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- The effectiveness and incidence of use in the

United States of the various types of
contraceptives currently available are discussed.
Information about spermicidal and barrier
contraception is presented.

« The effectiveness, mechanisms of action,

676

pharmacodynamics, and endocrinologic effects of

the various types of steroid contraceptives
currently available are reviewed.
Information about the most commonly used
steroid contraceptive. the oral combination
formulations, is presented.

= Progestins given by injection as well as in
subdermal capsules are described.

w For use of these agents, data are summarized
regarding their adverse clinical and metabolic
effects as well as their neoplastic effects and
effects on future reproduction after use is
discontinued.

» Information about the various types of postcoital
contraceptive agents is presented as well as the
data involving use of the progesterone receptor
agonist mifepristone as an oral agent to induce
‘abortion in early gestation.

u The types of intrauterine devices and their
mechanisms of action as well as the adverse
effects of these contraceptive agents are
summarized.

Reversible contraception is defined as the temporary pre-
vention of fertility and includes all the currently available
contraceptive methods except sterilization. Sterilization
should be considered a permanent prevention of fertility
even though both vasectomy and tubal interruption cap
usually be reversed by a meticulous surgical procedure,
The reversible methods are also called active methods;
sterilization is also called a terminal method. A perfeet
method of contraception for all individuals is not currently
available and probably will never be developed. Each of
the various methods of contraception currently uvailahE -
has certain advantages and disadvantages. Therelore, whey |
giving advice about contraception, the clinician should
explain to the couple the advantages and disadvantages of
each method so that they will be fully informed and cun
rationally choose the method most suitable for them,

CONTRACEPTIVE USE IN THE UNITED
STATES

In 1995, it was estimated that there were 69.5 million
women between the ages of 15 and 50 years in the Unied
States, and 53 percent of them were married.' Of the ncurljf '
70 million women in the reproductive age group in the
United States in 1995, slightly more than hall used g
reversible method of contraception, about onc fourth hud
one member of the couple sterilized by tubal ligation of
vasectomy, and about one fifth used no method. Am{)ng )
the group using no method of contraception, about half hyd
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B TABLE 25-1

Contraceptive Methods Used by U.S. Women Aged 15 to 50
Years
1993 (%)

1994 (%) 1985 (%)

Orul contraceptives 25 24 26

Sterilization 27 26 24
Tubal ligation 15 15 15
Vaseetomy 13 12 10

Condom 19 19 19

Withdrawal

Rhythm

Diaphragm

Sponge

Vaginal suppository

Douche

Foam

D

Cream/jelly alone

Progestin implant

Progestin injection

Cervienl cap

Female condom/pouch

No method
Hysterectomy/menopause
Pregnant
Trying to conceive
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“Lass than | percent.
From 1995 Ortho Birth Control Survey. Raritan, NJ, Ortho Pharmacentical, 1996,

a prior hysterectomy or were pregnant, infertile, or trying
1o conceive. The other half either were not sexually active
or were having infrequent episodes of coitus or otherwise
did not believe there was a need for contraception. Thus,
about 56 million women, approximately 8() percent of those
in the reproductive age group in the United States, used
some method of contraception in 1995' (Table 25-1).

Of the nonsurgical, reversible methods of contraception,
oral contraceptives (OCs) were most popular, used by 26
percent of all women in this age group. OCs were followed
in frequency of use by the condom, withdrawal, progestin
injection, periodic abstinence, diaphragm, and spermicides
alone. The intrauterine device (IUD) and progestin im-
plants, the two most effective methods of reversible contra-
ception, were each used by less than 1 million women.

Ol women who initiated contraception in 1995, about
one third selected OCs. Of all women currently in the
reproductive age group in the United States, more than
three fourths, 77 percent, have taken OCs at some time in
their life. The average length of time of OC use by an
individual woman is 5.8 years. Condom use has increased
in the United States in the past two decades and is the
third most popular method of contraception used by about
one fifth of reproductive age women.

CONTRACEPTIVE EFFECTIVENESS

It is difficult to determine the actual effectiveness of a
contraceptive method becausc of the many factors that
affect contraceptive failure. The terms method effective-
ness and use effectiveness (or method failure and patient
failure) were previously used to describe conception oc-
curring while the contraceptive method was being used

Chapter 25 CONTRACEPTION 677

corrcetly or incorrectly, These have now been replaced by
the terms typical use and perfect use.

The percentage of failure rates with the first year of use
for the various methods of contraception available in the
United States is shown in Table 25-2. In this table is an
estimate of the percentage of women continuing to usc the
method after 1 year has elapsed since starting to usc the
method.? The actual usc failure rates for durations more
than 1 year are available for certain methods of long-acting
contraceptives. The failure rate for 5 years of use of the
six progestin implants, Norplant, in clinical trials is 1.1
percent.* The cumulative failure rate of the copper T380
IUD was 1.0, 1.4, and 1.6 per 100 women after 3, 5, and
7 years of use in a large World Health Organization (WHO)
study.* The failure rate of all types of tubal sterilization is
1.31 after 5 years and 1.85 per 100 women after 10 years,
being highest for tubal fulguration and lowest for segmental
resection in the 10 years after the procedure.® In counseling
women about long-term failure rates, they should be in-

W TABLE 25-2
Failure Rates of Various Contraceptive Methods

PERCENTAGE OF WOMEN
EXPERIENCING AN

ACCIDENTAL PREGNANCY PERCENTAGE
WITHIN THE FIRST YEAR OF WOMEN
OF USE CONTINUING
USE AT
METHOD Typical Use  Perfect Use 1 YEAR
Chance 85 85
Spermicides 21 6 43
Periodic abstinence 20 67
Calendar 9
Ovulation method 3
Symptothermal )
Post ovulation 1
Withdrawal 19 4
Cap
Parous women 36 26 45
Nulliparous women 18 g 58
Sponge
Parous women 36 20 45
Nulliparous women 18 9 58
Diaphragm 18 6 58
Condom
Female (Reality) 21 5 56
Male 12 3 63
Pill 3 72
Progestin-only 0.5
Combined 0.1
D
Progestcrone T 2.0 1.5 8!
Copper T380A 0.8 0.6 78
LNg20 0.1 0.1 81
Depo-Provera 03 0.3 70
Norplant (six capsules) 0.09 0.09 85
Female sterilization 0.4 0.4 100
Male sterilization 0.15 0.10 100

Emergency contraceptive pills treatment initiated within 72 hours after
unprotected intercourse reduces the risk of pregnancy by at least 75%.

Lactational amonorrhea methods a highly effective, temporary method
of contraception.

Sarthl 1.

From Contraceptive Technology upd: y ne from Health Profes-
sionals, American Health Consultants. Don't neglect perfect-use failure rates when
talking 1o patients. Contraceptive Technology, Teb. 1996, Vol, 17, No. |, pp 13-24,
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578 Part Il PATHOPHYSIOLOGY

formed about the high incidence of ectopic pregnancics
that occur in women who conceive using progestin-only
. methods, the TUD, and female sterilization. Ectopic preg-
nancy rates for women conceiving while they are using
these mcthods range from about 30 percent with tubal
sterilization failure, 25 percent with implant failure, and 5
percent with copper [UD failure.®©

HEAMS, AND

All spermicidal agents contain a surfactant, usually nonox-
ynol 9, that immobilizcs or kills sperm on contact. They
also provide a mechanical barrier and need to be placed
into the vagina before each coital act. The ciTectiveness of
these agents increases with increasing age of the woman
and is similar to that of the diaphragm in all age and
income groups. Although a few carly studies linked the
use of a spermicide at the time ol conception with an
increascd risk ol some congenital malformations, scveral
well-performed studies have shown no increased risk of
congenital malformation in the newborns™” or karyotypic
abnormalities in the spontancous abortuses'™ of women
who conceived while using spermicides.

RIER TECH
Diaphragm

A diaphragm must be carefully fitted by the health care
provider. The largest size that does not cause discomfort or
undue pressurc on the vaginal epithclium should be used.
After the fitting, the woman should remove the diaphragm
and reinsert it berself, She should then be examined to
make sure the diaphragm is covering the cervix. The dia-
phragm should be used with a spermicide and be left in
place for at least 8 hours after the last coital act. If repeated
intercoursc takes place or coitus occurs more than 8 hours
alter inscrtion of the diaphragm, additional spermicide
should be used.

Although it is advisable to usc a spermicide with the
diaphragm, it may not be necessary because it has not been
conclusively demonstrated that pregnancy rates arc lower
when a spermicide is used with a diaphragm than when
the diaphragm is used alone.'" The number of urinary tract
infections in women who usc diaphragms is significantly
higher than in nonusers, probably because of the mechani-
cal obstruction of the outflow of urinc by the diaphragm.'
Diaphragm users should also be cautioned not to leave the
device in place for more than 24 hours, because ulceration
of the vaginal cpithclium may occur with prolonged usage.

IRIHOLIES

Cervical Cap

The cervical cap, a cup-shaped plastic or rubber device
that fits around the cervix, has been used as a barrier
contraceptive for decades, mainly in Britain and other parts
of Europe.

There has been a recent resurgence of interest in the usc
of this older method because the cervical cap can be left
in place longer than the diaphragm and is morc comfort-
able. The various types of caps are manufactured in differ-

ent sizes and should be fitted to the cervix by a clinician.
The Prentif cavity-rim cervical cap was approved lor gen-
cral use in the United States in 1988. The product labeling
stipulates that the cap should be left on the cervix for no
more than 48 hours and that a spermicide should alwuys
be placed inside the cap before use.' The cap is manufuc-
tured in four sizes and requires more training than the
diaphragm, both for the provider to fit it and for the user
to place it correctly. IFailure rates with the cervical cap are
similar to those observed with the diaphragm. Because of
concern about a possible adverse effect of the cap on
cervical tissue, the cervical cap should be used only hy
women with normal cervical cytology, and it is recom-
mended that users have another cervical cytologic exiaming-
tion 3 months after starting to use this method.

Male Condom

Use of the male condom by individuals with muliiple sex
partners should be encouraged. The male condom iy the
most effective method of contraception (o prevent transinis-
sion of sexually transmitted discases. The male condom
should not be applied tightly. The tip should extend heyond
the end of the penis by about '4 inch to collect the cjucu-
late. Care must be taken on withdrawal not to spill the
cjaculate. When used by strongly motivated couples, the
male condom is highly effcctive.

Female Condom

A female condom was approved for marketing in the
United States in 1994. It consists of a solt, loose-fitting
sheath and two flexible polyurethane rings. Onc ring lies
inside the vagina at the closed end of the sheath and serves
as an insertion mechanism and internal anchor. The outer
ring forms the external edge of the device and remains
outside the vagina after insertion, thus providing protection
to the labia and the base of the penis during intercourse.
The condom is prelubricated and is intended [or onc-tlime
use only. Fitting by a health professional is not required. '

In comparison to the male condom, the female condom
has the advantage of being able to be inserted before
beginning sexual activity and to be left in place for g
longer time alter ejaculation occurs. Because the lemale
condom also covers the external genitalia, it should offer
greater protection against the transfer ol certain sexually

transmitted organisms, particularly genital herpes. Because

polyurcthane is stronger than the latex used in male con-
doms, the female condom is less likely to rupture. In 3
multicenter clinical trial, the cumulative pregnancy rate in
U.S. centers at 6 months was 12.4 pereent. The 6-month
pregnancy rate with perfect use was 2.6 percent, imIic:tling
that the probable l-year pregnancy rate with perfect yse
would be slightly more than 5 percent.” At the end of @
months in the U.S. study, about one third ol the women
had discontinucd use of this method. Because clinical trigls
with use of the female condom have not compared its use
with other barrier techniques, an cxacl comparison with
other contraceptive mcthods cannot be made. ‘Trussel and
colleagues,' using the data of other studies. concluded that
the cfficacy rate of the female condom with perfect yse
would be similar to that of the diaphragm and cervical cap,
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but the failure rate of the female condom with typical use
would be higher than that of the diaphragm. Because of
the lack of prospective clinical trials with the male condom,
no statistical comparison of the effectiveness of the two
types of condoms can be made. No data exist in which the
clfectivencss of the female condom for reducing scxual
discase transmission is analyzed. Because polyurethanc
does not allow virus transmission, it should reduce the risk
of a woman’s acquiring human immunodeficiency virus
infection.

ORAL STEROID CONTRACEPTIVES

Oral steroid contraceptives (OCs) were initially marketed
in the United States in 1960. Because contraceptive steroid
formulations with more than 50 pg of estrogen were asso-
ciated with a greater incidence of adverse clfects without
greater efficacy, they are no longer marketed for contracep-
live use in the United States, Canada, and Great Britain.
Indications for prescribing formulations with 50 pg of
estrogen are uncommon. In 1996, only about 2.5 percent
of all OC prescriptions in the United States were for
formulations with 50 pg of estrogen. OC formulations
currently marketed in the United States, excluding generic
brands, are listed in Table 25-3,

Pharmacology

There are threc major types of OC formulations: fixed-dosc
combination, combination phasic, and daily progestin. The
combination formulations are the most widely used and
most cffective. They consist of tablets containing both an
estrogen and progestin given continuously for 3 wecks. No
sieroids are given for the next 7 days, after which time the
active combination is given for an additional 3 weeks.
Uterine bleeding usually occurs in the week when no
steroid is ingested. Without estrogenic stimulation, the en-
dometrium usually begins to slough 1 to 3 days afier
sleroid ingestion is stopped. Withdrawal bleeding usually
lasts 3 to 4 days and uterine blood loss averages about 25
ml, less than the mean of about 35 ml that occurs during
menses in a normal ovulatory cycle.

All currently marketed formulations arc made from syn-
thetic steroids and contain no natural cstrogens or proges-
ting. There are two major types of synthetic progestins:
derivatives of 19-nortestosteronc and derivatives of 17a-
acetoxyprogesterone. The latter group are C,, progestins,
called pregnanes, and are structurally related to progeste-
rone. Medroxyprogesterone acetate and megestrol acetate
are C,, progestins marketed as tablets for noncontraceptive
usage. In contrast to the 19-nortestosterone derivatives,
when high dosages of the C,, progesting were given to
female beagle dogs (an animal previously used for OC
toxicology testing), the animals developed an increased
incidence of mammary cancer. Because of this carcinogenic
cffect, oral contraceptives containing these progesting are
no longer marketed despite the fact that the beagle, unlike
the human, metabolizes C,, progestins to estrogen, which
then stimulates mammary nodules that can become carcino-
genic in this animal.

The steroid structure of the 19-nortestosterone progestins
more closcly resembles testosterone than the C,, acetoxy-

Chapter 25 CONTRACEPTION 679

H OH
o HC

o . C=CH 3 sse ECH

MNorethindrone Norethynodrel

o
I A P
Norethindrone Ethynodiol
Acetate Diacetate
Ll 751 » Chemical structures of the estrane progestins used

in oral contraceptives.

progestins. Therefore, all progestational agents currently
used in OCs have some degree of androgenic activity. The
19-nortestosterone progestins used in OCs are of two major
types, called estranes and gonanes. Although the original
estrane, norcthynodrel, is no longer used in currently mar-
keted OCs, other estranes, norethindrone and its derivatives
with one or two acetates, norcthindrone acetate and cthy-
nodiol diacetate, are used in several marketed lformulations
(Fig. 25-1). Gonanecs have greater progestational activity
per unit weight than estranes do, and thus a smaller amount
of the gonane type of progestin is used in OC formulations.
The parcnt compound of the gonancs is dl-norgestrel,
which consists of two isomers, dextro and levo. Only the
levo form is biologically active. Both df-norgestrel and its
active isomer levonorgestrel are prescent in several OC
formulations. Three less androgenic derivatives of levo-
norgestrel, namely, desogestrel, norgestimate, and gesto-
dene, have also been synthesized (Fig. 25-2). Formulations
with each of these threc progesting have been marketed in
Burope [or many ycars, and formulations with desogestrel
and norgestimate, but not gestodenc, have becen marketed
in the United States since 1992,

With the cxception of two daily progestin-only formula-
tions, the progestins arc combined with varying dosages of
two cstrogens, cthinyl estradiol and ethinyl estradiol 3-
methyl ether, also known as mestranol (Fig. 25-3). All the
older, higher dosage OC lormulations contained mestranol,
and this steroid is still present in some 50-pg formulations.
All formulations with less than 50 pg of estrogen contain
only the parent compound ethinyl estradiol. In common

OH OH
Ej{:‘&/”"m‘c“ ——~G=CH
O Lovonorgestrel o Gastodena
QCOCH: OH
Norgestimate Desogestrel

