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Pelvic inflammatory disease {PID) 1s a major medical
problemworldwide [ts treatment and sequelae absorb a
significant part of the health resources of many countries
{33) ThetermPID referseithertoan acute orachronic
inflammatory response involving the upper female genital
tract (endomyometrium, tubes, ovanes, and supporting
structures) The term 1s nonspecihc and the condition
may result from a vanety of infections 1n a vanety of
organs, e g gonococcal salpmaitis, chlamydial para-
metritis, and bacteroides tubo-ovanan or pelvic ab-
scesses  Unless otherwise mdicated, pelvic infections
related to pregnancy or gynecologic surgery, or secon-
dary to other gynecologic conditions such as cancer, and
their treatment have not been considered in this report
because they are traditionally given diagnostic terms
other than PID

Although inflammation of the upper genital tract can
result from diverse causes such as endometriosis or
extension of an intra-abdominal infection, 1n most cases,
mfectious PID 1s considered a sexually derived disease
{SDD) resulting from sexually transmitted pathogens
(STP)(46) PID s rarely diagnosed in womenwho do not
engage \n heterosexual vagmal intercourse  The patho-
genic micro-organisms responsible for PID are not always
transmetted from the women's partner, however, they
may be part of the resident flora of her lower genital tract,
and they may not become pathogeric unti they gan
access to her upper genital tract (41}

There are no uniformly accepted criteria for the diagnosis
of PID and there s a sigmificant degree of mprecision in
this diagnosis As early as 1928, Farr and Findlay
reported that salpingitis was correctly diagnosed preop-
eratively in only 70% of 545 women admitted to a hospital

and operated upon with this diagnosis (17} Forty-one
years later, Jacobsen and Westrom reported a similar
rate of correct diagnosis (65%) of acute salpinagitis, com-
pared with the findings at laparoscopy (34}

INCIDENCE

According to Westrom, the annual incidence of FID in
modern Western society 15 estimated to be 1% among
women aged 15 to 34 (88) In the high risk age group, 15
to 24, the annual incaidence 15 2%  In the United States,
the annual incidence of PID 1s at least 2°% among tecund,
sexually active women aged 13 to 44

There 15 no national reporting system for PID i the
United States From a sample of discharge records at
7900 short-stay civiian hospitals, there were an est:
mated average of 213,000 hospitahizations for PID per
year from 1970 to 1975 (36) PID was the prirnary diag-
nosis in 65% and the secondary diagnosis in the other 35%
of cases Hysterectomies were performed in 23% of the
women admtitted in whom PID was the principal diagno-
515 Admissions for PID accounted for about 897,000
hospital bed days each year from 1970 to 1975 (74)
Among non-pregnant women over 14 years of age, about
11n every 100 hospital admissions was for PID (74)

Based on the National Ambulatory Medical Care Survey
for the period 1973 t0 1977, there were about 1 89 mullion
patient wisits for PID per year to office-based private
practicing physicians (73)  An estimated one-half milion
physiclan-hours were required to see and treat these
patients Oneof every 17 of these office visits resulted in
hospital admission, accounting for about 55% of all hospi-
tal admssions for PID during 1973 to 1977 In addition,
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there were an estimated 680,000 patient wvisits to chrucs
and hospital emergency rooms for PID each year (10

Including only those cases in which the principal diagno-
sis was PID, there are at least three-quarters of a million
cases of PID each vear in the United States, with a
resulting hospitalization rate of nearly 20% Curran
estimated the direct costs of PID} and associated ectopic
pregnancy in 1979 to be $700 milhon (10) Thus figure
does not include the costs of treating infertility problems
resultingfromPID  There s no accurate way to measure
the total economic consequences of PID, either in the
United States or worldwide

MEDICAL CONSEQUENCES OF PID

The medical consequences of PID are well known and
include repeated episodes of PID, ectopic pregnancy,
infertiity, and chronic pelvic pain - Westrom reported a
greater than 6-fold higher rate of ectopic pregnancy and
nearly a 4-fold hugher rate of chronic pelvic pain among
women with laparoscopically confirmed PID who were
followed up for 6 to 14 years, compared to a group of
women who did not have PID {87) In the same study, the
proportions of women who were unable to become preg-
nant were 13%, 36% and 75% after one, two and three or
more episodes of acute PID, respectively Excluding
women who elected not to become pregnant, only 69 of
the wormen who had acute PID became pregnant, com-
pared to 96% of the control group Inalater study by the
same group of investigators {75), infertihty rates among
women with laparoscopically venfied PID were 22°% after
the first episode of PID and 46% after subsequent epi-
sodes of PID  The data from both of these studies prob-
ably underestimate the true nisk of infertiity following
acute PID, since the studies included only women with
chinically evident disease who were treated medically, it 15
probable that many cases of PID are subclimcal

CAUSATIVE AGENTS

The microbiology of the fermale genital tract 1s extraord-
narily complex and knowledge of 1t 1s hmited by the
microbiological methods available at present This sub-
ject has aptly been described as a microbiologist's might-
mare {13) Despite the significant advances i microb-
ological techniques that have been made during the past
10 to 15 years, an accurate understanding of the microbr-
otogy of PID 1s only beginning to emerge

It 15 now recognized that Neisseria gonorrhoeae, Chia-
mydia trachomatis, Mycoplasma hommis and a vanety
of other aerobic and anaerobic micro-organisms are
causal in most cases of upper gemital tract infection in the
female (46,77) The relative contribution of each of these
organisms to the development of PID depends upon a
variety of factors, ncluding the prevalence of each organ-
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1sm n a given population, the state of health of each
woman, and her prior disease history  Until recently, 1t
was thought that N gonorrhoeae imitiated mfection in
nearly all cases of PID  Studies performed over the past
15 years have dispelled this notion, however, and the
mportance of other micro-organisms in the etiofogy of
PID 15 now commonly acknowledged (9, 16)

Inthe United States, gonorrheal infections are associated
with 30% to 80°- of the PID cases, and 10°%, to 17% of the
women with gonorrhea subsequently develop clinically
diagnosed PID (31} Epidemioclogic studies from other
countries do not always agree on the relative importance
of gonorrhea and other sexually transmitted pathogenic
organisms in the development of PII} Reports from the
United States as well as England and Wales have found
PID rates to parallel gonorrhea rates (1, 36, 64} A
decline in the prevalence of gonorrhea in Sweden was
accompanied by a decline 1n the prevalence of gonococ-
cal PID, at the same time, however, a concomitant
Increase In the prevalence of all cases of PID was noted
{88) These data imply that control of gonorrheal mfec-
tions alone cannot be relied upon to matenally decrease
the prevalence of PID

Our understanding of the bacterial pathogenesis of PID
has mproved with the advent of rehable methods for the
growth and identification of anaerobic bactena (41)
Some of the maior microbiological advances of the past
decade have inciuded a rapid tissue cuiture method for
the diagnosis of Chlamydia frachomans (26) and a
microimmunofluorescent techmque to Wdentify C rra-
chomatis antibodies in sera (85) Unfortunately, these
techmques are not uniformly available to chimcians, and
the importance of C trachomatis in the etiology of PID1s
only recently becorming recognized among chmcians (42,
46, 77) According to Treharne and co-workers, over
50% of the PID in women under 25 years of age in one city
in Sweden was caused by infection with C trachomat:s
(83) In contrast, mvestigators in the United States
generally have reported lower 1solation rates (from 5% to
20% using endocervical cultures) of C trachomatis from
women with PID {35) Perhaps of greater importance 1s
the finding of Jones and co-workers that antichlamydsal
ant:bodies were present in the serum of 35% of a group of
172 infertile women (35), these findings are indicative of
prior chlamydiat infections No doubt, the chimical rele-
vance of chlamydia and other orgamsms, such as urea-
plasma, will become ciearer as additional improvements
are made in the methods of bactenal solaton Of
course, it 15 1important to keep in mind that even with
rapid methods of specimen transport and accurate
methods of bacterral culture, results obtamned from
endocervical cultures do not always reflect the microbial
picture present at a higher level in the gemtal tract, even
when a lower genital infection accompanies an upper
genital tract mfection




As noted above, chnical opimon until recent years was
that gonococcal mtection paved the way for invasion by
secondary pathogens at a later date In this regard,
studies m which laparoscopy was used to obtain tubal
culture and biopsies from women with acute salpingitis
have demonstrated two important points  The first 1s
that even at the outset, tubal infections are polymicrobial
and ofteninclude N gonorrhoeae, as well as anaerobes,
aerobes, and chlamydia (14) The second 1s that fewer
organisms are recovered m patients with longer dura-
tions of symptoms, even when meticulous attention 1s
paid to the culture methods (14)

EPIDEMIOLOGICAL STUDIES

Qver the past decade, numerous epidemiological studies
have identified nsk tactors associated with PID Although
many such factors have been identified, 1t 1s crucial to
remember that these associations do not necessarily
mply a cause-and-effect relationship between the pres-
ence of the nsk factor(s} and the occurrence of PID

Case Control Studies. Prior to 1974, clinicat impres-
sions and the medical Literature strongly supported an
association between sexual activity and the occurrence
of PID (50) Since 1974, the association between contra-
ceptive usage, in particular the use of [UDs, and PID has
become a focus of attention and has been studied exten-
sively Table 1 hists 18 case control studies {or studies

Thaler and co workers,

Prior abdomnal pelvic

1978 (80) operations 110
P-ior abertion 27
Flesh and co workers, Race black q0
1979 {19) Previcus PID 31
>~ 1 sexual partner 52
Current use of [UD 22
Osser and co workers Current use of [UD 24
1980 154) Current OC use 03
Prior pregnancy 22
Paavonen & Vesterimen, Current use of [UD 30
1980 (56) Current OC use 03
Potterat and co workers, Married 05
1980 (61} Current OC use 04
Race black, Hispanic 25
Burkman 1981 (6} Age <. 25 years 18
Education -2 high schoot 17
> 1 sexual partner in last
6 months 16
Prior PID 32
Prior gonorrhea 25
Current use of lUD 16
Current contraceptve use
other than IUD 03
Race non white 13
Single 13
Kelaghan and co worhers, Current use ct barrier
1982 (39) contraceptives 06
Rosenfelc and co-workers, Prior use of [UD 72
1983 (65) Prior OC use 04
Prior use of mechamcal
contraceptive method 03
History of acute PID 546
Woiner Hanssen and
co workers, 1983 (92} Current use of ILID 33

Est
Reference Risk Factor RR
Noonan & Adams, 1974 (51) Current use of IlUD 78
Current OC use 04
Targum & Wnght, 1974 (78) Current use of [UD 93
Prior induced abortion 773
Phacsavasdi and co-workers,  Past current use of IUD 122
1975 (58]
Brown & Cruickshank, Married 05
1976 (5) > 1 sex partner in previous
6 months 3z
Age at first intercourse *
Previous PID 53
Faulkner & Ory, 1976 (18} Current use of [UD
Febrle cases 50
Afebnle cases 26
Prior PID, afebrile cases 39
Westrom and co-workers, Current use of I[UD 30
1976 (30) Age < 26, nulhgravid,
1UD user 76
Eschenbach and co-workers,  Current use of IUD 24
1977 (15) Intercourse > 2 week 14
Prior pregnancy 15
Intercourses avoided with
menses 21
Race non white 16
Previous gonorrhea 17
> 2 seaual partners in past
b months 16
Current OC use 05
Sterhzathion 03

*Higher RR for earher age at first ntercourse  RR cannot be estimated
from these data

Table 1 Estimated relative risks (RR) for factors asso-
ciated with either an increased or decreased
risk of PID.

that can be analyzed as case control studies) published
since 1973 that have dentified factors associated with
either an increased or decreased risk of PID  The list 1s
not all-inclusive, but represents major contnbutions to
the dentification of nsk factors for PID  For each factor
identified, an estimate of the relative risk (RR) of PID was
computed for women with the nsk factor compared to
womenwithout the risk factor  An RR value greater than
1 indicates the factor 1s assoclated with a sigmificantly
greater (p << 0 05) risk of PID, and a value less than 1
indicates the factor 1s associated wath asignificantly lower
{p << 005) nsk of PID If estimates of the relative risks
were not provided by the authors, they were derved
using standard methods for the calculation of the crude
odds ratios If necessary, the origmal estimates were
recalculated. depending upon the methods used by the
authors *

*The statistical computations m the present repoit were pertonmed by
David A Edelman, Ph D . Medical Research Consultants, Inc,
Chapel Hill, North Carolina



Table 1 lists only those tactors associated with either an
increased or decreased rnisk of PID  In some studies (5,
54. 78) varnious factors (e g, age, marital status, parity)
could not be evaluated, since cases (women with PID)
and controls (women without PID) were matched on
these factors Also. factors identified 1n one study as
being associated with either a hugher or lower nsk of PID
were not necessarily 1dentihed i other studies For
example, frequency of ntercourse was dentified as a sk
factor by Fschenbach and co workers (15) but not by
others (5, 6) Table 1 does not inciude those factors not
found to be associated with a lugher or lower nsk of PID
There are undoubtediy many more factors than those
hsted m Tabie 1 that mught have a direct and possibly
causal association with the development of PID, e g, the
bacterial flora in the patients’ vagmas or the presence of
urethritis prostatitis in the patients’ sexual partners

Other Studies Studies that have evaluated women
with PID without any reterence to a control group have
also dennfied factors associated with increased risks of
PID A wide varety of findings have been reported

Wright and [Laemmle tound that PID rates in an indigent
population were increased in women aged 20 to 24 who
were neither currently married nor ever marned, and
among [UD users (93) Jones and co-workers reported
higher PID rates for divorced or separated women, non-
white women, and women aged 15 to 30 {(36) Potterat
and associates imphed that the health-seeking behavior
patterns of women with gonococcal PID and their male
contacts differed from those of women with uncomph-
cated gonorrhea and therr contacts (61) Quigstad and
associates found an association between the nisk of PID
post-abortion and prior positive cervical culture for C
rrachomatis (63) Gump and co-workers investigated
the relationship between serum anhbodies to C tracho
matis, prior to confirmed diagnosis of PID and prior [UD
use (28) These mvestigators found that the proportion
of women with prior PID was higher among women who
had previously used the [UDs compared to those who
had not (28}, 1t was also higher among women with hugher
antibody titers 10 C  trachomars, regardless of [UD
usage

The four major categories of risk factors for PID noted in

[able | are sexual actiity, sociodemographic character-
1stics, contraceptive method used, and other medical
conditions Therole ot each of these factors is discussed
in the followng sections

RISK FACTORS
SEXUAL ACTIVITY

PID 1s predominately a sexually derived disease (SDD)
Exceptions include those cases resulting from tubercule
infections, extension of appendiceal or other inflamma-
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tions of the bowel, pelvic surgery, and gynecologic opera-
tions such as dilatation and curettage, abortion, insertion
ot an 1UD, and uterine biopsy, to mention a few Unfor-
tunately, the literature on PID contains few studies that
specifically attempt to relate sexual actimity, PID, and
specific bacteriologic agents Of the 16 studies histed in
Table 1, only 4 (5, 6, 15, 19) 1dentified some aspect of
sexual activity as a risk tactor for PID  Nevertheless, all
studies found factors in which sexual actity was imph
cated, eg ., use of a contraceptive method or prior
pregnancy

Only three aspects of sexual activity have been studied
and identified as risk factors for the development of PID
They are frequency of mmtercourse, number of sex
partners, and age at hrst intercourse Evenso, all studies
hsted in Table 1 that evaluated these factors {5, 18,61, 65,
78) were not in agreement as to their importance Thisis
not surprising for two reasons First, in the reported
studies, the information on sexual activity obtained by
having the patients complete questionnaires or by direct
questioning has generally not been validated by any other
source to assess 1ts reiabiity  Second, and perhaps
more important, only superficial information on sexual
activity has been obtained in studies reported to date
Specific aspects of sexual activity that have not been
evaluated among women with PID include the following
frequency of homosexual relations or heterosexual con-
tact with bisexual partners, practice ot oral and anal sex,
and the sexual exposure and habits of the women's
partner(s) Although a complete evaluation of sexual
variables would be a most difficult task, a true under-
standing of the relationship between sexual activity and
the development of PID requires that this be done Inthe
past, analyses have generally evaluated only one aspect
of sexual activity at a time and have not considered the
importance of ther mterrelationships  For example,
coital frequency and the number of partners have been
evaluated separately in most studies In terms of the
nsks of acquinng a sexually transmitted disease (STD}, a
nigh coital frequency with one partner clearly 15 not the
same as etther a high or low coital frequency with many
partners Moreover, the number of partners a woman
has might be associated with different nsks of PID,
depending on her marital status, age, and other factors,
regardless of coital frequency

The role of the complex variables included in the term
“sexual activity” and the mterrelationship with sociode-
mographic factors, contraceptive choices, and other
medical conditions 1s just now beqinning to gain the atten-
tion of investigators The prevailing view 1s that cotal
frequency and numoer of sexual partners provide mea-
sures of the frequency of exposure to sexually transmit-
ted pathogens (5TP) The third vanabie dealing with
sexual activity, namely, age at first intercourse, may be
only an indirect measure of later sexual behavior with




respect to the exposure to a variety of sexual partners

(88)

SOCIODEMOGRAPHIC CHARACTERISTICS

Sociodemographic factors, such as marital status and
age, probably are indicators of the sexual behavior that
determine the nsks of a woman acquiring PID  For
example, sexually active separated or divorced women
have been shown to be at a hugher nsk of acquiring PID
than married women of the same age (36) This associa-
tion may reflect a higher number of sexual partners
among nonmarrnied women and.or the multiphaity of
sexual contacts among the women's partners and a con-
comitantly higher risk of being exposed to an STP  In
addition, it seems reasonable to hypothesize that other
sociodemographic charactenstics might reflect different
sexual preferences and lfestyles To our knowledge,
these mterrelationships have not been specifically inves-
tigated

Variables such as race that have been associated with an
mncreased risk of PID may anly reflect different preva-
lence rates of STDs. such as N gonorrhoeae or Chiamy-
dia trachomatis in vanous racial ethnic groups The
possiblity also exists that there are differences in the host
response to sexually transmitted infections that either
increase or decrease the nsks of developmg PID It s
also necessary to consider that the health-seeking behav-
iors of different populahon groups may differ in such a
way as to place them at differential risks of PID  Froma
public health pont of view, appropnate educational pro-
grams may address behavioral 1ssues such as the number
of sexual partners and type of contraceptiveused They
can do nothing, however, to alter demographic factors
such as a woman’s age, race, and prior pregnancy his-
tory

CONTRACEPTIVE METHODS

Barrier Methods. Both clnical and epidemiological
studies have demonstrated that use of barner (both phys-
1cal and chemical) methods of contraception reduces a
woman's risk of PID (8, 67, 68, 69) Since the bacte-
riocidal properties of spermicidal preparations protect
womer from many lower genital tract infections and pre-
sumably their subsequent ascent mto the upper genital
tract, the reduced risk of PID most likely 1s due to use ot
the barrier contraceptwes per se  However, 1t may also
be due to other factors, since the choice of a contracep-
tive method may be difterent for differen* groups of
women and be assoclated with sexual actinity factors

Women who use sterilization as their method of contra-
ception are also at a reduced risk of PID {32) It1s
commonly thought that contraceptive sterihzation pro-
tects against PID by preventing pathogens from gaining
access to large portions of the tubes, as well as the

ovaries and the pentoneal cawity This condition of
limited access may be especially important during ovula-
tion and menstruation, when a greater susceptibility to
PID exists (15) An additional explanation for the lower
risk of PID observed among sterihzed women 1s that
these women are usually 1n the demographic subgroups
known to have lower nisks of PID, e g . marrned women
over 30 years of age These women may live 1n stable
relationships. and their sexual lifestyles and preferences
may place them at a lower risk of exposure to externatly
acquired pathogens that may initiate an infectious
process

Oral Contraceptives (OCs}. Two reasons have been
suggested for the reduced nsk of PID among women
using oral contraceptives {OCs) (15, 66) that has been
found in case control studies (see Table I} The first1s
that OC use tends to reduce menstrual flow This not
only reduces the time during which there is a more favor-
able environment for bacterial growth, but also reduces
the need for the prolonged use of tampons or sanutary
napkins The second 1s that OCs change the character-
1stics of the cervical mucus Since QC use inhibits the
preovulatory estrogen surge there 15 an absence of
receptive mid-cycle cervical mucus that promotes sperm
access to the upper female genital tract

Intrauterine Devices. The IUD has been the most
extensively studied contraceptive method in terms of the
nsks of PID, and it has been identifed as a nsk factor for
PID in many studies (Table 1) published in the late 1960s
and 1970s (11. 12} I[n 1968, Wright and Laemmle first
reported that [UD users had a higher nsk of PID com-
pared to users of oral contraceptives (relative risk, 4 9)
and compared to women using contraceptive foam (rela-
tive risk, 2 8) (93)

The principal difficulty in trying to assess whether or not
the use of [UDs increases the nisk of PID relates to the
selection o' an appropriate comparisongroup  Although
non-contraceptors appear to constitute an appropriate
comparison group, this group in reality includes several
subgroups with difterent risks of PID} and therefore may
be an inadequate comparison group

The question of whether the higher reported risk of PID
among IUD users represents higher risk due to the use of
IUDs per se or represents a higher risk as a result of the
choice of comparison groups against which IUD users
are evaluated has not yet been clearly answered Since
the use of barrier or oral contraceptives as well as sterili-
zation protects women agamst PID, the relative risk of
PID to IUD users compared to users of these methods
might only reflect the protective effect of the latter
methods, rather than a truly enhanced risk of PID among
IUD users As previously stated, it 1s nappropriate to
compare the nisks of PID to IUD users with those of
sterilized women who are inherently at a lower nsk of
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PID 1t 1s equally mappropriate to select non-contra-

ceptors (including women using rhythm, coitus interrup-

tus and any of the so cailed natural family planning

methods) as a comparison group, since the group of

non-contraceptors includes the following subgroups,

who probably have difterent nsks of acquirng PID

1 Sexually mnactive women

2 Sexually active women desiring pregnancy {These
women may be at a mimmal risk of PID since they
generally have stable monogamous sexual relation-
ships

3 Sexually active women not desiring pregnancy but
who elect not to use contraceptive methods  (This
group includes women who have occasional coitus
at times when they do not think they can become
pregnant These wormen. as well as others m the
non-contraceptor group, may termimate their preg-
nancies by abortion)

Sexually active women who do not wish to become preg-
nant but who are not using any contraceptive method
represent aunique group If these women are as sexually
active as women who use contraceptive methods, they
will be repeatedly exposed to the risks of pregnancy as
well as PID  These women have a far greater risk of
becoming pregnant before contracting PID, since the
monthly probability ot pregnancy 1s about 5% to 6 and
that of contracting PID 1s about 0 1% to 0 2%

Sexually active non-contracepting wornen may also be an
inappropriate comparison group, because women who
become pregnant unitentionally are also exposed to the
nsk of upper genital tract infections associated with the
termination of pregnancy, either at term or by abortion
This aroup of women may include subgroups who are ara
high nisk of PID  For example, Qwigstad and co-workers
found that 1 6% of the women with negatwe serologic
cultures for C trachomatis developed PID within 1
month of abortion by dilatation and vacuum aspiration
(63) In sharp contrast, the rate among woren with
positive cultures was 20% A similar finding has been
reported by others {55} Women who have incomplete
septic abortions or upper genital tract mmfections follow-
ing induced abortion are not usually classified as having
PID, even though the effects of these infections in terms
of future fertility may be similar to those of non-pregnant
women who acquire any form of PID

It 15 possible that sexually active, non-contracepting
wornen who do not wish to become pregnant are proba-
bly at a different nsk of PID compared to sexually active.
non-contracepting women who wish to become preg-
nant Toour knowledge, studies that have evaluated the
relative risks of PID associated with contraception have
not distinguished between these two sexually active non-
contracepting groups of women The two groups may
also differ with respect to numerous other important
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factors, including therr health attitudes and habits  In
comparing the relative tisks of PID among women using
different contraceptive methods, several important fac-
tors need to be considered, mcluding the sexual activity
of the women and their frequency of exposure to STDs
These factors may be quite different for women in the
different contraceptive groups For example, Valent;
recently reported that the desire tor more frequent cortus
was greater among [UD users compared to OC usersin
the first 3 months after imitiation ot the method (84)

There are two temporal aspects to the risk of PID ameng
IUD users The first s the rnisk of PID resulting from the
insertion procedure per se, and the second 1s the rnisk of
PID due to factors associated with the IUD and the user
The hugher rnisk of PID during the imtal month of IUD use
{Table 4 3 of 11, 12, 43) 15 thought to resuit trom the
transmission of bacteria from the endocervix to the uter-
us at the time of the msertion procedure This observa-
tion follows from the study of Mishell and co-workers
showing that bacterial contamination of the uterus fol-
lowed IUDhnseruons, the bacteria were ehmimated over a
period of weeks (48) Although the prevailing chnical
opinion 15 that the uterine cavity 15 normally able to
maintam steriity (70), several studies have shown bacte-
ra to be present in the utenine cavihes of a significant
proportion of asymptomatic women who were not using
[UDs(71) Some of these studies, however, may include
false positive culture results due to the sampling methods
used (71)

In a recent case control study reported by Lee and asso-
ctates m which wormen were excluded if they were sexu-
ally mactive, amenorrheic, sterile, or had recently been
pregnant (all factors known to influence awoman’s risk of
PID), the estimated relative risk of PID to IUD users
compared to women using no contraceptive methods
was 3 1 for women who used their IlUDs for less than 5
months, whereas it was enly 1 1 {a value not sigmificantly
different from 1, p > 0053) for women who used therr
[UDs for over 4 months (43) These data imply an ele-
vated nisk of PID followmg the IUD insertion procedure
itself, but no increased r:isk due to continuing IUD use
This finding s contrary to the commonly accepted opin-
on that [UD use 1s associated with an increased risk of
PID at any time following nsertion Since this study did
not ascertain whether the IUD users and users of no
contraceptive methods were different with respect to
other known sk factors tor PID, the reported estimated
relative risk of 11 may represent either an under or
overestimate of the actual risk (43) Moreover, since the
nonuser group included women who were at a reduced
risk of PID for various reasons, the estimated relative risk
value may represent an overestimate of the true value A
similar pomt of view has been expressed by Luukkamen
and assoclates, who suggested that the higher rate of PID
for IUD users found 1n case control studies rmaht only




reflect the nisk of PID attributable to the insertion proce-
dure (44)

A major area of concern regarding IUD use has been the
presence of tail strings In the early 1960s, many chni-
cans suggested that the use of strings rght put women
at an increased nisk of infection by providing a pathway
for the ascent of bactena from the vagina to the uterus
A1 the same Lime, however, it was recognized that the tail
facilitated removal of the IUD and avoided complications
that might occur at the time of removal if the IUDs were
talless The consensus of experts was that the benefits
of adding a tail string outweighed the risks

Two decades later, the question of whether or not the
IUD tail per se places women at a hugher nsk of PID
remains unanswered Adequate chnical studies to eval-
uate the role of the JUD tail in the etiology of PID have not
been conducted Four of five studies that have com-
pared tailled and tailess [UDs found no increased risk of
PID to users of talied [UDs (11)  These studies, however,
were not designed specifically to evaiuate the role of the
IUD tail In one on-gomng study in which 1100 women
were randomly assigned to use a Copper T IUD either
with or without a tail, no statistically significant differen-
ces in the PID rates have been found between the two
groups of women who have been followed for up to 1 year

(7

Since 1975, the question of whether the rnisk of acquining
PID 1s different for IUDs using different types of tail
strings also has been debated widely Today, most, if not
all, IUD tail strings consist of one or two strands of nylon

In the past, sume IUDs have used tals made from a
bundle of fine filaments imultifilamental tails) e g , Antigon
F. Birnberg bow, Dalkon Shield, Latex Leaf, Majzln
spring) None of these lUDs 15 used in clinical practice in
the Umted States today Comprehensive evaluations of
the PID rates for different types of IUDs, regardless of the
type of tail string used, have not found any cone type of
IUD to be consistently associated with higher rates of
PID (11, 12)

The controversy over the type of IUD tal was widely
published by Tatum and co-workers, who demonstrated
In a series of in vitro experiments that live £ coli could
move up the Dalkon Shield tail along with flmd under
certam laboratory conditions, near the upper knot at the
base of the [UD (79) These mvestigators also reported
the presence of anaerobic and aerobic bacteria cbtamed
from Dalkon Shield tail strings removed from asympto-
matic users (79} The authors suggested that a multifila-
ment tail could provide a means for bacteria to enter the
uterus However, this hypothesis does not explain the
chnical observations of the occurrence of PID in women
wearing lUDs with monofilament tail strings or [UDs with
sohd plashic tail configurations {Margulies spiral)

