
tendency. Data on cycloprovera use in women also seem to show no breast
abnormalities.

Animal toxicology studies with Deladroxate also demonstrated some evi-
dence of increased cellular activity in other organs such as pituitary
hyperplasia in rats and uterine swellings in dogs.

Lactation

Monthly injectable preparations containing estrogens appear to have some
adverse effects cn lactation, both in milk yield and composition. How-
ever, in one study evaluating this aspect during Deladroxate use, the
authors believed that lactation was not altered. It is more likely that
such formulations would probably behave in a fashion similar to combined
OoCo p'i]]S.

The use of preparations containing progestogens only during lactation
seeins to be more favorable than combined injectables, especially in de-
veloping areas where nursing of the newborn constitutes a major health
and economic problem. Low dose NET-EN (20 mg/month) did not reduce milk
output or alter the duration of lactation. There is a need for iore
studies in this area to document the safety and validity of using injec-
tables during lactation.

Acceptability and continuation rate

These are two interrelated aspects that are difficult to assess unless
carefully monitored data on large scale use are available. Most of the
available monthly formulations were only tested in a small number of
cases. A drug that may be highly accepted in one area may be totally
rejected in others.

The monthly injectables tested in large enough samples of women to pro-
vide data on acceptability and continuation rates are Deladroxate, cyclo-
provera and the Chinese injectable No. 1 (Table 5). Most of these for-
mulations were generally acceptable in clinical use but the different
studies reported a wide range of continuation rates. The main advantaye
of monthly preparations as compared to the 3-monthly schedule is the
better cycle control. The monthly regimen, however, has two drawbacks;
these are the need for repeated visits to the clinic for monthly injec-
tions, and the theoretical hazard of long-term use of depot estrogens.

The discontinuation rate of Deladroxate use was about 40-60% by the end
of 24 months, and the most common cause of dropouts was the menstrual
irregularities. Cycloprovera appears to be more favorable in this re-
spect, and both injectables seem to be more acceptable than the 3 monthly
preparations.
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TABLE 5. Efficacy, acceptability and main side effects of the three most

comnonly used monthly injectables.

Main side
Druy Cycles Pearl Index Acceptability effect
Deladroxate 20,677 0 Moderate to Moderate
excellent cycle dis-
turbances
Cycloprovera 11,229 0 Good up Minor cycle
excellent disturbance
and delayed
return of
fertility
Gra 'ibinon = 54,196 1.44 Moderate Marked cycle
(Chinese in- disturbances

jectable No.

1)
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NORETHISTERONE ENANTHATE INJECTABLE CONTRACEPTIVE
H.K. Toppozada

Norethisterone enanthate (NET/EN) is now registered or being regis-
tered in 70 industrialized and non-industrialized countries as a long-
acting contraceptive steroid. It has no life threatening side effects,
and clinical evidence from 17 years of use as a contraceptive agent shows
no additional and possibly fewer adverse effects than are found with
other hormonal contraceptives. It has a higher continuation rate than
orals, and a rate equal to or slightly lower than IUDs at the end of one
year of use.

Norethisterone of norethindrone was synthesized by Schering, AG Berling
laboratories in the late fifties, and its acetate ester was used orally
as a contraceptive since then. HNET/EN was available as a contraceptive
since 1966; in 1975, Schering accepted a cost-sharing contract from the
National Institute of Health (NIH), Center for Population Research to
develop further this long-acting injectable contraceptive.

NET/EN is 17a-ethinyl-4-estren-3-one-17B-y1-keptanoate 200 mg in 1 ml of
an oily solvent mixture of benzyl benzoate and castor 0oil at a ratio of

4:6. It is a C18 steroid belonging to the 19-nor testosterone group.
It is commercially named Norigest or Noristerate in different countries.

Actions

[t exerts its action in humans and animals differently, so animal models
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are not suitable for the study of its toxicology. Though it is mainly
progestational in humans, it is estrogenic in rodents. Its estrogenic
activity in rats increases the secretion of prolactin which stimulates
mammary growth and nodule formation in the breasts. No evidence of
significant changes in human breasts or vagino-cervical smears exists
with its long use in humans.

As NET/EN is given in oily solution, it has to be hydrolized after injec-
tion to the biologically active NET. The blood level increases rapidly
to reach a peak within 5 days, then it declines rapidly. The steroid is
usually undetectable in the blood after 70 days.

It acts on the hypothalamus and depresses the midcycle pulsatile LH
surge, while the tonic release is not affected, as the pituitary remains
responsive to exogenous LHRH and TRH up to 8 weeks. This central mecha-
nism is mainly exercised in the first half of the period between injec-
tions, and the peripheral action in the second half.

NET/EN may also have a peripheral action on the ovaries, because when it
is injected premenstrually it inhibits progesterone secretion and leads
to withdrawal bleeding. A high frequency of ovarian cortical fibrosis
and occasional thickening of tunica albuginea have also been reported.

The cervical mucus was always found progestational, thick and viscous
with lack of sperm penetration and/or sperm capacitation. The endome-
trium becomes poorly developed and atrophic, and this results in impaired
implantation of any fertilized ovum as its capacity to support and nour-
ish the blastocyst is diminished. The tubal function “s also involved
in its contraceptive action, as the egg transport becomes impaired.

Modes of administration

NET/EN is either given alone or with an estrogen. It is given monthly,
every two or three months, according to the following regimens:

1. Monthly injections. These contain NET/EN with an estrogen in one of
the following compositions and dosages:
a. 50 mg NET/EN with 5 mg estradiol benzoate,
b. 100 mg NET/EN with 10 my estradiol benzoate, or
c. 50 mg NET/EN with 5 mg estradiol unducelate.

2. Two monthly injections. 200 mg NET/EN.

3. Two monthly injections 200 mg NET/EN for 6 months and then every 84
days.

4. Three monthly injections. 200 mg NET/EN every 84 days.

In all schedules, the first injection is given within the first five days
of the menstrual cycle. It is most effective to prevent pregnancy when
given according to schedule 3 above. In schedule 4, about 25% of women
will ovulate within ihe first 60 dyas after injection, and within 90 days
about 6U% will have ovulated.

In Alexandria, we tried the 200 mg NET/EN on 164 women for 143.8 woman
years. They were divided into three groups: (a) 43 cases every 84 days,
(b) 67 cases every 60 days for 6 months, then every 84 days (shifters),
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and (c) 54 cases every 60 days all through.

Two pregnancies occurred in group (a) during one year; both were estimat-
ed to have occurred ten weeks after the first injection. Ho pregnancies
occurred in groups (b) and (c).

Side effects

1.

2.

3.

Though menstrual cycle disturbances are the most common side effects
of NET/EN, they have a significantly lower incidence than in women
taking depot medroxyprogesterone acetate (DMPA) .

a. Bleeding and spotting were noticed more frequently one month
after injection and again before the next injection. This bi-
phasic bleeding pattern may be due to the initial peak of NET/
EN plasma level just after the injection and to the resumption
of ovarian function before the next injection. The basic
mechanism of the bleeding is not fully understood, as the blood
levels of the steroid and the morphology of the endometrium are
not closely related to the bleeding patterns. Bleeding and
spotting are important reasons for discontinuation in Moslem
and Hindu women. The bleeding is always scanty and may be
controlled by estrogens or rarely by curettage.

b. Amenorrhea of more than 90 days was not found to be an impor-
tant cause of discontinuation, as it accounted for 8.4% of dis-
continuers only. It is probably due to a carry-over of the
effect of NET/EN on the hypothalamus, pituitary, ovary or endo-
metrium, or any combination of these. When LHRH is given to
the subjects, they can still ovulate so its effect is probably
mainly through the hypothalamus.

Amenorrhea is a cause of concern, as the women consider them-
selves pregnant until proved otherwise. Some of them cases
are resistant to therapy and the amenorrhea may last for several
months.

Weight changes. Most of these were reported from uncontrolled
series, -yet these changes could not be attributed to NET/EN alone.

It may induce hyperinsulinemia and promote glycogen storage in the
liver, and it stimulates deposition of body fat. In our series 63%
increased in weight, 17.4% showed no changes and 19.2% lost some
weight.

The unborn fetus may be affected if the mother js given an injection
inadvertently. It may cause defeminization in the female fetus as
NET/EN is a 19-nor testosterone preparation. Experience shows no
teratogenic risk on progeny and a twofold increase in risk of car-
diovascular defects.

There is also some concern about using NET/EN in diabetic or pre-
diabetic women, although it was never reported to cause diabetes in
women, nor were there any changes in serum proteins. There were re-
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duced seromucoid levels, and these were attributed to a direct ef-
fect on liver function.

5. Liver function was not seriously affected. No changes in thymol and
zinc turbidity tests, serum alkaline phosphatase, bilirubin, SGOT
and SGPT tests were found. Although a significant decrease in
prothrombin activity and an impairment in BSP clearance was found -
which means an effect on the hepatocellular function - there was ro
change in the blood coagulation mechanism.

6. Although there is some evidence of a link between oral pills con-
taining progestogens and estrogens on venous thrombosis, no changes
were observed in the blood iipids or in the blood coagulation under
NET/EN.

7. There is no proved risk of the development of neoplasia in the breast
or in the genital tract.

8. Other side effects have been reported, such as decrease 1ibido,
headache, loss of appetite, backache, nausea, skin pigmentation and
breast flabbiness. All of these, however, are subjective symptoms
that cannot be proved to be caused by NET/EN.

Failures

In the WHO multinational trials, the failure rate was 0.4 + 0.3 per 100
woman years when given every 60 days. The rate was 2.0 + 0.7 when given
every 60 days for the first 6 months and then every 84 days.

The failure rate reported from South America was 1.5 and in almost half
of the cases it occurred in the third month when ovulation appeared, as
proved by pregnandiol assays. In Alexandria, we had two pregnancies in
86 women treated for one year. Our Ponderal index of pregnant and non-
pregnant cases was significantly different (+ 1.468), and our pregnant
mean weight was 5.20 kg less than that of non-pregnant cases (P<0.01).

Return of fertility

In South America, 93.38% of the cases became pregnant by the end of the
year in which the injections were stopped. Another study from the same
continent reported 25.5% becoming pregnant after six months since the
injections were stopped.

Acceptability

We studied 400 women in Alexandria, who accepted NET/EN injections as a
contraceptive. Their reasons for acceptability were:

1. Easy to use - 40.6%; Effective - 40.6%
2. Few side effects 16.3%
3. Regulates menstruation 12.3%

NET/EN users appear to experience an increasing proportion of normal cy-
cles as time passes.
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Continuation rates

In Alexandria, we followed up 164 cases for 1.87 years and found that the
total discontinuation rate was 26.8%, and of these 8.5% were attributed
to bleeding and 12.9% to amenorrhea. In another WHO multicenter study,
one year continuation rates were 75.6 per 100 women; bleeding probleins
were the most common reason for discontinuation (35.3%), while amenorrhea
was responsible for 8.4% only.
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THE INJECTABLE CONTRACEPTIVE DEBATE: AN UPDATE
Peter E. Hall

The only injectable contraceptive drugs currently available are
depot-medroxyprogesterone acetate (LMPA} and norethisterone enanthate
(NET-EN). Currently, DMPA has been approved for contraceptive use in 84
countries, and NET-EN in 40 countries. They are both progestogens but
belong to different groups of steroids, medroxyprogesterone acetate beiny
a C21-steroid and norethisterone enanthate a C18-steroid.

Medroxyprogesterone acetate has been used since the 1950s for the treat-
ment of a variety of conditions including endometriosis, threatened abor-
tion, precocious puberty, acromegaly, endometrial carcinoma, renal cancer,
breast cancer, premature labor; doses of up to several grams have been
administered without apparent adverse effects. In the early 1960s, it
was noted that in women receiving OMPA for premature labor the refu of
fertility following delivery was markedly delayed, and clinical trials of
DMPA as a contraceptive agent were begun in 1963. Since then, an esti-
mated 10 million women have received DMPA for contraception, and approxi-
mately 2.0 million are currently using it. Administered by intramuscular
suspension, DMPA exerts its contraceptive effect by suppression of ovula-
tion. However, its effects on the endometrium, the fallopian tubes and
the production of cervical mucus may also play a role in reducing fertil-
ity. DMPA as a contraceptive agent is generally at a dosage of 150 mg
every 90 days (3 months).

Norethisterone enanthate has been available as a contraceptive since
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1966, although it has been used less extensively than DMPA. Administered
as an intramuscular injection of an oily preparation at a dose of 200 mg,
HET-EN also inhibits ovulation, but its effects on cervical mucus, tubal
function and the endometrium may be more important for its contraceptive
action than for DMPA, particularly towards the end of a treatment inter-
val. Clinical trials have demonstrated that it is most effective in pre-
venting pregnancy when administered every 60 days for the first 6 months
and every 60 to 84 days thereafter (see Chapter 9).

Injectable hormonal contraception with these two long-acting steroid pre-
parations can provide an effective method of fertility regulation, which
has become an important addition to the current methods for family plan-
ning. DMPA and NET-EN have several advantages which make them particu-
larly desirable by some women and acceptable by family planning programs.
A single injection can provide highly effective contraception for two or
more months; delivery is simple, independent of coitus, and :nsures peri-
odic contact with medical or trained ancillary personnel. Furthermore,
progestogens, unlike estrogens, do not suppress lactation, which is an
important consideration where there is a need for postpartum contracep-
tion and where infant health is dependent upon breast-feeding.

At a special meeting convened in 1973, the Toxicology Review Panel of
WHO's Special Programme of Research in Human Reproduction, together with
other scientists, and representatives of six national drug regulatory
agencies, reviewed animal and human data on DMPA and NET-EN, and conclud-
ed that, for DMPA:

"The available evidence does not indicate a risk of adverse effects
acsociated with Depo-Provera (DMPA) which would preclude the use of
this d-ug as a contraceptive. However, as shown by the experience
with combined oral contraceptives, relatively uncommon complications
may not be detected until a drug has been used on a large scale for
prolonged periods of time. There is, therefore, a need to monitor
the safety of Depo-Provera on an ongoing basis, and the Special
Programme will continue to place high priority on such research."

Subsequently, for NET-EN:

"In the light of the findings in the monkey, beagie and rat the Pan-
el recommended that the current and planned clinical trials of nore-
thisterone enanthate should continue.”

Nevertheless, since then, considerable pressure has been put on govern-
mental officials throughout the world to ban the use of injectable con-
traceptives, particularly DMPA. This is partly because neither DMPA nor
NET-EN has been approved for use as a contraceptive in the U.S.A. This
is a particular problem for DMPA, since many leading authorities in the
world require registration in a drug's country of origin before they will
give approval for use in their own country. DMPA was reviewed by the
Food and Drug Administration (FDA) in 1978, and although approval was re-
commended by the FDA's Obstetrics and Gynecology Advisory Comniittee, a
group of specialists who advise the FDA on technical matters, the FDA did
not grant approval for its use as a contraceptive agent (7). Rather, a
Public Board of Inquiry was convened to review the following issues:
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Whether, in comparison with other drugs approved for contraception,
the benefits of DMPA outweigh its risk under conditions of general
marketing in the United States of America.

Whether data from beagle bitch and monkey studies on DMPA submitted
by the Upjohn Company indicate a potential risk of breast or endo-
metrial cancer in human subjects.

Whether the data submitted by Upjohn from studies in women can re-
fute the risk of human cancer suggested by the animal data.

Whether approved use of DMPA for contraception under general market-
ing conditions is likely to increase use of the drug as a contracep-
tive under conditions not stipulated in the approved labelling or
to increase its use for unrelated indications for which safety and
effectivenass have not been established (e.g. for hygienic purposes
in mentally retarded persons).

Whether, in the event of contraceptive failure, use of DMPA might
increase the risk of teratogenic effects more than other systemic
contraceptives.

Whether, in view of DMPA's adverse side effects or pharmacological
effect, estrogen therapy is likely to be prescribed in addition to
DMPA in a significant number of patients.

Whether there are conditions of labelliny and distribution controls
which would permit marketing of DMPA as a safe and effective drug on
a limited basis. (There may be patients in the United States for
whom benefits of DMPA for contraception outweigh the potential risks.
This population may be very small and may not warrant general mar-
keting of DMPA for contiaception.)

Pressure has also been generated by certain consumer and women's groups.
In particular, in the summer of 1980, an article entitled "Depo-Provera -
a critical analysis" appeared in Women and Health, a journal published by
the Naticnal Women's Health Network of the U.S.A. (7). This largely in-
accurate article was distributed worldwide, and the resulting alarm has
caused several governments to withdraw or consider withdrawing DMPA from
both national family planning programs and private outlets, and has made
many women reluctant to consider the drug for contraception. A detailed
rebuttal, pointing out the many inaccuracies contained in this article,
was published shortly afterwards by Benagiano and Fraser (2).

Particular concern has also been expressed regarding the potential for
abuse by persons or agencies providing injectable contraceptives, includ-
ing their administration without the woman's consent or knowledge. Sev-
eral reviews have become available since 1987, in which all aspects of
human and animal studies published on DMPA in particular, but also on
NET-EN, have been assessed (3, 6, 8, 9).

In 1980, the International Medical Advisory Committee of IPPF considered
the use of DMPA as a contraceptive, and concluded that "it endorses the
recomnendations of WHO, the AID's ad hoc consultative Panel on DMPA and
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the Scientific Advisory Committees of USFDA, that it continues to be a
responsible act to make DMPA available as a contraceptive. The Panel
concludes that careful long-term monitoring, including case-control, co-
hort and clinical studies on all contraceptive methods, be continued"

(5).

Because of these concerns and problems there has been a continuing demand
on WHO's Special Programme of Research in Human Reproduction from various
sources - governments, UNFPA, technical assistance agencies and other
bodies - for guidance on the use of both DMPA 'nd NET-EN. Because of
this demand, and as part of its ongoing assessmen. of the safety of long-
acting injectable agents through research coordinated by WHO in many
countries, the Programme convened a meeting in October, 1981 involving
members of the Proaramme's Toxicology Review Panel, representatives of
the Urug Regulatory Agencies of India, Mexico, Sweden, Thailand, U.K. and
U.S.A., representatives from the pharmaceutical industry manufacturing
these products, and scientists working in this field. A review of the
most recent data available from both animal and human studies was pre-
par:d and has subsequently been published by WHO (9). The concluding
section of this document states:

"Injectable contraceptives - both DMPA and NET-EN - offer several
advantages as a method of contraception, and have been shown in a
number of clinical trials to be effective in preventing pregnancy
and acceptable to many women. Although animal data have raised
concern about the safety and long-term side effects of DMPA and NET-
EN, certain animal models and the doses used appear not to be appro-
priate for studying human effects of these steroids. Extensive
clinical and epidemiological studies among women using these drugs
have thus far demonstrated no life-threatening side effects, includ-
ing any increase in the risk of neoplasia.

The most common side effect is the disturbance of normal menstrual
cycles, which occurs in the majority of women using injectable con-
traception, and is the primary reason for its discontinuation. Wo-
man frequently report irregular bleeding, spotting, and amenorrhea,
but heavy or prolonged bleeding is uncommon. Studies thus far have
not shown any serious short or long-term effects of DMPA or NET-EN.
However, both DMPA and NET-EN have been used for a relatively short
period of time, and the potential long-term effects (more than 15
years) are not yet known. With regard to metabolic effects, the
areas in which research should continue are on the effects and phy-
siological consequences of long-term use of DMPA and NET-EN on car-
bohydrate and lipid metabolism. In addition, further research is
needed regarding the risk of neoplasia among women using DMPA or
NET-EN. Finally, the effects on the later development of infants
who are epxosed to DMPA or NET-EN in utero or through breast milk
are not known. Research should continue in t{hese areas.

In summary, DMPA and NET-EN appear to be acceptable methods of fer-
tility regulation. Clinical evidence from more than 15 years of use
as contraceptive agents shows no additional, and possibly Tower ad-
verse effects than those found with other hormonal methods of con-
traception. The particular advantages of DMPA and NET-EN as highly
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effective, long-lasting and reversible contraceptives make then
important as options for women desiring a method of fertility regu-
lation."

Furthermore, at that meeting, the Toxicology Review Panel saw no reason
to alter its opinion that DMPA is safe for use in human beings. With re-
gard to NET-EN, the Panel recommended that it could be introduced into

family planning programs.

At this time, a background paper on the use of DMPA as a contraceptive in
the U.S.A. was prepared for the American College ¢ Obstetrics and Gyne-
cology by its Subcommittee on Reproductive Endocrinology and endorsed by
its Comnittee on Gynecologic Practice. This paper stated that "a long-
term injectable progestin contraceptive such as DMPA is appropriate and
needed". The paper goes on to say that: "Our conclusion at this time is
that current data suggest that DMPA does not produce adverse effects
whioh should preclude the clinical use of this useful contraceptive modal-
ity in the United States."

Controversy still surrounds the use of these two long acting proyestoyen
preparations. The U.S. FDA eventually appointed its Board of Inquiry,
which held its first public hearing on 10-14 January, 1983. This was a
full 5-day scientific hearing, at which all members of the pro and anti
Depo-Provera lobby were able to submit written and oral data on this com-
pound. There was considerable discussion on the issue of carcinogeni-
city, and the Board was privy to preliminary data derived from the WHO
Collaborative Study on Neoplasia and Steroidal Contraception. Dr. Dal-
lenbach-Hellwey of the Federal Repbulic of Germany presented infoyma-
tion on the possible association of oral contraceptives and endocervical
tumors and claimed, without substantive evidence, that the tumors seen in
the two monkeys receiving DMPA and one receiving NET-EN are in fact endo-
cervical in origin rather than endometrial. It is knowr that DMPA causes
atrophy of the endometrium, and since its effect on the endocervix is not
known, it was hypothesized that a possible hyperplastic effect on the en-
docervix might lead to neoplasia.

There was no evidence available at the time of the hearing to refute Dr.
Dallenbach-Hellweg's statement. As a result of this statement, several
other consultations and hearings have been held on this issue. The first
was held in February, in the Federal Republic of Germany, at which there
were 9 or 10 pathologists who reviewed all the slides from the monkeys
treated with Depo-Provera and the monkeys treated with norethisterone
enanthate. Except for Dr. Dallenbach-Hellweg and another pathologist
currently working at her institute, the group of pathologists concluded
that the tumors were not of endocervical origin. A similar conclusion
was also reached at a subsequent consultation at WHO. It was also noted
that the tumor arising in the norethisterone enanthate-treated monkey
was :dentical to that seen in the two DMPA-treated monkeys. It had pre-
viously been stated that the tumors were different, but this was the
first occasion on which all slides could be compared alongside each other.

A third pathology consultation was held by the FDA Public Board of In-

quiry on June 3, 1983, at which the two tumors from DMPA-treated monkeys
Were reviewed. Five of the six pathologists stated that one of the tu-
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mors was not of endocervical origin, and the sixth pathologist stated
that it probably was not. While with the second tumor, four felt that
it was very probably not, and two probably not. Another public hearing
will be held by the FDA in August, to discuss the results of this patho-
logy consultation.

The Bundesgesundheitsamt, the drug regulatory agency of the Federal Re-
public of Germany, held two one-day hearings, on March 23, 1983 on DMPA,
and on March 24, 1983 on NET-EN. These hearing were held because under
German law a public enquiry must be held on any drug for which there is
any suspicion of risk of adverse effects. The hearings considered the
metaholic effects, the risks of cervical and breast cancer, and the risks
of cardiovascular disease for each of the two drugs. Considerable weight
was given to the theory of Ur. Dallenbach-Hellweg that the monkey tumors
were endocervical in origin, and also to the Zarfas study on the inci-
dence of breast cancer in patients in mental institutions receiving DMPA
in Canada. Apparently neither drug will be withdrawn from the market in
Germany, but the package inserts are to be rewritten, and usage of DMPA
is to be restricted to women for whom other methods of contraception had
proved to be unacceptable.

Following the United Kingdom Ministry of Health's refusal to accept the
Committee on the Safety of Medicines' qualified approval for use of DMPA
as a contraceptive in the U.K., a panel of experts was selected following
an appeal by the Upjohn Company. Tnis panel of five experts met in Lon-
don on April 25-29, 1983. The panel will review all written and oral
material presented and submitted, and will write a report to the Minister.
It is ironic that this panel of enquiry cannot make recommendations, but
only summarize the data available and present an objective opinion, and
that the Minister, who remains unchanged after the recent General Elec-
tion, will still have the final say on this issue.

Thus, the debate continues, and it is unlikely that any decision will be
made by the U.S. FDA before early in 1984. The prospects, however, in
the U.S. for approval are not bright since, even if the FDA were to re-
commend approval of the drug, it is understood that Congressional hear-
ings would immediately be organized and the present mood of the U.S.
Congress in this area is extremely conservative. It remains to be seen
whether governments around the world will follow the advice of the large
number of expert scientists who have already met to consider the safety
of DMPA, and continue to utilize this drug as a long-acting contracep-
tive, or whether political and other non-scientific considerations will
sound the death-knell of something which some two million women are pre-
sently using as their chosen method of fertility regulation.
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POLY NET CONTRACEPTIVE SYSTEM
Lee R. Beck,
Thomas R. Tice

The use of biodegradable polymers for the programmed delivery of
contraceptive drugs is a relatively new technology whose origin stems
from earlier work on nonbiodegradable subdermal implants. The various
biodegradable systems under current development differ with respect to
their method of administration, mechanisms of drug release, and duration
of action. However, the rationale for their development is based on the
same clinical principles; namely, controlled release offers a means of
improving the therapeutic effect of drugs, minimizes their side effects
by augmenting the amount and persistence of the drug in the vicinity of
the "target cell," and reduces the drug exposure to nontarget cells.
Steady release of steroids, which can be achieved using polymeric mem-
branes, circumvents the problem of fluctuating blood levels of drug that
occurs with oral dosages, thus permitting the use of lower doses to
reduce the incidence of dose-related side effects. Another advantage is
that steroids delivered directly to the systemic circulation do not pass
through the gastrointestinal tract and hepatic portal system and there-
fore avoid first-pass clearance.

For contraception, the advantages of long-acting systems are particular-

Reprinted in part with permission from the authors from Contraceptive
Tech~ology. Raven Press, New York, N.Y. (in press).

- 116 -



ly important, and it is not surprising that the state of the art in
controlled-release drug delivery has advanced further in the area of
human fertility control than in other areas. Women using chemical con-
traceptives are for the most part young and healthy. Contraceptive druygs
are intended to control a normal physiological process. This stands in
contrast to the kind of drug therapy that is intended to treat or control
a pathological process and for which sickness is a prerequisite for treat-
ment. There is a risk with the use of any medication, and when diseases
present a greater risk than the medication, the distinction between bene-
fit and risk is clear. The actual and perceived risks of conventional
contraceptive therapies have prompted resz2arch for improved delivery sys-
tems that reduce the quantity of druy necessary to achieve the desired
results.

The scope of this chapter is limited to a specific class of biodegradable
contraceptive systems that use homopolymers and copolyiners of poly(lactic
acid) (PLA) and poly(glycolic acid) (PGA) as the polymeric platform or
matrix for the controlled delivery of contraceptive steroids.

PROPERTIES OF PLA, PGA AND THEIR COPOLYMERS

The homopolymers, poly(lactic acid) and poly(glycolic acid) (also refer-
red to as polylactic and polyglycolide, respectively), and copolymers
thereof, poly(lactide-co-glycolide) (PLGA), are thermoplastic, biodegrad-
able materials that are suitable for surgical implants. One of their
earliest applications was for resorbable sutures. Since then, these ma-
terials have shown utility for dental, orthopedic, and protheses appli-
cations.

In the areas of controlled release, PLA and PLGA are used as rate-
controlling membranes and erodible polymeric excipients for implantable
drug-delivery systems. In this application these materials show much
promise in providing efficacious pharmaceutical formulations. The design
of such delivery systems involves the evaluation and optimization of the
polymer's mechanical properties biodegradation kinetics, tissue compata-
bililty, drug compatibility, drug permeability, and ease of processing.
The combination of these polymers with contraceptive steroids in the form
of tablets, films, and cylinders to achieve controlled delivery of drug
has been studied. The use of these polymers as excipients for the deli-
very of contraceptive steroids is somewhat limited, however, if the re-
lease of drug is to be controlled solely by a diffusional mechanism.
This is because PLA, PGA, PLGA are glassy rat'ier than rubbery materials.
Because of this morphology, they are relatively impermeable to steroids.
For instance, the permeability of progesterone in silicone rubber is 2.6
x 10_g g/cm/s as compared to 0.000033 x 10.g g/cm/s in DL-PLA. These
data suggest that the reported release of contraceptive steroids, even
from 10-um films, is most likely due to drug being released through
leaching, polymer erosion, or a combination of both mechanisms. Conse-
quently, to achieve a suitable rate of drug release from a delivery
system containing PLA, PGA, or PLGA, the rate-controlling membrane must
be extremely thin and the surface area of the steroidcontaining micro-
spheres can compensate for the low diffusion of the drug through the
excipient.
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PLAs with high molecular weights produce the quality films needed for
controlled-release delivery systems. These highmolecular-weight polymers
are generally synthesized by the ring-opening polymerization of the cy-
clic diesters, lactide and glycolide; steroregular D-PLA and L-PLA as
well as racemic DL-PLA materials can be prepared. The properties of
these polymers are quite different. Primarily, L-PLA and DL-PLA have
been employed as excipients for controlled-release delivery systems. DL-
PLA is more suitable for contraceptive steroid formulations because it
is a highly amorphous polymer that forms better films than crystalline
L-PLA. Furthermore, steroids are more soluble and permeable in DL-PLA.
A11 of the PLAs dissolve in common organic solvents, so they are good
materials that are easily processed materially, with respect to processi-
bility, to afford polymer drug composites under mild conditions.

PGA,the major component of commercially available absorbable sutures, is
the simplest of the aliphatic polyesters, but has limited use for con-
trolled-release delivery systems because it is difficult to process under
mild conditions. High-temperature melt processing degrades many drugs
and PGA is practically insoluble in common solvents.

On the other hand, when glycolide is randomly copolymerized with DL-
lactide, copolymers with up to 50 to 70% glycolide will dissolve in com-
mon solvents to facilitate fabrication of polymer/drug composites. The
relative amounts of lactide and glycolide incorporated into the polymer
chain can be varied to alter the crystallinity, solubility, biodegrada-
tion rate, and water uptake of the material. Of these properties, regu-
lation of the copolymers's rate of of biodegradation has been one of the
primary reasons for incorporating glycolide with lactide, particularly
for controlled-release delivery systems.

PLA as well as PGA undergoes random, nonenzymatic, hydrolytic scissioning
of ester linkages to form lactic acid, a normal intermediate in carbohy-
drate metabelism, and glvcolic acid. The rate of biodegradation is in-
fluenced by several factors, for example, molecular weight of the poly-
mer, number of carboxylic end groups, and surface area. DL-PLA for the
most part completely resorbs in about 12 months. This rate can be acce-
lerated appreciably by copolymerizing up to 50 mol percent glycolide into
the polymer chain to achieve complete resorption occurring in as little
as 2 to 3 weeks. Exceeding 50% glycolide reduces the biodegradation rate
back to that of DL-PKA homopolymer.

The NET microspheres were prepared by a solvent-evaporation microencapsu-
lation process described elsewhere.

The microspheres were a free-flowing powder of spherical particles with
NET crystals homogenously dispersed throughout the polymer excipient.
NET microspheres had good film coatings and there was no evidence of the
presence of unencapsulated drug present.