HON

Figipe 267w Chemical structure of the gonane progestins used
in aral contraceptives.
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680 Part Il ~ PATHOPHYSIOLOGY
% TABLE 25-3
Estrogen and Progestin Components of Oral Contraceptives
MANUFACTURER PRODUCT TYPE
Berlex
Levien Combination
Tri-Levien &/ Combination, triphasic
5/
1
Bristol-Myers Squibb
Oveon 35 Combination
Oveon 50 Combination
Organon
Desogen Combination
Ortho-MacNeil Pharmaceutical
Micronor Progestin-only
Muodicon Combination
Ortho-Cept Combination
Ortho-Cyclen Combination
Ortho-Novum 1/35 Combination
Ortho-Novum 1/50 Combination
Ortho-Novum 7/ Combination, triphasic
"
n"
Ortho-Novum 10/ Combination, biphasic
1/
Ortho-Tricyclin Combination, triphasic
Parke-Davis
Estrosicp Combination
Loestrin 1/20 Combination
Loestrin 1.5/30 Combination
Norlestnin 1/50 Combination
Norlestrin 2.5/50 Combination
Roche Laboratories
Brevicon Combination
Norinyl 1 + 35 Combination
Norinyl | + 50 Combination
Nor-QD Progestin-only
Tri-Norinyl 7/ Combination, triphasic
9/
5/
Searle
Demulen 1/35 Combination
Demulen 1/50 Combination
Wyeth-Ayerst
Alesse Combination
Lo/Ovral Combination
Nordette Combination
Ovral Combination
Ovrette Progestin-only
Triphasil &/ Combination, triphasic
5/

10/

PROGESTIN ESTROGEN®

0.15 mg levonorgestrel 30 pg
0.05 mg levonorgestrel 30 pg
0.075 mg levonorgestrcl 40 pyp
0.125 mg levonorgestrel 30 pg
0.4 mg norcthindrone 35 pg
1.0 mg norethindrone 50 pg
0.15 mg desogestrel 35 pg
0.35 mg norethindrone

0.5 mg norethindrone 35 pe
0.15 mg desogestrel 30 g
0.25 mg norgestimate LT
1.0 mg norethindrone 35 pg
1.0 mg norethindrone 50 pgt
0.5 mg norethindronc 35 pp
0.75 mg norethindronc 35 g
1.0 mg norethindrone 35 pg
0.5 mg norethindrone 35 pg
1.0 mg norethindrone . 35 g
0.18 mg norgestimate 35 ug
0.215 mg norgestimate 35 g
0.25 mg norgestimate 35 pg
1.0 mg norethindrone acetate 20 ug
1.0 mg norethindrone acetate 30 pg
1.0 mg norethindrone acctate BsuU
1.0 mg norethindrone acetate 20 pg
1.5 mg norethindrone acetate 30 g
1.0 mg norethindrone acetate 50 gt
2.5 mg norethindrone acetate SOt
0.5 mg norethindrone 35 pg
1.0 mg norethindrone 35 py
1.0 mg norethindrone S0 pg
0.35 mg norethindrone

0.5 mg norethindrone 35 ug
| mg norethindrone 35
0.5 mg norethindrone 35 pg
1.0 mg ethynodiol diacetate 35 g
1.0 mg ethynodiol diacetate S0 ug
0.1 mg levonorgestrel 20 pg
3.0 mg norethindrone 30 pg
0.15 mg norethindrone 30 g
(.5 mg norgestrel S0 g
0.075 pg norgestrel 30 pg
0.05 g levonorgestre! 30 pg
0.75 pg levonorgestrel 40 pg
1.25 pg levonorgestrel 30 pg

“Ethinyl estradiol unless noted.
fMestranol.

usage, formulations with 50 pg or more of estrogen (ethi-
nyl estradiol or mestranol) have been termed first-genera-
tion OCs. Those with less than 50 pg of estrogen, 20 to
35 pg of ethinyl estradiol, are called second-generation
products if they contain any progestin except the three
newest levonorgestrel derivatives. Those formulations with
desogestrel, norgestimate, and gestodene are called third-
generation formulations. All the synthetic estrogens and
progestins in OCs have an ethinyl group at position 17. The

presence of this cthinyl group enhances the oral activity of
these agents, because their essential functional groups are
not as rapidly metabolized as they pass through the intestj-
nal mucosa and the liver through the portal sysiem, in
contrast to what occurs when natural sex steroids are in.
gested orally. The synthetic steroids thus have greater oral
potency per unit of weight than the natural steroids. It has
been estimated that ethinyl estradiol has about 100 times
the potency of an equivalent weight of conjugated cquing
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OH OH
C=CH C=CH
CH,O H
Mestranal Ethinylestradiol
Fijure 75 4 m Structures of the two estrogens used in combina-

tion oral contraceptives.

estrogen or estrone sulfate for stimulating synthesis of
various hepatic globulins.

The various modifications in chemical structure of the
different synthetic progestins and estrogens also affect their
biologic activity. Thus, one cannot define the pharmaco-
logic activity of the progestin or estrogen in a particular
contraceptive steroid formulation on the basis of only the
amount of steroid present. The biologic activity of each
steroid also has to be considered. By use of established
tests for progestational activity in animals, it has been
found that a given weight of norgestrel is several times
more potent than the same weight of norethindrone. Studies
in humans, using delay of menses'® or endometrial histo-
logic alterations such as subnuclear vacuolization'” '* as
endpoints, also determined that norgestrel is about 10 times
more potent than the same weight of norethindrone. Nor-
cthindrone acetate and ethynodiol diacetate are metabolized
in the body to norethindrone. Studies in humans, measuring
progestational activity as described before, as well as other
studics comparing the effects of serum lipids in humans
indicatc that each of these three progestins has approxi-
mately equal potency per unit of weight, whereas levonor-
gestrel is 10 to 20 times as potent.'” Each of the three most
recently developed levonorgestrel derivatives has been
shown in animal but not human studies to have similar or
greater progestogenic potency than an equivalent weight of
levonorgestrel, with less androgenic activity.?® The magni-
tude of difference in androgenic and progestational effects
produced by each progestin is called selectivity.

The two estrogenic compounds used in OCs, ethinyl
estradiol and its 3-methyl ether, mestranol, also have differ-
ent biologic activity in women. To become biologically
elfective, mestranol must be demethylated to ethinyl estra-
diol, because mestranol does not bind to the estrogen cyto-
sol receptor. The degree of conversion of mestranol to
ethinyl estradiol varies among individuals; some are able
1o convert it completely, whereas others convert only a
portion of it. Thus, in some women, a given weight of
mestranol is as potent as the same weight of ethinyl estra-
diol; in other women, it is only about half as potent.
Overall, it has been estimated, by use of human endome-
trial response and effect on liver corticosteroid-binding
globulin production as endpoints, that cthinyl estradiol is
about 1.7 times as potent as the same weight of mestranol.?’
The biologic activity as well as the quantity of both steroid
components needs to be evaluated in comparing potency
of the various formulations.

Radioimmunoassay methods have been developed to
measure blood levels of these synthetic cstrogens and pro-
gestins, Peak plasma levels of ethinyl estradiol are lower
and occur about 2 to 4 hours later after ingestion of mestra-

Chapter 25 CONTRACEPTION 681

nol than after ingestion of cthinyl estradiol.” The delay is
due to the time necessary for mestranol to be demethylated
to ethinyl estradiol in the liver.

When different doses of dl-norgestrel were administered
to women, it was found that the serum levels of levonorges-
trel were related to the dosage.” Peak serum levels were
found 0.5 to 3 hours after oral administration, followed by
a rapid, sharp decline (Fig. 25-4). However, 24 hours after
ingestion, 20 to 25 percent of the peak level of levonorges-
trel was still present in the serum. After 5 days of norgestrel
administration, measurable amounts of levonorgestrel were
present for at least the following 5 days.

Brenner and coworkers” measured scrum levels of levo-
norgestrel, follicle-stimulating hormone (FSH), luteinizing
hormone (LH), estradiol, and progesterone 3 hours after
ingestion of a combination OC containing 0.5 mg of di-
norgestrel and 50 pg of ethinyl cstradiol in three women
during two consecutive cycles as well as during the in-
tervening pill-free interval. Daily levels of levonorgestrel
rose during the first few days of ingestion, rcached a
plateau thercafter, and declined after ingestion of the last
pill (Fig. 25-5). Nevertheless, substantial amounts of levo-
norgestrel remained in the serum for at least the first 3 to
4 days after the last pill was ingested. These steroid levels
were sufficient to suppress gonadotropin release during the
l-week interval when no steroid was administered. Thus,
follicle maturation, as evidenced by rising estradiol levels,
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Figurn Y0« Serum dnorgestrel lavels in three subjects receiv-
ing 500 ng of dinorgestrel and 50 pg of ethinyl estradiol (Ovrall.
Arrows indicate time of ingestion. (From Brenner PF. Mishell DR
Jr, Stanczyk FZ, Goebelsmann U, Serum levels of d-norgestrel,
luteinizing hormone, follicle-stimulating hormone, estradiol, and pro
gesterone in women during and following ingestion of combination
oral contraceptives containing dinorgestrel. Am J Obstet Gynecol
129:133-140, 1977.)
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U. Serum levels of d-norgestrel, luteinizing hormone, follicle-stimu-
lating hormone, ostradiol, and progosterone in women during and
following ingestion of combination oral contraceptives containing
dinorgestrel. Am J Obstet Gynecol 129:133--140, 1977.)

did not occur during the | week when no steroid was being
ingested. When lower doses of steroids are administered,
follicular growth but not ovulation may occur because of
initiation of growth of the dominant follicle during the time
that no steroid is being ingested.

From these data, it seems reasonable to conclude that
accidental pregnancics during OC use probably occur not
because of failure to ingest one or two pills more than a
few days aller a treatment cycle is initiated but rather
becausce initiation of the next cycle of medication is delayed
for a few days. Thereforg, it is important that the pill-free
interval is not extended morc than 7 days. This is best
accomplished by ingesting cither a placebo or iron tablet
daily during the steroid-free interval (the so-called 28-day
package). If a 3-week pill package is used, treatment is
best started on the first Sunday alter menses begins instead
of the first or fifth day of the cycle. It is easier to remember
to start the new package on a Sunday. Women should be
adviscd that the most important pill to remember to take is
the first one of each cycle.

Mechanisms of Action

The cstrogen-progestin combination is the most elfective
type of OC formulation, because these preparations consis-
tently inhibit the mideycle gonadotropin surge and thus
prevent ovulation. The progestin-only formulations have a
lower dosc of progestin than the combined agents and do
not consistently inhibit ovulation. Both types of formula-
tions also act on other aspects of the reproductive process:

(1) they alter the cervical mucus, making it thick, viscid,
and scanty, which retards sperm penetration: (2) they alter
motility of the uterus and oviduct, thus impairing trunsport
of both ova and sperm; (3) they alter the endometrium s
that its glandular production of glycogen is diminished and
less energy is available for the blastocyst to survive in the ;
uterine cavity; and (4) they may alter ovarian respon-
siveness o gonadotropin stimulation. With both types of
formulations, ncither gonadotropin production nor ovarian
steroidogenesis is completely abolished. Levels of endoge-
nous ecstradiol in the peripheral blood during ingestion of
high-dosc combination OCs are similar to those lound in
the carly follicular phase of the normal cycle.™

Contraceptive steroids prevent ovulation both by in- |
terfering with release of gonadotropin-releasing hormone ¥
(GnRH) from the hypothalamus and by suppressing pitu-
itary release of LH and I'SH. Several studies in humans j
showed most women who had been ingesting combination
OCs had suppression of the release of LH and FSH ufter |
infusion of GnRH, indicating that the steroids had a direey -
inhibitory effect on the pituitary as well as on the hypothal-
amus.”®

Direct pituitary inhibition eccurs in about 80 percent of |
women ingesting high-dose combination OCs. Pitvitary
suppression is unrelated to the age of the woman or the
duration of steroid use but is related to the potency of the
formulation. The effect is more pronounced with formula-
tions containing a more potent progestin® and with those
containing 50 pg or more of estrogen than with 30- 1
35-pg estrogen-containing formulations.™ It has not been
demonstrated that the degree of pituitary suppression js
related to the occurrence of amenorrhea afler OC use iy
stopped. There are data showing that the meun time (o
conception after discontinuation of OC use is shorter in
women ingesting preparations with less than 50 pg of
estrogen (4.01 cycles) than in those ingesting formulations
with 50 pg of estrogen or more (4.79 cycles).™

The daily progestin-only preparations do not consistently
inhibit ovulation. They exert their contraceptive action hy
the other mechanisms listed before, but because of the
inconsistent ovulation inhibition, their effectivencss is sig-
nificantly less than that of the combination types of OCs.
Because a lower dose of progestin is used in these formula-
tions than in the combination tablets, it is important thar
these preparations be consistently taken at the sume time
of day to ensure that blood levels do not fall below the
effective contraceptive level.

No significant difference in clinical cffectiveness hae
been demonstrated among the various combination formy-
lations currently available in the United States. As long 5
no tablets are omitted (perfect use), the pregnancy rue js
less than 0.2 percent at the cnd of 1 year with all marketed
combination formulations.

Sl

Metabolic Effects

The synthetic steroids in OC formulations have many meta
bolic effects in addition to their contraceptive actions (Tx
ble 25-4). These metabolic effects can produce both the
more common, less serious side effcets as well s the rare.
potentially serious complications. The magnitude of thews
effects is directly related to the dosage and potency of the
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I TABLE 254
Metabolic Effect of Contraceptive Steroids
CHEMICAL  CLINICAL
EFFECTS EFFECTS
Fstrogen: Ethinyl estradiol
Proteing
Albumin 4 None
Amino acids 1 None
Globulins i
Angiotensinogen T Blood pressure
Clotting factors Hypercoagulability
Carrier proteins (CBG, None
TBG, transferrin,
ceruloplasmin)
Carbohydrate
Plasma insulin None None
Glucose tolerance None None
Lipids
Cholesterol 1 None
Triglyceride 1 None
1IDI. cholesterol 1 ? | Cardiovascular
discase
1.DL cholesterol 1 7 | Cardiovascular
discase
Eleetrolyies
Sodium excretion 1 FFluid retention
Edema
Vitamins
B-complex l None
Ascorbic acid 1 None
Vitamin A i None
Other
Breast T Breast tenderncss
Endometrial steroid receptors T Endometrial
hyperplasia
Skin l } Sebum production
T Facial
pigmentation
Progestins:
19-Nortestosterone
derivatives
Proteins None Nonc
Carbohydrate
Plasma insulin ' None
Glucose tolerance ) None
Lipids
Cholesterol 1 None
Triglyceride l None
HDL cholesterol l ? 1 Cardiovascular
disease
L1, cholesterol i 7 1 Cardiovascular
diseasc
Other
Nitrogen retention T T Body weight
Skin—scbum production 1 T Acne
CNS cffects 1 Nervousness, fatigue,
depression
Endometrial steroid receptors 1 No withdrawal
bleeding

CBG, cotticosteroid-binding globulin; TBG, thyroid-binding globuling HDL, high-
density lipoprotein; LDL, low-density lipoprotein; CNS, central nervous system,

steroids in the formulations. Fortunately, in most instances,
the more common adverse cffects are relatively mild.

The most frequent symptoms produced by the estrogen
component include navsea (a central nervous system el-
fect), breast tenderness, and fluid retention (which usually
does not exceed 3 to 4 pounds of body weight) because of
decreased sodium excretion. Minor, clinically insignificant

Chapter 25 CONTRACEPTION 683

changes in circulating vitamin levels also occurred aller
ingestion of the higher dosage OCs. These changes in
cluded a decrease in levels of the B-complex vitamins aid
ascorbic acid and increases in levels of vitamin A. Tiven
with use of the agents containing a high steroid dose.
dietary vitamin supplementation was not necessary, becitise
the changes in circulating vitamin levels were small and
clinically insignificant. Ustrogen can also cause melasii.
pigmentation of the malar eminences, to develop. Mclasina
is accentuated by sunlight and usually takes a long time 10
disappear after OCs arc discontinued. The incidence of all
these cstrogenic side cffccts is much less with use of
formulations of lower cstrogen dose than with those of
high estrogen dose.

With high doses of cstrogen, OC usage was found 1o
accelerate the development of the symptoms of gallbladder
diseasc in young women but did not increase the overall
incidence of cholelithiasis. The results of the large British
Family Planning Association study® and a casc-control
study®' indicate that the use of high-dosec OCs does not
increase the incidence of gallbladder discase in womer.
When the data were stratified among women of different
body weight or different age, no increased risk of gallblad
der disease was found in any subgroup. These resulls
indicate that development of gallbladder discase is not a
risk factor associated with OC use, cven if these agents
contain high doses of steroids and are used for more thin
8 years.®

Mood and Depression

It was previously postulated that high dosages of the syn:
thetic estrogens could also produce changes in mood and
depression brought about by diversion of tryptophan me

tabolism from its minor pathway in the brain to its major

pathway in the liver. The end product of tryptophan metah
olism, serotonin, is thus decrcased in the central nervous

system, and it was postulated that the resultant lowering ol

serotonin could produce depression in some women and
sleepiness and mood changes in others.

