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Pelvic inflammatory disease (PID) is a major medical 
problem worldwide Its treatment and sequelae absorb a 
significant part of the health resources of many countries 
(33) The term PID refers either to an acute or achronic 
inflammatory response involving the upper female genital 
tract (endomyometrium, tubes, ovaries, and supporting 
structures) The term is nonspecific and the condition 
may result from a variety of infections in a variety of 
organs, e g gonococcal salpingitis, chlamydial para-
metritis, and bacteroides tubo-ovarian or pelvic an-
scesses Unless otherwise indicated, 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-abdommal infection, in most cases, 
infectious PID is considered a sexually derived disease 
(SDD) resulting from seAually transmitted pathogens 
(STP) (46) PID israrely diagnosed in womenwho do not 
engage in heterosexual vaginal intercourse The patho-
genic micro-organisms responsible for PID are not always 
transmtted from the women's partner, however, they 
may be part of the resident flora of her lower genital tract, 
and they may not become pathogenic until they gain 
access to her upper genital tract (41) 

There are no uniformly accepted criteria for the diagnosis 
of PID and there is a significant degree of imprecision 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 ahospital 

and operated upon with this diagnosis (17) Forty-one 
years later, Jacobsen and Westrom reported a similar 
rate of correct diagnosis (65°o1 of acute salpingitis, com
pared with the findings at laparoscopy (34) 

INCIDENCE 

According to Westrom, the annual incidence of PID in 
modern Western society is estimated to be 100 among 
women aged 15 to 34 (88) In the high risk age group, 15 
to 24, the annual incidence is 2% In the United States, 
the annual incidence of PID is at least 2'. among tecund, 
sexually active women aged 13 to 44 

There is no national reporting system for PID in the 
United States From a sampie of discharge records at 
7900 short-stay civilian hospitals, there were an esti
mated average of 213,000 hospitalizations for PID per 
year from 1970 to 1975 (36) PID was the primary diag
nosis in 65'. and the secondary diagnosis in the other 35% 
of cases Hysterectomies were performed in 23% of the 
women admitted in whom PID was the principal diagno
sis 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 
I in every 100 hospital admissions was for PID (74) 

fBased on the National Ambulatory Medical Care Survey 
for the perod 1973 to 1977,there were about 189 mllion 
patient visits for PID per year to office-based private 
practicing physicians (73) An estimated one half million 
physician-hours were required to see and treat these 
patients One of every 17 of these office visits resulted in 
hospital admission, accounting for about 55" of all hospi
tal admissions for PID during 1973 to 1977 In addition, 
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there were an estimated 680,000 patient visits to clinics 
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 year 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 million (10) This figure 
does not include the costs of treating infertility problems 
resulting from PID There isno 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, 
infertility, and chronic pelvic pain Westrom reported a 
greater than 6-fold higher rate of ectopic pregnancy and 
nearly a 4-fold higher 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 women who had acute PID became pregnant, com-
pared to960 of the control group Ina later studybythe 
same group of investigators (75), infertility rates among 
women with laparoscopically verified 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 risk of infertility following 
acute PID, since the studies included only women with 
clinically evident disease who were treated medically, it is 
probable that many cases of PID are subclnical 

CAUSATIVE AGENTS 


The microbiology of the female genital tract isextraordi-
narily complex and knowledge of it is limited by the 
microbiological methods available at present This sub 
ject has aptly been described as a microbiologist's night 
mare (13) Despite the significant advances in microbi-
ological techniques that have been made during the past 
10 to 15 years, an accurate understanding of the microbi 
ology of PID is only beginning to emerge 

It is now recognized that Neisseria gonorrhoeae, Chia 
mydia trachomatis, Mycoplasma hominis and a variety 
of other aerobic and anaerobic micro-organisms are 
causal in most cases of upper genital 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, including the prevalence of each organ-

ism in a given population, the state of health of each 
woman, and her prior disease history Until recently, it 
was thought that N gonorrhoeae initiated infection in 
nearly all cases of PID Studies performed over the past 
15 years have dispelled this notion, howe er, and the 
importance of other micro organisms in the etiology of 
PID is now commonly acknowledged (9, 16) 

Inthe United States, gonorrheal infections are associated 
with 30', to 80',of the PID cases, and 10% to 17°0 of the 
women with gonorrhea subsequently develop clinically 
diagnosed PID (31) Epidemiologic studies from other 
countries do not always agree on the relative importance 
of gonorrhea and other sexually transmitted pathogenic 
organisms in the development of PID 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 in 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 infec 
tions alone cannot be relied upon to materially decrease 
the prevalence of PID 

Our understanding of the bacterial pathogenesis of PID 
has improved with the advent of reliable methods for the 
growth and identification of anaerobic bacteria (41) 
Some of the major microbiological advances of the past 
decade have included a rapid tissue culture method for 
the diagnosis of Chlomydia trocooris (26) and a 
microimmunofluorescent technique to identify C rro 
chomatis antibodies in sera (85) Unfortunately, these 
techniques are not uniformly available to clinicians, and 
the importance of C trachomatis in the etiology of PID is 
only recently becoming recognized among clinicians (42, 
46, 77) According to Treharne and co-workers, over 
500,, of the PID in women under 25 years of age in one city 
in Sweden was caused by infection with C trachomatis 
(83) In contrast, investigators in the United States 
generally have reported lower isolation rates (from 5'. to 
200,, using endocervical cultures) of C trachomatis from 
women with PID (35) Perhaps of greater importance is 
the finding of Jones and co-workers that antichlamydial 
antibodies were present in the serum of 35'. of a group of 
172 infertile women (35), these findings are indicative of 
prior chlamydial infections No doubt, the clinical rele 
vance of chlamydia and other organisms, such as urea
plasma, will become clearer as additional improvements 
are made in the methods of bacterial isolation Of 
course, it is important to keep in mind that even with 
rapid methods of specimen transport and accurate 
methods of bacterial culture, results obtained from 
endocervical cultures do not always reflect the microbial 
picture present at a higher level in the genital tract, even 
when a lower genital infection accompanies an upper 
genital tract infection 
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As noted above, clinical opinion until recent years was 
that gonococcal infection paved the way for invasion by 

secondary pathogens at a later date In this regard, 
studies in which laparoscopy was used to obtain tubal 
culture and biopsies from women with acute salpingitis 
have demonstrated two important points The first is 
that even at the outset, tubal infections are polymicrobial 

and often include N gonorrhoeae, as well as anaerobes, 
aerobes, and chlamydia (14) The second is that fewer 
organisms are recovered in patients with longer dura-
tions of symptoms, even when meticulous attention is 

paid to the culture methods (14) 

EPIDEMIOLOGICAL STUDIES 

Over the past decade, numerous epidemiological studies 
have identified risk factors associated with PID Although 
many such factors have been identified, it is crucial to 
remember that these associations do not necessarily 
imply a cause-and effect relationship between the pres-
ence of the risk factor(s) and the occurrence of PID 

Case Control Studies. Prior to 1974, clinical 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 IUDs, and PID has 
become afocus of attention and has been studied exten- 
sively Table 1 lists 18 case control studies (or studies 

Est 
Reference Risk Factor RR 
Noonan & Adams, 1974 (51) Current use of IUD 78 

Current OC use 0 4 

Targum & Wright, 1974 (78) Current use of IUD 
Prior induced abortion 

93 
2 1 

Phaosavasdi and co-workers, Past current use of IUD 12 2 
1975(58) 

Brown & Cruickshank, Married 05 
1976 (5) I sex partner inprevious 

6 months 3 2 
Age at first intercourse 
Previous PID 5 3 

Faulkner & Dry, 1976 (18) Current use of IUD 
Febrle cases
Afebnile cases 502 6 

Prior PID, afebnle cases 39 
Westrom and co workers, Current use of IUD 30 

1976(90) Age < 26, nulligravid,
IUD user 76 

Eschenbach and co workers, Current use of IUD 24 
1977 (15) Intercourse > 2 week 

Prior pregnancy 
Intercourses auoided with 

14 
15 

menses 2 1 
Race non white 16 
Previous gonorrhea 17 
> 2 sexual partners inpast

6 months 16 
Current OC use 05 

Sterilization 03 

Thaler and co workers, 
1978 (80) 

Prior abdominal pekic 
operations 

Pior abortion 
110 
2 7 

Flesh and co workers, Race black 40 
1979 k19) P-eious PID 3 1 

> I sexual partner 52 
Current use of IUD 22 

Osser and co workers Current use of IUD 24 
1980 (54) Current OC use 

Prior pregnancy 
03 
22 

Paavonen & Vesterien, Current use of IUD 30 
1980 (56) Current OC use 03 

Potterat and coworkers, 
1980(61) 

Married 
Current OC use 
Race black, Hispanic 

05 
04 
2 5 

Burkman 1981 (6) Age <-25 years
Education <Chigh school 

18 
17 

> 1 sexual partner in last 
6 months 16 

Prior PID 32 
Prior gonorrhea
Current use of IUD 

25
16 

Current contraceptive use 
other than IUD 03 

Race non wh,te 
Single 

13 
13 

Kelaghan and co workers, 
1982 (39) 

Current use ct barrier 
contraceptives 0 6 

Rosenfelc and co workers, Prior use of IUD 72 
1983 (65) Prior OC use 

Prior use of n-rch, nncal 
04 

contraceptie method 03 
History of acute PID 546 

Wolner Hanssen and 
co workers, 1983 (92) Current use of IUD 33 

*Higher RR for earlier age at first intercourse 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 identified factors associated with 
either an increased or decreased risk of PID The list is 
not all-inclusive, but represents ma)or contributions to 
the identification of risk factors for PID For each factor 

identified, an estimate of the relative risk (RR) of PID was 
computed for women with the risk factor compared to 
women without the risk factor An RR value greater than 

indicates the factor is associated with a significantly 

greater (p < 0 05) risk of PID, and a value less than 1 
indicates the factor is associated with asignificantly lower 
(p < 0 05) risk of PID If estimates of the relative risks 
were not provided by the authors, they were derived 
using standard methods for the caculation of the crude 

odds ratios If necessary, the original estimates were 
recalculated, depending upon the methods used by the 
authors * 

'The statstical conputations in the presei iepoii v ere peloi med by
David A Edelman, Ph D , Medical Research Consultants, Inc, 

Chapel Hill, North Carolina 
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Table I lists only those factors associated with either an 
increased or decreased risk of PID In some studies (5, 
54, 78) various 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 in one study as 
being associated with either a higher or lower risk of PID 
were not necessarily identified ir other studies For 
example, frequency of intercourse was identified as a risk 
factor by Eschenbach and co workers (15) but not by 
others (5, 6) Table I does not include those factors not 
found to be associated with a higher or lower risk of PID 
There are undoubtedly many more factors than those 
listed in Table 1 that might have a direct and possibly 
causal association with the development of PID, e g , the 
bacterial flora in the patients' vaginas or the presence of 
urethritis prostatitis in the patients' sexual partners 

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

Wright and Laemmle found that PID rates in an indigent 
population were increased in women aged 20 to 24 who 
were neither currently married nor ever married, and 
among IUD 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 implied that the health-seeking behavior 
patterns of women with gonococcal PID and their male 
contacts differed from those of women with uncompli 
cated gonorrhea and their contacts (61) Qvigstad and 
associates found an association between the risk of PID 
post-abortion and prior positive cervical culture for C 
trachomatis (63) Gump and co-workers investigated 
the relationship between serum antibodies to C tacho 
motis, prior to confirmed diagnosis of PID and prior IUD 
use (28) These investigators found that the proportion 
of women with prior PID was higher among women who 
had previously used the IUDs compared to those who 
had not (28), it was also higher among women with higher 
antibody titers to C tracbomais, regardless of IUD 
usage 

The four major categories of risk factors for PID noted in 
I able 1are sexual activ ty, sociodemographic character 
istics, contraceptive method used, and other medical 
conditions The role of each of these factors isdiscussed 
in the following sections 

RISK FACTORS 

SEXUAL ACTIVITY 

PID is predominately a sexually derived disease (SDD) 
Exceptions include those cases resulting from tubercule 
infections, extension of appendlceal or other inflamma 

tions of the bowel, pelvic surgery, and gynecologic opera 
tions such as dilatation and curettage, abortion, insertion 
ot an IUD, and uterine biopsy, to mention a few Unfor
tunately, the literature on PID contains few studies that 
specifically attempt to relate sexual activity, PID, and 
specific bacteriologic agents Of the 16 studies listed in 
Table 1, only 4 (5, 6, 15, 19) identified some aspect of 
sexual activity as a risk factor for PID Nevertheless, all 
studies found factors in which sexual activity was imph 
cated, e g , 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 intercourse, number of sex 
partners, and age at first intercourse Even so, all studies 
listed in Table I that evaluated these factors (5, 18, 61, 65, 
78) were not in agreement as to their importance This is 
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 its reliability 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 of oral and anal sex, 
and the sexual exoosure 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 In the 
past, analyses have generally evaluated only one aspect 
of sexual activity at a time and have not considered the 
importance of their interrelationships For example, 
coital frequency and the number of partners have been 
evaluated separately in most studies In terms of the 
risks of acquiring a sexually transmitted disease (STD), a 
high coital frequency with one partner clearly is not the 
same as either a high or low coital frequency with many 
partners Moreover, the number of partners a woman 
has might be associated with different risks 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 interrelationship with sociode 
mographic factors, contraceptive choices, and other 

medical conditions isjust now beginning to gain the atten
tion of investigators The prevailing view is that coital 
frequency and numaer of sexual partners provide mea 
sures of the frequency of exposure to sexually transmit
ted pathogens (STP) The third variable dealing with 
sexual activity, namely, age at first intercourse, may be 
only an indirect measure of later sexual behavior with 
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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 risks of a woman acquiring PID For 
example, sexually active separated or divorced women 
have been shown to be at a higher risk of acquiring PID 
than married women of the same age (36) Thisassocia-
tion may reflect a higher number of sexual partners 
among nonmarried women and, or the multiplicity 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 characteristics might reflect different 
sexual preferences and lifestyles To our knowledge, 
these interrelationships have not been specifically inves 
igated 

Variables such as race that have been associated with an 
increased risk of PID may only reflect different preva-
lence rates of STDs, such as N gonorrhoeae or Chlamy-
dia trachomatis in various racial, ethnic groups The 
possibiity also exists that there are differences in the host 
response to sexually transmitted infections that either 
increase or decrease the risks of developing PID It is 
also necessary to consider that the health-seeking behav-
iors of different population groups may differ in such a 
way as to place them at differential risks of PID From a 
public health point of view, appropriate educational pro-
grams may address behavioral issues such as the number 
of sexual partners and type of contraceptive used 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 clinical and epidemiological 
studies have demonstrated that use of barrier (both phys-
ical and chemical) methods of contraception reduces a 
woman's risk of PID (8, 67, 68, 69) Since the bacte-
nocidal properties of spermicidal preparations protect 
women from many lower genital tract infections and pre-
sumably their subsequent ascent into the upper genital 
tract, the reduced risk of PID most likely is due to use of 

the barrier contraceptives per se However, itmay also 

be due to other factors, since the choice of a contracep 
tive method may be difterent for differen, groups of 

women and be associated with sexual activity factors 

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

ovaries and the peritoneal cavity 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 sterilized women is that 
these women are usually in the demographic subgroups 
known to have lower risks of PID, e g ,married women 
over 30 years of age These women may live in stable 
relationships, and their sexual lifestyles and preferences 
may place them at a lower risk of exposure to externally 
acquired pathogens that may initiate an infectious 
process 

Oral Contraceptives (OCs). Two reasons have been 
suggested for the reduced risk of PID among women 
using oral contraceptives (OCs) (15, 66) that has been 
found in case control studies (see Table 1) The first is 
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 sanitary 
napkins The second is that OCs change the character
istics of the cervical mucus Since OC use inhibits the 
preovulatory estrogen surge there is 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 
risks of PID, and it has been identified as a risk factor for 
PID in many studies (Table 1) published in the late 1960s 
and 1970s (11, 12) In 1968, Wright and Laemmle first 
reported that IUD users had a higher risk of PID com
pared to users of oral contraceptives (relative risk, 4 9) 
and compared to women using contraceptive foam (rela
tive risk, 2 6) (93) 

The principal difficulty in trying to assess whether or not 

the use of IUDs increases the risk of PID relates to the 
selection o an appropriate comparison group 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 against PID, the relative risk of 
PID to IUD users compared to users of these methods 
might only reflect the protective effect of the latter 
methodsratherthanatrulyenhancedriskofPIDamong 
IUD users As previously stated, it is inappropriate to 
compare the risks of PID to IUD users with those of 
sterilized women who are inherently at a lower risk of 
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PID It is equally inappropriate to select non contra 
ceptors (including women using rhythm, coitus interrup 
tus and any of the so called natural family planning 
methods) as a comparison group, since the group of 
non contraceptors includes the following subgroups, 
who probably have difterent risks of acquiring PID 
1 Sexually inactive women 
2 Sexually active women desiring pregnancy (These 

women may be at a minimal 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 women, as well as others in the 

their preg-
non-contraceptornancies by abortion)group. may terminate 

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 of pregnancy is about 5'. to 6",, and 
that of contracting PID is about 0 1%to 0 2% 

Sexually active non-contracepting women may also be an 
inappropriate comparison group, because women who 
become pregnant unintentionally are also exposed to the 
risk of upper genital tract infections associated with the 
termination of pregnancy, either at term or by abortion 
This group of women may include subgroups who are at a 
highriskofPID For example, Qvigstad and co-workers 
found that I 6'. of the women with negative serologic 
cultures for C trachomatis developed PID within 1 
month of abortion by dilatation and vacuum aspiration 
(63) In sharp contrast, the rate among women with 
positive cultures was 20'. A similar finding has been 
reported by others (55) Women who have incomplete 
septic abortions or upper genital tract infections 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 is possible that sexually active, non-contracepting 
women who do not wish to become pregnant are proba-
bly at a different risk of PID compared to sexually active, 
non contracepting women who wish to become preg-
nant To our 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 their health attitudes and habits In 
comparing the relative risks of PID among women using 
different contraceptive methods, several important fac
tors need to be considered, including 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 for more frequent coitus 
was greater among IUD users compared to OC users in 
the first 3 months after initiation of the method (84) 

TherearetwotemporalaspectstotheriskofPIDamong 
IUDusers The first is the risk of PID resulting from the 
insertion procedure per se, and the second is the risk of 

PID due to factors associated with the IUD and the user 
ThehigherriskofPIDduringtheinitialmonthofIUDuse 
(Table 4 3 of 11, 12, 43) is thought to result from the 
transmission of bacteria from the endocervix to the uter 
us at the time of the insertion procedure This observa
tion follows from the study of Mishell and co-workers 
showing that bacterial contamination of the uterus fol 
[owed IUD insertions, the bacteria were eliminated over a 
period of weeks (48) Although the prevailing clinical 
opinion is that the uterine cavity is normally able to 
maintain sterility (70), several studies have shown bacte
na to be present in the uterine cavities of a significant 
proportion of asymptomatic women who were not using 
IUDs(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
ciates in which women were excluded if they were sexu 
ally inactive, 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 IUDs for less than 5 
months, whereas it was only 1 1 (a value not significantly 
different from 1, p > 0 05) for women who used their 
IUDs for over 4 months (43) These data imply an ele
vated risk of PID following the IUD insertion procedure 
itself, but no increased rsk due to continuing IUD use 
This finding is contrary to the commonly accepted opin 
ion that IUD use is associated with an increased risk of 
PID at any time following insertion Since this study did 
not ascertain whether the IUD users and users of no 
contraceptive methods were different with respect to 
other known risk factors tor PID, the reported estimated 
relative risk of 1 1 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 point of view has been expressed by Luukkanen 
and associates, who suggested that the higher rate of PID 
for IUD users found in case control studies might only 



reflect the risk of PID attributable to the insertion proce-
dure (44) 
- moutside
Amajor area of concern regarding ID use has been the 
presence of tal strings In the early 1960s, many clini 

cians suggested that the use of strings might put women 
at an increased risk of infection by providing a pathway 
for the ascent of bacteria from the vagina to the uterus 
At the same tirne, 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 
tailless 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 
lUD tail per se places women at a higher risk of PIl 
remains unanswered Adequate clinical studies to eval-
uate the role of the IUD tail in the etiology of PID have not 
been conducted Four of five studies that have com-
pared tailed and tailless IUDs found no increased risk of 
PID to users of tailed LUDs (11) These studies, however, 
were not designed specifically to evaluate the role of the 
IUD tail In one on-going 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 I year 

S 
(7) 

Since 1975, the question of whether the risk of acquiring 
PID is 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, some IUDs have used tails made from a 
bundle of fine filaments 4multifilamental tails) e g , Antigon 
F, Birnberg bow, Dalkon Shield, Latex Leaf, Majzlin 
spring) None of these lUDs is used in clinical practice in 
the United States today Comprehensive evaluations of 
the PID rates for different types of lUDs, regardless of the 
type of tail string used, have not found any one type of 
IUD to be consistently associated with higher rates of 
PID (1, 12) 

widelyThe controversy over the type of UDl tail was 

published by Tatum and co-workers, who demonstrated 
initrseiesofin hatliv coldepermens Ecclin a series of in utro e xpe rim ents that lve E cob couldti 

move up the Dalkon Shield tail along with fluid under 
certain laboratory conditions, near the upper knot at the 
base of the IUD (79) These investigators also reported 
the presence of anaerobic and aerobic bacteria obtained 
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 
clinical observations of the occurrence of PID in women 
wearing IUDs with monofilament tail strings or lUDs with 
solid plastic tail configurations (Margulies spiral) 