In one in uitro Investigation (62}, bacteria appeared to
migrate through a layer of cervical mucous coating the
outside of multtilamental and monofifamental IUD tails
In a later study by the same aroup of investigators (72},
the apparent migration of bactena along the I[UD taill was
confirmed indirectly in IUD users undergomg hysterec-
tormies Aerobic and anaerobic cultures of the uterine
cavities demonstrated bacteria in the uter of 12 of 14
wormen using [UDs with monofilamental tals and in the
uteri of 3 women using ILUDs with multiilamental tails
Most bactena cultured in this study were commensals,
such as Gardnerelia vaginals and Corynebacteriumsp ,
but potentally pathogenic orgarmsms such as Escher:-
chia col and Streptococcus faecahs were also found
The types of bactera cultured from the extirpated uten
were similar to the types of bacteria present in the vag-
nas of these same women These authors concluded
that the IUD tail In some way interfered with the protec-
tive mechanisms of the cervix, thus permitting bactera to
enter the uterine cavity These two studies (62, 72) sug-
gest that there s no significant difference between mono-
filamental and multifilamental tails with respect to ther
ability to facilitate the transfer of bactena from the cervix
and vagina to the uterine cawvity However, one of the
studies (72) sncluded only a few subjects, and all of them
had gynecologic conditions requiring surgical treatment
For this reason, they may not be representative of all
asymptomatic [UD users

The purported abihty of bacteria to migrate along the
outside or the mside of IUD tails has not been related to
the risk of PID for [UD users compared to the risk for
nonusers Clearly, the presence of bactena on either the
inside or the outside of the IUD string does not indicate
the presence of a pelvic infection Bank and associates
performed scanning electron microscopy studies of Dal-
kon Shield tails removed from asymptomatic women
who had used their [UDs for 2 or more years (2} These
[UDs had intact ta!l strings that were found to contan
bacteria, both above and below the double knot at the
base of the [IUD The study did not determine how long
the bactenia had been present within the strings The
Dalkon Shield tals evaluated by Tatum and assoclates
came from IUDs that were removed electively from
women who did not have any symptoms of PID at the
time their [UDs were removed (79)

With prolonged use, almost all IUDs undergo physical
changes, including distortion of their shape, discolora-
tion, and deposition of mineral salts (especially calcium)
on their surface The deposits on IUDs appear to build
up over trme (27} The significance of these changes, if
any, n terms of increasing the user’s risk of acquirng PID
or developing other sigruficant complications 1s not
known Recent research efforts have been directed at
further evaluation of the surface deposits found on IUDs
(Lippes Loop, Saf-T-Coil, Dalkon Shield, Copper 7,
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Figure 1 Scanning electron microscopv of various IUDs
after removal A Lippes Loop, 100x Flaking encrusta-
tions on taill string B Copper-7, 10x, lower margin of
copperwire and IUD body C CopperT,40x, side view of
copper wire covered with hard surface encrustation with
crevices and rregular topography D Saf-T-Coil, 20x,

Copper T) that have been used for prolonged periods (4
to 15 years) (38) Figure 1 shows scanning electron
micrographs (SEMs) of the surfaces of sections of some
of these IUUDs and their tails  The deposits on the sur-
faces of these [UDs were further evaluated by energy
dispersive spectrometry and x-ray diffraction methods
These studies dentified several minerals and salts on the
surfaces and tails of the IUDs (Figures 2 and 3} Ot
particular interest 1s the dentification of calcium apatite
crystals on the surface of a Lippes Loop This salt 1s a
common component of dental calculus and results from
the mineralization of plague Similanties between the
calculus found on teeth and deposits found on [UDs may
be due to a similarity between the bactenal inhabitants of
the mouth and vagina, such as anaerobic streptococcus,
viellonella and other organisms involved in plaque forma-
tion It should be recogrized., however, that calcium may
precipitate on the surface of [UDs in the absence of
bacteria on the IUD surface No evidence has been
presented to indicate that the formation of deposits on
IUDs varies with the specitic type of [UD, it appears to be
generic to all types of [UDs {38}

Marrie and Costerton have described transmussion elec
tron microscopic studies ot [UDs (Copper T, Copper 7.
Saf-T-Col) electively removed. they found microcolonies
of bactena adherent to specific areas of the surfaces of
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trregular granular surface encrustation and bulbous
nodular formation E Dalkon Shield, 20x, area of lower
portion of IUD body and string interconnection, with
plaque-like encrustation on topographical areas of the
string

Apatite L sta

L. ot —

Figure 2 Artist rendition of energy-dispersive spectro-
metry of calcium apatite crystal from Lippes Loop [UD

Figure 3 X-ray diffraction pattern of calcium apatite
crystal shown in Figure 2

these IUDs (47} These mvestigators thought the bacte
ria were not contaminants from the cervix and vagina at
the ime of IUD removal, but had been on the surface of




the IUDs for a long time  From this study and other
similar types of studies 1t cannot be determined whether
the bacteria adherent to the TUD surfaces were deposited
on the IUDs during the insertion procedure, or “rrugrated”
to the uterus along the JUD string, or came to be there by
passive transport, such as by attachment to sperm or
other motile orgamsms

Pelvic actinomycosis 1s an uncommon form of pelvic
nfection Until the rmd-1970s enly about 300 cases had
been reported 1n the lhterature (12) DBeginrnung in the
early 1970s, reports began to appear that associated [UD
usage with pelvic actinomycosis  Since this time, about
100 such cases have been documented (12, 29) Therisk
ot actinomycosis appears to be generic to all types of
[UDs and appears to increase with increasing duration of
IUD use (12) [n 1976, Gupta and co-workers first docu-
mented the recognition of Actinomyces in cervical Fast
smears staned with Papanicolaou stain (30) This cbser-
vation has been confirmed by several other investigators
(12) Some reports have indicated the presence of
Actinomyces-like organisms only in cervicovagmal
smears In some studies, the prevalence among [UD
users was over 40% Gupta noted that in cervicovaginal
smears, Actinomyces needs to be distinguished from a
number ot biologically active and inert substances (29)

O’Brien and associates have suggested that the pro-
longed exposure of [UDs to body fluds may result n
dissoc:ation of material from the surface of [UDs that 1s
dentified as a sulfur granule, which in turn is associated
with the presence of Actinomyces (52} Gupta con

cluded that less than 10%. of TUD users may have Actino-
myces oraatusms detected on Pap smears (29)

In summary, the data suggest that [UD use increases a
woman's nsk of acguinng PID during the first weeks or
months following the [UD ingsertion  This hugher risk 1s
probably attributable to the insertion procedure rather
thanto thelUD use perse  The higher nisk of PID among
IUD users subsequent to the first month of use that has
been reported in the iterature appears to be based large-
ly on the lower risk of PID among women included in the
group(s) agamnst which the risks of PID among 1UD users
have been compared

OTHER MEDICAL FACTORS

Since about the begnning of the 20th century, the vagina
has been known to contain a variety of bacterial species
During the past decade, however, with the development
of improved culture techniques for anaerobic bacteria,
investigators have reported on the extensive aerobic and
anaerobc flora of the lower female gerntal tract in healthy
premenopausal women (41} A summary of the more
common aerobic and anaerobic species found in studies
published since 1970 are listed in Table 2 Although awide
range in the prevalence of the varinus orgamsms has

been reported, Larsen noted that about ten aerob:c and
anaerobic species are frequently cultured simultaneously
from the vagina and cervix, and that the average number
of species per culture:s5(41) The “normal” flora of the
vagina and cervix includes bactena that may be patho-
genic when they gain access to the upper genital tract

These bactena are frequently imphicated in serious peivic
infections

In addition to the bacterial species listed in Table 2,
Trichomonas vaginalis, Mycoplasma homims, Urea-
plasma urealyticum, Candida albicans and other yeasts
and Chlamydha trachomatis are frequently 1solated from
the lower gemtal tracts of symptomatic and asympto-
malic wormen  In a group of heaithy women attending a
health department, Persson and co-workers reported the
followingrates of positive cultures (57) M hormris, 19%,
U urealyticum, 60%, C trachomatis, 5%, yeasts, 22%
The precise role of these organmisms 1n the causation of
PID 1s not clear since they exist so frequently in the
presence of other pathogens Persson and co-workers
suggested that since the above organisms frequently
occurred with N gonorrhoeae, they might have epide-
miologic charactenstics similar to that of N gonorrhoeae
{57)

It 1s generally thought that lower genital tract infection
(LGTID precedes upper genital tract mfection or PID
This may or may not always be the case, however,
depending on the bactenal etiology of the PID and the
mechanisms responsible for the transmission of the bac-
teria to the upper genital tract Mardh and associates
noted that among women with PID not attributable to
either a gunecoloaic procedure or infection in an adjacent
organ, a LGTI probably acquired by means of sexual

Aerobes Anaerabes

Lactobacillus
Propioribacterium
Eubactenum
Biufidobacterium
Closmmidium
perfringens, other

Lactobacillus
Diphtherods
Staphylococcus

aureus epdermicis
Streptococcus

A B,C.D - enterococcus

E coh Peptococcus

Klebsiella ~ entercbacter prevotn, asacharolyticus,
Proteus magnus, other
Pseudomonas Peptostreptococcus

mtermedius, productus
micros, anaerobius
Gaffkya
Fusobacterium
Bacteroides
fragilis, melaminogenicus,
bivius other
Viellonella

Source Larsen B Normal Geniial Microflora In Keith L, Berger GS,
Edelman DA (eds) Infections in Reproductwe Health Lancaster,
England, MTP Press (In press)

Table 2 Aerobic and anaerobic bacteria isolated from
asymptomatic, premenopausal women



Intercourse was nearly always present (46) Obwiously,
the presence of potentially pathogemic bacteria n the
lower genital tract does not necessarnly constitute an
mnfection, either 1n the lower or upper genital tract A
major difficulty in assessing the importance of LGTls in
the etiology of PID 1s that they are not uniformly defined,
Just as there 1s no uniformly accepted defimtion for PID

Even though there 1s an extenswe hterature on PID as
wellas on LG Tls, 1t 1s unfortunate that with the exception
of N gonorrhoeae, studies do not relate the two in a
meaningfulway Various investigators report that approx:-
mately 10% to 20% of women with cerwical gonorrhea go
on to develop an upper genital tract infection If most
LGTIs result from sexually transmutted pathogens, then
the nsks of these infections also need to be studied n
relation to thewr propensity to cause upper genital tract
infections

The interrelationships between the use of various con-
traceptive methods and the presence of various micro-
organisms in the vagina, as well as LGTIs, need to be
evaluated The hterature on this subject 18 difficult to
interpret for a number of reasons Many studies have
evaluated women attending venereal disease chnics,
some had symptoms of an LGTI, others did not  Some
women had positive cultures for pathogenic organisms,
others did not In some studies, control groups were
included that provided a basis for comparison, other
studies did not include control or compansongroups In
the following paragraphs some of the conflicting results
obtained from recent studies are summarized

In a study of women attending a family planning chmic,
diaphragm users had a significantly higher 1solation rate
of fungi from the cervical os or vaginal formix compared to
users of other contraceptive methods (24) In another
study by the same group (86), vaginal cultures indicated
that the prevalence of Bacteroides spp was sigmficantly
higher among TUD users, compared to women using
other contraceptive methods, [UD users compared to
diaphragm users had a higher prevalence of anaerobic
cocct, the prevalence of cohforms was higher among
diaphragm users, and finally. the prevalence of lactoba-
cilhwas increasedinthe OC group The prevalence rate
of each bacterial group was unreiated to age, panty, or
social class of the wornen

According to Osborne and co-workers, the relative risk
(about 0 5 to 0 6) of symptomatic vulvovaginitis was sim-
itar for IUD, barrier, and OC users, compared to women
using other contraceptive methods or no method (53) In
contrast, Piot found the nisk of “nonspecific” vaaginitis to
be four times higher for [UD users compared to OC users
(59)

Among women attending a sexually transmitted disease
chme, OC users compared to non-users of OCs had
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higher 1solation rates of chlamydia, but lower 1solation
rates of trichomonads (40) In the sarne climic OC users
compared to non users had higher yeast infection rates
(40} Svensson and associates found the relative risk of
cervical infection with chlamydia for OC and [UD users
compared to users of other or no contraceptive methods
was 2 4 and 0 8, respectively (76) The same study indi-
cated an elevated risk of infection for women who had
been pregnant and who had prior PID

In a gonorrhea screening program of wornen attending a
family planning chmic, rates of positive cultures were
assoclated with the contraceptive methods used (3) The
prevalence rates were similar for OC users (11 5*) and
[UD users (9 9°%) and were significantly higher compared
to women who were sterilized (3 3°) or women who used
barrier contraceptive methods (4 2%)

The question of whether users of different methods of
contraception have different susceptibihities to LGTls
has not vet been adequately answered There 1s some
evidence that yeast infections may be more prevalent
among OC users (4), and possibly among users of barrier
contraceptives Spermucides provide women with some
protection aganst some micro-organisms as a result of
therr bacteriocidal effects (68, 69)

Prior PID and gonorrhea have both proven to be nsk
factors for PID Two explanations for this seem plau
sible First, the tubal epithelium damaged by an infection
may lose some of 1ts ability to mamntain host resistance
and thus become more susceptible to subsequent infec-
tions Second, the lfestyles of women who have had a
prior episode of PID probably place them at an increased
risk of repeated episodes of PID

Prior abortion or pregnancy, as a nisk factor for PID, may
simply reflect the increased risk of ¢linical and subchnical
infections due to the abortion procedure or delwery
and, or sexual exposure without the protectwe effects of
certain contraceptive methods

The well-known chinical observation of the relation

between menstruation and the onset of chrical sympto

matology of PID has been subject to httle study Men-

struation usually precedes the onset of PID in about 50°%

of the cases This observation 1s consistent with

1 The presence of pathogenic organisms in the cervix
and ‘or vagina,

2 The dechne in the relative proportion of aerobic

organisms in the cervix n the week mmediately

preceding menses,

The lack of cervical mucus protection during menses,

4 The physiclogical wideruing of the cervical and
endocervical canal at the time of menses

[¥E]

All these factors and possibly others could explan the
climcal picture of post-menstruation PID




CLINICAL CONSIDERATIONS

The classical concept of the pathogenesis of PID {not
related to pregnancy, surgery, gynecologic procedures
or extensions of a gastromtestinal tract infection} s that
lower genital tract infections ascend directly to the upper
genital tract along the endocervical mucosa (37, 46)
Lymphatic drainage provides an alternative pathway (37,
46) The spread of the infectious process then may pave
the way for secondary invasion of the upper gerital tract
by bactena normally found in the vagina (46) This con-
cept of PID has been described as “woefully inadequate”
(89) A principal omission of this concept 15 any direct
reference to sexual activity preceding the lower gemtal
tract infection

Little doubt exists that genital tract infections can spread
through the lymphatics (46) The pelvic lymphatic sys-
tem 15 extensive (60}, surrounding the entire uterus and
providing interconnecting bridges between the cervix
and corpus The lymphatic network aiso spreads later-
ally to the tubes and ovaries Figure 4 illustrates the
lymphatic drainage from the posterior cervix laterally to
the pelvic side walls through the broad ligament, infe-
riorly to the rectum and superiorly along the entire sur-
face of the uterus to the level of the fallopian tubes and
ovaries
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Figure 4. Schematic illustration of lymphatic pathways
alongside uterus to tube and ovary (left) and to broad
ligament (right). Redrawn with permission after original
experiments by Dr. Edward Eichner

Recently, researchers have investigated the mechanisms
of the spread of infection from the lower to the upper
genital tract in laboratory arimals  Moller and associates
innoculated monkeys with C trachomatis orM horminus
(49) The route of spread of these two bactera appar-
ently differed somewhat The lymphatics appeared to be
maore mvolved in the spread of M horminis and less with
C frachomatis Mardh and associates have reported

that in the human, gonococcal infections spread from the
lower gerutal tract canalicularly over the uterine mucosa
to the tubes, whereas chlamydial salpingitis derves from
infections of the lymphatics and blood vessels of the
parametria and broad ligaments where parametritis is
first produced (46) This observation 1s compatible with
the recent findings of Gibson and associates that chla-
mydial infection m the human 1s more likely to resuit in
parametnal disease including severe adhesions and distal
hydrosalpinx formation (22)

The classical theory of the pathogenesis of PID does not

consider other possible mechanisms that mght promote

the ascension of pathogenic bacteria into the upper geni-

tal tract These include

1 The male factor, in terms of the bactenal flora of the
semimnal fluid,

2 Passive transport of bacteria from the lower female
genital tract to the upper gennal tract,

3 The transport of bacteria into the upper female gerutal
tract by their attachment to spermatozoa or tricho-
monads

Some aspects of these mecharisms 1n the pathogenesis
of PID are discussed in the following sections

THE MALE FACTOR

Although there have been numerous publications on the
bacternology of the sermnal fluid, the role of serminal fluid
n the etology of PID generally has been considered only
recently Toth evaluated the bactenal flora of the semu-
nal flind from groups of fertile men, infertile men without a
history of genital trac t infection, and men with a history of
genital tract infections (81) Isolates of the bacterial flora
{aerobic and facultative, as well as anaerobic) were sim-
llar for fertile and infertile men without a history of infec-
tion A sigmhcantly ligher number of bactenal solates
were obtamed from the semen of males with prior gerital
infections compared to either fertile or infertile men with-
out a history of mfection Four observations of Toth are
noteworthy {81) First, most men with bacteriospermia
were without symptoms Second, the seventy of the
bactenospermia was related to the number of prior sex-
ual partners Third, women married to men with high
bactenal counts in therr seminal fluid had a greater
chance of developtnga pelvic infection  Fourth, wives of
azoospermic men rarely developed PID

The incidence of bacteriospermiain men reflects, among
other things, ther sexual lifestyles, prior genital tract
infections and the treatment of these infections, as well
as their use of systemic antibiotics for other conditions
During intercourse any bacterial component of the semt-
nal fluid ts added to that component otherwise presentin
the vagina The extent to which the addition of seminal
bacteria disrupts the normal bacteriologic state of the
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vagina 1s not known It 15 likely that the greater the
frequency of ntercourse with bacteriospermic males, the
greater the nsk of an LGTI to the female Also, vaginal
and cervical bacteria may become adherent to sperm
following their ejaculation These events might increase
the risk of acquiring an upper gemtal tract infection
Clearly, further research is required to evaluate possible
interactions between the bacteriology of the iower genital
tract of the female and that of the semunal flud. and the
presence of lower and upper genital tract cisease

PASSIVE TRANSPORT OF BACTERIA

Since the early 1930s it has been known that particulate
matter can be rapidly transported from the vagina to the
uterus and mnto the fallopian tubes {37)  In several ammal
species, expernments have shown that dead sperm can
be transported to the fallopian tubes following artificial
insemination {37} The exact mechansms for the pas-
stve transport of sperm and particulate matter from the
lower to the upper genital tract are not known, either in
humans or in lower anumals  One possible explanation s
that pressure differentials between the peritoneal cavity
and the vagina are created by normal respiratory move-
ments of the diaphragm and or uterine contractions
Whether the same mechan:sms that transport particu-
late matter and sperm can also transport bactena to the
upper genital tract remans to be studied

BACTERIAL ATTACHMENT

The attachment of bacteria to spermatozoa has been
described by several investigators Specifically, the at-
tachment of N gonorrhoeae, U urealyticum, E coliand
C trachomeatis elementary bodies has been demon
strated (20,23,25,91) Figure 5 shows anexample of the
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Figure 5 Transmission electron microscopy of sperm
with E col attached to tail Original magnification
5400x Magnification of inset, 23,000x
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in uitro attachment of £ coli to sperm  Probably. there
are variations i different strains of bactena of the same
speciesn their ability to attach to sperm For example, 1t
has been found that certam salates of E colt have only a
shight capability to bind to sperm, while others have
marked binding abilities (21)

The i vivo (20) and 1in witro {37 studies that show bacte-
rial attachment to sperm have not yet clarified the role of
sperm as a mecharusm for the transport of bactena from
the seminal flurd or the lower female genital tract to the
upper genital tract  This can only be established by
further studies designed to investigate that specific ques-
tion  Euidence that sperm can provide a mechanism for
the transport of bactena comes from the in vitro studies
ot Toth and co-workers (82) These investigators demon-
strated that, in the presence ot sperm, aerobic and anaer-
obic bacteria migrated through a column of ovulatory-
phase cervical mucus (82) In the absence of sperm,
however, bacteria were not observed to move through
the cervical mucus These investigators also noted that
no sperm penetration or bacterial migration occurred
when cervical mucus was used from either pregnant
women or from the luteal phase of the menstrual cycle
Toth and co-workers did not determine whether bactenal
migration was by the attachment of the bactena to the
sperm, they only observed bactenal rmigration in the
presence of sperm (82} Also. they noted that PID was
rare among the wives of azoospermic men  Indirectly,
this finding impiicates spermatozoa in the eticlogy of PID
However, other factors also need to be considered, such
as the sexual lifestyles of couples and their exposure to
pathogens that might place them a higher risk of acquir-
ing PID

The experments of Toth and co-workers umify much ot
the information currently available concerning the patho-
genests of PID (82) [n our opmion, the presence of
pathogens in the seminal fluid, cervix, or vagina act to
increase the ikelhood of awoman acquinng PID - A high
frequency of sexual intercourse may only increase the
risk of acquiring PID if there 1s a significant bacterial
contamination of the seminal fluid, sperm, or vagina The
lower risk of PID to OC users may be due in part to the
absence of ovulatory-phase cervical mucus favorable to
sperm penetration and possibly bactenal migration The
higher nisk of PID to IUD users compared to OC users
may reflect the lack of any inhibitory effect of TUDs on
ovulatory {estrogenic) cervical mucus

Trichomonads also have been found in the upper gerutal
tract (including the fallopian tubes) of women with
serious pelvic infections (45) Trichomonads may thus
be causative agents for PID if they act as carriers of other
micro-organisms A recent inwitro experiment has dem-
onstrated that E ¢oli may attach to tnchomonads (37)
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COMMENT

Improved microbiological methods of the past decade
have led to sigmficant progress in our understanding of
the bactenologwc etwlogy of PID  In contrast, there has
been little sigruficant advance in the understanding of the
epidermiology of PID, although some progress has been
made toward understanding the mechanism through
which women acquire PID  The following summanzes
our thinking on the development of PID

In general, PID s a sexually derived disease, but those
specific aspects of sexual actity that place a woman at
an increased rnisk of acquiring PID have not been ade-
quately studied Micro organisms are transmitted to the
lower genital tract during sexual ntercourse by direct
contact and, or the semunal flud sperm These micro-
organisms are added to those already present in the
vagma and cervix

Some LGTls progress to an upper genital tract infection
The risk of this occurring 1s dependent on numerous
tactors, inciuding the particular micro-orgamsms respon-
sible for the LGT] However, the conditions under which
a LGTI progresses to PID are not well understood ltis
questionable whether the risks of LGTls are different for
different methods of contraception, except for a reduced
risk to women using spermicides that have bacteriocidal
effects (68, 69)

Micro-crganisms may be transmitted from the lower gen-
ital tract to the upper genital tract through the cervix,
lymphatics, by passwve transport, by attachment to
sperm, in the case of IUD users by migration along the
[UD tail string, or by direct extension following any gyne-
cologic procedure in which an instrument 1s passed
through the cervical canal and into the uterus The
relative importance of each of these different routes of
transmission 15 unknown and more than one route may
be operative concomitantly in the same woman

There are physiologic reasons why the use of oral con-
traceptives, barrier contraceptives, spermicidal prepara-
tions, and contraceptive steriization protect women
against PID For other reasons, women who use natural
farmily planning methods of contraception may also be at
a reduced risk of PID  On the other hand, the use of
[UDs does not protect women fromPID  Comparedtoa
group of non contraceptors with a similar risk of expo-
sure to STPs, [UD users probably do not have a signifi-
cantly hugher risk of acquirmg PID, except for the nsk of
PID resulting from the insertion procedure

Much of the epidermologic work to evaluate and identify
nisk factors associated with PID has been superficial and
provides only mimmally usefulinformation for either chn-
1cal or public health decision makers For the most part
epidemiological studies have identified only broad cate-

gories of ndividuals who are at an increased nsk of
acquirmaPID, e g , women who are divorced separated,
black, or who have multiple sex partners This know}
edge 15 of lmited climcal value since modifying these
factors 1s difficult, f not impossible

With the increasing spread of sexually transmitied dis-
eases worldwide, 1t would be a mistake to erroneously
attnbute PID to the use of contraceptive methods that
provide no protection agamst infection to the upper ger-
tal tract The widespread use of methods that protect
against sexually acquired peivic infection will have a sig-
nificant impact on the prevalence of PID, especially if
these methods are used by women who are at a high nisk
of acquinng sexually transmitted pelvic infections

CONCLUSIONS

Future research on the pathogenesis of PID should

include the following

1 Evaluation of the mterrelationships between bacten-
osperma and lower and upper genital tract infections,

2 Investigation of the mechanisms responsible for the
presence of infections in the fallopian tubes, adnexa,
and ovaries but not in the uterus,

3 Evaluation of the relationships between the use of
different contraceptive methods and the nisks of lower
and upper gemtal tract infections,

4 Determination of the importance of bacterial trans-
musston by sperm and trichomonads from the lower to
the upper genital tract i the etiology of PID,

5 Determination of those specific aspects of sexual
activity that are related toincreased risks of acquiring
lower or upper genital tract infections,

6 Epidemiologic investigations to identify the nterrela-
tionships of risk factors for acquiring PID,

7 Evaluation of the physiological and bacterclogical
events occurring at menstruation that predispose to
the onset of PID,

8 Clanfication of the difterence between so-called
primary and secondary bacteriologic pathogens as
they relate to the female gemtal tracy,

9 Evaluation of the effect of different contraceptive

methods on host resistence as 1t relates to the onset of
PID
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Synthetic steroid harmones are generally accepted as a
sate and efficacious means of fertility control  However,
the formulatons currently avatlable fall short of ideal with
regard to ease of admimstrahon and lack of side effects
There are questions regarding safety following long-term
use of formulations containing estrogen, and efficacy
may be compromised due to failure of user comphance

To overcome these disadvantages, dehwery systems are
being developed to improve the benefit-to-risk ratio by
providing continuous administration of low levels of
contraceptive steroids for up to several years following a
single administration

The rationale and the advantages and disadvantages of
long-acting controlied release stermdal contraceptive
systems have been previously reviewed (1, 6, 11, 12, 14}
The most advanced systems include depot steroid
formulations, biodegradable and non-biodegradable im-
plants, medicated intrauterine and intravaginal devices,
and injectable small particulate systems

This report prowvides an up-to-date summary of the
research supported by the Program for Apphed Research
on Fertihity Regulation (PARFR) to develop a long-acting,
imectable, thodegradable microsphere deliwery system
for the contracepiwe steroid, norethisterone (NET) We
will trace the development of the microsphere delvery
system from the mitial prototype formulations to the
present, describing the capabilities of the delvery system
for controlling both the rate and duration of NET release,
in hght of the results obtaned from the chrical testing
program, including both pharmacokinetic and pharmaco-
dynamic studies

NET MICROSPHERE DELIVERY SYSTEM

The NET microsphere delivery system consists of
microspheres composed of a biodegradable polymer and
NET The microspheres are prepared using a solvent
evaporation process that has undergone substantial
modification and improvement during the course of this
program Microspheres with diameters ranging from 10
pm to 240 pm have been used in studies of rate and
duration of NET release, mjection efficiency, and
biodegradation.