Analysis of the data from the Royal College of General
Practitioners (RCGP) cohort study indicated that OC use
was positively correlated with the incidence of depression.
which in turn was directly rclated to the dose of estrosen
in the formulation.® In this study, an increased incidence

of depression was not found to occur among users of

OCs containing less than 50 pg of estrogen. Data from
postmenopausal women recciving cstrogen therapy alone
as well as estrogen-progestin sequential therapy indicale
that administration of physiologic doses of cstrogen alone.
which is less potent than the pharmacologic dose uscd in
OCs, improves the mood of women, whereas the addition
of a progestin increases the amount of depression, irritabil
ity, tension, and fatiguc.’ These studies indicate that (he
progestin component of the agents may be the major cause
of the adverse mood changes and tircdness obscrved in
some women after ingestion of OCs, but it has not been
definitely established which of the steroid components is
the major factor in producing adverse mood changes. Possi-
bly, both are involved.

Petitioner Exhibit 1027

Petition for Inter Partes Review of U.S. Patent No. 7,

704,984
Page 10



684 Part Il PATHOPHYSIOLOGY

Androgenic Effects

The progestins, because they are structurally related to
testosterone, also produce certain adverse androgenic ef-
fects. These include weight gain, acne, and a symptom
perceived by some women as nervousness, Some women
gain a considerable amount of weight when they take OCs,
and this weight gain is belicved to be produced by the
anabolic effect of the progestin component. Although estro-
gens decrease sebum production, progestins increase it and
can causc acne to develop or worsen. Thus, women who
have acne should be given a formulation with a low proges-
tin-cstrogen ratio.

The final symptom produced by the progestin component
is failurc of withdrawal bleeding or amenorrhea, Because
the progestins decrease the synthesis of estrogen receptors
in the endometrium, endometrial growth is decreased, and
some women have failure of withdrawal bleeding. This
symptom is not important medically, but because blecding
serves as a signal that the woman is not pregnant, it is
desirable to have some amount of periodic withdrawal
bleeding during the days she is not taking these steroids.
The two steroid components can act together to produce
irregular bleeding. Unscheduled (breakthrough) bleeding
(which is usually produced by insufficient estrogen, oo
much progestin, or a combination of both) as well as failure
of withdrawal bleeding can be alleviated by increasing the
amount of estrogen in the formulation or by switching to a
more estrogenic formulation.

Hepatic Proteins

The synthetic estrogens used in OCs cause an increase in
the hepatic production of several globulins. Progesterone
and androgenic progestins do not affect the synthesis of
globulins except that of sex hormone-binding globulin
(SHBG). Synthesis of SHBG is reduced by androgens,
including the androgenic progestins. Some of the globulins
that are increased by ethinyl estradiol ingestion, such as
factors V, VIII, and X and fibrinogen, enhance thrombo-
sis, whereas another globulin, angiotensinogen, may be
converted to angiotensin and increase blood pressure in
some uscrs.*® The circulating levels of cach of these globu-
lins arc directly correlated with the amount of estrogen in
the OC formulation. Epidemiologic studies have shown
that the incidence of both venous and arterial thrombosis
is also directly related to the dose of estrogen. '™ ¥7-

Although angiotensinogen levels are lower in women
who ingest formulations with 30 to 35 pg of cthinyl estra-
diol than in those who ingest formulations of higher estro-
gen dosage, a slight but significant increase in mean blood
pressure still occurs in women who ingest the lower dosage
formulations.** Thus, blood pressure should be monitored
in all users of OCs. There is some indirect cvidence that
the progestin component may also raise blood pressure.
However, women who receive progestins without estrogen
do not have an increase in blood pressure over time,*
indicating that the estrogen component is the major cause
of elevated blood pressure in a few users of OCs.

Another globulin, SHBG, binds circulating levels of es-
trogens and androgens. Progesterone is bound to corticoste-
roid-binding globulin, but because the progestins used in
oral contraceptives are 19-nortestosterone derivatives, they

arc bound to SHBG. Estrogens incrcase SHBG levels,
whereas androgens, including 19-nortestostcrone deriva-
tives, decrease SHBG levels. Thus, measurement of SHBG
is one way to determine the rclative estrogenic/androgenic
balance of dilferent OC formulations. Van der Vange and
associates* measured SHBG levels before and 6 months
after ingestion of several OC formulations containing abouw
the same amount of cthinyl estradiol. The greatest increasc
occurred with formulations containing cyproterone acetule
(not used in OC formulations in the United States), deso-
gestrel, and gestodene. SIIBG increases of lesser magni-
tude occurred after ingestion of formulations containing
low doses of norethindrone and levonorgestrel. Because
SHBG binds endogenous testosterone and prevents it from
acting on the target tissue, formulations causing the greatest
increase in SHBG should be associated with the lcast
amount of androgenic cffects. These formulations are par-

ticularly useful for trcating women with symptoms of

hyperandrogenism such as polycystic ovary syndrome.

Carbohydrate Metabolism

The effect of OCs on glucose metabolism is mainly related
to the dose, potency, and chemical structure of the proges-
tin. Conflicting data exist as to whether the estrogen com-
ponent affects carbohydratc metabolism. The estrogen may
act synergistically with the progestin to impair glucose
tolerance. In gencral, the higher the dose and potency of the
progestin, the greater the magnitude of impaired glucose
metabolism. The degree of alteration appears to be ercater
with gonancs than with cstranes. Several studics have
shown that formulations with a low dosc of progestin,
including one containing levonorgestrel, do not signifi-
cantly alter levels of glucose, insulin, or glucagon afier
glucose load in healthy women' * or in those with a
history of gestational diabetes.** However, other studics
indicate that the multiphasic formulations with norgestrel,
but not those with norethindrone, produce some deteriora-
tion of glucose tolerance in normal women™ as well us in
those with a history of gestational diabetes.” Some studies
have shown increased levcls of both glucose and insulin
when glucose tolerance lests were administered to women
ingesting desogestrel-containing OCs. "

Data from 20 years of experience using mainly high-
dosc formulations in the large RCGP cohort study indicuted
that there was no increased risk for devclopment of diabe-
tes mellitus among current OC users (relative risk [RR],
0.80) or former OC users (RR, 0.82) even among women
who had used OCs for 10 years or more.* More than 1
million person-years of follow-up of OC uscrs in the lurge
Nurses’” Health Study cohort were analyzed in 1992, Al
though type II diabetes mellitus developed in more than
2000 women, the risk was not increased among current QC
users (RR, 0.71) and only marginally increased in past QOC
users (RR, 1.11),* only among women who had used high-
dose formulations many years previously, not for those
who had used lower dose formulations.

Kjos and collcagues®' observed a group of women with
a history of gestational diabetes mellitus for several years
after the end of the pregnancy. In the first year, women
ingesting a low-dose levonorgestrel formulation had a
greater risk of developing diabetes mellitus than did g

w
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control group not taking OCs. On the other hand, women
ingesting a low-dose norethindrone formulation did not
have a greater risk of developing diabetes mellitus than
control subjects did. After the first year following delivery,
women ingesting both types of OCs had no greater risks
of developing diabetes mellitus than did the control group.
When OCs are prescribed for women with a history of
glucose intolerance, formulations with a low dose of a
norethindrone-type progestin are probably preferable to
levonorgestrel preparations. In addition, glucose tolerance
should be monitored periodically.

Lipids

The estrogen component of OCs causes an increase in
high-density lipoprotein (HIDL) cholesterol, a decrease in
low-density lipoprotein (LDL) cholesterol, and an increase
in total cholesterol and triglyceride levels. The progestin
component causes a decrease in HDL, an increase in LDL.,
and a decrease in total cholesterol and triglyceride levels.

The older formulations with high doses of progestin had
adverse cffects on the lipid profile although they also
contained high doses of the synthetic estrogen. These pro-
gestin-dominant formulations produced a decrcase in HDL
cholesterol levels and an increase in LDL cholesterol lev-
els.” They also caused an incrcase in scrum triglyceride
levels because the estrogen has a greater effect on triglycer-
ide synthesis than does the progestin, Short-term longitudi-
nal studics of several phasic formulations containing levo-
norgestrel and norcthindrone found that a significant
increase in triglyceride levels still occurred but there was
little change in either HDL cholesterol or LDL cholesterol
levels as well as in total cholesterol levels because the
effects of each steroid on lipid synthesis were offset by
the other™ %

In a cross-sectional study in which lipid levels were
measured in a large number of women ingesling several
OC formulations and comparcd with those of nonusers,
Godsland and colleagues® reported that there were insig-
nificant differences in HDI. and LDL cholesterol levels
compared with those of nonusers when low-dose monopha-
sic and triphasic levonorgestrel and norethindrone formula-
tions were ingested. The women ingesting formulations
with only 0.5 mg of norethindrone or 150 pg of desogestrel
had a significant increase in HDL cholesterol levels and a
significant decrease in LDL cholesterol levels.*® The three
most recently developed progestins have less androgenic
activity than the older progestins and as such, when com-

TABLE 25-5

Chapter 25 CONTRACEPTION 685

bined with an estrogen, would be expected to have less
adverse effect on lipid metabolism than the older formula-
tions. Speroff and associates.” in 1993, reviewed data from
the published studies in which lipid levels were measured
in women ingesting formulations with the three less andro-
genic progestins. They reported that with use of these
formulations, there was a significant increase in HDL cho-
lesterol levels, a significant decrease in LDL cholesterol
levels, little change in total cholesterol levels, and a sub-
stantial increase in triglyceride levels (Table 25-5). The
long-term effect, if any, of these changes in lipid parame-
ters remains to be determined.

Coagulation Parameters

As previously mentioned, the estrogen component of OCs
increases the synthesis ol several coagulation factors, in-
cluding fibrinogen, which enhances thrombosis in a dose-
dependent manner. The effect of OCs on parameters that
inhibit coagulation, such as protein C, protein S, and anti-
thrombin 111, is less clear because of the diversity of tech-
niques used to measure these parameters in different labo-
ratories. A similar lack of consistency occurs when
parameters that enhance fibrinolysis (such as plasminogen)
or inhibit fibrinolysis (such as plasminogen activator inhibi-
tor 1) are measured in OC users.

Changes in most of these coagulation parameters in OC
users are small, if they occur at all, and there is no evidence
that these minor alterations in levels of coagulation parame-
ters measured in the laboratory have any effect on the
clinical risk of developing venous or arterial thrombosis.
Nevertheless, if the woman has an inherited coagulation
disorder that increases her risk of developing thrombosis,
such as protein C, protein S, or antithrombin III deficiency
or the more common activated protein C resistance, her
risk of developing thrombosis is increased several-fold if
she ingests estrogen-containing OCs.** Vandenbroucke and
coworkers™ reported that the relative risk of developing
deep venous thrombosis among women with activated pro-
tein C resistance with OC use was increased 30-fold com-
pared with that of nonusers without the mutation. They
estimated that the annual incidence of deep venous throm-
bosis in a woman of rcproductive age with this genctic
mutation was about 6 per 10,000 women if she did not
take OCs and about 30 per 10,000 women if she took
them. At present, it is not recommended that screening for
these coagulation deficiencies be undertaken before OC use

Lipid Changes With Oral Contraceptives Containing New Progestins

PERCENTAGE CHANGE FROM BASELINE

PROGESTIN N TG C
Desogestrel 608 29.3 28
Gestodene 296 38.3 38
Norgestimate >2550 4.8 4.3

LDLC HDL-C Apo B " Apo Al
29 12.9 10.5 13
<25 8.1 16.0 7.4
—02 9.9 53 73

TG, nglyceride; C, total cholesterol: LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; apo. apoprotein.

From Sperofl L, DeCherney A, and the Advisory Board for the New Progestins.

Evaluation of a new generation of oral contraceptives. Obstet Gynecol 81:1034-1047, 1993,
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is started unless the woman has a personal or family history
of thrombotic events.

Cardiovascular Events

The cause of the increased incidence of both venous and
arterial cardiovascular diseasc, including myocardial in-
farction (MI), in users of OCs appears to be thrombosis
and not atherosclerosis.

Venous Thromboembolism

Gerstman and colleagues™ analyzed the cffect of OCs with
different doses of estrogen on the incidence of venous
thromboembolism (VTI) in a historical cohort study of
more than 230,000 women aged 15 to 44 ycars. Among
users ol OC formulations with less than 50 pg of estrogen,
the rate of VTE per 10,000 woman-years was 4.2; with usc
of the 50-p.g estrogen formulation, the rate was 7.0; and in
uscrs ol formulations with more than 50 g of estrogen,
the rate increased to 10.0 per 10,000 woman-years (Table
25-06). These data confirm carlier findings indicating that
the risk of VTH is directly related to the dose of estrogen
in the lormulation. The background rate of VTE in women
of reproductive age is about 0.8 per 10,000 woman-years.
A large observational study found that the incidence of
venous thromboembolic events among users ol OCs with
20 to 50 pg of cthinyl cstradiol was 3 per 10,000 woman-
years, about four times the background rate of women of
reproductive age but half the rate of 6 per 10,000 woman-
years associated with pregnancy.”’

Three population-based studies have been performed Lo
determine the risk of VTE in users of OCs containing
mainly less than 50 pg ol estrogen.”® These studics
were consistent and showed that the risk of deep venous
thrombosis was increased approximately fourfold among
women using OCs compared with women not using OCs.
Thus, use of OCs with less than 50 pg of cstrogen is
associated with about a threefold to fourfold increased risk
of VIT. compared with a nonpregnant population not taking
OCs but about a4 50 percent reduction in risk of VTE
compared with a pregnant or recently postpartum popula-
tion,

In late 1995 and carly 1996, results of four observational
studies showed that the risk of VTE among women ingest-
ing low-cstrogen formulations conlaining desogestrel or

TABLE 25-8

Rates of Deep Venous Thromboembolic Disease in Oral
Contraceptive Estrogen Dose-Refined Cohorts

ESTROGEN- PERSON- RATES/10,000
DEFINED NUMBER OF YEARS PERSON-
COHORTS (pag) CASES { 10,000 YEARS
<50 53 12,7 42
50 69 9.8 7.0
=50 20 2.0 10.0
All 142

24.5 5.8

From Gerstman BB, Piper JM. Tomita DK, et al. Oral contraeeplive estrogen
dose andl the risk ol deep venous thromboembolic disease, Am J Epidemiol 133:32-
3,199,

gestodene was increased about 1.5 to 2.5 times that of
women ingesting formulations containing less than 50 pg
of estrogen and levonorgestrel.™ -2 Because these studies
were not prospective comparative trials, controversy exists
as to whether the increased risk of VTE was causally
related to formulations containing these progesting or
whether the increased risk was duc Lo certain types ol bias,
Selection bias, diagnostic bias, and referral bias could have
accounted for the differcnees, but a causal relation cannot
be disproved.® Few data have been published (0 date
regarding the risk of VTE with norgestimatc-containing
compounds, so it remains uncertain whether formulations
containing this progestin are associated with an increased
risk of VTE compared with use of low-estrogen levonor-
gestrel compounds.

Mpyocardial Infarction

Neither epidemiologic studies of humans nor experimental
studies with subhuman primates have observed an accelera-
tion of atherosclerosis with the ingestion of OCs. Neurly
all the published epidemiologic studics indicate that there
is no increased risk of MI among former uscrs of QCs, "
The incidence ol cardiovascular discase is also not corre-
lated with the duration of OC use.”” Further data indicating
that the increased risk of M1 in OC users is duc to thrombo-
sis, not atherosclerosis, arc provided by an angiogruphic
study of young women who had an MI performed in 1983
by Engel and associates.®® In this study, only 36 pereent of
users of OCs containing 50 pg of cthinyl estradiol had
cvidence of coronary atherosclerosis compared with 79
percent of nonusers.

A study with eynomolgus macaque monkeys found thut
the ingestion of an OC containing high doses of norgestrel
and ethinyl estradiol lowered HDL cholesterol levels sig-
nificantly.®” However, after 2 years of ingesting this formu-
lation and being fed an atherogenic diet, these animals had
a significantly smaller area of coronary artery atherosclero-
sis than did a control group of female monkeys not ingest-
ing OCs but fed the same dict. Another group of monkeys
that received levonorgestrel without estrogen also had low-
ered HDL cholesterol levels. In this group, the cxtent of
coronary atherosclerosis was significantly increased com-
pared with that of the control group. The results of thig
study have since been confirmed in a larger study with two
high-dose estrogen-progestin formulations.” Both of these
compounds lowered the HDL cholesterol levels by hall
and tripled the ratio of cholesterol to HDL cholesterol. [n
this study, the mcan extent of coronary artery plaque forma-
tion in the high-risk control group of female animals was
more than 3 times greater than that found in animals
ingesting a high-dose norgestrel compound and more than
10 times greater than that found in animals ingesting o
high-dose ethynodiol diacetate compound. These studices
suggest that the estrogen component of OCs has a direct
protective effect on the coronary arteries, reducing the
extent of atherosclerosis that would otherwise be acceler-
ated by decreasced levels of HDL cholesterol,

The epidemiologic studies that reported an increased
incidence of MI in older users of OCs were published in
the late 1970s and thus used as a database women who
ingested only formulations with 50 pg or more of estrogen.
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In these case-control and cohort studies, a significantly
increased incidence of MI was found mainly among older
users who had risk factors that caused arterial narrowing,
such as pre-existing hypercholestcrolemia, hypertension,
diabetes mellitus, or smoking more than |5 cigarettes a
dayl?l

Data accumulated during the first 10 years of the RCGP
study (1968 1o 1978), in which the majority of users in-
gested formulations with more than 50 g of estrogen and
high doses of progestin, showed that a significantly in-
creased relative risk of death from circulatory disease oc-
curred only among women older than 35 years who also
smoked.”” A more recent analysis of data obtained during
the first 20 years of this study (1968 through 1987) revecaled
that there was no significant increased relative risk of acute
MI among current or former users of OCs who did not
smoke any cigarettes™ (Table 25-7). Women who smoked
and did not use OCs had a greater risk of MI than did
nonsmokers whether or not they used OCs. Even though
most of the women in this study used high-dose formula-
tions, a significantly increased risk of MI with OC use
compared with that of smokers not using OCs occurred
only among both light (fewer than 15 cigarettes per day)
and heavy cigaretie smokers. OC users who were heavy
smokers had a greater relative risk than did light smokers.
A casc-control study analyzed the relation between OC use
and the risk of MI among women admitted to a group of
New England hospitals between 1985 and 1988. The rela-
tive risk of MI among current OC users was not signifi-
cantly increased (RR, 1.1; confidence interval [CI], 0.4 to
3.1).% Among women who smoked at least 25 cigarettes a
day, current OC use increased the risk of MI 30-fold.
Smoking alone, without use of OCs, increased the risk of
MI about ninefold. These data indicate that cigarette smok-
ing is an independent risk factor for MI, but the use of
high-dose OCs by cigarette smokers significantly enhances
their risk of experiencing an MI, the two factors acting
synergistically. Current or prior OC use is not associated
with an increased risk of MI in nonsmokers.

