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Preface

Although the Food and Drug Administration has no direct responsibility for
intrauterine contraceptive devices, its Advisory Committee on Obstetrics and
Giynecology was requested to review the entire subject and to submit a detailed
report to the Commissioner, since increasing numbers of women are presently
employing this method of birth control. The Committee was also charged with
assessing the applicability of contemplated legislative recommendations
designed to protect the public that uses devices that are retained within the body

formany years.
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Introduction

Rebirth of interest in the intrauterine devices
(TUD?’) as an effective, acceptable method of
contraception stems from two factors. First is
the availability of inert plastics that may be
straightened to allow easy insertion and that
return to their original shape, in which they are
retained within the uterus. Second is the sug-
gestion that the underprivileged woman is more
effectively served when the need for recurrent
motivation, required in most other forms of
contraception, is removed. Several additional
advantages of the intrauterine devices com-
mend their use. Although their mode of action
in women has not been fully elucidated, the
antifertility action cannot be associated with
any known systemic effect. Problems of initial
distribution and followup are smaller than
those associated with the oral contraceptives,
and the expense of the intrauterine device is
negligible. Whereas intrauterine contraception
is not quite as effective as the best oral com-
pounds, its use-effectiveness ratio is more fa-
vorable than that of traditional methods of
contraception. :

Complications of intrauterine devices are,
of course, different from those of the hormonal
contraceptives, but are approximately as com-
mon. The rates of discontinuance, furthermore,
appear to be about equal in the two forms of
contraception,

Data on use-effectiveness and discontinuance
are more precise for the devices, since they are
based largely on carefully supervised programs
in the United States and abroad.

Basic and clinical research on the devices has
met with fewer obstacles than those associated
with study of the hormonal contraceptives.

Both methods are highly effective for contra-
ception, and each has its advantages and specific
indications.

The Committee was divided into the follow-
ing task forces to investigate and report on the
major facets of intrauterine contraception:

Task Forces

1. Biologic Action
S.dJ. Segal, Chairman
P. A. Corfman

2. Utilization and Effectiveness
C. Tietze, Chairman
P. E. Sartwell
S. G. Kohl

8. Inflammatory Reactions and Warnings
R. B. Scott, Chairman
E. M. Delfs
A.T. Masi

4. Carcinogenic Potential
R. Hertz, Chairman
E. R. Carrington
K. Adamsons

5. Legislation
H. F. Fuller, Chairman
N. J. Bastman
L. M. Hellman

The report of each task force and the results
of a questionnaire on serious adverse reactions
have been reviewed and approved by the entire
Committee. They are included in the appendix
of the report. The findings of the task forces,
with conclusions and recommendations of the
the Committee, form the body of the report.






History

Intrauterine devices are far from new, having
been mentioned in the writings of Hippocrates.
Devices made of many different materials have
been used for more than 2,000 years in a variety
of gynecologic disorders, as well as to control
fertility. Scientific writings on the subject were
extensive during the 19th century, when devices
were used chiefly for correction of uterine dis-
placement but also for contraception. Contra-
indications to their use were defined. Chief
among them was preexisting infection; in-
trauterine devices were therefore not employed
for women with adnexal inflammatory disease.
The question of carcinogenesis was raised, but
no documented causal relation was ever
established.

Resurgence of interest occurred in 1980, when
Grifenberg reported a series of more than 2,000
insertions of intrauterine devices for contracep-
tion. The failure rate with his silver ring was
1.6 percent. Although the mechanism of con-
traceptive action was not ascertained, Grifen-
berg suggested that the devices increase func-
tional activity of the endometrium. At the same
time other workers showed that foreign bodies
in the uteri of experimental animals prevented
pregnancy.

The Griifenberg ring was poorly received by
the contemporary gynecologists. Although few
of them had any personal experience with the
ring, their objections were apparently based
on unfortunate experiences with earlier in-
trauterine devices. The opposition was suf-
ficiently great that the method fell into disre-
pute, and no further work in the field was re-
ported for nearly 30 years. Two papers were
then published, leading directly to the current
revival of interest.