Irutially, formulations capable of releasing NET at a near
zero order rate were developed and tested n baboons
This prototype system was evaluated in chmcal trnals, and
the results gave nse to an improved second generation
formulation, which has been tested in multicenter chnical
trials Based on the results of these studies, further
mprovements n the delivery system have been made,
and the final version 1» currently bemng evaluated in a
Phase Il clhimical study

The microsphere formulation has been varied during the
development phase of the research to optimize the NET
release rates, biodegradation kinetics, and ease of admin-
istration  Details regarding the manufacture of the NET
microspheres and the improvements made in the micro-
encapsulation process have been published{7,9, 10} and
will not be reviewed here, except to emphasize where
appropriate the biological considerations that necessi-
tated improvements in the detvery system design

€ Copyright PARFR 1984



PROTOTYPE SYSTEM

The polymer first evaluated as excipient for making NET
microspheres was di-polylactic acid (PLA) PLA had
previously been proven safe for human use in absorbable
suture matenal. and long-term toxicity had been
thoroughly evaluated Early results showed that micro-
spheres made from PLA using a solvent evaporation
process had no adverse effects in rats, thus confirming
the histocompatitility of the polymer and removal of
potentiaily rritating solvents and dispersing agents used
In the manufacturing process

Prior to ammal testing, microspheres made of PLA
contaiming NET were evaluated in Litro, in an attempt to
define parameters that mught be predictive of ther
performance inuvivo Scanningelectron microscopy was
used to monitor the sphencal mtegnty and surface
character:stics of the microspheres The rate of NET
release from each batch of microspheres was tested i
vitro  These quality control procedures have been
repeated with each formulation and batch of the micro-
spheres that has been subjected to i vivo evaluation
Additionally, following the i vitro quality control analysis,
each new formulation has been tested in baboons to
evaluate safety and pharmacokinetics Figure 1 shows
the 1n vitro NET release profile from a representative
microsphere formulation and Figure 2 shows a typical
scanmung electron micrograph of the microspheres
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Figure 1 Norethisterone release in vitro from micro-
spheres of varying diameter ranges {Source Beck LR,
Tice TR Poly (lactic acid) and poly (lactic acid co-
glycolic acid) contraceptive delivery systems. In Mishell
DR Jr (ed) Long-Acting Steroid Contraception, pp175-
199 New York, Raven Press, 1983

Pharmacokinetic studies 1n baboons were used to
demonstrate the dose response capabilities of the proto-
type system (2, 3) Microspheres 10 um to 240 um in
diameter contamning 25% by weight NET were mjected
into baboons and serum estradiol {(E2), progesterone
(P4}, and NET concentations were determined by radiom-
munoassay (RIA) The slopes of the NET release curves

2

Figure 2 Scanning electron microaraph of norethisterone
microspheres (x 450)

using different doses ot the same batch were not
sigmificantly different from each other, and there was no
difference in the duration of NET release The differen-
tiating feature among the different doses was the higher
serum NET levels achieved with the higher doses Two
of the doses tested, 75 mg and 50 mg NET, were sufficient
to mhibit ovanan cychcity and ovulation in the baboons
over a 6-month mnterval Parallel studies in rats demon-
strated that release was occurring pnmarily by diffusion
of the hormone from the microspheres On the basis of
these preclinical ammal studies, this prototype formula-
tion was judged safe for use in Phase | chinical trials

PHASE [ CLINICAL TRIALS

Sixty-three women at three centers were treated with the
prototype NET-PLA microsphere formulation (Table 1)
In the first study (Group A, Table 1) 24 women were
treated with 50 ma to 100 ma of microencapsulated NET
usmg PLA rmicrospheres that ranged in diameter from 60
umto240 um(8) Poor miection efficiencies expenenced
by untrained practitioners with saline-suspended micro
spheres resulted in actual doses ranging from 7 ma to 95
ma of NET, expanding the dose-range of the study
Doses of microencapsulated NET ranging from 0 132 mg
to 0 267 mg per kilogram body weight had no effect on
ovaran function over the 6-month treatment interval,
whereas higher doses caused complete or parthal sup-
pression of ovarian function for varying periods after
treatment

Figure 3 shows the mean serum levels of NET for seven
subjects who receved doses of microencapsulated NET
ranging from 1 22 mg to 2 30 mg NET per kilogram body
weight  Ovuiation was mhibited for 3 to 6 months m this
group of subjects
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Group Months* No (mgq) P Ct Load Dhameter
A 6 14 100 P 25 60-240
10 50 P 25 60 240
B [ 19 200 P 24 90y 212
C 6 20 150 P 24 90 212
D 3 5 75 C 2021 63 20
5 100 C 20-21
E 3 5 75 C 20-21 63 90
3 100 C 2021
F 3 5 75 C 2021 6390
5 100 C 2021
G 3 5 75 C 2021 63 90
5 100 C 2021
H 3 5 75 C 2021 90 106
5 100 C 2021
1 6 5 75 C 2021 125 212
5 150 C 2021
J 6 5 75 C 2021 125212
5 150 C 2021
K 3 14 75 C 236 45 90

* Expected release duration
1 P=PLA, C = PLGA {(copolymer) formulation

Table 1 Clinical Trials with Norethisterone Microspheres

Menstrual abnormalities are the most common side
eftect of long-acting steroydal contraceptives Although
this sample size was too small to establish a meaningtul
correlation between microsphere dose and the amount
of menstrual bleeding, the higher doses caused a reduc-
tion 1n the quantity of blood lost in each episode and an
increase n the interval between episodes 1n some
subjects

This prehminary trial reinforced the results of the animal
pharmacodynamic and pharmacokinetic studies and
demonstrated that higher doses would be necessary to
achieve ovulation suppression m women for a 6-month
penod using this formulation
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Figure 3 Mean serum levels of immune-reactive NET in
7 human subjects following IM injection of 150 + 0 37
mg NET. kq body weight {Source Beck LR, Ramos RA,
Flowers CE Jr, Lopez GZ, Lewis DH, Cowsar DR
Chinical evaluation of injectable biodegradable contra-
ceptive system Am J Obstet Gynecol 140 799, 1981

The next studies, therefore, used theoretical doses of 150
mg and 200 mg NET 1n 25 6% loaded microspheres with
diameters ranging from 90 um to 212 um (Groups B and
C, Table 1) Thissize range was prepared as acomposite
by mixing equal masses of the following specific size
fractions 90 to 106, 106 to 125, 125 to 150, 150 to 180, and
180 to 212 pm This ensured even distnibution of
microsphere diameters over the final size range The
vehicle was changed in an attempt to improve njection
efficiency to 2% carboxymethylcellulose, 1% tween-20,
and 93% water

Twenty patients were treated with microspheres con-
taiming 150 mg of NET (Group C, Table 1) The actual
doses ranged from 22 mg to 144 mg NET (104 £ 37)
Twelve subjects received doses greater than 138 mg The
serum NET profile was characterized by an imital shght
burst {less than 4 ¢ ng NET/ml} followed by a gradual
dechne {Figure 4} The duration of NET release was
approxmmately 6 months The serum NET profiles in the
subjects in this study and those in the former group who
recewed a wider size range of microspheres (60-240 um)
differed in that the smaller microspheres produced
higher serum NET levels during the first week and lower
levels during the last month post-treatment These
differences can be explained on the basis that the smaller
microspheres used in the first study had faster release
rates
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Figure 4 Mean serum levels of immune-reactive NET in
13 women following IM injection of 245 + 0.44 mqg
NET/kg body weight {Source Beck LR, Flowers CE Jr,
Pope VZ, Tice TR, Dunn RL, Gilley RM: Poly (d ldactide-
co-glycohide)/norethisterone microcapsules clinical
study In Zatuchni GI, Goldsmith A, Shetton JD, Sciarra
dJ (eds): Long-Acting Contraceptive Delivery Systems,
pp 407-417. Philadelphia, Harper & Row, 1964.

Nineteen patients were treated at a second center (13)
with the same formulation and size range using an even
higher dose, 200 mg NET (Group B, Table 1) Imjection
effictencies were excellent in this study, averaging 92 +
3% Owulation was inhibited for at least 24 weeks i 16 of
18 subjects The serum NET levels were twgher and
serum NET curves parallel to those mn sutwects who

3
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Figure 5 Mean serum levels of immune-reactive NET in
women following IM injection of PLA microspheres con-
taining 200 mg NET (Source' Rivera R, Flores C, Aldaba
S. Hernandez A Norethisterone Microspheres 6-month
System Clinical Results In Zatuchni GI, Goldsmith A,
Shelton JD, Sciarra JJ {eds) Long-Acting Contraceptive
Delivery Systems, pp 418-424 Philadelphia, Harper &
Row, 1984

recewedthe lower dose (Figure5) One subject resumed
ovulatory cycles 16 weeks post-treatment. after NET
levels had dropped below 2 ng ml Two subjects had
single progesterone values suggestive of ovulation during
the first 7 weeks post-treatment  These elevated proges-
terone values, however, were found to be mnconsistent
with the other weekly samples, preventing defimitive
diagnosis of ovulation [n most subjects, serum NET
levels fell below 10 ng ml between the 10th and 22nd
weeks post-treatment, and were below 0 5 ng ml usually
by week 25

Bleeding patterns were altered in these subjects, with a
range ot 1 to 10 bleeding episodes per subject over the
239-day reference period Total spotting days per subject
ranged from 1 to 85, and total bleeding days from 3 to 58
Bleeding episodes were an average of 6 6 days, rangng
from 3 to 16 days in length The longest nonbleedmg
intervalwas 166 days Ingeneral, the average number of
bleeding and spotting days per 30-day reference period
decreased with increasing time from njection, with a
maximum of 9 68 in the second 30 days to a low of 3 21
per subject 241 to 270 days post-treatment

We concluded from these dose response chinicat studies
that PLA microspheres are capable of delwvering NET
continuously for approximately 6 months, and that the
duration of ovarian suppression 1s dose-dependent withuin
a gwen microsphere formulation and size it The
shape of the particular release curve within a gven
formulation 1s dependent upon microsphere size dis
tribution and dose ot NET contamned in the micro
spheres

Compar:son of the serum NET profiles attamed using
different doses at three centers shows the mfluence of
microsphere size on NET release rates The size dis-
tribution of microspheres i the first study was 60 um to

q

240 um, whereas the size distribution used at the other
two centers was 30 umto 212 um  Smaller microspheres
provided more rapid rzlease and higher initial serum NET
levels, with a resulting steeper slope of the curve and
shorter durationof action A narrower size range results
n flatter release curves more nearly approaching zero
order release (Figures 4 and 5)  These curves, however,
are charactenized by a gradual declme in serum NET
levels aver the treatment penod

The early arimal and human studies demonstrated the
good potential of the microsphere systermn, however, it
was determined from biodegradation studies that up to
12 months were required for the PLA microspheres to
completely biodegrade Altering the molecular weight of
the polymer and reducing the diameter of the micro
spheres did not sigmficantly change the biodegradation
interval

We became concerned, further, that repeated injections
of PLA microspheres at 6-month intervals might allow an
undesirable bulld-up of PLA in the muscle tissues at the
injection site  Additionally, small amounts of hormone
associated with this residual polymer might be released at
alater ime We concluded that a PLA excipient that has
a 12-month biwodegradation time 15 not optimal for
systems designed to provide steroid treatment for 6
months or less We therefore centered our research
efforts on developing a polymer formulation that provides
better synchromzation between duration of NET release
and biodegradation of the polymer

SECOND GENERATION NET
MICROSPHERE FORMULATION

To achieve faster biodegradanon, polyalycolic acid (PGA)
was incorporated into the polymer We found that when
molar ratios of lactide glycolide were decreased in step-
wise fashion, biodegradation time was reduced pro-
portionately (7, 9) NET microspheres made with the
more rapidly biodegrading copolymers were evaluated in
baboons to determine the pharmacokinetics of specific
copolymer formulations (7) From these studies we
selected a copolymer with a lacthide glycolide molar ratio
{85 15} that biodegrades in 6 months

Pharmacokmetic studies in baboons using NET micro-
spheres made from the copolymer poly lactide-co-gly-
cohde (PLGA) resulted in release protles uniquely
charactenstic of this formulation The copolymer
formulation produces a biphasic release curve (Figure 6)
A diffusional release pattern characterized by decreasing
NET levels with time, sinular to those previously described
for the PLA systems, occurs during the first 10 weeks
post-treatment The duration ot this diffusional release
phase s variable, dependingon formulation A secondary
rse n the serum NET level occurs later during the
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Figure 6. Biodegradation curve of copolymer super-
imposed on mean serum levels of NET in baboons
treated with the copolymer formulation (Source: Beck
LR, Pope VZ. Flowers CE, Cowsar DR, Tice TR, Lews
DH, Dunn RL, Moore AB, Gilley RM. Poly (d,l-lactide-co-
glycolide) norethisterone microcapsules an injectable
biodegradable contraceptive. Biol Reprod 28 186, 1983)

treatrment interval  This secondary phase corresponds
with the penod of rapid polymer bodegradation (Figure
6)

We concluded, from the pharmacokmetic studwes n
baboons, that NET release from copolymer-fabricated
microspheres occurs via both diffusion and biocerosion
We anticipated that this dual release mechanism could be
exploited to develop formulations having more discrete
release intervals, uniform steroid levels, and less “tailing
off of NET release than occur with the PLA formulation

Following further baboon studies, a master batch of
microspheres comprising 22 NET mn a copolymer
excipient containmg 86 to 88 PLA and 14% to 12°
PGA respectively was made for use in clinicaltnals  Fwe
centers participated in a study to evaluate this PLGA
NET microsphere formulation with appropnate charac-
teristics to provide 3 months of continuous NET release
Two microsphere diameter ranges, 63 um to 90 gm and
90 um to 106 um, were evaluated at doses of either 75 mg
or 100 mg NET

The smaller microspheres (63-90 um) released NET for
approximately 20 weeks in ten women treated with two
different doses. 75 mg and 100 mg {Group D, Tabie I
The release profiles in hoth groups of women were
bipphasic (Figure 7)  After an imitial post-injection peak,
serum NET levels gradually declined until about 8 weeks
after treatment, when a secondary nse and fall m NET
levels occurred between 8 and 20 weeks post-treatment
Ovanan function was suppressed for 3 to 4 months in all

subtects whorecewved the full dose of either 75 mgor 100
mgq of NET (4, 5)

The serum NET curves of the subjects receiving the two
doses were parallel during the mtial diffusional release
phase, with the 100 mg dose producing proportionately
higher serum NET levels During the biodegradation

NORE THISTERONE {ng/mb)

Figure 7 Serum levels of immune-reactive NET in
Group D women following IM injection with 75 or 100 mq
NET in PLGA microspheres. (Source Beck LR, Flowers
CE Jr, Pope VZ, Tice TR, Dunn RL, Gilley RM Poly
{d.l-lactide-co-glycolide) ‘norethisterone microcapsules
clinical study In Zatuchni Gl, Goeldsmith A, Shelton JD,
Sciarra JJ (eds) Long-Acting Contraceptive Delvery
Systems, pp 407-417 Philadelphia, Harper & Row, 1983

phase, the curves remained parallel, although the serum
NET levels m the subjects recenving the higher dose were
only slightly greater (Figure 7)

There were no significant dose-related ettects on bleeding
patterns n these two groups of women, although the low
dose group appeared to have less spotting during the
120- to 140-day mterval post-treatment

Two post-treatment uternine biopsy specimens were
obtained from each of these subjects and were evaluated
for progestin effects by hght microscopy  Small glands,
shghtly hypertrophic stromal cells, and hmited pre-
decidual reaction about the arterioles, characteristic
progestin responses were ewident in these biopsies
Glands with classical secretory exhaustion, a charac-
tenistic responseto oral contraceptives, were uncommon
Breakthrough bleeding was attributed to disruption of
the integrity of the surface epithetium, which allowed
blood to escape into the uterine cavity - Tissue degenera-
fion with leukacytic infiltration was also present  These
endometnal changes are typical responses to norethis-
terone

The mjection efficiencies in this study averaged 90,
reflecting the benefit of careful instruction of the practi-
tioners by technicians experienced in the procedure for
injecting the microsphere suspensions, and use of the
improved injection vehicle

Five subjects received the 75 mg NET dose and three
receved 100 mg NET at a second center parhcipating in
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the 3-month Phase | clinical tnal of the copolymer
formulation (Group E, Table 1} Three subjects were
dropped from this study because of difficulty with the
injection

The 100 mg group had only shghtly higher serum NET = = 75mg NET
levels than the 75 mg group (Figure 8) No ovulatory
progesterone levels (== 3 ng ml) were reported in the 74
to 108 days post-treatment during which blood samples

were obtained

= * = 100mg NET
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A third center {Group H, Table 1) tested equwalent DAYS POSTIREATMENT

doses, but used microspheres ranging in diameter trom Ei S levels of

90 um to 106 um  This center had participated in one of Glgurel_? erun; "EVB.S ?M immune-reactive NET n
| tuches. and the experience that had b roup H women following injection with 75 or 100 mg

the earler stud:es, P ad been NET in PLGA microspheres

acquired with the mjection protocol was reflected by

jection efficiencies ranging from 90% to 99% n all

subjects  Ovarian cychcity was suppressed for an

average of 22 weeks {ollowing treatment, with the earhest

occurrence of ovulatory progesterone levels at 14 weeks did not significantly affect the release profiles, when

post-treatment, and the longest suppression exceeding compared 10 the sublects who recewed the 63 um to 90
26 weeks um microspheres

Composite NET release curves for each dose from the
subjects at these three centers (75 mg n=14,100mg n=
13) are similar to those found at the indnadual centers,

Menstrual alterations were the only side effects reported
m this study Six subjects experienced non-bleeding
intervals of greater than 90 days’ duration, four of these

had over 150 days between bleeding episodes Three with the increased number of subjects appearing to
subjects had over 50 days of spotting and, or bleeding in mimimize peaks and valieys (Figure 10)  These release
the 189 to 210 day reference period, with amean of 36 for profiles demonstrate the capability of the copolymer
all subjects  Although bleeding episodes were 5 days or systermn rehably to provide continuous controlled release
less in half the subjects, four subjects had bleeding of contraceptive quantities of NET This particular

formulation consistently released NET for approximately

episodes exceeding 10days inlength  There appeared to
4 months m women subjects

be no relationship between dose and bleeding patterns in

these two groups The fourth center {Group F, Table 1) experienced poor

Serum NET levels were consistently higher in the subjects mjection efficiencies resulting irom the use ot needles
who received 100 mg NET (Figure 9) during both release having improper bore size for microsphere injection This
phases, similar to release profiles in subjects at the first
two centers Increasing the diameter of the microspheres r
K1
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w 3 J i I
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Figure 8 Serum levels of immune-reactive NET i Figure 10 Serum levels of immune-reactive NET in
Group E women following IM injection with 75 or 100 mg Group D, E and H women following IM injection with 75
NET in PLGA microspheres or 100 mg NET in PLGA microspheres
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center tested 63 um to 90 um diameter microspheres at
75 mg and 100 mg doses Seven injections were attempted
using needles with a bore size smaller than 18-gauge
Three subjects had normal ovulatory cycles followmng
treatment, and two had prolonged first cycles before
resurming normal cychcity  One subject had ovulatory
progesterone levels throughout, but lower than normal
estradiol peaks and scanty blood flow, and another
resumed ovulation the second month post treatment
Injection efficiencies ranged from 5 79 to 16 5%1n these
subjects We concluded from this that muinimum needle
bore size needed for this formuiation was 18-gauge The
remaimning three subjects were treated using an 18-gauge
needle for imjection, and ovulatory progesterone levels
were not encountered until 93, 109 and 112 days post-
treatment These three subjects, therefore, had treat-
ment effects similar to those seen following successful
niections at the other three centers

Problems w.th myection also occurred at the fifth center
(Group G, Table 1) The practitioners subjectwely
estimated that injection efficiency, based on matenal re-
maming in the syringes, was between 90% and 100%, but
actual doses, determmed by measuring residual NET in
the syringes, ranged from 31 8% to 95 7% (n = 8) of
mtended doses Because of the multiple doses resulting
from variable imjection efficiencies, no attempt was made
to group these 10 subjects accordingto dose  Nine of 10
subjects had ovulatory serum progesterone levels within
102 + 5 days post-treatment, regardless of dose

Serum HDL and cholesterol were quantitated before and
at the end of the treatment interval in the subjects at four
centers {n = 40) No significant eftects on serum lipid

levels were observed following continuous admurustration
of NET for 3 months

A second chnical study at two centers {(Groups I and J,
Table 1) was undertaken to further evaluate the effect of
microsphere size on pharmacokinetics  For this study,
the size range of the microspheres was increased to 125
umto 212 ym  Two doses were evaluated in 10 subjects
ateach center Fwvesubjects at each center receved a 75
mg NET dose and five recewed a 150 mg dose Nme
subjects in Group | were anovulatory for the first 5
months post-treatment Three subjects whoreceved the
75 mg dose and one who recewed the 150 mg dose
ovulated between the 5th and 6th month post-treatment

Serum NET profiles in these subjects were biphasic
(Figure 11} Increasingtbe diameter range from63 umto
90 umup to 125 umto 212 um shifted the liodegradation
phase to the nght, effectvely extending the duration of
action Serum NET levels gradually declined during the
first 10 weeks post-treatment, with the biodegradation
phase prowding increased NET levels durmg the 13th
through 20th weeks post-treatment

10
DE: MEAN SERUM NORETHISTERONE - ng/mi-POLY NET 180
l‘*‘ s I5mg NET
Tr 4 150mg NET
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Figure 11 Serum levels of immune-reactive NET in
Group | women following IM injection with 75 or 150 mg
NET in PLGA microspheres 125-212 um in diameter

The total spotting and bleeding days per 30-day penod
post-treatment ranged from 0 to 29 per patient Fifteen
of 71 penods were amenorrheic, and 19 30-day intervals
contaned greater than 7 days of spotting and bleeding
Eleven 30-day penods with greater than 7 bleeding or
spotiing days occurred in the first 3 months post
treatment, three of which were single periods in the 2nd
or 3rd months in three patients receiwing the 150 mg
dose Eight periods with greater than 7 bleedmg or
spotting days occurred in the second 90 days post-
treatment, three in the low dose group and five in the hugh
dose group The amenorrheic periods were distnibuted
farrly evenly between the two groups, with one patient in
each dose group experiencing 120 days without bleeding,
and the other amenorrhexc periods randomly distributed
among the other subjects

At the second center (Group J, Table 1), one subject 1n
each group had ovulatory progesterone levels 160 days
post-treatment, and the other eight subjects had no
progesterone value over 3 ng'ml during the 160- to 175-
day sampling interval Serum NET levels were generally
lower than those in subjects at the first center, and a
dose-related difference in release profiles was not evident
(Figure 12) The reason for this discrepancy between the
two centers 15 most hkely due to different mjection

o = 150mg NET

* = 75mg MET

NORETHISTERONE ng/mi

A . vt e S o

10 20 30 40 50 B0 70 80 90 100 110 120 130140 150 180 170 180 190 200
OA¥S POSTTREATMENT

P N . R Y
T

Figure 12 Serum levels of immune-reactive NET in
Group J women following IM injection with 75 or 150 mg
NET in PLGA microspheres 125-212 um in diameter



efficiencies  This has not been confimed, however,
because injection efficiencies were not estabhshed at the
second center

As with the 3-month study. serum poprolens were
unaffected 1in the women recewing the 6-month NET
doses at both centers

PHASE 1i STUDIES

We decided. onthe basis of theresults of the mult:icenter
Phase | chnical study, to mtiate a Phase Il study (Group
K, Table I) to evaluate the contracentive efficacy of the
copalymer microsphere formulanon using a 75 mg dose
of mucroencapsulated NET Based on past experience,
we thought rucrospheres made of 85 - polylactide and
15" polyglycolde, ranging in dhameter from 45 um ta 90
g and contanng 20%, by weight norethisierone, should
provide 3 months of contraceptve protection in women

A batch of microspheres was prepared according to
these spectlications using an wnproved process that
results i high quality microspheres A companson of
the qualty of mwcrospheres produced by this process o
the earlier nrocess has been previously published (10}
Although the microspheres produced by the new process
contained the identical polymer and norethisterone
conceniration, the in wirg rale of norethisterone was
slower

Parallel in vwo stucies in baboons and women demon-
strate that the quality of the microspheres sigmificantly
affects pharmacokinetics  The serum norethisterone
prohles in 14 human subjects treated with mucraspheres
produced by the improved process are shown in Figure
13 Unlke earher tformulations, the serurn levels of
norethisterone gradually mcreased faor 30 davs to 40 days
post-treatment Early fast reease, or burst effect. asitis
commonly termed, does not occur One of the subjects
in th's study became pregnant during the first month
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Figure 13 Serum levels of immune-reactive NET in
Group K women following IM injection with 75 mg NET
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Figure 14 Serum levels of immune-reactive WET in
baboons following IM njection with 75 mg NET in 24°,
loaded or 50% loaded PLGA microspheres

post-treatment because of the lower than expected
serum norethisterone levels We decided, therefore. to
discontinue turther studies using this dose and batch of
rmicrospheres

Based on the pharmacokinetic studies in women and
baboons. and the results from additional amimal expen
ments, we concluded that the change in the serum
norethisterone release was cue to better encapsulation
of norethisterone in the po.ymer matrix

Improvement n the microencapsulation process has
recuced the amount of free ar unencapsulated noretns-
terone n a {orrmulanon, which i surn reduces the early
burst effect characteristic ot all the earher formulations
Belter-quality microspheres nroduced by the improved
process provide more precise control of norethisterone
release Although ‘he higher quahty microspheres are
superior from a controlled release standpotnt, they were
not sutable tor use in the Phase [l chnical trial because
the intial release rates were too low

Additional expeniments were perlormed o determine the
best way to achieve faster release rates without com-
promising the improvement that had been ganed in the
quality of the microspheres We found that the nor-
ethisterone release rate durnng the first 30 days post-
treatment could be significantly accelerated by mcreasing
the concentration ot narethisterone in the microspheres

Figure 14 compares serum norethisterone profiles n
baboons treatedwith the same dose of microencapsulated
NET, 75 mg Formulation A contans 24%. by weight
norethisterone and formulanien B 50 Both microsphere
formulations were prepared by the improved process,
yieids high quahty microspheres

This experitment cleatly demonstrates that the higher
norethisterone-loaded microspheres produced substan
tially faster release rates dunng the hrst 30 days post
treatment Comparative scanning electron micrographic
studies show that the two formulations are of equal
quality



We also learned from these experiments that mcreasing
the cancentration of norethisterone in the microspheres
to 50% substantally improves the mjectability of the
formulation This improvement results from a reduction
in total mass of the particles to be injected  For example,
the weight of microspheres necessary to achieve a 75 mg
dose of norethisterone from formulation A is 341 mg,
whereas withformulation B only 150 mgis required We
know from the results of the multicenter Phase | study
that injectability 15 a serious problem  The use of more
heavily loaded microspheres should solve the mjection
problem In addition, we have initiated studies at two
afferent centers to develop animproved njectionvehicle
and to determine the optimum needle size and syringe
design

Although these studies are still in progress, substantial
improvements have beenreported, and we feel confident
that the mjectability problems will be solved prior to
intiation of the Phase Il studies

CONCLUSIONS

Evaluation of the course of this research programreveals
a number ot problems and the importance of well-
coordinated pharmacokinetic studies in both animals
and human volunteers The latest norethisterone micro-
sphere formulation being used in expanded Phase Il
efficacy studies differs substantally from the original
prototype system Improvements have been made i the
manufacturing process, pharmacokinetics of the nor-
ethisterone microspheres, biodegradation kinetics of the
polymer, and the jectability of the formulation

We have attempted to make improvements In response
to the problems as they surfaced during the animal or
human studies This continuum of improvement over a
number of years demonstrates the inherent flexibility of
this delivery system The ability to make changes in the
performance of the delwery systemn in response to safety
and physiological considerations 1s highly advantageous

The applicability of this delivery system for human use
was realized by undertakmg a number of Phase | studies
n which minor changes were made n the dose and
composition of the microsphere formulations Our
purpose 15 to perfect a delhwvery system for application in
women Although we found the baboon to be an
extremely useful and predictive ammal model, fnal
evaluation and fine-tuning of the delwery system has
been based on the results of the actual chinical trials  Asa
result, we now have an improved process for the

formulation of norethisterone microspheres that pro-
vides a mare precise cantrol of release, we have mproved
the pharmacokinetics of the delwery system by optimizing
the drug loading and size distribution of the micraspheres,
and we have optimized the biodegradation of the delivery
system by changing the molar ratios of polylactic and
polyalycolic acid

Finally, we have substannally improved the mjectability
by mmproving the vehicle for preparing microsphere
suspensions and by increasing the concentration of
norethisterone n the rmicrospheres, thereby mimmizing
the mass of particles to be injected These improvements
bring us to the present state of the art and a formulation
that we feel 1s sutable for use n expanded Phase Il
stuches

Thuis research program s still in progress, and although
we feel we have reached a new pomt on the continuum of
improvements. need for further modifications and
smprovements may become apparent during the course
of the Phase [l and Ill chrucal tnals

Looking backward. we see a foundation of polymer and
microencapsulation technology developed during this
research that supports not only this contraceptive ap-
plication but a number of other controlled release drug
formulations

Looking forward, we see few remamning obstacles to the
eventual approval and wide-scale use of this imjectahle
contraceptive system in both developing and developed
countries We anticipate that additional improvements
will come through the use of alternative sterods and or
combinations of different steroids This will provide
better bleeding control, which remans the single most
objectionable feature of this long-acting mnjectable con-
traceptive Studies are currently underway to improve
the bleeding control by the use of alternative pro-
gestogens and. or combinations of estrogens and pro-
gestogens

In presenting this review, we have emphasized the
problems we have encountered during the course of this
research, because these probiems established the need
for mprovement and the justification for the research In
continuing this research, we expect additional problems
and anbcipate further improvements
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IMMUNOLOGIC METHODS OF FERTILITY REGULATION:
REPORT OF A WORKSHOP*

Reproductive immunology has beenidentified as a topic
of interest by several national and international agencies
supporting contraceptive development The National
Institute of Child Health and Human Development
{NICHD} has a vested mnterest in both the basic and
applied aspects of research on immunocontraception
Both contract and grant support mechamsms of NICHD
are used to provide direct financial assistance for re
searchinthisfieid The Office of Population, Agency for
Internaticnal Development {AID). 1s currently interested
in1dentifying and defining an increased role it could play
inenhancing developments in this field  Limited support
for some applied aspects of immunocontraception has
been provided to mvestigators through programs such as
the Program for Apphed Research on Fertiity Regulation
(PARFR} and the Population Council  The World Health
Organization (WHQ) Special Programme of Research in
Human Reproduction began the Task Force on Immu
nological Methods of Fertility Regulation (Birth Control
Vaccines) in 1973 and intends to imitiate climical trials in
1985 The Government of India accords hugh priority to
immunocontraception

Owing to these interests, a joint National Institutes of
Health (NIH} AID PARFR Workshop on Research and
Development of Immunologic Methods of Fertility
Regulation was convened at NIH on April 16-18, 1984

*Thie report was published i part in Contraceptinn 31111 11 28
January 1985 and 15 presented here with permission

The arganizers ot the worhshup wish to achnowledge the enthusiasm
and active participation ol the speakers and the obser ers This repon
was compiled by Jell Spreler, Agency tor International Developmient
and s theresult of a callaborative eftort on the part o all those mvelved
in the workshop  Special thanhs tor 1ts preparation must be extended
to Nancv Alesander Gabe Bialy, Laneta Dortlinger Mike Harper Mike
MoClure Jeft Spieler and Vern Stevens