Stroke

Although epidemiologic data from studies performed in the
1970s indicated that there was possibly a causal relation
between ingestion of high-dose OC formulations and
siroke, the data were conflicting; some studies showed a
significantly increased risk of thrombotic stroke, others an
increased risk of hemorrhagic stroke, and still others no
significantly increased risk of cither entity.” Furthermore,

™ TABLE 25-7
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as occurred with MI, the studies that did show a signili-
cantly increased risk of stroke in OC users indicated that
the increased risk was mainly limited to older women who
also smoked or were hypertensive.™

Data from the epidemiologic studics of OC use and
cardiovascular discase performed in the 1960s and 1970s
are not relevant to their current use, because the dose of
both steroid components in the formulations now being
marketed is markedly less, and women with cardiovascular
risk factors such as uncontrolled hypertension are no longer
receiving these agents. Furthermore, it is strongly recom-
mended not 1o preseribe OCs to women older than 35 years
who also smoke.

A nested case-control analysis by Hannaford and col-
lcagues™ examined the data obtained between 1968 and
1990 during the RCGP’s Oral Contraception Study to deter-
minc the relationship between OC use and the risk of
first-ever stroke including the diugnosis of subarachnoid
hemorrhage, cerebral hemorrhage, or thromboembolic
stroke. Women using OCs containing a high cstrogen dose,
more than 50 pg, had nearly a sixfold increase in the risk
of stroke; women ingesting OC formulations containing 30
to 35 pe of estrogen did not have an increased risk. An
analysis of strokes occurring in a large health maintenance
organization in California during the years 1991 1o 1994
indicated that the users had no significant increase of cither
thromboembolic or hemorrhagic stroke with OC use. In
this study, the relative risk of thromboembolic stroke was
0.65 and of hemorrhagic stoke 1.01 for OC users com-
pared with women who never used OCs and 1.18 and 1.13
compared with never uscrs and past users.”

The results of these recent epidemiologic studies indicate
that use of low-dose estrogen-progestin OC formulations
by nonsmeking women without risk factors for cardiovas-
cular discasc is not associated with an increased incidence
of cither MI or stroke. Smoking is a risk factor for arterial
but not venous thrombosis. Combination OCs should not
be prescribed to women older than 35 years who smoke
cigarcttes or usce alternative forms of nicotine.

Reproductive Effects

In an attempt to determine whether the reproductive endo-
crine system recovers normally after cessation of OC ther-
apy, Klein and Mishell” measured serum levels of FSH,
LH, estradiol. progesterone, and prolactin in six women
every day for 2 months after they discontinucd use of
high-dose OCs. Except for a variable prolongation of the
follicular phase of the first postcontraceptive cycle, the

Relative Risk of Myocardial Infarction in Relation to Smoking and Oral Contraceptive Use®

ORAL CONTRACEPTIVE USE

SMOKING Never (CL)
Never 1.0

<15 cig/day 2.0 (1.0-3.9)
=15 cig/day 33 (1.6-6.7)

Previonsly (CL) o au_'rcnt (CL_)

1.1 (0.6-2.2) 0.9 (0.32.7)
1.3 (0.6-2.8) 3.5 (1.3-0.5)
43 (2.3-8.0) 20.8 (5.2-83.1)

“Royal College of General Practitioners study, 1968—1987. N = |58, CL, confidence limits,
Muodified from Croft P, Hannaford PC. Risk factors for scute myocardial infarction in women. Br Med J 298:1245, 1991,
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patterns and levels of all of these hormones were indistin-
guishable from those found in normal ovulating subjects.
In these six womcn, the initial LH peak occurred from 21
to 28 days after ingestion of the last tablet. These results
indicate that after a variable but usually short interval after
the cessation of oral steroids, their suppressive cffect on
the hypothalamic-pituitary-ovarian axis disappears. After
the initial recovery, completely normal endecrine function
occurs.

As previously mentioned, the delay in the return of
fertility is greater for women discontinuing use of OCs
with 50 jLg of estrogen or morc than with those containing
lower doses of estrogen.™ However, use of the low-dose
formulations still causes a significant reduction in time to
conception rates, with a mean of 5.88 cycles for OC uscrs
compared with 3.18 cycles for women discontinuing other
contraceptive methods. Among women stopping usc of
OCs 1o conceive, the reduced probability of conceplion
compared with that of women stopping use ol other meth-
ods is greatest in the first month after their use is stopped
and decreases steadily thereafter. There is little if any effect
of duration of OC use on the length of delay of subsequent
conception, but the magnitude of the delay to return of
conception after OC use is greater among older primiparous
women than among others.

Thus, for about 2 years after the discontinuation of
contraceptives to conceive, the rate of return of fertility is
lower for users of OCs than for women who have used
barrier methods, but eventually the percentage of women
who conceive after ceasing 1o use cach of these contracep-
tive methods becomes the same.” Thus, the use of OCs
does not cause permanent infertility.

Neither the rate of spontancous abortion nor the inci-
dence of chromosome abnormalitics™ in abortuses is in-
creased in women who conceive in the first or subsequent
months after they cease to use OCs. Several cohort and
case-control studics of large numbers of babies born to
women who stopped using OCs have been undertaken.
These studies indicate that these infants have no grealer
chance of being born with any type of birth defect than do
infants born to women in the general population, even if
conception occurred in the first month alter the medication
was discontinued.™ " If OCs are accidentally ingested dur-
ing the first few months ol pregnancy, a large cohort study
reported that there is no significantly increased risk of
congenital malformations among the offspring of users
overall or among those of nonsmoking users.™

Neoplastic Effects

OCs have been extensively used for more than 35 years,
and numerous epidemiologic studics of both cohort and
case-control design have been performed to determine the
relation between use of these agents and the development
of various types of ncoplasms. Becausc as yet no clderly
women have used OCs during their early reproductive
years, the studics thus far published usually restrict the
analysis to women younger than 60 years. Because hor-
mones are mainly considered to be promoters, not initia-
tors, of cancers, any adversc oncologic effects of these
steroids should show a dose response, as demonstrated by
an increased risk occurring with increased duration of use.

In 1995, Schlesselman™ addressed this issue by performing
a meta-analysis of the epidemiologic studies reported be-
tween 1980 and 1994 that analyzed the effect of OCs
according to their duration of use on cancer of the hreast,
organs of the female reproductive tract, and liver.™

Breast Cancer

Because estrogen stimulates the growth of breast lissue,
there have been concerns that the high dose of exogenous
cstrogen in OCs could either iniliate or promote breast
cancer in humans. Accordingly, numerous epidemiologic
studies have been published in which breast cancer risk
among OC users has been determined. In 1991, Thomas™
published a comprchensive review of the results of all
previously published epidemiologic studies of breast cancer
risk in relation to use of combined OCs. Both case-control
and cohort studies were analyzed, and the summary relative
risk was determincd by meta-analysis. There were 15 case-
control studies conducted in developed countries that in-
cluded women of all ages at risk for having used OCs.
These papers were published between 1974 and 1990, and
the relative risk of breast cancer with OC use ranged from
0.7 to 1.6 in the individual studics. Only one of (hese
studies reported a significant increase in breast cancer risk,
and the summary relative risk obtained by combining data
for all the studics was 1.0 (CI, 1.0 to 1.1).*

Eight case-control and one cohort study investigated the
relative risk of breast cancer in OC users who did and did
not have a family history of breast cancer, Nonc of the
studies showed a significant difference in risk of breast
cancer among OC users who did and did not have a family
history of breast cancer.

In 1996, a large international collaborative group re-
analyzed the entire worldwide epidemiologic data that had
investigated the relation between risk of breast cancer and
use of OCs. Analysis was done of data from 54 studies
performed in 25 countries, involving more than 53,000
women with breast cancer and more than 100,000 control
subjects. The analysis indicated that while women ook
OCs, they had a slightly increased risk of having breast
cancer diagnosed (RR, 1.24; CI, 1.15 to 1.30)* (Fig. 25-6).
The magnitude of risk of having breast cancer diagnosed
declined steadily after stopping OCs, so there wis no
longer a significantly increased risk 10 years or more after
stopping their use (RR, 1.01; CI, 0.96 to 1.05).% It is of
interest that the cancers diagnosed in women taking OCs
were less advanced clinically than those that occurred in
the nonusers. The risk of having breast cancer that had
spread beyond the breast compared with a localized tumor
was significantly reduced (RR, 0.88; CI, 0.81 1o 0.95) in
OC users compared with nonusers. The group concluded
that these results could be cxplained by the fact that breast
cancer is diagnosed earlier in OC uscrs than in nonusers or
could be due to biologic effects of the OCs.*

The clinical meaning of this vast amount of epideimio-
logic data with small changes in relative risk is difficult to
interpret. It appears that the dose or type of either steroid
as well as duration of OC use is not related to breast cancer
risk. Because there is no relation between dose or duration
of use of estrogen, it is unlikely that OCs initiatc breast
cancer. Furthermore, the collaborative analysis found that
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there was no significant increase in risk of breast cancer
with OC use at very young ages, use before a first birth,
or use by women with a family history of breast cancer.
Two findings are important. One is that with current OC
use or use within 5 years, the risk of breast cancer diagnosis
is increascd by about 25 percent. The second is that the
increased risk of breast cancer in current OC users is
limited to localized discase, and OC users have a signifi-
cantly reduced incidence of discase that has spread beyond
the breast. A decreased risk of advanced disease is also
found in more older former OC users than nonusers who
have breast cancer. Because the increased risk of breast
cancer with OC use is confined to current and recent
users, il there is an excess in incidence, the magnitude
of increased incidence is small because breast cancer is
uncommon before the age of 45 years. Furthermore, the
contraceptive steroids probably act to promote the growth
or increase the chance of diagnosis of existing cancers
because breast cancer has been thought to usually take
many years to become clinically evident after the cancer is
initiated. Overall, the large body of data regarding OC usc
and breast cancer risk is reassuring,

Cervical Cancer

The epidemiologic data regarding the risk of invasive cervi-
cal cancer as well as cervical intraepithelial neoplasia and
OC use are conflicting. Confounding factors such as the
woman’s age at first sexual intercourse, number of sexual
partners, exposurce to human papillomavirus (possibly
greater among OC users), cytologic screening (probably
more [requent among OC users), and use of barrier contra-
ceptives or spermicides (primarily by women in the control
group) as well as cigarette smoking (an independent risk
factor for this disease) could account for the different
results in different studies. In most of these studies, statisti-
cal corrections were made for these confounding Factors,
and the control group did not use barrier methods of
contraception in many of them.

As reported by Schlesselman’s review of 14 studies of

Years since lasl use of combined oral contracaptives

more than 3800 women with invasive cervical cancer, there
is a significant trend of increased risk of this disease with
increased duration of OC use. The relative risk of disease
with 4, 8, and 12 years of OC usc increased from [.37 to
1.60 to 1.77, respectively.™

Two of three case-control siudies also reported that the
risk of invasive cervical cancer was significantly increased
with long-term OC use, with a relative risk between 1.5
and 2.5.%7" Three case-control studics have reported that
the risk of adenocarcinoma of the cervix was significantly
increased about twofold among OC users compared with
nonusers.”- - ! In two of these studies, the risk of this
type of tumor increased with increasing duration of use; in
one study, a fourfold increased risk was reached with more
than 12 years of OC usc. Adenocarcinoma of the cervix is
uncommon before the age of 55 years, with an incidence
of about 1 per 1000 women. In contrast to these findings,
the majority of well-controlled studies indicate that there
is no significant change in risk of cervical intraepithelial
neoplasia with OC use.™ Because invasive epithelial cervi-
cal cancer is usually preceded by dysplasia, the relation
between OC use and increased risk of cpithelial cervical
cancer is unlikely to be causal. IHowever, it is possible that
a causal relation exists between OC use and an increased
risk of cervical adenocarcinoma.

Endometrial Cancer

Twelve case-control studies and three cohort studies have
examined the relation between OCs and endometrial can-
cer, and all but two of these studies have indicated that the
use of these agents has a protective effect against endome-
trial cancer, the third most common cancer among United
States women.®™ ** Women who use OCs for at least 1 year
have an agc-adjusted relative risk of 0.5 for diagnosis of
endometrial cancer between the ages of 40 and 55 years
compared with nonusers. This protective cffect is related
to duration of use, increasing from a 20 percent reduction
risk with | year of use to a 40 percent reduction with 2
years of use to about a 60 percent reduction with 4 years
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of use. Voigt and colleagues™ reported that the protective
effect of OCs on endometrial cancer occurred with use of
combination formulations with both high and low doses of
progestin.

Ovarian Cancer

As summarized by Hankinson and coworkers™ in 1992,
there were 20 published reports examining the use of OCs
with subsequent development of ovarian cancer, and 18 of
these found a reduction in risk specifically of the most
common lype—epithelial ovarian cancers (Fig. 25--7). The
summary relative risk of ovarian cancer among ever-users
of OCs was 0.64, a 36 percent reduction. OCs reduce the
risk of the four main histologic types of epithelial ovarian
cancer (serous, mucinous, endometrioid, and clear cell),
and the risk of invasive ovarian cancers as well as of those
with low malignant potential is reduced. The magnitude of
the decrcase in risk is directly related to the duration of
OC use, increasing from about a 40 percent reduction with
4 years of use to a 53 percent reduction with 8 years of
use and a 60 percent reduction with 12 years of use.
Beyond | year, there is about an |1 percent reduction in
ovarian cancer risk for cach of the first 5 years of use. The
protective effect begins within 10 ycars of first use and
continues for at least 20 ycars after the use of OCs cnds.
A study by Roscnberg and associates™ found a similar
level of protection with low-dose monophasic formulations
as well as with higher dosc agents. Insufficient data on
ovarian cancer risk with use ol phasic formulations are
currcntly available. As with endometrial cancer, the protec-
tive effect occurs only in women ol low parity (=4), who
are al greatest risk for this type of cancer.

Liver Adenoma and Cancer

The development of a benign hepatocellular adenoma is a
rarc occurrence in long-term uscrs of OCs, and the in-
creased risk of this tumor was associated with prolonged

Relatl\f'e Risk
&

0.1— i i i L 1 n
0 2 4 & 8 10 12 1
Duration (years)

.+ = Relative risk of ovarian cancer associated with dif-
ferent durations of oral contraceptive use: findings of 15 studies.
Study categories, indicating category weights ranging from smallest
{weight in bottom 25 percent of range) to largest (weight in top 25
percent of range). squares = 1 (smallest); pluses = 2; open
crosses :- 3; stars = 4 (largest). (From Hankinson SE, Colditz GA,
Hunter DJ, et al. A guantitative assessment of oral contraceptive
use and risk of ovarian cancer. Obstet Gynecol 80:708-714, 1992.)

use of high-dose formulations, particularly those containing
mestranol. Although two British studies reported an in-
creased risk of liver cancer among uwsers of OCs, the
number of patients was small and the results could have
been influenced by confounding [actors.”™*" The rate of
death from the diseasc has remained unchanged in the
United States during the past 25 years, a period when
millions of women have used these agents. Data from u
large multicenter epidemiologic study coordinated by the
WHO found no increased risk of liver cancer associated
with OC users in countries with a high prevalence rate ol
this neoplasm.” This study found no change in risk with
increasing duration of use or time since first or last use.

Pituitary Adenoma

OCs mask the predominant symptoms produced by
prolactinoma—amenorrhea and galactorrhca, When OC use
is discontinued, these symptoms occur, suggesling a causal
relation. However, data from three studies indicate that the
incidence of pituitary adenoma among users of OCs is not
higher than that among matched control subjects.”