In one in vitro investigation (62), bacteria appeared to 
migrate through a layer of cervical mucous coating the 

of multifilamental and monofilamental IUD tails 
In a later study by the same group of investigators (72),
the apparent migration of bacteria along the IUD tailwas 

confirmed indirectly in IUD users undergoing hysterec
tomies Aerobic and anaerobic cultures of the uterine 
cavities demonstrated bacteria in the uteri of 12 of 14 
women using IUDs with monofilamental tas and m the 
uteri of 3 women using IUls with multifilamental tails 
Most bacteria cultured in this study were commensals, 
such as Gardnerello vaginahsand Corynebacterium sp, 
but potentially pathogenic organisms such as Eschen
chia cobi and Streptococcus faecahis were also found 
chi type a troccus fros were und 

eretThetypes of bacteia cultured from the extrpated uteri 
wrs t he tpe ofe r preset inchenas 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 bacteria to 
enter the uterine cavity These two studies (62, 72) sug
gest that there is no significant difference between mono
filamental and multifilamental tails with respect to their 
ability to facilitate the transfer of bacteria from the cervix 
and vagina to the uterine cavity However, one of the 
studies (72) included 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 IUD users 

The purported ability of bacteria to migrate along the 
outside or the inside of IUD tails has not been related to 
the risk of PID for IUD users compared to the risk for 
nonusers Clearly, the presence of bacteria 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 IUDs for 2 or more years (2) These 
IUDs had intact tail strings that were found to contain 
bacteria, both above and below the double knot at the 
base of the lUD The study did not determine how long 
the bacteria had been present within the strings The 

Dalkon Shield tails evaluated by Tatum and associates 

came from lUDs that were removed electively from 

women who did not have any symptoms of PIDl at thee h irI s w re e m v d( 9 

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 time (27) The significance of these changes, if 
any, in terms of increasing the user's risk of acquiring PID 
or developing other significant complications is 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 microscopy of various IUDs 
after removal A Lippes Loop, 100x Flaking encrusta-
tions on tail string B Copper-7, 10x. lower margin of 
copperwireandlUDbody C CopperT,40x, side view of 
copper wire covered with hard surface encrustation with 
crevices and irregular topography D Saf-T-Coil, 2 0x, 

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 IUDs and their tails The deposits on the sur 
faces of these IUDs were further evaluated by energy 
dispersive spectrometry and x ray diffraction methods 
These studies identified several minerals and salts on the 
surfaces and tails of the IUDs (Figures 2 and 3) Ot 
particular interest is the identification of calcium apatite 
crystals on the surface of a Lippes Loop This salt is a 
common component of dental calculus and results from 
the mineralization of plaque Similarities between the 
calculus found on teeth and deposits found on IUDs may 
be due to a similarity between the bacterial inhabitants of 
the mouth and vagina, such as anaerobic streptococcus, 
viellonella and other organisms involved in plaque forma
tion It should be recognized, however, that calcium may 
precipitate on the surface of IUDs 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 speciic type of IUD, it appears to be 
generic to all types of IUDs (38) 

Marne and Costerton have described transmission elec 
tron microscopic studies ot IUDs (Copper T, Copper 7, 
Saf-T Coil) electively remoed, they found microcolonies 
of bacteria adherent to specific areas of the surfaces of 
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irregular granular surface encrustation and bulbous 
nodular formation E Dalkon Shield, 2 0x, area of lower 
portion of IUD body and string interconnection, with 
plaque-like encrustation on topographical areas of the 
string 
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Figure 2 Artist rendition of energy-dispersive spectro
metry of calcium apatite crystal from Lippes Loop IUD 

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

these JUDs (47) These investigators thought the bacte 
na were not contaminants from the cervix and vagina at 
the time of IUD removal, but had been on the surface ot 



the IUDs for a long time From this study and other 
similar types of studies it cannot be determined whether 

* 	 the bacteria adherent to the IUD surfaces were deposited 
on the IUDs during the insertion procedure, or "migrated" 
to the uterus along the IUD string, or came to be there by 
passive transport, such as by attachment to sperm or 
other motile organisms 

Pelvic actinomycosis is an uncommon form of pelvic 
infection Until the mid 1970s only about 300 cases had 
been reported in the literature (12) Beginning in the 
early 1970s, reports began to appear that associated IUD 
usage with pelvic actinomycosis Since this time, about 
100 such cases have been documented (12,29) The risk 
of actinomycosis appears to be generic to all types of 
IUDs and appears to increase with increasing duration of 
IUD use (12) In 1976, Gupta and co-workers first docu 
mented the recognition of Actinomvces in cervical Fast 
smears stained with Papanicolaou stain (30) This obser 
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 IUD 
users was over 40% Gupta noted that incervicovaginal 
smears, Actinomyces needs to be distinguished from a 
number at biologically active and inert substances (29) 
O'Brien and associates have suggested that the pro-
longed exposure of IUDs to body fluids may result in 
dissociation of material from the surface of IUDs that is 
identified as a sulfur granule, which in turn is associated 
with the presence of Actinomnyces (52) Gupta con 
cluded that less than 10% of IUD users may have Actno 
myces organisms detected on Pap smears (29) 

In summary, the data suggest that IUD use increases a 
woman's risk of acquiring PID during the first weeks or 
months following the IUD insertion This higher risk is 
probably attributable to the insertion procedure rather 
than to thelUD use per se The higher risk of PID among 

IUD users subsequent to the first month of use that has 
been reported in the literature appears to be based large-
ly on the lower risk of Pl among women included in the 

group(s) against which the risks of PID among IUD users 
have been compared 

OTHER MEDICAL FACTORS 

Since about the beginning 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 
anaerobic flora of the lower female genital tract in healthy 
premenopausal women (41) A summary of the more 
common aerobic and anaerobic species found in studies 

publishedsince 1970 are listed in Table 2 Although awide 
range in the prevalence of the various organisms has 

been reported, Larsen noted that about ten aerobic and 
anaerobic species are frequently cultured simultaneously 
from the vagina and cervix, and that the average number 
of species per culture is 5 (41) The "normal" flora of the 
vagina and cervix includes bacteria that may be patho
genic when they gain access to the upper genital tract 
These bacteria are frequently implicated in serious pelvic 
infections 

In addition to the bacterial species listed in Table 2, 
Trichoronas uaginahs, Mycoplasma hominis, Ureo
plasma urealyncum, Candida albicans and other yeasts 
and Chlamydia trachomatis are frequently isolated from 
the lower genital tracts of symptomatic and asympto
mnatitc women In a group of healthy women attending a 
health department, Persson and co-workers reported the 
following rates of positive cultures (57) M hominis, 19%, 
U urealyticum, 60%, C trachomatis, 5'%, yeasts, 22'% 
The precise role of these organisms in the causation of 
PID is 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 characteristics similar to that of N gonorrhoeae 
(57)
 
It is generally thought that lower genital tract infection
 
(LGTI) precedes upper genital tract infection or PID
 
This may or may not always be the case, however,
 
depending on the bacterial 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 agynecologic procedure or infection in an adjacent 

organ, 	a LGTI probably acquired by means of sexual 

Aerobes 	 Anaerohes
 

Lactobacillus 	 Lactobacillus 
Diphtheroids 	 Propionibacterium 
Staphylococcus Eubactenum 

aureus epidermidis Bifidobactenum
 
Streptococcus Closrridium
 
EA,B,CD - enterococcus perfringens, other
 
E coh 	 Peptococcus
Klebsiella - enterobacter prevotn, asacharolyticus, 
Proteus 	 magnus, other 
Pseudomonas Peptostreptococcus 

intermedius, productus
micros, anaerou
 

Gaffkya 

Fusobactenum 
Bacteroides
 

fragili5, melaninogenicus, 

bvius other
 

Viellonella 

Source Larsen B Normal Genital Microflora In Keith L, Berger GS, 
Edelman DA (eds) Infections in Reproducte Health Lancaster, 
England, MTP Press tin pressl 

Table 2 	Aerobic and anaerobic bacteria isolated from 
asymptomatic, premenopausal women 
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intercourse was nearly always present (46) Obviously, 
the presence of potentially pathogenic bacteria in the 
lower genital tract does not necessarily constitute an 
infection, either in the lower or upper genital tract A 
major difficulty in assessing the importance of LGTIs in 
the etiology of PID is that they are not uniformly defined, 
just as there is no uniformly accepted definition for PID 

Even though there is an extensive literature on PID as 
well as on LGTIs, it is unfortunate that with the exception 
of N gonorrhoeoe, studies do not relate the two in a 
meaningfulway Various investigators report that approxi-
mately 1000 to 2000 of women with cervical gonorrhea go 
on to develop an upper genital tract infection If most 
LGTIs result from sexually transmitted pathogens, then 
the risks of these infections also need to be studied in 
relation to their 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 literature on this subject is difficult to 
interpret for a number of reasons Many studies have 
evaluated women attending venereal disease clinics, 
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 comparison groups In 
the following paragraphs some of the conflicting results 
obtained from recent studies are summarized 

In a study of women attending a family planning clinic, 
diaphragm users had a significantly higher isolation rate 
of fungi from the cervical os or vaginal fornix compared to 
users of other contraceptive methods (24) In another 
study by the same group (86), vaginal cultures indicated 
that the prevalence of Bacterodes spp was significantly 
higher among IUD users, compared to women using 
other contraceptive methods, IUD users compared to 
diaphragm users had a higher prevalence of anaerobic 
cocci, the prevalence of coliforms was higher among 
diaphragm users, and finally, the prevalence of lactoba 
cilli was increased in the OC group The prevalence rate 

of each bacterial group was unrelated to age, parity, or 
social class of the women 

According to Osborne and co-workers, the relative risk 
(about 0 5 to 0 6) of symptomatic vulvovagmitis was sim-
ilar for IUD, barrier, and OC users, compared to women 
using other contraceptive methods or no method (53) In 
contrast, Piot found the risk of "nonspecific" vagmins to 
befourtimeshigherforlUDuserscomparedtoOCusers 
(59) 

Among women attending a sexually transmitted disease 
clinic, OC users compared to non-users of OCs had 

higher isolation rates of chlamydia, but lower isolation 
rates of trichomonads (40) In the same clinic OC users 
compared to non users had higher yeast infection rates a 
(40) Svensson and associates found the relative risk of 
cervical infection with chlamydia for OC and IUD 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 women attending a 
family planning clinic, rates of positive cultures were 
associated with the contraceptive methods used (3) The 
prevalence rates were similar for OC users (11 5%) and 
IUD users (99'.) and were significantly higher compared 
to women who were sterilized (33%) or women who used 
barrier contraceptive methods (4 2%) 

The question of whether users of different methods of 
contraception have different susceptibilities to LGTIs 
has not yet been adequately answered There is some 
evidence that yeast infections may be more prevalent 
among OC users (4), and possibly among users of barrier 
contraceptives Spermicides provide women with some 
protection against some micro organisms as a result of 
their bacteriocidal effects (68, 69) 

fror P 1 an at fo t se plau 
factors for PID Two explanaaons for this seem plau 
sible First, the tubal epithelium damaged by an infection 
may lose some of its ability to maintain host resistance 
and thus become more susceptible to subsequent infec
tions Second, the lifestyles 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 risk factor for PID, may 

simply reflect the increased risk of clinical and subclinical 
infections due to the abortion procedure or delivery 
andjor sexual exposure without the protective effects of 
certain contraceptive methods 
The well-known clncal observaton of the relaton 
bewe n t inian onset of linica to 
between menstruaon and the onset of chnical sympto 
matology of PID has been subject to little study Men
struation usually precedes the onset of PID in about 50% 
of the cases This observation Is consistent with 
1 The presence of pathogenic organisms in the cervix 

and'or vagina, 
2 The decline in the relative proportion of aerobic 

organisms in the cervix in the week immediately 
preceding menses, 

3 The lack of cervical mucus protection during menses, 
4 The physiological widening of the cervical and 

endocervical canal at the time of menses 

All these factors and possibly others could explain the 
clinical picture of post menstruation PID 
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CLINICAL CONSIDERATIONS that in the human, gonococcal infections spread from the 
lower genital tract canalicularly over the uterine mucosa 

The classical concept of the pathogenesis of PID (not to the tubes, whereas chlamydial salpingitis derives from 
related to pregnancy, surgery, gynecologic procedures infections of the lymphatics and blood vessels of the 
or extensions of a gastrointestinal tract infectionI is that parametria and broad ligaments where parametritis is 
lower genital tract infections ascend directly to the upper first produced (46) This observation is compatible with 
genital tract along the endocervical mucosa (37, 46) the recent findings of Gibson and associates that chla 
Lymphatic drainage provides an alternative pathway (37, mydlial infection in the human is more likely to result in 
46) The spread of the infectious process then may pave parametrial disease including severe adhesions and distal 
the way for secondary invasion of the upper genital tract hydrosalpinx formation (22) 
by bacteria normally found in the vagina (46) This con
cept of PID has been described as "woefully inadequate" The classical theory of the pathogenesis of PID does not 
(89) A principal omission of this concept is any direct consider other possible mechanisms that might promote 
reference to sexual activity preceding the lower genital the ascension of pathogenic bacteria into the upper geni
tract infection tal tract These include 

1 The male factor, in terms of the bacterial flora of the 
Little doubt exists that genital tract infections can spread seminal fluid, 
through the lymphatics (46) The pelvic lymphatic sys- 2 Passive transport of bacteria from the lower female 
tem is extensive (60), surrounding the entire uterus and genital tract to the upper genital tract, 
providing interconnecting bridges between the cervix 3 The transport of bacteria into the upper female genital 
and corpus The lymphatic network also spreads later- tract by their attachment to spermatozoa or tricho
ally to the tubes and ovaries Figure 4 illustrates the monads 
lymphatic drainage from the posterior cervix laterally to 
the pelvic side walls through the broad ligament, infe- Some aspects of these mechanisms in the pathogenesis 
riorly to the rectum and superiorly along the entire sur- of PID are discussed in the following sections 
face of the uterus to the level of the fallopian tubes and 
ovaries THE MALE FACTOR 

Although there have been numerous publications on the 
bacteriology of the seminal fluid, the role of seminal fluid 
in the etiology of PID generally has been considered only 
recently Toth evaluated the bacterial flora of the semi
nal fluid from groups of fertile men, infertile men without a 
history of genital tract infection, and men with a hibtory of 

genital tract infections (81) Isolates of the bacterial flora 
' ~ (aerobic and facultative, as well as anaerobic) were sim

.. ,ert ilar for fertile and infertile men without a history of infec
, tion A significantly higher number of bacterial isolates 

,, R Jrte were obtained from the semen of males with prior genital 

infections compared to either fertile or infertile men with
." . out a history of infection Four observations of Toth are 

" ,, I 	 noteworthy (81) First, most men with bactenospermia 
were without symptoms Second, the severity of the 
bacteriospermia was related to the number of prior sex 

Fiur 	 ual partners Third, women married to men with highFigure 4. Schematic illustration of lymphatic pathways bateia cchemati theiinutrto semphatifludthwaysrete 
alongside uterus to tube and ovary (left) and to broad bacterial counts i their seminal fluid had a greater 
ligament (right). Redrawn with permission after original chance of developinga pelvic infection Fourth,wivesof 
experiments by Dr. Edward Eichner azoospermic men rarely developed PID 

Recently, researchers have investigated the mechanisms The incidence of bacteriospermia in men reflects, among 
of the spread of infection from the lower to the upper other things, their sexual lifestyles, prior genital tract 
genital tract in laboratory animals Moller and associates infections and the treatment of these infections, as well 
innoculated monkeys with C trachomatis or M hominis as their use of systemic antibiotics for other conditions 
(49) The route of spread of these two bacteria appar- During intercourse any bacterial component of the semi
ently differed somewhat The lymphatics appeared to be nal fluid isadded to that component otherwise present in 
more involved in the spread of M hominis and less with the vagina The extent to which the addition of seminal 
C trachomatis Mardh and associates have reported bacteria disrupts the normal bacteriologic state of the 
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vagina is not known It is likely that the greater the 
frequency of intercourse with bacteriospermic males, the 
greater the risk 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 genital tract infection 
Clearly, further research is required to evaluate possible 
interactions between the bacteriology of the lower genital 
tract of the female and that of the seminal fluid, and the 
presence of lower and upper genital tract disease 

PASSIVE TRANSPORT OF BACTERIA 
Since the early 1930s it has been nown that particulatei ha ben kowntha paticlat 
matter can be rapidly transported from the vagina to the 

uterus and into the fallopian tubes (37) In several animal 

Sine te erly193s 

species, experiments have shown that dead sperm can
species, eprietsthe on thadea atcanspewm 
be transported to the fallopian tubes following artificial 
insemination (37) The exact mechanisms for the pas 
sive transport of sperm and particulate matter from the 
lower to the upper genital tract are not known, either in 
humans or in lower animals One possible explanation is
that pressure differentials between the peritoneal cavty 

and the vagina are created by normal respiratory move-
ments of the diaphragm and or uterine contractions 
Whether the same mechanisms that transport particu 
late matter and sperm can also transport bacteria to the 

upper genital tract remains to be studied 

BACTERIAL ATTACHMENT 

The attachment of bacteria to spermatozoa has been 
described by several investigators Specifically, the at-
tachment of N gonorrhoeoe, U urealyticum, E coi and 
C trochomatis elementary bodies has been demon 
strated (20.23,25.91) Figure 5 shows an example 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 vLitro attachment of E coi to sperm Probably, there 
are variations in different strains of bacteria of the same 
species in their ability to attach to sperm For example, it 
has been found that certain isolates of E coi have only a S 
slight capability to bind to sperm, while others have 
marked binding abilities (21) 

The In vUIo (20) and in Litro (37) studies that show bacte
rial attachment to sperm have not yet clarified the role of 
sperm as a mechanism for the transport of bacteria from 
the seminal fluid or the lower female genital tract to the 
upper qenital tract This can only be established by 
further studies designed to investigate that specific queston Evidence that sperm can provide a mechanism for 
the tra n t ater c e fromite i n o 

the transport of bacteria comes from the in uitrostudies 
of Toth and co-workers (82) These investigators demon
strated that, in the presence of 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 bacterial 
migration was by the attachment of the bacteria to the 
sperm, thely observed bacterial migration in the 
presence of sperm (82) Also, they noted that PID was 
rare among the wives of azoospermic men Indirectly,
this finding implicates spermatozoa in the etiology 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 experiments of Toth and co workers unify much of 
information currently available concerning the patho

of PID (82) In our opinion, the presence of 

pathogens in the seminal fluid, cervix, or vagina act to 
increase the likelihood of awoman acquiring PID A high 
frequency of sexual intercourse may only increase the 
risk of acquiring PID if there is a significant bacterial 
contamination of the seminal fluid, sperm, or vagina The 

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 bacterial migration The 
higher risk of PID to IUD users compared to OC users 
may reflect the lack of any inhibitory effect of JUDs on 
ovulatory (estrogenic) cervical mucus 

also have been found in the upper genital 
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 invLitro experiment has dem 
onstrated that E coh may attach to trichomonads (37) 
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COMMENT 

Improved microbiological methods of the past decade 
have led to significant progress in our understanding of 
the bacteriologic etiology of PID In contrast, there has 
been little significant advance in the understanding of the 
epidemiology of PID, although some progress has been 
made toward understanding the mechanism through 
which women acquire PID The following summarizes 
our thinking on the development of PID 

In general, PID is a sexually derived disease, but those 
specific aspects of sexual activity that place a woman at 
an increased risk of acquiring PID have not been ade- 
quately studied Micro organisms are transmitted to the 
lower genital tract during sexual intercourse by direct 
contact and, or the seminal fluid sperm These micro
organisms are added to those already present in the 
vagina and cervix 

Some LGTIs progress to an upper genital tract infection 
The risk of this occurring is dependent on numerous 
tactors, including the particular micro-organisms respon-
sible for the LGTI However, the conditions under which 
a LGTI progresses to PID are not well understood It is 
questionable whether the risks of LGTIs are different for 
different methods of contraception, except for a reduced 
risk to women using spermicides that have bactenocidal 
effects (68, 69) 

Micro-organsms may be transmitted from the lower gen- icroorgnismranmittdma fom te lwer en-andbe 
ital tract to the upper genital tract through the cervix, 
lymphatics, by passive transport, by attachment to 
sperm, in the case of IUD users by migration along the 
IUD tail string, or by direct extension following any gyne

cologic procedure in which an instrument is passed 
through the cervical canal and into the uterus The 

relative importance of each of these different routes of 
transmission is 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 sterilization protect women 

against PID For other reasons, women who use natural 

family planning methods of contraception may also be at 

a reduced risk of PID On the other hand, the use of 

IUDs does not protect women from PID Compared to a 

group of non contraceptors with a similar risk of expo-

sure to STPs, IUD users probably do not have a signifi
cantly higher risk of acquiring PID, except for the risk of 

PlO resulting from the insertion procedure 


Much of the epidemiologic work to evaluate and identify 

risk factors associated with PID has been superficial and 

provides only minimally useful information for either din-

ical or public health decision makers For the most part 

epidemiological studies have identified only broad cate

gories o individuals who are at an increased risk of 
acquiring PID, e g, women who are divorced separated,
black, or who have multiple sex partners This knowl 
edge is of limited clinical value since modifying these 
factors is difficult, if not impossible 

With the increasing spread of sexually transmitted dis 
eases worldwide, it would be a mistake to erroneously 
attribute PID to the use of contraceptive methods that 
provide no protection against infection to the upper geni
tal tract The widespread use of methods that protect 
against sexually acquired pelvic 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 risk 
of acquiring sexually transmitted pelvic infections 

CONCLUSIONS 

Future research on the pathogenesis of PID should 
include the following 
I Evaluation of the interrelationships between bacteri

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 risks of lower 
upper genital tract infections,

4 uperital ort inctions, 
4 	 Determination of the importance of bacterial trans

mission by sperm and trichomonads from the lower to
the upper genital tract in the etiology of PLD, 

5 Determination of those specific aspects of sexual 
activity that are relatedto increasedrisksof acquiring 

lower or upper genital tract infections, 
6 Epidemiologic investigations to identify the interrela

tionships of risk factors for acquiring PID,
7 	 Evaluation of the physiological and bacteriological 

events occurring at menstruation that predispose to 
the onset of PID, 

8 	 Clarification of the difterence between so-called 
primary and secondary bacteriologic pathogens as 
they relate to the female genital tract, 

9 	 Evaluation of the effect of different contraceptive 
methods on host resistence as it relates to the onset of 
PID 
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Synthetic steroid hormones are generall accepted as a 
sate and efficacious means of fertility control However, 
the formulations currently available fall short of ideal with 
regard to ease of administration 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 compliance 

To overcome these disadvantages, delivery 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 controlled release steroidal 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 provides an up-to-date summary of the 

research supported by the Program for Applied Research 
on Fertility Regulation (PARFR) to develop a long-acting, 
injectable, biodegradable microsphere delivery system 
for the contraceptive steroid, norethisterone (NET) We 
will trace the development of the microsphere delivery 
system from the initial prototype formulations to the 
present, describing the capabilities of the delivery system 
for controling both the rate and duration of NET release, 
in light of the results obtained from the clinical 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 
jm to 240 pm have been used in studies of rate and 
duration of NET release, injection efficiency, and 
biodegradation. 