The purpose of the workshop was to review current
research on reproductive immunology, with spectic
reference to research on sources of antigens that have
the potential for ehciting an immune response and can
interfere with reproductive processes ir both the male
and the female Participants were expertsin reproductive
biology, endocrmology, biochemistry, immunology, and
pathology (see page 11) It was the intention that the
workshop result 1n recommendations to investigators
and funding agencies interested in conducting and sup-
porting research and development actinties in this field

One important 1ssue considered was whether efficacious,
safe, and reversible vaccines for fertihty regulation can be
developed The current researchin the area and related
topics were reviewed and discussed (see page 101, with
primary emphasis on research to develop vaccines based
on 1) gonadotropins or thewr subumits and fragments, 2)
sperm antigens, and 3) antigens derved trom the zona
pellucida Prerequisites for an acceptable vaccine were
discussed indetail  The workshop participants identihed
research needs and stressed the importance of research
on both basic and applied aspects of reproductive biology
and immunology The overall complexity of developing
contraceptive vaccines indicates the need for nter-
disciplinary research

It was the consensus that immunologic approaches offer
some umgque advantages in fertity requlation Consider-
able research effort, however, must be mounted to
recognize therr full potential - Although some approaches
have advanced to the stage where climical testing 1s
imminent, these as well as other approaches require
additional prechnical research

The proceedings and the recommendations of the partic
ipants {indicated by italicst are summanzed in the
sechons that follow

¢ Copyright PARFR 1985



ANTI-HORMONE VACCINES

Research eftorts are being directed toward the develop
ment and ey aluation of efficacy and satety of antiternlity
vaccines using the gonadotropins and their subumits and
various peptde fragments For example prototype
vaccines are being developed using the beta subunit of
human choriomic gonadotropin (hCG beta), the beta
subunit of ovine luteimizing hormone (oLH beta) and the
carboxy terminal peptides of hCG beta In extensive
safety tests in ammals, including non human pnmates,
hCG beta, oLH beta and the hCG beta carboxy terminal
peptide vaccines showed no evidence of acute or chromie
side effects (29)

In rhesus monkeys, immumnization with oLH beta caused
a shortened luteal phase with reduced progesterane
levels In this study, monkeys were observed for more
than 5 years, and detalled histopathological studies were
conducted at the end of that period (30) No damage to
the pituitaries of the animals was observed, despite the
continued existence of circulating antibodies reactive to
LH Although the mechanism of action of anti-hormone
anhibodies 1s not completely defined, it was demonstrated
that arumals with high levels of circulating antibodies do
not become pregnant after multiple matings {36)

The observation of impaired or reduced ovarian function
in anmimals immumezed with olLH beta (30 ramsed a
discussion of the possibility that such induced endocrine
mmibalances could lead to breast turmors or othier malignant
endocrine diseases, as has been seen in relation to an
nsufficient luteal phase  Obwviously, subjects participating
n chmcal trials with oLH beta would need 1o be monitored
for several years at least In human trials conducted
some vears ago mn India, Finland., Chile, and Braazii,
immunization with an hCG beta subumt inked to tetanus
toxoid did not produce any detectable side effects (6)

Further safety testing of hCG beta or oLH beta was not
recommended by the workshop participants, smce the
number of ammals that could be used for such studies
would not likely reveal a potential, low-frequency problem
resulting from mmmunization However. 1t was agreed
that sufficient safety testing should be conducted on new
vaccine formuiations to permit approval of chnical tnals
by appropnate drug regulatory authorifies

The major imitation to the anti-hormone vaccine (as well
as other potential vaccines) 1s likely to be the genetically
determined vanabihty among indindual recipients i
response to immunization [t was speculated that such
variation in both magnitude and duration ot vaccine
induced immune response may be reduced by the use of
potent adjuvants, however, the number of non re
sponders could still be significant  Simple. non nuasise
methods to identity such non responders were believed
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1o be an important area tor reseurch  Despite this
concern, it was the consensus that Phase | chinical trials
to test the immunogentcity of at least two or three of the
best characterized anti-hormone vaccines could be
imtiated as soon as approved by appropriate regulatory
authorities

Early chimeal tnals will answer many important questions,
such as the vanation in the level and durat:on of antibody
production among women Since several different
vaccmes are hikely to be in chmical tnals within 1 1o 2
years, it was recommended that the exchange of sera
among inuestigators be encouraged and that a reterence
“standard” serum bank for comparing antibodv fevels
artammed from different vaccines be established The
avallability of standard reagents and standard method-
ology will be required to permit comparisons between
laboratories

Several areas of research for the development of other
antl-hormone vaccmes were discussed, mncluding anti-
FSH and anti-LHRH Questions were raised as to the
advantages of an anti-LHRH vaccine over a long-acting,
injectable LHRH anagonist  The most advanced primate
study for male immunocontraception (22) used FSH as
the antigen, however early promising results were
followed by an unexplamed recovery of spermatogenesis
n spite of high antibedy titers

While there was no immediate role envisioned tor anti-
steroid hormone vaccines in human fertiity reguiation, 1t
was thought that research studies employing them are
likely to be of immense value 1n animal husbandry and
veterinary medicine, and will provide much needed data
on basic immunology and reproductive biclogy  There
was a consensus that more research 1s needed in the
area of antigen carriers, new adwwvants, and chemical
modification of antigens

When a method is ready for clinical testing, 1t was thought
that studies of the mechanism(s} of action should be
mitiated., 1f they are not already underway These data
will reveal how a qen vaccine 15 affecting fertiity, and
may provide insight for developing new vaccmnes

While the participants encouraged clinical studies of ants
hormone vaccmes at an early date, they did not endorse
any specific method and could not vouch for the punity ar
lack of toxicity of mdmadual vaccines at this time

ANTIGENS IN THE MALE

Development of a vaccine based on sperm represents a
promising approach to contraception  Interference may
be feasible at several sites, during sperm production in
the testes during sperm maturation in the epididynus, or
durning sperm interaction with the egq m the female




reproductivetract The number of known sperm antigens
that could be used as a vaccine 1s hrmited  In fact. it was
postulated that only 1'%, of the proteins in sperm have
been identified to date {3) This situation 1s changing
rapidly., however, due to the advent of monoclonal
antibody (Mab) technoiogy [t s important that basic
studies of spermatogenesis, sperm maturgtion, sperm
function, and ternhization be contimued  Only with such
information will we know which antigens will prove most
useful for vaccine development

Lactate Dehydrogenase (LDH-C,} Some known
antigens of sperm include LDH-C ,. protamine. acrosin.
hyaluronidase, plasma membrane antigens, and other
differentiation products  The most completely character-
1ized antigen 1s LDH-C,, which 15 synthesized during
spermatogenesis and becomes localized to the rmd plece
and tai of spermatozoa This sperm specific 1soenzyme
has been crystallized from mouse testis  Although there
are some differences in the amino acid sequences of this
tetrameric proten from various species, there 1s consider-
able cross-reactivity of antibodies ramed agamst the
mouse LDH C. with the comparable enzyme cof other
marnmals, ncluding rabhits, baboons, and humans

Although LDH-C ;15 considered to be an internal antigen,
a ssgnificant amount of the antigen 1s also on the surface
of sperm  Systemuic immumzation of females with LDH-
C. resulted n a reduction of fertihty in mice, rabbits. and
baboons (12} Infertihty was correlated with high antibody
titers, and in baboons the ovulatory cycles were not
affected {12} When antibody titers fell. normal preg-
nancies occurred Samples of ouiductal fluid from
systermically immunized rabbits have been shown to
contamn antibodies to LDH-C |, and IgA has been detected
In uterine washings of immumzed mice (12} These data
suggest that immunoglobulins produced following 1m-
munization with LDH-C | enter the female reproductie
tract  Antibodies probably prevent fertiization by
causing spermatozoa to become agglutinated or mm
mobihzed Studies have recently seen mitated that
attempt, by immumzing with LDH-C,, to stimulate IgA
secretory systemns and promote antibody secretion mto
cervical mucus and oviductal fluids m rhesus monkeys

Antibodies to LDH C, cause a marked reduction in
fertiity {approsmately 80%) in female baboons While
there 1s some concern that the contraceptive effect 1s not
complete, increased fertihty suppression may be achieved
by altering the protocol to enhance antibody procuction
These changes would involve the route of administration
{local versus systermuc), dosage and schedule, adjuvant,
and antigen (primate versus murine LDH-C )

Until these parameters are tested, LDH-C | remains one
of the most promising target antigens for an anhfertihity
vaceme  Nevertheless, participants agreed that an in

wvitro test to measure antibody effectiweness would
circunwent problems of multiple jertility trials

One advantage of LDH-C, 15 that its structure 15 well
defined, thus, the development of a synthetic vaccine i1s
facibtated Since production of a vaccine will depend on
the capacity to synthesize large amounts of antigen.
current studies are focusing on evaluating selected
peptide sequences that can be synthesized Fertility
evaluation of baboons immunized with one such peptide,
consisting of amino acid residues 5 to 15 of LDH C,
conjugated to diphtheria toxoid, 1s currently underway
{11) After the first mating, only one of eleven baboons
concewed There are at least five other peptide
sequences that could be tested and that may be even
more effective in preventing conception  Although LDH-
C, and 1its fragments have some attractive properties,
questions of efficacy still require resolution m order to
develop a vaccine based on this antigen  However, as
long as antibodtes to LDH-C;, or to any other sperm
antigen, for that matter, will agglutinate spermatozoa, the
potental tor a contraceptive effect exists

Other Internal Sperm Antigens. The protamines, a
farmily of nuclear proteins, may not be as amenable to
antibody attack as other sperm constituents because
they are not readily accessible to the antibody Never-
theless, these antigens, as well as other internal antigens.
may be vaccine candidates at some future date  Perhaps
1t will be possible to mduce the Sertoh cells to transport
substances mic the matunng spermatogenic cells prior
to the:r release trom the seminiferous epithehum, thus
rendering them incapable of subsequent fertihzation (3)
With a better undersianding of sperm production, new
immunological methods of suppressing spermatogenesis
without dltering steroid hormone production may be
possible

Use of Monoclonal Antibodies. Ideniifying sperm-
specific antigens has been facihtated by monoclonal
antibody (Mab) techmques Such antibodies provide a
powerful tool to deduce the role of sperm antigens In
germ cell differentiation, sperm maturation, capacitation,
and fertihlzation Since studies in many species will
provide important basic information for vaccine develop-
ment, a hbrary of antirhuman sperm Mabs 15 required
Some Mabs to specihc regions of sperm have already
been described Several Mabs to the dcrosome,
equatorial region, post acrosomal regon, and tal of
human sperm have been shown to impede sperm penetra-
tion of hamster egas Some Mabs react only with
capacitated human sperm  One Mab directed agamnst
the surface of gumea pig sperm induces an acrosome
reaction More studies on sperm funchion and fertihzation
will allow a better defimtion of possible sites for interven
non Those Mahs that are directed against phylogenet:
cally conserved antigenic determuinants will be useful m
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permitting tunctional evaluation in laboratory species
For example, an antt human sperm Mab that reacts with
mouse sperm will allow studies ot its antifertility action m
mice Recent advances in hybridoma technology mahet
feasible to utilize human Mabs tor antifertiity vacemes
through passive iImmunization

Application of Mabs as immunoathnity igands has per-
mutted the 1solation ot new antigens  Immumzation of
animals with these antigens may provide important
intormation as to whether high titers of these antibodies
will prevent tertihty  Mabs as reagents will greatly
facilitate stucies on the ontogeny ot surtace antigens and
their organization mto functional topographic domams

Another approach to the identification of antigens has
been the evaluation of serum samples trom mduaduals
considered to have immunologically medated infertiity
Western blot techmques have been used to evaluate
such serum samples Further assessment of these
antigens excised from gels may provide usetul data
concerning naturally occurnng antihodies

In this context participants discussed the usefulness ot
supportmg the WHO serum bank ( Task Force on Birth
Control Vaccmes, Special Programme of Research in
Human Reproduction)  Concern was expressed that
some of the serum samples were from patients who had
not been adequately limically charactenzed  Although
the WHO serum bank has been useful in allowing a
cormnparisorn of tests for assessmg immunologic infertihity,
its importance tor advances in vaccine development has
not vet been demonstrated

Further busic efforts should be directed toward studies
of tmmunosuppressive and antr-cormplement tactors in
sermunal plasma  These substances should be charac-
terized and detmed since therr presence may attect the
antigemcity of sperm antigens, regulate whether nter
course can provide a booster eftect, and affect other
immunological events at a local level

Difterences i the immune response to sperm antigens
shouid be studied Only through studies in genetically
defined or inbred stramns of ammals can a better under
standing of the basis {or optimal immunization reqimens
be determined and vaccmes developed capable of over
COmINg poor IMmMmune responsiveness

Whether a vaccme mnvoling sperm antigens could he
used more appropriately i females than males remains
open to discussion  Two teasible approaches in females
mvolve active immunization or a passive local delvery,
such as vaginal admunistration of the anti sperm antibody
Possibly, a vaccine that stimulates production of anh
bodies to several different sperm antigens will be most
etficacious. although no one has yet reported 100,

tertihty suppression even with crude extracts that
presumably contain all sperm and or testis antigens

THE OVUM AND ITS INVESTMENTS

Several unique antigenic substances are associated with
occute development and maw provide suitable targets for
mmunologic contraception  Although there may he
specific antigens assoctated with the vocyte itself such
antigens have not been purthed  In contrast, antigens
specific to the oocyte investment — the zona pellucida
— have been denhhed Antigens from this noncellular
laver may prove to be an excellent target tor immunologic
mactivation Most recent research has concentrated on
studying the antigens of the zona pellucida

It remams to be seen whether other differentiation
anhgens can be found that appear or are expressed in the
ovurn only atter fernhzanon {perhaps associated with the
fertiizing spermatozooni  The availabilitu of such post
fertilzation antigens would reduce the possibibty ot
cross reactions with cocytes in the ovary A particular
class of structural nuclear proteins, the lamimna A and C.
has been detected in the cutoplasm of the ovum betore
fertihzatton {7) Remarkably, these two palypeptides
suddeniy become non-immunoreactive 2 or 3 minutes
after fertiization inawave-like manner that 1s dependent
on the release of intracellular calaium, and then gradually
reappear agam a tew hours later The sigmiticance of this
observation and its possible utility tor immunocontracep
tion remains 1o be determined

It 15 clear that if antigens that are associated only with
later stages of oocyte development in the preantral or
antral tollicles, or with fertiizat:on, can be defined, they
would have great advantages since the nisk of endocrine
disturbance or, more serious, permanent damage to the
germ cells and primordial iollicles and assaciated sterility
would be avoided  Although 1t will be 1deal if a contra
ceptive vaccine based on ovum antigens 1s reversible, this
cannot be guaranteed For some individuals who have
completed their tamily, irreversible methods ot contra-
ceptionare both attractive and acceptabie, as 1s evidenced
by the popuianty of sterihzanon by surgical methods
Furthermore, irreversible methods ot immunocontracen
tion may ofter non-surqical approaches to sterthzation
that would be of value m developing and developed
countries

Zona Pellucida Antigens It was strongly emphasized
that significant progress in the isolation and charactenza-
tion of zona antigens has only been made through the use
of standardized separation and purification techniques
These techmques include two-dimensional high resolution
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gels and the most sensitive protem detection methods
availlable, e g silver staining It was recommended that
these techmgues be used routinely  Application of such
techmques has faciitated the identification and 1solation
of several zona pellucida antigens discussed below

The zona pellucida 1s a complex structure composed of
three major and several minor glycoprotein tamihes with
muitiple antigen:c determinants  The molecular weights
aof these glycoproteins are ditficult to determine, hecause
of heterogeneity due to extensve giycosylation How
ever the apparent molecular weights of the most
abundant antigens from the major family range from 55K
to 80K, and 1t 15 the 55K antigen that is bemng investigated
most extenswvely

For the present, the zona pellucida of the pig prowvides the
best immunogen, because of 1ts avalability, and because
antibodies to the zona pellucida of this species cross
react with the zona antigens of several other species,
including rabbits, nonhuman primates, and humans
Current information indicates that zona antigens derved
from rodent species will not be suitable as the basis for a
contraceptive vaccine for humans, cwing to the lack of
cross-reactivity with the human zone {10, 18}

Efficacy of Immunization with Zona Antigens,
Active immunization witn whole zona pellucida or pas-
sive immurization procedures with antibodies to zona
rellucida can have dramatic effects on fertiity inavanety
of species Studies involving active immunization of
several species with zora pellucida antigens have also
demonstrated strong antitertity effects {10, 16, 21} In
addition, passive immunization with manoclonal antt
bodes to punfied zona pellucida antigens has been
shown to be effective m preventing tertilization in mice

The immunologic response to zona antigens is remark
ably consistent among indmdual animals and benween
species, and 1s also long-lasting {at least 1 year) This has

been demonstrated m both rabbits and squirrel monkeys
(9, 17)

Potential Problems and Drawbacks. There have
teen indications n several species that ant:bodies to
some of these complex immunogens do alter ovanan
function and ovum development In rabbits, ovulation
ceased within 3 months atter immunization with zona
peilucida, and histologic examimation revealed that the
ovaries lacked oocytes (21) Whether this eftect will
occur m higher primates 1s not vet known Imnal
immunization 1N primates was conducted in squirrel
monkeys, which do not exhibit an overt menstrual cycle
(17) Unfortunately, histologic exarmination of the ovares
was not conducted 1n that study Future research mn
other species may prove enlighternung

For reversible contraception the most desirable mnter-
ference with zona function would be one preventing
fertiization Inhibition of ovulation without concormitant
change 1n endocrine tuncnhon would also be desirable
Ehnunation of all cocytes from the ovary would be
irreversible and, therefore. may be less desirable in
women It could be of sigmificant benefit, however, n
agricultural practice and for domestic pets

More detalled studies are needed to determine the
mechamsms involved in alterations of fertility follownng
mmumzation with different zona antigens  When this
information 1s aualdahle. selechon can be made of the
most appropriate antigens for further development

Aside from discerning the mode of action, there 1s also
the larger ssue of prowsion of an adequate supply of the
chosen antigen Large-scale collection of zonae pel-
lucidae from slaughter houses for processing is obviously
not a practical long term solution to this problem [t
seems approprate {o start using modern technigues of
molecular biclogy to help with the preparatwe scale
purification of these antigens

Quantitation of the Immune Response Use of
standardized and quantitative methods. as outlned
above, will be of great benefit in achieving progress with
regard to characterizahon of the immune response  For
quantitation, it 1s recommended that investigators auoid
the use of assays muoluing the measurement of fluores-
cence in mtac! zonae Suitable tests for quantitation
would include radioimmunoassay and nor 1sotopic assay
detection susters such as ELISA or biotin auidin

Collaboration Among Investigators Allinvesfigators,
bath in the USA and abroad, currently working on zona
pellucida and oocvte anngens should be identified and a
workshop convened to discuss the status of ongoing
research and to outhne the standardization of techmques
and approaches being used When standardized meth:-
odology has been adopied, exchange of antigens and
anhsera can be wutated At that time a bank of
reference preparations should be established

New Information Obtainable from Further Re-
search. Remarkably httle 1s known about the bio-
chernical and molecular events associated with the early
stages ol cocyte growth and follicular development
Since the zona pellucida protems are synthesized and
secreted during these early stages, they provide unigue
stage-specific markers for development ot the follicle
The siudies described above also should allow generation
of specihic molecular probes and antibodies that can be
used to elucidate the mecharisms and controf systems of
oogeness, and more precisely define the process of fer-
hhzation



ACCEPTABILITY AND EFFECTIVENESS

OF CONTRACEPTIVE VACCINES
In view of the wide scale ac ceptance of vaccmation and
parenteral admimistration ot drugs, tertility requiating
vaccines should prove to be an acceptable, and therctore
popular approach to family planning Furthermore it
would seem hkely that immunologic methods can be
selected that do not disrupt the menstrual cycle or cause
the metabolic disturbance and concomitant side ettects
associated with some of the currentlv used hormonal
contraceptines

Because vaccmes will provide long acting tertility regula
tion and could be admimuistered by trained paramedical
and non-physician personnel, they ate hkely o be
enthusiastically recewved by adrinistrators of famile
planing programs  Furthermore, antifertlity vaccoine
programs could be included within the scope of the MCH
services and integrated not only with tamily planning but
also with exclusive immunization programs (e g WHO
Expanded Programme ot Immunization} thus turther
mproving on the availability ot family planming

There was considerable discussion among participants
on how effective any birth control vaccnes must be to
warrant consideration  Views ranged from the opinion
that even a 30" eftectiveness would have demaographic
mpact (i it were the only available or acceptable method)
to the general consensus that less than 90" effec hiveness
would not he acceptable

There are two distinct considerations, the percent of
nonresponders i a population and the contraceptive
effectiveness mresponders 1t has been demonstratedin
animals that there are genetically controlled species and
stram ditferences to immunogens In addinon there are
nter ammal difterences in immune response within the
same stramn  Therefore, techriques to predict or
immediarelv identifu poor responders or norrresponders
in u human population would be useful

Reversibibty 1s animportantissue  Although it 1s preter
able to develop reversible methods potentally rre
versible methods may be acceptable, particularly since
sterilization 1s currently the most widely used method of
tertility requlatton  There was a consensus that rre
versible upproaches should have a greater method
effectiveness thun recersible ones

The discussion on this tepic termmated with the following

points

1 A vacome that 1s at least 90" ettective should be
sought

2 In the absence of the desired level of eftectiveness a
given approach should not be abandoned immedately
Instead techriques tor improving the response by

moditving the immunogen, carner adiasant ot
debivery schedule should be mvestigated

3 The actual o percent reversibiity of any gieen
approach will have 1o be determuned empnically At
this tme  the mmor consideration sheuld be to obtam
and mamtam an approprate antbody response ouet
a desired peniod of time

1 Depending on the nature ot the antigen 1t may be
preferable to utilize a homolugous iImmunogen ammal
model system than a heterologous one n order to
ubtamn better nformauon on duration o action,
reversibihty, and satety,

SAFETY CONSIDERATIONS

Safety 1s an important consideration m the development
of acontraceptive vaccine  Aspects of the comprehensive
document (33} developed by the WHO Task Force on
Birth Control Vaccines for testing the ethicacy and safety
ot birth control vaccines were discussed  In view of new
knowledge obramed during rhe past several vears, this
document, which was tormulated in 1977 and published
in 1978 should be updated Some ssues of safety and
immunopathology were discussed with regard to these
origimal guidelines  While immune complex deposition
could be a worrisome comphcation, the etfect of
circulating immune complexes 15 an open question

Four major potential complications were proposed for

consideration

1 Induchion of organ specific autoirmmune disease (e g,
ot the pituitary. ovary, or testes)

2 Induction ot antibodies to hormone receptors that
may, tollow animmune response (o peptide hormones

3 Enhancement of the nisk ot neoplasia to organs that
carry antigens involved in a vaceine te g . hCG and
immumzahon of men with sperm antigens), as well as
anindirect biological eftect resulting trom., for example,
the effect of unopposed estrogens on the uterus

4 Genencally controlled vanation in the immune re
sponse {1e . same individuals mav not develop a
suthcient immune response) and long rerm hiological
etfects of immunization It was stressed that the
genetic cantiol of the immune response must be
dissociated from the biologic consequences of the
IMMUNE response

There 15 evidence to indicate that each of these poss-
ihilities 18 a vald concern It was thought that for testing
purposes naresponding species. autommune pathology,
should it vecur, would be obsery ed histologically within 6
months after high uters of antibody are obtamed




CARRIERS, CONJUGATION METHODS,
ADJUVANTS, AND VEHICLES

Methods used n development of certam vacoines were
reviewed Examples of antigen carriers were described
and reguirements for appropnate chemical couphng ot
antigens to carriers were outhned  The participants
stressed the impartance of the capability ot preparning an
immunogen with batch-to batch reproducibality with
regard "o 1ts chemical and smmunologic properties
Chenucal methocology suttable to industrial scale pro-
duction will have 1o be developed

Several experimental synthetic adjuvants with potent
antibody stimulatmg properties have been developed
Some of these compounds may be usetul in overcoming
genetically-related unresponsiveness to reproductive
antigens  Vehicles or delbvery systems tor vaccine
components are "ot 1 an advanced stage of develop
ment Most eaperimental vaccimes have employed oll-in-
water emulsions or alum precipitates  The satety of
these products s important and must be caonsidered
Some scientists believe that polumer based delivery
systems can be designed to release an appropnate
armount of immurnogen and or adiuvants from the injec
fron site and research i this area of vaccine develop
ment s encouruged Advances i the synthesis of
lymphaokmes and mmunoregulatory products of bactena
are also of importance when considering methods of
enhancing an immune response  Melhods resulting from
research are likely to be apphcable to the development of
a wide varniety of antifertiity vaccines

USE OF RECOMBINANT DNA TECHNOLOGY
IN DEVELOPMENT OF CONTRACEPTIVE
VACCINES

An important 1ssue discussed was the use of molecular
hiology and recombmmant DNA technology to produce
large quantities of punfied antigen  Such large-scale
production of pure antigen will be a cnitical and perhaps
limiting factor in ulumately prowviding a contraceptive
vaccme for tamily planning programs

Technology 1s rapidly advancing n the area of genetic
engneering It 1s now possible to produce large proteins
and even glycoprolems usmg Lhis technology  Even rare
messenger RNAs have been used to establish clones [t
was painted out that once a cDNA clone 15 available to
produce a specific antigen, 1t might be possible to make
small changes m the DNA of that clone to enhance
immunogenicity ot the antigen Recombinant DNA
technology can also be used to produce smalier peptide
tragments of a protemn, which could possibly confet
immunity to the full protem

There was discussion of the use of genetic engmeerng
technology to produce large quentities of antibodies for
passive Immunization programs  For example, a DNA
library can be made from a clore producing a deswed
monoclonal antibodu and those genes mserted mto ahigh
praducing cell line  Large quantines of the ongmal
speuific monoclonal antibodies would then be produced

Recombinant DNA varcine viruses may be produced
that would express specific antigens useful tor a contra
ceplive development program  The approach would
entatl the molecular cloning and characterization ot
¢DNA. encodmy the antigen of mterest. and mcornora
non of the cDNA into a commoen vacone virus such as
vaccmia  In this way, punhec anngen would not be
necessary and the mmumzation program would follow
wel-established routes  Such an approach woud be
tavored where large numbers of doses weuld be neces
sary for large target populations

Finally, 1t was thought that recombmant DNA technology
will be increasingly important m the identincation of new
antigens specihc to the ovary or testis These new
an‘igens rmght prove superior to currently known
anhigens as a basis for a contraceptve vaccine By a
technique such as subtractive hybridization. new dif
lerentiation-specific antigens canbeidentified Thusarea
of research, while very basic, 1s essental for future
evolution of contracephive vaccne technology

DELIVERY SYSTEMS

A concerned research effor! 15 necessarv to develop
new methods for vaccine adrmimstration  Current
techmiques require booster injections to maintamn effective
antibody titers  Development of new delivery systems
that could provide for timed release of the vaccine would
obviate the need for booster imections  Technology of
this type has already been successfully appied to the
release of contraceptve drugs For lhe release of
sterovds and LHRH analogs, constant release has been
desired In order to achieve appropriate release rates for
peptides. blends of microcaps.les with a range of lag
periods have been used Therelore, it should be possible
to produce a microcapsule delivery sustem for vaccines
that unll incorporate a series of suitable delavs m antigen
release, resulting in effective immumty with a single-shot
vaccine  This 15 especially important i developing
countries. where more follow up difficulies may be
encountered if booster shots are necessary



CONCLUSIONS

Throughout the workshop, the need to provide both
stimulation and contmumg support of basic anc applied
research was reiterated  There was consensus that the
hasic-apphed viewpoint of research in reproductive
immunology represented a graded contmuum not amen
able to discrete partitoning  Both aspects warrant
urgent mihiatives m support of immunocontraceptive
research and development Neuvertheless, tfu as rec om
mended that hnancial support tor the field be increased
by donor ugencies, that programs supporting basic
research wia grant mechanisms ssue new Requests for
Applications (RFAs), and that those agericies funding
applied researchissue new Request tor Proposals (RFPs)
addressing several of the areas emphasized dunng this
workshop Multidisciplinary research and collaboration
between mnterested nvestigators are essenticl 1f the
formidable challenge of developing immunocentracep-
fives 1s ta be met successfully
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Vasectomy 1s one of the safest, simplest, and most
eftective methods of fertiity requlation Compared to
female sterilization, 1t 1s safer and cheaper and has a
similar rate of effectiveness  Inspite of these advantages,
n most countries the number of contraceptive female
sterihzations performed each year continues to exceed
the number of male stenlizations performed (30} In
Latin America, the Carbbean. the Middle East, and
Atnca, fewer than one-half millon couples rely on
vasectomy for contraception. compared to about 5
milkon couples 1n the United States and about 12 milhon
couples in both India and China (30) The reasons cited
(30) for the low prevalence of vasectomy in some
countries include
1 Lack of vasectomy services
2 Emphasis on providing female and not male sterihiza-
tion services
3 Negative attitudes of physicians toward vasectomy

Evenif there were a greater emphasis on the provision of
male sterilizahon services there might not be a greatly
tncreased demand for these services, especially in cul-
tures where men have a fear of surgery in the scro-al area
and where vasectomy 1s equated with castration How-
ever, many experts argue that a simple nonsurgical
method of male sterihzation would have the potential to
overcome the fears associated with the standard methods
of vasectomy requiring a scrotal incision