Malignant Melanoma

Several epidemiologic studies have been undertaken to
assess the relation of OC use and malignant melanoma,
The results arc ambiguous, because an increased risk, a
decreased risk, and no effect have all been reported. In a
review by Prentice and Thomas™ in 1987, the summary
rclative risk for cight case-control studies was 1.0 and for
three cohort studies 1.4, an insignificant increase. A more
recent analysis ol the two large British cohort studies that
were initiated in 1968, involving more than 40,000 women,
reported that the adjusted relative risk of malignant mela-
noma in OC users was 0.92 and 0.85.' The results of
these large studics of long duration indicate that OC usc
does not increase the risk of malignant melanoma.

Contraindications to Use

OCs can be prescribed for the majority of women of
reproductive age, because these women are young and
generally healthy. However, there are certain absolute con-
traindications: a history of vascular disease (including
thromboembolism, thrombophlebitis, atherosclerosis, and
stroke) and systemic disease that has altered the vascular
system, such as lupus crythematosus or diabetes with reti-
nopathy or nephropathy. Cigarette smoking by OC users
older than 35 and uncontrolled hypertension arc also con-
traindications. One of the contraindications listed in the
product labeling is cancer of the breast or endometrium,
although there arc no data indicating that OCs arc harmful
to women with these diseases. Pregnant women should not
take OCs, because it has been theorized that there may be
masculinizing cffeet of the 19-nonprogestins on the cxter-
nal genitalia of female fetuses.

Women with functional heart diseases should not use
OCs, because the fluid retention they producc could result
in congestive heart failure. There is no evidence, however,
that individuals with asymptomatic mitral valve prolapse
should not use OCs. Women with active liver disease
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should not take OCs. However, women who have recovered
from liver disease, such as viral hepatitis, and whose liver
lfunction test results have returned to normal can safely
luke OCs,

Relative contraindications to OC use include heavy ciga-
rette smoking by women younger than age 35, migraine
hcadaches, undiagnosed causes of amenorrhea, and depres-
sion. About 20 percent of women have migraine headaches,
and their frequency and severity can be worsened by OC
usc. There is currently no evidence that the risk of stroke
is significantly increased in women with migraine head-
aches who use OCs compared with nonusers. Unless the
women have peripheral neurologic symptoms with the mi-
graine headaches, OCs can be used. If fainting, temporary
loss of vision or speech, or paresthesias develop in an OC
user, the use of OCs should be stopped because of their
tlirombophilic cffect.

Because OC use may mask the symptoms produced by
i prolactin-secreting adenoma (amenorrhea and galactorr-
hea), amenorrheic women should not receive OCs until the
diagnosis for this symptom is cstablished. If galactorrhea
develops during OC use, OCs should be discontinued, and
lter 2 weeks a serum prolactin level should be measured.
Il'it is clevated, further diagnostic evaluations are indicated.
The presence of a prolactin-secreting macroadenoma but
not a microadenoma is a contraindication for OC use. Usc
0l OCs does not cause enlargement of prolactin-secreting
pituitary microadenomas or worsen functional prolacti-
noma as was previously believed. Women with gestational
diabetes can take low-dose OC formulations, because these
agents do not affect glucose tolerance or accelerate the
development of diabetes mellitus.'" Insulin-dependent dia-
betes without vascular disease is also not a contraindication
for low-dose OC use.

Contraceptive Use
Initiation 2
ADOLESCENTS

In deciding whether a sexually active pubertal girl should
use OCs [or contraception, the clinician should be more
concerned about compliance with the regimen than about
possible physiologic harm. As long as she has demon-
strated maturity of the hypothalamic-pituitary-ovarian axis
with at least three regular, presumably ovulatory, menstrual
cycles, 1t is safe to prescribe OCs without concern that
their use will permanently alter future reproductive endo-
crinologic function. It is not nccessary to be concerned
about accelerating epiphyseal closure in the postmenarcheal
[emale. Endogenous cstrogens have already initiated the
process a few years before menarche, and use of contracep-
live steroids will not hasten it.

AFTER PREGNANCY

There is a difference in the relationship of the return of
ovulation and bleeding between the postabortal woman and
one who has had a term delivery. The first episode of
menstrual bleeding in the postabortal woman is usually
preceded by ovulation. After a term delivery, the first
¢pisode of bleeding is usually but not always anovulatory.
Ovulation occurs sooner after an abortion, usually between
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2 and 4 weeks, than after a term delivery, when ovulation
is usually delayed beyond 6 weeks but may occur as early
as 4 weeks in a woman who is not breast feeding.

Thus, after spontaneous or induced abortion of a fetus
of less than 12 weeks™ gestation, OCs should be started
immediately to prevent conception after the first ovulation.
For women who deliver after 28 wecks and are not nursing,
the combination pills should be initiated 2 to 3 weeks alter
delivery. If the termination of pregnancy occurs between
21 and 28 weeks, contraceptive steroids should be started
I week later; the reason for delay in this instance is that
the normally increased risk of thromboembolism occurring
post partum may be further enhanced by the thrombophilic
cffects of combination OCs. Because the first ovulation is
delayed for at least 4 wecks after a term delivery, there is
no need (o exposc the woman to this incrcased risk.

Estrogen inhibits the action of prolactin in breast tissue
receptors; therefore, the use of combination OCs (those
containing both estrogen and progestin) diminishes the
amount of milk produced by OC users who breast feed
their babies. Although the diminution of milk production
is directly related to the amount of estrogen in the contra-
ceptive formulation, only one study has been published in
which the amount of breast milk was measured by breast
pump in women using formulations with less than 50 pg
of estrogen. In this study, the use of this low dose of
estrogen reduced the amount of breast milk.'"” Thus, it is
probably best for women who are nursing nol to use
combination OCs unless supplemental feeding is given to
the infant,

Women who are breast feeding every 4 hours, including
during the night, will not ovulate until at least 10 weeks
after delivery and thus do not need contraception beforc
that time. Because only a small pereentage of breast feed
ing women will ovulate as long as they continue full
nursing and remain amenorrheic, either a barrier method
or a progestin-only OC can be used until menses resume.
Progestins do not diminish the amount of breast milk, and
progestin-only OCs arc effective in this group ol women,
Once supplemental feeding is introduced, ovulation can
resume promptly, and more effective contraception is then
needed, Combination OCs should be used once supplemen-
tal feeding is initiated.

CYCLING WOMEN

At the initial visit, after a history and physical examination
have determined that there are no medical contraindications
for OCs, the woman should be informed about the benefits
and risks. For medicolegal reasons, it is best to note on the
patient’s medical rccord that the benefits and risks have
been explained to her.

Type of Formulation

In determining which formulation to usc, it is best initially
to prescribe a formulation with less than 50 pg of cthinyl
estradiol, because these agents are associated with less
cardiovascular risk as well as fewer estrogenic side cffects
than formulations with 50 pg of estrogen. It would also
appear reasonable o use formulations with the lowest an-
drogenic potency of progestin, because there would be
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less androgenic, metabolic, and clinical adverse cffects
associaled with their use. The development of multiphasic
formulations has allowed the total dose of progestin to be
reduced compared with somc monophasic formulations,
without increasing the incidence of breakthrough bleeding.
However, several monophasic formulations have a lower
total dose of progestin per cycle than the multiphasic for-
mulations, and the incidence of follicular enlargement is
more frequent with multiphasic than with monophasic for-
mulations.'™

The U.S. Food and Drug Administration (FDA) has
stated that the product prescribed should be one that con-
tains the least amount of estrogen and progestin that is
compatible with a low failurc ratc and the needs of the
individual woman. Because few randomized studies have
been performed comparing the different marketed formula-
tions, until large-scale comparative studies are performed,
the clinician must decide on the formulation to use on the
basis of which havce the least adverse cffects among women
in his or her practice. If estrogenic or progestogenic side
effects occur with one formulation, a different agent with
less estrogenic or progestogenic activity can be given.

The contraceptive formulations containing progestins
and no estrogen have a lower incidence of adverse meta-
bolic effects than do thc combination formulations. Be-
cause the factors that predispose to thromboembolism are
caused by the estrogen component, the incidence of throm-
bocmbolism in women ingesting these compounds is not
increased. Furthermore, blood pressure is not affected, nau-
sca and breast tenderness arc climinated, and milk produc-
tion and quality are unchanged. Despite these advantages,
thesc agents have the disadvantages of a high frequency
of intermenstrual and other abnormal blecding patterns
(including amenorrhea) and a lower rate of cffectiveness
than the combined formulations. The failure rate of these
preparations is higher than with the combined formulations,
and a relatively high percentage of the pregnancics that do
occur are cetopic. Because nursing mothers have reduced
fertility and arc amenorrheic, the major disadvantages of
these preparations are minimized for these individuals.
Furthermore, because milk production and quality are unaf-
fected in contrast to the changes produced by combination
pills, the formulations with only a progestin may be offered
to these women while they arc nursing. However, a small
portion of these synthetic steroids have been detected in
breast milk. The long-lerm effects (if any) of these proges-
tins on the infant arc not known, but none has been detected
to date. A long-term follow-up study of breast fed children
whose mothers ingested combined OCs containing 50 pg
of estrogen while they were lactating revealed no difference
in mean body weight or height up to 8 years of age
compared with breast fed children whose mothers did not
ingest OCs."™ ‘There was also no difference of occurrence
of discase or in intellectual or psychologic behavior be-
tween the two groups,

Follow-up

Il a healthy woman has no contraindications to OC use, it
is unneccssary to perform any laboratory tests including
cervical cytology unless these are nccessary for routine
health maintenance. At the end of 3 months, the woman

should be scen again; at this time, a nondirccted history
should be obtained and the blood pressure measured. After
this visit, the woman should be seen annually, at which
time a nondirected history should again be taken, blood
pressure and body weight measured, and a physical exami-
nation (including breast, abdominal, and pelvic examina-
tion with cervical cytology) performed. It is important to
perform annual cervical cytologic screening of OC users,
because they are a group at relatively high risk for develop-
ment of cervical neoplasia. The routine use of other labora-
tory tests is not indicated unless the woman has a family
history of diabetes or vascular disease at a young age.
Routine use of these tests in women is not indicated,
because the incidence of positive results is extremely low,
However, if the woman has a family history of vascular
disease, such as MI occurring in family members younger
than 50, it would be advisable to obtain a lipid panel before
OC use is started; hypertriglyceridemia may be present,
and OC use will further raise triglyceride levels. Because
the low-dose formulations do not adversely alter the lipid
profile except for triglycerides, it is not necessary to mea-
sure lipids, other than the routine cholesterol screcning
every 5 years, in women with no cardiovascular risk fac-
tors, even if they are older than 35. If the woman has u
family history of diabetes or evidence of diabetes during
pregnancy, a 2-hour postprandial bloed glucose test should
be performed before OCs are started, and if the blood
glucose level is clevated, a glucose tolerance test should
be performed. If the woman has history of liver discase, a
liver pancl should be obtained to make certain that liver
function is normal before OCs are started.

Drug Interactions

Although synthetic sex steroids can retard the biotransfor-
mation of certain drugs (e.g., phenazone and meperidone)
as a result of substrate competition, such interference is
not important clinically. OC use has not been shown to
inhibit the action of other drugs. However, some drugs can
interfere clinically with the action of OCs by inducing liver
enzymes that convert the steroids to more polar and less
biologically active metabolites.

Certain drugs have been shown to accelerate the bio-
transformation of steroids in humans. These include barbi-
turates, sulfonamides, cyclophosphamide, and rifampin,
Several investigators have reported a relatively high inci-
dence of OC failure in women ingesting rifampin, and
these two agents should not be given concurrently.'® The
clinical data concerning OC failure in users of other antibi-
otics (e.g., penicillin, ampicillin, and sulfonamides), anal-
gesics (c.g., phenytoin), and barbiturates arc less clear. A
few anccdotal studies have appeared in the litcrature, but
reliable evidence for a clinical inhibitory effect of these
drugs on OC cffectiveness, such as occurs with rifampin.
is not available, One study by Murphy and colleagues'"
showed that when 2 gm of tetracycline was given daily in
divided doscs, the levels of both ethinyl estradiol and
norcthindrone in OC uscrs were similar to those before
antibiotic use. Women with epilepsy requiring medication
should probably be treated with formulations containing 50
pg ol estrogen; a higher incidence of abnormal bleeding
has been reported in these women with the use of lower
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dose estrogen formulations owing to lower circulating lev-
¢ls of ethiny! estradiol brought about by the action of most
antiepileptic medications.'"”

Noncontraceptive Health Benefits

In addition to being the most effective method of contra-
ception, OCs provide many other health benefits.'™ Some
are due to the fact that the combination OCs contain a
potent, orally active progestin as well as an orally active
cstrogen, and there is no time when the estrogenic target
tissues are stimulated by estrogens without a progestin
(unopposed estrogen).

Both natural progesteronc and the synthetic progestins
inhibit the proliferative effect of estrogen, the so-called
entiestrogenic effect. Estrogens increase the synthesis of
both estrogen and progesterone receptors, whereas proges-
teronc decreases their synthesis. Thus, one mechanism
whereby progesterone exerts its antiestrogenic effects is by
decreasing the synthesis of estrogen receptors. Relatively
little progestin is needed to exert this action, and the
amount present in OCs is sufficient. Another way proges-
lerone produccs its antiestrogenic action is by stimulating
the activity of the enzyme estradiol-17B-dehydrogenase
within the endometrial cell. This enzyme converts the more
potent estradiol to the less potent estrone, reducing estro-
genic action within the cell.

As a result of the antiestrogenic action of the progestins
in OCs, the height of the cndometrium is less than in
an ovulatory cycle, and there is less proliferation of the
cndometrial glands. These changes produce scveral sub-
stantial benefits for the OC uscr. One is a reduction in the
amount of blood loss at the time of endometrial shedding.
In an ovulatory cycle, the mean blood loss during menstru-
ation is about 35 ml, compared with 20 ml for women
ingesting OCs. This decrcased blood loss makes the devel-
opment of iron deficiency anemia less likely in OC users
than in nonusers. )

Because OCs produce regular withdrawal bleeding, it
would be expected that OC users would have fewer men-
strual disorders than do control subjects. The results of
the RCGP study confirmed the fact that OC users were
significantly less likely to have menorrhagia, irregular men-
struation, or intermenstrual bleeding develop.® Becausc
these disorders are frequently treated by curettage or hys-
terectomy, OC users require these procedures less fre-
quently than do nonusers.

Estrogen exerts a proliferative effect on breast tissue,
which also contains estrogen receptors. Progestins may
also inhibit the synthesis of estrogen receptors in this organ.
Several studies have shown that OCs reduce the incidence
of benign breast disease, and two prospective studies have
indicated that this reduction is dircctly related to the
amount of progestin in the compounds. ' '!!

Benefits from Inhibition of Ovulation

Other noncontraceptive medical benefits of OCs result from
their main action—inhibition of ovulation. Some disorders,
such as dysmenorrhea and premenstrual tension, occur
much more frequently in ovulatory than in anovulatory cy-
cles.

Chapter 25 CONTRACEPTION 693

Lanes and coworkers'™ studied the rate of functional
cysts more than 2 em in diamcter, which required either
hospitalization or outpaticnt surgery, by ultrasonography.
They found that low-dose monophasic formulations re-
sulted in about a 50 percent reduction in functional cysts,
lower than the 75 percent reduction with high-dose formu-
lations, whereas use of multiphasic formulations had only
a slight reduction of ovarian cyst development.

Other Benefits

Several European studies, including the RCGP study,
showed that the risk of development of rheumatoid arthritis
in OC users was only about half that in control
subjects.'"™ '"* Another benefit is protection against salpin:
gitis, commonly referred to as pelvic inflammatory disease
(PID). The relative risk of PID developing among OC
users in most studies is about (.5, a 50 percent reduction.'"
OCs reduce the clinical development of salpingitis in
women infected with gonorrhea. OCs reduce the risk of
ectopic pregnancy by more than 90 percent in current users
and may reduce the incidence in former users by decreasing
their chance of development of salpingitis.

Limited epidemiologic data indicate that OCs may re-
duce bone loss in perimenopausal women, particularly
those with oligomenorrhea.'” There are noncontraceptive
health benefits associated with continuing OC use beyond
the age of 40 years into the perimenopausal years. Because
the estrogen given lor hormone replacement is not as
thrombophilic as the estrogen dose currently used in OCs,
it is best to switch from OCs to estrogen replacement at
about the age of 50 years. To avoid discontinuing OC usc
when thc woman is still ovulating, measurement of the
FFSH and estradiol levels on the last day of the pill-free
interval provides information about ovarian follicular activ-
ity. When the FSH level is elevated and the estradiol level
is low, OCs should be discontinued and estrogen hormonal
replacement begun.''®

To avoid contraceptive failure associated with the need
to remember to take OC daily, methods of administering
contraceplive steroid formulations at infrequent intervals
have been developed. To date, two types of long-acting
steroids, injectable suspensions and subdermal implant for-
mulations, have been developed and are being used by
women in the United States and clscwhere. Because most
of the long-acting steroid formulations contain only a pro-
gestin, withoul an estrogen, endometrial integrity is not
maintained and uterine bleeding occurs at irregular and
unpredictable intervals. Thercfore, women wishing to usc
these methods need to be counscled about the development
of irregular bleeding before their use to enhance continuity
of use.