In 1959 Oppenheimer presented the results
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of years of experience with modifications of the
Grifenberg ring. His series included 1,500
patients with no serious complications. Japanese
workers, including Ota, were the first to utilize
plastic material for intrauterine contraceptive
devices. Ishihama, also in 1959, reviewed the
results obtained with the Ota ring in 20,000
women, These two reports revived interest and
stimulated further research. Within 5 years
many devices were designed and tested. The
chief advantages of the new forms resulted from
the use of relatively inert plastics and stainless
steel, and from development of techniques of
insertion that did not require dilatation of the
Cervix.

Designs

The stainless steel ring described by Hall in
1959 (figure 10) is a slightly modified Gréfen-
berg ring. Several forms of metal and plastic
rings have been used in Japan and Taiwan for
80 years. The most popular is the polyethylene
Ota ring (figure 1B). Zipper, in Chile, devised
a ring made of coils of nylon thread with a
length of the thread left free as a transcervical
tail (figure 1A.). The first linear plastic device
that could be introduced through the cervical
canal was the Margulies spiral (figure 1D), de-
veloped in 1959. Shortly thereafter, Lippes de-
signed his loop, a linear device of polyethylene
(figure 1E). At about the same time other plastic
devices, the bow (figure 1F') and the double-
spiral (figure 1G), became available.

By early 1968 these were the only devices for
which adequate testing and statistical evalua-
tion had been completed. Others, however, have
been manufactured and some are being
evaluated. They include, among others, a stain-
less steel spring (figure 1H), a plastic “sham-
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rock,” and a plastic “T.” The plastic is
commonly a polyethylene of medium density,
containing some barium to permit radlologlc
visualization. At least two plastic devices in-
clude a piece of metal that causes magnetic
deflection when an appropriate instrument is
placed near the pelvis.

Utilization

The countries listed in table 1 have nationwide
family planning programs that emphasize the
intrauterine devices, An absolute figure for the
total number of women throughout the world
who have had devices inserted in recent years
can only be estimated. A reasonable figure is
probably between 6 and 8 million, or nearly one-
half the number of women currently using oral
contraceptives.

TABLE 1

Utilization of Intrauterine Contraceptive
Devices

Approximate cumulative

Country * number of IUD insertions
Sept. Jan. Jan.
1964 1966 1968
Indige e e 2,000 320,000 2,000,000
Pakistaneceaecmeaa-n 5, 000 50, 000 1, 200, 000
South Xorea. o aun-. 50,000 350, 000 1, 100, 000
Taiwan.ee ceecc e 25,000 150, 000 870, 000

*Accurate figures for the United States are not available. By September
1964, the major manufacturers of IUD’s had distributed nearly 250,000
devices, By January 1968, the total number distributed was approxi-
mately 8,000,000,

Biologic Action

The rapid acceptance of intrauterine devices
for family planning has been accompanied by
extensive research into their biologic effects and
mode of action in fowl, in mammals including
subhuman primates, and, to some extent, in
man, Because of the anatomic and functional
differences in the genital tracts of the various
species investigated, it is unlikely that one mode
of action or one particular effect will be found
common. to all,

Intrauterine devices have an antifertility ef-

fect in every animal tested, but differences
among species have been found. In the chicken
and sheep, for example, transport of sperma-
tozoa is inhibited, thereby preventing fertiliza-
tion. In the rabbit, sow, cow, and ewe, function
of the corpus luteum is impaired to varying de-
grees. This effect appears to be unilateral and
local. In animals such as the guinea pig, cow,
and sow, in which sperm transport is not in-
hibited, fertilization may occur. Fertilized ova
that implant in an untreated horn may go to
full term, but those that implant adjacent to an
IUD are likely to be lost. The IUD’s do not in-
hibit ovulation, transport of spermatozoa, or
fertilization in rodents and lagomorphs (rab-
bits or hares). Implantation, however, is in-
hibited—to the greatest extent in the mouse,
less so in the rat, and to the smallest extent in
the rabbit.

Many of the effects of TUD’s in laboratory
mammals and ungulates are not seen in sub-
human primates or women, but the differences
may be related in part to anatomic diversity of
their reproductive tracts. The TUD does not
prevent ovulation in either the rhesus monkey
or woman, and there is no convincing evidence
that the device exerts a systemic effect in pri-
mates, as it may in the rabbit and sheep. It has
recently been suggested, however, that TUD’s
may increase or prolong secretion of oxytocin in
postpartum women.