In the biodegradation studies, rats were injected intramuscularly with 40
mg of NET microspheres. Evaluation of the biodegradation curves obtained
from unsterilized microsphere formulations (63 to 125 um) reveals that
increasing the quantity of glycolide in the copolymer excipient causes
a corresponding increase in the rate of biodegradation of the micro-
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spheres. The gamma radiation decreases the molecular weight of the DL-
PLGA excipient, as reflected in the decrease in the inherent viscosity
and increases the rate of biodegradation of the microsphere excipient.

IN VITRO STUDIES

As predicted from theory, the rate of release of NET from the micro-
spheres, i.e., the slope of the tangent to the curve, decreased with time
and was fastest for smaller microspheres. At 40 hours, NET was complete-
1y depleted from microspheres having diameters of 45 to 63 um, whereas
in the same time period, only 40 to 50% of NET was released from larger
microspheres 125 to 150 um and 150 to 250 um. An awount of unencapsulat-
ed NET equilavent to that in the microspheres (about 2.5 mg) tested under
similar conditions dissolves in the aqueous-ethanol receiving fluid in
less than 1 hour.

For microspheres of the same size, but different NET content, the in
vitro rate of release increases with the core loading.

The 63- to 125-um microspheres that released all of their NET in vitro
in little over 50 hours released NET in baboons for about 110 days. This
difference indicates that the in vitro release model provides accelerated
release and does not give a one-to-one correlation with the in vivo rate
of release. (The in vitro method is based on a diffusional mechanism of
release, so it wilT not give information with respect to the in vivo re-
lease of NET due to biodegradation of the excipient.)

Although the in vitro profiles generated by this method do not give a
one-to-one correlation with the in vivo rate of release of the micro-
spheres, the method can be used to predict in a relative manner the dura-
tion of release in vivo once one batch of microspheres has been tested
in vitro and in vivo. The method does provide information about micro-
sphere quality, batch-to-batch reproducibility, and the relative in vVivo
release of various batches of microspheres.

IN VIVO STUDIES

PLA and PLGA have been tested in animals in various forms including tab-
lets, cylinders, films, powders and microspheres as biodegradable con-
trolled-release delivery systems for contraceptive steroids. The injec-
table DL-PLA NET microspheres system is the only form that has been
tested extensively in vivo.

The first study to investigate the contraceptive efficacy of a PLA micro-
sphere system in a primate species was published in 1979. The proto-
type system consisted of microspheres of DL-PLA containing 20 wt percent
NET. Following intramuscular injection in baboons, the microspheres re-
leased NET by diffusion for 6 months. After 6 months, 90% of the polymer
remained at the injection site; it required 12 months for the polymer to
undergo complete biodegradation.

Biodegradation kinetics were established using [14c]-1abeled polymer.
Microspheres were injected in the hind leg of rats at various times fol-
lowing treatment. The serum NET profile was established by measuring the
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levels of NET by radioimmunoassay at various times after treatment. Com-
parison of the biodegradation curve to the serum NET profile reveals that
most of the drug was released while the polymer matrix is intact. On the
basis of this, it was concluded that NET release from the prototype DL-
PLA system occurs by diffusion and not by biodegradation of the excipient.

In baboons, the treatment inhibits fertility for 6 months, as evidenced
by suppression of estrogen and progesterone production by the ovaries.
The microspheres used for these experiments ranged in diameter from 10
to 240 um. -

It was concluded that microsphere size distribution can be effectively
used to adjust both the rate and duration of HET release from the proto-
type DL-PLA system. Reduction in microsphere size increased the rate of
diffusional release in vivo and shortened the duration.

The identical DL-PLA system has been tested in women, and the performance
of the system was similar to that described in baboons. However, the
doses used in the Phase I human study were not high enough to inhibit
ovulation for the full 6 months. Figure 1 shows the mean serum profiles
of NET in seven women treated by intramuscular injection with microsphere
doses that contained 80 + mg of NET.

NORETHISTERONE (ng/mi)
(7 »

WEEKS

FIGURE 1. Mean serun level of NET + standard deviations in women (N=7)
treated by intramuscular injection with microspheres contain-
ing 80 mg of NET.

The serum NET profiles in baboons and women generated by the prototype
DL-PLA microsphere system are typical of diffusional release. These
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profiles are characterized by a gradual decrease in the serum levels of
NET. This profile is not optimal in contraception because early serum
levels of NET are significantly higher than necessary to suppress ovula-
tion immediately following treatment and they decline to levels that
allow ovulation during the last month. Diffusional release is complete
by 6 months. However, it requires 12 months for biodegradation of the
polymer to occur. Accordingly, the tissues at the injection site are
exposed to the polymer for longer periods of time than necessary for con-
traception.

These two inherent weaknesses of the prototype DL-PLA microsphere system
prompted further work to shorten the duration of biodegradation of the
polymer excipient and to improve the NET release profile. 7o shorten
biodegradation time, microspheres were made of DL-PLGA using different
ratios of lactide and glycolide. The rationale for this approach is
based on the knowledge that incorporation of up to 50% glycolide will
increase the rate of biodegradation of DL-PLA. On the basis of the bio-
degradation described above, a formulation was selected for the second-
generation NET system that biodegrades within 6 instead of 12 months.
This polymeric composition was then used to manufacture microspheres con-
taining NET.

Figure 2 shows the serum NET profiles in a group of baboons treated with
the copolymer formulation. The biodegradation curve of the polymer is
superimposed on the release curve. Comparison of the serum NET profile
obtained from the DL-PLGA formulation to that obtained from the proto-
type DL-PLA formulation reveals a notable difference. The faster biode-
grading system exhibits a two-phase release profile instead of a single
phase. The release profile from the prototype system is characterized by
a gradual decrease in the serum levels of NET, whereas the serum NET pro-
file from the copolymer formulation exhibits an initial phase character-
jstic of diffusional release followed by a secondary increase in the
serun NET levels. The secondary increase can be predicted on the basis
of the biodegradation curve because it coincides with the time that the
microspheres undergo substantial biodegradation. It can be concluded
from this that the NET release from the copolymer formulation occurs by
diffusion initially and then by both diffusion and biodegradation of the
polymer. The bi-phasic release profile represents an improvement over
the single-phasic profile because it maintains higher serum levels of
NET during the second half of the treatment interval, thus reducing the
chance of contraceptive failures that occur as the serum levels gradual-
ly fall below the amount necessary to inhibit ovulation (see Chapter 3).

As one might expect, smaller microspheres have faster rates of release
and biodegrade faster as evidenced by higher initial bursts, earlier
secondary release due to biodegradation, and shorter duration of release.
These experiments illustrate the important principle that microcapsule
size can be preselected to program the timing of the bi-phasic release
profile by blending microspheres of different size fractions. It “s
therefore possible to maintain constant serum levels of NET over an
entire treatment interval. This enables the use of lower doses and im-
proves both the safety and acceptability of the injectable microsphere
formulations. o
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FIGURE 2. Biodegradation curve of copolymer superimposed on mean serum
levels of NET + standard deviations (vertical bars) in baboons

treated with the copolymer formulation (88:12).

CONCLUSION

Biodegradable implants and injectable particulate systems offer greater
drug selection because physical parameters of the delivery system can be
changed to accommodate the drug. This flexibility in drug selection dis-
tinguishes the systems engineering approach from the pharmacological
approach to drug delivery. No longer must we consider the usefulness of
a new pharmacological agent on the basis of its rate of clearance from
the body following conventional methods of administration. Theoretical-
ly, it is possible - using the systems enginearing approach - to develop
controlled-release dosage formulations for any drug that has a desirable
biological effect. The pharmacological approach is limited to the extent
that once a new drug is synthesized and is biologically characterized,
its clinical usefulness depends on the rate of clearance from the body
and the related side effects using doses high enough to achieve therapeu-
tic blood levels. The ability to control the delivery of the drug pre-
cisely, thus keeping the systemic levels within the therapeutic range
and below toxic levels, allows the safe use of a wider spectrum of drugs.

Contraception is but one example of the practical use of this newly
energing technology. The emphasis of this chapter has been on a speci-
fic class of polymers that have application for injectable and implant-
able drug-delivery systems. Other chapters considered depot formulations
and biodegradable implants that use other polymers. There are advantages
and disadvantages of injectables as opposed to implants. There 1is no
basis to suggest that either approach is superior to the other. Accept-
ability will vary with each target population, depending on the social,
economic, religious, and medical preferences. Suffice it to say that
biodeyradable injectable systems offer an alternative to implants, and
both implants and injectables offer wider potential use of existing and
new drug modalities.
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NORPLANT CLINICAL STUDIES - EGYPT
Fouad Hefnawi

Egypt was the first African nation to join an international effort
to study the effectiveness, acceptability and side effects of Norplant,
in continuation of an interest in contraceptive methods which dates back
to the days when medical prescriptions were written on papyrus.

Planned as a multicenter project, the study pooled the resources of the
‘universities of Al-Azhar, Alexandria, Assiut and Zagazig, each contribut-
ing a team or medical, paramedical, and social workers, statisticians
and data-analysts. The four centers provided local data for making a
comparison of clinical performance between a copper-loaded intrauterine
device (TCu 380 Ag) and the subdermal implant, which releases capsuled

levonorgestrel for an estimated period of five years.

Recruitment for the designed sample of Norplant and TCu 380 Ag cases be-
gan and ended at different times, as shown in Table 1. Follow-up data
extending over a period of 12 months are available at present only for
a part of the sample: 601 users of Norplant and 235 of TCu 380 Ag.
Statistical analysis of data is also not yet complete in all respects.
Therefore, findings given in this report cannot be considered a final
outcome of research. The data base, however, is now wide enough to per-
mit a number of tentative conclusions, presented in view of the national
and international interest in the results of our investigation.

Egypt's interest in Norplant stems from two linked factors: an unsatis-
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TABLE 1. First and last implantation/insertion by center and method.

Center Norplant TCu 380 AG
First Final First Finai
1. Al-Azhar Dec. 1981 Aug. 1982 Nov. 1981 Sept. 1982
2. Alexandria Jan. 1981 Dec. 1981 Jan. 1981 Feb. 1982
3. Assiut Sept. 1980 May 1981 Sept. 1980 May 1981
4. Zagaziy March 1982 Sept. 1982 March 1982 July 1982

factory record of experience with methuds adopted and advocated by the
national family planning program, and cultural limitations imposed on the
choice of methods by Islam, the religion of most Egyptians.

When the national program began in the early 1960s, it relied entirely on
the two-steroidal oral contraceptive, a method binding the user over a
period of years to a faithful daily regimen, and thus requiring a sus-
tained high level of motivation. In rural areas, where tradition and
opinion weigh against individual commitments to contraception, pill-use
was predictably erratic and brief. As a subdermal contraceptive, Nor-
plant cannct be forgotten or misplaced; terminaticn of its use requires
not only a positive decision but a discussion of that decision with the

physician.

To solve the problem of irregular and discontinued piil-use, the nation-
al program tried to promote the Lippes Loop as an alternative. Its side
effects of bleeding resulted in poor retention rates. The method was
also disfavored by physicians because of the very high incidence of
anemia in Egypt, a combined effect of high parity, pcor nutrition and
parasitic infestation.

Norplant enjoys some advantage over the IUD because its use often causes
amenorrhea or scanty menstruation - beneficial side effects for the ane-
mic. In its present state of development, it does not provide a full
solution to the problem of blood loss but possibilities of reducing side
effects by changing steroidal dosage can be explored, along the same
lines used in control delivery systems described elsewhere in Chapter 3.

The religion of Islam does not forbid contraception and fully recognizes
the parental right to control fertility when it is a source of hardship
and stress (IPPF 1974). Yet, certain aspects of Islamic ethics and be-
havior tend to restrict the use of modern contraceptive methods. The
most formidable barrier stands against sterilization. Despite its use in
a number of Muslim countries, religious leaders have rejected the use of
any contraceptive likely to destroy reproductive capacity. As a highly
effective, long-acting and reversible contraception, Norplant can there-
fore meet the need of Muslim women who have already completed their fami-
ly size but ara averse to sterilization on religious grounds. Even with-
out a religious rejection of sterilization, its use is often limited by
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the lack of operative facilities in communities with a low level of
development. Norplant can be implanted very simply in an outdoor clinic.

A disadvantage to the use of oral contraception by Muslims is the inhibi-
tion of lactation by its estrogenic component, as demonstrated in several
Egyptian and foreign studies. Breastfeeding is viewed as an Islamic vir-
tue. The Quran enjoins lactation, ideally for a period of two years
(2:232). As an estrogen-free drug, Norplant can be expected to serve
the needs of lactating women, if it is established that it will have no
adverse effects on the development and health of the breastfed child.

Strong modesty norms of Muslim women 1limit the use of the IUD when female
medical assistance is not easily available. Exposure of reproductive
organs to male doctors is usually accepted only in the event of sickness
or its likelihood. For this reason, HNorplant promise to find greater
acceptance than the IUD among the more traditional sectors of a Muslim
community.

Although slightly less effective than sterilization, Norplant has the
advantage of reversibility and simplicity of procedure; it is free of
the estrogenic effect of oral contraceptives and of human factors con-
tributing to their ineffectiveness and it is less hazardous for anaemic
women than the IUD. Taking the points into consideration, the minister
of health gave his approval to the study, on the recommendation c¢f the
ministry's board of research. The Islamic interest in the study was
represented by the International Center for Population Studies and Re-
search in the University of Al-Azhar, which performed a coordinative
role. The broad aim of the study was to evaluate the reliability and
acceptability of Norplant subdermal capsules, to study the side effects
of the method in the Egyptian context, and to compare results with
experience gained elsewhere. The study was undertaken in the hope of
meeting the national need for a medically and culturally appropriate
contraceptive, essential for achieving national goals in population
planning.

MATERIAL AND METHODS

Each center recruited 250 acceptors of the Norplant and 100 cases of TCu
380 Ag device to compare the performance of Norplant with that of an
established long-acting method, serving as a control. (Criteria for
enrollment, the schedule of visits, examinations and measurements were
identical for both groups.

Patient selection conformed to criteria established by the International
Committee for Contraception Research (ICCR): women under 40, not preg-
nant or breastfeeding, menstruating normally, non-diabetic, accessible
for regular follow-up, with proven fertility, and without history of
cardiovascular disease.

On admission, a complete medical history was taken and physical examina-
tion, including breast and pelvis, was conducted. Weight and hemoglobin
concentration were recorded before and after the placement of Norplant
or insertion of intrauterine device (TCu 380 Ag). Six Norplant capsules
of Levonorgestrel were placed subdermally in the upper arm abovt 8-10 cm

- 126 -



above the elbow under local anesthesia, using 11-gauge trocar. Capsules
were made from medical grade silastic (R) tubing of 34 mm total length;
30 mn contains approximately 36 mg of Levonorgestrel, and 4 mm is silas-
tic medical grade adhesive A, with which the capsules are sealed -- 2 mm
at each end. Follow-up visits were scheduled at 1, 3, 6, 9 and 12 months
following insertion of Norplant and TCu 380 Ag. At each visit physical
examination was repeated, and symptoms and bleeding episodes were record-
ed. In addition, side effects were noted, having been reported in re-
sponse to the guestion, "How have you been feeling?"

Admission data presented in this report cover the entire sample of 1,000
Norplant and 374 TCu 380 Ag cases. Follow-up data for a period of one
year are available for all recruited cases in Alexandria and Assiut cen-
ters, and in the Al-Azhar rural center for 101 Norplant and 35 IUD cases
(Table 2). In the Zagazig center a period of one-year observation had
covered only a few cases when this report was written, so follow-up data
from this center have been excluded.

TABLE 2. Number of cases admitted and observed for one year by center
and method.

No. observed No. observed
Center Norplants (one year) TCu 380 Ag (one year)
1. Al-Zahar 250 101 94 35
2. Alexandria 250 250 100 100
3. Assiut 250 250 100 100
750 601 294 235

The four research centers represented different cross-sections of the
Egyptian population. The Al-Azhar center served an entirely rural group;
Alexandria worked with a relatively modernized metropolitan community;
Zagazig represented a mixture of rural and urban life-styles; Assiut, of
upper Egypt is composed of a culturally distinct population, and is known
for its traditionalism. Assiut also supplied most of the Christian case
material to the study.

In addition to investigations relating to acceptability, effectiveness
and side effects conducted in the multicenter project, research studies
on metabolic and endocrine profile of Norplant use were performed by
Alexandria, Assiut and Cairo Universities. The studied parameters were
liver function, coagulation and fibrinolytic factors, lipids and 1ipopro-
teins, pituitary function, corpus luteum function, serum androgens, serum
cortisol, serum total thyroxine and effect on lactation.

RESULTS

Characteristics of acceptors

As shown in Table 3, at the time of admission to the study, the experi-
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mental

and control groups did not differ significantly in physiological

characteristics - i.e., weight, blood pressure, menstrual flow, hemoglo-

bin, and incidence of pregnancy wastage.

Any change observed later in

these characteristics cannot therefore be at?ributed to a bias in the
two samples. The table also reflects the anemic character of the popula-
tion, with hemoglobin values ranging from 9.2 to 11.6 in different parts
of the country.

TABLE 3. Physiological characteristics at admission by method.

Norplant TCu 380 Ag

Characteristics (n = 1000) (n = 374)
Weight (kg) 69.4 70.4
Blood pressure mmHg

- systolic 125.8 127.0

- diastolic 88.0 83.1
Hemoglobin gm/100 11.6 1.7

(9.2)*

Menstrual flow: *

- heavy 11.0 9.9

- medium 17.9 78.3

- light 10.8 11.8
Last pregnancy outcome: **

- live birth 91.0 91.2

- stillbirth/abortion 9.0 8.8

+ Based on 25 cases from Assiut center. ** Percent of cases.

Social

and demographic characteristics of the two groups, displayed in

Table 4, suggest the following conclusions:

Method preference is not influenced by the age or religion of the
acceptor, as the statistical differences are not significant.

Preference for Norplant is strongly associated with a low educa-
tional level of acceptors and their husbands and also with their
non-participation in economic activity. Among users of Norplant,
79.9% of the wives and 44.6% of the husbands were illiterate com-
pared to 51.3% and 24.9% respectively in the TCu 380 group. Only
10.8% Norplant acceptors were employed, against 26.2% in the con-
trol group.

Previnus use of contraception tended to increase preference for
Norplant. Almost 90% of the Norplant acceptors had tried a con-
traceptive method earlier against 73.8% of those who preferred
the intrauterine device.

Most women in both groups wanted to limit family size rather than
space childbirth, but the proportion of women desiring no more
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children was substantially larger among Norplant users: 95.2%
against 80.5%.

TABLE 4. Social and demographic characteristics of accepters.

Norplant TCu 380 Ag

Characteristic (n = 1000) (n = 374)
Age 32.¢ 31.3
Live births 5.2*% 4,1
Percent desiring no more children 95.2* 80.5
Percent of previous users of a method 89.2 73.8
Percent of illiterate wives 79.7*% 51.3*
Percent of illiterate husbands 44,.6* 24.9
Religion (percent)

- Muslim 91.6 93.8

- Christian 8.3 6.2
Percent of working wives 10.8* 26.2

* = p < 0.0]

The profile of Norplant acceptors in Egypt is in many ways different from
that of an international sample drawn from Brazil, Chile, the Dominican
Republic, Jamaica, Uenmark and Finland (ICCR, 1978). The contrast is
presented in Table 5. Egyptian acceptors are more fertile, older, and
more inclined toward a method which would limit rather than regulate fer-
tility. Significantly, the level of hemoglobin found in the Egyptian
sample was relatively low. The difference in educational levels, not
presented on Table 5, is also significant. In the international study,
education extended to 7-8 years of schooling, but 80% of the Egyptian
users were illiterate.

TABLE 5. Comparison of selected accepter characteristics (Egypt - ICCR).

Inteinational Egyptian

Characteristics data* data
Age 26.0 32.2
Number of live births 2.5 5.2
Percent desiring no more children 51.3 95.2
Weight (kg) 57.3 69.4
Systolic blood pressure (mmHg) 113.5 125.8
Diastolic blood pressure (mmHg) 71.0 83.1
Hemoglobin gms/100 ml 12.9 11.6
(9.2)**

* [CCR Study (1978). ** Assiut data based on 250 cases.

Acceptability

The research protocol for this study required that acceptability should
be observed initially in terms of method continuation.
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Net cumulative continuation rates using multiple decrement method have
been tabulated only for the Assiut part of the sample, and are based on
250 Norplant and 100 TCu 380 Ag acceptors. Results presented in Table 6
show that the one year continuation rate of 88.3 compares favorably with
the continuation rate of 85.5% found for an established method like the
Copper T.

TABLE 6. NET cumulative continuation rates for first 12 months*
(multiple decrement).

Termination reasons Norplant TCu 380 Ag
Pregnancy 0.80 1.16
Removals
- bleeding/pain 7.20 6.80
- amenorrhea - -
- other medical causes - 1.31
- planned pregnancy and other
personal causes 1.99 2.50
- expulsion (IUD)
Adjusted number at risk 210 78
Continuation rate 88.3 85.5
Standard error of continuation rate 1.9 2.22

* Based on Assiut data.

A comparison of the Egyptian rate with international data on the contin-
uation of Norplant is shown in Table 7.

TABLE 7. Comparative continuation rates per 100 users of Norplant
(first 12 months segment)

Center Rate

Egypt (n = 250)* 88.3** (1.43)
Six international centers (n = 492) 74.6** (2.0 )

- Brazil 79.8 (4.0 )

- Chile 88.0 (3.2 ;

- Dominican Republic 59.9 (4.9

- Jamaica 81.8 (3.9)

- Scandinavia 63.5 (4.5)

* Based on Assiut data. ** p ¢ 0.01

Further information on continuation of the two methods, stated as percen-
tages of women who terminated the method at any time during the first
year of use, is given in Table 8. Although a very crude measure of con-
tinuation, it shows that the proportion of women who removed or lost the
device was about twice as large as those who had the Norplant capsules
extracted: 17.8% against 9.0%.
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TABLE 8. Termination events by method and reason (first 12 months).

Norplant  TCu 380 Ag Norplant TCu 380 Ag
Reason No. No. % %
Pregnancy 4 2 0.7 (0.34) 0.8 (0.58)
Expulsion - 6 --- 2.6 (1.04)
Menstrual disturbances J2%** 16 5.3 (0.91) 6.8 (1.64)
Other medical 6 9 1.0 (0.40) 3.8 (1.25)
Planning pregnancy 2 5 0.3 (0.22) 2.1 (0.94)
Other personal 10 4 1.7 (0.53) 1.7 (0.84)
Total termination cases 54 42 9.0**(1.17) 17.8 (2.49)
Continuation cases 503 143 83.7**(1.5) 60.9 (3.18)
Loss to follow-up 44 50 7.3 (1.06) 21.3 (2.67)
No. of Acceptors 601 235

Standard error in paranthesis.
* Including two pregnancies ascertained to have occurred before use
of Norplant. ‘
** P ¢ 0.01 highly significant.
*** Three cas:s of amenorrhea.

Table 9 gives a broad classification of reasons of termination. "Mens-
trual disturbance" means frequent irregular bleeding, heavy menstrual
flow, prolonged or heavy period-like bleeding, spotting amenorrhea, oli-
gohypomenorrhea, dysmenorrhea and/or pelvic pain. These disturbances can
be further subdivided into amenorrhea and different types of bleeding
abnormalities. "Other medical reasons" covers headache, dizziness, nau-
sea, depression, loss of appetite, weight gain, pain at implant site,
pain in axilla, acne, other skin problems. Out of 32 Norplant termina-
tions attributed to menstrual disturbances, 3 are related to amenorrhea
and 29 to bleeding abnormalities (9.4% and 90.6% respectively).

TABLE 9. Removals due to medical/method-related reasons.

Norplant TCu 380 Ag
Reason No. % S.E. NO. % S.E.
Explusion - -——- - 6 2.6 1.04
Menstrual disturbance 32 5.3 0.91 16 6.8 1.64
Other medical 6 1.0 0.40 9 3.8 1.25
Total 38 6.3* 0.99 31 13.2 2.2
No. of Acceptors 601 100 235 100
* P ¢ 0.01

Frequency of method-related reasons for Norplant termination (pregnancy,
menstrual disturbance, other method-related or medical) are compared with
corresponding frequencies reported in data pooled from six other coun-
tries (Table 10). Incidence of removal of Norplant because of menstrual
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disturbance was significantly and substantially lower in Egypt compared
to other countries: 12.2% against 5.3%.

TABLE 10. Comparison of Egyptian and international data on method
related termination (first 12 months).

ICCR data Egyptian data
Reason (n = 601) (n = 492)
Pregnancy 0.6% 0.7%
Menstrual disturbance 12.2%* 5.3%
Other medical or method-related 4.7% 1.0%

* P > (.01

Contraceptive effectiveness

In the Norplant study, 4 women out of 601 were pregnant during the first
12 months of use (Table 8). Two pregnancies were diagnosed after 1 month
during the first follow-up visit, one case during the 3 months visit and
one case at the 6 months visit. In the TCu 380 Ag control group, two
women out of 235 were pregnant during the 12 months of use; one case
after 1 month and one case after 6 months had passed since insertion.
The difference between the two groups in the incidence of pregnancy dur-
ing the first year was not statistically significant.

Qutcome of pregnancy

In the Norplant study, one out of the four pregnant women induced abor-
tion in a private clinic. The three other cases continued the pregnan-
cies had normel deliveries, and gave birth to full term babies showing

no abnormalities.

Side effects

Table 11 describes incidence of menstrual changes among women who com-
pleted the first twelve months of use for both methods. The term "change"
means a change in length of menstrual period, in amount of blood flow, or
both. "Decrease" includes amenorrhea, defined as absence of menstruation
for three continuous cycles. It was found that Norplant users experienc-
ed variability in blood flow or bleeding period more frequently than
users of TCu 380 Ag, but increase in flow or length of the period was
more often associated with use of the intrauterine device. The first
difference was highly significant and the second significant at 0.05
 Jevel of confidence. It was also found that 23.3% of all users of Nor-
plant suffered from amenorrhea after the implant.

Table 12 gives incidence of non-menstrual complaints: weight change,
headache, dizziness, nausea, depression, skin problems, nostalgia, loss
of appetite and 1ibido, vaginal problems, and other complaints excluding
pain at implant site. The proportion of such complaints was far higher
among Norplant cases than among users of TCu 380 Ag and the difference
was highly significant.
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TABLE 11. Incidence of menstrual changes observed during a period of

one year.

Norplant TCu 380 Ag
Menstrual changes* No.« % No. %
Increase 142 28, 2%k k% 55 38.5
Decrease* 193** 38.4 0 ===
Variable 84 16.7%** 7 4.9
No change 84 16.7%** 81 56.6
Total continuation 503 100 143 100

* Includes changes in cycle length, blood flow, or both.
** Includes amenorrhea observed among 117 cases (23.3%) after use
of method.
*kk p < 0.01
*kkk p ¢ (.05

TABLE 12. Incidence of non-menstrual spontaneous complaints during one
year of use.

Norplant TCu 380 Ag

No. % No. %

Complaints (non-menstrual) 274 54.5% 52 36.4

No complaints (non-menstrual) 229 45.5 9 63.6
Total observed for one year 503 143

* p < 0.01

Analysis of pain at site of implant associated with the Norplant proce-
dure revealed highly significant differences between three centers, as
shown in Table 13.

TABLE 13. Incidence of pain at implantation site by center.

Alexandria Assiut Azhar Total

No. % No. % No. % No. 9
Pain 16 7.9 2 1.9 24 25.5 4.2 8.3
Continuing users 203 100 200 100 94 100 503 100

A1l values significant at 0.01 level.
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Changes in physical signs

Table 14 shows the changes in relevant physical signs reported by the
Assiut Center, between admission and the end of the one-year treatment
with Norplant. There was a statistically significant increase in hemo-
globin concentration and weight, and a significant decrease in the systo-
lic and diastolic blood pressure.

Table 15 compares Egyptian data with results of the international study
(ICCR 1978) in respect to changes in mean values for hemoylobin, systo-
lic and diastolic blood pressure and weight.

TABLE 14. Change in hemoglobin concentration, weight and blood pressure
after one year of Horplant treatment.*

Hb. conc. Weight Systolic Diastolic

gin/100 ml kg BP BP
Mean at admission 9.188 68.75 127.6 80.4
S.D. 0.833 5.19 7.8 6.1
Mean at one year 9.437 70.44 121.7 78.5
S.D. 0.812 4.29 3.7 3.3
t 3.169 3.819 10.71 4.23
p < 0.001 < 0.001 < 0.001 < 0.001

* Assiut center data

TABLE 15. Comparative changes in physical signs with one-year treatment
of Norplant (mean values).

Egypt* ICCR Study**
Admission 12 months Admission 12 months

Hemoglobin (ygm/100 ml) 9.19 9.44 12.9 13.5
Weight (kg) 68.75 70.44 56.8 58.2
Blood pressure (mmHg)

- systolic 127.6 121.7 1.14 115

- diastolic 80.4 78.5 7 71

* Assjut center data (n = 210). ** Six countries {n = 468).
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Metabolic and endocrine profile

The results of the metabolic and endocrine profile studies conducted in
Egyptian institutions on a sample of Norplant users did not show any
abnormalities during the follow-up period.

DISCUSSION

Social profiles of the two sets of acceptors were found tc be very dis-
tinct for reasons which are not fully clear and need further investiga-
tion. Compared to those who chose the intrauterine device, women who
opted for Norplant were less educated, married to less educated husbands,
did not work for income and confined themselves to the traditional female
role of bearing and rearing children. A possible explanation of the dif-
ference is that with education and wider social exposure women lose in-
hibitions against insertion of the device by male doctors, or they find
it easier to overcome fears and suspicions relating to the presence of a
foreign body in the uterus. If this interpretation is found to be cor-
rect, Norplant will tend to find greater acceptability than an IUD in
more traditional communities and classes.

Almost all acceptors of Norplant (95.2%) used contraception for family
limitation rather than birth spacing, compared to 51.3% in the interna-
tional sample. It appears that in Egypt, with limited facilities for
sterilization and religious barriers against its use, Norplant is likely
to provide a substitute for the surgical method. This possibility is
also sugyested by the project report from the Assiut center which runs
an active sterilization proyram. It was stated that after the introduc-
tion of Norplant the caseload for sterilization diminished to half the
level prevailing in the previous three years.

Low value of hemoglobin found at admissicn suggests the need for the con-
traceptive with the least risk of blood loss. With adequate management
of bleeding problems, Norplant is likely to meet this need better than
an IUD. Its associated side effect of amenorrhea can also be viewed as
beneficial in an anemic population.

In Egypt, amenorrhea was of little importance as a reason for termina-
tion. Out of 120 known cases of amenorrhea, defined as three consecu-
tively missed cycles, 117 had continued with the method (Table 11), that
only three women came for the removal of the implant (Table 8) demon-
strates the high tolerance of this side effect among Egyptian women. It
suggests that any other implant regimen which reduces bleeding abnormali-
ties even at the cost of increasing amenorrhea may be more acceptable
than Norplant, if it does not have other disadvantages.

The major advantage of Nerplant over sterilization and an important fac-
tor in its acceptability is the reversible nature of the procedure. This
study, as initially designed, did not attempt a follow-up of cases who
had terminated Norplant without selecting an alternative method of con-
traception. No accurate statements can therefore be made about the re-
storation of fertility after termination of use. In the next phase of
the study, it is planned to investigate this aspect of Norplant perfor-
mance.
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in induced abortion could be detinitely attributed to a method-failure:
menstruation was reported during vollow-up visits. If the two cases
with definite evidence of pregnancy occurence before the use of the
Norplant are ignored, the pregnancy incidence would be half of what has
been reported. The advantage of Norplant over IUD in terms of effective-
ness could not be statistically established, perhaps because the data on
Norplant failed to make a clear distinction between patient-failure and
method-failure. Other studies report a significantly lower rate of
pregnancy with Norplant (Sivin et al., 1980).