Advantages of Transcutaneous Procedures For
over 20 years, research has been conducted to develop a
transcutaneous method of male sterilization in which the

scrotum 1s punctured by a needle or needle-hke nstru-
ment By means of this instrument, chermical agents or
electro-coaquiation can be used to block the vas lumen
The 1deal has been to develop a procedure that is
nexpensive, can be administered by traned paramedical
personnel, and can be performed with simple mnstru-
mentation The potential advantages of transcutaneous
vas occlusion compared to standard surgical vasectomies
include the following (12)

1 The sk of postsurgical hemorrhage 1s ehmmnated
At present, about 16°% ol surgical vasectomy
patients develop postoperative hernatomas (31)

2 The nsk of postoperative infections should be
greatly dimimished Presently, about 1 5% of men
undergomg surgical vasectomy procedures develop
infections (31)

3 The procedure should be more acceptable to men
who have a tear of genital operations

4 Surgery and surgical equipment are not required

5 The procedure can be taught to paramedical
personnel  Once learned the procedure can be
done rapidly at low cost

Despite the many advantages of transcutaneous male
sterihization, only a mimmal amount of research has been
conducted to develop this method tor widespread use in
sterihzation programs

In spite of the apparent simplhcity and advantages of a
transcutaneous sterthzation procedure, outade of the
People’s Republic of China, very little work has been
done to evaluate the satety and effectiveness of these

¢Copynight PARFR 1985



procedures mmen Most of the work has been hmited to
sporadic efforts to investigate the ettects of varous
sclerosing agents using animal models Some efforts
have beernnmade to improve the technical teasibility of the
procedures through the development ot improved equip
ment

The purpose of this report 15 to review and summarize
these research etforts and to prowide an update on
current research In the following sections current
research and the results trom animal and human studies
are reviewed for each of the listed approaches to
transcutaneous sterthzation

METHODS OF TRANSCUTANEOUS
STERILIZATION

The following methads of transcutanecus sterihzation
have been evaluated in arumals and or man
1 Intratesticular injection of chermical agents to affect
spermatogenesis
2 Intraepididymal injection of chemuical agents to
affect sperm transport
3 Obstruction of the vas lumen by the intravasal
myection of chemucal (sclerosing) agents or by
electrocoagulation of the vas lumen

Intratesticular Methods. For over 25 years, research
has been underway to develop a male contraceptive pill
that would interfere with spermatogenesis, either by
direct action on the pituitary by suppressing the produc-
tion of gonadotropins or by direct interference with
spermatogenesis in the testes  Numerous steroidal and
non-steroidal agents have been evaluated, mncluding
luteinizing hormone releasing hormone (LHRH) agonists
and antagonists, progestogens, and androgens, either in
combination or alone. and other drugs such as gossypol,
a phenolic compound isolated from the cotton plant (13,
22,29} These drugs are usually administered orally or
by systemic injection, and their use has been assocated
with undesirable side effects, including loss of hbido and
various etfects on accessory sex glands  Althoughmany
of these compounds can produce ohgospermia, they do
not consistently produce azoospermia  Also, the effects
of most of these compounds are temporary. and repeated
admimstrations are required to maintain oligospermia
azoospermia  As an alternative to the interference of
drugs, the direct imjection of compounds into the testes
has been investigated {32, 33)

Wiebe and Barr evaluated the effects ot the direct
yjection of aqueous 1, 2, 3-tnhydroxypropane (THP.
glycerol), a normal component of hving cells, into the
testes of Sprague Dawley rats (32, 33) Spermatogenesis
was inhibited by a direct and local action of THP on the
semuniferous tubles The THP injections had no apparent
effects onmature sperm stored i the epididyrides  The
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first mating of treated rats resulted in normal offspring
After the fourth postinjection week no matings resulted
in pregnancy The THP mjections produced long-term
infertility (up to 21 weeks) without preducing any
significant effects on Leydig cell steroidogenesis, on
testosterone and LH and FSH serum levels, or on
secondary sexual charactenistics and mating behavior
No undesirable side effects were noted The mvesugators
tound that by 14 days after injection of THP. there was a
50" reduct:on n the weight of the testes  Although this s
not considered an undesirable side effect in amimals, in
man a reduction in testicular size might hmit the accept-
ability of the procedure  Addimonal studies are currently
being undertaken to determine the mechanism ot action
of THP on the testes

The only other mtratest:cular method that has been
investigatedis the use ot ultrasonic energy  In one study
of the effects of difterent ultrasound intensities on the
testes of mature rabbits, ultrasound at 1 5 W per sq cm
for 15 minutes produced degeneration of the semmiferous
tubules {23) Whether the use of ultrasound can be
developed into a practical method of nonsurgical sterih-
zahion will requrre further evaluation One obuvious
lmitation of the method, especially in developing
countries, 1s the cost of the equipment and the ditficulty in
obtamning routine mamtenance

Intraepididymal Injection. Although the imjection of
sclerosing agents directly into the epididy rmis 1s techrucally
simpler than injection mnto the vas lumen, the intraepididy-
mal approach to nonsurgical sterilization 1s known to
have been evaluated in only three studies The advan-
tages of intraepididymal over intravasal imections are
that the cauda epididymis 1s easily palpated and intra-
lurminal placement of the needle in the epididy mus 1s not
necessary

Bowrman and coworkers evaluated the effects of injections
of anhydrous calcium chionde dissolved in sterile saline
directly mnto the cauda epididyrms of mature rams on
ejaculate volume. sperm concentration, and mounting
time (4)  Fre rams received imjections of calcum
chlonde and five receved injections of saline By 2 weehs
after the injections. the calcium chloride-treated rams
had asigruficant reduction in ejaculate volume and sperm
concentration None of the animals became azoo
spermic, but semen analysis was characterized by the
absence of sperm motility and by head-tail fragmentation
Mounting times were not affected The sterihizing effects
of the calcium chlornde most probably were due to its
necrosing effects on the epididymis No histopathology
studies were performed

Lewis and Garcia evaluated the effects of three sclerosing
agents (formaldehyde, methylcyanoacrylate [MCA] and
gumacrine hydrochiorider mmature Macaca fascicuiars




monkeys (18) These agents were injected directly into
the cauda epididymis either transcutaneously or atter
esposure of the epididyrmis through a scrotal incision  All
animals were sedated with ketamine hydrochlonde intra-
muscular mjection (0 1 ml kgof 100 mg ml solution) The
results of the study are surnmanzed in Table 1 and show
that none of the agents evaluated was effectve Histoloaic
evaluations of testicular biopsies performed after 6
months showed normal testicles in all monkeys but one
That MCA-treated monkey had testicular atophy  Qther
complications included abscess formation at the site of
yection in two MCA treated animals and two quinacrine-
treated amimals  In the tormaldehyde-treated group. a
moderate to marked infllammatory cell infilirate and
fibrosis were noted in most testicles evaluated Four
amimals (1 MCA-treated, 3 quinacrine-treated) died after
the intraepdidymal mjections Three deaths occurred
on the day af the procedure and one (in a quinacrine-
treated arumal) occurred 1 week atter the procedure
Autopsies did not reveal the cause of death in any of the
animals  In the quinacrme-treated group. death may
have resulted from the quinacrine or from the combmed
toxiaity of quinacrne and ketarmine Based on the
unsatisfactory results obtamned witn all of the agents
evaluated, no additional stuches are being undertaken
with intraepdidymal injections of sclerosing agents

No [minally No Azoospermic
Experimental Group Azoaspermn Reranalizanon  Anter o Months
Formaldehyde (4" )
n glycerate {n=3) 4 2 2
MCA 05 ec) (n=5} 5 2 3
Quinacrine hydraechlonide
{100 ma) n water (n=5i [ 3 1

Source Lewis and Garcia 118

Table 1 Results of a study of intraepdidymal injections of
various agents

Davrs evaluated the intraepididyma’ mjection of formal-
dehyde in alcohol and MC A 1n adult mongrel dogs (8) In
the first two animals evaluated (one treated with formal-
dehyde n alcohol and one with MCA) severe toxicity and
death occurred within 1 week of the mjection  The cause
of death of these animals was not stated, but may have
resulted from the relatively large doses of the drugs
admimistered  Gross examination incicated bilateral
acute necrosis of the epididyrmides and testes n ooth
ammals In other amimals, in which lower doses of these
chemicals were mjected directly into the emdidymus,
extensive necrosis of the epididyrides and testes was
observed

The appeal of the intraepdidymal approach to trans-
cutanecus stertlization 15 that it 15 easier to mnject a
chemicalinto the epididymis than into the vas lumen To

date, the lmuted evaluations of the mtraemdidymal
mjection of chemical agents has shown this to be an
unsat sfactory approach to male steriization Whether
improved results can be obtained with other chemical
agents remams to be evaluated

Intravasal Methods. The concept of transcutaneous
vas occlusion with either chemical agents or electro-
coagulation s not arecent one  Over 20 years ago Lee,
in a serwes of experimental studies in dogs, evaluated the
effects of electrocoagulation of the vas through a trans-
cutaneously mnserted electrode, or the transcutanecus
injection of different concentrations of phenol, glycero-
phenol, or a combination or gquimne and urethane {17}
He also investigated the effects of the transcutaneous
injection of hquid Biowax, a wax usedin cosmetic surgery
(17) Shortly after injection, the hquid Biowax sohdifies.
causing obstruction of the vas Lee noted that if a
radiopaque matenal were mixed with the Biowax, its
placement could be checked using x-rays Although
none of the transcutaneous methods tested by [ee
resulted 1in vas occlusion in all anmals injected, the
studies did demonstrate that the transcutaneous
approach was a feasible method of vas occlusion

Chemical Agents. Numerous chemical agents have
been mnjected into the vasa of rats, dogs. and rabbits to
evaluate their effects in producing vas occlusion The
agents evaluated are isted in Table 2 Most of the studies
have been expernimental, in that they have evaluated
relatively few amimals and have been conducted
to screen chemicals that might be worthy of either more
extenswve trials in animals or prelminary tnals in man

Of the many chemical agents that have been evaluated in
animals, only two are known to have been tested in man
3 6% formaldehyde in 90% ethanol (5, 11) and 4% formal
dehyde in 90% ethanol (6. 7) and a carbolic acid, n-buty:
alpha cyanoacrylate mixture (21)  The mode of action of
all of the sclerosing agents tested 1s thought to be similar,
they produce local necrosis and fibrosis and vasal closure
through scarring

One of the principal objectives in choosing a chemuical
agent for use in human steriization procedures 15 to
select one that has mimmal toxic effects and will produce
a rmmnemal amount of damage if mpected mto siructures
other than the vas Ideally, damage caused by the
chemical should be limited to the basal epithelium of the
vas, without damage to the muscularis  Althoughitis not
the ntent of this review to summanze the effects of each
of the chemical agents used for vasal occlusion in various
arimals, 1t 15 noteworthy that in most of these procedures
the epididyrmides and testes were not affected by the
intravasal mjectons  Also, toxicity appeared to be
mimimal  None of the investigators reported any arumal
deaths or severe adverse reactions that could be at-
tributed to the ntravasal injections



Chemice! Aceni & Retererie Anmais Evalated

Sodum chlonde (5 121 Rat
Ethanol (3 12 131 Rat aug
Formaldeh, de 15 17 Rar dog
Formaldehy de with ethanal t5 121 Rar dug
Siher mirate (5 12 Rat dog
Acetc acid1d 12 Rat
Sodum tetredecy] sultate (3 10 Rat
Potassium permanganate t5 121 Rat
Sodum mor-huate 15 123 Rat
Camphor 1281 Rat
Potash (28i ar
Qumacrine cihydrachlorde 1281 Rat
Qumacrine, urethane (174 Dog
Phenol 1171 Dog
Gl cerophenal 1171 Dog
Biowax (171 Dog
Phencl, cyanoacrs late (253 Rabbn
Methyl cvanoacrilate (8 25 Rabbit dog
Tincture ot wdine potassium wdide

sinograttn carbosymihy, celluiose 1251 Rabon dog
Phenal, giyeerine sinograthn gum

tragacantk 251 Rabht
Silver acetate alginate 181 Daog
Calctum chloride gum tragacanth

glycenne i21) ns
Sodim cod lver orf acid qum

tragacanth glycerine (21 s
Carbohe acid guni tragacanth

glycerme 1214 ns
Carbolic acid, n huty| alpha

cvanoacrylate 1211 ns
Ethv! alpha cyancacrylate t21 1%
n Butel alpha cvanoacrs late 1214 ns

Oy Fo siated

Table 2 Chemical agents evaluated to produce occlusion of the
vas in ammals

Based on ther studies of the intravasal mection of
various sclerosing agents In rats and dogs {whose vasa
are similar to those of man}, Coffey and Freeman elected
to evaluate a combination of 3 6 formaldehvde in 90",
etharolinhumantrals (5,11 One advantage to the use
ot this combinatien 1s that both chemicals are easily
metabolized and leave no residuals to produce adverse
eftects The method used by these investigators was
simple and did not require the use of any elaborate
surgical equipment One disadvantage of the procedure
15 that the investigators tound it necessary to tyect I mlof
1% hdocame aiongside each vas before imjection of 0 25
ml of the formaldehyde and ethanol mixture After each
vas was located and stabilized between the thumb and
forefinger. the mixture was mjected through a 25 gauge
needle By the 24th post-procedure week, 7 of the 8 men
injected were azoospermic  The other man had a sperm
count of 67 millon sperm per ml at the 14th post
procedure week Once azoospermia was established,
none of the men followed-up tor the 14 10 weeks was
found to again have sperm in his semen

Additional tnials of the intravasal injection ot formaldehyde
m ethano! have been conducted by Daws (6, 71 The
procedure used by Davis was essentially the same as the
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one used by Cottey and Freeman Davis inected 0 5 ml
3" formaldehyde 11 90 ethancl into each vas In the
first 27 procedures, an Allis clamp was used to stabihze
thevas Inthe next groupof 27 men. a specially designed
clamp was used to stabilize the vas A 25-gauge needle
was passed through holes in the jaws of the clamp w0
mject the formaldehyde in ethanol mixture into the vas

The results of the studies by Davis are summanzed 10
Table 3

Seres No Subwects  Percent
Firest
Azoospermic v lihim 16 weehs 12 48 2
Faillures 11 Ju 7
Decease in sperm count
turther follow up required 3 11
Second
Azoosperrme within 10 weehs™ 17 654
Fatlures 1 154
Decrease m sperm count
further follow up required 5 192
Failed injection (retractile testes) 1**
* Ind'ofes o menwho had repea’ medtors
*Ehar inguded 0 calculaton of per et tages

Sour e [avsin 7y

Table 3 Resulis of studies of the transcutanecus injection of 4%,
formaldehyde in 90°% ethanol

In the second sernes of subjects there was a signihcant
ncrease In the incidence ot azoospermia  Whether this
was due to the use of the speciaily designed clamp or was
due to the mcreased expenence ot the operator cannot
be determined from the study data For six men. the
duration of follow -up was insufficient to deterrmine success
of the procedure Dawis noted that once a man became
azoospermic, he remamed that way (7] Some of the
men, for whom the procedures had been classified as a
fallure, had a transient drop in their sperm counts that
iater returned ta near baseline levels This drop was
most hkely due to an mutral inflammatory reaction m the
vas following the injection, causing temporary obstruction
ot the vas

The combined data on the intravasal mjection of forma.-
dehydein ethanol into men show that the time to achteve
azoospermia 1s highly variable and may take up to several
months The differences in the failure rates reported in
the series by Freeman (11} and Dawis (6, 7) may be due to
the different lengths of tollow-up rather than to factors
related to the way i which the procedures were
performed

Using dogs, Davis compared the effects of direct n-
jections of MCA or silver acetate alginate into the vas
lumen with effects of perivasal mections of these agents
{77 In most cases, the mjections produced vasal
occlusion, whereas perivasal injections did not  These
data indicate that for transcutaneous jections of
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sclerosing agents to be effective in occluding the vas, they
must be made directly into the vas lumen  Although this
15 a techmically more difficult procedure, the requirement
should not Imst its widespread use

In sharp contrast to the few studies on transcutaneous
sternilization procedures with sclerosmg agents in the
United States, reports from the Peoples’ Republic of
China indicate that since 1972, this procedure has been
used in over 500,000 men, with satisfactory results (2, 20,
21) The sclerosing agent used 1s carbolic acid and n-
buty! alpha cyanoacrylare In spite of the very extensive
experience with intravasal inject:ons of chemical agents,
very little information 15 avalable on the procedure
either in Chnese or Western medical journals Precise
data are not avalable on the effectiveness of the
procedure or on the incidence and types of complications
occurring exther at the tume of or after the procedure In
the most recent report from the Peoples’ Repubhc of
Chma, long term follow-up data were given for two series
of men (21} The first series mcluded 919 men who had
been followed up for up to 10 years The second series
ncluded 640 men who had been toilowed for up to 8
vears The only stated difference between the two series
was thatin the second series 0 (2 ml compared to 0 01 ml
of the sclerosing agent was used Of the 1,345 men who
were followed up and examined, small nedules could be
paipated at the site of intravasal injection  In99 4% of the
vasa examined, the diameter of the nodules was estmated
to be less than 0 3 em  Only one man reported that the
nodules were painful Follow-up data relating to the
effectiveness of the procedures are summarized in Table
4 For both series, azoospermia was achieved in 95 9% of
themen Inthe second senes, the pregnancy rate among
spouses was reduced from 11 5% to 2 6%, Of the 109
pregnancies recorded in both series, 56% occurred to the
spouses of men who had been shown to be azoospermic
Since no mformation was given on the time between vas
iyjection and the time the pregnancies occurred. it
cannot be determined if the pregnanctes occurred before
azoospermia had been confirmed

The transcutaneous intravasal sterilization procedure
developed by the Chinese 1s simple and requires the use
of mmumal surgical equipment {19, 20,21}  The foliowing
briefly describes the principal aspects of this procedure,
which has been widely and successfully used in China
since 1972

The vas is stabilized by use of a vas deferens fixing clamp
This s a straught hernostat with flattened tips that permits
the vas to be grasped without injuring the scrotum With
the patient under local anesthesia, the operator clamps
the vas and grasps it between the thumb and ndex
finger A sharp needle 15 nserted into the vas per-
pendicularly The needles withdrawn and a blunt needle
1s placed through the puncture hole. The operator can

First Senies 219 men followed up to 10 years

Semen analy w1 parformed 456 men
Azoospermic () 956

Couples evaluated 329
Pregnancies (%) 115
Semen analysis for the 95 men whose spouses became pregnant
Azoospermc ~- 54 7
Sperm 1n semen — 42 17,
No s2nen analysis — 3 2V,

Second Series 640 men {ollowed tor up to 8 years

Semen analysis pertormed 404 men
Azoospermic (%} 963

Couples evaluated 577
Pregnancies{ ) 26
Semen analusis for the 14 men whose spouses became pregnant
Azoospermic — 64 3
Sperm in semen — 21 4,
No semen analysis -— 134 3%

Source LiS Zhu J421)

Table 4 Summary of long-term follow-up data from The Peoples’
Republic of China on the effectiveness of the transcutaneous
mjecntion of a sclerosing agent

usually feel when the needle has entered the vas lumen
Two simple tests can be performed to determine whether
the needle 1s m the vas lumen
1 A syninge containing 4 ml of air 15 attached to the
needle Wih the vas firmly compressed by an
assistant at the site ot puncture and at the distal
end, 2 mlof ar 1s mjected into the vas  The syrmge
plunger isreleased 1f the needle has been placed in
the vas lumen, the plunger should return to its
ongmnal position within a few seconds
2 A small amount of saline 15 mjected through the
blunt needle If the neadle 15 1n the vas lumen, the
injectton should proceed easily and shouid be made
without undue pressure  Examimation of the scrotal
skin and subcutanecus tissues should indicate no
local edema

If the second test 15 used, all of the saline 1s aspirated from
the vas before injection of the sclerosing agent The vas
sclerosing agent (0 045 ml of carbolic acid, n-butyl alpha
cyanoacrylate) 1s then injected through the blunt needle
nto the vas The drug poiymerizes after about 20
seconds The needle 15 then withdrawn Only about
0 02 ml of the drug s actually injected into the vas  The
procedure 1s then repeated for the other vas and both
puncture sites are covered with sterie gauze The
procedure takes about 10 minutes to perform

Electrocoagulation heuseoftranscutaneous sterili-
zation with electrocoagulation was first reported by Lee
in 1964 (17) Inthat study, bilateral closure of the vas was
obtained 1n four dogs and unilateral closure on two
others In one dug, tesncular atrophy was noted This
atrophy was attributed to extensive burns to spermatic
vessels otner than the vasa In the Peoples’ Republic of
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China the use of transcutaneous elecirocoagulation of
the vas has been investigated m amimals, but no infor
mation on the procedures was qwven (211

I11 1966, Schmudt first reported on as asectomy procedure
he hadusedin 144 men A bilateral incision was made in
the scrotum. the vasa were divnided, and the vas ends
were electrocoagulated with uripolar electrodes 27)
Schmidt found that the incidence ot sperm aranulomas
could be mimmizedf the v as ends were electrocoagulated
rather than hgated Inalater series ot 1,000 vasectomies
nwhich electrocoagulanon of the cut vas ends was used,
Schrmdt reported na failures, and fewer than 1 4 of the
men had chrically significant sperm granulomas or ocher
complications (261 In the procedure used by Schrmudt,
the vasa were electrocoagulated in such a way that the
leston was confimed to the vasal epithelum. lamma
propna, and part of the muscle wall

To turther advance the electrocoagulation procedure
developed by Schrmidt, bipolar electrodes have been
developed Theuse of these electrodes can ehmimate the
danger of damage to vessels other than the vas resuiting
from stray currents, and at the same time confine the
lesion to the vasal epithelum and lamina propna Pres-
ervation of most of the vasal muscles 1s thought to be
inportant, because the muscle 15 the source of the
fibrous tissue that ultimately results in occlusion of the
vas

Adarr developed a transcutaneous electrocoagulation
procedure that used bipolar electrodes (1) In an mitial
series performed by the mvestigator, there were no
fatlures and no chnically sigrificant comphcations attribut
able to the procedures Subsequently, an mdependent,
multichnic evaluation ot the procedure developed by
Adair that included 33 men was curtailed due to the high
fallure rate of the procedure to attain azoosperma (24)
In the second senes, the only complication was a scrotal
hematoma It has been suggested that the falure rate of
the procedure was high because placement of the tip of
the bipolar needle nto the vas lumen was extremely
difficult, due to the relative diameters of the bipolar
needle and vas lumen (10} The bipolar needle has a
diameter of 1 6 mm. the average diameter of the human
vas lumen s 0 55 mm, but it may be distended to 1 2 mm
(16}

Black, at the Marie Stopes Chnic m the United Kingdom,
1§ currently mvestigating a transcutaneous electrocoagula-
tion procedure (3} The procedure gradually evolved
through several steps designed to provide a sumpler,
guicker, and less traumatic method of sterihzation
Initally, the vasa were electrocoagulated after they were
pulied out through a small scrotal incision  Electro-
coagulation was then performed through a small scrotal
ncision, but with the vas inthe scrotum  The final step in
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the development process was to pertorm the electro
coagulanons transcutaneously  Black has pertormed
about 80 ot these procedures using prototype bipolar
electrodes {3} Although the success rate of his trans
cutaneous procedure does not yet approach that of the
standard vasectomy procedure used at the Mane Stopes
Clhinic, Black 1s of the opinon that improvement of the
electrodes and some changes m the techmque of per
torning the electrocoagulation will result in an effective
procedure

In the United States, Denniston will evaluate whether
electrocoaqulation of the vas by insertion ot the electrode
into the vas lumen under direct wision, and without
dwision of the vas, will result in hugh rates of vasal closure
(9) The etfectiveness of this procedure will be compared
tothe standard electrocoagulation procedure  If electro-
coagulation of the vas under direct vision, and without
dwision of the vas, results in high rates of vasal closure,
additional tnals will be undertaken in which electro-
coagulation will be performed transcutareously

COMMENT

QOwer the past 20 years, a transcutaneous method of maie
sterilization has been sought in a haphazard manner and
the limited developmental efforts have been sporadic  In
spite of the apparent simphcity of the procedure and its
potential for widespread use and acceptance no sys-
tematic ettorts have been undertaken m the United
States to detelop a transcutaneous procedure, except
tor the research supported by the Program tor Applied
Research on Fertility Regulation (PARFR ) over the past 7
vears

Compared to standard surgical vasectomy procedures,
there are many advantages to the transcutaneous pro-
cedures that are applicable 10 both developed and
developing countries, includng a possible reduction n
the incidence of certan complications commonly asso-
ciated with vasectomy, such as scrotal hematomas and
nfections

In the Uruted States, fewer than 100 men have had
transcutaneous stenhzation procedures either by n-
jection of tormaldehyde in alcohol or electrocoagulation
In sharp contrast to this, reports from the Peoples’
Republic of China refer to over 500,000 transcutaneous
sterihzation procedures using a cyanoacrylate mixture
Unfortunately, the reports trom China provide few data
onthe eftectiveness of the procedure or onits short-term
or long-term complications  Also. information on the
development of the procedures and any associated
toxicology 15 not available in the hterature




In view of the many advantages of the transcutaneous
stenlhzation procedure, the importance of an orgamzed
research program 1s obwvious 1f such a procedure 1s to
become widely available in the United States and else-
where Electrocoagulation of the vas and occlusion of
the vas with sclerosing agents are the two best candidates
for further development Regardless of the methods of
transcutaneous sterthzation used. criteria should be
developed for determining acceptable fallure rates of the
procedures Failure can be definedin terms of either the
pregnancy rates of the partners of the sterilized men or
the proportion of men who achieve azoospermia withina
specihed time perniod Consideration should also be
gwven to dehning an acceptable proportion of menwho do
not achieve azoospermia but who become severely
oligospermic

The scanty hiterature on transcutanenus male sterilization
procedures indicates that the research efforts have been
directed to developing a procedure that wiil result n
azoosperrmia n a very high proportion of men atter a
single application of the agent  This may not be feasible
Therefore, research efforts might concentrate on a two
application procedure Such a procedure could be
hughly effective with mimimal rates of complications or
sideeffects If, tor example, a single application procedure
produces bilateral vasal occlusion and azoospermia in
only 90% of the men. then a two-applcation procedure
can be expected to produce azoospermia in 99°.