Initially, formulations capable of releasing NET at a near 
zero order rate were developed and tested in baboons 
This prototype system was evaluated in clinical trials, and 
the results gave rise to an improved second generation 
formulation,whichhasbeentestedinmulticenterclinical 
trials Based on the results of these studies, further 
improvements in the delivery system have been made, 
and the final version is currently being evaluated in a 

Phase 11clinical study 

The microsphere formulation has been varied during the 
development phase of the research to optimize the NET 
release rates, biodegradation kinetics, and ease ofadmin
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 delivery 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 material, 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 histocompatibility of the polymer and removal of 
potentially irritating solvents and dispersing agents used 
in the manufacturing process 

Prior to animal testing, microspheres made of PLA 
containing NET were evaluated in vitro, in an attempt to 
define parameters that might be predictive of their 
performance in vivo Scanning electron microscopy was 
used to monitor the spherical integrity and surface 
characteristics of the microspheres The rate of NET 
release from each batch of microspheres was tested in 
vitro These quality control procedures have been 
repeated with each formulation and batch of the micro-
spheres that has been subjected to in vivo evaluation 
Additionally, following the in vitro quality control analysis, 
each new formulation has been tested in baboons to 
evaluate safety and pharmacokinetics Figure I shows 
the in vitro NET release profile from a representative 
microsphere formulation and Figure 2 shows a typical 
scanning 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, pp 175
199 New York, Raven Press, 1983 

Pharmacokinetic studies in baboons were used to 
demonstrate the dose response capabilities of the proto 
type system (2, 3) Microspheres 10 um to 240 pm in 
diameter containing 25% by weight NET were iniected 
into baboons and serum estradiol (E2), progesterone 
(P4), and NET concentations were determined by radioim 
munoassay(RIA) The slopes of the NET release curves 

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

using different doses of the same batch were not 
significantly 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 inhibit ovarian cyclicity and ovulation in the baboons 
over a 6-month interval Parallel studies in rats demon 
strated that release was occurring primarily by diffusion 
of the hormone from the microspheres On the basis of 

these prechnical animal studies, this prototype formula 
tion was judged safe for use in Phase I clinical trials 

PHASE I 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 mg to 100 mg of microencapsulated NET 

PLA microspheres that ranged in diameter from 60 
to 240pm(8) Poor injection efficiencies experienced

by untrained practitioners with saline suspended micro 
spheres resulted in actual doses ranging from 7 mg to 95 
mg of NET, expanding the dose range of the study 
Doses of microencapsulated NET ranging from 0 132mg 
to 0 267 mg per kilogram body weight had no effect on
 

ovarian function over the 6-month treatment interval, 
whereas higher doses caused complete or partial sup
pression of ovarian function for varying periods after 
treatment 

Figure 3 shows the mean serum levels of NET for seven 
subjects who received doses of microencapsulated NET 
ranging from 1 22 mg to 2 30 mg NET per kilogram body 
weight Ovulation was inhibited for 3 to 6 months in this a 
group of subjects V 
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DoSe I pm 

Group Months* No (mg) PCt Load Diameter 

A 6 14 100 P 25 60-240 
B 10 50 P 25 60240 
B 
C 

6 
6 

19 
20 

200 
150 

P 
P 

24 
24 

90212 
90212 

D 3 5 75 C 021 6390 

E 3 55
3 

10075
100 

CC
C 

202120 21
20-21 

63 90 

F 3 5 75 C 20 21 6390 
5 100 C 2021 

G 3 5 75 C 2021 6390 
5 100 C 2021 

H 3 5 75 C 2021 90106 
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 23 6 45 90 
* Expected release duration 
t P=PLA, C = PLGA (copolymer) formulation 

Table 1 ClinicalTrials with Norethisterone Microspheres 

Menstrual abnormalities are the most common side 
effect of long-acting steroidal contraceptives Although 
this sample size was too small to establish a meaninglul 
correlation between microsphere dose and the amount 
of menstrual bleeding, the higher doses caused a reduc-
tion in the quantity of blood lost in each episode and an 

*increase in the interval between episodes in some 
i subjects 

This preliminary trial reinforced the results of the animal 
pharmacodynamic and pharmacokinetic studies and 
demonstrated that higher doses would be necessary to 
achieve ovulation suppression in women for a 6 month 
period using this formulation 

T 

i I Tstudy 
, I T 

Figure 3 Mean serum levels of immune-reactive NET in 
7 human subjects following IM injection of 150 ± 0 37 
mg NET, kg body weight (Source Beck LR, Ramos RA, 
Flowers CE Jr, Lopez GZ, Lewis DH, Cowsar DR 
Clinical 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 in 25 60, loaded microspheres with 
diameters ranging from 90 Mim to 212 pum (Groups B and 
C, Tablel) This size range was prepared as a composite 

by mixing equal masses of the following specific size 
fractions 90 to 106,106to 125,125 to 150, 150 to 180, and 
180 to 212 pm This ensured even distribution of 
microsphere diameters over the final size range The 

vehicle was changed in an attempt to improve injection 
efficiency to 2% carboxymethylcellulose, 1'. tween 20, 

and 93% water 

Twenty patients were treated with microspberes con
taming 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 initial slight 
burst (less than 4 0 ng NET'ml) followed by a gradual 
decline (Figure 4) The duration of NET release was 
approximately 6 months The serum NET profiles in the 
subjects in this study and those in the former group who 
received awider size range of microspheres (60-240 pm) 
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 2 45 ± 0.44 mg 
NET/kg body weight (Source Beck LR, Flowers CE Jr, 
Pope VZ, Tice TR, Dunn RL, Gilley RM' Po y (dlactide
co-glycolide)/norethisterone microcapsues clinicalIn Zatuchni GI, Goldsmith A, ShelltmaJ0, ,Scarra 

JJ (eds): Long-Acting Contraceptive Deliver Sytems, 
pp 407417. Philadelphia, Harper & Row, 1984. 

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) Injection 
efficiencies were excellent in this study, averaging 92 + 
30 Ovulation was inhibited for at least 24 weks in 16 of 

18 subjects The serum NET levels were higher and 
serum NET curves parallel to those in ,LAlects who 
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Figure 5 Mean serum levels of immune-reactive NET in 
women following IM injection of PLA microspheres con-
taming 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
Deli'ery Systems, pp 418-424 Philadelphia, Harper & 
Row, 1984 

received the lower dose (FigureS) 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 7weeks post-treatment These elevated proges-
terone values, however, were found to be inconsistent 
with the other weekly samples, preventing definitive 
diagnosis of ovulation In most subjects, serum NET 
levels fell below 1 0 nq ml between the 10th and 22nd 
weeks post treatment, and were below 0 5 nq ml usually 
by week 25 

Bleeding patterns were altered in these subjects, with a 
range ot i to 10 bleeding episodes per subject over the 
239 day reference period Total spotting days per subject 
ranged from I to 85, and total bleeding days from 3 to 58 
Bleeding episodes were an average of 6 6 days, ranging 
from 3 to 16 days in length The longest nonbleeding 
interval was 166 days In general, the average number of 
bleeding and spotting days per 30 day reference period 
decreased with increasing time from injection, 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 clinical studies 
that PLA microspheres are capable of delivering NET 
continuously for approximately 6 months, and that the 
duration of ovarian suppression is dose-dependent within 
a given microsphere formulation and size limit The 
shape of the particular release curve within a given 
formulation is dependent upon microsphere size dis 
tribution and dose ol NET contained in the micro 
spheres 

Comparison of the serum NET profiles attained using 
different doses at three centers shows the influence of 
microsphere size on NET release rates The size dis 
tribution of microspheres in the first study was 60 pm to 

240 pm, whereas the size distribution used at the other 
two centers was90 prn to212 pm Smaller microspheres 
provided more rapid release and higher initial serum NET 
levels, with a resulting steeper slope of the curve and 
shorter duration of action A narrower size range results 
in flatter release curves more nearly approaching zero 
order release (Figures4 and 5) These curves, however. 
are characterized by a gradual decline in serum NET 
levels over the treatment period 

The early animal and human studies demonstrated the 
good potential of the microsphere system, 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 significantly change the biodegradation 
interval 

We became concerned, further, that repeated injections 
ofPLAmicrospheresat6 monthintervalsmightallowan 
undesirable build 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 
alatertime We concluded that a PLA excipient that has 
a 12-month biodegradation time is 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 synchronization between duration of NET release 
and biodegradation of the polymer 

SECOND GENERATION NET
 
MICROSPHERE FORMULATION
 

To achieve faster biodegradation, polyglycolic 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 lactide glycolide molar ratio 
(85 15) that biodegrades in 6 months 

Pharmacokinetic studies in baboons using NET micro 
spheres made from the copolymer poly lactide-co gly 
coide (PLGA) resulted in release profiles uniquely 
characteristic of this formulation The copolymer 
formulationproducesabiphasic release curve(Figure6) 
A diffusional release pattern characterized by decreasing 
NET levels with time, similar to those previously described 
for the PLA systems, occurs during the first 10 weeks 
post-treatment The duration of this diffusional release 
phaseisvariable,dependingonormulation Asecondary 
rise in 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 I
 
treated with the copolymer formulation (Source: Beck ' I
 
LR, Pope VZ, Flowers CE, Cowsar DR, Tice TR, Lewis , 
 o 

DH, Dunn RL, Moore AB, Gilley RM. Poly (d,l-lactide-co- DA0S 

glycolide)/norethisterone microcapsules an injectable 
biodegradable contraceptive- Biol Reprod 28 186, 1983) Figure 7 Serum levels of immune-reactive NET in 

Group D women following IM injection with 75 or 100mg 
NET in PLGA microspheres. (Source Beck LR, Flowers 

treatment interval This secondary phase corresponds CE Jr, Pope VZ, Tice TR, Dunn RL, Gilley RM Poly 
with the period of rapid polymer biodegradation (Figure (d,l-lactide-co-glycolide)'norethisterone microcapsules 
6) clinical study In Zatuchni GI, Goldsmith A, Shelton JD, 

Sciarra JJ (eds) Long-Acting Contraceptive Delivery 
We concluded, from the pharmacokinetic studies in Systems, pp 407-417 Philadelphia, Harper & Row, 1983 
baboons, that NET release from copolymer-fabricated 
microspheres occurs via both diffusion and bioerosion 
We anticipated that this dual release mechanism could be phase, the curves remained parallel, although the serum 
exploited to develop formulations having more discrete NET levels in the subjects receiving the higher dose were 
release intervals, uniform steroid levels, and less "tailing only slightly greater (Figure 7)aoff"of NET release than occur with the PLA formulation 

m e a o There were no significant dose related effects on bleeding 
Following further baboon studies, a master batch of patterns in these two groups of women, although the low 
microspheres comprising 22" NET in a copolymer dose group appeared to have less spotting during the 
excipient containing 86<. to 88% PLA and 14% to 12", 120- to 140 day interval post treatment 
PGA respectively was made for use IT,clinical trials Five 
centers participated in a study to evaluate this PLGA Two post-treatment uterine biopsy specimens were 
NET microsphere formulation with appropriate charac obtained from each of these subjects and were evaluated 
teristics to provide 3 months of continuous NET release for progestin effects by light microscopy Small glands, 
Two microsphere diameter ranges. 63 pm to 90 pm and slightly hypertrophic stromal cells, and limited pre
90 pm to 106 gm, were evaluated at doses of either 75mg decidual reaction about the arterioles, characteristic 
or 100 mg NET progestin responses were evident in these biopsies 

Glands with classical secretory exhaustion, a charac-
The smaller microspheres (63 90 pm) released NET for teristic response to oral contraceptives, were uncommon 
approximately 20 weeks in ten women treated with two Breakthrough bleeding was attributed to disruption of 
different doses. 75 mg and 100 mg (Group D, Table 1) the integrity of the surface epithelium, which allowed 
The release profiles in both groups of women were blood to escape into the uterine cavity Tissuedegenera
biphasic (Figure 7) After an initial post-injection peak, tion with leukocytic infiltration was also present These 
serum NET levels gradually declined until about 8 weeks endometrial changes are typical responses to norethis
after treatment, when a secondary nse and fall in NET terone 
levels occurred between 8 and 20 weeks post-treatment 
Ovarian function was suppressed for 3 to 4 months in all The injection efficiencies in this study averaged 90", 
subjects who received the full dose ofeither 75 mg or 100 reflecting the benefit of careful instruction of the practi 
mg of NET (4, 5) tioners by technicians experienced in the procedure for 

injecting the microsphere suspensions, and use of the 
The serum NET curves of the subjects receiving the two improved injection vehicle 
doses were parallel during the initial diffusional release 
phase, with the 100 mg dose producing proportionately Five subjects received the 75 mg NET dose and three 
higher serum NET levels During the biodegradation received 100 mg NET at a second center participating in 
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the 3-month Phase I clinical trial of the copolymer 1o0 
formulation (Group E, Table 1) Three subjects were 
dropped from this study because of difficulty with the oLinjection 7 

The 100 mg group had only slightly higher serum NET 75 .gNET 

levels than the 75 mg group (Figure 8) No ovulatory T 4 - -INmg NET 

progesterone levels ( 3 ng, ml) were reported in the 74 , 
22to 108 days post-treatment during which blood samples 


were obtained ,
 
10 20 30 40 50 SO 70 80 90 100 110 120 130 140 IS 180IN 7o 190 200 

A third center (Group H, Table 1) tested equivalent DAYS OSTTREATMENT 

doses, but used microspheres ranging in diameter from 
90 pm to 106 ,m This center had participated in one of Figure 9 Serum levels of immune-reactive NET in 

Group H women following IM injection with 75 or 100 mg
the earlier studies, and the experience that had been NET in PLGA microspheres 
acquired with the injection protocol was reflected by 
injection efficiencies ranging from 90% to 99% in all 
subjects Ovarian cyclicity was suppressed for an 
average of 22 weeks following treatment, with the earliest 
occurrence of ovulatory progesterone levels at 14 weeks did not significantly affect the release profiles, when 

post treatment, and the longest suppression exceeding compared to the subjects who received the 63 pm to 90 

26 weeks pim microspheres 

Menstrual alterations were the only side effects reported Composite NET release curves for each dose from the 

in this study Six subjects experienced non-bleeding subjects at these three centers (75mg n - 14, 100mg n = 

intervals of greater than 90 days' duration, four of these 13) are similar to those found at the individual centers, 
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 minimize peaks and valleys (Figure 10) These release 
the 189 to 210 day reference period, with a mean of 36 for profiles demonstrate the capability of the copolymer 
all subjects Although bleeding episodes were 5 days or system reliably to provide continuous controlled release 

less in half the subjects, four subjects had bleeding of contraceptive quantities of NET This particular V 
episodes exceeding 10 days in length There appeared to formulation consistently released NET for approximately 
be no relationship between dose and bleeding patterns in 4 months in women subjects 

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

Serum NET levelswereconsistently higher in the subjects injection efficiencies resulting from the use of 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 

1000mg NET 
35 IN , E 

2 2 

10 WW Q IS S10 71 10' 1.1. M 20 40 60 80 100 130 160 180IDIN 0010 30 50 70 90 110 120 140 150 170 
DAYS pO$STMEATMENT 

DAY POSTTREAIMLENT
 

Figure 8 Serum levels of immune-reactive NET in Figure 10 Serum levrels 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 mierospheres or 100 mg NET in PLGA microspheres 
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center tested 63 pm to 90 Mm 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 following 
treatment, and two had prulonged first cycles before 
resuming normal cyclicity 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 7%to 16 5% in these 
subjects We concluded from this that minimum needle 
bore size needed for this formulation was 18-gauge The 
remaining three subjects were treated using an 18-gauge 
needle for injection, 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 
injections at the other three centers 

Problems with injection also occurred at the fifth center 

(Group G, Table 1) The practitioners subjectively 

estimated that injection efficiency, based on material re-
minng in the syringes, was between 90, and 100i but 

actual doses, determined by measuring residual NET in 

the syringes, ranged from 31 8% to 95 7". (n = 8) of 
intended doses Because of the multiple doses resulting
from variable Bjection efficencies, no attempt was made 
to group these 0 subjects accordig to dose Nmeof 0 

gup subectshad ovulatory serum progesterone levels wth0 
102 + 5 cays post-treatment, regardless of dose 
12 ±and 

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 lipidlevels were observed following continuous administration 
of NET for 3 months 

A second clinical study at two centers (Groups Ifond 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 
pm to 212 pm Two doses were evaluated in 10 subjects 
at each center Five subjects at each center received a 75 
mg NET dose and five received a 150 mg dose Nine 
subjects in Group I were anovulatory for the first 5 
months post-treatment Three subjects who received the 
75 mg dose and one who received the 150 mg dose 
ovulated between the 5th and 6th month post-treatment 

Serum NET profiles in these subjects were biphasic 
(Figure]]) Increasing the diameter range from 63 Mm to 
90 Mm up to 125 Mm to 212 prm shifted the biodegradation 
phase to the right, effectively extending the duration of 
action Serum NET levels gradually declined during the 
first 10 weeks post-treatment, with the biodegradation. phase providing increased NET levels during the 13th 
through 20th weeks post-treatment 
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Figure 11 Serum levels of immune-reactive NET in 
Group Iwomen following IM injection with 75 or 150 mg 
NET in PLGA microspheres 125-212 pm in diameter 

The total spotting and bleeding days per 30 day period 
post-treatment ranged from 0 to 29 per patient Fifteen 
of 71 periods were amenorrheic, and 19 30-day intervals 

contained greater than 7 days of spotting and bleeding 
Eleven 30-day periods with greater than 7 bleeding or 

spotting days occurred in the first 3 months post 
treatment, three of which were single periods in the 2nd 
or 3rd months in three patients receivig the 150 mg 

dose Eight periods with greater than 7 bleeding or 
spotting days occurred in the second 90 days post
treatment, three in the low dose group and five in the high
dose group The amenorrheic periods were distributed 
fairly evenly between the two groups, with one patient in 
each dose group experiencing 120 days without bleeding, 

the other amenorrheic periods randomly distributed 

among the other subjects 

At the second center (Group J. Table 1), one subject ineach group had ovulatory progesterone levels 160 days 
post-treatment, and the other eight subjects had no 
progesterone value over 3 ngml 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 

(Figure12) The reason for thisdscrepancy between the 
two centers is most lkely due to different ijection 

o,50mg NET 

7e NET=115, 
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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 pm in diameter 
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efficiencies This has not been confirmed, however, 
because injection efficiencies were not established at the 
second center 

As with the 3 month study. serum ipoproteins were 
unaffected in the women receiving the 6-month NET 
doses a t bo th cen ter s 

PHASE If STUDIES 

We decided, on the basis of the results of the mult center 
Phase Iclinical study, to initiate a Phase I1study (Group 
K, Table 1) to evaluate the contraceptive efficacv of the 
copolymer microsphere formulauon using a 75 rig dose 
of vricroencapsulated NET Based on past experience, 
we thought microspheres made of 85',, polylactide and 
15. polyglycobde, ranSing Indiameter from 45 um to 90 
pm and contaimng 20't. by weight norethisierone, should 
provide 3 months of contraceptive protection in women 