Analysis of side effecls presented in this report is limited to perceived
changes in menstrual flow and recalled length of menstrual period. More
objective data on bleeding performance in terms of bleeding/spotting days
will be presented in a later report. Data for 503 Norplant and 143 TCu
380 Ag cases (Table 11), who were followed-up for one full year, indicate
greater variability of blood flow and length of period among Norplant
users, but significantly lesser incidence of increase in both factors.
Incidence of non-menstrual side effects (defined earlier) was substan-
tially and significantly higher among Norplant users (Table 12).

Clinic factors account for the variation in incidence of pain at implant
site, ranging from 1.9% at Assiut, to 7.9% at Alexandria and a high fig-
ure 25.5% at Al-Azhar's rural clinic, with limited staff and medical
facilities. Any large scale use of the subdermal method should therefore
allow consideration for the available level of professional assistance.

In conclusion, this report based on partial data suggests that Norplant
compares favorably in effectiveness and acceptability with most other
available methods. Its wide adoption, however, would depend primarily
on reduction of associated menstrual disturbances, particularly problems
of excessive and irregular bleeding, through an experimental adjustment
of dose levels. The method promises to serve as a highly reliable and
reversible substitute for sterilization. Substantial information is
still in the process of collection and analysis and will provide the
basis for more definite conclusions, to be presented in a future report.
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VAGINAL RINGS RELEASING STEROIDS
Giuseppe Benagiano,
Francesco M. Primiero

It is well known since the beginning of this century that the vagina
is capable of absorbing a great variety of substances. In addition, some
thirty years ago Greenblatt demonstrated that steroids can be readily
absorbed from the vagina when administered as a suppository. This obser-
vation led to a large number of investigations aimed at designing thera-
peutic systems based on vaginal uptake; these studies were prompted by
the demonstration that absorption through the vaginal mucosa is a mono-
directional phenomenon, which results in the rapid appearance of drugs in
the blood stream, bypassing the liver.

Following the observation by Dziuk and Cook that steroids diffuse readily
from polysilicone ruhber (such as polysiloxane) membranes, Segal predict-
ed that devices made of polysiloxane could be utilized for the sustained
delivery of contraceytive steroid hormones. This led to the development
of two new types of contraceptives based on polysilicone tubings releas-
ing steroids. One such device is meant to be implanted subcutaneously
over a period of months or years, whereas the other is to be inserted
jntravaginally.

The present chapter will attempt to highlight briefly the characteristics
and clinical performance of the two types of vaginal rings developed for
the control of human fertility.
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RING STRUCTURE AND DESIGN

In the early stage of development the steroid was finely dispersed within
the polymeric matrix; this was achieved by mixing together the steroid
and the si!oxane monomers; following the addition of a catalyst the sili-
cone polymerized and was extruded and moulded. Subsequently, the rings
were moulded around a stiff, flat metal spring similar to that used in
some diaphragms; unfortunately the stiffness of such devices caused
ulcerations and the procedure had to be abandoned.

The second type of vaginal ring was designed by Henzl who prepared de-
vices measuring 55 mm in outer diameter and enveloped by silicone tub-
ing of 0.127, 0.254 and 0.508 mm thickness. The space between the core
support and the outer tubing was then filled with a mixture of steroid
and silica gel.

The third approach was developed by Victor by woulding rings incorporat-
ing a groove 1 mm deep and 2.7 mm wide around the outer circumference;
a collagen band impregnated with the steroid was then fitted in the
groove. This approach, intended to produce rings with a lower steroid
content, was abandoned when it became apparent that the collagen string
had a tendency to loosen from the silicone rubber ring.

Three additional structures were developed by the Battelle Memorial
Institute for the WHO Programme. The devices were toroidal in shape with
an outside diameter of 55.6 mm and a cross section of 9.5 mm. They were
all moulded using a multiple step procedure. In the case of models A"
and "B" the catalyzed, drug-loaded polysiloxane was pre-moulded to con-
stitute the core of the ring; subsequently a drug-free diffusion layer
of polysiloxane was moulded around the progestogen-containing core.

Devices fabricated according to model "C" were prepared by first mould-
ing a polysiloxane core and subsequently producing two layers around
this core, with the riddle layer containing the steroid. All three de-
signs were utilized in the experiments and trials carried out under WHO
sponsorship, depending on the steroid used. More recent trials, however,
are limited to rings delivering 20 ug of levonorgestrel per day, which
are fabricated to model “A".

RINGS RELEASING ONLY A PROGESTATIONAL STEROID

Both the Population Council and WHO Programne have investigated rings re-
leasing only a progestogen.

The clinical investigations conducted under the auspices of the Popula-
tion Council utilized relatively high doses of the progestogen expected
to inhibit ovulation; for this reason the ring had to be extracted every
three weeks to allow a withdrawal bleeding. In the studies sponsored by
WHO, on the other hand, the main purpose was that of achieving inhibition
of fertility at a level peripheral to the ovary, thus enabling the woman
to keep the ring in situ over a period of at least six months.

Ten years after these studies began, only one progestogen-releasing ring
is still under development: that diffusing approximately 20 ug of levo-
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norgestrel per 24 hours.

Release rates

The first steroid investigated in a vaginal ring was medroxyprogesterone
acetate. In the early studies no in vitro release rate was measured and
the in vivo diffusion and uptake were calculated from the amount of ster-
oid remaining in the device after use. On the average the rings released
1 mg of medroxyprogesterone acetate every 24 hours (range 0.5 to 1.4).
This rate of diffusion was later confirmed when investigators were able
to measure plasma levels of the steroid.

Another steroid tested in the early days was chlormadinone acetate. Al-
though no release rates have been calculated for this compound, plasma
levels obtained indicate that daily diffusion from the ring must hava
been below 1 mg.

Mishell used rings releasing norethisterone at rates between 0.85 and
more than 2 mg per 24 hours. Two additional synthetic progestogens
tested at relatively high doses are ethylnorgestrienone and norgestrie-
none; the first was investigated at levels allowing in vivo release rates
between 0.3 and 3.7 wg/24 h., whereas no release rate is available for
the second, although one could guess from the plasma concentration that
daily diffusion did not exceed 1 mg/24 h.

One study investigated a progesterone-releasing ring which provide plasma
concentrations of around 5 pmoles/ml with release rtes of approximately
2.2 mg/24 h.

The most extensively studied rings are those releasing norgestrel (either
in its racemic form or as a levonorgestrel). Most studies iere carried
out with rings releasing either one of the two forms at levels of 0.25
to 0.30 mg/24 h. (range 0.17 to 0.41). The insertion of these rings re-
sulted in plasma concentrations ranging between 2.5 and 35 pmoles/ml.
In an early study Mishell et al. tested rings with higher in vivo release
rates (0.55 and 0.83 mg/24 h.), whereas Victor and Johansson utilized a
ring releasing 0.13 mg/24 h. of norgestrel.

Vaginal rings utilized in the WHO studies release progesterone at the
theoretical dose of 1.2 mg/24 h. Actual release rates before use were
1.33 + 0.19 mg/24 h. and 1.4 + 0.03 following in vivo insertion.

Two types of norethisterone-releasing rings were investigated by WHO; the
first had a calculated release rate of 50 ug/24 h., with a rate before
insertion of 38.8 + 2.9 and after use of 49.4 + 24.0 ug/24 h. The second
should have released 200 ug/24 h. and in fact diffused before use 181 #
20.0 and 196 + 21.0 ug/24 h. after extraction.

Levonorgestrel was investigated embedded in rings with a theoretical re-
lease rate of either 10 or 20 ug per day; the 10 ug ring was quickly
abandoned whereas WHO decided to go ahead with mass production of the de-
vice releasing 20 ug per day. Rings that should have diffused 20 ug/24
h. released before use 17.8 + 2.2 and after 21.6 + 1.4 ug/24 h.
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Pharmacokinetics and pharmacodynamics

The ability of medroxyprogest<rone acetate, released from a vaginal ring
at rates ranging between 520 and 1219 ug/24 h. to abolish the hLH and
hFSH midcycle peak was established by Mishell.

Endometrial biopsies obtained immediately after removal of the ring
clearly reflected the progestational effect: glands were narrow, non-
tortuous and widely separated, with a stroma pseudodecidual in appearance.
Ovulation was inhibited in the vast majority of subjects.

Large variations were reported in plasma concentration of medroxyproges-
terone acetate between individual studies and subjects. This, however
may, at least in part, be due to the assay method used.

The chlormadinone acetate-releasing ring produced plasma levels of the
steroid ranging between 0.25 and 0.74 pmoles/ml. These concentrations,
however, were not sufficient to produce anovulation.

Studies with both chlormadinone and medroxyprogesterone acetate were dis-
continued when these compounds were shown to produce mammary nodules in
beagle dogs.

The Population Council rings releasing norethisterone produced - when
loaded with 100 mg of the steroid - anovulation in 10 out of 12 subjects
and released on the average 1.04 mg/24 h. Rings loaded with 200 mg de-
livered the steroid at uneven rates: 1.5 mg/24 h. during the first cycle
of usage, 1.1 and 0.48 during the second and third cycle respectively.
The pharmacokinetics of ethylnorgestrienone were studied by Viinikka who
found that the rings produced plasma concentrations declining with time:
a total load of 200 mg resulted in levels of 55.4 pmoles/ml at the time
of insertion which declined to 18.5 after only 20 days of use. Similar
results were found with lower loading. Ovulation was inhibited in all
four cases to whom a 50 mg loaded device was inserted.

Data obtained with norgestrienone indicate that a 50 mg loading produced
plasma levels ranging from 2.7 to 6.1 pmoles/ml and anovulation in three
quarters of the 12 subjects investigated.

Progesterone, when diffusing from rings releasing some 2 mg/24 h. pro-
duced plasma concentrations of between 4.8 and 6.4 pmoles/ml; this re-
sulted in ancvulation in approximately half of the 17 subjects studied.

In terms of ovulation inhibition the best results were obtained with nor-
gestrel (either dl-norgestrel or levonorgestrel). Diczfalusy and Land-
gren have calculated that only 22 out of a total of 336 cycles studied
were ovulatory in women treated with various discontinuously inserted
rings. The pharmacokinetic profile obtained following the insertion of
shell type rings loaded with 54 and 128 mg was studied by Mishell et al.
The ring was capable of producing fairly stable plasma concentrations
(4.8 + 1.3 and 7.8 + 1.8 pmoles/ml) and anovulation in all but two of the
sixty subjects followed.

The pharmacokinetics and pharmacodynamics of the rings developed by the
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WHO sponsored Programme were mainly studied by Diczfalusy and his colla-
borators.

In a investigation in which frequent plasma samples were obtained in
subjects bearing norethisterone-releasing rings at the levels of 200 and
50 ug/24 h. respectively, Diczfalusy and Landgren demonstrated that only
the higher release rate was capable of inhibiting ovulation.

Full plasma concentrations of norethisterone are attained approximately
24 hours following insertion. After this, levels remain constant over
several months.

With the 50 ug rings ovulation and a normal luteal function was maintain-
ed in 83% of the 42 cycles studied, whereas only 21% of the women bearing
a 200 ug ring ovulated normally over 43 cycles. In a study conducted by
WHO, ovulation was seemingly maintained in 87% of women inserted with the
50 ug device and in 42% of those bearing the 200 ug device.

Insertion of the ring releasing 20 ug/day of levonorgestrel, produced
plasma concentrations, on the average, of 0.528 pmoles/ml. Levels re-
mained fairly constant and - 90 days after insertion - the decline in
plasima concentrations was of approximately 20%. Following insertion,
levonorgestrel reaches maximum concentrations in circulation within less
than an hour. The device did not inhibit ovulation in the majority of
subjects studied.

Data on .the pharmacokinetics of the progesterone-releasing devices are
more scanty. The constancy of in vivo release has been measured by re-
moving rings at various time intervals. The data indicate a fairly con-
stant diffusion over time.

According to a study conducted by WHO, a release rate of between 1.3 and
1.4 mg/day did not inhibit ovulation in the vast majority of cases (98%),
although innibition of sperm transport in cervical mucus occurred in 85%
of the subjects.

Clinical studies

Medroxyprogesterone acetate released from a vaginal device has never been
tested for efficacy. The only clinical data available relate to cycle
control. When the rings were inserted on day 5 and left in place for 21
days, a high incidence of breakthrough bleeding and spotting occurred;
this was interpreted as indicating an insufficient endogenous estrogen
production. For this reason rings were inserted on day 10; when this
regimen was tested, however, no improvement in the bleeding pattern was
observed. An overall analysis of bleeding data from all investigators .
indicate that one third of the treatment cycles were complicated by break-
through bleeding.

No clinical data are available on rings releasing chlormadinone acetate
or progesterone. In the case of both athylnorgestrienone and norgestrie-
none, in spite of the limited clinical experience it seems that the major
problem was represented by irregular Lleeding although Akinla et al. re-
ported no breakthrough bleeding with ethylnorgestrienone.
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The use of devices releasing norethisterone at high doses produced un-
acceptable episodes of breakthrough bleeding and spotting, associated
with an offensive odor. for this reason further development of this ring
was discontinued.

Norgestrel represents the steroid of choice both with discontinuous and
continuous usage. However, when released in high doses in a discentinu-
ous fashion also rorgestrel causes unacceptable bleeding patterns: when
either racemic wmixture or levonoryestrel were studied over a period of
six months, breakthrough bleeding occurred in one third of the women; in
addition a low but sizable incidence of amenorrhea was also observed.

Following early clinical studies during which progesterone, norethiste-
rone and levonorgestrel were tested at levels which proved to be ovula-
tion inhibiting, the WHO Programme conducted, approximately 5 years ago,
a multicenter comparative study of rings releasing progesterone at the
dose of 1.2 mg/24 h., norethisterone at the doses of 200 and 50 ug/24 h.
respectively, and levonorgestrel at the dose of 20 ug/24 h. FEight two
women were investigated over a total of 217 woman-months of experience.
Results of this study are summarized in Table 1.

After analyzing the results of this preliminary trial, the Programme
decided to abandon any further development of the rings releasing pro-
gesterone and norethisterone at the dose of 200 ug/24 h.

TABLE 1. Summary of WHO-sponsored Phase I trial of vaginal rings.

Inhibition  Inhibition

of of Sperm Inter

Ovulation Migration Menstrual
Compound and No. of % of (% of Post- Bleeding
Release Rate Subjects Cycles) Coital Tests) % Cycles
Progesterone 1200 ug/day 12 2 85 17
NET-200 ug/day 18 58 82 59
NET-50 ug/day 26 13 74 1
Levonorgestrel 20 ug/day 12 40 92 16

A new Phase II clinical investigation was then initiated to evaluate the
contraceptive of rings diffusing levonorgestrel (20 ug/24 h) and nore-
thisterone (50 ug/24 h.). A cut-off point was selected for unwanted
pregnancies at 6 per 100 woman-years. The criterion for study termina-
tion was reached for norethisterone after 166 woman-months of exposure;
for this reason, further development of this ring was also abandoned.

Results with levornorgestrel have been much more encouraging: no preg-
nancies, occurred over an exposure of 360 woman-months; clinical toler-
ance of the device was satisfactory with few complaints for unpleasant
odors and only three subjects discontinuing because of menstrual irregu-
larities, although there were some involuntary expulsions. After “eview-
ing these data WHO decided to concentrate efforts on the development of
the ring releasing 20 ug of 1levonorgestrel. Because of sufficiently
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encouraging preliminary data with the Phase II trials, it was decided in
1981 to initiate a Phase III multicenter clinical evaluation. Results
of this new investigation are expected by the end of 1983.

RINGS RELEASING BOTH AN ESTROGEN AND A PROGESTOGEN

Devices capable of diffusing at the same time an estrogen and a progesto-
gen have been developed under the auspit:es of the Population Council in
an attempt to improve bleeding performan:e.

Release rates

Only two progestational agents have been utilized in these rings: pro-
gesterone and levonorgestrel. They were coupled to estradiol in all
instances, except for one study in which estradiol benzoate was used with
levonorgestrel.

Victor embedded progesterone with a total load of 290 mg together with
estradiol with a load of 20 mg in a ring of the core type. The release
rates of the two steroids were 2.2 and 0.22 mg/24 h. respectively. The
combination of levonorgestrel with estradiol benzoate with total loads
of either 20.4 and 19.7 mg and 6.5 and 4.4 mg was also tested by Victor.
In vivo release rates for the higher loading averaged 213 ug/24 h. for
Tcvonorgestrel; no data were given for estradiol benzoate. This level
decreased to 130 ug/24 h. during the second cycle. The lower loading
resulted in the daily diffusion during the first cycle of 74 ug of levo-
norgestrel.

Several pilot studies were conducted utilizing the combination of levo-
norgestrel and estradiol, although release rates were only reported in
two of these studies.

Mishell reported that rings with a levonorgestrel load ranging between
39 and 77 mg and of an estradiol content between 29 and 66 mg produced
in vitro release rates between 0.20 and 0.33 mg of the progestogen and
oFf 0.18 to 0.25 mg of the estrogen. Jackanicz reported on rings utilized
i1 the multicenter studies conducted by the Population Council. One
type with a 58 mn diameter released in vitro approximately 500 ug of
Tevonorgestrel and 300 ug of estradiol per day. From the calculation
of average steroid loss during use, the observed in vivo release rate
was 293 + 54 ug/day for the progestogen and 183 + 34 ug/day for the
estrogen. A second type had a diameter of 50 mm; no in vitro data were
reported for this ring, which diffused in vivo 253 jf—34 ug/day of the
progestogen and 152 + 21 ug/day of the estrogen.

Pharmacokinetics

The pharmacokinetics of rings releasing the combination of progesterone
and estradiol were investigated in postmenopausal women. For this rea-
son no pharmacodynamic data are available. The rings allowed fairly
stable plasma levels of progesterone ranging between 5.8 and 6.4 pmoles/
ml, whereas estradiol concentrations varied between 0.37 and 2 pmoles/ml.

The vaginal ring releasing levonorgestrel and estradiol benzoate resulted
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in plasma levels of levonorgestrel ranging between 12.8 and 1.1 pmoles/ml
depending on the initial steroid load.

Estradiol concentration usually remained at early follicular phase levels,
although large variations and even an ovulatory peak were seen in one
subject. A detailed pharmacokinetic and dynamic study of rings releasing
levonorgestrel and estradiol was carried out by Mishell et al. who found
that the rings inhibited ovulation in all 10 subjects studied. Similar
results were obtained by other investigators.

Following each insertion, levonorgestrel plasma concentrations increased
steadily reaching maximal levels within 48 hours of insertion and fell
progressively from around 1 ng to less than 100 ng per ml during the
seven days between removal and reinsertion. Estradiol concentrations, on
the other hand, rose to a peak between 100 and 300 pg/ml within two hours
of insertion, declining gradually between 50 and 100 pg/ml in the first
days after insertion.

Clinical studies

No efficacy data are available on the ring releasing progesterone plus
estradiol, although ovulation was apparently maintained in 70% of the 13
cycles studies.

Also in the case of the rings releasing levonorgestrel plus estradiol
benzoate no efficacy data are available.

Clinical experience with vaginal rings releasing levunorgestrel plus es-
tradiol covers 1147 users and two separate rings, the first with an out-
side diameter of 58 mm and the second of 50 mm. The rings were compared
with a low dose oral contraceptive containing 150 ug of levonorgestrel
and 30 ug of ethynilestradiol. The incidence of unwanted pregnancies and
their outcome are listed in Table 2.

It can be seen that the 58 mm diameter ring produced a significantly low-
er pregnancy rate than the low dose oral contraceptive.

Gross termination rates at one year for all medical reasons did not sig-
nificantly differ in the three groups ranging from 24.7 per 100 woman
years for the oral contraceptive to 29.2 for the small ring. Termination
for bleeding problems was more frequent among ring users, although the
difference was not statistically significant. Both oral contraceptive
and the rings were perceived by the users to reduce menstrual flow with
approximately 20 to 25% of the ring users believing that intermenstrual
bleeding or spotting had increased.

The overall acceptability of these vaginal rings was tested both in urban
and rural areas of two Latin American countries. In each of the four
location chosen, between 3 and 12.5% of total acceptors selected the
rings. Acceptance rate fell after 6 months of use and recovered during
the second year; it was higher in the rural areas. Women tended to re-
move the ring for intercourse and cleaned it frequently.

A series of metabolic studies were also carried out to evaluate the levo-
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TABLE 2. Net pregnancy rates at one year and pregnancy outcome in the
multicenter clinical trial sponsored by the Population Council.

RINGS PILL
50 mm 28 mm NOG + EE
First cycle 1.8 + 0.6 0.7 + 0.4 1.8 + 0.6
A1l cycles 1.8 + 0.6 1.0 + 0.5 2.0 + 0.6
Total pregnancies 9 5 10
Spontaneous abortion 1 0 1
Full term deliveries 2 1 1
Still pregnant 4 3 5
Ectopics 0 0 0
Voluntary abortions 2 1 3

norgestrel plus estradiol ring. Fasting glucose values and glucose toler-
ance were unaltered during ring use, although insulin response to glucose
increased by 50% after one year of treatment. With the exception of a
small, but significant, decrease in alkaline phosphate, all liver function
tests remained normal.

The vaginal ring users had a significant reduction of cholesterol and the
cholesterol/HDL-C ratio was significantly increased during treatment.
Also the LDL/HDL ratio increased significantly.

CONCLUSIONS

Some 15 years after the initiation of work aimed at developing vaginal
rings for contraceptive purposes only one progestogen-only-releasing ring
and one device releasing both an estrogen and a progestogen are still
under active development. In both cases the rings were developed by Pub-
lic Sector Agencies, thereby underlining the lack of interest of the
pharmaceutical industry for this type of activity. Both the ovulation
inhibiting discontinuous use ring and the low dose continucus use device
are reaching the Phase III level, thus raising the hope that this new

type of vaginal contraception will become available within the next few
years.
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NEW DEVELOPMENTS IN IUD TECHNOLOGY
Giuseppe Benagiano,
Stefano Barchiesi

Apart from its obvious and well-known advantages, IUDs have some
notable disadvantages, which are usually not perceived in the same way
in different cultures. For instance, certain people strongly object to
having "something" introduced inside their body. Also, changes in the
quantity and duration of menstrual flow are considered differently in the
various regions of the world, especially where prevailing social or reli-
gious mores prevent women from having intercourse during bleeding or
spotting. For this reasorn, any serious attempt to improve IUD perfor-
mance and acceptance must take these facts into proper consideration.

This chapter attempts to summarize recent developments in intrauterine
contraceptive technology, with particular emphasis to those modifications
or applications most likely to result in a more wide acceptance of the
method. Some of these modifications relate to the shape of devices or to
the time of insertion, other to the development of new agents to be in-
corporated in IUDs, that could become available within the next decade.

POST-PARTUM AND POST-ABORTION INSERTION

Even today, in many countries of the world, delivery is one of the very
few occasions when women ha.a a chance to get in touch with a physician
and obtain effective contraception. The time of a voluntary pregnancy
termination is another moment in which the average woman is most willing
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and motivated to accept fertility regulating methods. This is the reason
why there is great interest by family planning administrators and staff
in devices that can be jnserted right after placental expulsion or void-
ing of the uterus.

Experience with immediate post-partum IUD insertion was first gained in
India and in the U.S.A. These studies produced results encouraging
enough to overcome the considerable resistance of practicing obstetri-
cians caused by a perceived danger of perforation in the soft post-partum
uterus and of intrauterine sepsis, leading to the initiation in 1966 of
the International Post-Partum Program of the Population Council.

Almost half of all acceptors of fertility regulation chose the IUD
(405,346 out of 837,157) and the overall percentage rose from 11% to all
family planning acceptors in 1966 to 21% in 1971. Even using the inert
Lippes Loop-D, expulsion rate at 12 months was only 11.5% and the overall
continuation rate at one year was 74.4%.

Removal for bleeding problems in post-partum acceptors was first studied
by Banharnsupawat and Rosenfield who found an incidence of only 3.9%
excessive bleeding among women tu whom the device had been inserted im-
mediately after delivery, compared to that of 6.3% among those inserted
more than 6 weeks post-partum. These data have now been confirmed by
additional comparative studies conducted in several countries of Europe,
Asia and South America. Major features of results obtained in these
trials are presented in Table 1.

Unfortunately, a different picture emerged from a multinational, compara-
tive clinical trial conducted by WHO that, because of its nature can be
considered more likely to represent a true "field" situation than pre-
vious studies. In this trial one of the 3 devices studies, the Lippes
Loop, was expelled within 24 hours in as many as 8% of all women; of the
remaining subjects, as many as 44.1% lost the IUD within one year. In
addition, the WHO study indicated that a special device - the so-called
Post Partum-T, developed by the Population Council - had a significantly
higher expulsion rate than the conventional Copper-7 (41.3 versus 34.8
per 100 woman-year at 12 months). At the same time the post-partum de-
vice was more effective in preventing pregnancy, with a life table rate
at one year of 5.6 + 2.3 per 100 woman-year, compared to that of 7.2 *
2.3 with the Copper-7 and of 12.1 + 3.3 with the Lippes Loop. An impor-
tant feature was advanced by the trial: complications varied consider-
ably between individual centers; for instance, whereas in Santiago,
Chile, explusions at one year were 9.6, 10.2 and 17.7 per 100 woman-
years for the Copper-7, Lippes Loop and Post-partum-T respectively, the
rates were 55.8, 77.0 and 83.6 in Brussels. This fact, which can only
be explained on the basis of different medical conduct at the time of
insertion or of the subsequent management of the patients, clearly points
out to the need to develop especially designed devices which would make
early expulsions less dependent from intangible factors.

In an attempt to improve placement of IUDs immediately post-partum, New-
ton manufactured a 25 cm long modified inserter, which - in the mind of
the inventors - should have allowed better retention. Indeed, the
authors reported in their original study with the LEM, Copper-7 and Pro-
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TABLE 1. Overall performance of IUDs inserted jmmediately after expulsion of the placenta.
(Results are expressed as event rate per 100 woman-years of experience at 1 year.)

Bleeding Other
Devices studied Number Preynancy Expulsion Pain Infection Medical Continuation
Various IUDs 1008 2.8 23.5 5.5 1.2 0.7 61.8
Lippes Loop 274 1.9 7.8 = eeeeemee—e-- 3.4 c-ememmmme- 82.1
TCu=-220C 522 1.7 3.6 = —memmecmae-- 5e3 =mmmmmmeee- 82.0
TCu-200 269 0.5 11.2 1.8 0 0.4 77.2
MLCu-250 135 1.8 3.1 2.4 0 0 88.6
MLCu-375 124 4.6 4.8 0 0.8 84.4
Lippes Loop-D 272 12.1 4.1 4.6 0 o —e--- 9.0 ----- 39.1
P-p-TCU 287 5.6 4]-3 807 ----- 5.0 ----- 46.9
Cu-7 282 7.2 34.8 5.2 = ==ee-- 1.8 -=--- 52.3




gestasert devices an expulsion rate at six weeks of 7.0%. However, when
the same group participated in the above-mentioned WHO study, expulsion
rates at one year were 39.1, 65,0 and 70.9 per 100 woman years using the
Post Partum-T, Lippes Loop and Copper-7 respectively.

As already stated, termination of an unwanted pregnancy represents ano-
ther ideal time for inserting an intrauterine device, because of the high
motivation of women in that situation. Fear that the placement of an IUD
may worsen post-operative conditions was greatly diminished wnen Tatum
reported that the insertion of the device following elective first tri-
mester abortion did not increase the severity of pain or of bleeding.
Safety of this procedure was then established by several other authors.

Giliet have recently carried out a tri-center post-abortion study of the
Copper-7 involving 259 women scheduled for pregnancy termination who were
subdivided into 2 groups: in the first group the device was inserted
immediately after the abortion procedure had been completed, whereas in
the second group placement was delayed between 3 and & weeks. There were
no significant differences in the discontinuation rates for medical rea-
sons between the two groups; removal for bleeding or pain was higher -
although not in a significant way - in the delayed insertion yroup (24.9
versus 16.9%). An important feature evidenced by the study relates to
motivation: in the group of subjects who had agreed to have an IUD in-
serted and were told to return within 3 to 5 weeks, as many as 41% failed
to do so. Severa' other studies have substantiated the rapid loss of
motivation ir women: for instance Echeverry reported that 55% of all
post-partum acceptors who were told to return for an IUD insertion 6
weeks later, failed to come back, and Goldsmith found the percentage of
IUD insertion rose from 20 to 80% when IUD insertion was offered before

hospital discharge.

In viow of the major impact that an early post-partum or post-abortion
IUD ‘nsertion will have on the success of a family planning program, ef-
forts have been made to design devices espceially suitable for these con-
ditions.

More recently, Family Health International developed another post-partum
type of IUD by the simple addition to a Copper-T or Lippes Loop of biode-
gradable chromic suture extensions which can be biodegradable within 6
weeks. Preliminary results with the post-partum Lippes Loop indicate an
expulsion rate of 13.7 per 100 woman years at six months, whereas the
post-partum Copper-T gave a 6 month rate of 10.6.

Future developments in this area, will have to come from the possibility
of designing IUDs which can be easily inserted and retained in the puer-
peral uterus, without risk of perforation, pain or excessive bleeding.
The most promising lead in this direction is represented by the synthesis
of rapidly biodegradable polymeric substances; IUDs could then be embedd-
ed in a polymer capsule having the proper shape. A device of this sort
could be easily placed and retained in the large post-partum uterus and
will shrink to its final size and shape within a 2 to 3 week period, fol-
lowing closely uterine involution.
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POST-COITAL INSERTION

In 1976, Lippes proposed to utilize copper-releasing devices as intercep-
tive agents for post-coital contraception. When Lippes and co-workers
extended their original series, they observed no pregnancies in a study
involving 299 women who had one or more unprotected intercourse once or
more at a time when they were considered to be fertile. Tyrer calculated
that, in a group of 42 women to whom a Copper-T was inserted within 7
days of an unprotected intercourse, at least 15 were fertilized, although
no implantation occurred. Another series comprising 191 women was stud-
jed by Black; 80% of them were nulliparous and received a Copper-7; the
remainder received either a Lippes Loop-D or a Copper-/. Insertion was
carried out in the majority of cases within 5 days of coitus, although
in 16 cases it was delayed up to 10 davs. There was one case of missed
menses, that - since amenorrhea in IUD users is exceptional - was consid-
ered as an indication of pregnancy. Unfortunately, no beta-hCG measure-
ment was carried out and, therefore, since menses returned spontaneously,
no confirmation that pregnancy had taken place could be obtained.

Considering the mechanism by which an IUD can act post-coitally, it has
been postulated that the device will interfere with proper nidation, as
is the case with all other insertions.

The use of an IUD as an interceptive agent presents several advantages
over that of post-coital estrogens: it does not produce gastro-intesti-
nal reactions, such as nausea and vomiting, it can prevent pregnancy up
to one week after an intercourse (as contrasted to a maximum of 76 hours
with estrogens); and does not cause long-term safety problems. For these
reasons, the International Planned Parenthood Federation now recommends
the use of IUDs over that of hormonal methods for post-coital contracep-
tion.

MEDICATED DEVICES

The most important development in IUD technology has been the discovery
that an intrauterine device can be utilized as a carrier for agents aimed
at enhancing contraceptive efficacy and/or decreasing the incidence of
adverse effects. Research in this field has followed four major lines:
the addition of metals, hormones, anti-fibrinolytic and spermicidal
agents.