Injectable Suspensions

Three types of injectable steroid formulations are currently
in use for contraception throughout the world. These in-
clude depot medroxyprogesterone acctate (DMPA), given
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in a dose of 150 mg every 3 months; norethindronc enan-
thate, given in a dosc of 200 mg cvery 2 months; and
several once-a-month injections of combinations of differ-
ent progesting and estrogens. Only the first of these three
types is currently available in the United States. Injectable
contraceptives are a popular method of contraception
worldwide. In the United States, they are used by about 3
percent of women of reproductive age.

Medroxyprogesterone acctate (MPA) is a |7-acetoxy-
progestcrone compound and is the only progestin used for
contraception that is not a 19-nortestosterone derivative. In
all currently marketed oral contraceptives, the progestins
are all 19-nortestostcrone compounds, either estranes or
gonanes, and as such have varying degrees of androgenic
activity.

The 17-acetoxyprogestins, which do not have androgenic
activily and arc structurally related to progesterone instead
of testosteronc, were used in OC formulations about 30
years ago. Although they were approved for contraception
in many Western countries in the 1960s, regulatory ap-
proval lor thesc agents in the United States was stopped
when tests on beagle dogs showed that ingestion of OCs
with 17-acetoxyprogestins was associated with an increased
risk of mammary cancer. It was discovered later that, unlike
humans and other animals, the beagle uniquely metabolizes
I 7-acctoxyprogestins to cstrogen, which causes mammary
hyperplasia. Thus, when MPA is ingested by the beagle,
this substance behaves differently than it does in the hu-
man, in whom it is nol metabolized to cstrogen. After
cpidemiologic studics showed that DMPA does not increase
the risk of breast cancer in humans, regulatory approval
for marketing this agent as a contraceplive was obtained in
the United States in 1992,

Depot Formulation of Medroxyprogesterone
Acetate

MPA is a 17-acetoxy-6-methyl progestin that has progesto-
genic activity in the human'" (Iig. 25-8). Because MPA
is not metabolized as rapidly as the parent compound,
progesterone, it can be given in smaller amounts than
progesterone, with an equivalent amount of progestational
activity. DMPA, the long-acting injectable formulation of
MPA, consists of a crystalline suspension of this progesta-
tional hormone. The effective contraceptive dosage is 150
mg DMPA, which is given by injection deep into the
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Progesterane Medroxyprogesterone Acetate (MPA)

A 8w Comparative structures of progesterone and MPA.
(From Mishell DR Jr. Pharmacokinetics of depot medroxyprogester-
one acetate contraception. J Reprod Med 41[suppl]:381-390,
1996.)

gluteal or deltoid muscle, after which the progestin is
released slowly into the systemic circulation. The arca
should not be massaged, so that the drug is rcleased slowly
into the circulation and maintains its contraceptive effec-
tiveness for at least 4 months.

DMPA is an extremely effective contraceptive. In a large
WHO clinical trial studying use of DMPA, the pregnancy
rate at 1 year was only 0.1 percent; at 2 years, the cumula-
tive rate was 0.4 percent.'" Threc mechanisms of action
are involved. The major effect is inhibition of ovulation.
Second, the endometrium becomes thin and does not sc-
crete sufficient glycogen to provide nutrition for a blasto-
cyst cntering the endometrial cavity. Third, DMPA keeps
the cervical mucus thick and viscous, so sperm are unlikely
to reach the oviduct and fertilize an egg. With these multi-
ple mechanisms of action, DMPA is one of the most effec-
tive reversible methods of contraception currently avail-
able.

PHARMACOKINETICS

MPA can be detected in the systemic circulation within 30
minutes after its intramuscular injection.'” Although serum
MPA levels vary among individuals, they rise steadily to
contraceptively effective blood levels (>0.5 ng/ml) within
24 hours after the injection.

The pattern of MPA clearance from the circulation varies
among different studies according to the type of assay
used. After DMPA was administered to threc subjects,
Ortiz and coworkers' assayed blood MPA levels daily for
2 weeks, then three times a week for the next 3 months,
and then weekly until MPA was undetectable. In two sub-
jects, MPA levels initially platcaued at 1.0 to 1.5 ng/ml for
about 3 months, after which they declined slowly to about
0.2 ng/ml during the fifth month (Fig. 25-9). In a third
subject, the blood levels were higher during the first month,
then ranged between 1.0 and 1.5 ng/ml for the next 2
months, after which there was a further decline. MPA
levels remained detectable in the circulation (=0.2 ng/ml)
for 7 to 9 months in all three subjects, after which it was
not detectable. Estradiol levels were found to be in the
range of the carly follicular to midfollicular phase, but
consistently below 100 pg/ml during the first 4 months
after injection. After 4 to 6 months, when MPA lcvels
decrcased to less than 0.5 ng/ml, cstradiol concentrations
rose to preovulatory levels, indicating follicular activity,
but ovulation did not occur, as evidenced by persistently
low progesterone levels. Return of follicular activity pre-
ceded the return of luteal activity by 2 to 3 months. This
delay in resumption of luteal activity is probably due to
the fact that the circulating MPA levels inhibit the positive
feedback effect of the risc of estradiol on the hypothalamic-
pituitary axis, which in the absence of MPA would stimu-
late the midcycle release of LH. The return of luteal activ-
ity in this study, indicated by a risc in serum progesterone
levels, did not occur until 7 to 9 months after the injection,
when the MPA levels were below 0.1 ng/ml.

In another study, performed by Kirton and Cornette'™
using a different assay, MPA levels were much higher,
although the pattern was similar to that found in the study
by Ortiz,""” and luteal activity also did not occur until about
7 months after the injection.

A third study of DMPA pharmacokinetics was reported
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by Fotherby and colleagues'™"' and showed an entirely dif-
ferent pattern of MPA clearance after the injection. In this
study, the MPA levels fell more rapidly than in the other
two studics, and the progesterone levels initially rose about
3.5 months after the injection. On the basis of this study,
the product labeling states that if the time interval after the
last injection is more than 13 weeks, the provider should
determine that the woman is not pregnant before adminis-
tering the drug. Additional studics are necded to determine
more preciscly the pharmacodynamics of MPA clearance
and time of initial resumption of ovulation because of the
differences obscrved in previous studics.

OVULATORY SUPPRESSION

To determine the effect of DMPA on the hypothalamic-
pituitary axis. Mishell and colleagues'* mcasured serum
[.H and FSH levels daily during a control cycle and then
for 2 months after a single injection was given. Although
the mideycle ILF peak was suppressed after the injection,
tonic LH was still being secreted in a pulsatile manner,
and serum tonic levels were about the same as those found
in the follicular phasc of the control cycle. The normally
occurring peak level of FSH at midcycle was also sup-
pressed after the injection, but tonic FSH levels were in
the range of those found in the lutcal phasc of the control
cycle, indicating a lack of complete suppression of the
hypothalamic-pituitary axis.

Mishell and colleagues'® reported that daily progeste-
rone levels were consistently in the follicular-phase range
during the first 2 months after the initial injection of
DMPA. To obtain suppression of ovulation in the initial
injection cycle, DMPA has to be administered within scv-
cral days after the onset of menses. Siriwongse and associ-
ates' reported that when the drug was initially given on
day 5 or 7 of the cycle, none of the women ovulated, but

Days after injection

when it was given on day 9, 2 of 13 subjects had presump-
tive evidence of ovulation. The results of this study indi-
cated that DMPA should be given no later than 7 days after
the onsct of menses to be effective in the first ovulatory
cycle. The product labeling states that to ensure the woman
is not pregnant at the time of the first injection, it must be
given during the first 5 days of the cycle.

Mishell and colleagues'™ reported that circulating cstra-
diol levels during the (irst 2 months after the initial 150-
mg injection of DMPA were similar to the levels found in
the follicular phase of the control eycle. Therefore, there is
incomplete suppression of follicular activity in the first two
cycles after an injection of DMPA.

A cross-scctional study was performed by Mishell and
colleagues'® of 121 women who reccived 150 mg of
DMPA every 3 months for more than | year. An assay
performed on a serum sample obtained on the day of the
next scheduled injection showed marked differences in the
estradiol levels, which varied from approximately 15 pg/
ml to nearly 100 pg/ml (mean, approximately 42 pg/ml).
A similar range and mean value were also found among
women who had been receiving DMPA for | to 2 ycars
and those who had used it for 4 to 5 yecars. All these
women had moist, well-rugated vaginas, and nonc stated
that her breast size had decrcased. None of the women
complained of hot flashes. This use of contraceptive doses
of DMPA does not decrease endogenous estradiol levels to
the postmenopausal range and does not cause symptoms ol
estrogen deficicncy.

RETURN OF FERTILITY

Because of the lag time in clearing DMPA from the circula-
tion, resumption of ovulation is delayed for a variable time,
which may last as long as | year after the last injection.
Women who wish to become pregnant and stop using
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DMPA should be informed that there will be a delay in the
resumption of fertility until the drug is cleared from the
circulation. After this initial delay, fecundability resumes
at a rate similar to that found after discontinuation of a
barrier contraceptive'? (liig. 25-10). Thus, usec of DMPA
does not prevent return of fertility; it only delays the time
at which conception will occur. Because of its long and
unpredictable duration of release from the injection site,
the time until resumption of fertility may be delayed for 1
year or more after the last injection. Information about the
possibility of a long duration of DMPA action needs (o
be given to women who are considering this method of
contraception.

ENDOMETRIAL CHANGES

The histology of the endometrium at various intervals after
starting DMPA was examined by Mishell and associates.'*
Ilistologic cxamination of endometrial biopsy specimens
revealed three types of patterns: proliferative, quiescent,
and atrophic. Sccretory endometrium was not seen. Most
of the women had a quiescent pattern, characterized by
narrow, widely spaced glands and decidualization of the
Stromd.

ADVERSE EFFECTS

Clinical Effects

Bleeding Irregularities. The major side effect of DMPA
is complete disruption of the menstrual cycle. In the first 3
months after the first injection, about 30 percent of women
are amenorrheic and another 30 percent have irregular
bleeding and spotting occurring more than 11 days per

oor '
g0t P
ogh
o
< 80 . Depo-Provera, 150 mg/90 days
=
b=l
e
=
S gof &
f=s i
e !
5] /
= 50F 8
2 |
2 I
v
Z Aor r’ o IUCD-Tietze
g 8 o |UCD-Wajntraub
e
E : 4 Diaphragm, Condom, Other
(=)
201
|
0
n 1 1 1 i
i} 13 0 15 20 25 30 35

MONTHS AFTER REMOVAL OR SINCE LAST INJECTION

Cumulative conception rates of women who dis-
contmuod a contraceptive method to become pregnant. {From
Schwallie PC, Assenzo JR. The effect of depo-medroxyprogester-
one acetate on piluitary and ovarian function, and the return of
fertility following its discontinuation: A review. Contraception
10:181--202, 1974.)

month.'? The bleeding is usually small in amount and does
not cause ancmia to occur. As duration of therapy in-
creases, the incidence of frequent bleeding steadily declines
and the incidence of amenorrhea steadily increases, so that
at the end of 2 years about 70 percent of the women treated
with DMPA arc amenorrheic'® (Fig. 25-11). Women who
use this method of contraception should be counseled that,
with time, the irregular blecding episodes will cease and
amenorrhea will most likely occur.

Weight Changes. In five cross-sectional studies, users
of DMPA weighed more than a comparison group not
using hormonal contraceptives.'”” Scveral longitudinal stud-
ics have indicated that DMPA users gain between 1.5 and
4 kg in their first year of use and continue to gain weight
thereafter. None of these studies included a control group,
so the weight could be due to factors other than DMPA
use. In one retrospective comparative longitudinal study,
Moore and coworkers'?® found no significant change in
mean weight of DMPA, progestin implant, and OC users.
Thus, the effect among DMPA on body weight remains
unclear. If DMPA users gain weight, they should be coun-
seled to decreasc caloric intake and increase their expendi-
ture of energy.

Mood Changes. The product labeling lists depression
and mood changes as side cffects of DMPA. Several stud-
ies, however, indicate that the incidence of depression and
mood change in women using this method of contraception
is less than 5 percent.'”” No clinical trials with a compari-
son group not using DMPA have been performed to deter-
mine whether a causal rclation between use of DMPA and
development of depression exists.

Headache. Although development of headaches is the
most frequent medical cvent reported by DMPA users'®
and a common reason for discontinuation of its use, there
are no comparative studies to indicate that use of DMPA
increases the incidence or severity of tension or migraine
headaches. Therefore, the presence of migraine headaches
is not an absolute contraindication for use of DMPA. How-
ever, women should be counseled that if the frequency or
severity of headaches increases after the injection is given,
it may be several months before the drug is cleared from
the circulation. For this reason, the presence of migraine
headaches may be considered to be a relative contraindica-
tion for use of DMPA.

Metabolic Effects

Protein. Because DMPA does not increase liver globulin
production as does the estrogen component of OC (ethinyl
estradiol), no alteration in blood clotting factors or angio-
tensinogen levels is associated with its use. Thus, unlike
OCs, DMPA has not been associated with an increased
incidence of hypertension or thromboembolism.”* A WHO
study reported that mean blood pressure measurements
were unchanged in DMPA users after 2 years of injec-
tions.'*

Carbohydrate. There have been two studies in which
oral glucose tolerance tests have been performed on long-
term DMPA users and matched control subjects not using
hormonal contraceptives.'™ 3! The mean glucose levels
were slightly greater among the DMPA users than among
the control subjects in one but not the other study. Mean
insulin levels were also higher. The slight deterioration
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in glucose tolerance among DMPA uscrs is probably not
clinically significant and returns to normal after use of
DMPA is stopped.

Lipids. Westhoff'*" reviewed the findings of 11 studics
that evaluated plasma lipids among groups of women using
DMPA. Most of the studies were cross-sectional and com-
pared lipid levels among DMPA users with those of women
not using hormonal methods of contraception. There was
little or no change in mean triglyceride and total cholesterol
levels; however, in all seven studies in which mean HDL
cholesterol levels were measured, the levels were lower
among the DMPA users. Of the five studies in which LDL
cholesterol was measured, three noted an increase among
the DMPA users. There are no studies in which the inci-
dence of cardiovascular events among current or former
long-term DMPA users was compared with that among
control subjects. Therefore, although the lipid changes with
DMPA use arc not beneficial, there is no evidence to date
that they are associated with an acceleration of atheroscle-
rosis.

Bone Loss. One cross-sectional study of 30 long-term
DMPA users indicated that they had a reduction in lumbar
spinc and femoral bone density compared with 30 pre-
menopausal control subjects that was of lesser magnitude
than occurred in 30 postmenopausal women whose bone
density was also measured concurrently with dual-energy
x-ray absorption."*? A subsequent report by the same group
of investigators indicated that after use of DMPA was
stopped, there was an increcase in bone mineral density of
the lumbar spine.'® Other longitudinal studies have not
shown a decrease in bone density in DMPA users.'™ ¢
The reported effect of DMPA on bone density remains to
be clarified with ongoing long-term longitudinal studies.
To date, no studies have reported a change in incidence of
fractures in current or former long-term DMPA users,

NEOPLASTIC EFFECTS

Breast Cancer. Two large casc-control studics, the
WHO study' and a New Zealand study,'*® indicated that
the relative risk of diagnosis of breast cancer among all
DMPA users was not significantly changed (RR of 1.2 and
CI of 0.96 to 1.15,7 and RR of 1.0 and CI of 0.8 to
1.3,% respectively). When the data from these studies werc
pooled, the overall breast cancer diagnosis risk among
DMPA users was 1.1 (CI, 0.97 to 1.4)."* In long-term
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users, those who had used the drug more than 5 years and
those who had started use more than 14 years carlier, the
risk of diagnosis of breast cancer was also not increased
(RR of 1.0 and CI of 0.70 to 1.5, and RR of 0.89 and CI
of 0.6 to 1.3, respectively). However, among those women
who had started use within the past 5 years and were
mainly younger than 35, therc was a significant incrcased
risk of diagnosis of breast cancer (RR, 2.0; CI, 1.5 to 2.8).
similar to that found with use of OCs and women with
first term pregnancy at an early age. Thus, like other
contraceptive steroids. DMPA does not appear to change
the overall incidence of diagnosis of breast cancer, and
women should be counseled accordingly.

Endometrial Cancer. A WIIO case-control study found
the risk of endometrial cancer 10 be significantly reduced
among DMPA users (RR, 0.21; CI, 0.06 to 0.79).'"*" This
reduction in risk persisted for at least 8 years after use was
stopped and was similar in magnitude to the protective
effect observed with combination OCs.