A batch of microspheres was prepared according to 
these specifications using an improved process that 
results in high quality mricrospheres A comparison of 

the quality of mictospheres produced by this process to 
the earlier process has been previously published il0l 

r
Although the microspheres produced by the Iew process 
contained the identical polymer and norethisterone 
concentration, the in uttro rate of norethisterone was 
siower 

Parallel inLico studies in baboons and women demon 
strate that the quality of the microspheres significantly 
affects pharmacokinetics The serum norethisterone 
profiles in 14 human subjects treated with mcroseheres 
produced by the improved process are shown in Figure 
13 Unlike earlier formulations, the serum levels of 
norethisterone graduallv increased for 30 day.s to 40 days 
post treatment Early fast release, or burst effect, as it is 
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 imrune-reactike NET in 

Group K women following IM injection with 75 trg NET 
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Figure 14 Serum levels of immune-reactike NET in
 
baboons follo. ing IM injection with 75 mg NET in 240
 

loaded or 30'. loaded PLGA microspheres 

post treatment because of the lower than expected 
smum norethisterone levels We decided, therefore, to 
discontinue further studies using this dose and batch of 
microspheres 

Based on the pharmacokinetic studies in women and 

baboons, and the results from additional arimnil e,,per 
ments, we concluded that the change in the serum 
norethisterone release was due to better encapsulation 
of norethisterone in the polymer matrix 
Improvement in the microencapsulation process has 
reduced the amount of free or unencapsulated norethis 
teroie in a forrnuation, which in turn reduces the early 
burst effect characteristic ot all the earlier formulations 
Better quality microspheres produced by the improved a 
process provide more precise control of norethisterone 
release Although Ahe higher quality microspheres are 
superior from a controlled release standpoint, they were 
not suitable tor use in the Phase 11clinical trial because 
the initial release rate; were too Jow 
Additionalexperimentswereperlormedtodeterminethe 
best way to achieve faster release rates without (am 
promising the improvement that had been gained in the 
quality of the microspheres We found that the nor
ethisterone release rate during the Prst 30 days post 
treatment could be signif cantly cccelerated by increasng 
the concentration of norethisterone in the microspheres 

Figure 14 compares serum norethisterone profiles in 
treated with the same dose of microencapsulated 

75 mg Formulation A contains 24% by weight 
norethisterone and formulation B SO% Both microsphere
formulations were prepared by the improved process, 
yields high quality microspheres 

This experiment clearly demonstrates that the higher 
microspheres produced substan 

tlaily faster release rates during the first 30 days post
treatment Comparative scanning electron micrographic 
studies show that the two formulations are of equal a 
quality 



We also learned from these experiments that increasing 
the concentration of norethisterone in the microspheres 
to 50% substantially improves the injectability 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 a75 mg 
dose of norethisterone from formulation A is 341 mg, 
whereas with formulation B only 150 mg is required We 
know from the results of the multicenter Phase I study 
that injectability is a serious problem The use of more 
heavily loaded microspheres should solve the injection 
problem In addition, we have initiated studies at two 
different centers to developan Improved injection vehicle 
and to determine the optimum needle size and syringe 
design 

Although these studies are still in progress, substantial 
improvements have been reported, and we feel confident 
that the injectability problems will be solved prior to 
initiation of the Phase III studies 

CONCLUSIONS 

FEvaluation of the course of this research program revealsa 	 a numb e o re of thearmporamof well-
anumber ot problems and the importance
coordinated pharmacokinetic studies in both animals 
and human volunteers The latest norethisterone micro 
sphere formulation being used in expanded Phase II 

efficacy studies differs substantially from the original 
prototype system Improvements have been Made III the 

manufacturing process, pharmacokinetics of the nor-
ethisterone microspheres, biodegradation kinetics of the 
polymer, and the injeetabiy 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 delivery system in response to safety
and physiological consideratons is highly advantageous 

The applicability of this delivery system for human use 

was realized by undertaking a number of Phase I studies 
in which minor changes were made in the dose and 
composition of the microsphere formulations Our 
purpose is to perfect a delivery system for application in 
women Although we found the baboon to be an 
extremely useful and predictive animal model, final 
evaluation and fine tuning of the delivery system hasO been based on the results of the actual clinical trials Asa 
result, we now have an improved process for the 

formulation of norethisterone microspheres that pro 
vides a more precise control of release, we have improved 
the pharmacokinetics of the delivery system by optimizing 
the drug loading and size distribution of the microspheres, 
and we have optimized the biodegradation of the delivery 
system by changing the molar ratios of polylactic and 
polyglycolic acid 

Finally, we have substantially improved the injectability 
by improving the vehicle for preparing microsphere 
suspensions and by increasing the concentration of 
norethisterone in the microspheres, thereby minimizing 
the mass of particles to be injected These improvements 
bring us to the present state of the art and a formulation 
that we feel is suitable for use in expanded Phase II 
studies 

This research program is still in progress, and although 
we feel we have reached anew point on the continuum of 
improvements, need for further modifications and 
improvements may become apparent during the course 
of the Phase II and III clinical trials 

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 remaining obstacles to the 
evnta aprvlwneidlcll-eo ti njcaleventual approval and wide-scale use of thi9ijectabl 

contraceptive system in both developing and developed 
countries We anticipate that additional improvements 
will come through the use of alternative steroids and or 

combaions of dfferent steroids Ths will prode 
better bleeding control, which remains the single most 

objectionable feature of this long-acting injectable 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 problems established the need 
for improvement and the justification for the research In
continuing this research, we expect additional problems 
and anticipate further improvements 
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RESEARCH FRONTIERS IN FERTILITY REGULATION
 

IMMUNOLOGIC METHODS OF FERTILITY REGULATION:
 
REPORT OF A WORKSHOP*
 

Reproductive immunology has been identified 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 interest in both the basic and 
applied aspects of research on immunocontraception 
Both contract and grant support mechanisms of NICHD 
are used to prode direct financial assistance for re 
search in this field The Office of Population, Agency for 
International Development (AID). is currently interested 
in identifying and defining an increased role it could play 
in enhancing developments in this field Limited support 
for some applied aspects of immunocontraception has 
been provided to investigators through programs such as 
the Program for Applied Research on Fertility Regulation 
(PARFR) and the Population Council TheWorldfHealth 
Organization (WHO) 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 initiate clinical trials in 
1985 The Government of India accords high priority to 
immunocontraception 

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

*This report vas publhshed ,, part in Contraception 31t) 11 28 
January 1985 and ispresented here ssith permision 

The organizers ot ihe workshop wish to ackno kledge the enthusiasm 
and actve participation ol the speakers and the obserers Thisreport 
v~as compiled hy Jell Spicder, Agen, for Internationo l DC lopmCnt 
and is theresut ofautollaborative eflort onthe part ol al thosc invoiced 

Sithe workshop Special thankisor tspreparation must buextnded
toNancyAlexander GabeBal, LanetaDortlinger NikelHarper Mike
McClUre Jeff Spieler and Vern Stevens 

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

One important issue considered was whether efficacious, 
safe, and reversible vaccines for fertility regulation can be 
developed The current research in the area and related 
topics were reviewed and discussed (see page 1O}, with 
primary emphasis on research to developvaccines based 
on 1) gonadotropins or their subunits and fragments, 2) 
sperm antigens, and 3) antigens derived from the zona 
pellucida Prerequisites for an acceptable vaccine were 
discussed in detail The workshop participants identified 
research needs and stressed the importance ot research 
on both basic and applied aspects of reproductive biology 
and immunology The overall complexity of developing 
contraceptive vaccines indicates the need for inter 
disciplinary research 

It was the consensus that immunologic approaches offer 
some unique advantages in fertlity regulation Consider 
able research effort, however, must be mounted torecognizetheir fullpotential Althoughsomeapproaches 
have advanced to the stage where clinical testing is 

imminent, these as well as other approaches require 
additional preclinical research 

The proceedings and the recommendations of the partic 

Ipants (indicated by italics) are summarized in the
sections that follow 

c Copyright PARFR 1985 



ANTI-HORMONE VACCINES 


Research efforts are being directed toward the develop 
ment and evaluation of efficacy and satety of antitertility 
vaccines using the gonadotropins and their subunits and 
various peptide fragments For example prototype 
vaccines are being developed using the beta subunit of 
human chorionic gonadotropm (hCG beta), the beta 
subunit of ovine luteinizing hormone (oLH beta) and the 
carboxy terminal peptides of hCG beta In extensive 
safety tests in animals, including non human primates, 
hCG beta, oLH beta and the hCG beta carboxy terminal 
peptide vaccines showed no evidence of acute or chronic 
side effects (29) 

In rhesus monkeys, immunization with oLH beta caused 
a shortened luteal phase with reduced progesterone 
levels In this study, monkeys were observed for more 
than 5 years, and detailed 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 
antibodies isnot completely defined, it was demonstrated 
that animals with high levels of circulating antibodies do 
not become pregnant after multiple matings (36) 

The observation of impaired or reduced ovarian function 
in animals immunized with oLH beta (30) raised a 
discussion of the possibility that such induced endocrine 
mbalances could lead to breast tuiirb or other Malignant 
endocrine diseases, as has been seen in relation to an 
insufficient luteal phase Obviously, subjects participating 
in clinical trials with oLH beta would need to be monitored 
for several years at least In human trials conducted 
some years ago in India, Finland. Chile, and Brazil. 
immunization with an hCG beta subunit linked 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, since the 
number of animals that could be used for such studies 
would not likely reveal a potential, low frequency problem 
resulting from immunization However, it was agreed 
that sufficient safety testing should be conducted on new 
vaccine formulations to permit approval of clinical trials 

by appropriate drug regulatory authorities 

The major limitation to the anti-hormone vaccine (as well 
as other potential vaccines) is likely to be the genetically 
determined variability among individual recipients in 
response to immunization It was speculated that such 
variation in both magnitude and duration of 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 invasive 
methods to identify such non responders were behieved 

to be an important area for research Despite this 
concern, it was the consensus that Phase I clinical trials 
to test the immunogenicity of at least two or three of the 
best characterized ant hormone vaccines could be a 
initiated as soon as approved by appropriate regulatory W 
authorities 

Early clinical trials will answer many important questions, 
such as the variation in the lev el and duration of antibody 
production among women Since several different 
vaccines are likely to be in clinical trials within I to 2 
years, it was recommended that the exchange of sera 
armong investigators be encouraged and that a reference 
"standard" serum bank for comparing antibodv levels 
attained from different vaccines be established The 
availability of standard reagents and standard method 
ology will be required to permit comparisons between 
laboratories 

Several areas of research for the development of other 
anti hormone vaccines were discussed, including anti 
FSH and anti LHRH Questions were raised as to the 
advantages of an anti LHRH vaccine over a long acting, 
injectable LHRH antagonist The most advanced primate 
study for male immunocontraception (22) used FSH as 
the antigen, however early promising results were 
followed by an unexplained recovery of spermatogenesis 
in spite of high antibody titers 

While there was no immediate role envisioned for anti 
steroid hormone vaccines in human fertility regulation, it 
was thought that research studies employing them are 
likely to be of immense value in animal husbandry and 
veterinary medicine, and will provide much needed data 
on basic immunology and reproductive biology There 
was a consensus that more research is needed in the 
area of antigen carriers, new adiuvants, and chemical 
modification of antigens 

When amethod isready for clinical testing, itwas thought 
that studies of the mechanism(s) of action should be 
initiated, if they are not already underway These data 
will reveal how a given vaccine is affecting fertility, and 
may provide insight for developing new vaccines 

Whe te partcipants encouraged cncal studies of anti 
hormone vaccines at an early date, they did not endorse 
any specific method and could not vouch for the purity or 
lack of toxicity of individual 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 epididymis, or 
during sperm interaction with the egg in the female 
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reproductive tract The number of known sperm antigens 
that could be used as a vaccine is limited In fact, it was 

a 	 postulated that only 11 of the proteins in sperm have 
been identified to date (3) This situation is changing
apidly. huwever, due to the advent of noclonal 

antibody (Mab) technology It is important that basic 
studies of spermatogenesis, sperm maturation, sperm 
function, and fertlization be continued Only with such 
information will we know which antigens will prove most 
useful for vaccine development 

Lactate Dehydrogenase (LDH-C4 ) Some known 
antigens of sperm include LDH C, protamine, acrosin. 
hyaluronidase, plasma membrane antigens, and other 
differentiation products The most completely character 
ized antigen is LDH-C,, which is synthesized during 
spermatogenesis and becomes localized to the mid piece 
and tail of spermatozoa This sperm specific isoenzyme 
has been crystallized from mouse testis Although there 
are some differences in the amino acid sequences of this 
tetrameric protein from various species, there is consider 
able cioss reactivity of antibodies raised against the 
mouse 	LDH C, with the comparable enzyme of other 
mammals, including rabbits, baboons, and humans 

Althouqh LDH-C, is considered to be an internal antigen, 
a significant amount of the antigen is also on the surface 
of sperm Systemic immunization of females with LDH-
C, resulted in a reduction of fertility inmice, rabbits, and 
baboons (12) Infertlity vas 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 oviductal fluid from 
systemically immunized rabbits have been shown to 
contain antibodies to LDH-C,, and IgA has been detected 
in uterine washings of immunized mice (12) These data 
suggest that immunoglobulins produced following im-
munization with LDH-C, enter the female reproductive 
tract Antibodies probably prevent fertilization by 
causing spermatozoa to become agglutinated or im 
mobilized Studies have recently oeen initiated that 
attempt, by immunizing with LDH-C i, to stimulate IgA 
secretory systems and promote antibody secretion into 
cervical mucus and oviductal fluids in rhesus monkeys 

Antibodies to LDH C, cause a marked reduction in 
fertility (approximately 80) in female baboons While 
there is some concern that the contraceptive effect isnot 
complete, increased fertility suppression may be achieved 
byalteringtheprotocoltoenhanceantibodyprocuction 
These changes would involve the route of administration 
(local versus systemic), dosage and schedule, adjuvant, 
and antigen (primate versus murine LDH-Cjl 

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

vitro test to measure antibody effectiveness would 
circumvent problems of multiple )ertilitj trials 

One advantage of LDH-C, is that its structure is well 
defined, thus, the evelopment of a synthetic vaccine is 
facilitated 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 immunizedwith one such peptide, 
consisting of amino acid residues 5 to 15 of LDH C, 

conjugated to diphtheria toxoid, is currently underway 
(11) After the first mating, only one of eleven baboons 
conceived rhere are at least five other peptide 
sequences that could be tested and that may be even 
moreeffectveinpreventingconceptton AlthoughLDH-
C, and its fragments have some attractive properties, 
questions of efficacy still require resolution in order to 
develop a vaccine based on this antigen However, as 
long as antibodies to LDH C4, or to any other sperm 
antigen, for that matter, will agglutinate spermatozoa, the 
potential for a contraceptive effect exists 
Other Internal Sperm Antigens. The protamines, a 
family 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 
it will be possible to induce the Sertoli cells to transport 

substances into the maturing spermatogenic cells priorto their 	release from the seminiferous epithelium, thus 

rendering them incapable of subsequent fertilization (3) 
With u better understanding of sperm production, new 
immunological methods ofsuppressing spermatogenesis 
without altering steroid hormone production may be 
possible 

Use of Monoclonal Antibodies. Identifying sperm
specific antigens has been facilitated by monoclonal 
antibody (Mab techniques Such antibodies provide a 
powerful tool to deduce the role of sperm antigens in 
germ cell differentiation, sperm maturation, capacitation, 
and fertilization Since studies in many species will 
provide important basic information for vaccine develop 
ment, a library of anti human sperm Mabs is required
Some Mabs to specific regions of sperm have already 
been described Several Mats to the acrosme, 
equatorial region, post acrosomal region, and tail of 
human sperm have been shown to impede sperm penetra 
non of hamster eggs Some Mabs react only with 
capacitated human sperm One Mab directed against 
the surface of guinea pig sperm induces an acrosome 
reaction Morestudesonspermfunctionandfertilization 

will al/oL u better definition of possible sites for interven 
non Those Mabs that are directed against phylogeneti 
cally conserved antigenic determinants will be useful in 
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permitting functional evaluation in laboratory species 
For example, an anti human sperm Mab that reacts with 
mouse sperm will allow studies ot its antifertility action in 
mice Recent advances in hybridoma technology make it 
feasible to utilize human Mabs far antifertility vaccines 
through passive immunization 

Application of Mabs as immunoafflnity ligands has per 
mitted the isolation ot new antigens Immunization Of 
animals with these antigens may provide important 
intormation as to whether high titers of these antibodies 
will prevent fertility Mabs as reagents will greatK
facilitate studies on the ontogeny of Surface antigens and
their organization into functional topographic domains 

Another approach to the identification of antgens has 
been the evaluation of serum samples from individuals 
considered to have immunologically mediated infertility 
Western blot techniques have been used to evaluate 
such serum samples Further assessment of these 
antigens excised from gels may provide useful data 
concerning naturally occurring antibodies 

In this context participants discussed the usefulness of 
Supporting the WHO serum bank (Task Force on Birth 
Control Vaccines, Special Programme of Research in 
Human Reproduction) Concern was expressed that 
some of the serum samples were from patients who had 
not been adequately Llnically characterized Although 
the WHO serum bank has been useful in allowing a 
coiparisoi of tests for assessing immunologic infertility, 
its importance for advances in vaccine development has 
not yet been demonstrated 

Further basic efforts should be directed toward studies 
of immunosuppressce and ani-complemnenr factors in 
seminal p/asma These substances should be charac 
terized and defined since their presence may affect the 
antigenicity of sperm antigens, regulate whether inter 
course can provide a booster eftect, and affect other 
immunological events at a local level 

Differences in the imimiune response to sperm antigens 
should be studied Only through studies in genetically 
defined or inbred strains of animals can a better under 
standing of the basis for optimal immunization regimens 
be determined and vaccines developed capable of over 
coming poor immune responsiveness 

Whether a vaccine involing sperm antigens could he 
used more appropriately in females than males remains 
open to discussion Two feasible approaches in females 
involve active immunization or a passive local delivery, 
such as vaginal administration of the anti sperm antibody 
Possibly, a vaccine that stimulates production of anti 
bodies to several different sperm antigens will be most 
efficacious, although no one has yet reported 100', 

frt it, suppression even &lth crude extracts that
 
presuma.bl contain all sperm and or testis antigens
 

THE OVUM AND ITS INVESTMENTS 

Several unique antigenic substances are associated wvith
 
oocyte development and ma'. provide suitable targets for
 
mnLnuolog1C contraception Although there may be
 

specgfic antgens associated with the oocrte itself such
 

antigens have not been purified In contrast, antigens
specific to the oocvte investment - the zona pellucida

have been identified Antigens from this noncellular 

layer may prove to bean excellent target for immunologic
 
inactivation Most recent research has concentrated on
 
studying the antigens of the zona pellucida
 
It remains to be seen whether other differentiation
 
antigens can he found that appear or are expressed in the
 
ov um only after feriilization (perhaps associated with the
 
fertilizing spermatozoon) The availability of such post
 

fertilization antigens would reduce the possibility of
 
cross reactions with oocytes in the ovary A particular
 
class ot structural nuclear proteins, the lamna A and C,
 
has been detected in the ctoplasm of the ovum before
 
fertilization (7) Remarkably, these two polypeptides
 
suddenly become non immunoreactive 2 or 3 minutes
 
after fertilization m awa like manner that isdependent
 
on the release of intracellular calcium, and then gradually 

reappear again a few hours later The significance of this
 
observation and its possible utility for immunocontracep
 
tion remains to be determined
 

It is clear that if antigens that are associated only with 
later stages of oocyte development in the preantral or 
antral follicles, or with fertilization, can be defined, they 
would have great advantages since the risk of endocrine 
disturbance or, more serious, permanent damage to the 
germ cells and primordial follicles and associated sterility 
would be avoided Although it will be ideal if a contra 
ceptive vaccine based on ovum antigens is reversible, this 
cannot be guaranteed For some individuals who have 
completed their family, irreversible methods of contra 
ception are both attractive and acceptable, as is evidenced 
by the popularity of sterilization by surgical methods 
Furthermore, irreversible methods of immunocontracep 
tion may offer non surgical approaches to sterilization 
that would be of value in developing and developed 
countries 

Zona Pellucida Antigens It was strongly emphasized 
that significant progress in the isolation and characteriza 
tion of zona antigens has only been made through the use 
of standardized separation and purification techniques 
These techniques include two dimensional high resolution 
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gels arid the most sensitive protein detection methods For reversible contraception the most desirable inter 

available, e g silver staining It was recommended that ference with zona function would be one preventing 

these techniques be used routinely Application of such fertilization Inhibition of ovulation without concomitant 

* techniques has facilitated the identification and isolation change in endocrine function would also be desirable 
of several zona pellucida antigens discussed below Elimination ot all oocytes from the ovary would be 

irreversible and, therefore, may be less desirable in 
The zona pellucida is a complex structure composed of women It could be of significant benefit, however, in 
three major and several minor glycoprotein families with agricultural practice and for domestic pets 
multiple antigenic determinants The molecular weights 
of theseglycoproteinsaredifficult to determine,because More detailed studies are needed to determine the 

of heterogeneity due to extensive glycosylation How mechanisms involved in alterations of fertility following 

ever the apparent molecular weights of the most immunization with different zona antigens When this 
abundant antigens from the major family range from 55K information Is OL'alahlfP, selection can be made at the 
to 80K, and it is the 55K antigen that is being investigated most appropriate antigens /or further development 
most extensively 