Metal-releasing intrauterine devices

Following the report by Zipper that metallic copper can act as an anti-
fertility agent when placed in the uterine cavity, a large spectrum of
devices were developed. Some of these devices can have a }ife-span of
more than 10 years, although they have not, as yet, been tested for dura-

tion.

The superiority of copper-releasing devices over inert ones has been
clearly demonstrated by several comparative studies. An evaluation of
copper-bearing devices is beyond the scope of this chapter; discussion
here will be limited to new leads for the improvement of the performance
of metal-releasing devices.
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Copper IUDs, 1like the non-medicated ones, produce an increase in the
amount of blood loss during menstruation; they also prolong the duration
of the menstrual period. uenerally, blood loss doubles in users of non-
medicated devices; with copper-releasing IUDs the increase in blood flow
is of approximately 50%, probably because of the small surface area. Al-
though total blood loss may be lighter in users of copper devices, bleed-
ing is usually more prolonged.

An increased blood flow when using IUDs may represent a serious adverse
effect in the developing world, where more than 50% of all women are ei-
ther anemic or on the borderline. Indeed, WHO-sponsored studies have
demonstrated that the insertion of copper devices resulted in a decline
in serum ferritin, transferrin saturation and hemoglobin. For this rea-
son the Organization decided to conduct clinical trials in which an at-
tempt was made at reducing blood T1oss by administering non-steroidal
anti-inflammatory agents: eight drugs have been compared each in at
least two centers and in 12 women. Compounds have been taken orally for
the first three days of menstruation. On the average, indomethacin re-
duced menstrual blood loss by 26%, flufenamic acid by 33% and alcofenac
by 35%.

Indomethacin has also been incorporated into devices and tested in rats:
it had no effect on ovulation, fertilization or ovum transport, although
it might have slightly decreased the anti-implantatirn effect of the
device.

Additional studies have evaluated the use of prriiayiandin synthetase
inhibitors to reduce blood loss: Davies utilized naproxen in a double-
blind, crossover, placebo-controlied design. Two doses were employed;
the higher dosage (1250 mg for 5 days) caused reductions in blood loss of
50% or more in a third of all cycles, whereas the lower dose (500 mg as
a loading, followed by 750 mg for 5 days) produced the same reduction in
about 10% of the cycles.

Guillebaud and Fraser used nefenamic acid and observed a highly signifi-
cant reduction in mean total blood loss, which was more evident in heavy
losers. Finally, Roy and Shaw employed ibuprofen in women bearing either
the Lippes Loop or various copper devices, observing a reduction of be-
tween 25 and 39%. Those agents have also been used to reduce pain and
dysmenorrhea.

Progestogen-releasing devices

The first suggestion that a progestogen incorporated into an IUD could
improve its performance was made by Doyle and Klewe. Following this re-
port, several groups have attempted the development of devices releasing
either a synthetic or the natural progestogen.

In 1970, Scommegna published the first clinical data on the use of an IUD
diffusing progesterone; they utilized a Lippes Loop-D to which a silastic
reservoir containing the steroid had been attached. Initial results were
promising, although the rapid release of the steroid from the polysilo-
xane tubing made the system impractical. Further advance in this area
was made possible by the development of devices allowing continuous re-
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lease for longer periods of time. Alza Corporation was the first to
develop a commercial device with a duration of action of one year (the
so-called IPCS-38), which contains 38 mg of progesterone and provides a
daily release of 65 ug. The Company then developed a new device, the
1PCS-52, releasing 25 ug per day which is loaded with 52 mg; it was
estimated that this sytem would have a life span of three years. WHO
decided to include this device in two comparative Phase III multicenter
studies of copper-releasing devices. In the meantime, Alza conducted
trials of their own which indicated that the pregnancy rate increased
from 3 per 100 woman-years at 24 months, to some 10 per 100 woman-years
at 30 months; also, depletion of the device reservoir occurred earlier
than expected, suggesting that the daily in vivo rate might have been
different from the calculated one.

An interim analysis of the WHO-sponsored studies of IPCS-52 indicates a
significant increase in pregnancy rate at between 20 and 24 months. It
seems therefore, that the device loaded with 52 mg of progesterone had a
life-span of only one and a half years. In addition, out of a total of 9
ectopic pregnancies observed in the two trials, 8 occurred in women bear-
ing the IPCS-52. This finding, although not statistically significant,
is bound to renew the controversy on the possible increase in the fre-
quency of ectopic gestations in users of progesterone-releasirg devices
that seemed to have been resolved.

The progesterone-releasing IUD has the distinct advantage of reducing the
volume of blood lost during menstruation to almost half the pre-insertion
levels, with a tendency to a further decrease with time. Several inves-
tigators have also stated that progesterone diffused in utero is effec-
tive in diminishing the incidence of cramps associated with IUD use, al-
though no difference in the frequency of dysmenorrhea was found in a
recent comparative study carried out under the auspices of WHO when the
progesterone-releasing device was compared to a Copper-7/.

In view of the relatively large quantities of progesterone required daily
for proper contraceptive protection, further improvements in steroid-
loaded IUDs must come from the use of potent synthetic progestogens. The
most promising compound today is levonorgestrel. Devices diffusing this
steroid are discussed in Chapter 16 and 17 of this book.

A norethisterorne-releasing device was tested by the WHO Special Pro-
gramme; following preliminary clinical testing; however, development of
this device was abandoned because of the high doses required to produce
a significant reduction in the quantity of blood 1loss.

There is one study carried out to evaluate the efficacy of a device dif-
fusing retroprogesterone; the trial had to be discontinued at an early
stage because 5 pregnancies were observed when only 500 woman-months of
experience had been coliected, and work on this IUD has been stopped.

Organon in the Netherlands are developin¢ a device incorporating their
new potent progestogen desogestrel.

Finally, in view of the very low uterotropic effect of estriol, Scommegna
and his group felt that the steroid could be safely incorporated into an
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IUD. Following promising results in rabbits and in baboons, a device
capable of releasing estriol to the human uterus was developed by Baker.
The device is under clinical testing at present.

Devices releasing antifibrinolytic agents

Among the factors that are considered of importance in the processes
leading to menstruation, fibrinolysis occupies an important place. The
normal uterus contains high concentrations of plasminogen activators
which are localized in the vascular epithelium of the myometrium and in
the endometrial cells during the luteal phase. The presence of ar. intra-
uterine device enhances fibrinolytic activity in the uterus. This un-
doubtedly influences uterine hemostasis.

It would therefore seem useful to utilize antifibrinolytic agents (amino-
caproic acid, tranexamic acid), or protease inhioitors (traysol) to de-
crease bleeding-related IUD complaints.

Aminocaproic acid (EACA) was first utilized by Kasonde and Bonnar who
observed a highly significant reduction in menstrual loss in 35 women.
Shaw incorporated EACA into a silastic device and tested its effect in
rhesus monkeys: they measured a doubling of the menstrual loss if using
a non-medicated device and only a 33% increse when the EACA-releasing
device was inserted.

The effect of tranexamic acid (AMCA) as an oral tablet was first tested
by Westrom and Bengtsson in a double-blind study of 65 IUD users. It
reduced the increase in blood loss from an average of 83 to only 11.5%.
Similar results were obtained when AMCA was instilled in utero. This
effect was confirmed by Ragab and Thomas who inserted devices Toaded with
AMCA (with a daily release of 4.3 mg/day) and observed a lower discon-
tinuation rate at 6 months compared to copper devices (1.1% versus 9.9%),
and by Hefnawi.

Finally, Trauber et al. have employed trasylol by intrauterine applica-
t jon observing an effect lasting for a period of some three imonths and
advocated the development of a trasylol-releasing IUD.

Devices diffusing diamidines and guanidines

During the past 5 or 6 years, the WHO Programme has undertaken the eval-
uation of two classes of compounds that may present several advantages if
incorporated into intrauterine devices: diamidines and guanidines. These
substances have antifertility activity, can act as acrosin inhibitors and
are effective in diminishing uterine bleeding. Studies in Rhesus monkeys
indicate a reduction in blood loss ranging from 25 to 42% for the diami-
dines; with guanidines, a reduction up to 90% was observed in baboons,
but only when the compounds were infused directly into the menstruating
uterus. Work has therefore pursued mainly with diamidines along along
four specific lines: screening of different compounds for their ability
to reduce menstrual blood loss, antifertility testing in a mouse blasto-
cyst culture, incorporation of drugs into polymer devices and toxicology.
Of the 22 compounds tested, two have been selected for further develop-
ment.
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CONCLUSION

Research sponsored by various national and international agencies is apt
to produce improved intrauterine contraceptive devices possessing not
only high effectiveness, but also, a low incidence of adverse reactions
and a duration of action up to ten years. These improved devices will be
utilized in a variety of situations, such as after delivery, post-
pregnancy termination and post-coitally.

One problem, however, cannot be resolved by simple technological advance-
ments: as pointed out by Mishell, clinical factors such as the skill of
the physician, the care at follow-up and proper instructions to prospec-
tive users, arz more importart in determining overall IUD performance
than most of the improvements foreseen today. As an example of this,
Wagatsuma cites the very low acceptance of IUDs in Singapore and Malay-
sia. When the National Family Planning Program began intensive post-
partum and post-abortion recruitment in Singapore, there was a perfora-
tion rate as high as 0.8%. These events, which occurred over 15 years
ago still influence acceptance of IUD in the area.

Multicenter studies have also shown very large differences in device per-
formance between centers in different countries, once again stressing the
overall importance of the ciinical factor. Ffor this reason, work aimed
at identifying women at high risk for intrauterine contraception should
be considered of paramount importance. Wheeler has attempted, through a
computer progrem, to preselect subjects more likely to discontinue IUD
use because of complications. If such women could be identified and
advised to use other forms of contraception, a major improvement of the
overall acceptability will probably result.

Finally, proper training of medical personnel will also result in a low-

ering of the incidence of procedural errors and in a better overall
method performance.
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UTERINE GEOMETRY AND IUD PERFORMANCE
Harrith M. Hasson

The quality of IUD performance is essentially determined by the
dynamic interaction between the geometric parameters of the host uterus
and those of the resident device. The clinical outcome of intrauterine
contraception in a particular patient is also influenced by other char-
acteristics of the intrauterine contraceptive device system, the patient

as well as the provider.

UTERINE GEOMETRY AND FUNCTIONAL CHARACTERISTICS

The human uterus is composed of three distinct segments with different
anatomic and functional characteristics: an upper endometrial fundal
segment, an intermediate isthmic zone and a lower cervical segment,
There is general agreement concerning the existence of the isthmus as a
functional sphincter found between the uterine corpus and cervix. The
uterine isthmus should be recognized as a separate entity since the em-
bryologic derivation of its muscles differs from that of the corpus and
its general anatomic and functional characteristics are also different.

Anatomic - geometric features. At cross section, the uterus is found to
be composed to three distinct geometric zones; an upper endometrial seg-
ment, having the general configuration of an isosceles trapezoid, an in-
termediate transitional isthmic zone and a lower cervical segment having
the general shape of an elliptical cylinder.
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The uterine cavity possesses a single axial and variable transverse and
anteroposterior dimensions. Normally, the cavity is a shallow space cap-
able of distention. In order to define the endometrial cavity in geome-
tric terms, it is necessary to limit its confines to the uterine space
bound inferiorly by an arbitrary horizontal line representing the level
of 12 mm uterine width, superiorly by the top of the fundus and laterally
by the lateral uterine walls. Total uterine length is differentiated
into cervical and endometrial components on the basis of this dividing
line. The axial distance between the external cervical os and the 12 mm
uterine width level is considered the effective cervical length, which
includes the isthmus. The distance between this 12 mm uterine width
level and the top of the fundus is considered the effective endometrial
length. Generally, the isthmus is defined as the area bound inferiorly
by the histologic internal os and superiorly by the anatomic internal os.
Although the 12 mm uterine width level does not necessarily identify the
exact location of the anatomic internal os, it does indicate its approxi-
mate position within the uterine cavity; the diameter of a component
sphincter does not exceed 12 mm. Thus, a geometric model of the endome-
trial cavity can be drawn with the top of the fundus representing the
superior boundary of a trapezoid, the lateral uterine walls, the sides of
the trapezoid, and the arbitrary fixed dimension of 12 mm the inferior
boundary, (Figure 1). Although hysterographic studies have occasionally
demonstrated other cavity chapes, it is believed that these shapes re-
sulted iatrogenically from uterine overdistention and/or positional and
other x-ray related distortions.

Anatomic-functional characteristics. Histologic and physiologic studies
Tndicate that the upper uterine fundal segment provides the contractile
expulsive force while the isthmus serves basically as sphincter. Schwalm
and Dubrauszky demonstrated that the greatest concentration of muscle
fibers was found in the upper segment with a progressive decrease caudal-
ly. Daels showed that the myometrium consists of two muscla layers: an
outer active and an inner passive layer. The active layer of the myome-
trium was very broad in the fundus and narrow in the isthmus; the passive
layer was arranged in the opposite way. Spontaneous motility patterns
of the outer myometrial zone exhibited consistent, strong, regular, pri-
marily rhythmic contractions; those of the inner zone displayed weak,
irregular contractions or no activity. Berhman and associates noted de-
finite fundus to cervix uterine muscle propagation waves during menstrua-
tion and Hendricks reported a great resemblance between the contractility
pattern of labor and that of menstruation.

Dynamic cyclic changes in uterine shape and size occur normally in women
during different phases of the menstrual cycle. These variations are
based on a cyclic alternating inverse tonal relationship between the
uterine fundal and isthmic segments. During menstruation, the isthmic
segment is wide, short and hypotonic. Following ovulation, it becomes
increasingly narrow, long and hypertonic. Changes in the uterine fundal
segment occur in a reverse order. Myometrial activity is most pronounced
during menses, at which time rhythmic contraction waves arise in the fun-
dus and spread to the cervix. Uterine contractions during menstruation
tend to compress the IUD and move it downwards, not upwards, as previous-
1y suggested (Figure 2). During the proliferative phase, on the other
hand, only local unsynchronized contractions are demonstrated.
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FIGURE 1. Geometric model of the uterus identifying its endometrial is-
thmic and cervical segments.

Abnormalities. Abnormal variations in uterine geometry occur as a result
of congenital or acquired lesions. Developmental anomalies proceed from
partial or complete failure of fusion of embryologic mullerian duct sys-
+*ems. During embryonic life, the mullerian duct system develops as a
pair of ducts. Subsequently, the lower portions of the ducts fuse to
form the vagina and uterus, while the upper portions become a pair of
fallopian tubes. The resulting abnormality may range from a small rudi-
mentary septum in the top of the fundus (uterus arcuatus) to complete
separation of the uterus into two compartments (uterus didelphys). In a
series of 125 hystograms performed after spontaneous abortion, I found
a 4% incidence of congenital uterine anomalies. In patients wearing
IUDs, the incidence has varied from 4% to 9%.

Leiomyomas are the most common form of acquired lesions that reduce the
uterine space available for IUD development and cause distortion of
uterine geometry. Anatomic investigations indicate that minor lesions
of the corgenital or acquired type do not change the basic geometric
shape of the endometrial cavity; however, more extensive lesions do.
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FIGURE 2. Effect of uterine contraction on an object placed in the uter-
ine cavity.

Evaluation. The current method of estimating uterine size, with a biman-
ual pelvic examination and measuring length with a conventional sound,
are not adequate for identifying uterine dimensions pertinent to IUD use.
Studies show that the measurements of the external dimensions of the
uterus do not reflect the internal dimensions of its cavity. Laboratory
examination of uterine cross-section of fresh hysterectomy specimens re-
veals that occasionally the position of the anatomic internal cervical
os extends significantly beyond the level of external junction between
uterine body and cervix. Furthermore, existing evidence indicates that
measurement of total uterine length is not predictive of endometrial
cavity length. Uterine measurements obtained in vivo with the use of
the Wing Sound, an instrument capable of differentiating total uterine
length into cervical and endometrial components, show that different
combinations of cervical and endometrial length are usually found among
patients possessing the same total uterine length (Figure 3).

The Wing Sound is essentially a pliable probe formed with expandable
wings and a scale (Figure 4). To obtain the desired information, the
sound is introduced into the uterus and used as a simple probe to mea-
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ELEVEN DIFFERENT COMBINATIONS OF CERVICAL AND ENDOMETRIAL LENGTHS NOTED IN 55 PATIENTS
WITH A TOTAL UTERINE AXIAL DIMENSION OF 7 cm

— T T —— —— T~
\\\/

NDOMETRIAL
LENGTH

CERVICAL
LENGTH

NO.OF PATIENTS 1 1 1 4 3 12 10 13 3 6 1

FIGURE 3. Various combinations of cervical and endometrial lengths in
patients with a uniform total uterine length.
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FIGURE 4. The Wing Sound II device with wing spreads of 12
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sure total uterine length. While the sound remains in the uterine cavi-
ty, the wings are extended and the sound is withdrawn until firm resis-
tance is encountered. This area indicates the approximate position of
the anatomic internal cervical os. The measured distance is identified
on the scale. This reading representing cervico-isthmic length, has to
be corrected by subtracting 1.3 cm, a factor compensating for differ-
ence in end points of the measurements. The wings are then folded and
the sound is withdrawn from the uterus. Endometrial cavity length is
obtained by subtracting the corrected cervico-isthmic length from total
uterine length. Should the sound slide out of the uterine cavity, upon
withdrawal with its wings extended, cervical incompetence is diagnosed.
Further assessments of cervical competence can be realized through
graduated adjustments of the withdrawal force and/or the use of larger
wing spreads.

The value of using the Wing Sound device was demonstrated in a study of
patients wearing three different types of IUDs; the Copper-7, tha Lippes
Loop and the Dalkon Shield. Results of the study showed a positive re-
lationship between endemetrial cavity length and lUD performance regard-
less of IUD type. The rate of IUD events increased significantly when
the length of the IUD was equal to, exceeded, or was shorier than by 2 cm
or more the length of the endometrial cavity.

Devices used to measure transverse dimensions include the Battelle uter-
ine caliper, the Kurz cavimeter, the Wang metrology device and the Wing
Sound II. The Battelle, Kurz and Wang metrology devices employ similar
concepts. Uterine travsverse dimensions are assessed by releasing two
outwardly projecting device members (arms) against the lateral uterine
walls; the distance between the tips of the device arm is transmitted
to a scale. Results of studies carried out with these instruments sug-
gest that fundal width may be narrower than previously reported.

The concept of the Wing Sound II application is based on the assumption
that the cross-sectional geometry of the endometrial cavity, as pre-
viously defined, is general!y that of an isosceles trapezoid. In this
case, it is possible to predict the specific shape of the cavity by
identifying its singular axial dimension as well as two of its transverse
diameters. Wing Sound II is essentially a pliable probe, formed with
expandable wings and a scale. The wings of this sound can be expanded
to two stable transverse dimensions of 12 and 18 mm respectively. Using
the Wing Sound II, one can measure total uterine length and establish the
insertion depth at wiiich the width of the uterine cavity matches each of
the predetermined wing spreads (Figure 5). Thus one can identify endo-
metrial cavity length, as previously described, as well as the position
of the 12 and 18 mm transverse diameters of the endometrial cavity. The
information can easily be transmitted into a geometric outline of the
endometrial cavity, using mathematical equations that define an isosceles
trapezoid. The Wing Sound II instrument and method have been tested
successfully in the laboratory, using fresh hysterectomy specimens. How-
ever, the ulitmate usefulness of the device awaits clinical confirmation.

The use of specialized metrology devices measuring uterine transverse
dimensions is expected to be associated with an appreciable degree of
discomfort as a result of increased uterine manipulation. Such measure-
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FIGURE 5. Application of the Wing Sound II. (A) Total uterine length.
(B) Mid-uterine length (13 mm width level). (C) Cervico-
isthmic length (12 wmm width level).

ments may not be tolerated by nulliparous women, without suitable anes-
thesia. In order to relieve the discomfort associated with uterine mea-
surements and IUD insertion, the author has introduced the technique of
topical anesthesia and has used it successfully since 1974, in more than
500 patients. It is firmly believed that IUD insertion and/or uterine
measurement should not be performed, especially in nulliparous women,
without the use of topical uterine anesthesia or a pcracervical block.
The technique of topical uterine anesthesia is simple and safe: 2 to 3
ml of 2% Lidocaine are injected slowly into the uterine cavity, through a
cannula formed with an acorn. The instrument is maintained in place,
either automatically with a self-holding spring-loaded device or manual-
ly, for five minutes. Uterine manipulations are then carried out as
indicated. It should be noted that topical uterine anesthesia is poten-
tially dangerous if the proper anesthetic agent, dosage or technique is
not utilized. Strict adherence to methods described in detail elsewhere
is recommended in order to maintain the safety of this new application.

It is known that the uterine cavity °s a shallow space that is capable
of being distended. None of the available metrology devices is suitable
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for estimating potential uterine cépacity, defined as degree of distensi-
bility. The uterine parameter has been evaluated with the use of an
intrauterine balloon and with specialized hysterographic techniques using
a balloon or free contrast material. The studies indicate that multi-
parous women possess a greater potential uterine capacity than nullipar-
ous women. However, it is difficult to translate degrees of intrauterine
balloon distention or amounts of injected contrast material into specific
anteroposterior dimensions of the uterine cavity. Fortunately, the need
to consider this uterine parameter in the design of IUDs has been vir-
tually eliminated by the development of medicated IUDs, where the contra-
ceptive effect is primarily dependent on the added medication rather than

the thickness or physical bulk of the device.

Hysterography, ultrasonography, hysteroscopy, uterine cast preparations
and dissection of surgical and autopsy specimens have been used to study
the uterus. Hysterography can be employed in a clinical setting to veri-
fy IUD position within the uterine cavity. However, hysterography is not
suitable for routine assessment of uterine shape or endometrial cavity
dimensions prior to IUD insertion, as the procedure is subject to various
positional and technical distortions. Over-distention of the uterine
cavity with the injected contrast material is another problem. Cost and
and patient exposure to radiation pose additional concerns. Ultrasono-
graphy has generally replaced hysterography as a means of identifying
1UD position. This technique also is not useful for routine uterine
assessment. The end point of axial measurement, the internal cervical
os, is subject to unpredictable variations related to degree of bladder
distention, length of cervix and uterine postion. Furthermore, measure-
ment of transverse dimensions of a uterus that is not gravid or other-
wise distended with fluid, is not possible without the use of an intra-
uterine device marker. Under such circumstances, the transverse dimen-
sions nf the uterus may not be easily differentiated from those of the
devica. Thus, it appears that the use of metrology devices remains the
most accurate method of uterine assessment in vivo, to date.

DEVICE GEOMETRY AND FUNCTIONAL CHARACTERISTICS

The size, shape and consistency ¢¥ an IUD jointly establish its design
profile and determine the degree of its stability within the endometrial
cavity.

Size. Custom fitting of IUDs requires knowledge of pertinent uterine
parameters including cervical length. Recognition of cervico-isthmic
length allows the health care provider to place the device exclusively
in the e~dometrial cavity, above the level of the anatomic internal cer-
vical os. It is logical to assume that IUDs that are fitted to the size
of the endometrial cavity would yield a better record of performance than
those that are inserted at random. In fact, it has been consistently
shown that significant disproportion between the length, width or thick-
ness of the IUD and the corresponding uterine parameter is associated
with an increase in IUD complications.

Disproportionately large IUDs become wedged into the uterine isthmus and/
or protrude into the cervical canal and cause endometrial injury, as well
as myometrial distention. These mechanical effects trigger clinical
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events of IUD expulsion, bleeding and pain. Disproportionately small
IUDs may not cover enough uterine area to prevent pregnancy (if the IUD
is inert), or they may gravitate downwards into the uterine isthmus and/
or cervix. Bleeding and expulsion are predictable results. Dispropor-
tionately thick IUDs may produce endometrial injury and myometrial dis-
tention and cuuse clinical problems.

Shape. The shape of an IUD is an independent geometric determinant of
TUD-uterine relations. For instance, devices possessing adaptive fea-
tures making them capable of utilizing uterine space above the tip of a
congenital fundal septum would perform reasonably well in patients with
such minor fundal anomalies. On the other hand, devices lacking perti-
nent adaptive features would be deployed entirely below the tip of the
septum. These devices are likely to become impacted in the isthmic seg-
ment or protrude into the cervix. Contraceptive efficiency is decreased
and the probability of expulsion, bleeding, pain and infection is in-
creased. Further, IUDs having adaptive features that resist descent of
the device into the lower confines of the uterus, as a result of uterine
expulsive activity, would tend to remain stable in their initial high
position of placement. Conversely, devices lacking pertinent adaptive
features are likely to be partially or completely expelled during menses.

Consistency. Adaptation of the IUD to dynamic cyclic variations in ute-
rine shape and dimensions is necessary for the maintenence of favorable
IUD-uterine relations. This is achieved through specific morphologic
features and proper compliance properties of the IUD.

GEOMETRIC FACTORS ASSOCIATED WITH IUD EVENTS

Pregnancy. In the case of inert IUDs, contraceptive efficacy appears to

e 1nversely related to bulk or surface area. Unfortunately, the greater
protection afforded by increased IUD size is frequently associated with
patient complaints of bleeding and pain. Ultimately the large IUD may be
expelled leaving the patient unprotected. The contraceptive efficiency
of medicated IUDs is essentially related to the amount found within the
endometrial cavity. Medicated IUDs located partially in the cervix may
not prevernt conception.

Expulsion. Expulsion is a function of IUD size versus endometrial cavity
size and 1UD adaption versus dynamic uterine activity. The presence of
a space-occupying lesion in the uterus, such as a fundal septal anomaly
or myoma, reduces the uterine space available for IUD deployment and in-
creases the probability of IUD expulsion and other clinical complica-
tions. Variations in uterine tolerance can modify the outcome.

Bleeding and pain. Abnormal uterine bleeding secondary to IUD use re-
sults from the mechanical effects of the device on the uterine tissues,
namely compression and ulceration. The use of devices with pointed tips
or sharp edges may cause localized penetration injuries. More extensive
damage may occur with the use of excessively large IUDs. The uterine
tissue and humoral responses to the IUD and the medication it carries are
other important determinants of this problem. Pain is probably related
to the degree of uterine distention and/or jrritation of the isthmic re-
gion by the IUD. Patient complaints of bleeding and pain are affected
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by psycholegical and socio-cultural factors and influenced by the atti-
tudes of the health care provider.

Infection. Pelvic infections do not occur with an IUD in place unless
the patient is, or has been, exposed to pathogenic organisms, usually of
the sexually transmitted type. Interference with the cervical barrier
and/or significant damage to endometrial tissues contribute to the
development of a pelvic infection with an IUD.

Perforation. Uterine perforations occurring at the time of IUD insertion
are due to inappropriate technique and/or unusual patient characteris-
tics. Perforations occurring later result from the penetration of one
or more device tips into the uterine wall. Perforations of the lateral
uterine walls are caused by devices with pointed transverse arms. Retro-
grade penetration of the isthmic or cervical segments are caused by de-
vices with a dependent vertical arm having a pointed tip.
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INTRAUTERINE RELEASE OF LEVONORGESTREL
Tapani Luukkainen,
Carl Gustaf Nilsson,
Hannu Allonen,
Maija Haukkamaa,
Juhani Toivenen

Clinical experience and research have shown that oral contraceptives
have beneficial effects on the health of the users. These benefits in-
clude a reduction in the amount of menstrual bleeding, and protection
against infection and ectopic pregnancy. Oral contraceptives have other
problems than the widely published medical side effects, however. Recent
trials have shown that oral contraceptives produce a higher pregnancy
rate than expected, particularly in young women with low motivation for
contraception and that the continuation rate of oral contraceptives is
low as it is in the United States also.

The second modern reversible contraceptive method, the IUD, has been
shown to have higher continuation rates than oral contraceptives. The
basic problems with this method are the increased amount of bleeding and
pain and the increased risk of infection.

This chapter was reprinted with permission from the editors from the
Long-Acting Contraceptive Delivery Systems. Philadelphia, Lippincott/
Harper & Row, 1983 (in press).
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Development of a levonorgestrel-releasing IUD was initiated to eliminate
some of the problems of oral and IUD contraceptives and retain some of

the benefits of both methods.

Intrauterine release of levonorgestrel

In the first clinical experiments levonorgestrel was incorporated into a
biodegradable matrix, polylactate, which released the steroid in the
uterine cavity by hydrolysis. Levonorgestrel was well absorbed from the
uterine cavity and measurable amounts appeared in the plasma. The poly-
lactate was however unevenly hydrolyzed which resulted in high plasma
levels during episodes of uterine bleeding and over a period of time
rapidly decreasing average plasma concentrations of levonorgestrel.

It was possible to obtain a matrix from which the steroid was released at
a constant rate in the uterine cavity by using a Silastic® polymer which
was impregnated with levonorgestrel. By covering the levororgestral con-
taining Silastic® with Silastic® tubing an initial burst in the release
of levonorgestrel could be eliminated.

Levonorgestrel-IUDs with a daily release of 10, 12, 20, 30, 50 and 75 ug
have been studied. The highest daily release of 5 ug and 70 ug caused
inhibition of ovulation. These high amounts of daily release could not
be achieved for longer periods of time, and therefore the use of these
devices was discontinued. The low release of 10 to 12 ug per day result-
ed in one pregnancy in a small pilot series and therefore the use of this
device was also discontinued.

The main experience is based on devices releasing 20 and 30 ug of levo-
norgestrel daily. Studies have shown that there are no merits when using
devices releasing 30 ug over those releasing 20 ug per day. The device
chosen to be used in further studies was therefore the one releasing 20
ug daily which has an effective 1ifetime of over five years.

Local effects of levonorgestrel

Histology. The levonorgestrel released by the intrauterine devices has a
pro?oung effect on the endometrium. Histologic evaluation of the effect
of levonorgestrel on the endometrial morphology has been performed by
obtaining endometrial biopsies during use of the levonorgestrel-releasing
IUD and by examining the histology of uteri surgically removed because of
uterine fibroids from women who have been using the steroid-releasing
IUD. In addition to the published results, further knowledge on the long-
term local effect of levonorgestrel has accumulated when biopsies have
been taken after up to five years of continuous use of the levonorgestrel-
IUD. The histologic appearance of the endometrium has in all cases been
very uniform regardless of the treatment time. The mucosa is thin, about
1 to 3 mm, and shows a slightly swollen stroma with pseudodecidually en-
larged cells. The endometrial glands are scarce and atrophic with an in-
active, low epithelium and no signs of mitotic activity or irregularity.
These changes can be seen throughout the endometrium and are not limited
to the superficial layers. An inflammatory reaction of leucocytic infil-
tration is also present to an extent not greater than commonly seen with
inert IUDs. The levonorgestrel released in utero causes a very strong
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suppression of the uterine endometrium. The suppression of the endome-
trium by the progestasert IUD requires longer exposure and is less uni-
form.

Tissue concentration of levonorgestrel. The concentration of levonorges-
Tral in the endometrial, myometrial, fallopian tube and fat tissue of
women using a levonorgestrel-IUD, has been determined. A comparison was
made with an oral treatment of levonorgestrel. Healthy women scheduled
for hysterectomy because of uterine fibroids volunteered for the study
and had a levonorgestrel-IUD inserted postmenstrually between 39 and 49
days prior to surgery. Tissue samples were obtained immediately after
removal of the uterus with the IUD still in place. There was no signifi-
cant difference in the plasma concentration between the orally treated
group with intrauterine treatment with levonorgestrel. A significantly
higher concentration of levonorgestrel in fat tissue was however seen in
the orally treated group than in the IUD group. In the IUD group, t e
tissue concentration of levonorgestrel in the endometrium was much higher
than in the orally treated group. This was to be expected, as the levo-
norgestrel is released directly into the endometrium. If the weight of
the different organs in which tissue concentrations have been determined
is considered, the total amount of levonorgestrel was lowest in the endo-
metrium. The daily-release of levonorgestrel from the IUDs used was 30
ug. Thus the total amount of the steroid in the endometrial tissue re-
presents only 0.6% to 2.2% of the daily releace.