In women, nonsurgical methods of sterlization have
been evaluated extenswely (14) Methods currently
under investigation in the United States mclude one or

two applcatnons of MCA and three applications of
quinacrine However, inthe Peoples' Republic of China,
nonsurgical methods of sterilization have been developed
and used successfully since the late 19605 (34, 35) All of
these methods are more difficult to perform than trans-
cutaneous male sterllization and they have a higher risk
of potentially serious complications, such as uterine
perforation and intrapentoneal placement of the chemucal
agents

Also, assessing the effectiveness of the procedure in the
femnale 15 more difticult If radiopaque MCA 1s used,
flatplate x-rays can be taken to deterrmine if MCA was
present in the fallopian tubes  Alternatively, some time
after the procedure, hysterosalpingograms may be per-
formed to determine 1f there 1s bilateral tubal closure

Neither of these two procedures 1s 100% accurate and
nerther 15 appropnate for areas where there are scarce
medical resources In countries that have the avalable
medical resources, flatplate x-rays and hysterosalpingo-
grams sigmficantly add to the cost ot the procedure
Evaluation of sterility in the male 15 a relatvely easy
matter Semen analysis may be pertormed with simple
laboratory equipment by laboratory technicians who
have minimal traiming  If the two or three applhcation
nonsurgical sterihzation procedure will be acceptable to
women. there 15 no reason why a two applcation
procedure should nat also he acceptable to men

Future research efforts on nonsurgical methods of male
sterthzation need to focus on the use of sclerosing or
occluding agents or electrocoagulation of the vas when
delivered as either a one or two application procedure
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Methods of Monitoring Ovarian Function and Predicting Ovulation:
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Ovulation itself cannot be observed externally The only
definite proof of its occurrence 1s establishment of
pregnancy, which 1s normally the outcome being regu-
lated We are therefore forced to predict the timing of
ovulation on the basis of indirect indicators that lie at
varying physiological distances from ovulation itself The
distances result m uncertainties that can be resolved only
with statishical analyses, and then only imperfectly

Unfortunately, the ability to predict the timing of ovulation
indirectly does not quarantee that the predicted ovulation
does, nfact, take place The mprecision and uncertainty
of current indirect methods prowvide the impetus for
monitoring ovarian function and predicting ovulation

Other pressures to improve current methods and develop
new ones come from vanous health and research groups
Natural family planning (NFP) programs seek to improve
the reliabiity of methods for defining the fertile period of
the menstrual cycle and to extend their utiiity to periods
of tactation, onset of menarche, and the approach of
menopause Arhficial nsemimation and in witro fertihiza-
bion programs look for more complete information on the
timing of ovulation and the period of optimum fertility to
maximize the chances of conception while mimmmizing
the cost and inconvenience of prelimmary testing

Excellent reviews exist covering broad aspects of the
problem of predicting ovulation {36,47,49,81,82,85,86) or
dealng with specific methodologies (7.14,16-18,40,42 50,
53 56,69.73,75,76,79.80,83,84} However, a comprehen-
swe discussion combining the state of the art with
practical considerations of method application was
needed

To assist groups adrmumiste
and to help investigators not tralned In chnica : y
to choose the best techmques among the wealth of
methods presently avallable, an international meeting on
Methods of Monmtoring Ovarnian Function and Predicting
Ovulation was organized and sponscred by Family
Health International, with a grant from the United States
Agency for International Development (USAID)

The meeting, which was held in Durham, North Carclhna
mn December, 1984, contrasted the most sophisticated
methodologies for monitoring ovarian function and pre-
dicting ovulation, as used by i uitro fertibzation chrucs,
with the imited methods available for use n anthropologi-
cal hield studies and in most NFP programs The goal was
to stimulate discussion of available methods n terms of
their hmitations and potential These discussions pro-
vided a basis for deciding which methods could be used
most successfully in any program or study Additionally,
they helped define what approaches require further
development or testing and what that development or
testing should entail

Another purpose for the meeting was to shmulate a
general exchange of information among the participants
to catalyze formation of the collaborations necessary to
produce a new generation of techmques These should
be less invasive and more rugged, rehable, and precise
than the present ones They should also monitor ovarian
function and/or predict ovulation m a wide variety of
clirical and nonchimcal settings

The meetmg did not attempt to address all known
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MONITORING FOLLICLE DEVELOPMENT & THE MENSTRUAL CYCLE
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Figure 1 Selected events occurring during development of an ovulatory, follicle Note that development occupies three full cycles
Parametersinclude size of developing follicles measured by ultrasound or during laparoscopy, gonadotropm concentrations in serum,
estrogen and progestogen concenirations in serum, salna, and urine, ratio of urinary steroids state of endometnal praoliferation,
relative cervical mucus volume, and basal body temperature An average 28-29 day cycle was used as a model to which were htted
results presented in several references (4 8 919,55 73.75) Conhdence intervals for salinan, progesteroneinclude =1 standard deviation
of the mean (55.73), for urinary steroids, the 80% confidence interval 1s shown {9)
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methodologies [t did, however, touch upon a broad
spectrum This report 1s a summmary of the meeting, the
complete proceedmgs will be published at a later date

THE BIOLOGY OF OVULATION
Folliculogenesis and the Menstrual Cycle

Follicular growth and several of its correlates are sum-
marnized in Figure 1 Growth, beginning about 85 days
before ovulation (26) involves expansion of the ovum
from about 20 um to 80 um {3}, an increase n follicular
diameter from about 30 um to 18-27 mm (42,53), and a
spectrum of ceflular maturation events in both the ovum
and the follcle cells At about days 5 7 of the ovulatory
cycle, estradiol-173, 90% of which 1s produced by the
preovulatory follicle (3,4), beans to nse toward a peak
that occurs, on average, 1 day prior to ovulation (86) The
exponentally nsing estradiol on days 11-13 tnggers
release of a surge of LH that beqins 3216 hours before
ovulatton and peaks about 15 hours later (15,68.81,85.86)
Risingestradiol also stimulates proliferation of the uterme
endometrium and the production of a watery, stretchy
form of cervical mucus Metabolites of estradiol pro-
duced outside the ovary, including estrone-3-glucuromde
(E.-3-G), begin rising m urine about 1 day after com-
mencement of the increase n follicular production The
mideycle LH surge alters metabolism within the folicles
s0 that they beain to produce progesterone in preference
to estracio] Within 26 28 hours after the beginning of the
LH surge, the cocyte completes the first melotic division
and becomes competent for fertihization (13,15)

After ovulation, the follicle cells that remain in the ovary
metamorphose into the luteal cells, forming the corpus
luteum As the corpus luteumn forms, 1t produces
increasmg amounts of progesterone, as well as some
estradiol Production of progesterone halts the produc-
tion of cervical mucus and comncides with a dechne in
LH Tt also increases unnary levels of the major pro-
gesterone metabolite pregnanediol-3a-alucuroride (Pd-
3-G) {62) and causes a rise of 02-05°C (04-1 0°F) in
basal body temperature (BBT) (27.47) If fertilization
does not occur, the corpus luteum regresses about 9-11
days later (22) The fall in circulating steroids causes the
shedding of the endometrium during menstruation, about
10-14 days after ovulation (57.67,71,80)

Gamete Viability and the Fertile Period

Two of the main objectives in monitoring ovarian function
or predicting owvulation are ‘o increase or decrease
fernlity To accomplish either, the hite-spans of gametes
with:n the female reproductive tract should be known
Estirmates based on cervical mucus {CM) evaluations,
BRET charts, and reported cotus and pregnancy have
been computed (5.8,58.81) Royston(58) estimates ovum
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Figure 2 Probabilihes of fertihization, conception, and pregnancy
during fertile period {8,58) Fernlization and conception were
calculated from a mathematical model in conjunction with a
large collection of BBT charts and pregnancy records Preg-
nancy was estimated from data in a multicenter WHO study (79)

life-span after ovulation to be 0 70 1 day (+ 1 standard
error of the mean) with a 99°% confidence ntervai
reaching 32 days, sperm viability 1s estimated to be
1 4740 20 days, with 299 confidence limit reaching 6 8
days The period of maximal fertiisty will thus extend from
about 1 5-6 8 days before ovulation to 0 7 3 2 days after
ovulation This 15 borne out by the probabihties that
single acts of intercourse occurring on individual days
near ovulation lead to conception {8,58.79) (Fiqure 2) Itis
estimated that 90« of &ll pregnancies occur in an interval
extending from 4 days betore ovulation to 1-2 days after
ovulation or, since ovulation cannot be observed but the
timing of the LH peak can, from LH peak -3 to LH peak
+2 (13.58)

Guven the physiologic ontogeny described, predicting the
limits of the fertile peniod means observing a clear change
n one ndex, such as estradiol, at least 4 days before
ovulation and another change, such as an increase n
progesterone, 1-2 days after ovulation

Chronology of Indicators

Table 1 provides a chronology of indicators that have
been used to predict the limits of the fertile period (FP)
and the ime of ovuiation Most of these ndices or end
pomts involve determinations of rises above a basehne or
attamment of a peak value Prospective evaluation of
such quantitative changes requires senal sampling The
necessary samphng frequencies increase as the duration
of the changes sought diminishes, e g , detecting the briet
peak of the LH surge requires more frequent samples
than detecting the broad estradiol peak Algonthms
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{problem solving schemes) using these quantitative shufts
or changes to predict imits or events must take into
account the intervals between samples and are no more
accurate than the sampling interval used A rise may be
detected as an abrupt increase m variance about a
moving average {66,77), e g . BBT based methods {8,47).
or as a cumulative sum or assay result exceeding a
concensus threshold value, e g . Royston’s treatment of

kit for Pd 3-G (9) Detection of a peak necessitates
identifying a decline following a series of increasing values
or asustained dechne in the rate of nise of an accumulating
sum By its nature, a peak can only be identified
retrospectunely

The success rates of several methods in predicting the
hmts of the fertile period or the timing of ovulation are

summarized in Table 2 Single endpoints combined with
computations achieve 80-90", accuracy i predicting
limuts of the fertile period that fully encompass the defined
interval There s an obwvious parallel relationship between

BBT and urinary steroids (13,15,37.57.59.81} or the
adjustment of the detection hmit for Brown's home assay'

Endpont Meand  SD Range Saurce predicted length of the fertile period and predictive
Min Max

— success The 10-11 days suggested by maximum gamete
First day ot mucus =73 25 -13 -3 51
Risc ofE 3G Pd3G ~3 58 15 81 Iife spans may be required to achieve success rates in
Rise of unnary E 3G 56 19 11 2 81 excess of 90+, Combimations of two or more methods
First day of fertile mucus Sl 2o 1201 8l can prospectively delineate the fertile period in >95%, of
Rise of salvary estradiol (E ) 50 - 33
Rise af serum F. 33b ggc - 36 cycles Such predichion rates are needed for confident
Follicle Size 15+ 2 mm 27 05 — - 42 use of the methods by individual women monitoring
PeahotE 3G Pd3G 25 23 -0 0 8l indnidual cycles Unfortunately, m lactating women the
Peak volume of mucus =20 10 -45 -13 9
Peak of sahwary E 1 - o _ 55 success rates drop dramatically One reviewer found that
Peak ot urmary E 3G -i 3b 19 -9 -3 81 the symptothermal method (STM) of NFP, which uses
g';: g: [S‘};' E ’} S’b ggi . g ! (]] B multiple indices of fertity, failed to accurately define the

1 ¢TI - -

Rseol LH o7b g2 15 3 13 fertite period in 4 5-13 9% of cycles moritored (27)
Peak of tertile mucus 04 22 10 3 81
Rise of serum progesterone tP1 -0 3b 0 3¢ 13 0 13 Since predictive errors of a single day can markedly
g’s‘? 0; i Pd 3G ?f 2’8 -, 57 iIncrease the probability of conception (see Figure 2),
R:ZE st aalnare P 15 - ;g reducing mcorrect defimtion of the fertile period from

10% to 5% could dimmish the observed conception rates
by nearly half, even 1t periodic abstinence 1s the only
contraceptive measure beingused (13) This would be an
mportant contribution in areas where periodic abstinence
methods are trequently used or in those groups that
suffer lower success rates normally, e g . lactating or
perimenopausal women

AV 'alues were rerompited trom listed sources by adinst ng for raative g erage
time of ovulation atter the LH peak and by subtraction of any, constonts added
i the ongmal sources

bred.an

€ah  (onhden v bmits of the estimated median

Table 1 Chronology of endpoints predictine of imits of fertile
period and timing of ovulation in days relative to ovulation (=LH
peak + 0 7 days}

FP Ranqe FPs Ennrel,
Methud Duranon SD Min Mo Covered Source
Limuts
CM-E 3G - - 100 —a
STM (BBT - CM» 133 29 9 2 g a1
CM 119 294 5 19 91 81
BBT - calendar 118 33 v 21 90 81
E 3G trise - peakt Y3 22 6 15 83 Bl
E 3G Pd3Ginwe »peskt 107 23 s 17 34 81
Satnary E — — — &h 13
Salwary £ - P — - aob -a
Ovulation
CM - — — El 5]
Ultrasound€ — — — — &3 15
Rise of LH — — — — 53 23
AReparted by, WP Crilns at *he FHI Muztrg on o bos s ot CWHO sruar o umiparig  #rous
rALhochemaa me thods
The smail niur ber o ¢ Lles o 2 aarel ors et D G= and e DUt era factars Used tor

preda Goms probabi, occount for acahie for salbvare B~ P lover than that for salivan, B alone
CLur pared o wraroscopr @ s

Table 2 Accuracy of several methods at prospectively defining Fertile Period
(FP) {fully, encompassing LH peak -3 days to LH peak +2 days) or predicting
ovulation to within = 12 hours Analyses were accomplished using the CUSUM
analysis of Roysion (57, 59, 81), the L H peak was located retrospectnely by a
concensus reference method using assay of LH in serum or unne and or
ultrasound




If the exact timing of ovulation itself needs to be
predicted, CM or STM, which show considerable var:-
ability (see Table 1), should be augmented by other
indicators such as observations of the increase in follicte
size, the rise or peak in LH levels, the attamment of peak
estradiol, or the imitial rise n progesterone The art of
combining indices (o predict the imimg of ovulation has
been highly refined by i witro fertilization chnics It s
routine to remove oocytes from follicies after they have
completed meiosis [ but before they have been ovulated,
a window of roughly 2-4 hours {15,21-23,68)

CURRENT NFP INDICES
Cervical Mucus

The cervix produces thick, sticky, opaque mucus an
average of 5-10 days prior to ovulation, in response to
rising levels of estradiol in the absence of progesterone
{81) Asestrogen titers rise further, coptous amounts of a
lubricative, stretchy, transparent mucus, referred to as
“fertile-type” mucus, appear on day -8 to -2 {81) As
estradiol titers continue to nse, the volume of “fertile”
mucus continues to increase uniil 1-3 days before
ovulation(6,7,10,49,69,81) Production of slippery mucus
continues until about half a day before ovulation (§1)
This last day of production of fertile-type mucus is called
the “peak” day and 1s followed by 0-3 days during which
sticky, opaque mucus 1s produced as estrogen levels
decline and progesterone levels rise following ovulation
(35} After sufficient traiming (1-3 menths) to correctly
recognize and chart changes i mucus, a woman can use
appropriate rules to dehneate the limits of her tertile and
infertile pencds and the approximate twming of her
ovulations

The increase n.quantity of cervical 'vaginal fluid was
nvestigated by Usala and Schumacher (69) and led to the
development of the Ovumeter cervical flud aspirator
The device 1s amodified syringe that 1s inserted deep mto
the vaginal vault, near the cervix, and then filled
Prediction of ovulation and the end of the fertile period
can be made by charting fluid volume aspirated versus
day of the cycle and by applymg an appropriate algorithm
Reported accuracy 1s near 75, and cost 15 mmmmal
Potential difficulties in properly and reproducibly inserting
the device and collecting cervical mucus may dimirish its
possible impact Additional field trials will be needed
before any final conclusions as to its utiity can be
reached

Interferences with mucus evaluation methods can arise
from vagmnal infections, seminal drainage after inter-
course, indiidua: variation in the detection of vanous
mucus types, or indwidual vanability in estrogen re
sponse The degree of interference usually diminishes as
the user gans experience

Cervical mucus patterns also show considerable variation
durmng lactation {10,27) [n a study of 55 women over 100
cycles, half of those cycles shown to have defective luteal
prhases showed abnormal mucus patterns, the mcidence
of normal mucus patterns increased from 58" during the
first postpartum cycle to »80% beyond the fifth post-
partum cycle (27) Brown (10) reported that 42°% of a
group of 33 lactating women did not have mucus
symptoms that matched the steroid patterns found in
urmne

CM evaluations and BBT charting are physically non-
nvaswe, but the time and effort involved in collecting and
recording these data can be significant, so use of these
methods requires strong motivation Even though the
mtensive traiming and rules surrounding collection and
use of data do alter fe-styles, the methods seem well
accepted by many women Moreover, the existence of
the support network invoilved in training and the benefits
derived by women using these methods often serve as
powerful mcentives to continue their use

Method costs are neghgible, although traiming and follow-
up costs can be substantial, depending on the services
provided

Easily accessible indices such as CM and BBT have
proven reliable for normal, healthy wormen as long as the
guidelines for data collecting, recording, and mterpreta-
tion are followed (7,8,47,83,84) However, the range of
variability in these endpomnts has prowvided impetus for
development of hormone measurement systems Further
testing and hormonal verification of strateqies using CM,
BBT, or other indwces such as cervical position are
necessary in perimenarc hial, perimenopausal, and lactat-
ing women — groups that experience the wndest
variations in hormone and cycie patterns

This may be best accomplished in two stages First, a
hrmited pilot study of correlations between predictive
effectiveness of the physiologic indicators and bio-
chemical indices in lactatingwomen should be done This
should be followed by a second, larger study of the
efficacy of NFP mdicators based on pregnancy rates
corrected for fetal losses and the presence of luteal
defects Conduct of a study evaluating the extent of
subjective biases caused by anticipating “correct” results
in the apphcation of these methods among reqularly
menstruatingor lactating women also seems appropriate
Development of devices, e g, poetic or musical lists of
rules or plastic cumulative sum calculators resembling
star guides, which simplity traming, data collection, and
data recording, should also improve the rehability of
these methods



Basal Body Temperature

Basal body temperature nises 0 2-0 5°C 0 4-1 0°F) due to
the mideycle increase in progesterone caused by the
transtormation of the ovanan follicle to the corpus
luteum n response to the LH surge Although pro-
gesterone beams to nse about 24 hours after the
begintung of the [LH surge or 8 hours before ovulation,
the rise trom the hypothermic plane existing during the
tollicular phase to the hypertherrmic plane present during
the luteal phase can be observed only an average of 1 day
after ovulation Moreover, since temperature shitts also
accur 11 response to other agents, the menstrual cycle
shift must be vertfied by a continuahon of the elevated
temperatures for at least 3 days (65} Theretore. being
strictly retrospective, BBT cannot predict ovulation It
can only detect probable ovulation and can only predict
the end of the fertile penod

The BBT rises, which occur over a penod of 2-8 days.
assume several charactenistic forms including a smooth,
rapid rise, asmooth slow rise, a slow, step wise nse, and
a slow, saw-tooth nse (47} The uncertainty of the
correlations of these multiple torms with the underlying
hormonal levels and exact stage of follicular development
leads to a conservatwe defimtion of the hmits ot the
nreovulatory fertile period the entire folhcular phase
These uncertainties also result in the rule that to avoid
preanancy 3 days of abstinence (5 days for a smooth,
slow rise) are required tollowing the imtially observed
BBT increase, even though this increase usually follows
ovulation by a period approximating the hte-span of the
viable cocyte The rules provide protection from risk of
pregnancy but entail extenswe abstinence that may
result in method failures due to “rule breaking ”

The small increment ot BBT has spawned a number of
techrucal innowvations that make 1ts occurrence more
obvious mercury thermometers with expanded scales
electronmic thermometers, some supplemented with the
microcircultry required tor data storage and computation,
and recording charts with vertically expanded scales
(27,47 51}

This index is susceptible to manv sources of error
reading and recording temperatures, the presence of
infections or emotional upsets, or nonadherence to the
rules for reading BBT The rules specify that a woman
should take her temperature by mouth, vagmna, or
rectum Readings may be made 3-5 minutes atter inserting
a mercury thermometer Vaaginal or rectal temperatures
may be read 15-90 seconds atter mserting an electronic
thermometer, but oral readings must allow at least 2
minutes for temperature equilibranon The woman
should take her temperature at the same time each
morning prior to engading in any type of actiiaty
Royston's suggested subtraction of 0 1°C per hour delay
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nmeasuring the temperature (61)) serves only as arough
correction Alone, it cannot carrect for variations n life-
style that were not envisioned when the rules tor using
BBT were tormulated

Monophasic BBT charts laching a discermble tempera-
ture rise suggest anovulation or luteal defects The
incidence of these aberranons 1s high during lactanon.
menarche and menopause (27 29.48) Vollman (71}
showed that the mcidence of monophasic BBT charts s
age dependent During the vear of menarche 55 7 of
menstrual cycles showed monophasic BBT charts By
aynecologic age 23 29, the proportion droppedto 12,
then rose to 34" 1n the perimenopausal period After
resumption of menses durnng lactation Hatherley, found
that 34-. of the 273 women 1in his study recorded
monophasic BBT charts (34) Short luteal phases may be
detected by the presence of short, <8 day, hyperthermic
periods on BBT charts (27.28.51) The frequency of
monophasic BBT charts is also cvcle length dependent
57 1" 1n cycles of <17 days, 1 84 8.1 cycles ot 25 32
days, and 41 3" n cycles of =60 days (V1)

Algorithms

Algorithms tor prospectively interpretmg BBT begin by
establishing a baseline, e g , the average ot the tempera
ture trom days 4-11 after the begnning of menses A
coverling or reference hne, 15 drawn 005°C (0 1°F)
above this baseline and serves to approximate the upper
bound ot a confidence interval allowing statistical
comparisons between the baseline mean and the sub-
sequent daly temperature measurements A rise above
the coverime signals the recent occurrence of ovulation
and allows computation of the end of the tertile period

Royston{57,59) also suagests a cumulative sum rechnique
{CUSUM) where differences from a coverlme are sum-
med and tested against a “decision mrerval” that com-
bines the signal to be tested with an adjustment of the
baseline for the signal’s potenual variabiity The results
for BBT are cross-checked by the coverhne technique.
three consecutwe temperatures must equal or exceed
the reterence level The same approach 1s being adopted
for prospectively testing steroid or gonadotropin measure
ments In these cases, transformation of the abserved
signal pattern to its first dernative. as embodied by the
CUSUM. improves the sensitivity of the algonthm for
detecting rate of change and consequently also for
detecting increases in signal level This improvement s
most 1mportant tor signals that change siowly e g,
estradiol levels, it has much less impact on those such as
LH that change rapidly and are already easily detected by,
using threshold levels

Introduction of additional algonthms based on mathe-
matical models of the physiological process or on trend




statistics that mcorporate information on sampling
frequency should improve the predictive capabilities of
both the physiologic evaluation methods. eg, CM
volume, and the biochermically based methods, e g,
serum estradiol levels Effort seems best directed to
development of formulae that mathemat:cally combine
the results of several endpoints into single values that can
be used as predictors The reduction in variabihty and the
ncrease In predictive rehability resulting from such
approaches 1s exemplified by the use of the E;-3-G, Pd-3-G
ratio in preference to separate measurements of E,-3-G
or Pd-3-G (13,15-18,57,81.82) For the purposes of
monitoring ongomng programs, efforts should also be
directed toward development of techruques for extracting
the maximum amount of Information on ovarian function
from single, cross-sectional, or infrequent samples

The Symptothermal Method (STM}

BBT and CM are most effective in defining the fertile
penod when used together in STM fsee Table 2) In
contraceptive practice the users learn rules governing
data collection {dailly BBT and CM evaluations) and
charting, and procedures for interpreting and applying
the results The method can also be used to increase the
probability of conception by concentrating intercourse
near the middle of the fertile pertod

Like CM, the method requires a lengthy training penod,
3-12 months, as well as support and follow-up It also
requires a number of signs to be monitored and recorded
daily to allow correct application of the various rules and
computations Although these requirements may lead to
low continuation rates that suggest a need to augment
STM with other methods such as urnary steroid home-
assay kits (9,10), 1t defines the fertie period in 98% of
cycles studied (81) and 15 very well received among
women who continue to use it (47)

Cervical Changes

Other changes in the cervix can be monitored 1o 1dentify
the phases of the cycle (27,40,41,51} This canbe done by
self- or partner-assisted palpation of the position,
resilience, and openness of the cervix During the fertile
phase the cervix 1s higher, straighter, less apposed to the
vaginal wall, softer and more open Although the method
15 ostensibly simple, definitely inexpensive, and less
influenced by the presence of infection or semen than
CM, it 1s subjective and greatly dependent on the
woman’'s motwivation It requires considerable training,
support, and practice to differentiate the symptoms and
to utilize them with confidence (27,47,51) These indices
have not yet been evaluated in multicenter clinical trials,
nor has synchromzation of the symptoms with CM signs
or hormone levels been tully tested Still, these are
potentially useful indicators of the time of ovulation and
the imits of the fertile penod

OTHER INDICES
Ultrasound

Follicular size monitored by ultrasound 1s the most
proximal predictor of impending ovulation, it can serve as
a reference for other methods Follicles are imaged as
areas having ultrasound density 1dentical to the adjacent
full bladder but contrasting with surrounding, less dense
ovanan tissue Objects of 5-10 mm are clearly discermble
to*1 mm (4,13,15,26,42,50,53) Ultrasound 1s capable of
detecting growing folacles as early as the first 5 days of
the menstrual cycle, can register the presence of pre-
ovulatory follicles of at least 15 mm in diameter at 2-3 days
prior to ovulation, and can sometimes indicate the
presence of a detached, ripe ovum cumulus complex
within a Graafian follicle approximately 16-24 hours prior
to ovulation (WP Collins, FHI meeting) Although
ultrasound serves as an excellent mndex of immnent
ovulation, several reports (13,15,61.68) indicate that
there 1s a rather wide range of tollicular sizes (17-27 mm)
from which mature, fertilizable eggs may be aspirated
This vanabibty in attained size and attendant steroid
content {11} lrmits the predictive precision of ultrasound
However, since it can detect the collapse of the antrum
followmg ovulation. ultrasound has an internal retrospec-
tive check on the accuracy of its own predictions

Ultrasound must be done serially if accurate information
15 to be obtained Moreover, it depends on modestiy
sophisticated electronics at present and cannot determine
the biological functionality of the follicles examined Until
the beginning of the fertile period, even senal ultrasonic
scans cannot distingush which of the remaning 4-6
growing follicles wili become atretic and which will
eventually ovulate (4,13.15)

The introduction of mexpensive, portable instruments
may make this method accessible to many clinics and or
women n the near future, at least 1n developed countries

Gonadotropins

Gonadotropins directly stimulate follicular growth and
maturation Although FSH fluctuates dunng the cycle,
the chermnical lability of the molecule makes 1t difficult to
assay The similar, but less pronounced, pattern of its
changes compared with those of LH make measurement
of LH more desirable for predicting ovulation The exact
patterns obtamned are cnitically dependent on the fre-
quency of sampling (2,87) They result from the interplay
of two factors 1) pulsatile releases of gonadal and pituttary
hormones that result ultimately from the pulsatile nature
of LHRH release by neurocendocrine ceils within specific
areas of the hypothalamus, and 2} clearance of the
hormones from the bloodstream by catabohc tissues
The synthetic and catabolic tissues are susceptible to
modulation by internal neuronal or hormonal inputs, they
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frequently demonstrate therr own umque circadian
release patterns, which change with age (21,68,67), and
they are influenced by such exogenous factors as diet,
stress, and medication

Most assays utiize serum as the source fwd, but
changes are also measurable in urine about 3 hours after
they occur n serum, e g , Hi-Gonawis {(Mochida, Tokyo)
or OwuSTICK (Monoclonal Antibodies, Inc , Mountam-
view, CA) colorimetric dipstick measurement of LH
{15.23,37.68) These protems do not pass into saliva or
other secreted fluds The rise and peak in serum or
urinary LH levels are tightly clustered at mudcycle, with
only relatively minor fluctuations outside this period, the
surge thus serves as a temporal reference point for
establishing the chronoiogy of events during the cycle
The nse and peak occur much too late, however, to
predict the onset of the fertile period

Serum or Urine? The rapidity of the LH surge requires
frequent sampling Unless urine 1s used, this presently
involves repeated venipuncture Although venipuncture
1s physically invasive, it 1s widely accepted because of its
association with palliative and curative medicine Still, 1t
often cannot be used effectvely for frequent seral
sampling because of problems with trauma, infection,
and red cell depletion Adoption of an alternative sampling
protocol using a finger lance (30) may overcome these
probtems but may not be as well accepted because of a
lack of historical ties to medical practice The informa-
tional content of serum may still make 1t the flud of
choice, even if only rather infrequent samples can be
collected

Although urine collecion might be considered easier
than serum collection, it may be socially unacceptable in
some cuttures The problem can be exacerbated by any
requirements to accumulate and store urine specimens
either for 24 hour periods or as senal samples Use of
short-term, spot, or early morning urimes (EMU} will help
The best approach may be the use of self-tests that do not
require supervision or storage and thereby mimmize any
embarrassment or INnconvenence

Assays. Quantitation of LH can be accomplished by any;
of anumber of immunoassay techmiques (14) In contrast
to steroids, there are no rapid, high volume physico-
chemical reference assays, such as gas chromatography
or mass spectrometry, currently availlable Some of the
choices availlabie for gonadotropm or steroid y/mmuno-
assays are summarized in Table 3 Assays now in use for
gonadotropms and prolactin in serum or urine perform
wellwith regard to specificity, parallelism, accuracy, bas,
precision, and sensitivity Assays for progestogens in
serum, saliva, and urine also meet high standards for
these critera, as do assays for estrogens in serum
Estrogen immunoassays m other fluids and progestogen
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assays in milk do. however, need further characterization
before they can be applied with equal confidence

Immunoassays rely heavily on the characteristics of the
antisera employed for their specificity and sensitwity In
turn, the production of the antisera relies on the purity
and molecular distinctiveness of the avalable solated
hormones to assure specificity [f one hormone 1s
contammnated by another or strongly resembles 1it, an
mmumnization will generate a mixture of antibody mole-
cules that bind to both hormones Unless the anti eraare
extenswely treated prior to use, they cannot be expected
to demonstrate absolute specificity Despite the fact that
1solates of LH, FSH, hCG, and TSH suffer at least minor
purity and resemblance problems, many excellent
antisera have been produced The most specific ones are
directed against the binding sites present on the
hormonally unique 8 suburnuts of the above two-subunit
hormones

Antisera 1 Polyclonal
2 Monoclonal
3 Chimerc

Format Al Homogeneous

enzyme 15 part of anttbody molecule

no separation of bound from free
igand

A2 Heterogeneous a Precipitate bound with 2nd Ab
Protein A, 2nd Ab coated magnetic
or polymeric beads solvent pertur
bation by PEG PVA, PVP salis

b Precipitate free with dextran coated
charcoal

¢ Rinse Ab Ag coated test tubes,
microtiter wells, sticks, hiters
limited Ab {background affects at
high values)

B2 Immunometric  excess Ab ibackground affects at

assay low values!