In women with TUD’s there is evidence of
transient endometrial inflammation. Histologic
and ultrastructural studies, furthermore, sug-
gest an alteration in eyclic maturation of the
endometrium. The resulting asynchrony may
be sufficient to inhibit intrauterine pregnancy.
The suggestion that the device increases tubal
motility in rhesus monkeys treated with gonad-
otropins to induce superovulation needs con-
firmation in large groups of normally ovulating
macaques and in other species. Whether TUD’s
exert their contraceptive effect by interfering
with fertilization in either rhesus monkeys or
women is still not clear.

Efficacy

Much information is available about the efficacy
of several intrauterine devices and ‘their use-
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effectiveness ratio. The data have been obtained
largely as a result of a Cooperative Statistical
Program (CSP) initiated in 1963 by the Na-
tional Committee on Maternal Health. Ade-
quate data are available for five types of TUD’s:
the Lippes loop, the Margulies spiral, the Birn-
berg bow, the Hall ring, and the double spiral.
The period of followup is now 5 years for the
largest loop (Size D) and 2 years for other
devices. .

These data have been derived from records
of 27,600 women, covering more than 477,000
woman-months of experience. In conjunction
with the material from the Taichung Medical
Follow-up Study (a sample of about 6,600
women followed for more than 2 years), they
provide adequate information for scientific
evaluation. Both studies, furthermore, have
utilized a life-table method of analysis of the
data (app. 2, p. 24), which allows comparison
of the results of studies of varying durations.

In the United States the most successful
IUD’s are associated with a pregnancy rate of
from 1.5 to 8.0 per 100 women during the first
year of use. These rates tend to decline during
successive years. In general, the rates vary in-
versely with the size of the device and with the
age of the patient.

A comparison of the effectiveness of the
TUD’s with that of other contraceptive methods
requires consideration of the difference between
theoretical effectiveness and use-effectiveness.
Theoretical effectiveness reflects the assumption
that the method is currently used according to
instruetions, whereas use-effectiveness takes ac-
count of human errors, which lead to incon-
sistent or incorrect use of the method. With
IUD’s, use-effectiveness approaches theoretical
effectiveness, since the method requires neither
daily nor periodic medication, nor any manipu-
lation before, during, or after intercourse. The
careful woman can, however, increase her
chances of protection by inspecting her men-
strual pads or tampons to see whether the device
has been expelled, or, if the device has a trans-
cervical appendage, by examining herself
periodically.

In terms of theoretical effectiveness, TUD’s
are less reliable than oral contraceptives given
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according to the combined or the sequential
regimen. The ITUD’ are probably not more ef-
fective than the diaphragm or condom if the
conventional forms of contraception are used
correctly. In terms of use-effectiveness in clinic
patients, however, the TUD’s have proved far
more reliable than the traditional methods
and only slightly less reliable than the oral
compounds,

The success of any contraceptive method de-
pends not only on. the effectiveness in preventing
pregnancy but also on. the rate of continuation
of its use. IUD’s may be discontinued on the
patient’s request because of the desire for
another pregnancy or other personal reasons,
because of untoward reactions, or because the
devices are involuntarily expelled.

Rates of expulsion tend to decline steeply
with age and less steeply with parity. They
vary inversely with the size of the device, and
are higher during the first foew months after
insertion. Rates of removal tend to follow the
same pattern as that of expulsion, but there is
an additional steady incidence of removal dur-
ing the 4 years for which significant data are
available.

About 80 percent of women will continue to
use the device for the first year, 70 percent for
the second, and, from the limited data available,
about 50 percent at the end of the fifth year.

Among clinic patients in the United States,
rates of continuation have been much higher

. for the TUD’s than for such traditional contra-

ceptive methods as the diaphragm, foam tablets,
and vaginal foam. The combined experience of
family planning programs in a number of de-
veloping countries has been similar.

The relative rates of continuation for TUD’s
and oral contraceptives cannot be assessed ac-
curately because no studies have been reported
in which the two methods were offered to com-
parable populations in comparable circum-
stances. Fragmentary evidence suggests that in
the lowest socioeconomic group with minimal
education, rates of continuation are higher with
the IUD’s than with tthe oral compounds,. but
adequate information about nonclinic patients
isnot available.



Adverse Reactions and Safety

Chief among the minor complications of the
intrauterine devices are irregular bleeding and
uterine cramps or pelvic pain. They occur com-
monly during the first 2 or 8 months after in-
sertion and tend to disappear with continued
use. Together they constitute the reasons for
about 60 percent of all removals.