For the present, the zona pellucida of the pig provides the 
Aside from discerning the mode of action, there is also 
the larger issue of provision of an adequate supply of the 

best immunogen, because of its availability, and because chosen antigen Large scale collection of zonae pel 
antibodies to the zona pellucida of this species cross lucidae from slaughter houses for processingis obviously 
react with the zona antigens of several other species, not a practical long term solution to this problem It 

including rabbits, nonhuman primates, and humans seems appropriate to start using modern techniques of 
Current information indicates that zona antigens derned molecular biology to help with the preparative scale 
from rodent species will not be suitable as the basis for a purfcation of these antigens 

contraceptive vaccine for humans, cwing to the lack of 

cross-reactivity with the human zonc (10, 18) Quantitation of the Immune Response Use of 

standardized and quantitative methods, as outlined 

Efficacy of Immunization with Zona Antigens. above, will be of great benefit in achieving progress with 

Active immunization with whole zona pellucida or pas- regard to characterization of the immune response For 

sive immunization procedures with antibodies to zona quantitaton, it is recommended that incestigotorsavoid 

pellucida can have dramatic effects on fertilty in avariety 
of species Studies involving active immunization of 

the use of assays inolving the measurement of fluores 
cence in intac! zonae Suitable tests for quantitation 

several spec:es with zona pellucida antigens have also would include radoimrnunoassay and non isotopic assay 

demonstrated strong antifertility effects (10. 16,21) In detection svstems such as ELISA or biotin avidin 

addition, passive immunization with monoclonal anti 
bodies to purified zona pellucida antigens has been 

shown to be effective in preventing fertilization it mice 
CollaborationAmonglnvestigators Allinvestigators, 

both in the USA and abroad, currently working on zona 
pellucida and oocvte antigens should be identified and a 

The immunologic response to zona antigens is remark workshop convened to discuss fhe status of ongoing 

ably consistent among individual animals and between research and to outline the standardization ot techniques 

species, and is also long lasting (at least 1year) This has and approaches being used When standardized meth

been demonstrated in both rabbits and squirrel monkeys odologv has been adopted, exchange of antigens and 

(9, 17) 

Potential Problems and Drawbacks. There have 
untisera can be initated At that time a bank at 
referencepreparations should be established 

been indications in several species that antibodies to New Information Obtainable from Further Re

some of these complex immunogens do alter ovarian search. Remarkably little is known about the bio 

function and ovum development In rabbits, ovulation chemical and molecular events associated with the early 

ceased within 3 months after immunization with zona stages of oocyte growth and follicular development 

pellucida, and histologic examination revealed that the Since the zona pellucida proteins are synthesized and 

ovaries lacked oocytes (21) Whether this effect will secreted during these early stages, they provide unique 

occur in higher primates is not yet known Initial stage specific markers for development of the follicle 

immunization in primates was conducted in squirrel The studies described abovealso should allow generation 

monkeys, which do not exhibit an overt menstrual cycle of specific molecular probes and antibodies that can be 

(17) Unfortunately, histologic examination of the ovaries used to elucidate the nechanismsandcontrolsystems of 

was not conducted in that study Future research in oogenests, and more precisely defne the process offer 

other species may prove enlightening tilization 

5 



ACCEPTABILITY AND EFFECTIVENESS 
OF CONTRACEPTIVE VACCINES 

In view of the wide scale aceptance of vdccination and 
parenteral administration at drugs, fertilit regulating 
vaccines should prose to be an acceptable, and therefoi e 
popular approach to family planning Furthermore it 
would seem likely that immunologic methods can he 
selected that do not disrupt the menstrual cycle or cause 
the metabolic disturbance and concomitant side ettects 
associated with some of the curtentlv used hormonal 
contraceptives 

Because vaccines will provide long acting fertility regula 

tion and could be administered b; trained paramedical 
and non physician personnel, they aie likel' to be 
enthusiastically received by administrators of family 
planning programs Furthermore, antifettility vaccine 
programs could be included within the scope of the MCH 
services and integrated not only with family planning but 
also with exclusive immunization programs (e g WHO 
Expanded Programme of Immunization) thus further 
improving on the availability of family planning 

There was considerable discussion among participants 
on how effective any birth control vaccines must be to 
warrant consideration Views ranged from the opinion 
that even a 30' eftectiveness would have demographic 
impact if it were theonly available or acceptable method) 
to the generalconsensus that less than 90', etfec tlreness 
uould not be acceptable 

There are two distinct considerations, the percent of 

nonresponders in a population and the contraceptive 
effectiveness in responders It has been demonstrated it 
animals that there ate genetically controlled species and 
strain differences to immunogens In addition there are 
inter anrmal differences in immune response within the 
same strain Therefore, techniques to predict or 
immediateh, identify, poor responders or non responders 
ou human population would be useful 

Reversibilty is an important issue Although it is prefer 
able to develop reversible methods potentially irre 
versible methods may be acceptable, particularc, since 
sterilization is currently the nlost wdely used method of 

erilizyreulationcurrentl d m 	 immune response) and long term biological ser 	 theamosttwide etoofSufficientfertility regulation There wa's a contsen.sus' rhat irre 

L'ersible approaches should hate u greatei method 
effectil-c'neSS than IeL etsihte ones 

The discussion on this topic terminated with the following 

points 
1 A vaccine that is at least 90"1 effectie should be 

sought 
2 In the absence of the desired level of effectiveness a 

given approach should not be abandrined immediately 
Instead techniques for improving the response by 
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modltying the iinmunogen, tairici ddliuvnt ot 
delivei schedule should he invetigdaed 

3 	 The actual] O percent lecrsihllltv ot ai1 gliv 1 

approa h will have to be determined emnpi caly At 
this time the mrior consideratiiol should be, to ubtain 
and maintain an appropriate antibody Iesponbke oi .I 
a desired peiiod of time 

4 	 Depending on the nature of the anigen it may oc 
pteierable to utilize a hologous imunogen animal 
model system than a heterologous one in order to 
obtain better informationi on duration of actin, 

reversibility, and safety 

SAFETY CONSIDERATIONS 

Safety is an important consideration in the de elopment 
of a contraceptive vaccine Aspects of the comprehens, e 
document (33) developed by the WHO Task Force on 
Birth Control Vaccines for testing the efticacy and safety 
of birth control vaccines were discussed In vieU Of nei. 
knowledge obtained during the past severual ,ears, this 
document, which w'as formulated in 1977 andpublished
in 1978 should be updated Some issues of safety and 
immunopathology were discussed with regard to these 
original guidelines While immune complex deposition 
could be a worrisome complication, the effect of 
circulating immune complexes is an open question 

Four major potential complications were proposed for 
consideration 

I Induction of organ specific autoimrune disease (e g 

at the pituitary, ovary, or testes) 

2 	 Induction of antibodies to hormone receptors that 
may tollowan immune response to peptide hormones 

3 	 Enhancement of the risk of neoplasa to organs that 
carry antigens involved in a vaccine (e g , hCG and 
immunization of men with sperm antigens), as vell as 
an indirect biological effect resulting from, for example, 
the effect of unopposed estrogens on the uterus 

4 	 Genetically controlled variation in the immune re 
sponse 0 e , some individuals may not dev.elop a 

effects of immunization It was stressed that the 
genetic contiol of the immune response must be
dissociated from the biologic consequences of the 

immune response 

There is evidence to indicate that each of these poss 
ibilities isa valid concern It was thought that tot testing 
purposes ma responding species, autoimmune pathology, 
should it occur, would he observ ed histologically within 6 
months after high titers of antibody are obtained 



CARRIERS, CONJUGATION METHODS, 
ADJUVANTS, AND VEHICLES 

* 	 Methods used in development of certain vaccines were 
reviewed Examples of antigen carriers were described 
and requirements for appropriate chemical coupling of 
antigens to carriers wec outlied The participants 
stressed the importance of the capability of preparing an 
immunagen with batch-to batch reproducibility with 

regard -o its ch2mical and innologic properties 
Chemical methocology suitable to industrial scale pro 

duction will have to be developed 

Several experimetita[ synthetic ,adjuvants vwiilh puieni 

antibody stimulating properties have been developed 

Some of these comnpounds may be useful in overcoming 
genetically-related unresponsiveness to reproductive 
antigens Vehicles or deliery systems tot vaccine 
components are not in an advanced stage of develop 
ment Most eperimental vaccines have employed oil in 
water enulsions or alum precipitates The safety of 

these products is important and mist be considered 
Some scientists belieue that polumer based delvery 
systems con be designed to release an appropriate 
amount of itmnrunogen and or adluants from the iniec 
tion site and research in this area a/ vaccine develop 
ment is encouraged Advances in the synthesis of 
lymphokinesandimmunoregulotoryproductsof bacteria 
are also of importance when considering methods of 
enhancing an immune response Methods resulting from 
research are likely to be applicable to the development of 
a wide variety of antifertiity vaccines 

IN DEVELOPMENT OF CONTRACEPTIVE 
VACCINES 

An important issue discussed was the use of molecular 
biology and recombinant DNA technology to produce 
large quantities of purified aringen Such large scale 

production of pure antigen will be a critical and perhaps 
limiting 	factor in ultimately providing a contraceptive 
vaccne 	for family planning progrms 

Technology is rapidly advancing in the area of genetic 
engineering It isnow possible to produce large proteins 
and even glycoproteiris using this technology Even rare 
messenger RNAs have been used to establish clones It 
was pointed out that once a cDNA clone is available to 
produce a ;pecific antigen, it might be possible to make 
small changes in the DNA of that clone to enhance 
immunogenicity of the antigen Recombinant DNA 
technology can also be used to produce smalher peptlde 
fragments of a protein, which could possibly confet 

* 	 immunity to the full protein 

There was disc ussion of the use of genetic engineering 

technology to produce large quantities of antibodies for 
passive immunization programs For example, a DNA 
lbrary can be made horn a clone pioducing a desired 
monoclonal antibody and those genes inserted into ahigh 
producing cell line Large quantities of the original 
specific monoclonal aniibodies would then be produced 

Recombinant DNA ,,accine ,iruses may bc pioduced 

that would espress specific antigens useful for a contra 
cepliie development program The approach would 
entail the molecular cloning and characterization ot 

cDNA, encoding the antigen ol interest, and ncornora 

nun of the cDNAhswyinto a commonure vaccine virus such asngnwudnthalaI 
this way, piiriiec antigen would not bevaccia In 

wel estabshed routes Such an approachwould be 
fvored where large numbers of doses would be neces 

sary for 	large target populatons 

Finally, it was thought that recombinant DNA technology 
will be increasingly important in the identitication of new 
antigens specific to the ovary or testis These new 
anigens might prove superior to currently known 
antigens as a basis for a contraceptive vaccine By a 
technique such as subtractive hybiidization. new dif 
lerentiation specific antigens can be identified Thisarea 
of research, while uery basic, is essential for future 
evolution of contraceptive Laccine technology 

DELIVERY SYSTEMS 

A concerned research effort is necessary to develop 
newe methods for uaccine administration Current 
techniques require booster injections to maintain effective 
antibody titers Development of new delivery systems 

that could provide for timed release of the vaccine would 
obviate the need for booster injections Technology of 
this type has already been successfully applied to the 

release 	 of contraceptive drugs For [he release of 

steroids and LHRH analogs, constant release has been 
desired In order to achieve appropriate release rates for 
peptides, blends of microcapsales with a range of lag 

periods have been used Theretore, itshouldbepossible 
to produce a microcapsule dehver, system for vaccines 
that will incorporate aseries of suitable delays in antigen 
release, resulting in effective immunity with a single shot 
vaccine This is especially important in developing 
countries, where more follox up difficulties may be 
encountered if booster shots are necessary 

7 



CONCLUSIONS
 

Throughout the workshop, the need to provide both 
stimulation and continuing support of basic anc applied 
research was reiterated There was consensus that the 
basic applied viewpoint of research in reproductive 
immunology represented a graded continuum not amen 
able to discrete partitioning Both aspects carrant 
urgent initiatives in support of immunocontraceptve 
research and development Neuertheless,ituosre om 
mended that financial support for the field be increased 
by donor agencies, that programs supportirg basic 
research uia grant mechanisms issue new Requests for 
Applications (RFAs), and that those agencies funding 
applied research issue new Request forProposals (RFPs) 
addressing seuerul of the ateas emphasized during this 
uorkshop Multidisciplinary research and collaboration 
between interested investigators are essential if the 
formidable challenge of developing mmunocontracep 
tiees is to be met successfully 

8 
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Vasectomy is one of the safest, simplest, and most 
eftective methods of fertility regulation Compared to 
female sterilization, it is safer and cheaper and has a 
similar rate ofeffectiveness Inspiteoftheseadvantages, 
i most countries the number of contraceptive female 
sterilizations performed each year continues to exceed 
the number of male sterilizations performed (30) In 
Latin America, the Caribbean, the Middle East, and 
Africa, fewer than one half million couples rely on 
vasectomy for contraception, compared to about 5 
million couples in the United States and about 12 million 
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 steriliza-

tion services 
3 Negative attitudes of physicians toward vasectomy 

Even if there were a greater emphasison the provision of 
male sterilization services there might not be a greatly 
increased demand for these services, especially in cul-
tures where men have a fear of surgery in the scro-al area 
and where vasectomy is equated with castration How-
ever, many experts argue that a simple nonsurgical 
method of male sterilization would have the potential to 
overcome the fears associated with the standard methods 
of vasectomy requirng 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 is punctured by a needle or needle-like instru
ment By means of this instrument, chemical agents or 
electro-coagulation can be used to block the vas lumen 
The ideal has been to develop a procedure that is 
inexpensive, can be administered by trained paramedical 
personnel, and can be performed with simple instru
mentation The potential advantages of transcutaneous 
vas occlusion compared to standard surgical vasectomies 
include the following (12) 

1 	The risk of postsurgical hemorrhage is eliminated 
At present, about 16',, of surgical vasectomy 
patients develop postoperatwe hematomas (31) 

2 	 The risk of postoperative infections should be 
greatly diminished Presently, about 1 5%of men 
undergoing surgical vasectomy procedures develop 
intections (31) 

3 The procedure should be more acceptable to men 
who have a fear 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 
sterilization,onlyaminimalamountofresearchhasbeen 
conducted to develop this method for widespread use in 
sterilization programs 
In spite of the apparent simplicity and advantages of a 
transcutaneous sterilization procedure, outside of the 
People's Republic of China, very little work has been 
done to evaluate the safety and effectiveness of these 
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procedures in men Most of the work has been limited to 
sporadic efforts to investigate the effects of various 
sclerosing agents using animal models Some efforts 
have been made to mprove the technicalfeasibility of the 
procedures through the development ot improved equip 
ment 

The purpose of this report is to review and summarize 
these research efforts and to provide an update on 
current research In the following sections current 
research and the results from animal and human studies 
are reviewed for each of the listed approaches totranscutanenoustststerilizationm~ 
transcutaneous sterilzaton 


METHODS OF TRANSCUTANEOUS 

STERILIZATION
 

The following methods of transcutaneous sterilization 
have been evaluated in animals and or man 

1 Intratesticular injection of chemical agents to affect 
spermatogenesis 

2 Intraepiddymal inection of chemical agents to 
affect sperm transport 

3 Obstruction of the vas lumen by the intravasal 
injection of chemical (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, including 
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 (15, 
22, 29) These drugs are usually administered orally or 
by systemic injection, and their use has been associated 
with undesirable side effects, including loss of libido and 
various effects on accessory sex glands Although many 
of these compounds can produce oligospermia, they do 
not consistently produce azoospermia Also, the effects 
of most of these compounds are temporary, and repeated 
administrations are required to maintain oligospermia 
azoospermia As an alternative to the interference of 
drugs, the direct injection of compounds into the testes 
has been investigated (32, 33) 

Wiebe and Barr evaluated the effects of the direct 
injection of aqueous 1, 2, 3-trihydroxypropane (THP, 
glycerol), a normal component of living cells, into the 
testes of Sprague Dawley rats (32,33) Spermatogenesis 
was inhibited by a direct and local action of THP on the 
seminiferous tubles The THP injections had no apparent 
effects on mature sperm stored in the epididymides The 
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first mating of treated rats resulted in normal offspring 
After the fourth postinjection week no matings resulted a 
in pregnancy The THP injections produced long-term W 
infertility (up to 21 weeks) without producing any 
significant effects on Leydig cell steroidogenesis, on 
testosterone and LH and FSH serum levels, or on 
secondary sexual characteristics and mating behavior
No undesirable side effects were noted The investigators
 
found that by 14 days after injection of THP, there was a
 
50"., reduction in the weight of the testes Althoughthisis
 
not considered an undesirable side effect in animals, in
 
man a reduction in testicular size might limit the acceptth acept
 
ability of the procedure Additional studies are currently
 
being undertaken to determine the mechanism of action
 
of THP on the testes
 

The only other intratesficular method that has been 
investigated is the use of ultrasonic energy In one study 
of the effects of different ultrasound intensities on the 
testes of mature rabbits, ultrasound at 15 W per sq cm 
for 15 minutes produced degeneration of the seminiferous 
tubules (23) Whether the use of ultrasound can be 
developed into a practical method of nonsurgical sterili
zation will require further evaluation One obvious 
limitation of the method, especially in developing 
countries, isthe cost of the equipment and the difficulty in 
obtaining routine maintenance 

Intraepididymal Injection. Although the injection of 
sclerosingagentsdirectlyintotheepicidmisistechnically 
simpler than injection into the vas lumen, the intraepididy
mal approach to nonsurgical sterilization is known to 
have been evaluated in only three studies The advan 
tages of intraepididymal o er intravasal iniections are 
that the cauda epididymis is easily palpated and intra
luminal placement of the needle in the epididris is not 
necessary
 

Bowman and coworkers evaluated the effects of injections 
of anhydrous calcium chloride dissolved in sterile saline 
directly into the cauda epididymis of mature rams on 
ejaculate volume, sperm concentration, and mounting 
time (4) Five rams received injections of calcium 
chloride and five received injections of saline By 2 weeks 
after the injections, the calcium chloride treated rams 
had a significant reduction in ejaculate olume and sperm 
concentration None of the animals became azoo 
spermic, but semen analysis was characterized by the 
absence of sperm motility and by head tai fragmentation 
Mounting times were not affected The sterilizing effects 
of the calcium chloride most probably were due to its 
necrosing effects on the epididymris No histopathology 
studies were performed 

Lewis and Garcia evaluated the effects of three sclerosing 
agents (formaldehyde, met hylcyanoacrylate [MCA] and 
quinacrine hydrochloride I in mature Macuco fascicularis 



monkeys (18) These agents were injected directly into 
the cauda epididymis either transcutaneously or after 

i0 	 exposure of the epididymis through ascrotal incision All 
animals were sedated with ketamine hydrochloride intra-
muscular injection (0 1ml kg of 100 ns ml solution) The 
results of the study are summarized in Table 1and show 
that none of the agents ewaluated was effective Histologic 
evaluations of testicular biopsies performed after 6 
months showed normal testicles in all monkeys but one 
That MCA-treated monkey had testicular atophy Other 
complications included abscess formation at the site of 
injection in two MCA treated animals and two quinacrine-
treated animals In the tormaldehyde-treated group, a 
moderate to marked inflammatory cell infiltrate and 
fibrosis were noted in most testicles evaluated Four 
animals (IMCA-treated, 3 quinacrine-treated) died after 
the intraepididymal injections Three deaths occurred 
on the day of the procedure and one (in a quinacrine 
treated animal) occurred Iweek after the procedure 
Autopsies did not reveal the cause of death in any of the 
animals In the quinacrine-treated group, death may 
have resulted from the quinacrine or from the combined 
toxicity of quinacrine and ketamine Based on the 
unsatisfactory results obtained witn all of the agents 
evaluated, no additional studies are being undertaken 
with intraepididymal injections of sclerosing agents 

No Ir.rA N.oAzoosper,. 
£ Azocsp,.rni, Rpranaiaion Air, ,.rbo5:perrn-toirotp 

Formaldehyde (4' 1 
insiycerate in-5) 4 2 2 

MCA (05cc) (n-5) 5 2 3 
Quinacrine hydrochloride 

(100 mg) in waier (n-51 4 3 1 
so... LCWLSa.d Grcia 4181 

Table I Results of a study of intraepididymal injections of 
various agents 

Davisevaluated the ntraepiclicyrna' necton of formal-

dehyde in alcohol and MCA in adult mongrel dogs (8 In 
the first two animals evaluated (one treated with formal-
dehyde in alcohol and one with MCA) severe toxicity and 
death occurred within Iweek of the injection The cause 
of death of these animals was not stated, but may have 
resulted from the relatively large doses of the drugs 
administered Gross examination indicated bilateral 
acute necrosis of the epididymides and testes in noth 
animals In other animals, in which lower doses of these 
chemicals were injected directly into the epididymis, 
extensive necrosis of the epididymides and testes was 
observed 


The appeal of the intraepididymal approach to trans-
cutaneous sterilization is that it is easier to inject a 
chemical into the epididymris than into the vas lumen To 

date, the limited evaluations of the intraepididyma 
injection of chemical agents has shown this to be an 
unsatsfactory approach to male sterilization Whether 
improved results can be obtained with other chemical 
agents remains to be evaluated 