The concentrations of levonorgestrel in the myometrium and fallopian tube
tissue were low and similar after oral or intrauterine administration of
levonorgestrel. The daily oral dose of levonorgestrel was ten times
higher than that of the intrauterine release of levonorgestrel.

The concentration of the cytosol progesterone receptor in human endome-
trium during the menstrual cycle has been found to be between 300 and
1500 fmol/mg of cytosol protein and the mean concentration of cytosol
progesterone receptors in human myometrium was found to be 300 to 335
fmol/my cytosul protein. The intrauterine release of levonorgestrel from
the present IUD results in tissue concentrations which are high enough to
saturate endometrial receptors. Levonorgestrel concentration in the
myometrium is however so low that the myometrial receptors are not satu-
rated with this concentration.

Bleeding patterns and ovarian function. High endometrial concentrations
of levonorgestrel do expiain the very uniform and strong suppression of
the endometrium. The suppression of the endometrium results in a signi-
ficant reduction in the amount of menstrual bleeding. This has been
demonstrated by quantitative measurements of menstrual blood loss of
women using the levonorgestrel-IUD. Studies in which the numbers of days
of bleeding and spotting are recorded, show no significant reduction in
the number of days of bleeding during the first three months of use but
a significant reduction in the number of days of bleeding after six
months of use. Determination of plasma ferritin concentrations show a
significant elevation after one year's use of the levonorgestrel-IUD as
compared with a copper-releasing IUD indicating an increase of the iron
stores.
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After one year's use of a levonorgestrel-IUD more than 10 % of the pa-
tients had no bleeding. The amenorrhea seems to be caused by local sup-
pression of the endometrium which makes the endometrium insensitive to
estrogens. Determination of the concentrations of estradiol and proges-
terone in the blood did show completely normal ovarian function in the
amenorrhoic patients. The plasma concentrations of progesterone and
estradiol show a normal cyclic ovarian function. The levonorgestrel con-
centration is low and stable. After a decline of the concentrations of
progesterone and estradiol of the third luteal phase of the treatment,
no bleeding was observed.

Clinical experience

A comparative randomized trial with a levonorgestrel-IUD and a copper-
releasing IUD, Nova-T, now covers five years. A random assignment result-
ed in a very similar age and parity distribution in women accepting the
levonorgestrel-IUD and the Nova-T. Table 1 gives the number of events
during the 36 months of observation. The number of incomplete observa-
tions also inciudes women who have had their last observation before
month 36. In this comparative trial the experience with the levonorges-
trel-releasing IUD covers more than 7000 wcman-months. The Pearl index
for the levonorgestirel-releasing IUD is extremely low, 0.16, while the
Pear] index for the Nova-T is 1.66. Table 2 gives the first segment
gross rates at 12, 24 and 36 months of use. The gross pregnancy rate for
the levonorgestrel-releasing IUD was 0.4 at 36 months which was not sig-
nificantly lower than the gross pregnancy rate for the Nova-T (p<0.09).
The net pregnancy rate of Nova-T was 3.9, which was reached during the
second year of use. During the last year there were no more pregnancies
with Nova-T. The termination rate of removals because of bleeding and
pain was quite low after three years of use. The removal rate for both
devices was around 10. The removal rate of the levonorgestrel-releasing

TABLE 1. Number of events and Pearl index of levonorgestrel-releasing
IUD (Ng-IUD) and Nova-T during three years.

tvent Ng-1UD Nova=1
Pregnancy 1 5
Expulsion 6 6
Bleeding and pain 25 14
Amenorrhea 32 0
Hormonal 18 2
Infection 0 1
Other medical : 6 2
Planning pregnancy 19 10
Other personal 12 2
Released from study 0 0
Related terminations 119 42
Total terminations 119 42
Number entering first month 281 134
Number of incomplete observations 19 16
Number of completing last month 143 76
Woman months 7279.00 3604.50
Pearl index .16 1.66
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TABLE 2. The first segment net termination rates of levonorgestrel-
releasing IUD and Nova-T at 12, 24 and 36 months.

NET RATES
12 months 24 months 36 months
Ng-IUD  Nova-T Ng-IUD  Nova-T  Ng-IUD  Nova-T

Pregnancy 0.4 3.0 0.4 3.9 0.4 3.9
Expul=ion 1.8 3.0 1.8 4.7 2.2 4.7
Bleeding and pain 6.1 3.0 8.3 7.9 9.0 11.3
Amenorrhea 2.5 0 11.6 0 11.6 0
Hormonal 1.8 1.5 5.8 1.5 6.6 1.5
Infection 0 0 0 0.8 0 0.8
Other medical 0.4 0.8 1.5 0.8 2.2 1.6
Planning pregnancy 0.4 0 4.0 7.3 7.1 8.2
Other personal 0.7 0 2.2 1.6 4.5 1.6
Released from study
Released

terminations 14.0 11.3 35.5 28.4 43.6 33.5

Total terminations

IUD because of amenorrhea was reached at the end of the second year.
Counselling of the patients and doctors resulted in no discontinuation of
the method because of this reason during the third year. In the present
study there are no infections recorded with the levonorgestrel-releasing
IUD and only one with Nova-T. Termination because of planning pregnancy
is very similar with both IUDs reflecting the same age and parity distri-
bution of women accepting the levonorgestrel-releasing IUD and the Nova-T.
The monthly cumulative net rate of pregnancy demonstrates that the preg-
nancies with Nova-T were observed mainly during the first year. The only
pregnancy with the levonorgestrel-releasing IUD occurred during the last
part of the first year. The cumuiative net rates of removals due to
bleeding and pain are very similar with both devices.

The Nova-T had slightly increased number of bleeding and spotting days
during the first month, thereafter the number is quite constant, approxi-
mately seven days per 30 day period. During the first three months the
levonorgestrel IUD had more spotting and bleeding days. Thereafter the
reduction is very dramatic and the decrease is observed until the end of
the second year, whereafter, there is a small increase in the number of
bleeding and spotting days.

During the first month after insertion, the number of hleeding are simi-
lar with Nova-T and the levonorgestrel-releasing IUD. After that there
is a sharp reduction in the number of bleeding days with the levonorges-
trel-releasing IUD until the end of the second year. During the first
two years 32 women discontinued use because of amenorrhea. It could be
that the increase in the mean number of bleeding days during the third
year of use of the levonorgestrel-IUD is due to a selection of the pa-
tients. The mean number of bleeding days in women using the Nova-T is
very constant during the three years of use.
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The women with a levonorgestrel-releasing IUD had a nigher number of
spotting days than was observed with users of Nova-T during the first
six months, thereafter the two curves run surprisingly coincidentally.

CONCLUSION

A daily intrauterine release of 20 ug of Tevonorgestrel results in very
low plasma concentrations of levonorgestrel. Because the systemic con-
centration is low, the pituitary and ovarian function is normal even in
patients who experienced amenorrhea for longer periods of tire. There-
fore, it seems that the amenorrhea is of a local nature and the endome-
trium is insensitive to circulating estradiol, because of the presence
of high local concenti-ations of levonorgestrel. A low systemic concen-
tration explains why the plasma lipoprotein profile is unaffected. In
the series which is reported here, there was no infection during the
three years use of the levonorgestrel IUD and only one infection with
Nova-T. Our larger experience covers more than 25,000 cycles and during
that time, three cases of endometritis and two cases of PID have been
recorded. Women having PID had a positive culture of gonorrhea. As can
be seen from the results of the present study, the number of days of
bleeding is significantly reduced and this increases the body iron stores
and a feeling of well-being among patients. Because of the number of
spotting days is very similar with the Nova-T and the levonorgestrelj-
releasing IUD after the first six months, it is not surprising that the
life-table rate of removal because of bleeding and pain are very similar
with both devices.

The problem with the levonorgestrel-IUDs seems to be the frequent spott-
ing during the first three months. The proper counselling of patients
diminished termination of use of the levonorgestrel-IUD during this
period. Until now our efforts to find a way to eliminate the spotting
problem have been unsuccessful but the clinical experience has shown that
this spotting is well-tolerated.

As a summary, we can state that the levonorgestrel-releasing IUD has a
very low pregnancy rate, sharply reduces the number of days of bleeding,
increases the body iron stores and gives relief from menstrual pain. The
mode of action of the levonorgestrel-releasing IUD is local. The levo-
norgestrel-releasing IUD could have a similarly protective effect against
sexually transmitted diseases as oral contraceptives. Therefore we can
conclude that the levonorgestrel-releasing IUD has the same beneficial
effects as the oral contraceptives. It reduces the amount of bleeding,
gives relief from menstrual pain and offers some protection against
sexually transmitted disease.

-172 -



SELECTED RECENT REFERENCES

1.

2.

3.

4.

6.

7.

8.

Burkman RT: Association between intrauterine device and pelvic in-
flammatory disease. Obstet Gynecol 57:269-276, 1981

Heikkila M, Nylander P, Luukkainen T: Body iron stores and patterns
of bleeding after insertion of a levonorgestrel- or copper-releasing
intrauterine contraceppive device. Contraception 26:465-474, 1982

Mishell DR, Jr: Noncontraceptive health benefits of oral steroidal
contraceptives. An J Obstet Gynecol 142:809-816, 1982

Nilsson CG, Lahteenmaki P, Luukkainen T: Levonorgestrel plasma con-
centrations and hormone profiles after insertion and after one year
of treatment with a levonorgestrel-IUD. Contraception 21:225-233,
1980

Nilsson CG, Kostiainen E, Ehnholm CH: Serum lipids and high density-
lipoprotein cholesterol in women on long-term sustained low-dose
treatment with levonorgestrel. Int J Fertil 26:135-137, 1981

Nilsson CG, Luukkainen T, Diaz J, Allonen H: Intrauterine contra-
ception with levonorgestrel: a comparative randomized clinical
performance study. Lancet 1:577-580, 1981

Nilsson CG, Haukkamaa M, Vierola H, Luukkainen T: Tissue concentra-
tions of levonorgestrel in women using a levonorgestrel-releasing
IUD. Clin Endocrinol 17:529-536, 1982

Ory HW: Ectopic pregnancy on intrauterine contraceptive devices:
New perspectives. Obstet Gynecol 57:137-144, 1981

- 173 -



LEVONORGESTREL RELEASING CONTRACEPTIVE DEVICES
S. E1 Mahgoub

In theory the IUD is close to an ideal method of contraception. How-
ever, the major difficulty with the IUD is the high incidence of removals
due to bleeding and pain. Furthermore, there is no doubt that IUD cub-
stantially increases the amount of menstrual blood loss. The development
of levonorgestrel IUDs was initiated to overcome these side effects.

Since 1973, we have tried a variety of levonorgestrel IUDs. Our results
confirm that intrauterine and intracervical levonorgestrel devices are
an effective contraceptive in humans.

I. DEVELOPMENT OF NORGESTREL IUD'S

(A) Description: The platform is a Tatum T vector with an active layer
of silicone homogenously impregnated with levonorgestrel, mounted on the
vertical 1imb of the T, and covered by inactive silastic to act as con-
troller.

(B) The in vivo and in vitro release rates were studies for devices re-
leasing 2.5, 5, 8, 10 and 15 micrograms/day. The results indicated that
all release levels were effective in fertility control. However, the 10
microgram devices revealed the best cycle control.

(C) The endometrium revealed a uniform pattern of glandular suppression
in all specimens obtained 10 to 16 weeks following insertion of NGT 10.
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FIGURE 1. The improved Ng T and mini Ng T devices.

After one year both glands and stroma were suppressed and Teucocytic in-
filtration was less marked than the one detected with copper devices.
The endometrium regained its secretory activity 2 to 4 months following
removal of the IUD.

With intracervical devices the endometrial changes were slower and com-
plete endometrial suppression was detected after 6 months of use.

(D) When intracervical devices were used, hostile mucus and negative
postcoital tests were encountered in all subjects after 3 months of use.

(E) Vaginal and cervical smears did not reveal any criteria suggestive of
malignancy. In patients using the Ng ICD cervical device, biopsies show-
ed mild leucocytic, plasma cell infiltration and reduction in number and
size of the cervical crypts. Epidermidalization and squamous metaplasia
were also encountered.

(F) Imnunologic studies revealed an increase in immunoglobulin M.
(G) There were no significant changes in body lipids among the users.

(H) The basal body temperature and serum progesterone levels indicated
that ovulation occurred in most cases with a 10 microgram releasing
device.
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(1) Menstrual blood loss for patients using T Cu 200 and NGT 10 devices
was studied and results are summarized in Figure 1.

iooldCu_T BNg_T HNI_mT

v

—

0 1 2 3
Cycles of treatment

FIGURE 2. Comparative quantitation of menstrual blood loss for Cu T 200
and Ng T devices.

II. CLINICAL PERFORMANCE

TRIAL A

Comparative study of Ng-T-10, Ng-MT-10 and TCu 200. Three hundred mul-
tiparous, non-lactating women of proven fertility, were enrolled in this
trial. All insertions were interval performed by the same clinician and
included in the trial. One hundred women were randomly assigned to each
device. The net cumulative termination rates are presented in Table 1.

(a) The continuation rates did not reveal any significant differences.

(b) No pregnancies were reported with Ng T while two pregnancies were
found with Ng MT during the first cycle of treatment.

(c) Removals for bleeding and pain for Ng T were lower than for Ng MT and
Copper T.
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(d) Removal for oligohypomenouhea were lower for T-Cu than for Ng T or Ng
MT.

The menstrual pattern. The number of days of spotting and bleeding cal-
Culatec for the different trimesters are presented in Figure 3. During
the first trimester patients using Ng T and Ng MT had a higher number of
days of spotting and bleeding. However, from the second trimester onward
Ng devices were associated with a lower number of days of spotting and
bleeding.

354 C ACu_T
300 g |BNg-T  @Bueding  OSpotting

Trimester of Treatment

FIGURE 3. Total number of bleeding and spotting for Cu T 200 (A) Ng T
(B) and Ng mT (C) during the different trimescvers of treatment.

TRIAL B

A comparitive study of T-Cu 380 Ag and Nova T Ng (20). This trial was
conducted as part of a multicenter study conducted by The Population
Council. The Nova T levonorgestrel device releases 20 micrograms per
day. Insertions were performed by different health personnel.

Cumulative event rates are presented in Table 2.
From the two studies we can conclude the following:

1. Norgestrel devices are associated with marked reduction of menstrual
blood 1oss.

2. In our experience, the retention mechanism of Tatum's T seems to be a
better vector than that of Nova T which revealed a significantly
higher expulsion rate.
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3. Devices releasing 10 microgram levonorgestrel were associated with a
better cycle control than those of 20 micrograms which were associat-
ed with high removal due to amenorrhea and oligohypomenorrhea.

TABLE 1. Cumulative event rates for T Cu 200, Ng-T and Ng-MT devices.

Cu-1200 Ng-T-10 Ng-MT-10
: % %

Event p
12 Months
Accidental pregnancy 3 0 2
Expulsion 3 | 3
Removals for B/P 9 1 7
Removals for other reasons 1 2 6
Continuation rates 84 96 82
Number of woman/months 1049 1153 1009
24 Months
Accidental pregnancy 4 0 2
Expulsion 4 2 4
Removal for B/P 14 2 11
Removal for other reasons 4 7 12
Continuation rates 74 89 n
Number of woman/months 1984 2251 1898
36 Months
Accidental pregnancy 6 0 2
Expulsion 4 2 4
Removal for B/P 18 3 14
Removal for other reasons 6 13 16
Continuation rates 66 82 64
Number of woman/months 2792 3259 2678
Primary insertions 100 100 100
TABLE 2. Cumulative event rates at 12 months.
Event TCu 380 Ag Nova T Ng 20
Accidental pregnancy 0 0.9
Expulsion 2.2 12.3
Menstrual Problems
Bleeding 7.8 4.6
011igohypomenorrhea -— 6.4
Other Medical 2.5 1.7
Infection 1.7 1.0
Planning pregnancy and other personai 4.4 2.2
Total termination 19.2 28.1
Continuation 81.8 71.9
Lost to follow-up 23 22
Woman/months 970 835
First insertion 175 165
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ANATOMICAL AND PHYSIOLOGICAL FACTORS IN THE FALLOPIAN TUBE
Carl J. Pauerstein

This chapter will focus on tubal anatomy and physiology as related
to tubal sterilization techniques. We will also consider some clinical
aspects of tubal sterilization procedures, including the concept of
reversibility.

THE ANATOMY OF THE OVIDUCT

The oviducts are paired, hollow, seromuscular organs that extend from
the superior lateral aspect of the uterine fundus to the ovaries. Each
oviduct is supported throughout its Tlength by a peritoneal fold, the
mesosalpinx, and is bordered anteriorly by the round ligament and poster-
jorly by the ovarian ligament and mesovarium. Medially, the oviduct is
attached to the uterine fundus and laterlly to the infundibular pelvic
ligament and ovary via an elongated mucosal fold, the fimbria ovarica.

The extrauterine oviduct is sheathed throughout its length by a serosal
covering consisting of a layer of loose connective tissue by a single
layer of mesothelium continuous with the mesosalpinx. Beneath the
mesothelial layer, smooth muscle fibers, distinct from those of the
tubal muscularis, are present. The connective tissue is highly vascu-
lar and contains numerous lymphatic vessels. These originate primarily
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along the mesosalpingeal border, extend parallel to the oviduct and
branch extensively, penetrating into the muscular and mucosal layers of
the oviduct.

The middle muscular layer, the myosalpinx, consists of smooth muscle
arranged in layers, the orientation of which approximates their planes
of contraction. The layers are not always clearly delineated from each
other. Toward the uterine end of the oviduct, three muscle layers are
present, an outer longitudinal layer, a prominent middle circular layer,
and an inner longitudinal layer. The outer longitudinal and middle
circular layers can be distinguished throughout the length of the oviduct.
In contrast, the inner longitudinal layer becomes discontinuous within
the distal two-thirds of the oviduct where it persists as scattered
muscle bundles within and at the base of the mucosa.

The mucosa, or endosalpinx, lines the tubal lumen. It is composed of an
epithelial layer resting upon a core «f lamia propria. The lamipropria
consists of loose connective tissue interspersed with numerous blood
vessels and lymphatic spaces bound within a collagen fiber matrix. The
mucosa is thrown into folds that project into the lumen. The height and
complexity of the folds vary among the segments of the oviduct. The
epithelium is made up predominantly of ciliated and secretory cells.
The relative proporiion of the cell types varies within different regions
of the oviduct. Ciliated cells predominate in the distal oviduct and
decrease toward the uterus whereas the inverse is true of secretory
cells. Two additional cell types are seen occasionally. Wedge or
conical shaped "peg" cells may represent depleted secretory or ciliated
cells. Round "basal" cells may be the precursors of epithelial cells.
The latter two cell types collectively represent less than 2% of the
epithelial cell population.

The length of the oviduct varies from 6 to 15 cm with 11 cm being aver-
age. Length may also vary according to the organ's state of contracti-
lity, blood flow and lymphatic drainage ~ all of which may change in
response to the organ's endocrine status. On the basis of its anatomy,

the oviduct is divided into the infundibulary, ampullary, isthmic, and
intramural segments.

The infundibulum is the short trumpet-shaped distal enlargement of the
ampulla containing the fimbriated tubal abdominal ostium. This portion
of the oviduct constitutes the normal functional connection between the
ovary and oviduct and is responsible for ovum pickup. It contains the
largest luminal diameter of any segment, up to 2 cm at its widest dia-
meter. The cone-shaped ostium opens into the abdominal cavity. The
epithelium is densely ciliated; the relative distribution of ciliated
cells approaches 70% in fertile women. Ciliary beat is toward the uter-
us, as it is in cilia throughout the oviduct. The mucosa is complexly
folded and completely fills the lumen. The myosalpinx is extremely thin.

The ampulla is the longest portion of the oviduct, constituting approxi-
mately two-thirds of its length. The lumen varies in diameter from 2 cm
at its distal end to from 1 to 2 mm at its junctions with the isthmus.
The endosalpinx is extensively folded. Numerous longitudinally oriented
folds together with extensive secondary folds collectively fill the
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entire lumen rendering it a potential space. Ciliated cells predominate
in the distal ampulla and gradually decrease in numbers towards the
jsthmus. The thin myosalpinx is wasily distended and easily collapsed.
Peritubal adhesions, even if mild, may functionally occlude the lumen.

The isthmus makes up the remaining one-third of the extrauterine ovi-
duct. The isthmic lumen is narrow, ranging in diameter from 1 to 2 mm
at its junction with the ampulla to 0.1 mm at the uterine junction. The
endosalpinx is composed of numerous low primary folds that run longitudi-
nally. They describe a cruciform cross section near the uterine end
and transition rather abruptly into the extensively folded endosalpinx
at the ampullary-isthmic junction. Secretory cells predominate over
ciliated. The isthmus is the most densely muscular segment of the extra-
uterine oviduct, with well developed longitudinal and circular muscle
layers, as described above.

The interstitial segment of the oviduct traverses the uterine wall and
is surrounded by thick myometrium. The longitudinal and circular muscle
layers of the isthmus continue into the uterus. Vascular rings accompan-
jed by uterine muscle bundles surround the intramural portion of the
oviduct. An additional inner layer of musculature is arranged in spirals
which encircle the intramural portion. The length of this segment varies
from 1 to 3.5 cm. It has a narrow lumen variously described as ranging
from "hairlike" to several millimeters in diameter. The path described
may be straight or tortuous. As the endometrial cavity is approached,
the lumen enlarges to terminate in the funnel-shaped uterine ostium.
The mucosa lining this segment is more densely ciliated than that of the
isthmus and is of a type intermediate between that of the endometrium
and that of the oviduct. Mucosal folds are few in number, are longitu-
dinally arranged and become continuous with the endometrial mucosa.

Blood Supply

The oviduct is a well vascularized organ. The blood supply is derived
from the uterine and ovarian arteries. A major branch of each artery
anastomoses giving rise to reduplicated vascular arcades. The magni-
tude of the contribution of the ovarian and uterine blood vessals 1> the
oviduct may vary between individuals. The most commonly described pattern
is that in which the uterine artery and its branches perfuse the inter-
stitial and medial two-thirds o the oviduct, whereas the ovari¢ artery
supplies the distal oviduct. The ability of the tube to st;voregulate
its blood supply can lead, under extreme instances, to either the ovarian
or uterine artery alone supplying the entire oviduct. Venous drainage
follows the arterial supply. Venous plexuses are present in the endosal-
pinx, myosalpinx and serosal layers. The three plexuses br:ome confluent
in the serosa and drain into extrinsic veins associated with the ovarian
and uterine arteries.

Lymphatic Drainage

The oviduct contains a well-developed system of lymphatic vessels, more
extensive in the isthmic region than in the ampullary segment. Lympha-
tic networks drain the endosalpinx, the myosalpinx and the serosa. Upon
merging from each region, the lymphatic vessels combine to enter the
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mesosalpinx and to drain into the para-aortic nodes.

TUBAL PHYSIOLOGY

The primary function of the oviduct is transport, initially to simultan-
eously convey the ovum and spermatozoa in opposite directions, then to
transport the developing embryo into the uterus. A second important
function is to furnish an appropriate milieu for gamete survival, ferti-
lization, and early embryo development.

Gamete transport through the oviduct is a complex physiologic process
which involves the conversion of metabolic into mechanical energy by
smooth muscle, ciliated, and secretory cells. The relative importance
of each of these components is not known. It is probably that there are
regional differences in the contribucion and importance of each. In the
infundibulum and ampulla with their thin myosalpinx, large lumen and
complex, densely ciliated mucosal folds, ciliary activity may be of
major importance in ovum transport with contractile activity a subordi-
nate effector. In contrast, transport through the isthmus, with its
prominent myosalpinx, narruw lumen, and sparsely ciliated endosalpinx,
appears to primarily result from contractile activity.

Tubal Contractility

Because of the arrangement of muscle fibers in layers oriented in cir-
cular and longitudinal fashion, the oviduct is capable of generating a
variety of contractile patterns, including peristaltic, antiperistaltic,
and segmental contractions. Unlike the alimentary tract, the oviduct
does not generate regular peristaltic contractions. It instead demon-
strates segmental contractions that propagate simultaneously in opposite
directions over short distances. Ovum transport therefore assumes a
discontinuous pattern of reciprocal movements in which the ovum is forced
out of areas of contraction into inactive regions. Thus, ovum transport
appears to occur in a series of random movements that, over several
days, acquire a gradual net bias toward the uterus.

The role of tubal contractility in sperm transport is less clear. Sper-
matozoa are motile and may actively participate in their transport through
the female tract. The segmental contractions of the myosalpinx may
compartmentalize the oviduct, randomly moving its contents throughout
the tube. This mechanism, in concert with the spermatozoa's innate moti-
lity, may result in spermatozoa being transported to the vicinity of the

newly ovulated ovum.

The oviduct exhibits contiricus, spontaneous activity. Complete quie-
scence never occurs. Even Guring pregnancy, when the uterus is largely
quiescent due to high levels of circulating progesterone, the oviducts
remain spontaneously active, although at a reduced rate similar to that
seen in the late luteal or early proliferative phases of the menstrual
cycle. Two peaks of contractility occur: one at the time of ovulation,
when estrogen levels are highest; the other during menstruation, when
progesterone levels are lowest. The relative refractoriness of the
oviduct to the inhibitory influence of progesterone may be important to
insure that gamete transport can proceed despite rising progesterone
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layels after ovulation.

Secretory Activity

The tube furnishes the environment for gamete survival, fertilization,
and early embryo development. Tubal fluid is a compiex derived primar-
ily from hormone-dependent secretory activity of the tubal epithelium
and selective transudation from the blood with varying contributions
from the uterus, peritoneal cavity and, in the postovulatory interval,
the ovarian follicle. Tubal secretory activity, a predominantly estro-
gen-dependent phenomenon, is antagonized by progesterone and is maximal
at the time of maximum estrogen production.

Tubai secretory cells undergo morphologic changes during the ovarian
cycle. During the early proliferative stage, under low-estrogen condi-
tions, the tubal mucosa is thin, exhibiting a low cuboidal profile.
Secretory activity is largely absent at this time. As the cycle pro-
gresses, rising estrogen levels result in progressive mucosal thicken-
ing. Secretory cells increase in height and become domed. Following
the preovulatory estrogen peak, the mucosal epithelium attains maximal
thickness. The domed, microvilli-covered apices of secretory cells
protrude into the lumen above the tips of ciliated cells, rendering
their cilia relatively inconspicuous. At ovulation, the secretory cells
discharge their contents into the lumen. During the late luteal and
menstrual phases of the cycle, the mucosa again thins, and secretory
activity stops.

Quantitative difference in secretion exists in different segments of the
oviduct. The major volume of secretions are produced by the isthmus is
the primary site of production of mucin, a product that may be of impor-
tance in sperm and aovum tranpsort.

Ciliary Activity

The ciliated cell is characterized by the presence of 250 to 300 elon-
gated, regularly arranged kinocilia at the cell apex. As noted above,
ciliated cells predominate at the level of the fimbria. Their number
diminishes somewhat in the ampulla and significantly declines in the
isthmus. As the tube enters the uterus, there is a transient increase
in the number of ciliated cells. However, this general pattern of dis-
tribution of ciliated and secretory cells may be interrupted in certain
highly localized areas in which one or the other cell type predominates.
In general, ciliated cells tend to be found in greatest numbers on the
apex and sides of mucosal folds, whereas secretory cells occupy a more
basal position.

Gilia exhibit a highly organized and synchronized pattern of contrac-
tility in which a propulsive power stroke is followed by a nonpropulsive
retracting stroke. The cilia within individual cells are arranged in
rows. The beating of cilia proceeds row by row within individual cells.
Moreover, adjacent ciliated cells exhibit synchronized metachronal in-
tegration with each other so that waves of ciliary beating proceed in
orderly fashion across large areas of endosalpinx. The rate of ciliary
beating is relatively constant except for a transient increase during
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the postovulatory period.

There is disagreement concerning specific changes in the morphology and
distribution of ciliated cells during the menstrual cycle. It appears
that human tubal epithelium does not undergo marked cyclic, estrogen-
driven ciliogenesis. Some changes, such as increase in cell size and
subcellular organization, may occur as the cycle progresses. Some re-
newal of ciliated cells does occur, but there is little evidence for the
occurrence of cyclic deciliation/reciliation or the regular transforma-
tion of ciliated into secretory cells.

MECHANISM OF GAMETE TRANSPORT

We have integrated the above observations into a tentative schema of the
mechanism of gamete transport. Following ovulation, ovum pickup occurs
via contractile and ciliary activity involving thke ovarian and tubal
mesenteries that bring the surfucce of the ovary and the fimbria into
proximity. Concurrently, spermatozoa, present in the upper vagina, have
colonized the cervix, uterine crypts and possibly the proximal isthmus.
In response to segmental contractility of the isthmus and their own
flagellar movements, sperm ascend the oviduct. Estrogeninduced secretory
activity of the isthmus mucosa and the increased height of the secretory
cells protect the sperm from the prouterine ciliary beat. The production
of thick mucin aids this process by agglutinating the cilia and by fill-
ing the isthmus lumen. The mucin plug may also enhance sperm transport
in a manner analogous to that of mid-cycle cervical mucus. The ovum,
slowly travelling down the ampulla, where secretory activity is sparse
but ciliary beating is prominent, encounters the spermatozoa &nd is
fertilized. During the fertilized ovum's three-day sojourn in the ovi-
duct, increasing progesterone levels clear the isthmic lumen of mucin
and cause retraction of the secretory cells, enabling the prouterine
accelerated beat of the isthmic cilia to assist the pro-uterine segnental
contractions of the tube in propelling the developing eniryo through the
isthmus into the uterus. '

STERILIZATION PROCEDURES

With this background, let us attempt to ascertain which regions of the
tube are critical to normal fertility.

Fimbriae

Tubal fimbriae function is a highly specialized and indispensable com-
ponent of the ovum pick-up mechanism. Cohen described seven patients
with idiopathic infertility whose major clinical finding was elungation
of the fimbria ovarica greater than 4 cm. During a 12-month period of
exposure to conception prior to surgery, only one patient conceivcd.
The remainder underwent surgical plication of the fimbria ovarica and
round ligaments to bring the fimbria in normal proximity to the ovaries.
Five subsequently becane pregnant. Three delivered at term and two
aborted. From these data, he concluded that the excessive length of the
fimbria ovarica had prevented the fimbria from being positioned close
enough to the ovary to affect ovum pickup.

- 185 -



Although fimbriectomy is a very reliable sterilization method, spontan-
eous failures are not uncommon due primarily to formation of tuboperi-
toneal fistulas that re-establish distal tubal patency. Reversal of
fimbriectomy sterilization has recently been reported with a pregnancy
rate of 44% after transverse salpingostomy and cuff eversion using micro-
surgical technique. Therefore, it appears that absence of the fimbriae
compromises fertility.