More serious is the occurrence or recrudes-
cence of pelvic inflammatory disease (PID).
The prevalence of PID in the entire female pop-
ulation is not known exactly but it is very likely
considerable ; the disease is more common among
the socially and economically deprived.

Some experimental animals are subject to
pyometra when foreign bodies are inserted into
the uterus (app. 4, p. 36). In women, there is
transient infection of the uterine cavity during
the first 24 hours after insertion, but the bacteria
disappear rapidly (app. 3, p. 31). The incidence
of PID in women using TUD’ has been reported
to be about 2.5 percent during the first year,
falling to about 1.5 percent during the second.
The rates are highest during the first month
after insertion.

The Committee believes that the rate of in-
fection can be reduced by sterile prepackaging
of the devices with disposable inserters. Further
studies should be done to ascertain whether an-
tiseptic cleansing of the vagina and cervix re-
duces infection.

Perforation of the uterus is uncommon and
is often unnoticed by the physician. Its inci-
dence varies from 1 per 10,000 insertions re-
ported from Taiwan, to 4 per 10,000 as reported
by CSP, or 70 per 10,000 as reported from Sing-
apore. Perforations are probably the result of
trauma caused by the introducer during inser-
tion. The Committee believes that the incidence
of perforation can be reduced by careful sound-
ing of the uterus before insertion to ascertain
the depth and direction of the uterine cavity,
and by routine use of a tenaculum to maintain
the uterus relatively straight.

A survey of the Fellows of the American Col-
lege of Obstetricians and Gynecologists (app.
6, p. 41) disclosed 15 instances of intestinal
obstruction following perforation of the uterus
by IUD’. The device was of the closed type in

18 and of an undisclosed type in two cases. In
addition, three cases of uterine perforation with
intestinal obstruction had previously been re-
ported in the world’s literature. These were all
associated with a closed device. In at least four
cases the device had only partially perforated
the uterine wall, adding to the difficulty of the
immediate diagnosis of this accident. The sig-
nificance of these findings is amplified by the
relative paucity of use of devices of the closed
type. Perforation of the uterus with intestinal
obstruction has not been reported with open de-
vices. In view of these reports, the Committee
recommends that the presently available closed
devices not be used except in specially indicated
circumstances.

If perforation is known to have occurred with
a closed device, in ordinary circumstances the de-
vice should be surgically removed without delay.
If, on the other hand, perforation occurs with.
an open. device, removal will depend on the judg-
ment of the attending physician.

The survey by the Committee (app. 6, p. 41)
disclosed 10 deaths in which the data were suffi-
ciently detailed to permit assessment. In the
judgment of the Committee there was a causal
relation between death and the insertion of the
device in four instances. Basing the figure on
the 10 documented cases, allowing for 50 per-
cent under-reporting, and assuming a conserva-
tive estimate of usage, mortality might reach
0.2 per 10,000 insertions, a rate so small that
it might not be disclosed even in the large series
of CSP.

Plastics of the type used for IUD’s have been
used extensively as prostheses in various parts
of the human body and have in no instances re-
sulted in cancer. Intrauterine devices have, how-
ever, been associated with malignant tumors in
rats, but the TUD has not been shown to produce
a neoplasm in either the cervix or the endo-
metrium of women, and the available reports
indicate no effect of the device on the course of
preexisting dysplasia.

The incidence of abortion may be as high as
40 percent if pregnancy occurs with the intra-
uterine device in situ. The proportion of these
reported abortions that are induced, however,
cannot be ascertained. When the pregnancy pro-
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ceeds to full term, the device is found to be out-
side the membranes or occasionally beneath the
placenta. The limited numbers of infants so
far available for study do not have a greater
than expected incidence of prematurity or
malformations.

Ectopic gestation occurs about once in 20
pregnancies with the device in place. This ratio,
which is 10 times the normal rate, is attributable
to the substantial reduction in the number of
intrauterine pregnancies. There is no evidence
that TUD’s cause ectopic pregnancies.

Legislation

The present legislation establishing jurisdiction
over devices is limited to regulation of marketed
products when there is evidence of excessive
claims or hazard to health. Various intra-
uterine devices may therefore be marketed with
only the manufacturer’s supervision of the
purity of the plastic and of quality control.