Ovarian Cancer. In a WHO case-control study, the risk
of ovarian cancer among DMPA users was unchanged (RR,
1.07; CI, 0.6 to 1.8)."*" These findings do not demonstrate a
protective effect similar to that observed with OCs despite
inhibition of ovulation with both agents. The lack of a
protective effect observed with DMPA was probably duc
to the fact that in the countries studied, DMPA was given
only to multiparous women, women at low risk of devel-
oping cpithelial ovarian cancer, who differ from the higher
risk women taking OCs.

Cervical Cancer. In a large WIHO case-control study,
the risk of invasive cancer of the cervix was not increased
(RR, 1.1; CI, 0.96 to 1.29),'* similar to findings obscrved
in a large case-control study in Costa Rica.'” Long-term
use and long time since first usc were also nol associated
with a significant increase in risk of cervical cancer in these
studies. The risk of cancer in situ was slightly increased in
the WHO study (RR, 1.4; Cl, 1.2 to 1.7) but not in the
Costa Rica study (RR, 1.1; CI, 0.6 to 1.8) or two New
Zealand studies investigating the risk of cancer
dysplasia.'* ¥ Thus, the reports in which the ncoplastic
cffects of DMPA on breast and reproductive tract have
been investigated are rcassuring,.

NONCONTRACEPTIVE HEALTH BENEFITS
In a summarization by Cullins,"™ there is good epidemio-
logic evidence that use of DMPA reduces the risk of iron
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deficicncy anemia, PID, and endometrial cancer and has a
beneficial effect on hematologic parameters in women with
sickle ccll discase as well as reducing their incidence of
clinical problems. DMPA also reduces seizure frequency
in women with epilepsy'*’ and probably should reduce the
incidence of primary dysmenorrhea, ovulation pain, and
functional ovarian cyst because it inhibits ovulation. DMPA
also reduces the symptoms of endometriosis and in two
small studies reduced the incidence of vaginal candi-
diasis_ldl{. 149

CLINICAL RECOMMENDATIONS

Women should be thoroughly counseled about the occur-
rence of abnormal bleeding and development of amenor-
rhea with use of DMPA before receiving the first injection.
It has been shown that pretreatment counseling improves
continuation rates.'™ In addition, women should be coun-
scled that the duration of action may last as long as [ year
after the last injection if they decide to discontinue use to
become pregnant or if they experience side effects.

In cycling women, the initial injection should be given
no later than day 5 of the cycle to be certain to inhibit
ovulation in the initial treatment cycle.'”' Because of an
absence of thrombophilic effects, the first injection should
be given within 5 days post partum in nonlactating women;
but, in women who exclusively breast feed their infants,
the product labeling states that the first injection should not
be given until at lcast 6 weeks post partum.'™™ DMPA does
not affect the quantity or quality of breast milk or the
health of children who breast feed during its use.'™ If a
woman with lactational amenorrhea wishes to institute
DMPA use, it is unlikely that she is pregnant if a qualitative
test response for human chorionic gonadotropin (hCG) is
negative; therefore, she can receive the injection at that
time. If concern about pregnancy exists, usc of a barrier
contraceptive should be advised for an additional 2 weeks,
at which time the assay for hCG should be rcpeated. If the
response is still negative, the injection can be given. A
similar protocol can be used for the woman who has
received DMPA in the past but is delayed beyond 13 weeks
in returning for her next injection and is still amenorrheic.
If accidental pregnancy does occur in a DMPA user, there
is no evidence that the agent is teratogenic or has an
adverse effect on the outcome of the pregnancy.'®

Subdermal Implants

Subdermal implants of capsules made of polydimethylsi-
loxane (Silastic) containing levonorgestrel for use as con-
traceptives have been developed and patented by The Popu-
lation Council as Norplant. It was approved by the U.S.
I'DA in 1990, and marketing in this country began in 1991.
As with all steroid-containing Silastic devices, the rate of
steroid delivery is directly proportional to the surface arca
of the capsules, whereas duration of action depends on the
amount of steroid within the capsules. To produce cffective
blood levels of norgestrel, it was found necessary to usc
six capsules filled with crystalline levonorgestrel, The cy-
lindrical capsules arc 3.4 cm long and 2.4 mm in outer
diameter, with the ends scaled with Silastic medical adhe-
sive. Each capsule contains 36 mg of crystalline levonor-
gestrel for a total amount of 215 mg in each six-capsulc set.

Insertion is performed in an outpaticnt setting, and the
entire procedure takes about 5 minutes. After infiltration of
the skin with local anesthetic, a small (3-mm) incision ig
made with a scalpel, usually in the upper arm, although
the lower arm and the inguinal, scapular, and gluteal re-
gions have also been used. When the capsules are inserted
in any area of subcutaneous tissue, the steroid diffuses into
the circulation at a relatively constant rate. The capsules
are implanted into the subcutancous tissue in a radial pat-
tern through a large (10- Lo 12-gauge) trocar, and the
incision is closed with adhesive. Sutures are not necessary,
Because polydimethylsiloxane is not biodegradable, the
capsules have to be removed through another incision when
desired by the user or at the end of § years, which is the
duration of maximal contraceptive cffectiveness.

After insertion, blood levels of levonorgestrel rise rap-
idly to reach levels between 1000 and 2000 pg/ml in 24
hours.'™ These levels fall markedly in the first week and
then gradually in the first month and then remain rclatively
constant during the first year of use with the mean level
ranging between 250 and 600 pg/ml, which is usually
sufficient to inhibit ovulation'** (Fig. 25—12). At the end of
5 years, mean lcvonorgestrel. levels range between 170
and 350 pg/ml.”** Blood levels vary considerably among
women, mainly because of differences in body weight.
Heavier women have lower circulating levonorgestrel lev-
els than thin women do. When the amount of steroid was
measured in capsules removed from women after various
times, it was found that the rate of release was fairly
constant during the first year of use, averaging about 50
g of levonorgestre!l per day from the six-capsule sct. From
about the end of the first year of use until § years of use,
daily relcase rates declined to about 30 wg/day but re-
mained constant during cach day.'"™

With this low level of levonorgestrel, gonadotropin lev-

els are not completely suppressed, and ovarian follicular

activity results in periodic peaks of estradiol. Because the
level of circulating levonorgestrel is usually sufficient to
inhibit the positive feedback effect of these estradiol peaks
on LI release, LH levels are lower than normal, even in
Norplant users with regular cycles, and ovulation during
the first 2 years of use occurs infrequently.'s’

Thus, inhibition of ovulation is one of the major mecha-
nisms of action of this method of contraception. The con-
sistently elevated circulating levels of norgestrel also pre-
vent the normal midcycle thinning of the cervical mucus
from occurring. The cervical mucus remains scanty and
viscid, and normal sperm penetration does not take place,
as demonstrated by both in vivo and in vitro studies.'™ '™
These two mechanisms of action result in a high level of
contraceptive effectiveness.

With the less dense tubing currently used, annual preg-
nancy rates for the first 5 years of use are about 0.2 per
100 women of all body weights, yielding a cumulative 5-
year pregnancy rate of 1.1 percent.'™ As with all progestin-
only methods of contraception, when pregnancics occur
with Norplant, a high percentage, about 20 pcrcent, are
ectopic. However, because of its high rate of effectiveness,
the overall rate of ectopic pregnancies in Norplant users,
0.28 per 1000 woman-ycars of use, is reduced compared
with ectopic pregnancy rates in the entire United States
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Contraception 52:215-220, 1995.)

population of women of reproductive age, 1.5 per 1000
women annually.'®

Mean estradiol levels in Norplant users, whether they
arc ovulatory or anovulatory, are about the same as in
women with regular ovulatory cycles who used IUDs,'®!
and three patterns of estradiol activity have been observed.
About half of Norplant users have periodic, irregular peaks
of estradiol within the normal range (up to 400 pg/ml), 30
percent have fluctuating estradiol levels with high broad
peaks above 400 pg/ml, and about 10 percent have consis-
tently low estradiol levels below 75 pg/ml.'®' After a fall
in estradiol level, endometrial sloughing and uterine bleed-
ing or spotting usually occur. Because the peaks and de-
clines in estradiol levels occur at irregular intervals, uterine
bleeding also occurs at irregular intervals in the majority
of Norplant users. 5

The major side cffect of Norplant use is the irregular
pattern of uterine bleeding. Other altcrations in uterine
blood flow involve changes in duration and volume, with
most bleeding episodes being scanty in amount. About half
the bleeding episodes can be characterized as fairly regular,
with the interval between bleeding episodes ranging be-
tween 21 and 35 days; about 40 percent as irregular, with
intervals outside this range; and about 10 percent as amen-
orrheic, with no bleeding for more than a 13-month inter-
val."? Bleeding episodes tend to be more prolonged and
irregular during the first year of use, after which there is
greater frequency of a more regular pattern. Shoupe and
colleagues'™ reported that during the first year of use,
about one fourth of the cycles were regular, two thirds
irregular, and 7 percent amenorrheic. By the fifth year,
about two thirds of the cycles were regular and one third
irregular, and none was amenorrheic (Fig. 25-13), The
mean number of days of bleeding also declines steadily
with use.'™ Mecan total blood loss in Norplant users is
about 25 ml per month.'®* Several clinical studies have
shown that the mean hemoglobin concentration in the first
3 years of Norplant use tends to rise slightly. When preg-
nancies occur in Norplant users, they almost always occur

in women with a recent history of regular cyclic uterine
bleeding.

Other problems associated with this method of contra-
ception include infcction, local irritation, and painful reac-
tion at the insertion site. Expulsion of a capsule, usually in
association with infection, occurs occasionally. The inci-
dence of insertion site infection is less than | percent.
Ilcadache is the single most frequent medical problem
causing removal of the implants, accounting for about 30
percent of the medical reasons for removal.'™ Weight gain
was a common reason for medical removal in U.S. studics,
whereas weight loss was more common in the Dominican
Republic. Other medical problems among Norplant users
include acne, mastalgia, and mood changes, including anxi-
ety, depression, and nervousness, Because ovarian follicular

80 —a— Resgular cycles
——¢— Irreg cycles
—&— Amenorrhea

Paercent of cycles
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Figure 74 70 » Bleeding patterns calculated on a monthly basis
in implant users during 5 years of use. (From Shoupe D, Mishell
DR Jr, Bopp BL, Fielding M. The significance of bleeding patterns
in Norplant implant users, Obstet Gynecol 77:256-260, 1991.)
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development without subsequent ovulation is common
among Norplant users, adnexal cnlargement due to persis-
tent unruptured follicles has been noted during routine
bimanual pelvic examination in many Norplant users.
These enlarged follicles, which may reach 5 to 7 cm in
diameter, usually spontancously regress in 1 to 2 months
without therapy.

A great number of metabolic studies have been per-
formed among Norplant uscrs in various population groups.
Studies of carbohydrate metabolism, serum chemistrics,
liver function, serum cortisol levels, thyroid function, and
blood coagulation have revealed only minimal changes,
which remain within the normal range.'"® Several studics
have been performed in different countries in which lipo-
proteins were measured before and after Norplant inserlion.
In most of these studics, levels of triglycerides, total cho-
lesterol, and LIDL. cholesterol declined, whercas HIDL cho-
lesterol declined slightly or increased.'®® There was little
change in the ratio of cholesterol to HDL. cholesterol,
indicating that Norplant should not enhance the develop-
ment of atherosclerosis.

The removal process, like the insertion procedure, is
performed in the clinic arca with use of local ancsthesia
and a small skin incision. Removal of Norplant is a more
difficult process than insertion, because fibrous tissue de-
velops around the capsule and must be cut before removal
of the capsules. It is important to insert the capsules super-
ficially to enhance the ease of removal; deeply implanted
capsules are more difficult to remove.

After removal, the incision i1s closed without suturcs,
and a pressure dressing is applied for about 24 hours. If
the woman wishes to continue use, another set can be
inserted through the same incision or in the opposite arm.
If another set of Norplant is not inserted after removal, the
steroid is rapidly cleared from the circulation and serum
levels of norgestrel fall rapidly, reaching nearly undetect-
able Ievels in 96 hours.'® If pregnancy is desired, return
to ovulation is prompt and is similar to that in women
discontinuing nonhormonal methods of reversible contra-
ception, rcaching 50 percent at 3 months and 86 percent
at 1 year.'™ Continuation rates with Norplant method of
contraception are high, ranging from 76 to 99 percent at |
year in different countrics and from 33 to 78 percent at
4 years.'™

Manufacture of the capsules is complicated, and placing
or removing six capsules creates some difficulties; there-
fore, norgestrel has been fabricated into solid rods that arc a
homologous mixture of Silastic and crystalline levonorges-
trel covered with Silastic tubing. The rods are casier to
manufacture, insert, and remove than the capsules. Because
of different properties of diffusion, higher blood levels of
norgestrel are achieved with a smaller total surface arca of
the rods. Thus, with two 4-cm covered rods with the
same diameter as the capsules, the same rclease rate for
norgestrel, about 50 pg/day, can be achicved as with place-
ment of six 3-cm capsules, During a 3-year clinical study
comparing rods and capsules, the scrum norgestrel levels,
blecding patterns, and incidence of elevated progesterone
levels were similar.'® A multicenter clinical study has
confirmed these findings, and use of the two covered rods
has recently been approved by the U.S. FDA for clinical
use. Single implants with other progestins such as desoges-

trel have been manufactured and studied in clinical trials,
These implants have a probable duration of action of 2
years and are much easier to insert and remove than the
multiple levonorgestrel-releasing implants.

Wid T

“PMERGEN

Various estrogenic compounds have been used for emer-
gency contraception. The estrogen compounds that have
been used for this purpose include diethylstilbestrol, 25 to
50 mg/day; cthinyl estradiol, 5 mg/day; and conjugated
estrogen, 30 mg/day. Treatment is continued for 5 days. If
treatment is begun within 72 hours after an isolated mid-
cycle act of coitus, its effectiveness is good. If more than
one cpisode of coitus has occurred, or if treatment is
initiated later than 72 hours after coitus, the method is less
effective.

Pregnancy rates among women treated with ethinyl es-
tradiol were 0.6 percent; with diethylstilbestrol, (.7 percent;
and with conjugated estrogen, 1.6 percent.'” It has been
estimated that the clinical pregnancy rate for a single act
of midcycle coitus without use of a contraceptive is about
7 percent. Thus, high-dosc estrogen is an effective method
of postcoital contraception. Side effects associated with
this high-dose estrogen therapy arc common and severe.
They include nausea, vomiting, breast soreness, and men-
strual irregularities, which tend to reduce compliance.

Because the side effects of high-dose estrogens cause
many women to fail to complete the 5-day treatment
course, a regimen of four tablets of an ethinyl estradiol,
0.05 mg, and dl-norgestrel, 0.5 mg, combination OC
(Ovral), given in doses of two tablets 12 hours apart, was
initially tested in Canada. This regimen was found to have
a similar degree of cffectiveness with a shorter duration of
adverse symptoms than with 5 days of estrogen.

Fasoli and colleagues'®’ summarized the results of 11
studies with this treatment regimen involving 3802 women.
Failure rates varied widely, from a low of 0.2 percent in a
Canadian study to a high of 7.4 percent in an Italian study.
The total pregnancy rate in the 11 studies was 1.8 percent,
similar to the individual failure rate in the largest studies
in this review. Trussell and associates'® pooled the data
from studies that were published between 1977 and 1993
involving 5226 women treated with this regimen. They
calculated that the failure rate was 1.5 percent and use of
this regimen prevented about 75 percent of the expected
pregnancies. Trussell and colleagues also analyzed results
of nine published studies in which the effectivencss of this
regimen was determined when treatment was initiated 1, 2,
or 3 days after midcycle unprotected intercourse. Using
logistic regimen analysis, they found that there was no
significant difference in failure rates when the first pill was
taken on the first, second, or third day after unprotected
intcrcourse.

Ho and Kwan'® reported results of a randomized trial
comparing the use of four tablets of ethinyl estradiol and
levonorgestrel taken in divided doses 12 hours apart with
a single tablet of 0.75 mg levonorgestrel taken initially and
another one 12 hours later. Both regimens were ingested
within 48 hours of unprotected intercourse. Failure rates of
both regimens, about 2 percent, were similar, but there was
significantly less nausea and vomiting with the progestin
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alone than with the one combined with estrogen. A strip
of four tablets of the combination steroid pills is marketed
in several countries under a variety of brand names.