Intravasal Methods. The concept of transcutaneous 
vas occlusion with either chemical agents or electro
coagulation is not a recent one Over 20 years ago Lee, 
in a series of experimental studies in dogs, evaluated the 
effects of electrocoagulation of the vas through a trans 
cutaneously inserted electrode, or the transcutaneous 
injection of different concentrations of phenol, glycero
phenol, or a combination or quinine and urethane (17) 
He also investigated the effects of the transcutaneous 
injection of liquid Biowax, a wax used in cosmetic surgery 
(17) Shortly after injection, the liquid Biowax solidifies. 
causing obstruction of the vas Lee noted that if a 
radiopaque material were mixed with the Biowax, its 
placement could be checked using x-rays Although 
none of the transcutaneous methods tested by Lee 
resulted in vas occlusion in all animals injected, the 
studies did demonstrate that the transcutaneous 
approach was a feasible method of vas occlusion 

Chemical Agents. Numerous chemical agents have 
been injected into the vasa of rats, dogs, and rabbits to 

evaluate their effects in producing vas occlusion The 
agents evaluated are listed in Table 2 Most of the studies 
have been experimental, in that they have evaluated 
relatively few animals and have been conducted 
to screen chemicals that might be worthy of either more 
extensive trials in animals or preliminary trials 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 4'0 formal 
dehyde in 9000 ethanol (6,7) and a carbolic acid, n-buty. 
alpha cyanoacrylate mixture (21) The mode of action of 
all of the sclerosing agents tested is thought to be similar. 
they produce local necrosis and fibrosis and vasal closurethrough scarring 

One of the principal objectives in choosing a chemical 
agent for use in human sterilization procedures is to 
select one that has minimal toxic effects and will produce 
a minimal amount of damage if injected into structures 
othei than the vas Ideally, damage caused by the 
chemical should be limited to the basal epithelium of the 
vas, without damage to the muscularis Although it is not 
the intent ot this review to summarize the effects of each 
of the chemical agents used for vasalocclusion in various 
animals, it is noteworthy that inmost of these procedures 
the epididymrides and testes were not affected by the 
intravasal injections Also, toxicity appeared to be 
minimal None of the investigators reported any animal 
deaths or severe adverse reactions that could be at 
tributed to the intravasal injections 
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Checul Ace',; & Reeree 1'qpnccs Era:ate 

Sodium chloride 5 12 Rat 
Ethanol 5 12 13t Rat aug 
Fnrmaldehid, iS 12I Rat dug 
Formaldehy.de ,kth ethanol I' 121 Rat cog 
Siker nitratel5 12, Rat dog 
Acetic acid 12t Rat 
Sodium tctradecyl dltate 43;2 Rat 
Potassium permangonatt iS 12) Rat 
Sodium morrhuate 15 12, Rat 
Camphor 1281 Rat 
Potash (28t R , 
Quinacrine ihdrochlorde f281 Rat 
Quinacrine, urethane 17 Dog 
Phenol 171 Dug 
Gkcerophenol 117 Dog 
Biowax t174 Dog 
Phenol, canoacr5 late 4251 Rabt 
Methyl cvanoacrilate I8254 Rzthtt on 
Tincture of iodine potassum iodide 

sinogIatt[i catbo,tntha i25 , dogcellulose Ronot 
Phenol, g ,cerne inogratlit gum 

tragacanthl 4251 Rabbit 
Silfer acetate dlinate 18i Dog 
Calcium chloride um tragacanih 

glycerine i21) n, 
Sodium cod lier oi' acid gum 

tragacanth glycerine 421' ,s 
Carbolic acid gum tragacatih 

gl~cerine 121 ns 
Carbolic acid, n butl alpha 

cyanoacrylate ,21 Uns 

Ethyl alpha cianoacrlate (21 U s 
n But 'alpha cvanoacrylate 421 1 Us 

n, ro,,ad 

Table 2 Chemical agents evaluated to produce occlusion of the 
vas inanimals 

Based on their studtes of the intravasal injection 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',, in 90',,tformaldehyde 

ethanol in human trials (5, 11) One advantage to the use 
of this combination is that both chemicals are easily 
metabolized and leave no residuals to produce adverse 
effects The method used by these investigators was 
simple and did not require the use of any elaborate 
surgical equipment One disadvantage of the procedure 
is that the investigators found it necessary to inject I ml of 
1,, lidocane alongside each vas before injection 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 injected through a 25 gauge 
needle By the 24th post-procedure week. 7 of the 8men 
injected were azoospermic The other man had a sperm 
count of 67 million sperm per ml at the 14th post 
procedure week Once azoospermia was established, 
none of the men followed-up for the 14 40 weeks was 

found to again have sperm in his semen 

Additionaltrialsofthetntra,,asalinjecttonofformaldehyde 
in ethanol have been conducted by Davis (6, 7) The 

procedure used by Davis was essentially the same as the 

one used by Cottey and Freeman Day is inected 05 ml 
4'', formaldehyde in 90' ethanol into each vas In the 
first 27 procedures, an Allis clamp was used to stabilize 

the vas In the next group of 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 to 

iniect the formaldehyde in ethanol mixture into the vas 
The results of the studies by Davis are summarized in 
Table 3
 

Seres No Suhec ts Poeent 

First 
Azoospermic v ithin lb eeeks 13 46 2 
Failures 1I 4117 
Decease insperm count 

turther lollnw up required 3 111 
Second 

Azoospermic within 10 cieeks* 17 6; 4 
Failures 4 5 4 
Decrease in sperm count 

further follo Up reqUIred 192 
Failed inection 'retrc~Hle testesi 1* 

*nu'd , men ',no h.,repea , 
*'No i ioded In c3 ua,15ot pe, tag 
Sourc I)D, It - I 
Table 3 Results of studies of the transcutaneous injection of 4", 
formaldehyde in 90'. ethanol 

In the second series of subjects there was a significant
increase in the incidence of azoospermia Whether this 
iase in the ude of aly desi a r ws 
was due to the use of the specialy designed clamp or was 
due to the increased experience of the operator cannot 
be determined from the study data For six men, the 
durationoffollow-upwasinsufficienttodeterminesuccess 
of the procedure Davis noted that once a man became 

azoospermic, he remained that way (7) Some of the 
men, for whom the procedures had been classified as a 
failure. had a transient drop in their sperm counts that 
later returned to near baseline levels This drop was 
most likely due to an initial inflammatory reaction in the 
vas following the niection, causing temporary obstruction 
of the vas 

The combined data on the intravasal injection of forma
dehyde in ethanol into men show that the time to achieve 
azoospermia is highly variable and may take up to several 
months The differences in the failure rates reported in 
the series by Freeman (11) and Davis (6, 7) may be due to 
the different lengths of follow up rather than to factors 
related to the way in which the procedures were 
performed 

Using dogs, Davis compared the effects of direct in 

jections of MCA or silver acetate alginate into the vas 
lumen with effects of perivasal injections of these agents 
(7) In most cases, the injections produced vasal 
occlusion, whereas perivasal injections did not These 

data indicate that for transcutaneous injections of 
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sclerosing agents to be effective inoccluding the vas, they 
must be made directly into the vas lumen Although this 

w is a technically more difficult procedure, the requirement 

should not limit its widespread use 

In sharp contrast to the few studies on transcutaneous 

sterilization procedures with sclerosing 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) 1he sclerosing agent used is carbolic acid and n-
butyl alpha cyanoacrylae In spite of the very extensive 
experience with intravasal injections of chemical agents, 
very little information is available on the procedure 

either in Ch'nese or Western medical journals Precise 
data are not available on the effectiveness of the 
procedure or on the incidence and types of complications 
occurring either at the time of or after the procedure In 
the most recent report from the Peoples' Republic of 
China, long term follow-up data were given for two series 
of men (21) The first series included 919 men who had 

been followed up for up to 10 years The second series 
included 640 men who had been followed for up to 8 
years The only stated difference between the two series 
was that in the second series 0 02 ml compared to 0 01 ml 
of the sclerosing agent was used Of the 1,345 men who 
were followed up and examined, small nodules could be 
palpatedat thesiteofintravasainjection In99 4%ofthe 

* 	 vasa examined, the diameter of the nodules was estimated 
to be less than 05cm Only one man reported that the 
nodules were painful Follow-up data relating to the 
effectiveness of the procedures are summarized inTable 
4 For both series, azoospermia was achieved in 95 9' of 
the men In the second series, 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 information was given on the time between vas 
injection and the time the pregnancies occurred, it 
cannot be determined if the pregnancies occurred before 
azoospermia had been confirmed 

The transcutaneous intravasal sterilization procedure 
developed by the Chinese is simple and requires the use 
ofminimalsurgicalequipment(19,20,21) Thefollowing 
briefly describes the principal aspects of this procedure, 
which has been widely and successfully used in China 
since 1972 

The vas s stabilized by use ofa vas deferens fixing clamp 

This is a straight herrostat 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 index 
finger A sharp needle is inserted into the vas per-

* 	 pendicularly The needle is withdrawn and a blunt needle 
is placed through the puncture hole, The operator can 

First Series 919 men followed up to 10 years 
Semn analzso s performed 456 men 
Cope a 29 

Couples ek aluated 829 

Pregrvncies i ) 11 5 
Semen analysis for the 95 men whose spouses became pregnant

Azoospermic -- 54o, 
Sperm insemen 42 Y'
 
No se'nen analysis -3 2'
 

Second Series 640 men followed for up to 8sears 

Semen analysis performed 404 men 
' Azoospermic ( ) 96 3 

Couples esaluated 577
 
Pregnancies I J 26
 

Semeen aijvsi5s for tih 14 men whose spouses became pregnant 

Azoospermic - 64 3"'
 
Sperm insemen -21 4'
 
No semen analysis - 14 3",
 

Soun< LS Zhua1J121, 

Table4 Sumnaryoflong-termfoilow-updatafrom ThePeoples' 
Republic of China on the effectiveness of the transcutaneous 
injection 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 is in the vas lumen 

I 	 A syringe containing 4 ml of air is attached to the 
needle With the vas firmly compressed by an 
assistant at the site of puncture and at the distal 
end, 2 m) of air isinjected into the vas The sytinge 
plunger isreleased If the needle has been placed in 
the vas lumen, the plunger should return to its 
original position within a few seconds 

2 	A small amount of saline is injected through the 
blunt needle If the needle is in the vas lumen, the 
injectionshouldproceedeasilyandshouldbemade 
without undue pressure Examination ot the scrotal 
skin and subcutaneous tissues should indicate no 
local edema 

If the second test isused, all of the saline is aspirated from 
the vas before injection of the sclerosing agent The vas 
sclerosing agent (0045 ml of carbolic acid, n butyl alpha 

cyanoacrylate) is then injected through the blunt needle 
into the vas The drug polymerizes after about 20 
seconds The needle is then withdrawn Only about 
0 02 ml of the drug is actually injected into the vas The 
procedure is then repeated for the other vas and both 
puncture sites are covered with sterile gauze The 

procedure takes about 10 minutes to perform 

Electrocoagulation -1he use oftranscutaneous sterili
zation with electrocoagulation was first reported by Lee 
in 1964(17) In that study, bilateral closure of the vas was 
obtained in four dogs and unilateral closure on two 
others In one dug, testicular 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 electrocoagulation of 
the vas has been investigated in animals, but no infor 
mation on the procedures was given (21) 

In 1966, Schmidt first reported on a asectomy procedure 
he had used in 144 men A bilateral incision was made in 
the scrotum, the vasa were divided, and the vas ends 
were electrocoagulated with unipolar electrodes (271 
Schmidt found that the incidence of sperm granulomas 
could be minmtized if the cas ends were electrocoagulated 
rather than ligated In a later series of 1,000 vasectomies 
in which electrocoagulation of the cut vas ends was used, 
Schmidt reported no failures, and fewer than 1 ' of the 
men had clinically significant sperm granulomas or other 
complications (261 In the procedure used by Schmidt, 
the vasa were electrocoagulated in such a way that the 
lesion was confined to the vasal epithelium, lamina 
propra, and part of the muscle wall 

To further advance the electrocoagulation procedure 
developed by Schmidt, bipolar electrodes have been 
developed The use of these electrodes can eliminate the 
danger of damage to vessels other than the vas resuting 
from stray currents, and at the same time confine the 
lesion to the vasal epithelium and lamina propria Pres
ervation of most of the vasal muscles is thought to be 
important, because the muscle is the source of the 
fibrous tissue that ultimately results in occlusion of the 
vas 

Adair developed a transcutaneous electrocoagulation 
procedure that used bipolar electrodes (1) In an initial 
series performed by the investigator, there were no 
failures and no clinically significant complications attribut 
able to the procedures Subsequently, an independent, 
multichnic evaluation of the procedure developed by 
Adair that included 33 men was curtailed due to the high 
failure rate of the procedure to attain azoospermia (24) 
In the second series, the only complication was a scrotal 
hematoma It has been suggested that the failure rate of 
the procedure was high because placement of the tip of 
the bipolar needle into the vas lumen was extremely 
difficult, due to the relative diameters of the bipolar 
needle and ,as lumen (10) The bipolar needle has a 
diameter of 1 6 mm. the average diameter of the human 
vas lumen is 0 55 m, but it may be distended to 1 2 mm 
(16) 

Black, at the Marie Stopes Clinic in the United Kingdom, 
iscurrentlyinvestigatingatranscutaneouselectrocoaula 
tion procedure (3) The procedure gradually evolved 
through several steps designed to provide a simpler, 
quicker, and less traumatic method of sterilization 
Initially, the vasa were electrocoagulated after they were 
pulled out through a small scrotal incision Electro 
coagulation was then performed through a small scrotal 
incision, but with the vas in the scrotum The final step in 

the development process was to perform the electro 
coagulations transcutaneously Black has performed 
about 80 of these procedures using prototype bipolar 
electrodes f3) Although the success rate of his trans 
cutaneous procedure does not yet approach that of the 
standard vasectomy procedure used at the Marie Stopes 
Clinic, Black is of the opinion that improvement of the 
electrodes and some changes in the technique of per 
torming the electrocoagulation will result in an effective 
procedure 

In the United States, Denniston will e aluate whether 
electrocoagulation ot the vas by insertion of the electrode 
into the vas lumen under direct vision, and without 
division of the vas, wil result in high rates of vasal closure 
9) The etfectivenessof this procedurewill be compared 

to the standard electrocoagulation procedure If electro
coagulation of the vas under direct vision, and without 
division of the vas, results in high rates of vasal closure, 
additional trials will be undertaken in which electro 
coagulation will be performed transcutaneously 

COMMENT 

Over the past 20 years, a transcutaneous method of male 
sterilization has been sought in a haphazard manner and 
the limited developmental efforts have been sporadic In
spite of the apparent simplicity of the procedure and its 
potential for widespread use and acceptance no sys
tematic etforts have been undertaken in the United 
States to de elop a transcutaneous procedure, except 
for the research supported by the Program for Applied 
ResearchonFertilityRegulationiPARFR)overthepast7 
years 

Compared to standard surgical vasectomy procedures, 
there are many advantages to the transcutaneous pro
cedures that are applicable to both developed and 
developing countries, including a possible reduction in 
the incidence of certain complications commonly asso 
ciated with vasectomy, such as scrotal hematomas and 
infections 

In the United States, fewer than 100 men have had 
transcutaneous sterilization procedures either by in 
jection of formaldehyde inalcohol or electrocoagulation 
In sharp contrast to this, reports from the Peoples' 
Republic of China refer to over 500,000 transcutaneous 
sterilization procedures using a cyanoacrylate mixture 
Unfortunately, the reports from China pro ide few data 
on the eftectiveness of the procedure or on its short-term 
or long term complications Also, information on the 
development of the procedures and any associated 
toxicology is not available in the literature 
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In view 	of the many advantages of the transcutaneous' 	 sterilization procedure, the importance of an organized 
research program is obvious if such a procedure is 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 sterilization used, criteria should be 
developed for determining acceptable failure rates of the 
procedures Failure can be defined in terms of either the 
pregnancy rates of the partners of the sterilized men or 
the proportion of menwho achieve azoospermia within a 
specified time period Consideration should also be 
given to detining an acceptable proportion of men w[o do 
not achieve azoospermia but who become severely 
oligospermic 

The scanty literature on transcutdeuus male tenlization 
procedures indicates that the research efforts have been 
directed to developing a procedure that will result in 
azoospermia in a very high proportion of men alter 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 
highly effective with minimal rates of complications or 
sideeffects If,forexample, asingle application procedure 
produces bilateral vasal occlusion and azoospermia in 
only 90". of the men, then a two-application procedure 
can be expected to produce azoospermia in 99", 

In women, nonsurgical methods of steriization haveIenwomlaten, no 14ethods intytnsily fc 
been evaluated extensively (14) Methods currently 
under investigation in the United States include one or 

two applications of MCA and three applications of 
quinacrine However, in the Peoples' Republic of China, 
nonsurgical methods of sterilization have been developed 
and used successfully since the late 1960s (34, 35) All of 
these methods are more difficult to perform than trans
cutaneous male sterilization and they have a higher risk 
of potentially serious complications, such as uterine 
perforation and intraperitoneal placement of the chemical 
agents 

Also, assessing the effectiveness of the procedure in the 
female is more difficult If radiopaque MCA is used, 
flatplate x rays can be taken to determine if MCA was 
present in the fallopian tubes Alternatively, some time 
after the procedure, hysterosalpingograms may be per 
formed to determine if there is bilateral tubal closure 

Neither of these two procedures is 10000 accurate and 
neither is appropriate for areas where there are scarce 
medical resources In countries that have the available 
medical resources, flatplate x-rays and hysterosalpingo
grams significantly add to the cost of the procedure 
Evaluation of sterility in the male is a relatively easy 
matter Semen analysis may be performed with simple 
laboratory equipment by laboratory technicians who 
have minimal training If the two or three application 
nonsurgical sterilization procedure will be acceptable to 
women, there is no reason why a two application 
procedure should not also he acceptable to men 

Future research efforts on nonsurgical methods of male
sterilization 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: 
Summary of a Meeting 
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L AUG 14.18 

Ovulation itself cannot be observed externally The only To assist groups adminis lanning programs 
definite proof of its occurrence is establishment of and to help investigators not trained in c iic y 
pregnancy, which is normally the outcome being regu- to choose the best techniques among the wealth of 

* 	 lated We are therefore forced to predict the timing of methods presently available, an international meeting on 
ovulation on the basis of indirect indicators that lie at Methods of Monitoring Ovarian Function and Predicting 
varying physiological distances from ovulation itself The Ovulation was organized and sponsored by Family 
distances result in uncertainties that can be resolved only Health International, with agrant from the United States 
with statistical analyses, and then only imperfectly Agency for International Development (USAID) 
Unfortunately, the ability to predict the timing of ovulation 
indirectly does not guarantee that the predicted ovulation The meeting, which was held in Durham, North Carolina 
does, in fact, take place The imprecision and uncertainty in December, 1984, contrasted the most sophisticatedof current idirect methods provde the impetus for methodologies for monitoring ovarian function and pre
monitoring ovarian function and predicting ovulation dicting ovulation, as used by in vitro fertilization chnics, 

with the limited methods available for use in anthropologi-
Other pressures to improve current methods and develop cal field studies and in most NFP programs The goal was 
new ones come from various health and research groups to stimulate discussion of available methods in terms of 
Natural family planning (NFP) programs seek to improve their limitations and potential These discussions pro
the reliability of methods for defining the fertile period of vided a basis for deciding which methods could be used 
the menstrual cycle and to extend their utility to periods most successfully inany program or study Additionally, 
of lactation, onset of menarche, and the approach of they helped define what approaches require further 
menopause Artificial insemination and in vitro fertiliza- development or testing and what that development or 
hon programs look for more complete information on the testing should entail 
timing of ovulation and the period of optimum fertility to 
maximize the chances of conception while minimizing Another purpose for the meeting was to stimulate a 
the cost and inconvenience of preliminary testing general exchange of information among the participants 

to catalyze formation of the collaborations necessary to 
Excellent reviews exist covering broad aspects of the produce a new generation of techniques These should 
problem of predicting ovulation (36,47,49,81,82,85,86)or be less invasive and more rugged, reliable, and precise 
dealing with specific methodologies (7,14,16-18,40,42,50, than the present ones They should also monitor ovarian 

* 	 53 56,69,73,75,76,79,80,83,84) However, a comprehen- function and/or predict ovulation in a wide variety of 
sive discussion combining the state of the art with clinical and nonchnica] settings 
practical considerations of method application was 
needed The meeting did not attempt to address all known 
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MONITORING FOLLICLE DEVELOPMENT & THE MENSTRUAL CYCLE 
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Figure J Selected events occurring during development of an ovulatory follicle Note that development occupies three full cycles
 
Parameters include size of developing follicles measured by ultrasound or during laparoscopy qonadotropin concentrations in serum,
, 
estrogen and progestogen concentrations in serum, saliva, and urine, ratio of urinary steroids state of endometrial proliferation,
relative cerviaj] mucus volume, and basal body temperature An average 28-29 day, cycle tas used as a model to which "ere fitted 
results presented in several references (4 8 9,49,55 73,75) Confidence intervals for salivarc progesterone include - 1 standard deviation 
of the mean (55,73), for urinary steroids, the 80% confidence interval is shot~n (9) 
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methodologies It did, however, touch upon a broad 
spectrum This report is a summary of the meeting, the 

complete proceedings will be published at a later date 
W0a? 