Most devices are packaged without adequate

instructions for use, and many are not marketed
in sterile packages with disposable introducers.

The legislation under consideration by the
Food and Drug Administration (app. 5, p. 89)
for certain classes of devices secured or placed
within the human body appears satisfactory
when applied to intrauterine contraceptives. It
will neither limit research nor prevent investi-
gational use. It will, however, set standards of
composition, reliability, and labeling that are
directed toward maintenance of public health
and safety and prevention of complications and
untoward effects. The Committee endorses the
contemplated legislation provided that contra-
ceptive devices are not subjected to special
attention.

Conclusions and Recommendations

1. Ejfectiveness and Utility

A. The Committee finds adequate scientific da,’o:'»

attesting the effectiveness and utility of the
intrauterine devices.

B. The intrauterine devices are highly effective
in preventing pregnancy, although they are not

quite as reliable as the hormonal contraceptives
if the latter are taken according to instructions,

C. The rate of continuation of use is similar to
that of the oral contraceptives and is far higher
than that of traditional methods, at least among
the socially and economically deprived.

I1. Serious adverse reactions

A. Although there seems to be underreporting
of serious adverse reactions, insertion of intra-
uterine devices carries a definite, albeit small,
risk of infection and wuterine perforation.
Deaths arising from infection have been rare,
but perforation by closed devices is followed by
intestinal obstruction in a disproportionately
large number of instances. For this reason, the
Committee is awerse to the use of currently
available closed devices, ewoept in very unusual
circumstances.

B. The adverse reactions that require removal
are mainly vaginal bleeding and pelvic pain.
More serious adverse reactions associated with
the IUD are rare, stemming essentially from
infection and from uterine perforation during
insertion.

The incidence of infection can probably be re-
duced by greater attention to sterile technique
and by the use of a device with disposable in-
serter packaged as an individual unit and pre-
sterilized. The Commitiee recommends more
stringent procedures for sterilization of the de-
vices and inserters and more careful techniques
in their insertion.

C. The incidence of uterine perforation can be
reduced by sounding the uterus before insertion
and by aligning the corpus and cervix by trac-
tion on a tenaculum.

D. There is no apparent carcinogenic effect of
the devices in the human being. Each patient,
nevertheless, should have a cervical smear be-
fore insertion and should hawe o periodic cyto-
logic examination.

E. The Committee recommends odherence to
the contraindications and precautions listed in
appendin 3, page 31.



III. Legistation

A. The Committee endorses the efforts of the
Food and Drug Administration to regulate cer-
tain closses of medical devices.

B. Contraceptive devices should not be sub-
jeoted to special attention in contemplated
legislation.

C. The contemplated legislation regulating cer-
tain medical devices should include a means of
confidential reporting of adverse reactions.

IV. Further Besearch _
A. Adequate data are still unavailable to an-

swer several basic scientific and clinical ques-

tions related to the intrauterine devices.

B. Research support should be provided as

follows .

(1) to elucidate the mechanism of action of the
intrauterine devices,

(2) to develop more satisfastory and effective
devices,

(8) to study their specific avcepiability by par-
ticular population groups, and

(4) to provide means for reducing the inci-
dence of adwerse reactions, both minor
and serious.



Appendio 1

Report of the Task Force
on Biologic Action

8. J. Segal, Ph. D., Chairman

Introduction

The rapidly increasing use of the intrauterine
device (IUD) for family planning purposes
has stimulated considerable research on its
biological effects in experimental animals and
humans. Several comprehensive reviews of the
subject have appeared in recent years (4, 23, 44,
106, 117). The research shows that ITUD’s have
an antifertility effect in every species tested but
that the stage of the reproductive process in-
fluenced by their presence differs from species
to species. It is not possible, therefore, to explain
the mechanism of action in a manner that ap-
plies to all species studied.

The differences in action which have been
observed are due in part to differences in the
anatomical and physiological features of the
“reproductive systems among animal forms and
to the marked variation in size, configuration,
and composition of the devices which have been
used. IUD’s used in subhuman primates and
humans are gemerally composed of stainless
steel or mixtures of polyethylene and barium
sulfate. They are manufactured in various
shapes, such as loops, coils, bows, and rings and
are usually of a size to fill the corpus of the
uterus without applying lateral pressure to the
uterine walls, Devices used in large domestic
animals, such as sheep and cattle, are spirals of
polyethylene and tend to distort the shape of the
uterus; in smaller animals, such as rodents and
rabbits, they may be threads of silk or nylon
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or larger segments of polyethylene. In earlier
experimental work, when intrauterine foreign
bodies were used solely as a tool to investigate
such problems as decidualization and nidation,
glass beads and beeswax or paraffin balls were
employed.