The ideal candidate for fimbriectomy reversal has an approximately nor-
mal length oviduct, an ampulla at least 1 cm in diameter, rugal patterns
discernible cn hysterosalpingography, and minimal peritubal adhesions.
Most notably, successful reversal appears to be associated with spontan-
eous eversion of the endosalpinx at the time of surgery, and a tendency
to form a neofimbria-like structure. All of these factors favor ovum
pick-up and are usually absent or severely compromised in patients with
hydrosalpinges.

Ampulla

The ampulla is the longest portion of the oviduct. Ampullary-ampul lary
anastomosis tends to be a among the least successful sterilization re-
versal procedures, with the exception of salpingostomy (Table 1). Be-
cause of its thin-walled anatomy, the ampulla is easily collapsed. Per-
jtubal adhesions following tuboplastic surgery, even if mild by subjec-
tive appraisal, may be sufficient to place the ampulla on tension, re-
sulting in functional occlusion of the lumen. The difficulty of accu-
rately placing anastomosis sutures to avoid the endosalpinx may also
interfere with the complex system mucosal folds, leading to partial or
complete occlusion of the lumen or to the formation of blind passages.
such architectural damage to the tube may be an important determinant in
the occurrence of ectopic pregnancy. The post-tubal surgery patient is
always at increased risk of ectopic pregnancy. The majority of tubal
ectopic implants occur in the ampulla, a logical occurrence, since fer-
tilization and early embryo development occur at this location. De-
rangement of the ovum transport mechanism or occlusion of the ampullary
lumen may allow fertilization but deny passage of the developing embryo,
with subsequent implantation in the ampulla.

TABLE 1. Restoration of fertility according to site of anastomosis.

No. of
No. of Term Pregnancy
Procedure Women Pregnancies Rate
Cornual-isthmis 19 14 74%
Cornual-ampullary 39 21 54%
Isthmic-isthmic 28 19 68%
Isthmic-ampuliary 72 40 1
Ampullary-ampullary 30 15 50%
TOTAL 188 109 58%

Data complied from Winston, Silber and Cohen, and Rock et. al.
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The importance of residual ampullary length has also been investigated.
Silber and Cohen performed microsurgical reversal of sterilization in
25 women and examined their results according to length of ampulla re-
maining (Table 2). They demonstrated a positive correlation between
length and pregnancy. However, pregnancy was possible even with only
one cm of ampulla remaining, suggesting that the length of ampulla per
se may not be critical. Instead, it appeared in their study that the
overall length of the repaired tube was of paramount importance (see

below).

TABLE 2. Relationship of length of ampulla to pregnancy.

0-1 cm 1-2 ¢cm 2-3 cm 3-4 cm >4 cm

No. of women 2 5 8 5 5
No. of pregnancies 1 2 3 4 5
Pregnancy rate 50% 40% 36% 80% 100%

From Silber and Cohen

Ampullary-Isthmic Junction (AlJ)

Gomel reported the results of microsurgery performed in 14 patients pre-
viously sterilized by the Pomeroy or Irving technique in which the AlJ
had been effectively resected. Eight of the patients experienced suc-
cessful intrauterine pregnancies. Winston reported similar findings 1in
6 of 10 patients in whom the AlJ had been removed bilaterally. It would
thus appear that removal of the AIJ compromises future fertility less
than removal of the fimbria does.

The Isthmus

Shortly after ovulation, contractile activity predominates in the dis-
tal oviduct, while the major portion of the isthmus is quicscent. This
inactive region acts as a passive "absorbing barrier" into which the
ovum tends tu migrate, since there are no contractions to push the ovunm
back to the active region. The gradual movement of this inactive region
toward the uterus during the 3-day period of ovum transport. combined
with the pro-uterine beat of cilia lining the fimbria, infundibulum and
ampulla which actively impedes net movement of the ovum toward the ovary,
thus constituting a “reflecting barrier," utlimately results in entrance
of the ovum into the uterus. In the total absence of the isthmus, both
its retardiny function, via physiologic sphincter-1ike action or guie-
scence, and its ovum transport-promoting function, via propagation of
active contractility toward the uterus, would be lost. This would be
consistent with either premature or delayed entrance of ova into the
uterus, respectively.

The clinical importance of the isthmus has not been clearly established,

- 187 -



primarily due to the lack of opportunity to examine a sufficent number
of patients seeking reversal of sterilization in whom the entire isth-
mus, including the AIJ and UTJ, had been resected. Ampullary-uterine
implantation results in about a 50% success rate.

In contrast, partial resection of the isthmus followed by isthmic-isth-
mic anastomosis yields about an 80% success rate (Table 1).

Utero-Tubal Junction (UTJ)

The report of successful pregnancy in about half of a group of patients
with bilateral proximal tubal blockage treated with bilateral uterotu-
bal implantation on the posterior aspect of the uterus suggests that the
UTJ is important if restoration of optimal fertility is to be attained.
This is strengthened ty the observation that microsuryical rates as high
as 74%. This technique, unlike implantation retains the UTJ.

Tubal Length

A minimum length of oviduct is necessary for restored fertility. The
amount of residual tube deemed necessary for successful sterilization
reversal ranges from 3 cm to 5 cm for end-tu-end anastomosis and as high
as 8 cm for salpingostomy after sterilization by fimbriectomy. Not only
is the length of tube important, but also cornualisthmic anastomosis and
isthmic-isthmis anastomosis, procedures which result in the maximum re-
sidual length of ampulla, are most successful. Pregnancy is possible
even with only 1 cm of ampulla remaining, provided that normal fimbriae
are present and that a total tubal length of 3 cm remains. When 3-4 of
tube remain, about 40% of patients achieve pregnancy and when more than
? cm of fube is present, pregnancy occurs in 4 of 5 women operated upon
Table 3).

TABLE 3.

Tubal Length (cm)

<3 3-4 4-6 >6

Total no. of patients 7 18 26 9

Pregnant 0 7 19 7

Not pregnant 7 11 7 2
Pregnancy rate 0% 39% 73% 78%

Data compiled from Silber and Cohen, Winston and Wilson

Gomel also found that the length of tube following imicrosurgical reversal
of tubal sterilization is inversely related to the length of time between
surgery and pregnancy (Table 4). Nine wcmen who conceived in the first
cycle after surgery had 5.5 cm or more of tube remaining. Thus, the cri-
tical length of residual tube for optimal results appears to be at least
3 cm. Normal fimbriae are critical to high success rates, and isthmic-
isthmic is the best site for anastomosis.
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TABLE 4. Relationship of tubal length to pregnancy.

Tubal Length

2.5 - 8.5 cm 4 cm or less

No. of women 118 36

Pregnant 76 22

Not pregnant 42 14
Normal intrauterine

Pregnancy rate 64% 61%
Mean interval between

Surgery and pregnancy

(months) 10.2 19.1

From Gomel
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SURGICAL FEMALE STERILIZATION TECHNIQUES
John J. Sciarra

Voluntary sterilization is the most widely used method by which cou-
ples control their fertility, both in the developed world and in develop-
ing countries. In only twelve years, from 1970 to 1982, the number of
couples choosing voluntary sterilization increased from 20 million to
110 million, and it is projected that by the year 2000, more than 400
million couples will have chosen sterilization.

It is unlikely that any method of fertility regulation will ever be ideal
for every couple at any given stage of their reproductive life, because
individual contraceptive needs vary considerably within a lifetime. None-
theless, female sterilization techniques have been and are being develop-
ed that meet a number of the criteria of the ideal female sterilization
procedure: that it is safe and effective, simple to perform, socially
and personally acceptable to users, inexpensive, acceptable to large
numbers of couples, applicable in an ambulatory setting with local or no
anesthesia, and is potentially reversible.

Of the various methods for surgical sterilization available to women,
tubal sterilization procedures performed by minilaparotomy or 1aparoscopy
are the most widely employed. The present review will trace the develop-
ment of the classic surgical sterilization procedures, will look at some
of the contemporary laparoscopic approaches to female sterilization, and
will consider briefly some of the most promising areas of interest for
future sterilization options.
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DEVELOPMENT OF THE CLASSICAL TUBAL STERILIZATION OPERATIONS

A historical review of surgical sterilization procedures is presented in
Table 1.

While a procedure for tubal sterilization was suggested as early as 1834,
the first such operation in the United States was not reported until
1881. The procedure, performed in Ohio by S.S. Lundgren at the time of
a cesarean section, utilized a simple suture ligation and excision of the
fallopian tube. During the late nineteenth century, many techniques for
tubal sterilization were described in the European literature. Most of
them were based on the principle of simple suryical ligation of the tube,
and were performed in conjunction with a cesarean section or in the post-
partum period.

TABLE 1. Selected chronology of tubal sterilization.

Year Scientist Event

1834 Blundell First recommendation for incision and removal of por-
tion of fallopian tube for sterilization

1881 Lundgren First tubal sterilization by siiple ligation

1910 Madlener Technique for crushing, ligatiny fallopian tube;
1919, 89 procedures, 3 deaths, no pregnancies

1924 Irving Ligation, division, and burial of proximal stump in
myoretrium; 1950, modified technique, 814 procedures,
no failures

1930 Bishop & Used Pomeroy's ligation and resection procedure; 80
Nelms sterilizations performed in original report

1934 Aldridge Temporary sterilization technique; 1 successful
reversal and subsequent pregnancy

1935 Kroener Fimbriectomy; 1969, Kroener, Jr reported 200 fim-
briectomies, no failures

1946 Uchida Ligation, resection, and burial; 1961, 5000 starili-
zations, no failures; 1976, 21,000 sterilizutions,
no failures, minimal complications

In the following section, we will describe the most important and suc-
cessful of the sterilization techniques developed by the pioneers in
this field.

Madlener. One of the sterilization techniques that received widespread
acclaim, both in the United States and in Europe, was developed in 1910
by the German surgeon Max Madlener. The technique was simple in design,
involving the elevation with a forceps of the midportion of the tube,
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creating a loop. The base of the loop was then crushed, and ligated with
nonabsorbable suture material. In practice, Madlener's technique has
resulted in a considerable number of failures, owing to recanalization
and tuboperitoneal fistula formation. In a review of the medical litera-
ture up to 1930, von Graff collected reports of 4279 Madlener steriliza-
tions, with 19 known failures (a pregnancy rate of 4.4/1000).

Irving. Another procedure that has been particularly useful for sterili-
zation immediately following cesarean section is that of Frederick C.
Irving. In 1924, in introducing the procedure, Irving wrote, "An ideal
method should be bloodless, should include divisicn between double liga-
tures, and the burying of both cut ends at as great a distance from each
other as possible.” In 1950, Irving described a modification of the
technique, and reported his experience with 814 procedures, with no fail-
ures. The Irving technique requires more time and skill to perform than
most ligation procedures, but is highly effective. Because it requires
a larger incision than other techniques, it is generally employed only
at the time of cesarean section.

Pommeroy. The most frequently performed of all suryical ligation proce-
dures is usually referred to as the Pomeroy technique, although no origi-
nal paper by Ralph H. Pomeroy describing this procedure was ever publish-
ed. The first reference to this procedure appeared in 1929, four years
after Pomeroy's death, in a paper by E. Bishop and W.F. Nelms, delivered
before the New York State Medical Society. These associates of Pomeroy
described the technique that they had first seen used by Pomeroy, who had
made no claim for originality although he had stated that he had never
seen it done. Bishop and Nelms used Pomeroy's technique to ligate and
resect the fallopian tubes of 60 women for sterilization purposes, with
no known failures.

Although the Pomeroy procedure is similar to the Madlener technique, it
differs in that the tissue is not crushed; rather, a loop of the ampul-
lary portion of the oviduct is elevated and ligated with a single strand
of absorbable suture material. Ligation and hemostasis are thus accom-
plished in one step, anc a loop of oviduct is excised. No special surgi-
cal instruments are necessary. With the dissolution of the absorbable
suture material, the proximal and distal ends of the oviduct return to
their normal anatomical position, and tubal discontinuity with blind
closure at both ends is achieved simultaneously. It is important that
absorbable suture material be utilized for this technique. The operation
has proven highly successful and is easy to teach. Today the Pomeroy
technique and its .niany variations are popular worldwide. It can be per-
formed both abdominally and vaginally.

A]dridge. In 1934, Albert H. Aldridge described a technique that he had
devised for temporary, or reversible, sterilization, which consisted of
burying the fimbrial end of the tube in a pocket beneath the peritoneum
of the broad ligament, through an incision in the anterior surface. It
should be noted that the idea of temporary sterilization by extraperito-
neally embedding the abdominal ends of the fallopian tubes was not ncw;
many earlier reports had appeared in the European literature. Proce-
dures had been devised for occluding the fimbrial ends of the tubes by
inserting them into the inguinal canals, the vagina, the anterior abdomi-
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nal wall, the uterovesical space, the musculature of the posterior and
anterior uterine wall, or the broad ligament. The Aldridge technique is
mentioned primarily because of historical interest, and although it is
rarely used today, new methcds based on this technique are being devised.

Kroener. The fimbriectomy technique was proposed by William Kroener in
7935, and consisted of double ligation of the fallopian tube with silk
sutures followed by excision of the fimbriated end of the tube. This
technique can be performed either abdominally or vaginally. In 1969,
William Kroener, Jr. reported on 200 cases of tubal sterilization using
his father's technique, with no known failures. Fimbriectomy has had
only scattered popularity, and may be complicated by hydrosalpinv forma-
tion, requiring surgical correction. Little information has been pub-
lished on the failure rates with this procedure. O0f 4300 fimbriectomies
performed in Colombo, Sri Lanka, only two women are known to have become
pregnant -- a pregnancy rate of 0.05%. Four of the sterilized women sub-
sequently underwent surgery for fertility restoration, but did not have
successful pregnancies.

Uchida. One of the most successful sterilization procedures to be de-
veloped was initially described by Hajime Uchida in 1961. This is a
more complex procedure than most but it is highly effective, in terms of
subsequent pregnarcy rates. Special instruments are required to perform
this procedure through a minilaparotomy incision. This is a destructive
procedure and the distal tube is often excised. In 1976, Uchida reported
having performed 21,000 sterilizations with no known failures and minimal
complications. Failures have been reported by others, however. The
Uchida technique is widely and effectively used in Japan and is also per-
formed on a more limited scale in the United States and other countries.

SURGICAL STERILIZATION TODAY

Surgical tubal sterilization is performed in the inmediate postpartum
period, following pregnancy termination, or as an interval operation.
Presently, the most widely used procedure, and the one generally consi-
dered the simplest and safest, is a modification of the original Pomeroy
technique, in which a 4 cm loop of the ampulla or the ampullary-isthmic
junction is isolated with a single suture or absorbable material. A 1
to 1.5 cm section of tube is then excised, providing adequate hemostasis,
as well as surgical disruption of the oviduct. With the dissolution
of the absorbable suture material, the proximal and distal ends of the
divided oviduct separate, and at the completion of the healing process,
anatomic discontinuity is achieved.

The major advantages of the Pomeroy procedure are that it is easily
taught, simple to perform, highly effective, and can be offered to pa-
tients at a minimal cost. Its acceptance rates for both puerperal and
interval sterilization are quite high. It can be performed either abdom-
inally or vaginally, and the complications are minimal. General, region-
al, or local anesthesia may be used. When performed abdominally, it is
usually performed by minilaparotomy. In the postpartum period, a small,
infra-umbilical incision is used; when performed as an interval proce-
dure, a suprapubic incision is used. The Pomeroy procedure has no major
disadvantayes.
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The reported pregnancy rate, according to figures from Family Health
International (FHI), is 3/1000 (Table 2). Using both traditional and
microsurgical techniques, reversals of the modified Pomeroy procedure
have generally been successful.

TABLE 2. Techniques of female sterilization.

Failure and/or

Tubal pregnancy rates Reversal
Technique Popularity* destruction per 1000 women potential
Uchida 1 50% none reported very poor
Fimbriectomy 1 to 2 0% 0000 mmme—- poor
Irving type 1 30  memee- poor
Laparoscopy
electrocoa- .
gulation/ 4 25%-50% 2to3 fair
division
Pomeroy type
ligation/ 5 3-4 cm 3 good
excision
Low temperature
thermal 1 to 2 lem emeee- good
coagulation
Falope-ring 3 3 cm 6 good
Spring-Tloaded 2 1 cm 20 very good
clip
Aldridge rare none signifianct excellent

* = Arbitrary scale of 1 (least popular procedure) to 5 (most common
procedure).

ENDOSCOPIC STERILIZATION PROCEDURES

Laparoscopic sterilization procedures have had wide acceptance in reccat
years. Laparoscopy was developed iu Europe at the beginning of the twen-
tieth century, and was utilized for tubal occlusion in the U.S. for the
first time in 1937. Endoscopy is particularly useful for interval steri-
lization. Endoscopic procedures fali 1into two categories: those that
employ electrocoagulation or thermal coagulation, and those that occlude
the tube mechanically, as with a silastic band or plastic/metal clip.

Electrocoagulation. Most endoscopic procedures are performed using lap-
aroscopic electroccagulation with either high frequency or bipolar cur-
rent. Unipolar current deposits the electrical energy where the tube is
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grasped by the forceps. The current travels through the patient's soft
tissues and exits by way of a ground plate in contact with another part
of the patient's body. The bipolar method differs from the unipolar sys-
tem in that the operating forceps itself carries both the active elec-
trode and the return. The current passes only through the tissue grasped
between the prongs of the forceps. Although high-frequency current is
used, it crosses only a small distance -- the thickness of the tube (1 mm
to 2 mm). Statistics compiled by the American Association of Gynecologi-
cal Laparoscopists (AAGL) indicate that the pregnancy rate following
electrocoagulation and division of the tubes is 2/1000, while the FHI
figure is 3/1000 procedures (Table 2). In addition to the complications
associated with laparoscopy and electrosurgery, the principal anatomic
disadvantage of electrocoagulation is that the amount of tissue destruc-
tion cannot be accurately quantitated or easily controlled.

Yuzpe and co-workers estimate that in their experience with a series of
2857 "“burn only" laparoscopic tubal sterilizations using unipolar elec-
trosurgical current, tney destroyed approximately one-third of the ovi-
duct. In many instances, when using electrosurgical techniques for
tubal sterilization, even wore of the oviduct is destroyed, since the
tissue destruction may extend beyond the limits of the visible lesion.

Pregnancy rates are inversely proportional to the amount of tissue des-
troyed, hence where failure rates are low -- as is the case when sterili-
zation is performed by experienced surgeons -- reanastomosis is diffi-
cult. Yuzpe and co-workers report a failure rate in their series of
0.35/1000. Frequently, only a few centimeters of infundibulum and ampul-
la remain, with the isthmus and the ampullary-isthmic junction totally
destroyed.

Thermal coagulation. Low temperature thermal coagulation provides a lap-
aroscopic approach with minimal tissue destruction. Valle has shown that
with this procedure, using a battery source to heat the sterilization
unit, an adequate end result could be achieved with destruction of only a
10-mm area of the oviduct. The chances for reversibility in this situa-
tion would undoubtedly be superior to those with electrocoagulation;
however, due to the recent development of this technique, relatively few
cases are available for analysis, and the opportunity for follow-up is
limited. By 1980, Valle reported on 570 successful sterilizations with
no failures or complications during a follow-up period of up to 4 and
one-half years.

The Silastic band technique (Falope Ring). Silastic bands, applied to
the ampulla or the ampullary-isthinic junction 2 to 3 cm from the cornual
area of the uterus, destroy up to 3 cm of oviduct by aseptic necrosis.
The end result is similar to a Madlener sterilization. The pregnancy
rate for Falope ring sterilizations, according to the latest FHI figures,
is 6/1000 (Table 2). The silastic band procedure was developed to pro-
vide a safe, simple, and effective mechanical approach to tubal sterili-
zation; it should increase the possihility of reversal without compromis-
ing effective tubal occlusion. The equipment is relatively easy to use
and maintain; thus the technique is extremely popular. Occasional pro-
blems have been reported, including transection of the tube on applica-
tion and sloughing of the loop enclosed within the ring with subsequent
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separation of the two ends.

In 1980, in a review of data from 23 countries, investigators at FHI com-
pared the experiences with three methods of female sterilization: laparo-
scopy with occlusion by the tubal bands (7053 women), minilaparotomy with
occlusion by the tubal bands (3033 women) , and minilaparotomy with occlu-
sion by the modified Pomeroy technique (5081 women). The 12-month fail-
ure rate was 6/1000 women for laparoscopy/bands and 3/1000 women for
minilaparotomy/Pomeroy. The surgical complication rate for laparoscopy/
bands (2.04%) was more than twice that for minilaparotomy/Pomeroy (0.79%).
The technical failure rate of minilaparotomy/Pomeroy was twice that of
laparoscopy/bands, but the complication and method-failure rates were
much lower. Failure and complication rates with minilaparotomy/bands

were intermediate.

Tubal clips. Mechanical tubal occlusive devices offer a promising new
development in the field of female sterilization. The spring-loaded
clip developed by Hulka is applied to the isthmic portion of the tube
about 2 cm from the cornual area of the uterus. The device has two plas-
tic jaws with interlocking teeth and is held closed by a gold-plated
stainless steel spring. It damages less than 1 cm of the oviduct by
pressure necrosis. Because of the minimal amount of tissue damage in-
volved, clip sterilizations have proved relatively easy to reverse using
microsurgical techniques. Published reports indicate a slightly higher
pregnancy rate for patients having laparoscopic spring-loaded clip -teri-
lizations than for other techniques. Recently, Hulka stated that with
the instruments and clips currently available, there is no higher risk
of pregnancy for clip sterilization than for electrocoagulation or Silas-
tic band procedures.

In 1982, in a letter to the editor of Lancet, Hulka and several other
leading investigators in this area reported the collective experience of
attempts to reverse sterilizations done with the spring-loaded clip of
the Hulka-Clemens design. There have been 85 attempts with 74 intra-
uterine pregnancies for a total success rate of 87%. These resulis
suggest that the spring clip offers a high potential for reversal compar-
ed with other methods.

sufficient information is as yet unavailable regarding plastic clips such
as those developed by Bleier.  This clip has the disadvantage of punc-
turing the mesosalpinx. One early preliminary report by Craft has point-
ed to problems with both clip design and application.

G. Marcus Filsh..:, in Great Britain, is doing extensive clinical trials
on a metal clip that he has developed, made of titanium, with silicone
rubber lining its inner surface. As the clip closes over the fallopian
tube, both the tube and the silicone rubber are compressed. As the tube
undergoes avascular necrosis and shrinks, the compressed rubber expands
to take up the dead space, thus preventing recanalization. Human trials
began in 1975, and clips of early and later design have been applied to
more than 7000 women throughout the world, for a failure rate of 3/1000.

Newer models of the clip may reduce the failure rate by as much as one-
third.
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TUBAL PLUGS

Over the past ten years, several groups of investigators have been ex-
ploring the feasibility and effectiveness of mechanically blocking the
fallopian tubes with various materials serving as plugs, with the goal
of minimal tissue damage, reversibility, and simplicity of use.

Hosseinian's UTJD. One of the most successful occlusive devices has been
developed Dy losseinian and associates, whereby uterotubal junction
(UTJD) blocking devices are hysteroscopically placed into the tubal ostia
and can subsequently be removed if reversal is desired.

Recent plugs are made of silicone rubber, varying from 7 mm to 9 mm in
length. The metallic spines fix the plug in place in the tubal opening
by penetrating the adjacent myometriui.

In animal studies, the efficacy of the device for contraception has been
100% in 21 baboons for a winimum of eight breedings. The reversibility
potential has been tested; eight of 15 baboons became pregnant after
hysteroscopic removal of the device, achieving a total of 12 pregnancies.

No side effects were noted in any of the animals, either after implanta-
tion of the devices or after their removal. The extent of tissue reac-
tion around the plugs was minimal, with no difference between the poly-
ethylene and silicone plugs. Conception after the removal of the devices
progressed normally, and the offspring were physically normal in all
aspects.

THE P-BLOCK PLUG

Brundin, in Sweden, has been working with a hydrogelic copolymerized de-
vice, designed to block the isthmic part of the oviduct. Called the
Mark 7 P-block plug, the device is a 4-mm long a'd l.2-mm wide hydrogen
body fixed on a nylon skeleton. Two-mm wide nylon "wings" prevent expul-
sion from the tube before hydratization, which requires obout 30 minutes.

The P-block, though not evaluated in animals, was tested in 35 women.
In 15 of the 35 women, bilateral occlusion was achieved on the first
attempt, and in 2 other women, a second procedure was necessary to pro-
duce successful occlusion of both tubes. One woman, who achieved satis-
factory tubal occlusion, subsequently requested removal of the device
due to bleeding. In another 15 women, the device could not be inserted
owing to anatomical factors. Four women had uterine pregnancies -- in
all cases, within 2 months after insertion.

Brundin feels that the Mark 7 P-blork does not presently constitute an
alternative to surgical sterilization, owing to the large number of cases
in which the discrepancy between th: size of the device and the uterotu-
bal orifice or other anatomical factors precluded insertion of the de-
vice. In addition, the pregnancy rate after bilateral occlusion is high.

ERB AND REED'S SILASTIC PLUGS

Erb, Reed, and their associates have been investigating the possibility
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of producing nondestructive, possibly reversible occlusion with silicone
rubber (Silastic), instilled into the fallopian tubes as a viscous liquid
through a specially designed dispenser that minimizes the danger of
intraperitoneal spillage. The silicone rubber solidifies into a soft
plug that conforms to the oviductal lumen, occluding the tube without
distorting it or adhering to the tissue.

To date, the results have established yood retention of the plugs, anti-
fertility efficacy, retrievability, oviduct-polymer compatibility, and
moderate reversibility. Serious complications other than pregnancy have
been very few. In the 965 wonen treated, 13 pregnancies have occurred
to date, all of which have been associated with failure to get proper
bilateral pluy formation. Of these, there has been only one ectopic pre-
gnancy in a fallopian tube, on the side of an improper plug.

Overall results indicate that the method can be effectively taught and
has adequate antifertility efficacy. It can be applied successfully to
an estimated 90% of properly selected patients.

HAMOU'S NYLON INTRATUBAL DEVICE

Jacques Hamou has described studies with a nylon intratubal device. The
device has an open loop at each extremity to prevent migration within the
tube or uterine cavity. The midpiece is flexible and permits negotiation
of the interstitial portion of the tube. The device is inserted without
anesthesia and seems to be well tolerated by patient volunteers. It is
presently undergoing clinical trials in France.

PRESENT TECHNIQUES IN CLINICAL SETTINGS: ACCEPTABILITY AND EFFECTIVENESS

Table 3 indicates the percent distribution of estimated users of contra-
ception worldwide. In 1982, almost one-third of couples used voluntary
sterilization to limit their fertility -- a number approximately equal
to the use of oral contraceptives and the IUD combined.

Table 4 details the frequency of various surgical approaches to female
sterilization. Of the 49,625 female sterilizations reported to the FHI
between April 1971 and June 1979, (including interval, pcstabortal and
postpartum sterilizations), laparoscopic electrocoagulation and placement
of tubal bands and clips accounted for 46.6%, with electrocoagulation
representing almost half of the total. Next in frequency of use was
laparotomy/minilaparotomy, with surgical or mechanical tubal ligation
(interval as well as postpartum or postabortion) constituting 43.3% of
the total. As anticipated, most postpartum sterilizations are performed
abdominally by ligation through a minilaparotomy incision. These data
were collected from 100 reporting centers in 27 countries, and therefore
represent the approaches being used in a variety of international family
planning services and research programs.

United States Experience. Nearly 14 million men end women in the United
States have chosen vasectomy or female sterilization for permanent pro-
tection against unplanned pregnancies. An annual survey by the Associa-
tion for Voluntary Sterilization in 1981 showed that 52% of the sterili-
zations had been accepted by women (464,000) and 48% (424,000) by men,
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s .
TABLE 3. Percent distribution of estimated contraceptive users world-
wide, by method, selected years.

METHOD 1970 1977 1982
Voluntary sterilization 13 29 33
Oral contraceptives 20 19 16
Condom 17 13 12
IUD 10 16 18
Other methods 40 23 21
TOTAL 100 100 100

TABLE 4. Female sterilization procedures reported to the FHI between
April 1971 and June 1979; figures from 100 centers in 27

countries.
Interval Post- Post-

Method sterilizations abortion partum - Total %
Culdoscopy 2,394 212 77 2,683 5.4
Colpotomy 1,183 1,084 56 2,323 4.7
Laparoscopy 18,159 3,459 1,532 23,150 46.6
Laparotomy/

minilaparotomy 7,701 1,716 12,052 21,469 43.3
TOTAL 29,437 6,471 13,717 49,625

for that year's total of 888,000. Some 14 out of every 1000 women in
their reproductive years have undergone sterilization. About 60% of the
women who request sterilization are between the ages of 25 and 34, 25%
between 35 and 44, and about 15% are younger than 25. Most steriliza-
tions are interval rather than postpartum procedures, and some 60% of in-
terval sterilizations are laparoscopic procedures.

SUMMARY AND CONCLUSION

Voluntary sterilization plays a leading role in the regulation of human
fertility, and the future of sterilization promises even iore options for
couples seeking family planning. Present methods, of which the Pomeroy
is the most frequently applied, meet many of the criteria of an ideal
method. Laparoscopic sterilization holds promise, and there are continu-
ing improvements in thermal coagulation, the Silastic band technique, and
the tubal clips, such as those being developed by Hulka and Filshie. Hys-
teroscopic and transcervicai approaches also hold promise. There is con-
siderable evidence that a large, unsatisfied demand for sterilization ser-
vices remains. Good techniques for nonsurgical female sterilization have
a number of potential wajor advantages over the current techniques, and
therefore offer considerable potential to help meet the unsatisfied need.
Since the role of any fertility regulation method results from a complex
interplay of factors, the potential of a new technology cannot be accu-
rately predicted. But improving the effectiveness, availability, and
aceptability of all contraceptive services is likely to increase their
use markedly.
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OPEN LAPAROSCOPY
Harrith M. Hasson

Numerous surgical procedures that previously required a large lapar-
otomy incision can now be performed through small incisions with the use
of laparoscopic technique. Laparoscopy has improved patient care by fre-
quently eliminating the need for exploratory laparotomy and the pain,
morbidity, recovery time and cosmetic results associated with such major
surgery. '

Although laparoscopy is considered to be a minor procedure, it is occa-
sionally associated with major complications. Many of the complications
result from the needles and sharp trocars used in conventional closed
laparoscopy. It should be noted, however, that laparoscopy by definition
does not mandate the use of these potentially dangerous instruments. Ab-
dominal distention and the introduction of the laparoscope can be easily
accomplished with the use of a mini-laparotomy technique. This variation
is called open laparoscopy. The difference between open and closed lap-
aroscopy relates exclusively to the method of abdominal entry, the se-
quence of entry-insufflation and the type of abdominal wall closure, as
outlined in Table 1. A1l other apsects of laparoscopy remain unchanged.

INSTRUMENTATION

The tray of surgical instruments needed for open laparoscopy can be easi-
ly assembled in any surgical setting. The instruments include two Allis
clamps, a knife handle with a small blade, a straight scissors, two
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TABLE 1. Conceptual differences between open and closed laparoscopy.
Point of
Difference Open Laparoscopy Closed Laparoscopy

Method of abdominal
entry

Instruments used

Sequence of abdominal
entry/distention

Type of abdominal
wall closure

Through mini-laparotomy
incision, developed
visually using standard
surgical technique.

Standard surgical instru-
ments and special laparo-
scopy cannula with blunt
obturator.

Abdominal entry precedes
distention with insuf-
flated gas.

Layer closure

With insufflation
needle, then with
sharp trocar,
utilizing a tech-
nique of blind
puncture in both
cases.

Sharp needle and
conventional
laparoscopy can-
nula, bearing
sharp trocar.