THE BIOLOGY OF OVULATION 
Folliculogenesis and the Menstrual Cycle 

Follicular growth and several of its correlates are sum-
marized in Figure 1 Growth, beginning about 85 days 
before ovulation (26) involves expansion of the ovum 
from about 20 pm to 80 pm (3i. an increase in follicular 
diameter from about 30 mm to 18-27 mm (42,53), and a 
spectrum of cellular maturation events in both the ovum 
and the follicle cells At about days 5 7 of the ovulatory 
cycle, estradiol-170, 90% of which is produced by the 
preovulatory follicle (3,4), begins to rise toward a peak 
that occurs, on average, I day prior to ovulation (86) The 
exponentially rising estradiol on days 11-13 triggers 

release of a surge of LH that begins 32±6 hours before 

ovulation and peaks about 15 hours later (15,68,81,85,86) 
Rising estradiol also stimulates proliferation of the uterine 

endometrium and the production of a watery, stretchy 
form of cervical mucus Metabohtes of estradiol pro
duced outside the ovary, including estrone-3 glucuromide 
(E,-3-G), begin rising in urine about 1 day after corn-
mencement of the increase in follicular production The 
midcycle LH surge alters metabolism within the fohles 

so that they begin to produce progesterone in preference
5 	 to estradiol Within 26 28 hours after the beginning of the 

LH surge, the oocyte completes the first meiotic division 

and becomes competent for fertilization (13,15) 

After ovulation, the follicle cells that remain in the ovary 
metamorphose into the luteal cells, forming the corpus 
luteurn As the corpus luteum forms, it produces 
increasing amounts of progesterone, as well as some 
estradiol Production of progesterone halts the produc-
tion of cervical mucus and coincides with a decline in 
LH It also increases urinary levels of the major pro-
gesterone metabolite pregnanediol-3a-qlucuronide (Pd-
3-G) (62) and causes a rise of 0 2-0 50 C (0 4-1 Of) 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 objectw es in monitoring ovarian function 
or predictinq ovulation are :o increase or decrease 
fertility To accomplish either, the lite spans of gametes 
within the female reproductive tract should be known 
Estimates based on cervical mucus lCM) evaluations, 

* 	 BBT charts, and reported coitus and pregnancy have 
been computed (5,8,58.81) Royston (58) estimates ovum 

Probability of Fertilization, Conception or Pregnancy 

during the Fertile Period 
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Figure2 Probabilities of fertilization, conception, and pregnancy 

during fertile period (8,58) Fertilization and conception were 
calculated from a mathematical model in conjunction with a 
large collection of BBT charts and pregnancy records Preg
nancy wasestimated from data inamulticenter WHO study (79) 

life-span after ovulation to be 0 7-0 1 day (± 1standard 
error of the mean) with a 99'. confidence interval 
reaching 3 2 days, sperm viability is estimated to be 
147±0 20 days, with a 99% confidence limit reaching 6 8 
days The period of maximal fertility will thus extend from 
about 15 6 8 days before ovulation to 0 7 3 2 days after 
ovulation This is borne out by the probabilities that 

single acts of intercourse occurring on individual days 
near ovulation lead to conception (8,58,79) (Figure2) It is 
estimated that 90',, of all 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) 

G ven the physiologic ontogeny described, predicting the 
limits of the fertile period means observing a clear change 
in one index, such as estradiol, at least 4 days before 
ovulation and another change, such as an increase in 
progesterone, 1-2 days after ovulation 

Chronology of Indicators 

Table I provides a chronology of indicators that have 
been used to predict the limits of the fertile period (FP) 
and the time of ovulation Most of these indices or end 
points involve determinations of rises above a baseline or 
attainment of a peak value Prospective evaluation of 
such quantitative changes requires serial sampling The 
necessary sampling frequencies increase as the duration 
of the changes sought diminishes, e g ,detecting the brie 
peak of the LH surge requires more frequent samples 
than detecting the broad estradiol peak Algorithms 
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(problem solving schemes) using these quantitative shifts 
or changes to predict limits 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 in 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 
BBT and urinary steroids (13,15,37,57,59,81) or the 
adjustment of the detection limit tor Brown's home assay 

Endpoint Meano SD Range SoL roe 
Mmn Mux
 

F~a-mc as7 -73 25xt 1successFirst day of mucus 3 2 5 13 3 rI 
Rise of E 3G Pd 3 -7 2 28 15 -2 8i 
Rise of urinary E 3 G -5 19 -11 2 81 
First day' of fertile mucus -5 1 26 12 1 81 
Rise of ,al-ar estradiol E; 50 55 
Rise of serum E " 34 b 09c - 7 2 S 
Folicle Size 15 - 2 mm -2 7 0 5 - - 42 
Peak of E 3 G Pd 3 G -25 23 -10 0 81 
Peak Iolume ofmuvus -21 10 - 45 -15 9 
Peak of salivary E -I 55 
Peak of urinary E 3 -11 19 9 -4 81 
Rise of LH F1 3bb 0033cc 2 1 13Rise ol serum E -10 2 0 13 

Rise of LH o -h 02c 19 03 t3 
Peak of fertle mucus 0 4 2 2 10 5 81 
Rise of serum progesterone IP-0 3b 03c 13 0 1D 
Rise of urinary Pd 3 G 02 3 - - 57 
Rise of BBT 11 2 0 -2 5 
Rise of salivary P 1 5 - 55 

aVW el "er' reTumpiiiwd trom listed ourcrs b,adiust ng or n idiilt a craq,
lime of ot lauun after theLH peak and 1, suhtraci,, ani, constants added 
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Table I Chronology of endpoints predictive of limits of fertile 
period and timing of ovulation in days relative too-ulation (= LH 
peak ± 0 7 days) 

FP 

Method Durmnon 

Limits 
CM-E IG 
STM iBBT - CMI 134 
CM 119 
BBT - calendar 118 
E 3 G irise - peak1 93 
E 3G Pd3 Gl epek 107 
Sautark E 
Salrry E P 

Ovulation
 
CM 

Ultrasoundc 
Rise of LH 
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kit for Pd 3-G (9) Detection of a peak necessitates 
identifyingadeclinefollowingaseriesofincreasingvalues 
or a sustained decline in the rate of rise of an accumulating 
sum By its nature, a peak can only be identified 
retrospectively 

The success rates of several methods in predicting the 
limits of the fertile period or the timing of ovulation are 
summarizedinTable2 Single endpointscombinedwith 
computations achieve 80-90", accuracy in predicting 
limits of the fertile period that fully encompass the defined 
interval There is an obvious parallel relationship between 
predicted length of the fertile period and predictive 

The 10 11 days suggested by maximum gamete 
life spans may be required to achieve success rates in 
excess of 90",, Combinations of two or more methods 
can prospectively delineate the fertile period in >95'. of 

cycles Such prediction rates are needed for confident 
use of the methods by individual women monitoring
individual cycles Unfortunately, in lactating women the 

success rates drop dramatically One reviewer found that 
the symptothermal method (STM) of NFP, which uses 
multiple indices of fertility, failed to accurately define the 
fertile period in 4 5-13 9",, of cycles monitored (27) 

Since predictive errors of a single day can markedly
increase the probability of conception (see Figure 2), 

reducing incorrect definition of the fertile period from 
10k4 to 5%could diminish the observed conception ratesa 
by nearly half, even if periodic abstinence is the only
contraceptive measure being used (13) This would be an 

important contribution in areas where periodic abstinence 
methods are frequently used or in those groups that 
suffer lower success rates normally, e g , lactating or 

penmenopausal women
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Table 2 Accuracy of several methods at prospectively defining Ferile Period 
(FP)(fully encompassing LH peak -3 days to LH peak -2 days) or predicing 
ovulation to within - 12 hours Analyses were accomplished using the CLSUM 
analysis of Royston (57, 59, 81), the LH peak was located retrospectively by a 
concensus reference method using assay of LH in serum or urine and or 
ultrasound
 



If the 	 exact timing of ovulation itself needs to be 
predicted, CM or STM, which show considerable van-
ability 	(see Table 1), should be augmented by other 
ndicators such as observations of the increase in follicle 
size, the rise or peak in LH levels, the attainment of peak 
estradiol, or the initial rise in progesterone The art of 
combining Indices to predict the timing of ovulation has 
been highly refined by in vitro fertilization clinics It is 
routine to remove oocytes from follicles after they have 
completed meiosis I 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) As estrogen titers rise further, copious 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 rise, the volume of "fertile" 
mucus continues to increase until 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 is followed by 0-3 days during which 
sticky, opaque mucus is produced as estrogen levels 

W---	 decline and progesterone levels rise following ovulation 
(35) After sufficent training (1-3 months) to correctly


(35)Aftr sffiienttranin tocorecty(13 mnths 
recognize and chart changes in mucus, awoman can use 

appropriate rules to delineate the limits of her fertile and 
infertile periods and the approximate timing of her 
ovulations 

The increase in.quantity of cervical, vaginal fluid was 
investigatedbyUsalaandSchumacher(69)andledtothe 
development of the Ovumeter cervical fluid aspirator 

The device isa modified syringe that is inserted deep into 
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 applying an appropriate algorithm 
Reported accuracy is near 75', and cost is minimal 
Potential difficulties in properly and reproducibly inserting 
the device and collecting cervical mucus may diminish its 
possible impact Additional field trials will be needed 
before any final conclusions as to its utility can be 
reached 


Interferences with mucus evaluation methods can arise 
from vaginal infections, seminal drainage after inter-
course, individua variation in the detection of various 

* 	 mucus types, or individual variability in estrogen re 
sponse The degree of interference usually diminishes as 
the user gains experience 

Cervical mucus patterns also show considerable variation 
during lactation (10,27) In a study of 55 women over 100 
cycles, half of those cycles shown to have defective luteal 
phases showed abnormal mucus patterns, the incidence 
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 
urine 

CM evaluations and BBT charting are physically non

invasive, 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 
intensive training and rules surrounding collection and 
use of data do alter life-styles, the methods seem well 
accepted by many women Moreover, the existence of 
the support network involved in training and the benefits 
derived by women using these methods often serve as 
powerful incentives to continue their use 

Method costs are negligible, although training and follow
up costs can be substantial, depending on the services 
provided 

Easily 	accessible indices such as CM and BBT have 
proven reible m esuch as ong as he 
proven relable for normal, healthy women as long as the 
guidelines for data collecting, recording, and interpreta
ton are followed (7,8,47,83,84) However, the range of 

variability in these endpoints has provided impetus for 
development of hormone measurement systems Further 
testing and hormonal verification of strategies using CM, 
BBT, or other indices such as cervical position are 

necessaryipenmenarchial,penmenopausal,andlactat

ing women - groups that experience the widest
variations in hormone and cycle patterns 

This may be best accomplished in two stages First, a 
limited pilot study of correlations between predictive 
effectiveness of the physiologic indicators and bio
chemical indices in lactating women should be done This 
should be followed by a second, larger study of the 
efficacy of NFP indicators 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 application of these methods among regularly 
menstruating or 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 simplify training, data collection, and 
data recording, should also improve the reliability of 
these methods 
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Basal Body Temperature 

Basal body temperature rises 0 2 0 5°C (0 4 1 0cF)due to 
the midcycle increase in progesterone caused by the 
transformation of the ovarian follicle to the corpus 
luteum in response to the LH surge Although pro-
gesterone begins to rise about 24 hours after the 
beginning of the LH surge or 8 hours before ovulation, 
the rise from the hypothermic plane existing during the 
tollicular phase to the hyperthermic plane present during 
the luteal phase can be observed only an average of 1day 
after ovulation Moreover, since temperature shifts also 
occur in response to other agents, the menstrual cycle 
shift must be verified by a continuation of the elevated 
temperatures for at least 3 days (65) Therefore, being 
strictly retrospective, BBT cannot predict ovulation It 
can only detect probable ovulation and can only predict 
the end of the fertile period 

The BBT rises, which occur over a period of 2 8 days, 
assume several characteristic forms including a smooth. 
rapid rise, a smooth slow rise, aslow, step wise rise, and 
a slow, saw tooth rise (47) The uncertainty of the 
correlations of these multiple forms with the underlying 
hormonal levels and exact stage of follicular development 
leads to a conservative definition of the limits of the 
preovulatory fertile period the entire follicular phase 
These uncertainties also result in the rule that to avoid 
pregnancy 3 days of abstinence (5 days for a smooth, 
slow rise) are required following the initially observed 
BBT increase, even though this increase usually follows 
ovulation by a period approximating the life-span of the 
viable oocyte The rules provide protection from risk of 
pregnancy but entail extensive abstinence that may 
result in method failures due to "rule breaking " 

The small increment of BBT has spawned a number of 
technical innovations that make its occurrence more 
obvious mercury thermometers with expanded scales 
electronic thermometers, some supplemented with the 
microcircuitryrequiredfordatastorageandcomputation, 
and recording charts with vertically expanded scales 
(27,47,51) 

This index is susceptible to many 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 wvoman 
should take her temperature by mouth, vagina, or 
rectum Readings maybe made3 5 minutes atter inserting 
a mercury thermometer Vaginal or rectal temperatures 
may be read 15-90 seconds after inserting an electronic 
thermometer, but oral readings must allow at least 2 
minutes for temperature equilibration The woman 
should take her temperature at the same time each 
morning prior to engaging in any type of actvty 
Royston's suggested subtraction of 0 1°C per hour delay 

in measuring the temperature 160) serves only as arough 
correction Alone, it cannot correct for variations in life 
style that were not envisioned when the rules for using a 
BBT were formulated 

Monophasic BBT charts lacking a discernible tempera 
ture rise suggest ano ulation or luteal defects The 
incidence of these aberrations is high during lactation. 
menarche and menopause (27 29,48) Vollman 171) 
showed that the incidence of monophasic BBT charts is 
age dependent During the year of menarche of55 7'', 
menstrual cycles showed monophasic BBT charts By 
gynecologic age 23 29, the proportion dropped to 1 2 ', 
then rose to 34,, in the perimenopausal period After 
resumption of menses during lactation Hatherley found 
that 34',, of the 273 women in 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 cycle length dependent 
57 iP in cycles of <17 days, 1 8 48' in cycles ot 25 32 
days. and 41 3'J in cycles of >60 days (71) 

Algorithms 

Algorithms for prospectively interpreting BBT begin by 
establishing a baseline, e g , the average of the tempera 
ture from days 4 11 after the beginning of menses A 
coverline or reference line, is drawn 0 05'C (0 IcF) 
above this baseline and serves to approximate the upper 
bound of a confidence interval allowing statistical 
comparisons between the baseline mean and the sub
sequent daily temperature measurements A rise above 
the coverline signals the recent occurrence of ovulation 
and allows computation of the end of the fertile period 

Royston (57,59) also suggestsacumulativesum technique 
(CUSUM) where differences from a coverline are sum 
med and tested against a "decision interval" that com
bines the signal to be tested with an adjustment of the 
baseline for the signal's potential variability The results 
for BBT are cross checked by the coverline technique, 
three consecutive temperatures must equal or exceed 
the reference level The same approach isbeing adopted 
for prospectively testingsteroidor gonadotropinmeasure 
ments In these cases, transformation of the observed 
signal pattern to its first demative, as embodied by the 
CUSUM, improves the sensitivity of the algorithm for 
detecting rate of change and consequently also for 
detecting increases in signal level This improvement is 
most important for signals that change slowly 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 algorithms based on mathe U 
matical models of the physiological process or on trend 
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statistics that incorporate information on sampling 
frequency should improve the predictive capabilities of 
both the physiologic evaluation methods, e g, CM 
volume, and the biochemically based methods, e , 

serum estradiol levels Effort seems best directed to 
development of formulae that mathematically combine 
the results of several endpoints into single values that can 
be used as predictors The reduction invariability and the 
increase in predictive reliability resulting from such 
approaches is exemplified by the use of the E,-3-G, Pd-3-G 
ratio in preference to separate measurements of E1-3-G 
or Pd-3-G (13,15-18,57,81,82) For the purposes of 
monitoring ongoing programs, efforts should also be 
directed toward development of techniques 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 
period when used together in STM (see Table 2) In 
contraceptive practice the users learn rules governing 
data collection (daily 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 period 

Like CM, the method requires a lengthy training period, 

W 	 3-12 months, as well as support and follow-up It also 
requires anumber 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 urinary steroid home-
assay kits (9,10), it defines the fertile period in 98'. of 
cycles studied (81) and is very well received among 
women who continue to use it (47) 

Cervical Changes 

Other changes in the cervix can be monitored to identify 
the phases of the cycle (27,40,41,51) This can be done by 
self- or partner-assisted palpation of the position, 
resilience, and openness of the cervix During the fertile 
phase the cervix ishigher, straighter, less apposed to the 
vaginal wall, softer and more open Although the method 
is ostensibly simple, definitely inexpensive, and less 
influenced by the presence of infection or semen than 
CM, it is subjective and greatly dependent on the 
woman's motivation 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 synchronization of the symptoms with CM signs 

* 	 or hormone levels been fully tested Still, these are 
potentially useful indicators of the time of ovulation and 
the limits of the fertile period 

OTHER INDICES 
Ultrasound 

Follicular size monitored by ultrasound is the most 
proximal predictor of impending ovulation, it can serve as 
a reference for other methods Follicles are imaged as 
areas having ultrasound density identical to the adjacent 
full bladder but contrasting with surrounding, less dense 
ovariantissue Objects of 5-10mm are clearly discernible 
to ± 1 mm (4,13,15,26,42,50,53) Ultrasound is capable of 
detecting growing folicles 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 (W P Collins, FHI meeting) Although 
ultrasound serves as an excellent index of imminent 
ovulation, several reports (13,15,61,68) indicate that 
there isa rather wide range of tollicular sizes (17-27 mm) 
from which mature, fertilizable eggs may be aspirated 
This variability in attained size and attendant steroid 
content(11) limits the predictive precision of ultrasound 
However, since it can detect the collapse of the antrum 
following ovulation, ultrasound has an internal retrospec
tive check on the accuracy of its own predictions 

Ultrasound must be done serially if accurate information 
is to be obtained Moreover, it depends on modestly
sophisticated electronics at present and cannot determine 
the biological functionality of the follicles examined Until 
the beginning of the fertile period, even serial ultrasonic 
scans cannot dstigush which of the remaining 4-6 

growing follcles wil become atretic and which will 
eventually ovulate (4,13,15) 
The introduction of inexpensive, portable instruments 
may make this method accessible to many clinics and or 

women in the near future, at least in developed countries 

Gonadotropins 

Gonadotropins directly stimulate follicular growth and 
maturation Although FSH fluctuates during the cycle, 
the chemical lability of the molecule makes it 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 obtained are critically dependent on the fre
quency of sampling (2,87) They result from the interplay 
of two factors 1)pulsatile releases of gonadal and pituitary 
hormones that result ultimately from the pulsatile nature 
of LHRH release by neuroendocrine cells within specific 
areas of the hypothalamus, and 2) clearance of the 
hormones from the bloodstream by catabolic tissues 
The synthetic and catabolic tissues are susceptible to 
modulation by internal neuronal or hormonal inputs, they 
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frequently demonstrate their own unique 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 utilize serum as the source fluid, but 
changes are also measurable in urine about 3 hours after 
they occur in serum, e g , HiGonavis (Mochida, Tokyo) 
or OvuSTICK (Monoclonal Antibodies, Inc , Mountain 
view, CA) colorimetric dipstick measurement of LH 
(15,23,37,68) These proteins do not pass into saliva or 
other secreted fluids The rise and peak in serum or 

urinary LH levels are tightly clustered at midcycle. with 
only relatively minor fluctuations outside this period, the 

surge thus serves as a temporal reference point for 
establishing the chronology of events during the cycle 
The rise 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 is used, this presently 
involves repeated venipuncture Although venipuncture 
is physically invasive, it is widely accepted because of its 
assocaton with palliative and curative medicine Still, it 

often cannot be used effectively for frequent serial 
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 
problems 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 it the fluid of 
choice, even if only rather infrequent samples can be 

collected 

Although urine collection might be considered easier 
than serum collection, it may be socially unacceptable in 
some cultures The problem can be exacerbated by any 
requirements to accumulate and store urine specimens
either for 24 hour periods or as serial samples Use of 

short-term, spot, or early morning urines (EMU) will help 
The best approach may be the use of self-tests that do not 
require supervision or storage and thereby minimize any 

embarrassment or inconvenience 

Assays. Quantitation of LH can be accomplished by any 
of a number of immunoassay techniques (14) In contrast 

to steroids, there are no rapid, high volume physico-
chemical reference assays, such as gas chromatography 
or mass spectrometry, currently available Some of the 

choices available for gonadotropin or steroid )mmuno-
assays are summarized in Table 3 Assays now in use for 
gonadotropins and prolactin in serum or urine perform 
well with regard to specificity, parallelism, accuracy, bias, 

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 in other fluids and progestogen 

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 sensitivity In 

turn, the production of the antisera relies on the purity 
and molecular distinctiveness of the available isolated 
hormones to assure specificity If one hormone is 
contaminated by another or strongly resembles it, an 
immunization will generate a mixture of antibody mole
cules that bind to both hormones Unless the anti. era are 
extensively treated prior to use, they cannot be expected 
to demonstrate absolute specificity Despite the fact that 
isolates 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 83subunits of the above two-subunit 
hormones 