Recently research has become focused on the
mechanism of the antifertility action of the
devices, with the ultimate aim of achieving
better intrauterine device design for human
use. A good deal of work has been done, but
there are particular areas that require further
investigation.

Effects in. Experimental Animals

Domestic Fowl The effects of foreign objects
in the avian oviduet are of interest. Early ob-
servations suggested inhibition of ovulation
(54) but more recent work indicates that ovula-
tion is not affected by the presence of intra-
uterine threads, but that egg pickup by the
oviduct is somewhat inhibited (75, 76, 111).

Eggs which are produced are not fertilized
since sperm do not ascend to the upper oviduct,
and the eggs tend to have soft shells, suggesting
either a rapid passage through. the lower ovi-
duct or an alteration in oviductal environment.
This later interpretation is supported by the
consistent finding of acute and chronic infla-
mation in the lower oviduct as a response to the
foreign object.



Mouse The placement of a length of thread
in a small segment of one horn of the bicornuate
uterus of the mouse prevents the establishment
of nidation sites throughout the entire length
of the occupied horn, and renders the contra-
lateral horn comparatively sterile as well.
Sperm transport and fertilization are not pre-
vented on either side of the reproductive tract.
Zygote transport, however, appears to be im-
peded on the operated side, since fertilized ova
can be recovered from the tube on the fourth day
after mating, a time when they should normally
have passed into the uterus. There is no gross
anatomical explanation for this “tube-locking”
effect; the cause remains unexplained. The
basis of the sterility on the control side is also
unknown, although it is presumed to be medi-
ated through a humoral factor transmitted
from the TUD-bearing horn, a phenomenon that
is anatomically possible in the mouse because of
an incomplete septum between the two horns at
the cervical junction (29, 30).

Rat Foreign bodies in the bicornuate uterus of
the rat have a less extensive effect than they do
in.mice, Threads of silk or nylon or devices com-
posed of materials used in the manufacture of
intrauterine devices for women will prevent
blastocyst nidation in the horn in which they
are inserted, but have no antifertility effect on
the contralateral untreated horn (27, 28,29, 30).
The foreign body must lie freely in the endo-
metrial cavity and the endometrium must be
pierced; if the thread lies only in the myome-
trium it has no antifertility effect (81, 108).
There appears to be no effect on the estrus cycle
or on the corpus luteum (88,105), nor is sperm
transport altered (83). Upon removal of 'the
thread, fertility is restored (78).

It appears that ova transport through the
oviduct is not affected but that blastocysts de-
generate or are prevented from implanting
when they enter the uterine cavity at approxi-
mately day 5 (72, 85, 88). This concept is sup-
ported by observations in rats with unilateral
IUD’s subjected to experimental delay of im-
plantation. Following a 6-day period of delay,
implantations occur in the control horn but
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neither implantations nor deciduomata are
found in the experimental horn (72).

Uterine threads inserted prior to the period
of maximum sensitivity for decidua formation
inhibit the ability of the endometrium to decid-
ualize after stimulation with trauma or hista-
mine injections (24, 80, 85). Timing of the
introduction of a thread can be arranged, how-
ever, so as not to prevent decidua formation in
response to trauma. Since similarly timed inser-
tions of threads in mated animals have an anti-
fertility effect, a direct effect of the foreign body
on the ability of the endometrium to decidualize
cannot be considered the primary action of the
procedure. Furthermore, a thread will not in-
terrupt pregnancy if it is placed in the uterus
as early as 'the eighth day of pregnancy (67).

All of these findings indicate that the intra-
uterine foreign body induces some alteration in
the rat uterine environment hostile to fertilized
ova. Preliminary studies indicate that the for-
mation of a surgical anastomosis between the
uterine horns of the rat will allow a single
suture to have a bilateral effect (17), suggesting
the transfer of a humoral mediator as in the
case of the mouse. Other preliminary studies
show that a foreign body causes the uterine
fluid to become viscous, manifesting an increase
in albumin and globulin concentrations (62, 66).
Tt is suggested that these changes in ionic
strength could have a dehydrating effect on
blastocysts. That earlier studies had demon-
strated no effect on uterine pH (82) is not
incompatible with this concept because of the
highly buffered quality of uterine fluid. Indeed,
there is a report of an experimental situation in
which the uterine fluid from the horn of a rat
uterus bearing a foreign body transmitted to
an otherwise normal rat uterus the inhibitory
influence of the foreign body itself (108).