Abdominal entry
follows distention
with insufflated
gas.

Kin closure only

Kocher clamps, two small

hemostats, a dissecting tissue forceps with

teeth, and a short needle holder. Additionally, "S" shaped retractors
formed with curved and flat retracting ends were developed specifically
to expose the small operative field.

Standard laparoscopic equipment is used, with the exception of the pri-
mary cannula and pneumoperitoneum needles. The open laparoscopy cannula
is fitted with a cone-shaped sleeve that moves freely over the shaft of
the cannula. The cone is locked into position along the shaft by means
of a metal screw. A rubber cap seals the cone. V-shaped suture holders
are mounted on the instrument. A blunt obturator replaces the conven-
tional sharp trocar (Figure 1). Pneumopcritoneum needles are not used.
It is important to utilize an instrument capable of affording adequate
uterine elevation. The balloon uterine elevator cannula was developed
for this purpose. The instrument provides fundal, rather than cervical
mobilization, maintains self-sustained uterine elevation, seals the cer-
vix, distributes the force of the uterine manipulation over a wide bal-
loon surface and eliminates the need for cervical dilatation in most
patients (Figure 2).

TECHNIQUE

The patient is prepped and draped for laparoscopy in the usual manner.
Local, reyional or general anesthesia is wused, as 1is appropriate.
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FIGURE 1. Open laparoscopy cannula.

FIGURE 2. Balloon uterine elevator cannula.
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Skin incision. The skin of the lower umbilical fold is held up by two
AlTis clamps applied on the lateral aspects of the fold. A iongitudinal
incision is made in the middle of the lower umbilical fold. The incision
starts a short distance from a natural landmark of retracted skin within
the umbilicus, which identifies the area where the skin is attached firm-
1y to the underlying fascia. The incision proceeds inferiorly to the
umbilicai margin or beyond the margin, as necessary. The length of inci-
sion should be consistent with adequate exposure of the umbilical window,
a natural cleavage plane where the skin is attached to the fascia, with-
out any intervening subcutaneous adipose tissue. This will depend on
the peculiar characteristics of the ubilicus and the degree of patient
obesity, as well as the experience of the surgeon. A 2 cm incision is
adequate for most patients. Markedly obese women require a slightly lar-
ger incision.

Exposure of the deep fascia. The Allis clamps, used to hold the skin
prior to incision, are repositioned on the skin edges and used for re-
traction. The deep fascia (lines alba) is exposed by dissecting loose
connective tissue fibers, connecting skin to fascia in the upper end of
the incision, and by placing the “S" shaped retractors laterally within
the wound. The amount of tension applied to the retractors should be
equalized. Greater retention of one incision side may shift the opera-
tive field away from the midline onto the rectus muscle and lead to sub-
sequent difficulties. Retraction should be applied along a more horizon-
tal plane.

Incision of the fascia and placement of sutures. The exposed deep fascia
is grasped with a Kocher clamp and raised. A second Kocher clamp 1is
applied to the fascia above or below the first clamp. The fascia is
held forcibly upward, by means of the Kocher clamps, in order to separate
the abdominal wall from the bowel and omentum. The fascia is then in-
cised transversely between the clamps, while maintaining fascial eleva-
tion. The incision need not exceed 0.5 cm. The small fascial gap is
enlarged laterally by means of a hemostat using the Halsted spreading
maneuver. A suture is passed through each fascial edge, tagged and held
upward. The placement of fascial sutures requires the use of small
strong needles attached to sutures of adequate tensile strength in order
to prevent preakage and facilitate the procedure.

Entering the peritoneal cavity. The flat ends of the "S" shaped retract-
ors are placed within the tascial incision for further exposure. Fre-
quently, the surgeon discuvers that the peritoneum has been entered
during the previous step of the procedure. In this case, the surgeon
simply repositions the retractors inside the peritoneal gap and Tlifts
them up in order to discriminate omental from properitoneal fat. Other-
wise, the surgeon uses a small hemostat to enter the peritoneum which is
exposed and placed under tension by the retractors. The hemostat is
opened inside the peritoneal cavity and the retractor's flat end is
placed in the abdomen between the open jews of the hemostat. The hemo-
stat is removed, and a second retractor is applied on the other side.
Another option may be utilized if it is difficult to enter the peritoneum
with a hemostat as a result of increased tensile strength. In that case,
the surgeon tents and exteriorizes the peritoneum with two small hemo-
stats. The peritoneum is then incised between the hemostats and the
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edges of the peritoneum are tagged. Care must be exercised during peri-
toneal incision to avoid injury to the small bowel. The surgeon must
visualize the small bowel and/or omentum before proceeding further.

Insertion of the cannula. The cannula is prepared for insertion by ad-
justing the cone sleeve and locking it in an appropriate position on the
shaft, so as to accommodate the individual thickness of the abdominal
wall. The cannula is then gently introduced into the peritoneal cavity
betwen retractors applied to both sides of the peritoneal gap. Insertion
of the cannula must be guided by the retractors in order to avoid the
possibility of placing the cannula improperly in the peritoneal space.

Fixation of the cannula. The cannula is stabilized by gentle inward
pressure to prevent it from being dislodged into the preperitoneal space
during subsequent manipulation. The retractors are removed and the tube
carrying the insufflation gas is attached to the cannula. Gas flows
through the cannula into the abdomen. The sutures that were previously
placed into the facial edges are pulled tensely upward and threaded
snugly into the suture holders. This maneuver pulls the fascia firmly
against the cone of the cannula, providing an air-tight seal and anchor-
ing the cannula to the abdominal wall. Withdrawal of the blunt obturator
permits a more rapid flow of gas.

Performing the laparoscopic examination and manipulations. The lighted
Taparoscope is introduced through the cannula and the laparoscopic pro-
cedure is continued as planned.

Closing the abdominal incision. When the procedure is completed, the
distended abdomen 15 deflated and the cannula is withdrawn. The surgical
gap is closed in layers. To expedite closure, the fascial tag sutures
are used to approximate the fascial edges; the sutures are positioned in
parallel alignment thus presenting four ends. Two of the ends found on
one side are connected by tying a square knot. The remaining two ends
are pulled against the fascia and tied over the fascia. Additional
sutures may be placed as indicated. Subcutaneous and/or skin sutures
are then placed. Peritoneal closure is not essential.

TECHNICAL CONSIDERATIONS

Local anesthesia is particularly suitable for tubal sterilization proce-
dures where the goal is limited to tubal interruption by mechanical de-
vices or electric cautery. General anesthesia is preferred for diagnos-
tic procedure and operative manipulations. Nitrous oxide or room air
are the preferred gases for use with local anesthesia. C02 continues
to be the insufflation medium of choice for operative laparoscopy, be-
cause of the potential use of electric cautery.

Although open laparoscopy is a relatively simple operation that can easi-
1y be learned by any physician trained in abdominal surgery the procedure
does require a certain amount of expertise, due to the small size of the
operative {ield and the need for establishing an air-tight seal. Other
technical difficulties proceed from the presence of strong abdominal wall
supports and/or previous peri-umbilical surgery. Those difficulties are
minimized by adhering to the operative steps described above.
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Given comparable degrees of expertise and experience, open laparoscopy
does not require a greater amount of time to perform than closed laparo-
scopy. The cumulative time needed for satisfactory insertion of the
pneumoperitoneum needle, establishment of an adequate pneumoperitoneun
and successful introduction of the trocar is substantially equal to that
needed for the open incisional technique. Obviously, if a surgeon uses
one of the methods routinely and the other only occasionally, the more
frequently used method will require less time to perfori. Recovery time
following open laparoscopy is identical to that noted with closed 1gparo-
scopy.

Other technical comparisons between open and closed laparoscopy relate
to stability of the primary cannula and adequacy of the laparoscopic
view. In closed laparoscopy, the size of the primary incision deter-
mines the degree of stability of the cannula. If the skin incision is
made significantly larger than the diameter of the cannula, the cannula
becomes unstable during laparoscopic manipulations. Upon introduction it
slides completely into the abdomen, limiting the laparoscopic view; upon
retraction it may be withdrawn completely from the abdomen. Since the
open laparoscopy cannula is fixed to the abdominal wall, through attach-
ment to the fascia, it remains stable during laparoscopic manipulation
regardless of skin incision size. Additionally, adequate laparoscopic
view is obtained in virtually all patients with the use of the open lap-
aroscopy cannula; the degree of cannule protrusion into the abdomen is
adjusted according to the thickness of the abdominal wall. The conven-
tional cannula, lacking such an adjustment, may not completely traverse
the abdominal wall of markedly obece patients. In this case the surgeon
sees the cobweb appearance of the remaining layer(s) and may be forced
to abandon the laparoscopic approach.

ADVANTAGES OF OPEN LAPARQSCOPY

When compared to closed laparoscopy, open laparoscopy offers several dis-
tinct advantages.

Elimination of needle and trocar injuries. Review of the literature re-
veals that most abdominal organs and structures have been punctured by
pneunoperitoneum needles or sharp trocars. Insufflation of the cardio-
vascular system through needle puncture and laceration of major blood
vessels by needles or trocars may result in fatal or near fatal compli-
cations. All of the injuries associated with the use of pneumoperitoneun
needles of sharp trocars are effectively eliminated when open laparoscopy
is performed, since this procedure does not utilize such potentially dan
gerous instruments.

Fewer and less serious complications. Wound infection and small bowel
injury are two recognized complications of open laparoscopy. The risk
of bowel injury is reduced when the abdomen is opened under direct vi-
sion. Should injury to the bowel occur under such circumstances, the
problem is expected to be readily recognized and corrected. Wound in-
fection associated with open laparoscopy is minimized by avoiding ex-
cessive dissection and bacterial contamination. Existing data indicates
that there is no difference between open and closed laparoscopy, with
regard to intraoperative infection.
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Fewer contraindications. Unlike closed laparoscopy, the presence of
marked obesity, large abdominal masses or scars and/or histcry of pre-
vious abdominal surgery does not contraindicate the use of open laparo-

scopy.

Easier to learn. Our data indicate that surgeons become proficient in
open laparoscopy following a brief learniny phase which is not associated
with noticeat;e increases in complication rates. This phenomenon may be
explained by the fact that open laparoscopy utilizes standard and fami-
liar surgical techniques. On the other hand, closed laparoscopy, which
utilizes less familiar skills, generally requires a greater amount of
learning time to achieve competence.

Greater probability of success. The procedure of closed laparoscopy is
occasionally discontinued before successful visualization of the perito-
neal cavity is achieved because of one or more problems: 1) inappro-
priate placement of the needle and subsequent insufflation of gas in sub-
cutaneous tissues, fascial compartments or the onentum, causing signifi-
cant emphysema; 2) marked obesity; 3) abdominal adhesions or metastatic
masses forming compartments in the peritoneal cavity. Such failed at-
tempts are less likely to occur with open laparoscopy, since the abdomen
is entered under visual control through a naturally occurring anatomical
window and gas is insufflated only after successful entry has been con-
firmed.

Smaller probability of post-operative herniation. In closed laparoscopy,
Ihe fascial tear induced by the sharp trocar 1s not accessible and there-
fore not repaired. Post-operative incisional hernias could thus develop
through the unapproximated fascial gap. Such a complication has been
reported numerous times in literature. On the other hand, the fascial
incision in open laparoscopy is clearly accessible and easily approximat-
ed. Routine closure of the fascia should minimize the possibility of
postoperative herniation.

Alleviation of physician stress. The act of thrusting needles or sharp
Trocars blindly into a closed abdomen is associated with a certain amount
of uncertainty or anxiety. Teachers supervising trainees performing
closed laparoscopy frequently find the experience to be even more stress-
ful. Open Taparoscopy relieves the surgeon from such unnecessary stress
since the procedure involves a more familiar and more predictable surgi-
cal technique.

Other techniques for open laparoscopy. Several investigators have pro-
posed operations based on the same concept of abdominal entry, but with-
out the use of specific open laparoscopy cannula. Hale describes a drop-
in technique through the umbilicus. Grimes uses a purse string suture
placed around a standard laparoscopic cannula in the subcutaneous tissues
to prevent escape of the gas. Grundsell and Larsson prefer to carry out
finger dissection following incision with a knife. Treat uses towel
clips placed in the skin and subcutaneous tissues surrounding a standard
cannula to create a nearly air-tight seal. These procedures resemble
those undertaken by the author during the initial stages of development
of the technique. They were abandoned for specific reasons: infection,
technique difficulties, gas leakage and insufficient safety margin. One
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should not expect to perform open laparoscopy successfully without using
the instruments and techniques developed specifically for this operation.
Acquiring proper instruments, adequate instructions and a certain amount
of training is almost as essential for open laparoscopy as it is for con-
ventional closed laparoscopy.
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LONG-TERM SEQUELAE OF FEMALE STERILIZATION
Samir E1 Sahwi,
Mohamed Rocca

The immediate problems following surgical sterilization are well do-
cumented in the literature but later complications and sequelae are less
clearly defined and are still the subject of great contrcversy.

In 1951, Williams et al indicated that tubal ligation may be followed by
late sequelae mainly in the form of heavy periods and pelvic pain. Since
then, reports have emerged from all over the world emphasizing that the
mortality rate following tubal ligation is almost morbidity, and that the
operation is not infrequently followed by a group of symptoms collective-
1y called “The post ligation syndrome".

Today, and after the passage of over thirty years, this syndrome is still
an enigma that is not clearly defined. Thus while some researchers iden-
tify the "Post tubal sterilization syndrome" as a definite and important
sequela of sterilization, others still question whether such a syndrome
really exists.

Several confounding and methodological points render the study of such
problems difficult. The effect of discontinuing the use of oral contra-
ceptives or intrauterine devices and the changes attributable to abortion
or delivery have to be considered. The normal changes that occur with
the passage of time, and the difficulty in finding suitable control
groups should also be accounted for.
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Many of the symptoms included in the syndrome were assessed subjectively
and in most of the reports the data were collected retrospectively. As
the interval between sterilization and the onset of complaints increases,
it becomes increasingly difficult to implicate the sterilization proce-
dure. Instead, many gynecological illnesses are more likely to reflect
the advancing age of the woman.

The following symptoms constitute the post ligation syndrome:

Menstrual disorders

The occurrence of menstrual disorders following tubal ligation was docu-
mented by many workers. They are considered the most common sequelae of
sterilization. However, the incidence of this symptom varied from one
report to another. Thus while it was denied complietely in some recent
reports, a high incidence of above 50% was mentioned previously.

The most common menstrual disorder encountered following sterilization is
menometrorrhagia. Figures of 25-51% were mentioned that seemed to be
much higher than what is expected in the general female population. When
it occurs, it usually starts six months after the operation.

The importance of this disturbance lies in the fact that most reports in-
dicated that surgical treatment in the form of dilatation and curretage
or even hysterectomy is needed in a great number of patients.

Other forms of menstrual disorders were also reported, e.g. dysmenorrhea,
amenorrhea and oligomenorrhea, but these are rare.

The cause of menstrual disturbances following tubal ligation is not clear-
ly defined and several theories have been put forward, however, none of
them gained universal acceptance.

Scott thought that this symptom is due to psychogenic instability after
the operation. He stated that "The threshold of symptomatic tolerance to
menstrual dysfunction becomes lower in post ligation patients because the
menstrual period is a constant reminder of the presence of a functionless
organ." Accordingly, a valid judgnent regarding a relationship between
tubal sterilization and menstrual disorders cannot be reached by the sub-
jective data in respect to flow, duration, and interval of menstrual cy-
cle.

This view was supported by different studies which objectively measured
the menstrual blood loss before and after sterilization and could not
detect any significant difference between the two measurements.

The finding of significant differences in the incidence of menstrual dis-
orders following different techniques of tubal interruption led Letch-
worth and Noble to doubt the validity of the psychogenic theory. Also,
this theory cannot explain the occurrence of amenorrhea and oligomenorr-
hea encountered in some patients.

Another view is that the post sterilization menorrhagia is due to pelvic
adhasions or the development of hydrosalpinx or pelvic varicosities after
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the procedure. Stock, however, found no relation between pelvic vari-
cosities and the incidence of post-sterilization syndrome. In addition,
hydrosalpinx and pelvic adhesions were rarely seen in cases who had
hysterectomies for the treatment of post sterilization menorrhagia.

Lu and Chan postulated that post sterilization menstrual disorders are
due to interruption of the terminal branch of the uterine artery to the
ovary, resulting in cystic degenerution and ovarian dysfunction. llowever,
no gross alterations, or microscopic changes in the ovaries could be
detected after tubal ligation (14). Also, selective ateriograms in vivo
and in vitro to sterilized patients failed to detect significant changes
in ovarian perfusion.

In sheep, removal of a uterine horn prolongs the corpus luteum function of
the ipsilateral ovary but does not affect the contralateral side. This
prolongation was thought to be due to the absence of a luteolytic sub-
stance that normally perfuses frem the uterine horn to the ovary of the
same side. In humans, a such substance could not be detected, and no
change in ovarian function had been recorded after nysterectomy. However,
infusion of prostaglandin Fy gives rise to a transien luteolytic effect.
A lack of this substance may lead to a disturbance in ovarian steroido-
genesis resulting in menstrual disturbances.

Ringrose indicated that the interruption of vascular connection between
the ovary and uterus prevents direct diffusion of estrogen and proges-
terone from the ovary to the uterus. The systemic journey necessitated
attenuates the action of the hormones chiefly because the antagonistic
effect of the liver on steroid normones. Coupled with the fragile trans-
ient nature of progesterone the uterus rarely experiences an adequate
effect from this hormore. The subsequent shedding of the endometrium is
frequently prolonged and heavy.

Studies of the hormonal profile of women after tubal ligation are also
controversial. Hyperestrinism was found by some authors. Khanna et al
found that in cases of post sterilization menstrual disorders there was
either normal or increased ovarian activity when compared to the control
group. They indicated that this increased activity may be either psycho-
logical in origin or due to a low arade inflammation.

Several cytological studies however, failed to show this persistent estro-
genic effect. To add to the controversy, Hefnawi et al found low levels
of estradiol 17B or hypoestrinism in all the women who had menstrual
disturbances following tubal ligation.

Most of the recent studies on post sterilization hormonal profile indi-
cated that there is a low progesterone level in the midluteal phase of
the cycle.

Doyle el al showed that cyclic ovarian function persistec in patients
after hysterectomy, but that the progesterone levels were often below
10 ng/ml. In such cases, the utero-ovarian blood flow has been com-
pletely severed. More recent works indicatad that the mean plasma pro-
gesterane levels in sterilized women were significantly lower than a
control group.
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Donnez et al compared the midluteal progesterone levels in patients steri-
lized by laparoscopic coagulation, by Hulka clips and a control group.
They found the same previous results in the coagulation group but failed
to detect any diminution in the Hulka clip group as compared to the con-
trol group.

To explain these findings, it has been mentioned that the ovary is invest-
ed with arterial 2ffiuents derived from both the ovarian artery and the
uterine artery. The integrity of this system is probably very important
since it has been shown in sheep that the blood flow to the ovaries was
5-6 times higher during the luteal phase. Since the arterial branches
to the ovaries that course along the mesosalpinx are vulnerable to dis-
ruption at the time of tubal ligation, the ovarian blood flow might be
affected. Naturally the extent of vascular disruption will depend on
the method of tubal interruption. The Pomeroy technique or tubal coa-
gulation are expected to cause the maximum disruption, while the new
mechanical devices as the Yoon ring and the Hulka-Clemens clip produce
minimal damage.

Alvarez-Sanchez et al found that the preovulatory LH and 178 estradiol
peaks, as well as the midluteal LH and 178 estradiol levels were signi-
ficantly lower in tubal ligation caces compared to the control group
thus indicating that tubal 1igation may also affect the pituitary ovarian
axis.

The modern view concerning the occurrence of menstrual disorders follow-
ing tubal sterilization can be represented by the recent results of a
multicenter, muitinational randomized study that was sponsored by FHI.
The investigation compared the effects of electrocoagulation and ring
application on menstrual pattern changes. It was found that the majority
of women do not experience a change in ienstrual patterns following ster-
jlization. Among women who do, about one-third to one-half of the
changes can be attributed to the discontinuation of the pill or IUD. The
remaining women experienced changes about equally in both directions
(increase or decrease 1in menses). The data suggests that if a large
group of women is studied, the menstrual patterns are in a constant state
of flux, with the proportion of women experiencing change in one direc-
tion approximately equalling the proportion of women experiencing change
in the opposite direction. Furthermore, there was no significant dif-
ference between the two methods of tubal interruption in terms of the
proportion of women who reported changes in any of their menstrual para-
meters. These results do not support the theory that states that the
greater the degree of destruction of the utero-ovarian vascular anasto-
mosis (as with electrocoagulation), the greater the amount of subsequent
menstrual pattern disturbance.

The importance of studying the problem of alteration of ovarian function
following tubal ligation is twofold. First, it can be the cause of
intractable menstrual disorders that may necessitate surgical interven-
tion. Second, ovarian dysfunction is now thought to be partly responsi-
ble for the low pregnancy rates after successful sterilization reversal
operations. Disturbance of ovarian function may lead to abnormal ovula-
tion in these cases and can be a reason for the persistent infertility
even after perfect restoration of tubal patincy.
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Pelvic pain

Pelvic pain has been reported as one symptom of post sterilization syn-
drome. Again, the incidence of pelvic pain varied greatly in different
reports.

Different types of pain were described after tubal ligation. It may be
pelvic or lower abdominal, persistent or intermittent, localized or dif-
fuse, and mild or severe. In general, all types of pain tend gradually
to decrease or disappear with time. A 6.2% rate of dysmenorrhea was
reported following sterilization, after correction for former complaints
about pain and for pill use. Also 8.7% of women complained of continuous
vague abdominal pain since sterilization.

Several explanations have been put forward to iccount for post-steriliza-
tion pain. Strangulation of a segment of the fallopian tube with ische-
mia, post-operative pelvic congestion and adhesions, tubal irration
secondary to ring application, crushing of a nerve by the clip, hydro-
salpinx, and avascular necrosis of the distal loop of the tube, have all
been mentioned. Peain might also be a manifestation of the psychological
effect of the operation.

In Lu and Chun study, secondary dysmenorrhea occurring after steriliza-
tion was experienced by 16.8% of women. The pain was either premenstrual
or intramenstrual. Abdominal pain was also experienced by 20.5% of women
but in most cases the pain was mild, amounting only to vague abdominal
discomfort without any positive pelvic findings.

One interesting type cf post sterilization pain is the intermittent pel-
vic pain that occurs in episodes and is invariably related to activity.
This pain was expiained to be due to intermittent torsion of the remain-
ing fimbriated end of the tube after ligation. The infundibul2-pelvic
ligament, the utero-ovarian ligament and their accompanying vessels and
nerves seem to be disturbed by the operation, and this favors an in-
creased incidence of torsion in the adjacent ovary or tubal fimbria.
Deshmukh et al described three cases presenting symptoms of acute abdomen
and all had twisted hydrosalpinx at emergency laparotomy. All three
patients previously had abdominal Madlener's tubal ligation.

Adenor.yosis and endometriosis were also seen in some cases of post steri-
lization abdominal pain but most probably these were not related to the
operation.

One interesting observation, however, is the occurrence of endometriotic
patches at the tip of the proximal stump of the interrupted tube. These
patches might constitute an initial nidus for the propagation of pelvic
endometriosis later on, resulting in pelvic pains.

Several disturbing reports indicate that some of the patients that
develop complications of tubal ligation (mostly menometrorrhagia) may
not respond to simple regimens of treatment and consequently may need
surgery in the form of dilatation and curettage, or even hysterectomy.
Again however, there are variations in the prevalence rate of surgical
interventions following ligation. 01d figures were high amounting to
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a 19% or even 25% rate of post sterilization hysterectomy.

More recently, Meyer indicated that 6.5% of women who have undergone
laparoscopic ring tubal sterilization needed subsequent dilatation and
curettage for dysfunctional uterine bleeding. Histologic findings in
all these cases showed no significant pathology. Also 5% of his patients
had hysterectomies since the operation. But he recognized that two-
thirds of all the patients that needed surgery had had seedling fibroids
or endometriosis at the time of the original operation.

In another study, 6.5% of the women had undergone a gynecological proce-
dure after sterilization. More than one half of them had a curettage
because of menometrorrhagia while one quarter had a hysterectomy for the
same reason. In dealing with this problem it has to be recognized that
a number of these bleeding changes are surely related to the higher in-
cidence of metropathia hemorrhagica during the menopausal years. Also,
hysterectomy may be resorted to for the retreatment of new pathologies,
e.g. fibroids, cvarian tumors or prolapse that did not exist at the time
of sterilization.

Though most of the reports indicate that the incidence of menstrual dis-
orders and pelvic pain is almost the same after different methods of
tubal interruption, it appears that fimbriectomy may be associated with
the lowest incidence of post ligation pain and menorrhagia. Also, the
transcervical techniques of tubal obliteration utilizing chemical sub-
stances appear to avoid the sequelae of pain and menorrhagia.

Failure

A rather unexpected complication of female sterilization is the occurrence
of pregnancy which after tubal sterilization is more likely to be ectopic.
This adds much to the gravity of the problem.

Pregnancy rates varying from 0% to as high as 16% were reported. Current-
ly, however, with the modern techniques of sterilization the acceptable
figure should not exceed 0.5%.

The possible explanations of pregnancy following sterilization are the
following:

1. Faulty technique of the operation, e.g. occlusion of the round liga-
ment instead of the tube, or partial occlusion of the tube leaving
a segment of its lumen patent.

2. Improper timing of the operation. If the operation is done in the
second half of the menstrual cycle, the palient might be already
pregnant and therefore the pregnancy continues after the operation.
This is referred to as "Luteal phase pregnancy".

3. Recanalization of the tube after its complete occlusion.

4. Development of tubo-peritoneal fistula.

5. Bad quality of the mechanical device ring or clip used for tubal
occlusion.

Post sterilization pregnancy rates are usually high at the inception of
programs, during training, or when there is a shift from one procedure of
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tubal interruption to another. At these times the experience of the
operating staff is limited and as they gain more command of the operation
the pregnancy rate goes down to negligible levels.

Ectopic pregnancy occurs due to partial obstruction of the fallopian tube
as a result of the tubal occluding procedure so that the narrowed lumen
can allow the passage of the tiny spermatozoa but it is too narrow for
the passage of the rather larger fertilized ovum. Therefore, the latter
remains in the fallopian tube and implants there, resulting in ectopic
pregnancy.

The overall risk of ectopic pregnancy is reduced following sterilization.
The expected lifetime rate with one ectopic pregnancy is 15.6 per thou-
sand women if they were utilizing other methods of contraception versus
2.1 per thousand women after tubal sterilization.

The risk of pregnancy being ectopic among women who had tubal steriliza-
tion however, is higher than it is among women using no contraceptives
who become pregnant. Some 5% or more of all pregnancies in women who
have been sterilized can be expected to be ectopic. This compares to
less than one percent among non-contraceptive users.

Sense of regret

The true prevalence of regret after sterilization is not known as there
is marked disagreement among various authors. The regret rate in differ-
ent reports ranges between U.6% to 20%.

With the increased publicity of sterilization and adverse reports of oral
contraceptives, younger women with small families are seekinyg tubal 1iga-
tion. It is particularly important that sterilization counselling for
such women be adequate so that the risk of subsequent regret is minimized.

Some patients show transient mood disturbances shortly after steriliza-
tion but this represents a bereavement reaction in a certain personality
type. Patients who become dissatisfied only after some time, do so be-
cause of such changes in circumstances as divorce, remarriage, or death
of a child. Other reasons are change of mind, lack of complete knowledge

about the operation or the development of complications.

Rubinstein et al aralysed the feelings of sterilized women and found
that 90% of them were satisfied, 3% were unhappy and 7% were ambivalent.
Feelings of regret were not related to the post operative complications
but appeared to be related to the reasons of sterilization. Those who
regretted the procedure chose sterilization either for financial reasons
or because they desired to discontinue their present methods of contra-
ception. It appears that reaching an ideal family size is the motiva-
tion for sterilization associated with the highest incidence of satis-
faction and lowest incidence of regret or ambivalence. This explains
the very low incidence of feelings of regret in our sterilized patients
as the motivation for sterilization in our community is almost always
completed family size. The same results are borne out by the study of
Buytaert and Viaene where the regret rate was very low (only 2 out of
322 patients). They attributed this low regret rate to various factors
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that included the following: most of the women were not under 35 years,
lack of marital problems at the time of sterilization, and finally, that
sterilization was mainly performed for contraceptive reasons, and never
during or immediately after an abortion or delivery, thus avoiding a time
of extreme emotional instability. Post partum or post abortal steriliza-
tions are followed by higher regret rates than interval sterilization.
Again it was found that 75% of women asking for reversal of sterilization
chose this method of contraception because of bad marital relations.

A recent questionnaire survey of sterilized patients has indicated that
about 80% were satisfied with the operation while 20% expressed regrets.
Strangely however, about 60% of those who regretted the operation said
they would have chosen the operation again in the same circumstances,
presumabiy accepting sterilization as their only available solution des-
pite reservations and regrets. It is interesting to note that in this
study the regret rate was 14% in women who were 30 years or over, com-
pared with 39% in women who were sterilized under 30 years of age.

The regret rate in any service should be used as a guideline to improve
future mmanagement. Proper counselling of women, explaining the nature of
the operation, the risks, effectiveness, advantages and disadvantages as
well as a comprehensive introduction to all of the alternative contra-
ceptive modalities that can be used should be clearly mentioned. Mlso
the fact that it is a permanent procedure has to be stressed. Other fac-
tors that can minimize the regret rate are the lack of early complica-
tions, low incidence of failure, and naturally minimal late sequelae.

Though some indicate that in-depth psychiatric or personality assessment
of women before sterilization might avoid operations in high risk unstab-
le women, this is no guarantee or eventual satisfaction, and is probably
impossible logistically.

Psychiatric and psychological disturbances

There are some lay beliefs deeply ingrained among people that steriliza-
tion affects the temper, causes deterioration of memory and renders the
woman less fit to work. Reviewing the literature, controversy also
exists, but in general most of the studies did not indicate that there
is rationale behind the belief that sterilization can cause psycniatric
or psychosexual disturbances.

In modern life, psychiatric upsets are very common and people tend to
link their suffering to special events in their lives. For vomen, steri-
lization, whether they are satisfied or dissatisfied with it, is a memoral
event that stands as a milestone for several changes in life.

Lu and Chun found that there were undeniably some psychological effects
of the operation, as some patients subconsciously felt that the perma-
nent loss of their reproductive function would necessarily decrease their
womanhood or femininity. The same study, however, indicated that about
one-third of the women had an improvement in sex and family life after
sterilization. Also, most of the patients felt that their temper, memory
and fitness were the same before and after sterilization.
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Cooper et al indicated that although post-operatively a small number of
patients were psychologically disturbed, dissatisfied with their sexual
relationships or regretted having the sterilization, these women had been
psychiatrically disturbed before the operation, and there is no reason
to assume they would have been less disturbed if they had not had the
operation.

Also a large prospective study has indicated that sterilization is a safe
and effective method of birth control with lTittle or no evidence of long-
term sequelae. In an analysis comparing women who had undergone tubal
sterilization with those whose husbands had undergone vasectomy, the
authors found little evidence to suggest an excess in gynecologic or psy-
chiatric disorders in the former group.