C1 Direct assay  a sample not pretreated

b Acd or noncompettine modifier

Bl Immunoassay

added
2 Extraction Haptens extracted with sohent &
2852y purnified before assay, tracers added

to monitor recovery

Endpomt 1 Label a Radioactinity moderate sensitiuny,

-H high sensitnate, -1, S
b Intrinsic labels or comugated
enzymes

1 Optical signal turbidity, wisible
chromogen, phosphorescence
luminescence, fluorochrome
lorgarnic molecule rare earth
chelate time resoled signall

1 Electrical signal redox label,
biosensor

a Ligand

b Primary, antisera

¢ Secondary antisera in sandwich”
assays)

2 Site of label

Not all vaniants are avadable for alt hgands  Disposal costs of radiation shmulate
development of other torms ol 2ssay  The least expensn e assay s will probably he
those direct 1mmunoassays using optical signals readable on nexpensie
equipment luminometers Muonmeters or colonmeters

Table 3 Some immunoassay variations available




Monoclonal Antibodies. The generation of monoclonal
antibodies against the various hormones has gone far to
diminish cross-reactions In this approach (43), the
spleen of an mmumzed mouse or rat 1s 1solated and the
indwidual lymphoid cells are fused with myeloma cells

The cultured progeny of these fused cells are clones and
secrete single types of antibody molecules selective for
unique antigenic determinants on the hormone molecules
oniginally injected The same spectrum of antibodies 1s
produced as in the usual i viwo polyclonal approach, but
here each of the antibody types s produced in only one of
several hundred tissue culture wells Specific, single
molecular species of antibody that do not demonstrate
cross-reactions and that provide the other assay charac-
teristics desired can be chosen and employed in various
forms of assay

Genetically Engineered Hormones. Interassay and
interlaboratory vanability would be drastically reduced
by the production of smgle hormones from genetically
engmneered mammahan cells Reports now exist of the
cloning and successful introduction ot the genes for both
subunits of human LH into cultured mammalian cells that
subsequently secrete hormone into culture media (44}
As these matenals become available, they should serve
as a basis for assay standardization along with the use of
monoclonal antibodies Until they are being produced by
more than one or two firms or laboratories, 1t may be
advisable to mitiate a quality momtoring program to
ascertain that properties of the products do not dewiate
substantively with time from those of the current purest
hormones

Reference Reagent Collections Reference reagent
cistribution programs exist at the National Institutes of
Health, the World Health Organization, and the National
Institute for Biological Standards These programs address
the generally imited availability of hormones purified to
homogeneity and help laboratories establish concensus
standards for use in testing and monitorng assays
Inclusion in these collections of stores of secondary
reference preparations, commonly used antisera, newly
developed monoclonal antibodies, and genetically enai-
neered protein hormones should improve the current
problems with interlaboratory variability and quahty
control Ready access to secondary standards derved
from all of the bodily fluids should improve the database
for estabhshment of concensus values and will go far
toward prowiding benchmarks for use in development of
new assays

Costs. In assaymglarge numbers of samples, the costs of
materials, personnel, and equipment are all important
factors For the phystcochemical techmques, such as
mass spectrometry, used for assessment of steroids, the
cost per sample may be hundreds to thousands of
dollars Immunologic approaches have normally been

less expensive The cost of the equipment and personnel
required to run a clinical assay laboratory and to develop
antisera and reagents for its use results in charges for
each sample tested on the order of $3-$50 (U S ) Actual
reagent and materials costs for most of these assays are
less than $5, frequently less than $1 Thus, ifalaboratory
must be established to develop or run the assays, costs
will be substantial until the volume of samples disperses
them

Necessary repeated generation and testing of new
antisera to the same antigens has in the past inflated the
cost of most immunoassays Introduction of monoclonal
antibodies and genetically engineered hormones, chimeric
antihodies, and enzymes that may be produced in bulk
gquantities, tested once and distributed for many vears,
should decrease this aspect of assay cost measurably
Costs will also decline as radioisotopes and ther at-
tendant disposal costs are superceded by other labels

Steroids and Steroid Metabolites

Serum. In serum, total estradiol 15 a sensitive index of
ovanan function capable of predicting the onset of the
fertile period and ovuiation, as well as reflecting the
imtiation and termination of luteal function (Figure 1)
(2,4,6,8,13,15,16,37,42,49,56,68,77 80,81 85,86) Levels
nse durng the follicular phase from 1-5 pg ml (4-20
pmole 1} to 100-400 pg'ml (400-1600 pmole 1) on the day
before ovulation They then fall to 20-100 pg mi (80-400
pmole 1) on the day of ovulation, before rising again to
100-200 pgmi (400-800 pmole I} during the midluteal
phase Dewviations from this charactenstic pattern can
signal specifically follicular or luteal malfunctions

Changes in total progesterone extractable from serum
define not only the period of formation and function of the
corpus luteumn but the adequacy of its function Levels
rise froma baseline of less than 1 ng ml{3 nmole }during
the follicular phase to a plateau of 10-20 ng ml! (30-60
nmole, I} 3-9 days after ovulation in the normal cycle
Thereafter, they fall back to baseline during luteoly-
s1s, on average 1212 days after ovulation (22.57,67) The
initial rise In progesterone signals the begnning of
responses to rapidly rising LH levels and precedes the
usual time of ovulation shghtly, making 1t a very late
predictor of ovulation and an index of the end of the
fertile peniod (9,13,15,16,81,85,86) The nise 1s strongly
suggestive of ovulation but does not prove its existence
since normal luteinization can occur n the presence of an
entrapped oocyte The level and duration of the pro-
gesterone plateau do, however, indicate the sufficiency of
luteal function If these levels fail to nse to roughly 5-7
ng ml(15-25 nmole: [} or fall prior to day 8 after ovulation,
any fertiizations that occur will fall to implant and die
(22}



Thus, although progesterone 1s a less etfective predictor
ol ovulation than estradiol. LH. or estradwl induced
etfects, e g. CM production 1ts evaluation provides
crucial information on luteal function that 1s requisite for
determimation of accurate conception rates Estimates of
the success of predichion ot ovulation or hmits of the
tertile period should include some evaluation of luteal
tunction to correct the positive bias introduced by
conception losses due to luteal inadequacies Such
adjustments are of utmost iImportance in women return
ing to cyche ovanan function postpartum or during
perpubertal or penimenopausal ages, since these periods
are all known to be associated with a high incidence of
anovulatory cycles and or defectve luteal phases (27
29.48)

Saliva. Of the estrogens circulating in serum =95, are
bound to protens {24,391 Molecules bound to carner
proteins are etfectively sequestered agamst immediate
catabolism by the iver The tree, physiclogically active
steroid that 15 avalable ditfuses into all intra- and
mntercellular fluds including those that are secreted A
nearly 1dentical siuation exists tor most steroids,
includmg estradiol 178 progesterone testosterone,
estriol, some corticoids, and tor many drugs and
pesticides (:16,54.70)

Relatively small quantives 03-11 pg mli1-50 pmole I}, of
tree estradiol are tound by rmmunoassay of the un
changed steraid in saliva The levels Hluctuate during the
cyele i a pattern roughly paralleling that ot estradiol in
serum A peak of 2 or 11 pgml (8 or 50 pmole ),
depending on the assay system used (20.37,55,74),
occurs 1 2 day s prior to ovulation tollowed by a nadir of
roughly 2 days and a rise back to a plateau of 0 8 or 8
pa ml (3 or 30 pmole ) during the luteal portion ot the
cycle Good success with predictions of the limits ot the
tertile period has been achieved across several labora
tories that participated in a WHO -sponsored e aluation
of the measurement of serum and salwary steroids (W P
Collins, FHI meeting) Though the assay requirements
were parhcularly demanding, 80-85" of the cycles studied
demonstrated correct delineation ot the lertile period
{see Table 2}

QQuantitation of tree progesterone n saliva by smmilar
methods indicates arange that is easier to measure 2322
pa ml {746 pmole ) m the tollicular phase (73} 10
112440 pg ml 13552126 pmole 11 in the midluteal phase
(88) Thisisstillanly 12" of the total steroxd measurable
in serum The pattern of progesterone in sali a taithfully
mimics that seen 1 serum (12 13,19,20.37.55,73.88)
Salwvary progesterone also has been used successtully, in
monttoring luteal dysfunction, establishment ot preg
nancy and placental steroidogenesis and resumption of
ovarian function during lactation (54,55 73 74
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The rate ot saliva production seems to decrease at might
mn most ndrniduals Fortunately, most of the assays tor
salwary steroids have proven msensitive to sahuary flow
rate (54 53) This allows application ot citnic acid to the
tongue to increase flow rate and decreases the time
required tor sample collection Collection of saliwa 18
probably the least mvasive fluid sampling method avail
able Collection of whole salwa by expectoration seems
to be accepted m many cuitures and by most ndiiduals
even when serial samples must be abtained on a daily or
even hourly basis and then stored prior to mailing or
assessment [t 1s desirable to educate subjects prior 1o
sampling to prevent contamination problems caused by
eatingand drinkingor any  helptul” sample substitutions
that rmight otherwise occur

Problems with this approach relate to vanations mn
salwary composition The pronounced vanabihty m the
mucus content can be readily handled in most instances
by freezing and thawing the samples, sedimenting any
residues by centrifugation, and then doing measurements
on alguots of the nonwviscous supernatant More prob-
lematic 1s the presence of serum contammation in satva.
which will lead to false hugh readings unless the steroids
normally associated with carnier proteins are eliminated
before assay The usual small amounts of serum from
eating and tooth brushing can be eliminated by rinsing
the mouth before collecting the saliva specimen, maore
senious bleeding from mouth trauma or periodontal
disease will require special treatment or disregard of the
affected samples (54)

Progesterone in Milk Collection of breast milk seems
well tolerated by most cultures Hartman and Prosser
(33) have used it as an accessible fluid in which proges-
terone may be measured Rather than approximatingthe
levels found in saliva, progesterone concentrations in
milk closely mumic total concentrations n serum Since
the composition and rate of milk production vary with
length and intensity of lactation (32,33,52), measurements
of the steroid levels as a function of milk production rate
or as a function of total lipid content would be informative,
especially since the steroid could be preferentialiy
concentrated mthese hpids Judgments on the hmitations
and or practicahty of this approach awazit turther testing

Urinary Steroid Metabolites Estradioi and other
steroids, drugs, and pesticides are metabolized to more
polar, water soluble compounds such as glucuronides or
sulfates that cannot ditfuse freely through tissues This
metabolisminvolves imtial alteration by the liver, secretion
into the bile, further modification by intestinal bactena,
reuptake by the lymph or bloodstream, and final con-
jugation in the hwer or kidney, 1 e, enterohepatic cir-
culation A major portion of the metabolized compounds
15 excreted n urme




The metabolic products are accumulated within the
bladder between micturitions If the clearance rate is
assumed to be uniform, production rates of metabolites
can be computed from their concentration, urine volume,
and the time between mictuntions As apractical matter,
this 1s done by collecting an early morning urine, EMU,
which approximates an 8 hour span, or by collecting all
the urine voided over a day, 24-hour urine The impact of
accumulation of urinary metabolites over these periods 1s
two-fold First, the amounts available for measurement
are substantal, pg-mg 24 hours Second, predictions
based on urmary metabolites are constrained by the
delays m metabolhic clearance and collection of urme, an
EMU reflects serum conditions averaged over the pre-
vious 8 hours, and cannot predict events with better than
an accuracy of =8 hours

The relative levels of steroid conjugates excreted when
several are produced from a single compound. e g,
estradiol {4,9.13), may \ary over time in response to
changes in enterchepatic metabolism and Those factors
that influence 1t This could cause difficulties in monitoring
ovanan function, especially n cross-cultural studies
where diet may vary Theoretically, this problem may be
overcome by employing assay systems capable ot detect-
ng several of the major metabohtes simultaneously In
practice, E,-3-G appears to be as good a predictor of
ovulation as total urinary estrogens, the main advantage
of measuring total estrogens 15 an ncrease m assay
signal

Themit:al clearance of estradiol- 173 from serum is rapid,
but the entire catabolism and excretion process can take
up to 2 days (4,37} Catabolism leads to the production of
aspectrum of estrone, estradiol and estriol glucuromdes,
and sulfates The best assay systems have been developed
for E,-3-G. several hugh affinity, bugh specificity antisera
and monoclonal antibodies are now available (13.17.18.
25,62,63.75,76.82) The imitial rise of E,-3-G levels occurs
an average of 5-6 days prior to ovulation lt can serve as
an excellent marker for the start of the fertile period and
as a good predictor of ovulation

The metabolism of progesterone produces several com
pounds, the most abundant bemgPd-3-G Levels beginto
rise above baseline on the day of ovulation and achieve a
plateau that parallels serum progesterone levels durmg
the mud-luteal phase Alone, Pd-3-G yields an estimate
only for the end of the fertile period However, when used
as a rano with E1-3 G the rapidly changing status of the
follicles and the corpus luteum become more obvious,
the E -3-G Pd-3-G ratio nises with increasing estradiol
production during the follicular phase then declnes
rapidly as the corpus luteum forms, due both to
decreasing estradiol levels and to mcreas:ng progesterone
levels (Figure 1) Since both steroids are released by the
ovary and both undergo enterchepatic metabolism,

progesterone (or Pd-3-G) measurements sers e as internal
corrections for the vanability of estradiol (or E;-3-G)
levels Use of the ratio of steroid concentrations also
eliminates the need to standardize the volume of urine
evaluated. e , the ratio1s Independent of sample volume
These corrections stabilize the data obramned and
emphasize the follicular phase rise in estradiol As a
result, the E--3-G Pd-3-G ratio rises fully 7 days before
ovulation and encompasses the entire preovulatory
fertile period The peak ratio occurs 1-3 days before
ovulation 157}, prior to the ncrease in progesterone This
15 adequate 1o define the period of highest measured
fertihty and to provide a secondary prediction of time of
ovulation

Home Assay Kits. Brown (9,10) 15 developing home
assay kits for urinary Pd-3-G and for E;-3-G for use as an
adiunct to current NFP methods Dhluted urine 1s added
directly to the assay reagents, which include an antisera,
directed against £,-3-G or Pd-3-G, a sterord conjugated
tolysozyme, and a bacteral cell wall preparation Binding
to antibody decreases the activity of the lysozyme 1t
hydrolyzes the ceil walls more slowly In the presence of
urinary steroid metabolite, the steroid-lysozyme 1s free,
and the enzyme hydrolyzes the cell walls ramdly The
rate of clearing (loss of turbidity) of the assay val s
compared 1o that of a vial diluted with water containmg a
“threshold” level of urinary conjugate, 12 mg 24 hr for
Pd-3-G, 15 ug 24 hrforE,-3-G, levels chosen on the basis
of field tnials (9,10) as suthcient to detect or to predict
ovulation, respectively The contents of the vial either
clear more rapidly than the standard or remam turbid
The endpoint has less room for the type of mterpretive
vanation encountered when color changes or graded
colors are used as endpomnts Rather. 1t serves as a
concrete, dichotomous signal to the user either she has
ovulated, or she has not (Pd-3-G}, either she 1s in the
tertile period, or she s not (E,-3 G)

Despite early difficulties with measurements of low levels
due to high assay background, successtul field tests of
self-test kits for Pd-3-G have already been completed
{9.10), widespread testing and eventual apphcation of the
Pd-3G kit await completion of bulk preparation and
packaaing of the reagents

Steroid Assays. Steroids and steroid metabolites are
low molecular weight entities with well known, defined
structures These properties allow more stringency to be
applied to therr quantitation then 1s the case tor the
proteins They can be prepared n large quantities by
means of organic synthetic techruques These well deiined
materials can be mtrinsically labeled with tracer 1sotopes,
chemucally inked to colored, fluorescent or phosphores-
cent labels, or conjugated to enzymes (9,14} They aiso
may be 1solated by simple techniques such as solvent
extraction or chromatography, e g, high performance,
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HPLC, gas hquid, GLC, or thin layer, TLC, chromatog-
raphy Punitied steroids or steroid metabolites can be
assayed by direct chemical techniques that rely for therr
specificity on a reaction at a specihe chemically reactie
groupmg, e g, acid-fluorescence of corticoids, or by
physical chermucal techmiques that rely on detection of
spectfic chemical groupings, e g, mass-spectrometry

These physicochemical assays provide the reference
techniques agamnst which all forms of iImmunoassays of
steroids should be compared Results obtamed with most
established immuneassays for stermds n serum have
been compared to these methods The vast quantities of
steroids i urme have allowed application of these
approaches following hydroly sis of the steroid conugates
{9) The growing importance ot the unhydrolyzed steroid
conjugates as accessible indicators and the variability of
the spectrum of steroids n urine suggests that reference
techriques should also be applied directly to the con-
ugated forms There have been few laboratories and
many fewer mnmvestigator vears appled to exammation of
steroid levels in salva or breast milk [t 1s not surprising
that verificaton of the accuracy and specihcity of the
immunoassays for sterowds in these fluids 15 incompilete
155.72) The job1s complicated by the low levels present
but such venfications are necessary before strict cor-
relations can be made between steroid quantitanions in
serum, saliva, milk, and urine QOther forms of immuno-
assays for monitoring steroxds in any bodily fluid must
also be verified by correlation to reference techmgues
betore they should be applied, especially in heaith care or
self-monitoring programs

The methods for quantifying estradiol or estradiol
metabolites stand the best chance of forming the basis of
predictive schemes that require only mfrequent sampling
Improvements in urinary assays that should be en
couraged entall production and use of hwgh affimity
monaoclonal antibodies and production of broader spec-
trum assays Estradiol measurements in serum serve as a
reterence method in chnical siuanions, on-site applica
nons m the home or mn held studies have not been
developed yet, largely due to the invasiveness ot blood
sampling and to problems inherent 1n assaying low levels
of steroids The still lower quantibes of estradiol in salva
will necessitate production ot even higher atfinty antisera
and or use ot more sensitive endpoints hetore routine
quantitation outside the research laboratory becomes
teasible

Progesterone stands beside LH and estradiol as the most
important marker of ovanan function in the chnical
laboratory, Assays tor Pd 3-G are well developed and
require only a bit more theld testing and final verthcation
by @ nommmunological, direct measurement of the
progesterone conjugate The levels of progesterone
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found in serum, saliva, and milk allow measurement with
methods currently available Implementation of home
test kits for assessment of progestercone in these fluids
stll requires identification ot an optimal reagent system
and assay protocol However, since the assay 1s important
inmonitoring both cyelic ovanan function and pregnancy,
development ot these assays should be encouraged
Further mprovements along these lines will probably
require use of electromic meters to quantify colored or
graded endpomnis Alrernative enhancements include
development of biosensors that couple a redox endpomt
directly to an alphanumernc readout of the assay resuit
These might evaluate salvary progesterone as well as
urinary sterods, LH or hCG

Enzymes, lons, and Sugars

Changes 1n enzyme content and 1onic composition of
cervical mucus, saliva, and breast milk have been re-
ported to comcaide with the different phases of the ovarian
cycle (1,33,49) The enzymes most often cited are
common to many tissues | hey are susceptible to genetic
variation and to alteration of actwities by hormones or
environmental influences The difficulty i fully controlling
these nfluences during the evaluation of the methods
may help explamn the current lack of mterest in pursuing
them as reliable mdices The ease with which they rmught
be measured in home assay systems and their reported
correlations with hormonal markers of ovarian function
n some chinical tests suggest them as alternatives to CM
or urinary sterowds Appropnately controlled field studies
using modern techniques need to be done

Hartmann and Prosser {33) report changes in the com-
position of breast milk {sodium, potassium and chlonde
10ns, and lactose) that occur 5-6 days before the estimated
time of ovulation and again 6-7 days after ovulation Two-
fold increases in the sodium and chloride 1on content of
milk are mirrored by two-fold decreases in the content of
potassium and lactose The changes occur over periods
of 25-42 hours and are absent 1n anovulatory women and
in those using progestational contraceptives These
authors also reported 39 fold increases in salvary
glucose that contrast with 13 fold decreases m milk
glucose occurring at the same time as the 1onic shifts
during ovulatory cycles in lactating women (52) The
salvary glucose increases took place only during the
morning Increases in glucose also occurred in some
nonlactating women just prior to ovulation Further work
on the nfluence of dietary variation and the sourcels) of
the diurnal rhythm of the glucose phenomenon 1s jJustified
since measurement of enzymes, 1ons, or sugars offers
easily accessible alternative markers for ovanan function
in lactating women




Pregnancy

Pregnancy is the final ndex of ovulation but the only
defimtive one For studies exarmining efficacy of contra-
ceptive methods, pregnancy rates are the only endpoint
capable of proving the validity of predictions based on
hormonal or other indirect measurements Early detec-
tion of pregnancy 1s usually accomphshed by mmuno-
assay of hCG, which 15 within the range of assay
detection by 1-3 weeks after conception Pregnancy can
also be indicated by serum, salvary, or urinary measures
of progesterone, which remains elevated and begins
rising beyond the normal hife-span of the corpus luteum
Since these indicators normally fall about 10 days after
ovulation, pregnancies of about 2 weeks' gestation can be
detected Contimued elevation of BBT may also indicate
pregnancy

Two lactogenic hormones can also serve as indicators of
pregnancy Prolactin (PRL) and human placental lactogen
are formed by fetal or placental tissues Their titers rise
smoothly throughout pregnancy in parallel with increases
in placental weight Along with the major placental
estrogen, estriol, they may be used to check the per-
sistence and progress of a pregnancy past 2-4 weeks of
gestation

Prolactin (PRL) in Lactating Women

After parturiton all of the mdicators listed for pregnancy
decline rapidly, except for PRL Prolactin declines slowly
n parallel with frequency and intensity of breast feeding
The decline 1s mirrored by resumption of ovarian cycles,
but whether there i1s any direct causal relationship
remains controversial (29,31,45,64,78) The nverse
correlation between PRL and resumption of ovanan
cycles suggests the importance of measuring PRL when
monitoring lactating women for the return of fecundity
Prolactin does not pass into salva and cannot be assayed
n urine, 1t must be measured in blood or serum

Gross (30) has attacked this problem by using a spring-
loaded finger lance, the Autolet, and a home sampling
scheme mvolving filter paper Drops of blood from the
fingertip are applied to the filter paper and labeled After
drying, they are stored in the refrigerator or mailed to the
laboratory At the laboratory, uniform samples are
punched out of the blood spots and assayed The stability
of PRL, normally a labile protein. i the dried blood
samples has proven encouraging Except for some
samples mailled in hot, damp weather that stimulated
mold growth on the paper, the results suggest lhttle
degradation of PRL during storage of up to 1 week at
room temperature and >3 months under refrigeration
The correlations of >0 95 with prolactin levels measured
directly in serum suggest that further development of this

methodology should be encouraged The use of paper
spots may also allow more ready, inexpenswe, mimmally
Invasive access to other serum hormones such as LH,
estradicl, and progesterone, especialiy if tests like those
on prolactin prove favorable

RECOMMENDATIONS FOR
FUTURE RESEARCH

Technological improvemcnts of the endpomts used n
immunoassays should be encouraged because they
should lead to development of self-tests and will sub-
stantially decrease costs This will be realized both 1n field
collections where sample storage and transportation
costs can be mummized and in clhrucal studies where
laboratory nstrumentation, personnel, and matenals
costs can be reduced Production of dirrect assays,
particularly those based on urine and saliva, which do not
require prior treatment of the sample and do not
necessitate complex separation of antibody-bound
analyte from free analyte should probably be emphasized
Similarly, the use of labels that can be disposed of readily
will dimirush costs, as will the use of simple dedicated
optical reading systems such as microtiter plate readers
and luminometers Development of biosensors with
endpomnts that can be coupled directly to electronic
monitors should also be encouraged Improvements in
techriques for obtaining serum samples will also improve
the quality and quantity of the data that are accessible in
any large field studies Further development and testing
of the use of blood spot approaches therefore seems
warranted Fmally, teaching and support programs as
well as method refinements must be worked out for each
new technological development before its introduction
nto general use

Several areas of investigation of basic biological processes
seem necessary to improve the effectiveness and utihty of
the physiologic and biochermical indicators discussed
First, better estimates of the fertile life-spans of the
gametes within the female tract are needed to delineate
the range, vanability, and timing of the imits of the fertile
period Second, better estimates of spontaneous early
embryonic loss are needed to improve the computation
of method effectiveness Third, further study of lactational
amenorrhea 15 needed to predict and or explamn the
disjunction of biochemical and physwologic indicators
seen during this time and to improve the monitoring of
the return to fecundity during prolonged lactation

This needed research could be faciitated by close
cooperation between laboratory scientists frying to
improve our knowledge of fertility and directors of farmily
planning programs including those promoting NFP who
are In a position to evaluate the acceptance of new
technologies
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RESEARCH FRONTIERS IN FERTILITY REGULATION

DO CONTRACEPTIVE METHODS POSE FETAL RISKS?
. Joe Leigh Simpson, M.D. -

- lu.’j SA‘18 ‘:. -
ywashingien, D.C. 20523 7

That various contraceptive methods pose fetal risks 1s
recewing increasing attention Imhally, a relatonship
between congenital anomalies and oral contraceptives
was claimed, but more recently relationships with other
methods — spermicides, intrauterine devices — have
been claimed

Both teratogenic as well as mutagenic effects have been
alleged Here it may be useful to recall that a teratogen 1s
an exogenous agent (drug, virus, irradiation) that
deletenously affects an embryo otherwise differentiating
nermal, its effect 1s exerted only dunng pregnancy By
contrast, a mutagen deleteriously affects germ cells,
producing mutant genes or chromosomal abnormalities
that can result in anomalies in offspring concewed years
later Principles of teratogenesis and mutagenesis have
been reviewed elsewhere by the author, as have the types

of anomalies that teratogens and mutagens can produce
{75)

Fortunately, we shall be able to conclude that contra-
ceptive methods do not pose substantive fetal nsks In
this review we shall consider for each method the mitial
claams of fetal nisks, followed by evolving scientific
consensus to the contrary (21,73,74 86 ,88)

TERATOGENICITY OF ORAL
CONTRACEPTIVES
General Comments

Oral contraceptives have been implicated as both terato-
gens and mutagens Smmular claims could logically extend
to injectable or implantable progesting {(medroxyproges-
terone, norethisterone) Inreality, thereis no substantive
evidence for contraceptive steroids being mutagenic or
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teratogenic It 1s true that cpriain progestms; namely the
19-nor-testosterone norethisterone and probably nor-
gestrel, can virthze female fetuses when admistered in
high doses at susceptible periods of pregnancy (13,73)
{Norethynodrel does not wirthze humans ) However, the
doses required for wvinhzation (e g, 20-40 mg/day of
norethisterone) are considerably 1n excess of those
present n oral contraceptives unwittingly ingested by
women already pregnant Thus, vinhzation 15 not a
practical considerahon in the present context

It would clearly be desirable to analyze exposures
separately on the basis of progestins only, estrogens
alone, and combined oral contraceptives However, few
if any studies permit such analysis The more typical
experimental design has been to pool outcomes following
exposure to a variety of sex hormones Fortunately, the
necess:ty of pooling exposures 1s not likely to pose
serious probiems because the only estrogen implicated
as a teratogen s diethylstilbestrol (DES) This compound
15 not a compenent in contracephve agents Moreover,
the specific progestin seems ummportant with respect to
type of somatic (non-genital) defects

Samples that have been used to assess the teratogenicity
of progestins include pregnancies charactenzed by 1)
administration of progestins for pregnancy maintenance
(20-40 mg/ day), 2) admimistration of progestins for preg-
nancy diagnosis, based upon presence or absence of
withdrawal uterine bleeding following 5 days of moderately
high doses (10-20 mg day), and 3) madvertent progestin
exposure {1 mg'day) duringunrecogrized gestation, as a
result of continued oral contraceptive ngestion

Although the first two indications are no longer appro-

eCopyrigcht PARFR 1985



priate, one can retrospectively 1dentify populations of
tetuses exposed when those indications were vahd Table
1 summarizes some especially informative cohorts, with
others cited elsewhere (73,74}

Cardiac Anomalies

Studies Claiming Teratogenic Effects. The somatic
anomaly most often alleged to be teratogenic as a result
of progestins involves the heart That progestins could be
cardiac teratogens was initizally claimed by Levy et al {13)
i1 1973 Inacase-control study, 7 of 76 mothers delivered
of infants with transposition of the great vessels recewved
“hormones” in the first trimester Significantly fewer
(0 76) controls were exposed (p<Z0 007) Nora and Nora
later claimed similar findings in a senes of overlapping
studies that were imtally retrospective but later more
prospective in design In one case-control study (54}, 20
of 224 mothers giving birth to infants with cardiac defects
recollected receiving an estrogen progestin compound,
compared to only 4 6 262 controls (p<<0 001) Norathen
began a prospective study (56} After no significant
differences were observed between the first 60 mothers
and their controls, a second study was conducted with 2
controls per subject In the second study, 31 of 176
mothers with affected offspring recewved hormones,
compared to only 21 of 352 control mothers (p<0 G01)
Although labelled as prospective, exposure interval was
not well defined, and conirols were nat selected In
prospective fastnon At time of dehvery of exposed
women, a “control infant without exposure [was]
selected " Recall and memory bases mvahdate this
approach

Similar criticisms can be levelled at the Israel study of
Harlap et al (25) This study was potentially marked by
recaill and memory biases because mterviews were
conducted months after exposure A shght increase in
major anomalies was observed among women exposed
to “hormones,” however, no increase was observed
when analysis was restricted to cardiac anomabes alone

Case-control studies by several other groups have also
revealed significantly positive correlations, but agam
recall bias 1s hkely Janerich et al (30} ident:fied infants
with cardiac defects through birth certificates Of 104
mothers of affected infants, 18 women recewed hor-
mones, iIn 16 women, the hormones were prescribed for
pregnancy diagnosis, and 2 women nadvertently used
contraceptives Significantly fewer controls reported
exposure Cardiac anomales were also among the
anomalies said to be responsible tor the findings by
Greenberget al (22)of arelationship between progestins
and generalized anomaly rates

The major impetus tor claims of teratogenicity was the
prospective U § Collaborative Perinatal Project (26,27),