Foreign bodies affect the rat uterus in other
ways. They are uterotrophic (102) and produce
increased muscle tone (84) unless they are too
small (78). Such uterotrophism occurs after
ovariectomy and adrenalectomy (102), indicat-
ing that the effect is local in nature. That the
uterine weight increase is more than a non-
specific inflammatory reaction is indicated by
the histological pattern of the myometrium and

11



endometrium and by the fact that the weight
increase is mot prevented by hydrocortisone
(102).

Tissue slices taken from rat uteri with for-
eign bodies have been studied for alkaline phos-
phatase levels, lipids, nucleic acid, glycogen and
a number of other substances (73). The only
notable effect has been that slices taken from
IUD-bearing horns show an almost doubled
oxygen uptake shortly after insertion and that
this increase declines slowly with time, a phe-
nomenon that could reflect the initial trauma, of
insertion. Histological studies have shown that
development of normal secretory endometrium
is inhibited somewhat in the region of the for-
eign body and that there is considerable gly-
cogen accumulation at the basal area of the en-
dometrium (100). There is also some increase
in cystic glandular hyperplasia (102). In one
study, the chronic presence of foreign bodies
produced squamous metaplasia in 20% of the
experimental animals (78); and in another
study prolonged exposure was found to lead to
pyometra, metaplasia, and epidermoid carci-
noma (22). Chronic inflammation of the en-
dometrium has been found associated with the
IUD in a number of studies (26, 43, 62). This
observation has led to the suggestion that a
chronic inflammatory reaction is essential to the
antifertility effect in rats,

The foreign body increases uterine histamine
levels (101), a finding that is probably related to
the discovery by another investigator of an in-
crease in the number of mast cells in the tissue
adjacent to the TUD (17). This phenomenon is
of particular interest because of the implieation
of histamine release for normal implantation
of rat blastocysts. On the other hand, the rela-
tionship of this finding to the antifertility ef-
fect seems puzzling, if, as already noted, the
blastocysts degenerate prior to the expected time
of implantation,

In summary, among the experimental ani-
mals, the rat has been used most extensively to
study the biological action of an intrauterine
foreign body. An antifertility effect oceurs,
which is reversible upon removal of the for-
eign body. There is no evidence of a systemic
effect ; the antifertility action is confined to the
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horn bearing the foreign body. Treated animals
have normal pituitary content of gonadotropins
(18), normal estrus cyeles, and normal corpus
luteum function. Ovulation, sperm transport,
fertilization, and zygote transport through the
oviducts occur normally, As the zygotes enter
the uterus, they either degenerate completely
or pass out of the uterus per vaginam in a de-
generative state. The cause of this hostility of
the uterine environment is unresolved.

Although biochemical studies of a large num-
ber of components of uterine tissue have been
carried out, no single observation stands out as
particularly revealing. An inhibitory effect of
the foreign body on the ability of the rat en-
dometrium to decidualize in response to trauma
or histamine may be related to the blastotoxic
effect, but so far this relationship is obscure.
The strongest indication of a relationship be-
tween the two effects is the observation that
luminal secretions from a thread-bearing horn
when instilled locally can reduce the deciduali-
zation capacity of a normal rat uterus that is
in the predecidualization stage.

The occurrence of the changes caused by the
foreign body requires that some part of the ob-
ject be intraluminal and not merely imbedded
in the myometrium or endometrium. This obser-
vation makes it difficult to consider increased
myometrial activity resulting in premature ex-
pulsion of blastocysts as the primary event. That
the foreign object causes an endometrial accu-
mulation of glycogen, mobilization of mast cells,
increase in total uterine content of histamine,
and a transient increase in oxygen consumption
is interesting, but these observations fail to sug-
gest a direct relationship with respect to the
degeneration of blastocysts. More revealing, per-
haps, is the consistent polymorphonuclear leu-
cocytic invasion of the endometrium observed.m
the uterine horns with foreign bodies. This cir-
cumstance may have an effect on the biochemical
Properties of the luminal contents, and on the
ability of blastocysts to survive there.