A study from Pakistan, on the other hand, indicated that although some
sterilized women did suffer psychological setbacks, no significant dif-
ferences were found between test and control groups in frequency of inter-
course or self-ratings of happiness, ability to work, or general health.
Thus it is clear that sterilization has a minor impact on the psychologi-
cal set up of women. Haturally, the adverse psychological effects of
sterilization can be lessened if clinicians and other medical support
staff take more time to explain the procedure and expected side effects
to women before the operation.

Keight gain

There is a belief that sterilization can lead to adiposity but this is
not a constant phenomenon, and change in weight in the form of increase
or decrease can occur.

In the Lu and Chun study, 83.3% of patients showed minor deviations in
weight that can be expected in the space of some years in any group of
parous women.

Bhatt et al found that considerably more women had weight gain than
weight loss after sterilization. He thinks that for developing countries
where malnutrition is a major problem especially among high parity women,
this becomes an added benefit of the procedure.

CONCLUSION

In recent years, the acceptability of sterilization has markedly increas-
ed. The large majority of women subjected to the operation are satisfied
in many respects, and regard the procedure as an ideal contraceptive mo-
dality. The increased publicity of tubal ligation calls for a critical
appraisal of the operation in an effort to assure its total safety. The
immediate post operative complications are well documented but the preva-
lence of late sequelae and complications is less clearly defined.

Since time immemorial there are lay beliefs that link femininity and the
ability to bear children. Lay people concede that tubal ligation affects
the menstrual flow, upsets the psyche and mood, changes the shape of the
body, diminishes the sexual desire, and ultimately leads to early seni-
lity.

- 218 -



Unfortunately, most of the o

1d studies have substantiated these beliefs.

These studies were mostly retrospective, uncontrolled, and subjective

questionnaires, that did not take 1
contraceptives,
the presence of pe

Recent controlled studies,
according to the previously mentioned

nto consideration the previous use of
the effect of recent pregnancy prior to the operation or
lvic pathology before or at the time of surgery.

however, that have corrected their results
factors and that assessed objec-

tively the parameters studied, have indicated that tubal 1ligation is

quite an innocuous operation wit

Such knowladge is definitel

h minimal or no late sequelae.

y needed worldwide in order for sterilization

to continue its dominant role in solving the population problem. More-

over, the complete saf
not lead to major chang
arbitrary eligibility criteria imposed
oping world that keep surgical steri

need it mnost.

SELECTED RECENT REFERENCES

1.

3.

a.

ety of the operation, and the fact that it does
es in the hunan body should help to abolish the

by many governments in the devel-
lization from those who want and

Alvarez-Sanchez F, Segal F, Segal SJ; Brache V et al: Pituitary-
ovarian function after tubal ligation. Fertil Steril 36:606, 1981

Bhiwandiwala P, Mumford S, Feldblum P:
following laparascopic sterilization:

Menstrual pattern changes
A comparative study of elec-

trocoagulation and the tubal ring in 1,025 cases. J Reprod Med

27:249, 1982

Buytaert PH, Viaene P:

Laparascopic tubal sterilization: Post

operative follow-up and late gynecological complaints. Eur J Obstet
Gynaecol Reprod Biol 10:119, 1980

Cooper P, Gath D, Fieldsend R et al:

Psychological and physical out-

come after elective tubal sterilization. Journal of Psychosomatic
Research 25:357, 1981

DeStefano F, Peterson HB, Layde PM et al: Risk of ectopic pregnancy

following tubal sterilization.

Donnez J, Wauters M, Thomas K:

zation. Obstet Gynecol 57:65, 1981

Obstet Gynecol 60:326, 1982

Luteal function after tubal sterili-

Edelman DA: Contraceptive practice and ectopic pregnancy. IPPF
Medical Bulletin 14:1, 1980

E1 Sahwi S, Abou E1-Einin M, Toppozada M et al: Changes in the men-
strual blood loss after falope ring sterilization. 383 (In press)

El Sahwi S, Riad W, Gaweesh S et al:

after falope ring.

1983 (In press)
- 219 -

Changes in vaginal cytology



]0.

11.

12.

13.

]4.

15.

E1 Sahwi S, Shaala S, Galal R et al: Tubo-ovarian changes after
laparoscopic falope ring application. 1983 (In press)

Hefnawi F, Kandil 0, E1 Tagi A et al: Hormonal profile, endometrial
study and menstrual patterns after abdominal tubal sterilization.

J Egypt Soc Obstet Gynecol V:37, 1979

Meyer JH: A five year experience with laparoscopic falope ring
sterilization. Int J Gynaecol Obstet 20:183, 1982

Rock JA, Parmley TH, King TM et al: Endometriosis and the develop-
ment of tubo-peritoneal fistulae after tubal ligation. Fertil
Steril 35:16, 1981

Rubinstein LM, Benjamin L, Kleinkopf V: Menstrual patterns and
women's attitudes following sterilization by falope rings. Fertil
Steril 31:641, 1979

Vessey M, Huggins G, Lawless M et al: Tubal sterilization: Find-
ings in a large prospective study. Br J Obstet Gynecol 90:203,

1983

- 220 -



FEMALE STERILIZATION USIHG CHEMICAL AGENTS
Ralph M. Richart

Sterilization is a highly effective means of fertility regulation
and ranks as the most popular method worldwide.

Female sterilization using conventional techniques is always a surgical
procedure requiring invasion of the peritoneal cavity. Whether ligation
or electrocoagulation of the fallopian tubes is performed by means of a
postpartum incision, a laparoscopic puncture, or a minilaparotomy, the
peritoneal cavity is exposed to potentially fatal invaders that inhabit
the nonperitoneal world, and the surgical manipulation and treatment may
cause major injuries to the abdominal viscera and blocd vessels. Morbid-
ity is difficult to avoid, especially in large series of patients, and
deaths, though rare, do occur.

Conventional female sterilization techniques cannot be offered on a broad
scale, because most procedures require the considerable training usually
possessed by a gynecologist or general surgeon.

Many family planning specialists and policy makers believe that voluntary
sterilization, because of its high effectiveness and acceptability, must

This chapter was reprinted in part with permission from the publish-
er from Research Frontiers in Fertility Regulation series, Vol. 1, No. 5,
December, 1981.
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become the mainstay of family planning programs. But conventional surgi-
cal approaches for female sterilization cannot be used in many areas of
the world. Thus, a procedure is needed that can be performed without
surgical entry of the woman's abdominal cavity, and is safe, effective,
inexpensive, simple in design, and easy to learn.

The most promising nonsurgical female sterilization approach presently
being evaluated is the transcervical introduction into the fallopian
tubes of a pharmacologically active agent to produce tubal closure. Such
a system has been sought for more than a century, and during the past two
decades, many chemical agents have been tested, some in clinical trials.

AGENTS FOR TUBAL CLOSURE

Chemical agents that have been tested for tubal blockage are numerous and
fall into several major categories: Caustic, sclerosing, granuloma=-
producing, and cytotoxic agents, acids and bases, tissue adhesives, and
agents that are not pharmacologically active.

Strong caustic agents

In 1849, Froriep reported the use of a nitric acid-coated probe, passed
transcervically on the tip of a cannula, to engage the tubal ostia and
to cauterize the tubal lumen. Over the next hundred years, a number of
caustic agents, such as silver nitrate, zinc chloride, copper sulfate,
and formalin. used alone or in combination with ethanol, were tested for
their ability to produce tubal closure in a number of animal species and
in humans.

Silver nitrate, zinc chloride, and copper sulfate all produced similar
reactions, reyardless of the species tested: Immediate, extensive necro-
sis, inflammation, and edema. The extent of injury was dose-related and
with higher doses of the agents, the entire wall of the fallopian tube
became necrotic and the animals died, presumably of chemical peritonitis.
Despite the iassive injury, however, tubal closure was rarely achieved
with these agents, and epithelial regeneration and re-establishment of
the tubal lumen were common. The tubes were usually damaged severely,
and complex intratubal adhesions simulating the follicular salpingitis
found in humans were frequent following a healing phase.

Attempts to increase the closure rates using gelfoam, sponges, gauze
strips, and surgical mesh repair materials were unsuccessful, as was the
use of granuloma-producing chemicals and other agents to potentiate the
action of these acute necrosis-producing agents.

Chronicity of exposure was important, and when silver nitrate was placed
in a slow-release vehicle, it proved to be a technically satisfactory
tube-closing agent. In human clinical trials, however, this combination
proved unsatisfactory, because it was as caustic to the peritoneal cavi-
ty as to the fallopian tube and produced a chemical peritonitis.

Formalin, alone or with ethanol, is a potent tube-closing agent and pro-
duces sclerosis of the endometrial cavity in small animals, but in clini-
cal trials, the closure rate after multiple applications was insufficient

- 222 -



to warrant continuing efforts.

Strong acids and bases

A variety of strong acids and bases have been used to treat the fallopian
tubes of animals and humans. Sulfuric acid, salicylic acid, carbolic
acid (phenol), and sodium hydroxide were all studied in the rabbit by
Richart and co-workers. Phenol was used in combination with tincture of
jodine in humans by Brazilian midwives, and in combination with a mucila-
go compound by investigators in the People's Republic of China.

These agents nad an immediate effect on the epithelium of the fallopian
tube and endometrial cavity, producing tissue destruction and both acute
and chronic inflammation. As with the strong caustic agents, the effects
were dose-related, and complete tubal necrosis could be produced with a
sufficiently high concentration of these highly active chemicals. When
delivered without a slow-release carrier, they were difficult to control
and not infrequently spilled into the peritoneal cavity, where they pro-
duced acute chemical peritonitis and necrosis of pelvic structures.
Phenol is the only agent in this group that has been used in humans, but
it is effective only in a compound that limits its accessibility to the
peritoneal cavity and apparently limits its release rate as well. When
the agent is used alone and produces acute effects, tubal damage is the
rule, but tubal closure is the exception.

Sclerosing agents

Sclerosing agents, commonly used by vascular surgeons for the oblitera-
tion of vessels, have also been applied to the endometrial cavity and
fallopian tube in an effort to produce closure. Sodium morrhuate, sotra-
decol, and sodium lauryl sulfate have all been studied in animals, and
sodium morrhuate has been used in humans as an adjunct to tubal ligation.
Sclerosing agents have not been useful in producing tubal blockade and
appedr not to be effective in producing epithelial necrosis or fibro-
biastic ingrowth.

Granuloma-producing agents

A large list of granuloma-producing agents, among them talc, asbestos,
cellobiose, silica, diatomaceous earth, beryllium nitrate, quartz, and
plant cells, have been studied in rabbits and monkeys and talc granules
were used by Ringrose in an attempt to potentiate the action of silver
nitrate in humans. These agents do produce granulomata in the wall of
the uterus or fallopian tube, but the granulomata never reach sufficient
size to produce tubal blockade, and the agents have no effect on the
epithelial lining. If they reach the peritoneal caviiy, they also pro-
duce adhesions and granulomata on peritoneal surfaces and the pelvic
viscera, a serious drawback to their use as potentiating agents in com-
bination with more effective compounds.

Cytotoxic agents

ThioTEPA and quinacrine have been studied in animals and quinacrine has
been studied extensively in humans. The mechanism of action of quina-
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crine in producing fallopian tube blockade is not known, but it appears
to be species-specific and highly dose-related. Quinacrine binds to
DNA, apparently intercalating between the coils of double-stranded nu-
cleotides at the A-T base pairs. When the quinacrine is bound to DNA,
the bound portions of the molecule are less likely to be replicated, and
synthesis of DNA, RNA, and protein decreases. Histologically, in humans
quinacrine appears to exert its effects only in the interstitial portions
of the fallopian tube, where it produces subepithelial hyalinization
and scarring, and destruction of the tubal lining epithelium. The effect
appears to be highly localized and variable, and the precise mechanism
is not known.

Cadmium, colchicine, and podophyllin have also been investigated but ap-
pear to be ineffective.

Tissue adhesives

Tissue adhesives from the cyanoacrylate series of compounds have been
studied in a number of animals and in humans and the methyl derivative
has been found to be effective in closing the fallopian tubes. Both
ethyl and isobutyl cyanoacrylate cause less local toxicity than the
methyl compound, and although both function as effective tissue adhe-
sives, the failure to produce local necrosis makes them ineffective in
closing the fallopian tubes. Gelatin resorcinal formalin (GRF) has been
studied in experimental animals and, although it produced funciional
sterility in the rabbit, at histologic examination the majority of the
tubes were patent, and GRF was not explored further.

Other agents

Although not pharmacclogically active, siiicone rubber and hot water
have also been used to close the fallopian tubes, and both are potential-
ly amenable to outpatient sterilization procedures. Silicone rubber was
first studied by Hefnawi and co-workers in rabbits and subsequently re-
examined using different formulations by Erb and co-workers and Davis and
so-workers in rabbits and monkeys. The Erb formulation has also beern
applied in humans, using a special mixing device and a specially-designed
hysteroscope for its administration. Rakshit reported human trials with
blindly delivered silicone rubber techniques. Moulding and associates
have reported the use of hot water to obliterate the tubal epithelium,
but this approach has not been used clinically. Droegemueller has de-
scribed an apparatus for producing necrosis cryotherapeutically at the
uterotubal junction of the baboon; this apparatus has also been used in
a limited clinical trial.

DELIVERY SYSTEMS

An important factor in developing a practical transcervical method of
sterilization is to find a system whereby a toxic chemical can be deli-
vered to the site where it is to produce the desired destruction without
damaging surrounding tissues. Most of the agents mentioned above are
toxic not only to the tubal epithelium, but to the peritoneum and pelvic
viscera as well. Possible exceptions are quinacrine and methylcyanoacry-
late (MCA), which seem not to be toxic in the peritoneal cavity unless
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introduced in very large amounts. Agents that produce imnediate acute
necrosis with widespread tissue damage and acute inflammation appear not
to be satisfactory for tubal closure, since their flow cannot be controi-
led. They have consistently leaked from the fallopian tube into the
peritoneal cavity, producing local or generalized peritonitis, depending
on the volume reaching the peritoneal surfaces.

Attempts to control the flow of tnese cauterizing agents, by combining
them with inert carriers or polymeric systems, have usually been unsuc-
cessful, since the agents are chemically so active that there are very
few systems with which they can be utilized. No satisfactory slow-
release system for delivering highly caustic agents has yet been devised
that produces tubal closure without undesirable or dangerous side effects.
Some of these agents would probably produce effective tubal closure, if
it were possible to combine them in a slow-release delivery system, but
efforts to develop such a system have not succeeded, ¢nd no new approach-
es are currently being studied. The problem is further compounded by
the fact that most potentially useful carriers, such as thixotropic gels
or carboxymethylcellulose, have a high viscosity that inhibits their
easy flow through the interstitial portion of the tube.

Viscosity is an important variable in considering a method for delivering
tube-closing agents, in the selection of the agents themselves, and in
the development of active agents and carriers. The uterotubal junction
is small and leads to a several-centimeter long, narrow, interstitial
tubal segment which, in turn, is contiguous with the slightly wider isth-
mic tube and the increasingly wide ampulla and fimbrial sections. Since
the tube is, for practical purposes, a fluid-filled potential space, and
since the tubal orifice can be dilated to only 1 to 2 nm mechanically,
considerable hydrostatic pressure is required tu force a fluid into the
tube for any significant distance.

Delivery is much easier with a substance of low viscosity, and becomes
increasingly difficult as viscosity increases. Substances. such as GRF
and the silver acetate/alginate mixture are difficult to work with and to
deliver using a catheter, a cannula, or other delivery technique. The
hand-held cannula described by Corfman and Taylor, the balloon-tipped
cannula systems described by Moulding and co-workers and the tube-finding
cannula developed by Battelle Laboratories, which has extendable arms
designed to form a triangle, all were unable to pump viscous materials
without being forced away from the cornua. The only systems that have
delivered tube-closing agents successfully in a reproducible fashion have
been those in which the tupal orifice is cannulated directly, or blindly,
or those in which the uterus and fallopian tubes become a closed system
and medication is forced into the tubes under pressure.

Erb and his colleagues have used a specially-designed hysteroscope to
deliver silicone rubber to the fallopian tubes, but have reported that
approximately 11% of patients cannot be treated with this system because
the geometric configuration of the uterus precludes adequate tubal cannu-
lation. If the catheter is not precisely placed in the uterotubal ori-
fice, the high pressure required to drive the silicone rubber into the
fallopian tube also causes leaking around the seal and inadequate appli-
cation of the material.
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Other agents, such as MCA and quinacrine, have also been delivered using
hysteroscopy, and the investigators reporting on these attempts have
noted similar difficulties in tubal cannulation. Although the hystero-
scope is useful in a variety of clinical applications, it is a difficult
instrument to use, service, and maintain; considerable training and
experience are required before an operator becomes skilled in its use,
and a delivery system based on hysteroscopy will probably be too compli-
cated for use either in the developing world or in most of the developed
world.

The FEMCEPT device being studied by Richart and associates uses a highly
expandable balioon as a piston to drive the MCA into the fallopian tubes,
and is capable of delivering a precisely measured volume of the material
to the tubes without the danger of peritoneal spill or the need to leave
large volumes of the chemical, which must eventually be expelled, behind
in the uterus.

The delivery systems used for quinacrine initially comprised a biind sys-
tem in which a catheter was passed transcervically to the fundus and the
quinacrine solution was gently introduced usiny a lavage techr.ique. Some
investigators used a closed system with a cervical olive, attempting to
determine whether failures occurred because the quinacrine did not reach
the fallopian tubes, or because it was inactive as a tube-blocking agent.
Subsequent studies indicated that multiple exposures to quinacrine were
more efficacious than a single acute insult and that chronic exposure was
the mc~t effective.

On the hasis of these findings, gquinacrine pellets have been devised that
can be placed in the uterus with ~i IUD inserter and left in place to
diffuse into the tallopian tubes. Whether this approach will signifi-

cantly increase the quinacrine closure rates is not yet known, but clini-
cal investigation is underway.

In"the most recently developed celivery system, the quinacrine is compres-
sed onto the tips of a T-shaped or V-shaped 1UD-like vector. The vector
is inserted into the uterine cavity, and the tips, which lie in close
proximity to the tubal ostia, theoretically enable the quinacrine to dif-
fuse slowly into the tubes, thereby producing more complete closure.

Another method of delivery being considered is the incorporation of quin-
acrine into slow-release polymers, again, to extend the diffusion time
and produce a higher rate of closure.

CLINICAL TRIALS

The only tube-closing agents that have been tested clinically in a signi-
ficant number of patients are silver-based compounds, ethanol-formalde-
hyde, quinacrine, and methylcyanoacrylate. Some of the more interesting
clinical trials are described in the following sections.

Silver-based compounds

Clinical trials, using silver nitrate compounded in a water-based cream,
were undertaken in 14 patients by Richart and co-workers. In these
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patients, the fallopian tubes were brought into the vagina through a
posterior colpotomy incision; a cannula was passed through the fimbriated
end of the tube, and the silver nitrate cream was injected under direct
vision. The tubes were then replaced in the abdomen and the vagina was
closed.

The response of the patients was carefully studied. Although all the
fallopian tubes in this series were closed, many of the patients exper-
i. iced fever, leukocytosis, and significant pelvic pain ascribed to a
chemical peritonitis. All these symptoms disappeared inder treatment,
and no long-term sequelae occurred.

Ringrose, in a separate study, used a blind cannula system to deliver
various concentrations of a silver nitrate-based compound (10%, 15%, and
20%) to the fallopian tubes of 260 patients. The closure rates were
approximately 50% with the 10% silver nitrate compound, and 70% with the
15% compound; the rate was not stated with the 20% compound. There was
apparently a significant degree of intraperitoneal spill with all three
concentrations, presumably due to the uncontrolled blind delivery system.
The clinical sequelae increased with increasing concentration of silver
nitrate: a number of patients suffered severe peritoneal signs, two had
paralytic ileus, many required hospitalization, and some suffered addi-
tional complications not reported in the original publication.

In our recent attempts to incorporate the silver ion into a polymeric
system that might be useful clinically, we found that even with a compli-
cated alginate-based mixture, migration of the silver ion into the peri-
toneal cavity could not be prevented. In a recent series using baboons
and Cebus monkeys, significant peritoneal damage and extensive necrosis
occurred, and several animals died. It would appear that silver-based
tube-closing compounds are potentially highly toxic, that further studies
using these materials as a base should be undertaken with great care,
and that thorough testing should be done before these compounds are used
in clinical trials.

Ethanol-formaldehyde

In 1972, Zipper and co-workers, in a series of 93 women, used 2 ml of a
2% solution of formaldehyde in ethanol to lavage the uterus through a
biopsy cannula. They determined tubal closure by insufflation or hystero-
salpingography. Overall, non-patency was obtained in only 54 of the 97
women (58%), and the rate of closure increased steadily with serial in-
jections. A number of women dropped out before completing the study, but
those who had six instillations had a high rate of obstruction. The
optimal number of treatments reqired to produce clinically satisfactory
results was not shown conclusively with this study. At the two-year
follow-up, 8.7% of the patients with supposed tubal closure had become
pregnant.

Mucilago phenol

A group of investigators from the People's Republic of China have report-
ed their findings with the largest series, iuvolving 3,940 women whose
fallopian tubes were treated with pharmacologically-active agents. They
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began their studies in 1970 with a phenol-based compound and modified
the administered agent through a series of trials extending through 1977.
The rate of bilateral occlusion ranged from 77.6% in the initial series
to 93.5% in the most recent series. The compound was administered using
a hand-held plastic catheter inserted through a metal tube placed at the
uterine tubal ostium. Normal saline was injected through the plastic
catheter, and if there was no back-flow, 1 ml of air was injected, fol-
lowed by 0.1 to 0.15 ml of mucilago phenol. Although the mucilago phenol
was compounded differently in each of the separate trials, the details
of the compounding are not given in the text, nor are the closure rates
of the individual trials presented. The compound used most recently
consisted of 35 ml liquid phenol, 5 g mucilago of tragacanth, 20 ml gly-
cerin, and 100 ml or less of distilied water. Tubal patency was deter-
mined by hydrotubation.

The investigators also treated lactatiny women with the agent. The rate
of successful location of both cornua was 92.8% in these women, as
opposed to 82.5% in non-lactating women, but the rate of bilateral clo-
sure was 91% in 156 lactating women, as opposed to 94.9% in 275 non-
lactating women.

A number of side effects occurred following the application of the phenol
compound. Forty percent of the women had mild lower abdominal pain and
back pain for 2 to 3 days and 1.2% were febrile. Thirty-five patients
suffered acute pelvic inflammatory disease. The minor side effects dis-
appeared spontaneously, the acute pelvic inflammatory disease was treated
symptomatically, and all patients recovered without further problems. In
three lactating women, the uterus was perforated. Nirety-six women under-
went laparotomy after tubal occlusion for reasons not related to the
sterilization procedure. Six patients developed adhesions between the
tubes and the pelvic side wall or ovary, but five of these six patients
had suffered acute inflammatory disease immediately after the operation.

The investigators followed 2,487 women for two to seven years after bi-
lateral tubxl occlusion was achieved using the hydrotubation technique.
Of these wemen, 64 became pregnant (a pregnancy rate of 2.6%). In 909
women, hydrotubation or hysterosalpingography was performed two to seven
years atter a diagnosis of bilateral tubal obstruction. Of these pa-
tients, 15 were found to have one or both tubes patent (a patency inci-
dence of 1.65%). Menstruation was unaffected.

The Chinese investigators also studied the relationship between the
length of fallopian tube that was filled with the mucilago phenol com-
pound and the rate of tubal closure, as determined by hysterosalpingo-
gram. When more than 1 cm of tube was filled, 97% of the tubes were
occluded. In contrast, if the agent was placed in the cornu alone, only
16% of the tubes were occluded.

At the time of the report, ten pregnancies had occurred, including one
ectopic pregnancy, and two women were found to have patent fallopian
tubes on hysterosalpingography. The total clinical failure rate was
0.7% after 7 years. An additional five procedures failed during years 7
to 9, making a total failure rate of 1%. There was a direct relationship
between the length of fallopian tube filled and the pregnancy rate. If
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alto2 cm portion of tube was filled, the pregnancy rate was 7.1%. If
2 to 4 cm were filled, the rate decreased to 3.3%, and when the tube was
filled to the ampullae, the rate decreased to 0.1%. There were no preg-
nancies if the entire fallopian tube was filled.

Quinacrine

Quinacrine hydrochloride has been widely studied by a number of investi-
gators. In Zipper's initial study, the quinacrine was administered as a
solution of 250 mg/2 ml, using a polyethylene catheter that was passed
transcervically and placed at the fundus. In subsequent studies, the
quantities of quinacrine were increased, and in some studies, attempts
were made to use a cervical olive to ensure that the quinacrine came in
contact with the fallopian tubes. The closure rates using quinacrine
lavage varied widely from study to study after a single application and,
with the exception of Davidson's small series, seldom exceeded 70% unless
multiple lavages were performed.

In the most recent studies, Zipper and his colleagues have compressed the
quinacrine into pellets and introduced a number of them, totaling 250 mg,
into the uterine fundus using an IUD inserter. In the initial studies,
this process was repeated three times, and a bilateral closure rate in
excess of 95% was achieved.

Laufe and associates, in addition to inserting compressed pellets into
the uterus, have fashioned V-shaped and T-shaped IUD vectors that carry
a compressed bolus of quinacrine in the tips of their arms. These arms
are thought to deploy the quinacrine in the vicinity of the tubal ostia
when the IUD is inserted into the uterus, ensuring that the quinacrine
will be diffused in the region of the fallopian tube and produce the
desired effect. Although only a few cases have been studied, the pre-
liminary results are encouraging.

Quinacrine has been used widely to treat malaria and neoplastic effusions.
Its mechanism of action in producing tubal closure is nct known, but is
thought to be related to its ability to intercalate with DNA, and to
inhibit DNA, RNA, and protein synthesis. A puzzling aspect of the quina-
crine studies has been the variability of the tubal lesions produced by
the drug. Even in patients in whom the quinacrine was applied directly
to the fallopian tubes, lesions might involve a wide area or be focal,
and some tubes were undamaged. The drug is thought not to produce local
complications in the peritoneal cavity, but has been associated with a
variety of other side effects, the most serious of which is central ner-
vous system excitation. The fact that the few patients treated with
quinacrine pellets have not experienced CNS excitation suggests that the
pellets may be a more satisfactory mode of administration.

HeA

A number of investigators have studied the effects of MCA in the fallo-
pian tubes (Table 1). MCA is an epitheliotoxic agent that releases ace-
tocyanic acid and formaldehyde upon degradation, and produces necrosis
of the tubal lining epithelium adjacent to the MCA. As the agent is
gradually degraded over a period of six weeks, an inflammatory infiltrate
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replaces the tubal epithelium and it, in turn, is replaced by young fi-
broblasts, which are gradually converted into dense scar tissue.

TABLE 1. Results of clinical trials with MCA.

STUDY/ NO. BILATERAL
REFERENCE YEAR  PATIENTS  CLOSURE(%) COMMENTS
Stevenson, Taylor 1972 12 -- Prehysterectomy
application
Stevenson 1976 34 66 HSG at 8 weeks
11 90 Reapplication of
MCA
Neuwirth, et al 1980 131 12 Closure rates of
54% to 78% in 3
series with var-
jous volumes of
MCA (0.4-0.65)
19 14 Reapplication of
MCA
Richart, Neuwirth 1981 180 80 0.6 ml MCA; modi-
fied FEMCEPT
device
19 98 Reapplication of
MCA following
patency detected
by HSG
Richart, et al. 1983 821 78 Single application
87 Two applicating 1
month apart
87 Single application
radio-opaque MCA
90 Application after

HSG failure

The largest series of MCA-treated patients studied to date has been re-
ported by a group of collaborators using the FEMCEPT device.

Approximately 850 patients have been treated by the FEMCEPT/MCA system
to date using a variety of protocols and a series of MCAs. With a sin-
gle injection of MCA, the overall bilateral tubal closure rate was 78%.
In patients who received two applications one month apart, the bilateral
clousure- rate was 87%. In patients who were retreated after having been
found to have unilateral or bilateral patency by HSG four months after
MCA application, the bilateral closure rate was 90%. Thus, in patients
retreated after an HSG confirmed failure, the theoretical bilateral clo-
sure rate was 98% (80% + 90% of 20%). A prospective series designed to
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confirm this calculation is presently underway.

It has also been possible recently to compound a radio-opaque MCA which
is more "spreadable" than prior formulations and which has other proper-
ties which are expected to enhance its tube-closing abilities. In pre=-
liminary studies of this radio-opaque formulation, there was an 87%
bilateral closure rate on a single application. Until a larger number
of patients have been studied, it will not be clear whether this formu-
lation is superior to the previously studied ones.

DISCUSSION

Certain principles have evolved from the studies of pharmacologically
active agents applied to the fallopian tubes; these principles may be
applicable to the design of future delivery techniques and tube-closing
pharmacologically-active formulations. It is evident, because of the
efficient regenerative capacity of the tubal lining epithelium, that
acute injuries, even when they are massive, routinely fail to destroy all
the epithelial cells, which may rapidly regenerate and reconstitute tubal
patency during the period of healing and reconstruction. Those agents
that are most effective in producing tubal closure are associated with a
chronic long-term effect, because of their slow degradation rates (for
example, MCA), or are released over a prolonged period of time (for
example, mucilago phenol). It is also apparent that in the absence of
chronicity, multiple applications are more effective than single applica-
tions and enhance the cumulative rate of tubal injury and closure (for
example, quinacrine in solution or ethanol-formaldehyde). Most of the
authors studying this problem at length have commented upon the necessity
of meetiny these requirements in order to produce a high rate of tubal
closure.

It has been documented in the mucilago phenol studies from the People's
Republic of China, and it was apparent in the studies of MCA done by our
group on Rhesus monkeys, that another major determinant of tubal closure
rates is the length of the fallopian tube exposed to the pharmacological-
ly active agent. This is consistent with observational data from laparo-
scopic electrocoagulation studies, in which the early attempts at closure
using coagulation alone had a high failure rate, due to the small segment
of tubal damage. As the length of injured segment was increased, tubal
closure rates increased substantially, and it is generally thought that
a 3 cm injury is optimal. It is apparent that the fallopian tube is more
easily reached during the immediate postmenstrual and early proliferative
phases of the cycle, when the thickness of the endometrium has only begun
its cylic growth, and it is probable that applications performed late in
the cycle, or when the tubes are in spasm, will result in failure. It is
also clear that there will be unavoidable failures in women with anomal-
ous uteri or with intrauterine disease, such as uterine synechiae or
submucous leiomycmata, which cannot readily be detected even by a care-
fully taken history and a pelvic examination.

The side effects of the agents that have been used to close the fallopian
tubes relate principally to the ease with which their transit through
the tube to the peritoneal cavity can be controlled, and to their local
toxicity. It is difficult to control strong acids and bases or strong
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oxidizing and reducing agents, regardless of the manner in which formula-
tion is attempted. Even when release rates are slow, the action of these
generally highly corrosive ions is so intense that their spill into the
peritoneal cavity produces serious sequelae.

The only two chemical agents for tubal closure that have been tested cli-
nically and that appear to have minimal side effects are quinacrine and
MCA. Both have been applied in a variety of settings, both produce rough-
ly comparable closure rates, and both appear to be candidates, with modi-
fications in the delivery system or the ability to monitor tubal penetra-
tion, for a clinically useful outpatient-based sterilization technique
for women. The delivery systems appear to be relatively simple and easy
to use. The rficacy must be increased in order to have the greatest
utility withou. requiring multiple applications, and a substantial number
of women must be followed for a significant period of time to determine
that there are no long-term sequelae with these systems. If these goals
can be met, it is probable that tubal blockade can be accomplished using
a safe, rapid, and relatively inexpensive outpatient procedure.
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