2

a study whose orngmnal conclusions with respect to
progestins have recently been mvalidated Of 1,042
offspring said to have been exposed to “sex hormones”
during their gestation, 19 had cardiac defects (1 82%.). 385
of 49,240 (0 78".) unexposed offspring were affected
irelative nisk 2 3, p<<0 05) There were too few cases to
permit analysis by specific harmones, howeter, exposure
to progestins only had a lower but still sigmihcantly
mncreased relative nisk (1 8, p<<005) Interestingly, con-
tinued contraceptive use during the second and third
lunar months was associated with a relative nisk of 2 4,
yet exposure 1o progestogens only in the same mterval
was assoclated with a nisk of 15 and exposure to
estrogens only with a nsk of 1 4

In 1984 Wisermnan and Dodds-Srruth (87) reevaluated the
US Collaborative Perinatal Project, presenting new
data that mvalidated the previous canclusions Of the 19
progestin-associated “cardiac defects.” reanalysis re-
vealed that 2 represented coding errors. no progestogen
exposure ever occurred Two (2) other itants with
cardiac defects had trisomy 21, the aneuplody and not
the progestins surely causing the cardiac defect Two
more were exposed during the first lunar month How-
ever, the first lunar month includes the two weeks before
conception and the two weeks after During this interval
(all or-none period), anomalies cannot ordinanly be
produced Five (5) other infants were not exposed until
after cardiac embryogenesis was complete (42 days
embryogenesis) Thus, only 8 of the 19 cardiac defects
could not plausibly have been caused by progestogen
teratogenicity The conclusions of Hemnonen et al {26.27)
should now be considered disproved

Other Studies Not Confirming Teratogenicity. In
contrast to most of the studies cited above. other case-
control reports (10,52,63.67 90) have reached contrary
conclusions Of greatest importance are the many
prospective studies that found no evidence for progesting
being cardiac teratogens Table 1 summarizes repre
sentative findings 1 larger, more recent studies Other
smaller cohorts can also be cited, again none showing
delererious effects {58,60.65,77 85)

InFrance.Spiraetal (79) followed 20,000 French women
throughout pregnancy Almost half (9.566) receved
hormones, usually for pregnancy diagnosis or pregnancy
mamtenance |he anomaly rate amongexposed subjects
did not differ from thatin the unexposed group Inalater
tabulation of the same population {12,764 women) by
Gouvjard and Rumeau-Rouquette { 19), cardiac anomalies
proved not significantly more frequent in exposed (437,)
than unexposed (41'.} mothers

In Sweden, Kullander and Kallen (37) followed 6,379
pregnancies, from which 194 mothers had abnormal
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progestogens had anomalous

ntants

Wiseman and Dodds Smith

1871 later shuwed that 11 ot the

19 cardiac cases couid not
plausibly have been caused by
hormonal eaposure (2 cases
never exposed 2 cases
trisomy, 21 2 exposed only
during tirst lunar month 5
exposed onl, dunng fourth
lunar month)

Torfs et al (83}

Owver 18 000 women, of whom
203 had ‘hormonal pregnancy
tests’ (United States)

689 with serum pregnancy
tests 332 with urine
pregnancy tests 17 007 with
no pYeanaIney tests

920334}

30 6lvddn
943227 4
650 17047438

No sigmiticant differences
amonyg groups

Goward et al 120}

3451 women, ot whom 133
used progestins {France)

3 318 nonexposed

5133138

T6 3318123 )

Four of the 5 anomalies
occurred in subset ot 35
women exposed to

testosterone dernatives

Savolainen et al (70)

3002 mothers ot maltormed
mfants of whom 38 concewed
while recenng 'pills

(Finland)

3,002 matched controls

Anomaly rates similar in
sample and control botn tor
previous and lor

concurrent contraceptive
usage

Michaels et al 147}

In 13,643 pregnancies about
10" of women tecened
hormones tor pregnancy
diagnos:s ar support

{West Germany)

Matched controls within same

populatin who were not
exposed

4 32011 3 Vin progesterone

expasures 11 610(18 )in

cases ewposed 10 progesterone

and estradhol

No sigrutican ditterence
hetween exposed cases and
thetr unexposed matched
contralg

Table 1 Prospective studies evaluating effects of progestin exposure during pregnancy The clear consensus is that progestins in the

doses receved were not teratogenic


http:anima.es

infants Of the 194, only 5 (2 5%) were exposed to
progestogens, 2 0" of controls (normal infants) were
exposed In Great Britain (69). anomaly rates were 1 5':
among 136 pregnancies in women exposed to oral
contraceptives, 1 6% among 11,009 women never using
oral contraceptives, and 16'% among 5530 women
discontinuing oral contraceptives prior to pregnancy

Other cohort studies failling to show an association were
those of Toris et al (83). Vessey et al (85), Savolainen et
al (70), Michaelis et al (47}, and Resseguie et al (62)
{Table 1)

Several other studies deserve special comment One s
that of Nishumura et al (53), who detected no cardiac
anomalies in 108 microdissected embryos exposed to
hormones Several controls had cardiac defects A
second 15 a case-control study of Katz et al (35) Both
subjects and controls were women presenting with
vaginal bleeding Anomalies were not increased in those
women exposed to progestogens This study takes into
account the confounding vanable of bleeding, beheved by
some but not most investigators to bear an association
with anomabes

Conclusion. In view of the consensus that progestins
are not cardiac teratogens, 1t 1s worth reconsidering why
a minonty of studies arrved at ostensibly contradictory
conclusions Unavoidable statistical vicissitudes and
differing genetic susceptibilibies could explain some
discrepancies However, methodological shortcomings
furmsh the predommant explanations for those studies
purporting to show positive associations between pro-
gestins and cardiac defects

First, 1t 1s axiomatnc that recall biases are inherent in all
retrospective {case-control} studies Investigations of
Janerich etal (30), Levyetal (43), and the Noras {54,56)
all potentially suffer from this bias

Second, prior pregnancy outcome was rarely, if ever,
taken into account In fact, the birth of one child with a
cardac defect confers an increased risk (1-4":} in sub-
sequent pregnancies (75) The increased risk might even
pass unrecognized if a cardiac defect had caused an
mfant to be stiliborn Even more relevant 1s that occur-
rence of a stillborn infant in a previous pregnancy could
tempt some obstetricians to administer hormones
empincaiiy

Third, reasons for attemptmg to mamntain pregnancies,
often the reason for administering progestins, were not
sought

Fourth, hormones could have been admnistered in
pregnancies already manifesting problems (e g , bleeding)
indicative of underlying defects Indeed, Matsunaga and
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Shioto {45) beheve that not progestins, but rather the
bleeding tor which progestins were administered was
responsible tor cardiac defects

Fifth, few studies restrict analysis to the nverval in
embryogenesis during which exposure could produce
cardiac defects A good example of this tallacy1sthe U S
Collaborative Permatal Project {26.27), already cited In
that study the entire first 4 lunar months were considered
to be that interval during which exposure could have
produced anomales

We can thus conclude that not only do maost retrospective
and almost all prospective studies fal to support the
hypothesis that progestins are cardiac teratogens. but
serious methodological flaws also exist in the few reports
claiming positive assoclations The magnitude of the
observed ditferences mm the tew positive case-control
studies seems consistent with recall biases, and the few
prospective studies claming effects are marred by
methodological shortcomings The logical conclusion 1s
that progestins are not cardiac ieratogens

Hypospadias

In 1971, Aarskog (1} claimed that progestins and
medroxyprogesterone in particular cause penile or peri-
neoscrotal hypospadias Aarskog's data {1} were un-
controlled, but two other studies later supported his
hypothesis A Latin American case-control study (51)
showed a relative rnisk of 2 4 for hypospadias being
assoclated with progestin exposure Of 314 cases, 24
(7 6%) were exposed to one of the various progestins, 12
of 319 controls (3 8°0) {p<<0 05) were exposed However,
detalls concerning the time of exposures were not
available A second study, from Hungary, reported that
28 of 294 mothers delivered of males with hypospadias
received sex hormones, compared to 12 of an unspecified
number of controls (15} This difference was said to be
significant, however, controls may not have been well
matched, and a high prevalence of hypospadias in the
proband’s male relatives suggests selection bias

In contrast to these two case-control studies, better-
designed studies failed to show an association between
hypospadias and medroxyprogesterone or progestins
(5,10,81} Moreover, not a single prospective study
(Table 1) has shown a relationship between progestins
and hypospadias

In conclusion, progestins seem unlikely to adversely
affect male genital development
Limb Reduction Deformities

Shortening or absence of a imb, finger, or a toe (hmb
reduction defects) was alleged to be associated with




progestin exposure Janerich et al (32) reported that 15
of 108 women with an affected infant received hormones
{inadvertent oral contraceptive exposure, hormone preg-
nancy test, or hormones for pregnancy maimntenance)
Only 4 of 108 controls were exposed (p<<0 05} Greenberg
et al {(22) claimed an overall increase 1n anomalies
following progestin exposure, apparentiy contributed 1n
part by imb reduction defects However, these studies
mwite invalidation because of recall bias Interviews were
conducted long after birth In the study of Janerich et a
{32) some exposures may aiso have occurred durng the
all-or-none period

By contrast, other case-control investigations failed to
show an association between limb reductions and
maternal hormonal exposure Bracken et al (10) showed
no statistically significant association, and Qakley et al
(57) failed to observe a relationship in an especially well-
constructed case-control study Controls in the latter
study inciuded women delvered of offspringwith chromo-
somal abnormalities, a design presumably obuiating
recall biases

No prospective studies have found an association ( Table
1} Strengthening the value of prospective studies 1s that
missing digits or severe hmb shorteming should be
obvious to even the casual observer Fnally, Nishimura
et al (53) falled to observe hmb reduction deformities in
their microdissection of 108 embryos recovered from
progestin-exposed mothers

In conclusion, the well publicized report of Janernich et al
{31} has been followed by a variety of studies failing to
confirm a relationship between progestin exposure and
Iimb reduction defects This reassurance 1s enhanced by
its being derived in part from studies in which exposure
levels were much hugher than those expected with oral
contraceptives More recently (31), Janerich himself has
modified his earlier opinion

Neural Tube Defects (NTD)

Neural tube defects (anencephaly, spina bifida, encepha-
locele and other rarer defects) were once claimed to be
assoclated with hormone exposure However, the claim
15 now almost completely discounted

Using a case-control design. Gal et al {18) reported that
19 of 100 women delhwvered of infants with myelome-
ningocele or hydrocephalus received hormones (estradiol
plus ethisterone or norethisterone) for pregnancy diag-
nosis, only 4 of 100 controls recalled hormone exposure
{p<<0 01) Unfortunately ignored in this study was prior
pregnancy history This 15 especially relevant in the
United Kingdom, where NTD recurrence risk 1s 5% for
first-degree relatives [ikew:se not considered was the
stage of embryogenesis at which exposure occurred The

neural tube closes at 28 embryogenic days, earlier than
attempts to diagnose pregnancy are usually made and,
hence, earlier than hormones would ordinarily have been
administered for pregnancy diagnosis A second study
showing a possible relationship to NTD was that of
Greenberget al (22) The anomaly rate 1n the hormone-
exposed group was increased, with 25 of 93 malformed
infants showingNTD However, thus study s of uncertain
validity because only a small and hence possibly un-
representative proportion of eligible subjects participated

Other case-control studies showed no association be-
tween NTD and progestins Illustrative 1s the Umited
Kingdom study of Laurence et al (39}, who showed no
significant increase 1n a sample much larger than that of
Gal etal (18) Anorher large negative case-control study
15 that of Bracken et al (10) Furthermore, not a single
prospective study showed an association between
progestins and NTD There were no NTDs in 108
progestm-exposed embryos microdissected by Nishimura
et al (53)

The hypothesis that progestns cause NTDs thus cur-
rently receives no support

Other Anomalies

A final consideration 1s whether a generalized (non-
specific} increase m anomalies occurs after exposure to
oral contraceptives Evaluatmg an overall increase in
anomaly rates 1s hazardous because of the etiologic
heterogeneity inherent in pooling different anomalies
Moreover, it 15 unhkely that a generalized increase would
exist without at least one organ system subsequently
being identified as primarily responsible

Nonetheless, an excess m anomaly rates of nonspecific
type has been claimed following oral contraceptive
exposures One case-control study clarming an associa-
tion 15 that of Greenberg et al (22), whose vahdity we
have already questioned because so few eligihle subjects
participated By contrast, no significant associations
were found in large case-control studies of Bracken et al
(10} and Oakley et ai (57} The frequency of anomalies
was also not increased in 541 “pill-fallure” pregnancies
pooled by Harlap and Eldor (24)

Only 2 of 17 prospective studies showed any possible
association Oneisthe previously cited U S Collaborative
Permatal Project (26,27) There existed a significant
assoclation with “hormones, hormone antagonists, and
contraceptives,” but not with “progestational agents”
alone A second study s that of Harlap et al (25), who
showed a small ncreased relative rsk  All other prospec-
tive studies failed to show any generalized increase (see

Table 1)

We conclude that progestins do not cause a generalized
increase In anomahes



VACTERL Complex

VACTERL 15 an acronym referring to the complex of
vertebral, anal, cardiac, trachecesophageal. renal and
himb anomales Defects mvolving any 3 of the 7 organ
systems are said to justify the diagnosis

Noraetal (55) reported significantly increased frequency
ot progestin exposure n 30 VACTERL probands (11
exposurest, compared to 60 controls (5 exposures)
However, the sample size 1s small, and recall bias would
surely be amplfied in mothers whose imfants had multiple
melformations Moreover, knowledge of the purported
relationship to progestin exposure may have tempted
referring physicians to diagnose the VACTERL associa-
non Even more importantly, we have aiready refuted
indmadually the clams of cardiac and mb reduction
components of VACTERL Other case-control studies
failed to reveal a significant relationship between progestin
exposure and other VACTERL components, such as
esophageal atresia (16) In prospectwe studies, invest:
gators have specifically sought and falled to observe the
VACTERL complex A further vanant, hkewise not
substantiated, 15 the claim by Lorber et al (d4) for an
“EFESSES syndrome” {embryo-fetal exogenous sex
sterowd exposure syndrome). charactenized by various
dysmorphic features

MUTAGENICITY OF ORAL CONTRACEPTIVES

In addition to direct effects on the developing embryo
(teratogenesis), oral contraceptives have been sad to
induce mutations in mdivmidual germ cells Induction ot
both gene mutations and chromosomal abnormahties
have been claimed

Gene Mutations

Whether progestins or estrogens result in mutations
responsible for mendehan or polygenic disorders should
ideally be assessed locus by locus, for mutability almost
certainly varies However, this proves mathematically
impassible, given baseline mutation rates of 103 to
10-¢/locus, gamete: generation (75) One must be content
to cormpare overall anomaly rates in women exposed and
women not exposed to hormones [n fact, studies usually
pool anomalies of mendelan, polygenic, chromosomal,
and environmental etiology This approach 1s obviously
iess than ideal

Offspring of over 20.000 women who used oral contra-
ceptives prior to conception have been studied {3 .64,68 69,
84 85 88} Thereis noevidence for any increased anomaly
rates Other data in support of safety of oral contra-
ceptives can be cited National surveillance reports
record no increase in any mendelian disorder after the
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intreduction of oral contraceptives, and there 1s also no
alteration m sex ratio The latter 1s significant because
nduction of lethal X-hnked recessive mutations would
decrease the proportion of hveborn males Mutations at
any X-linked loct would contribute to an altered sex ratio
Moreover, such an observanon would have general
apphcability because agents mducing X-linked mutations
would surely also induce autosomal mutathions In
aggregate, the large cohort studies cited above provide
no evidence of an altered sex ratio, contradicting a
imited number of studies of much smaller sample size

Finally. neither progestins nor estrogens are representa-
tive of those classes of compounds known to be
mutagens For example. progestins do not vield mutations
in the Ames test (38) That progestins do not induce
mutations in germ cells causing anomahes offers re-
assurance, ncidentally, against mutagenic effects in
somatic cells, causing cancer later in life

Numerical Chromosomal Abnormalithes

That prior hormonal exposure could induce chromo
somal abnormalities 1s not an unreasonable hypothesis
Qocytes remaining in dictyotene of meiosis [ until ovula-
tion might complete meiosts siuggishly as a result of
hormone exposure. resulting in abnormalities that would
be chromosomal

Initial concerns were generated by Carr {12), who
reported an increase in chromosomally abnormal abor-
tuses among women previously using oral contraceptives
In such women, 48" of abortuses were chromosomally
abnormal, only 22°. ot controls were abnormal Most ot
the excess was due to polyploidy However, these
observations were not contirmed in several later studies
Boue and Boue (91 reported 66", abnormal complements
(16% polyplowdy) among 243 previous contraceptive
users, compared to 63% (18°% polyplody) among 604
controls Launtsen {40) found a shght excess in those
women previously using oral contraceptives (61 v
49“,) However, even this msignificant increase was due
to monosomy X and structural abnormalities. and not
polyplody as Carr (12} had reported Albermanet al (2)
observed 32% abnormalibies 11524 prior users, compared
to 26% n 428 controls Dhardial et al (17) found
differences of a similar, but again msignificant, magrutude
In induced abortuses, Klinger et al (36} noted an
insignificantly higher frequency n prior contraceptive
users {1}, compared to controls (0 5%.)

Fallure to confirm Carr's imifial findings (12) 1s especially
noteworthy because either of two biases might spuriously
yield increased abnormality rates in exposed groups
First, unrecognized induced abortuses are more likely to
be included madvertently among controls than among
women stopping contraception m aorder to achieve




pregnancy Indeed, surreptiiousillicit abortions furnish a
hkely explanation for the unusually low (22%) frequency
of chromosomally abnormal abortuses in Carr's controls
{12) Second, ovulation may be delayed immed:ately after
contraception 1s discontinued This delay will produce
pregnancies of less advanced gestation than those of
controls, who are more likely to have normal cycles
Because the frequency of chromosomal abnormalities 1s
inversely related to gestational age, unrecognized earher
gestation would lead to ostensibly higher abnormality
rates among prior contraceptive users

We can cite yet other data suggesting that oral contra-
ceptives do not cause erther numencal or structural
chromosomal abnormalities If prior contraceptive use
leads to chromosomal abnormalities, we would expect
the following conditions

1) The frequency of spontaneous abortions should
increase after hormonal discontinuation because 50-60%
of first-tnimester abortuses show cytogenetic abnor-
malities To the contrary, pooled data from several large
prospective studies show no increase n abortion rates

(88)

2} An increased frequency of hveborns with Down
syndrome should be evident because trisomy m both
abortuses and liveborns 1s presumably caused by the
same cytologic mechamsm (nondisjuction) Neither case-
control nor prospective studies have shown any increase

3)Anincrease m liveborns with cytogeneuc abnormalities
would be reflected by a generalized increase in anomalies
following cessation or oral contraceptives, a possibility
not confirmed (3,64 ,69,85,88)

Worth noting as well 1s that several in vttro studies have
clamed increased chromosomal breakage in lymphocytes
of contraceptive users (8,29.46) This raised the possibility
that progestins or estrogens could be clastogenic and
lead to lwveborns with structural chromosomal abnor-
mahties However, breakage studies are notoriously
hazardous without ngorous “blind” analysis Confound-
ng experimental varables are also legend

In conclusion, concern generated by observations of an
apparent excess of polyploid abortuses following cessa-
tion of oral contraceptives has abated The consensus s
that progestins do not predispose to chromosomally
abnormal abortuses

INJECTABLE AND IMPLANTABLE
PROGESTINS

Few data specifically applicable to injectable 1mplantable
progestins exist The injectable and mplantable pro-
gestins (medroxyprogesterone, norethisterone) are the
same compounds already considered in our discussion of

oral contraceptives {73} Mareover, maternal serum
hormone levels are usually lower with imectables and
implantables (73} Thus, conc.usions drawn earlier in this
report are appropriate here

One study providing data specific for njectable agents
was conducted in Thaland (89) Between 1975 and 1978,
190 of 8,816 infants born in Chiang Ma) were anomalous
The mothers of the 190 infants used medroxyproges-
terone in the same proportion as mothers of the 8,626
normal infants, but whether any fetuses were exposed
during gestation 1s not known Even fewer direct data
exist concerning injectables or implantable norethisterone
or norgestre}, but similarly no direct clams of terato-
genicity or mutagenicity exist

TERATOGENICITY OF INTRAUTERINE
DEVICES (1UD)

That mtrauterme devices could cause congemtal mal-
formations was proposed n 1976 by Barrie (7), who
reported two infants with hmb reduction defects whose
mothers were wearing [lUDs at conception Bothdevices
(one Grafenberg ring, one probable Dalkon Shield) had
remamed in situ throughout pregnancy, and both infants
showed the same type of imb reduction defects (upper
and lower extremities) Leighton et al (42) added a
further case associated with a copper-containing [UD

Hypothesizing that mb reduction defects result from a
coexisting IUD 15 not unreasonable Presumably the
mechamsm would be related 1o direct mechanical action
Moreover, at least one ammal study (6) 1s consistent with
ateratogenic relationship Fetuses bornofrats wearinga
Silastic device showed increased anomaly rates compared
to ammals without devices However, further reflection
recalls that an IUD would need to penetrate both chorion
and amnion in order to exert a direct mechanical action
on the early embryo Infections could arise, but the likely
outcome of infection in early pregnancy is abortion Even
if the developing pregnancy envelops the IUD later in
gestation, hmb reduction defects would not seem par-
ticularly likely to anse Indeed, ammiotic bands and therr
sequelae would be a more plausible outcome

Longitudinal studies of pregnancies conceived despite a
coexisting [UD have later confirmed that [UDs are not
teratogenic Tatum et al (82) evaluated the outcome of
918 women concewing while wearing a Copper T device
After excluding the 465 who chose elective abortion,
abortion rates and anomaly rates were assessed The
spontanecus abortion rate was 20 3% (24/118) with the
device removed or expelled and 54 1% (85, 157) with the
device in situ The stillbirth rate was 0 9% with removal
and 19% without removal However, only 1 anomaly
{vocal cord fibroma) was observed among 166 embryos
that developed to the stage at which anomalies could be
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detected Albert {4) also faled to observe increased
anomales 1n women conceving with copper devices
Snowden (78) reported no anomalies in 317 pregnancies
concewved in the Unmited Kingdom with IUDs (20 centers,
25000 msertions) Guillebaud {23} surveyed 20,684 n
sertions and 714 pregnancies There were 5 anomalies
among 167 tull-term infants whose mothers had an [UD i
situ throughout pregnancy All 5 anomales were dis-
similar (bald spot, eyelid ptosis, lipoid tumor, congenital
hip dislocation, spina bifida} In at least four other studies,
invesiigators have also faled to detect an association
between IUDs and anomales (50,59,80,85)

Because numbers ot exposed subjects are inevitably
small in longitudinal studies, case-control designs have
also been utihzed Layde et al (41) conducted a case-
control study of 96 mothers delivered of infants with mb
reduction defects There existed no sigmificant increase
in [UD usage at tme of conception The exposure
frequency was 2 1" (2 96) in the mb reduction group,
16" ({15 915} n mothers of infants with all other major
anomales, and 1 2% {1 169) in mothers of infants with
chromosomal abnormalities (The latter group served as
an “anomaly group” 1o obwviate recall bias )

A second case-control study 1s that of Bracken and Vita
{11}, who studied malformed and control infants n
Connecticut Of 2,191 anomalous infants, 1.417 mothers
were interviewed, 3,001 controls were identified Contra-
ceptive usage of all types was assessed The only
significant association among 154 categories was that
between multiple malformations and IUD usage, how-
ever, only 2 mothers wearing IUDs (1 e , numerator of 2)
at conception were 1n this category

In conclusion, preanancies in women wearing an [lUD are
known to be associated with increased trequencies ot
ectopic pregnancy and spontaneocus abortions However,
there 1s no increased frequency of anomalies

MUTAGENICITY AND TERATOGENICITY
OF VAGINAL SPERMICIDES

A relationship between vagmal spermicides and con-
genital anomalies has been claimed Indeed, both
mutagenic and teratogenic effects are possible

A teratogenic effect 1s actually not particularly plausible
hecause women concerving while using spermicides will
prebably appreciate therr pregnancy and stop using
contraception Early use, such as until the “missed”
menses, would generally result only 1n exposures during
the “all-or-none” period, an event not likely to result mn
anomales Of course, a few women mught fail to recognize
pregnancies until several months later Maternal storage
of alcohol, mercury, nonexynol and other spermucidal
agents 15 also a formal consideration

]

In 1981 Jick et al {34) were the first to claim an
association between spermicides and anomalies This
well-publicized report involved a study of prescriptions
tilled by participants in a health maintenance orgamzation
n Seattle Of 4,772 pregnant women, 790 (17"} filled
prescriptions for spermicidal contraceptives Among
4 665 liveborns were 83 anomalous infants Eighteen {18)
of the B4 infants were excluded because their defects
were “familial, minor, or positional " Of the remaining 66,
the frequency of spermucide prescription was 2 2%,
compared to only 1 0w in the remaining women An
excess of “exposed” cases existed n four groups hmb
reduction detects, neopiasms, chromosomal abnor-
mahties, and hypospadias

Studses like that of Jick et al (34) are never intended to do
other than generate hypotheses, which in this case was
certanly accomplshed Most glaring among the deh-
ciencies of experimental design s lack ot verification that
ostensibly exposed women even used the spermicides,
especially during the cycle ot conception or early preg-
nancy Nonetheless, two other reports also claimed a
relationship between spermicidal usage and anomalous
liveborns Smith et al (76) observed an association
between limb reduction defects and spermicides Roth-
man {66} found increased spermicidal exposure in Down
syndrome mfants having cardiac defects, compared to
normal controls However. spermicide use was not
increased in mothers of infants who had cardiac defects
for reasons other than Down syndrome Thus, Rothman's
conclusions (66) are probably invalidated by recall bias

In contrast to the above reports are at least seven studies
taling to show such an effect (11,14,28,48,49.,61,72)
Several are well designed We have already described the
study of Bracken and Vita (11), which showed no
assoclation between anomahes and spermicide use A
second noteworthy study s the review by Shapiro et al of
the US Collaborative Perinatal Project data (721, a
sample also described earlier In that sample, 462 women
used spermicides other than phenylmercuric acetate
Usually the active compounds were nonosynol-9 (74")
or octoxynol (18%) These 462 women used spermicides
during the first 4 lunar months, with 438 also reporting
use durmg the month preceding the last menstrual
period Thus, both mutagenic and teratogenic eftects
were possible The 462 exposed women were delivered of
23 anomalous offspring (5%), compared to 2,254 anoma-
hes among 49,825 nonexposed controls (4 5%) The
difference 1s not sigmificant. nor was 1t when anomaiies
were grouped according to those claimed significant by
Jick et al (34) Down syndrome, hypospadias, and mb
reduction defects Negative tindings were also observed
when analysis was restricted to women exposed only to
phenylmercuric acetate

Polednak et al (61) used the case-control approach to




assess those anomalies implicated by Jick et al (34) The
relative nsks were 0 43 for hmb reduc ion defects (=108},
1 10for hypospadias {n=99), and 1 17 for Down syndrome
{n=103) No significant differences were observed as well
for neural tube defects (n=201), cardiovascular defects,
or “multiple defects ”

Anmportant search for deleterious effects of spermicides
has been made by Mills and colleagues (48.49) In the
most extensive study (49), a case-control design was
used to evaluate 34,660 women Of these, 3,146 had used
spermicides before but not after therr last menstrual
period. 2,282 used spermicides only after ther jast
menstrual period Confounding vanables and other contra-
ceptive usages were documented, and analysis by time of
exposure (before or after last menstrual period) was
conducted No significant differences between controls
and users of spermicides were noted for 157 types of
malformations, for infants with 3 or more anomalies or for
specific patterns of anomalies Mills et al also noted no
change n the sex ratio following spermicidal exposure,
offening reassurance concerning lethat X-inked recessive
mutations and thus lethal mutations in general (49)

A few other fetal eftects of spermicides have been
claimed, but again none has been confirmed Two studies
(33,71) found an increase 1n fetal losses, but this was
lkewise not confirmed by Mills et al (49) A significant
reductionin female (but not male) birth weight was found
by Polednak et al {61) but again not by others (49)

In conclusion, a clear scientific consensus exists that
vaginal spermicides are not associated with increased
malformations This apples both to offspring of women
who become pregnant while using these agents as well as
to those who discontinue usage prior to pregnancy

BARRIER AND OTHER METHODS

For barner methods, there have been few iIf any serious
claims of a relationship to anomalies Indeed, postulating
a relationship between anomahes and diaphragm or
condom usage seems almost frivolous Nonetheless, 1t 1s
worth referencing one study that assessed and falled to
observe anassociation The case-control study of Bracken
and Vita (11} found no associations between anomalies
and any of these contraceptive methods

Rhythm (natural family planning) poses no maternal risks
and few direct fetal nsks However, the method could
indirectly lead to fetal abnormahties as a result of delayed
fertilization — fertihlzation of a monbund yet still viable
ovum This complicated and poorly studied topic 1s
reviewed elsewhere by the author (74)

CONCLUSION

Pregnancies resulting from contraceptive faillures — oral
coniraceptives, intrauterme devices, spermmcides, or
barrier methods — do not appear to be at increased nsk
for congemital anomalies A similar conclusion apphes to
pregnancies occurring after discontinuation of the
methods Thus, neither mutagenic nor teratogenic risks
exist Earler studies claiming deleterious effects can now
be refuted by more numerous and better designed
studies showing no such effects
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