Homster and Guinea Pig Similar to the rat,
the hamster responds to the presence of a foreign
body in the uterus by failing to manifest blasto-
cyst nidation in the treated horn. Cycle length,
ovulation, sperm transport, and fertilization



proceed normally, yet the presence of the IUD
does not prevent the endometrium from decid-
ualizing in response to appropriate stimuli as
it does in the rat (99).

The reproductive cycle of the guinea pig
differs from that of the mouse, rat, and hamster
by the occurrence of a prolonged functional
phase of the corpora lutea. It is interesting to
note that TUD’s inhibit corpus luteum function
in guinea pigs (8) much as they do in sheep and
cattle. Such inhibition is not observed in other
rodents, possibly because the cycle in such ani-

_mals is comparatively short. In guinea pigs only
the corpora lutea of the ovary on the side of
the uterus bearing the foreign body are affected
(84). It appears, therefore, that the luteolytic
effect of the TUD is mediated locally rather
than systemically.

Rabbit Some of the earliest laboratory work
on the antifertility effect of intrauterine foreign
bodies was done in the rabbit (14). These stud-
ies, and others (1, 2, 10, 30, 69, 88) show that
the device affects fertility by interfering with
normal nidation, Ova are released, fertiliza-
tion oceurs, tubal transport is normal, implan-
tation takes place on both the treated and the
untreated side, and embryos not immediately
adjacent to the device proceed to term. Em-
bryos adjacent to the intrauterine device, how-
ever, are lost at about the seventh day.

As in the rat, an IUD in the rabbit uterus
has an uterotrophic effect not necessarily asso-
ciated with an effect on uterine activity (25).
Although some observers have noted evidence
of inflammation with YUD use (14), others
have claimed that the use of sterile technique
will prevent infection without eliminating the
antifertility effect ('77,78). Barlier studies (14)
suggested that glandular hypertrophy is asso-
ciated with the TUD, but more recent observa-
tions (69) show no significant changes in his-
tology, and no changes in alkaline phosphatase
or glycogen levels. The biochemical composition
of the tubal fluid does not show any noteworthy
alterations in the presence of an intrauterine
foreign body (71).

Of particular general interest is the possibil-

ity that TUD’s may accelerate transport of ova

through the oviduct. A unique study in rabbits
has shown that an intratubal thread may speed
ova passage (15, 68). Other studies with intra-
uterine threads indicate a normal rate of pas-
sage of tubal ova (55).

The discovery in the rabbit of a prolongation
of several hours in the interval after mating
before ovulation in the presence of an TUD (58)
indicates that the TUD influences the, hypo-
thalamo-hypophyseal complex. Evidence thus
exists for a systemic effect in the rabbit, prob-
ably neurogenic. The mechanism which has been
suggested for such a delay is a prevention of
LH release, substantiated by direct measure-
ment of LH content of the pituitary glands, and
reported to be elevated in the presence of an
IUD. This is an important observation, one of
the few that indicate TUD’s may have a sys-
temic effect. But it must be remembered that
rabbits are reflex ovulators and such delay in
ovulation would not be apparent in other ani-
mals in which TUD’ have been used, since
such animals are spontaneous ovulators.

Sheep The effect of an IUD in the ewe is
unique among the mammals studied since it ap-
pears to block sperm transport (19, 49), a phe-
nomenon also seen in the hen. When a device is
placed unilaterally or bilaterally, no sperm can
be found in the oviduct after natural mating.
Sperm injected directly into the uterus contain-
ing an ITUD undergo head-tail separation,
though some sperm may not be affected and
fertilization does occur.

Histological studies in the ewe show that
TIUD’s produce inflammation, leukocyte infiltra-
tion, and an increase in vascularization (85, 50,
53). Somewhat similar histological effects are
seen in the goat (59). Recently it has also been
shown that TUD’s cause the production of an
increased amount of mucopolysaccharides in the
endometrium (21).

The device apparently does not affect ovula-
tion or egg transport (49), but it does influence
the size of the corpus luteum (86, 109). When
a corpus luteum develops on the same side as a
unilaterally placed device, the corpus luteum is
smaller than normal; the administration of hu-
man chorionic gonadotropic hormone over-
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