Several authors have advocated that intrauterine insertion
of a copper IUD within 5 to 10 days of midcycle coitus is
an effcctive method to prevent continuation of the preg-
nancy. Fasoli and coworkers'®” summarized the results of
four published studics in ninc countrics involving 875
women. Only one pregnancy occurred after a copper IUD
was inseried in these women. Insertion of a copper IUD
and ingestion of high-dose estrogens are the most effective
methods of emergency contraception, bul side effects limit
acceptance of the latter, and cost and concern about intro-
ducing pathogens into the upper genital tract with IUD
insertion limit its widespread use. Because no manufacturer
has applied for U.S. FDA approval to market an ecmergency
method of contraception, it is infrequently prescribed by
clinicians, and few women in the United States are aware
that it is effective, accessible, and safe.
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A few years ago Healy and colleagues'™ synthesized a
progestogenic steroid compound that had weak progesta-
tional activity but marked affinity for progesterone recep-
tors in the endometrium. This compound, called RU 486
or mifepristone (Fig. 25-14), because of its high receptor
affinity prevents progesterone [rom binding to its receptors
and thus inhibits the action of circulating progesterone on
its target tissue. In clinical trials, it was found that if a
single 600-mg dose of RU 486 was administered orally in
carly pregnancy, before 7 weeks after the onset of the last
mcnses, about 85 percent of the pregnancics spontaneously
terminated.'" When this treatment was combined with ad-
ministration of a prostaglandin 36 to 48 hours later, the
efficacy increased to 96 percent.'™ However, side effects
include nausea, vomiting, and abdominal pain. Two prosta-
glandin analogues, intramuscular sulprostone and vaginal
gemeprost, were the agents initially used after mifepristone.
Sulprostone is no longer marketed for this purpose, because
three women who received this agent with mifepristone
suffered an MI. Gemeprost is much more expensive than
misoprostol, a prostaglandin analogue widely used to pre-
vent peptic ulcer discase. Therefore, oral administration
of misoprostol is now being used morc extensively than
gemeprost after mifepristone.
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Molecular structure of RU 486. Molecular weight
is 430, and empirical formula is CisHisNO,. (From Healy DL, Baulieu
EE, Hodgen GD. Induction of menstruation by an antiprogesterone
steroid [RU 486] in primates: Site of action, dose-response relation-
ships, and hormonal effects. Fertil Steril 40:253-257, 1983. Repro-
duced with permission of the American Society for Reproductive
Medicine.)
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The results of a randomized trial with misoprostol given
vaginally or orally suggest that when misoprostol is given
vaginally instead of orally, it is more effective and has
fewer side effects.!” A large, multicenter clinical trial with
mifepristone followed by oral misoprostol was recently
performed in the United States. Therefore, when this drug
combination does become available for usc in this country,
the oral administration of misoprostol will most likely
be recommended, even though vaginal administration is
probably preferable. The main disadvantage of this medical
abortifacient method is prolonged and sometimes heavy
uterine bleeding that on occasion can cause anemia, neces-
sitating a blood transfusion and possibly curcttage. The
mean duration of bleeding after administration of this drug
is about 12 days when it is administered alonc and 9
days when it is used with a prostaglandin. Distribution of
mifepristone is currently limited to a few European coun-
trics and China, but compounds with similar activity or
steroid enzymatic inhibitors that prevent progesterone syn-
thesis are also being studied.'™

The main benefits of IUDs are (1) a high level of effective-
ness, (2) a lack of associated systemic metabolic cffects,
and (3) thc need for only a single act of motivation for
long-term use. Despite these advantages, less than | percent
of marricd women of reproductive age use the IUD for
contraception in the United States compared with 15 to 30
percent in most European countries and Canada.

Types

In the past 35 years, many types of TUDs have becn
designed and used clinically. The devices developed and
initially used in the 1960s were made of a plastic, polycth-
ylene, impregnated with barium sulfate to make them ra-
diographic. In the 1970s, to diminish the frequency of the
side effects of increased uterine bleeding and pain, smaller
plastic devices covered with copper were developed and
widely uscd. In the 1980s, devices were developed bearing
a larger amount of copper, including sleeves on the hori-
zontal arm, such as the copper T380A and the copper
T220C, as well as the Multiload Cu250 and Cu375. These
devices have a longer duration of high effectiveness and
thus need to be reinserted at less frequent intervals than
the devices bearing a smaller amount of copper. The copper
T380A TUD is the only copper-bearing [UD currently mar-
keted in the United States, but the Multiload Cu375 is
widely used in Europe (Fig. 25-15).

Because of the constant dissolution of copper, which
amounts daily to less than that ingested in the normal diet,
all copper IUDs have to be replaced periodically. The
copper T380A is currently approved for use in the United
States for 10 ycars and may maintain its effectivencss for
a longer time. At the scheduled time of removal, the device
can be removed and another inserted during the same
office visit.

Adding a rescrvoir of progesteronc to the vertical arm
also increases the effectiveness of the T-shaped devices.
The currently marketed progesterone-releasing IUD allows
65 mg ol progesterone to diffuse into the endometrial
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Intrauterine devices currently being marketed in
the United States: left, progesterone-releasing IUD; right, copper
T380A.

cavity each day. This amount is sufficicnt to prevent preg-
nancy by local action within the endometrial cavity but is
not cnough to causc a mcasurable increasc in peripheral
scrum progesterone levels. Because of the progestational
effect on the endometrium, the amount of uterine bleeding
is reduced with use of this device, and it has been used
therapeutically to trcat menorrhagia. The currently ap-
proved progesterone-releasing IUD needs to be replaced
annually, because the reservoir of progesterone becomes
depleted after about 18 months of use and the surface arca
of plastic in this small device is insufficient to produce a
sufficiently large leukocytic response to yield a high level
of contraceptive effectiveness. '

A 'T-shaped device containing a reservoir of levonorges-
trel on the vertical arm has been developed and undergone
extensive clinical testing. A large comparative trial of the
copper T380A and the levonorgestrel-releasing IUD found
that the effectiveness and continuation rates of both devices
were similar.'” Because of the slower rate of release of
levonorgestrel than progesterone, the levonorgestrel-relcas-
ing IUD has an estimated duration of use of at lecast
5 yecars. The levonorgestrel-releasing IUD also reduces
menstrual blood loss and has been used therapeutically to
treat abnormal uterine bleeding. This device is currently
marketed in only a few European countrics.

Mechanisms of Action

The main mechanism of contraceptive action of copper-
bearing IUDs in the human is a spermicidal effect. This
effect is caused by a local sterile inflammatory reaction
produced by the presence of the foreign body in the uterine
cavity. There is about 1000 percent increasc in the number
of leukocytes in washings of the human endometrial cavity
18 weeks after the insertion of an IUD, compared with
washings obtained before insertion. In addition to causing
phagocytosis of spermatozoa, tissue breakdown products
of these leukocytes are toxic to all cells, including sperma-
tozoa and the blastocyst. The amount of inflammatory
reaction, and thus contraceptive effectiveness, is directly
related to the size of the intrauterine foreign body. Copper

markedly increases the extent of the inflammatory reaction,
so this metal has been added to the small-sized frame of
T-shaped devices.'™ In addition, copper impedes sperm
transport and viability in the cervical mucus.'” Because
the copper T380 has about twice as much copper surface
arca as the previously marketed copper 7 IUD, the former
has a lower failure rate than the latter IUD. Sperm transport
[rom the cervix to the oviduct in the first 24 hours after
coitus is markedly impaired in women wearing IUDs.!"
Because of the spermicidal action of IUDs, few if any
sperm reach the oviducts, and the ovum usually does not
become fertilized.' Thus, the principal mechanism of ac-
tion of the copper T380A IUD is as a spermicide, pre-
venting fertilization of the ovum. The progesterone-releas-
ing IUD has a much higher ectopic pregnancy rate than
the copper IUD™ and probably acts mainly by slowing
tubal transport of the embryo as well as by preventing
implantation of the blastocyst owing to the presence of a
high level of progesterone in the uterine cavity.

On removal of the IUD, the inflammatory reaction rap-
idly disappears. Resumption of fertility after [UD removal
is prompt and occurs at the same rate as resumption of
fertility after discontinuation of the barrier methods of
contraception.'®" The incidence of term deliveries, sponta-
ncous abortion, and ectopic pregnancies in conceptions
occurring after IUD removal is the same as in the general
noncontracepting population.

Time of Insertion

Although it is widely believed that the optimal time for
insertion of an IUD is during the menses, there are data
indicating that the TUD can be safely inserted on any day
of the cycle provided that the woman is not pregnant,

Adverse Effects
Incidence

In general, in the first year of use, copper IUDs have less
than a | percent pregnancy rate, a 10 percent expulsion
rate, and a 15 percent ratc of removal for medical reasons,
mainly bleeding and pain. The incidence of cach of these
events, especially expulsion, diminishes steadily in subse-
quent years.

In an ongoing WHO study of the copper T380A, tcrmi-
nation rates for adverse effects continued to decline annu-
ally after the [irst ycar following insertion for cach of the
7 years in which sufficient data had been accumulated.® In
this study, the cumulative percentage discontinuation rate
for pregnancy, bleeding and pain, and expulsion at the end
of 7 years was 1.6, 22.7, and 8.6, respectively.

Uterine Bleeding

The majority of women discontinuing this method of con-
traception do so for medical reasons. Nearly all the medical
rcasons accounting for removal of copper-bearing or inert
IUDs involve one or more lypes of abnormal blecding:
heavy or prolonged menses or intermenstrual bleeding.
The copper T380A TUD is associated with about a 55
percent increase in menstrual blood loss.'™ In contrast,
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with the progesterone-releasing IUD, the amount of blood
loss is significantly reduced to about 25 ml per cycle.'®
There is also reduced blood loss with the levonorgestrel-
releasing TUD.

Excessive bleeding in the first few months after IUD
insertion should be treated with reassurance and supple-
mental oral iron as well as systemic administration of one

Chapter 25 CONTRACEPTION 703

ous abortion was only 20 percent if the device was removed
or spontaneously cxpelled.'® This figure is similar to the
normal incidence of spontancous abortion and significantly
less than the 54 percent incidence of abortion reported in
the same study among women retaining the devices in
utero. Thus, if a woman conceived with an TUD in place
and wishes to continuc the pregnancy, the IUD should be
removed if the appendage is visible to significantly reduce

ol the prostaglandin synthetase inhibitors during menses.

, B The bleeding usually diminishes with time, as the uterus the chance of spontaneous abortion. If the appendage is

- adjusts to the presence of the foreign body. not visible, blind probing of the uterine cavity may increase
wh Mefenamic acid ingested in a dosage of 500 mg three  the chance of abortion as well as sepsis. However, several

times a day during the days of menstruation has been
shown to reduce menstrual blood loss significantly in IUD
users,"™ [ excessive bleeding continues despite this treat-
ment, the device should be removed. After a l-month
interval, another type of device may be inserted if the
woman still wishes to use an IUD for contraception. Con-
sideration should be given to using a progestin-releasing
IUD, because this device is associated with less blood loss
than the copper-bearing IUDs.

Perforation

Although uncommon, one of the potentially serious compli-
cations associated with use of the IUD is perforation of the
uterine fundus. Perforation always occurs at the time of
insertion.

In large muiticlinic studies, perforation rates for the
copper 7 were about 1 per 1000 inscrtions, but in contrast,
perforation rates for the copper T380A were only about |
in 3000 insertions.'® Any type of IUD found to be outside
the uterus, even if it is asymptomatic, should be removed
from the peritoneal cavity because complications such as
scvere adhesions and bowel obstruction have been reported
with intraperitoncal IUDs. Therefore, it is best to remove
intraperitoncal IUDs shortly after the diagnosis of perfora-
tion i made, Unless severe adhesions have developed,
most intraperitoneal IUDs c¢an be removed by means of
laparoscopy.

Complications Related to Pregnancy

CONGENITAL ANOMALIES

There is no evidence of an increased incidence of congeni-
lal anomalies in infants born with a plastic, copper-bearing,
or progesterone-releasing IUD in utero.

SPONTANEOUS ABORTION

In all reported series of pregnancies with any type of TUD
in situ, the incidence of fetal death was not significantly
increased; however, a significant increasc in spontaneous
abortion has been consistently observed. If a woman con-
ceives while wearing an IUD that is not subsequently
removed, the incidence of spontaneous abortion is about
55 percent, approximately three times greater than would
oceur in pregnancics without an [UD, % 17

After conception, if the TUD is spontaneously expelled,
or if' the appendage is visible and the IUD is removed by
traction, the incidence of spontancous abortion is signifi-
cantly reduced. In one study of women who conceived
with copper T devices in place, the incidence of spontane-

reports indicate that with sonographic guidance, it is possi-
ble during carly gestation to remove intrauterine IUDs in
the lower uterine cavity without a visible appendage and
not adversely affect the outcome of the pregnancy.'®: 189
There was an increased risk of septic abortion if a patient
conceived with a shield TUD in place, becausc of the
structure of the multifilament appendage of the shield.
However, there is no conclusive evidence that TUDs with
monofilament tail strings cause scpsis during pregnancy.

ECTOPIC PREGNANCY

There is about a threefold increase in the risk of the
pregnancy’s being ectopic if a woman becomes pregnant
with a copper IUD in place than if she is using no contra-
ception method. However, because the copper T380 IUD
so effectively prevents all pregnancies, with a total preg-
nancy rate of about 3.4 per 1000 women per year, the
estimated ectopic pregnancy rate is only 0.2 to 0.4 per
1000 women per year in women using the IUD."™ The
estimated ectopic pregnancy rate among sexually active
U.S. women using no method of contraception has been
cstimated 1o be between 3.25 and 4.5 per 1000 woman-
years. Thus, the relative risk of ectopic pregnancy with the
copper T380A is 0.1."0

The total number of pregnancies in women using the
progesteronc-releasing IUD is approximately 230, and
about one in four pregnancies occurring in women using
the device will be ectopic. The rate of ectopic pregnancies
of 6.8 per 1000 woman-years in women using this device
is higher than the 3.25 to 4.5 rate of ectopic pregnancy per
1000 noncontracepting women per year,'™

The action of progesterone on oviductal motility in-
creases the relative risk of having an ectopic pregnancy
with this IUD 1.5 to 1.8 times compared with women using
no method of contraception. Thus, the two types of TUDs
currently marketed in the United States have differing
cffects on the risk of ectopic pregnancy. The copper T380
TUD lowers the risk and the progesterone IUD increases
the risk compared with use of no contraception. Because a
woman’s risk of cctopic pregnancy is increased if she
becomes pregnant with either IUD in place compared with
the overall population of pregnant women, appropriate di-
agnostic studies should take place early in gestation to
establish the diagnosis before tubal rupture occurs.

The increased risk of ectopic pregnancy for a woman
who conceives while wearing an 1UD is temporary and
does not persist after removal of the TUD."™

PREMATURITY

In the previously cited study of conceptions occurring in
the presence of copper T devices, the rate of prematurity
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among livebirths was four times greater when the copper
T was left in place than when it was removed. '

INFECTION IN THE NONPREGNANT IUD USER

In 1966, a study was performed in which acrobic and
anacrobic cultures were made of homogenates of endome-
trial tissuc obtained transfundally from uteri removed by

vaginal hysterectomy at various intervals after insertion of

the loop [UD.™' During the first 24 hours after IUD inser-
tion, the normally sterile endometrial cavity was consis-

tently infected with bacteria. Nevertheless, in 80 percent of

uteri removed during the following 24 hours, the women'’s
natural defenses had destroyed these bacteria and the endo-
metrial cavities were sterile. In this study, when transfundal
cultures were obtained more than 30 days after ITUD inscr-
tion, the cndometrial cavity, the IUD, and the portion of
the thread within the cavity were always found to be sterile
(l4g. 25-16). These findings indicate that development of
PID more than a month after insertion of the TUD is due
to infection with a sexually transmitted pathogen and is
unrelated to the presence of the device.

Results of a large multicenter study coordinated by the
WHO revealed similar findings. In this study of 22,908
women inserted with TUDs, the PID ratc was highest in the
first 3 weeks after inscrtion but remained lower and con-
stant during the 8 years thereafter at 0.5 per 1000 woman-
years (Fig. 25-17)."* The results of both of these studies
indicate that an IUD should not be inserted into a woman
who may have been recently infected with gonococci or
chlamydiae. Insertion of the device will transport these
pathogens from the cervix into the upper genital tract where
the large number of organisms may overcome the host
defense and cause salpingitis. If there is clinical suspicion
of infectious endocervicitis, cultures should be obtained
and the IUD insertion declayed until the resuits reveal that
no pathogenic organisms arc present. It does not appear to
be cost-cffective to administer systemic antibiotics rou-
tinely with every IUD insertion, but the insertion procedure
should be as ascptic as possible.

There is cvidence that [UD users may have an increased
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risk for colonizing actinomycosis organisms in thc upper
genital tract. The relationship of actinomycosis to PID is
unclear because many women without IUDs have actino-
mycosis in their vagina and are asymptomatic.'” If actino-
mycosis organisms are identified on the routine examina-
tion of cervical cytology and the woman is asymptomatic,
she may be treated with appropriate antimicrobal therapy
to erradicate the organisms or observed without therapy.
The IUD should not be removed from an asymptomatic
woman who is colonized but not infected with actinomyco-
sis.

Overall Safety

Several long-term studies have indicated that the TUD is
not associated with an increased incidence of cndometrial
or cervical carcinoma and may actually be associated with
a reduction in risk of developing these neoplasms during
and after its insertion.'* " The IUD is a particularly useful
method of contraception for women who have completed
their families and do not wish permanent sterilization and
have contraindications to, or do not wish to use, other
effective methods of reversible contraception. An analysis
reported that after 5 years of use, the IUD was the most
cost-effective method of all methods of contraception in-
cluding sterilization.'” Women in the United States who
use an IUD have a higher level of satisfaction with their
method of contraception than do women using any of the
other methods of reversible contraception.
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