Antserd I Poiclonal
 
2 Monoclonal 

3 Chimeric enzyme is part of antibody molecule 

Format Al Homogeneous no separation ot bound from free 
ligand 

A2 Heterogeneous a Precipitate bound with 2nd AB 
Protein A, 2nd Ab coated magnetic
or polymenc beads solvent pertur 
Eation by PEG PVA, PVP salts 

b Precipitate free wth dextran coated 
charcoal c Rinse AB Aft coated test tubes, 
microiier wells, sticks, filters 

B1 Immunoassay limited Ab fbackground affects at
 
high valuesi
 

B2 mnmunometric excess Ab Ibackground affects at
 
assay low values) 

CI Direct assay a sample not pretreated 
b Acid or noncompeitwe modifier

added 
C2 Extraction Haptens extracted with sokent & 

assay purified before assay, tracers added 
to monitor recover 

Endpoint 1 Label a Radioactivity moderate sensitiy, 
H high sensitlitv, --l, S 

b Intrinsic labels or coniugated 
enzymes 
i Opical signal turbidity, visible 

chromogen, phosphorescence
luminescence, fluorochrome 
(organic molecule rare earth 
chelate time resoked signal) 

a Electrical signal redox label, 
biosensor

2 Site of label a Ligand 
b Prmar, antisera 
c Secondary antisera tin sandwich" 

assays) 

Noiintotareaaor las Dspsl eissaisraie 
deceopnmeni oflother tnrms oi assay The least expensiye assays will probably he 
those direct immunoassays using optical signals readable on 'nexpensie 

equipment uninometers fluormeters or colonmeters 

Table 3 Some immunoassay variations available 
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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 immunized mouse or rat is isolated and the 
individual 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 
originally injected The same spectrum of antibodies is 
produced as in the usual in uiuo polyclonal approach, but 
hereeachoftheantibodytypesisproducedinonlyoneof 
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 variability would be drastically reduced 
by the production of single hormones from genetically 
engineered mammalian 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 materials 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, it may be 
advisable to initiate a quality monitoring program to 
ascertain that properties of the products do not deviate 
substantively with time from those of the current purest 
hormones 

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

Costs. In assaying large numbers of samples, the costs of 
materials, personnel, and equipment are all important 
factors For the physicochemical techniques, 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 clinicalassay 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, ifa laboratory 
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 
antibodies, and enzymes that may be produced in bulk 
quantities, tested once and distributed for many years, 
should decrease this aspect of assay cost measurably
Costs will also decline as radioisotopes and their at
tendant disposal costs are superceded by other labels 

Steroids and Steroid Metabolites 

Serum. In serum, total estradiol is a sensitive index of 
ovarian function capable of predicting the onset of the 
fertile period and ovulation, as well as reflecting the 
initiation 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 
rise during the follicular phase from 1-5 pg ml (4-20 
pmole 1)to 100-400 pg'ml (400-1600 pmole I) on the day 
before ovulation They then fall to 20-100 pg ml (80-400 
pmole I) on the day of ovulation, before rising again to 
100-200 pg,ml (400-800 pmole I) during the midluteal 
phase Deviations from this characteristic 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 luteum but the adequacy of its function Levels 
rise from a baseline of less than 1ng, ml (3nmole I)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 
sis, on average 12±2 days after ovulation (22,57,67) The 
initial rise in progesterone signals the beginning of 
responses to rapidly rising LH levels and precedes the 
usual time of ovulation slightly, making it a very late 
predictor of ovulation and an index of the end of the 
fertile period (9,13,15,16,81,85,86) The rise is strongly 
suggestive of ovulation but does not prove its existence 
since normal luteinization can occur inthe 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 rise to roughly 5 7 
ng, ml (15-25 nmole, I)or fall prior to day 8 after ovulation, 
any fertilizations that occur will fail to implant and die 
(22) 
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Thus, although progesterone is a less effective predictor 
of ovulation than estradioi, LH, or estradiol induced 
effects, eg . CM production its evaluation provides 
crucial information on luteal function that isrequisite for 
determination of accurate conception rates Estimates of 
the success of prediction ot ovulation or limits ot the 
tertile period should include some evaluation of luteal 
function to correct the positive bias introduced by 
conception losses due to luteal inadequacies Such 
adjustments are of utmost importance in women return 
ing to cyclic ovarian function postpartum or during 
peripubertal or perimenopausal ages, since these periods 
are all known to be associated with a high incidence of 
anovulatory cycles and or defective luteal phases (27 
29,48) 

Saliva. Of the estrogens circulating in serum 95" , are 
bound to proteins (24.39) Molecules bound to carrier 
proteins are etfecuiely' sequestered against immediate 
catabolism by the liver The tree, physiologically active 
steroid that is a ailable diffuses into all intra and 
intercellular fluids including those that are secreted A 
nearly identical sILuation exists for most steroids, 
including estradiol 17/3 progesterone testosterone, 
estriol, some corticoids, and tor many drugs and 
pesticides (46,54,70) 

Relatively small quantities 0 3 11 pg ml) 1-50 pmole 1),of 
tree estradiol are found by immunoassay of the un 
changed steroid in saliva The levels tluctuate during the 
cycle in a pattern roughly paralleling that ot estradiol in 
serum A peak ot 2 or 11 pg ml (8 or 50 pmole I), 
depending on the assay system used (20.37,55,74), 
occurs 1 2 days prior to ovulation tollowed by a nadir of 
roughly 2 days and a rise back to a plateau of 0 8 or 8 
pg ml (3 or 30 pmole I) during the luteal portion ot the 
cycle Good success with predictions of the limits ot the 
fertile period has been achieved across several labora 
tories that participated in a WHO sponsored evaluation 
of the measurement of serum and salivary steroids (W P 
Collins, FHI meeting) Though the assay requirements 
were particularly demanding. 80-85", ot the cycles studied 
demonstrated correct delineation of the fertile period 
(see Toble 2 

Quantitation of tree progesterone in saliva by similar 
methods indicates a range that iseasier to measure 23±2 
pg ml (74±6 pmole 1) in the tollicular phase (74) to 
112±40 pg mil 3551 126 pmole 1)in the midluteal phase 
(88) This isstill only 12'' ot the total steroid measurable 
in serum The pattern of progesterone in saliv a faithfully 
mimics that seen In serum (12 13,19,20.37.55,73,88) 
Salivary progesterone also has been used successfuly in 
monitoring luteal dsfunction, establishment of preg 
nancy and placental steroidogenesis and resumption of 
ovarian function during lactation (54.55 73 74) 

The rate of saliva production seems to decrease at night
 
in most individuals Fortunately, most of the assays for
 
salivary steroids have proven insensitive to sahary flow,
 
rate (54 55) This allows application ot citric acid to the
 
tongue to increase flow rate and decreases the time
 
required tor sample collection Collection of saliva is
 
probably the least invasive fluid sampling method avail
 
able Collection of whole saliva by expectoration seems
 
to be accepted in many cultures and by most individuals
 
even when serial samples must be obtained on a daily or
 
e en hourly basis and then stored prior to mailing or
 
assessment It is desirable to educate subjects prior to
 
sampling to prevent contamination problems caused by
 
eating and drinkingor any helptul" sample substitutions
 
that might otherwise occur
 

Problems with this approach relate to variations in 
salivary composition The pronounced variability in the 
mucus content can be readily handled in most instances 
by freezing and thawing the samples, sedimenting any 
residuesbycentrifugation, andthendoingmeasurements 
on aliquots of the nonviscous supernatant More prob
lematic is the presence of serum contamination in saliva. 
which will lead to false high readings unless the steroids 
normally associated with carrier 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, more 
serious 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 approximating the 
levels found in saliva, progesterone concentrations in 
milk closely mimic total concentrations in 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 preferentially 
concentrated in these lipids Judgments on the limitations 
and or practicality of this approach await further testing 

Urinary Steroid Metabolites Estradiol and other 
steroids, drugs, and pesticides are metabolized to more 
polar, water soluble compounds such as glucuronides or 
sulfates that cannot diffuse freely through tissues This 
metabolism involves initial alteration by the liver, secretion 
into the bile, further modification by intestinal bacteria, 
reuptake by the lymph or bloodstream, and final con 
jugation in the liver or kidney, i e , enterohepatic cir 
culation A major portion of the metabolized compounds 
is excreted in urine 

0 
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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, urinevolume, 
and the time between micturitions As a practical matter, 
this is 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 is 
two fold First, the amounts available for measurement 
are substantial, pg-mg 24 hours Second, predictions 
based on urinary metabohtes are constrained by the 
delays in metabolic clearance and collection of urine, an 
EMU reflects serum conditions averaged over the pre 
vious 8 hours, and cannot predict events with better thanan acc uracy uf u8 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 enterohepatic metabolism and those factors 
that influenceit This could cause difficulties inmonitoring 
ovarian function, especially in cross-cultural studies 
where diet may vary Theoretically, this problem may be 
overcome by employing assay systems capable ot detect-
ing several of the major metabolites simultaneously In 
practice, EI-3-G appears to be as good a predictor of 
ovulation as total urinary estrogens, the main advantage 
of measuring total estrogens is an increase in assay 
signal 

The initial clearance of estradiol-17fi from serum is rapid, 
but the entire catabolism and excretion process can take 
upto2days(4,37) Catabolism leads to the production of 
a spectrum of estrone, estradiolandestriolglucuronides, 
and sulfates The best assay systems have been developed 
for EI-3-G, several high affinity, high specificity antisera 
and monoclonal antibodies are now available (13,17.18. 
25,62,63.75,76,82) The initial rise of E,-3-G levels occurs 
an average of 5-6 days prior to ovulation It 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 being Pd-3-G Levels begin to 
rise above baseline on the day of ovulation and achieve a 
plateau that parallels serum progesterone levels during 
the mid-luteal phase Alone, Pd 3-G yields an estimate 
only for the end of the fertile period However, when used 
as a ratio with E -3C the rapidly changing status of the,
follicles and the corpus luteum become more obvious, 
the E 3 G Pd 3-G ratio rises with increasing estradiol 
production during the follicular phase then declines 
rapicdl, as the corpus luteum forms, due both to 
decreasingestradiol levels and to increasing progesterone 
levels (Figure 1) Since both steroids are released by the 
ovary and both undergo enterohepatic metabolism, 

progesterone (orPd-3-G) measurements serve as internal 
corrections for the variability 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. i e, the ratio is independent of sample volume 
These corrections stabilize the data obtained 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 67), prior to the increasein progesterone This 
is adequate to define the period of highest measured 
fertility and to provide a secondary prediction of time of 
ovulation 
Home Assay Kits. Brown (9,10) is developing homeoeAsyKt.Bon(91)i eeoighm 
assay kits for urinary Pd-3-G and for E13 G for use as an 
adjunct to current NFP methods Diluted urine is added 
directly to the assay reagents, which include an antisera, 
directed against E, 3 G or Pd 3 G, a steroid conjugated 
to lysozyme, and a bacterial cell wall preparation Binding 
to antibody decreases the activity of the lysozyme it 
hydrolyzes the cell walls more slowly In the presenLe of 
urinary steroid metabolite, the steroid lysozyme is free, 
and the enzyme hydrolyzes the cell walls rapidly The 
rate of clearing (loss of turbidity) of the assay v al is 
compared to that of a vial diluted with water containing a 
"threshold" level of urinary conjugate, 12 mg 24 hr for 
Pd-3-G, 15 p 2 4 hr for E:-3-G, levels chosen on the basis 
of field trials (9,10) as sufficient to detect or to predict 
ovulation, respectively The contents of the vial either 
clear more rapidly than the standard or remain turbid 
The endpoint has less room for the type of interpretive 
variation encountered when color changes or graded 
colors are used as endpoints Rather. it serves as a 
concrete, dichotomous signal to the user either she has 
ovulated, or she has not (Pd 3 G), either she is in the 
fertile period, or she is not (E -3 G), 

Despite early difficulties with measurements of low levels 
due to high assay background, successful field tests of 
self-test kits for Pd 3 G have already been completed 
(9.1 0), widespread testing and eventual application of the 
Pd-3 G kit await completion of bulk preparation and 
packaging 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 their quantitation than is the case for the 
proteins They can be prepared in large quantities by 
means of organic synthetic techniques These welldelined 
materials can be intrinsically labeled with tracer isotopes, 
chemically linked to colored, fluorescent or phosphores
cent labels, or conjugated to enzymes (9.14) They also 
may be isolated by simple techniques such as sokent 
extraction or chromatography, e g , high performance. 
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HPLC, gas liquid, GLC, or thin layer, TLC, chromatog 
raphy Purified steroids or steroid metabolites can be 
assayed by direct chemical techniques that rely for their 
specificity on a reaction at a specific chemically reactiv e 
grouping, e g , acid-fluorescence of corticoids, or by 
physical chemical techniques that rely on detection of 
specific chemical groupings, e g , mass-spectrometry 

These physicochemical assays provide the reference 
techniques against which all forms of immunoassays of 
steroids should be compared Results obtained with most 
established immunoassays for steroids in serum have 
been compared to these methods The vast quantities of 
steroids in urine have allowed application of these 
approaches following hydrolysis of the steroid conjugates 
(9) The growing importance ot the unhydrolyzed steroid 
conjugates as accessible indicators and the variability of 
the spectrum of steroids in urine suggests that reference 
techniques should also be applied directly to the con 
jugated forms There have been few laboratories and 
many fewer investigator years applied to examination of 
steroid levels in saliva or breast milk It is not surprising 
that verification of the accuracy and specificity of the 
immunoassays for steroids in these fluids is incomplete 
(55,72) The job is complicated by the low levels present 
but such verifications are necessary before strict cor 
relations can be made between steroid quanttations in 
serum, saliva, milk, and urine Other forms of immuno-
assays for monitoring steroids in any bodily fluid must 
also be verified by correlation to reference techniques 
before they should be applied, especiall in health 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 infrequent sampling 
Improvements in unnary assays that should be en 
couraged entail production and use of high affinity 
monoclonal antibodies and production of broader spec 
trum assays Estradiol measurements in serum serve as a 
reference method in clinical situations, on-site apphca 
tions in the home or in field studies have not been 
developed yet, largely due to the invasiveness of blood 
sampling and to problems inherent in assaying low levels 
of steroids The still lower quantities of estradiol in saliva 
will necessitate production of even higher affinity antisera 
and or use of more sensitive endpoints before routine 
quantitdtion outside the research laboratory becomes 
feasible 

Progesterone stands beside LH and estradiol as the most 
important marker of ovarian function in the clinical 
laboratory Assays for Pd 3-G are well developed and 
require only a bit more field testing and final verification 
by a nonimmunological, direct measurement of the 
progesterone conjugate The levels of progesterone 

found in serum, saliva, and milk allow measurement with 
methods currently available Implementation of home 
test kits for assessment of progesterone in these fluids 
still requires identification of an optimal reagent system 
and assay protocol However, since the assay isimportant 
in monitoring both cyclic ovarian function and pregnancy, 
development ot these assays should be encouraged 
Further improvements along these lines will probably 
require use of electronic meters to quantify colored or 
graded endpoints Alternative enhancements include 
development of biosensors that couple a redox endpoint 
directly to an alphanumeric readout of the assay result 
These might evaluate salivary progesterone as well as 
urinary steroids, LH or hCG 

Enzymes, Ions, and Sugars 

Changes in enzyme content and ionic composition of 
cervical mucus, saliva, and breast milk have been re
portedtocoincidewiththedifferentphasesoftheovarian 
cycle (1,33,49) The enzymes most often cited are 
common to many tissues They are susceptible to genetic 
variation and to alteration of activities by hormones or 
environmental influences The difficulty in fully controlling 
these influences during the evaluation of the methods 
may help explain the current lack of interest in pursuing 
them as reliable indices The ease with which they might 
be measured in home assay systems and their reported 
correlations with hormonal markers of ovarian function 
in some clinical tests suggest them as alternatives to CM 
or urinary steroids Appropriately 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 chloride 
ions, andlactose)thatoccur5-6daysbeforetheestimated 
time of ovulation and again 6-7 days after ovulation Two 
fold increases in the sodium and chloride ion 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 in anovulatory women and 
in those using progestational contraceptives These 
authors also reported 3-9 fold increases in salivary 
glucose that contrast with 1 3 fold decreases in milk 
glucose occurring at the same time as the ionic shifts 
during ovulatory cycles in lactating women (52) The 
salivary 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 influence of dietary variation and the source(s) of 
thediurnalrhythmoftheglucosephenomenonis)ustified 
since measurement of enzymes, ions, or sugars offers 
easily accessible alternative markers for ovarian function 
in lactating women 
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Pregnancy 

Pregnancy is the final index of ovulation but the only 
definitive one For studies examining 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 is usually accomplished by immuno-
assay of hCG, which is within the range of assay 
detection by 1-3 weeks after conception Pregnancy can 
also be indicated by serum, salivary, or urinary measures 
of progesterone, which remains elevated and begins 
rising beyond the normal life span of the corpus luteum 
Since these indicators normally fall about 10 days after 
ovulation, pregnancies of about 2weeks'gestation can be 
detected Continued elevation of BBT may also indicate 
pregnancy 

Two lactogenic hormones can also serve as indicators of 
pregnancy Prolacrin (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 indicators listed for pregnancy 
decline rapidly, except for PRL Prolactin declines slowly 
in parallel with frequency and intensity of breast feeding 
The decline is mirrored by resumption of ovarian cycles, 
but whether there is any direct causal relationship 
remains controversial (29,31,45,64,78) The inverse 
correlation between PRL and resumption of ovarian 
cycles suggests the importance of measuring PRL when 
monitoring lactating women for the return of fecundity 
Prolactin does not pass into saliva and cannot be assayed 
in urine, it 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 involving 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, in the dried blood 
samples has proven encouraging Except for some 
samples mailed in hot, damp weather that stimulated 
mold growth on the paper, the results suggest little 
degradation of PRL during storage of up to I 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, inexpensive, minimally
invasive access to other serum hormones such as LH, 
estradiol, and progesterone, especially if tests like those 
on prolactin prove favorable 

RECOMMENDATIONS FOR
 
FUTURE RESEARCH
 

Technological improvemcnts of the endpoints used in 
immunoassays should be encouraged because they 
should lead to development of self-tests and will sub
stantially decrease costs This will be realized both in field 
collections where sample storage and transportation 
costs can be minimized and in clinical studies where 
laboratory instrumentation, personnel, and materials 
costs can be reduced Production of direct 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 diminish costs, as will the use of simple dedicated 
optical reading systems such as microtiter plate readers 
and luminometers Development of biosensors with 
endpoints that can be coupled directly to electronic 
monitors should also be encouraged Improvements in 
techniques 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 Finally, teaching and support programs as 
well as method refinements must be worked out for each 
new technological development before its introduction 
into general use 

Several areas of investigation of basic biological processes 
seem necessary to improve the effectiveness and utilityof 
the physiologic and biochemical indicators discussed 
First, better estimates of the fertile life-spans of the 
gametes within the female tract are needed to delineate
the range, variability, and timing of the limits 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 is needed to predict and or explain the 
disjunction of biochemical and physiologic indicators 
seen during this time and to improve the monitoring of 
the return to fecundity during prolonged lactation 

This needed research could be facilitated by close 
cooperation between laboratory scientists trying to 
improve our knowledge of fertility and directors of family 
planning programs including those promoting NFP who 
are in a position to evaluate the acceptance of new 
technologies 
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That various contraceptive methods pose fetal risks is teratogenic It is true that c,!gajn4uqestns,-ramely the 
receiving increasing attention Initially, a relationship 19-nor testosterone norethisterone and probably nor
between congenital anomalies and oral contraceptives gestrel, can virilize female fetuses when administered in 
was claimed, but more recently relationships with other high doses at susceptible periods of pregnancy (13,73) 
methods - spermicides, intrauterine devices - have (Norethynodrel does not virilize humans ) However, the 
been claimed doses required for virilization (e g , 20-40 mg/day of 

norethisterone) are considerably in excess of those 
Both teratogenic as well as mutagenic effects have been oehsrn)aecnidabvnexssftoe 

present in oral contraceptives unwittingly ingested by 
alleged Here it may be useful to recall that a teratogen is women already pregnant Thus, virilization is not a 
an exogenous agent (drug, virus, irradiation) that practcal consideraton inthe present context 
deleteriously affects an embryo otherwise differentiating 
normal, its effect is exerted only during pregnancy By It would clearly be desirable to analyze exposures 
contrast, a mutagen deleteriously affects germ cells, separately on the basis of progestins only, estrogens 
producing mutant genes or chromosomal abnormalities alone, and combined oral contraceptives However, few 
that can result in anomalies in offspring conceived years if any studies permit such analysis The more typical 
later Principles of teratogenesis and mutagenesis have experimental design has been to pool outcomes following 
been reviewed elsewhere by the author, as have the types exposure to a variety of sex hormones Fortunately, the 
of anomalies that teratogens and mutagens can produce necessity of pooling exposures is not likely to pose 
(75) 	 serious problems because the only estrogen implicated 

as a teratogen is diethylstilbestrol (DES) This compound
Fortunately, we shall be able to conclude that contra is not a component incontraceptive agents Moreover, 
ceptive methods do not pose substantive fetal risks In the specific progestin seems unimportant with respect to 
this review we shall consider for each method the initial type of somatic (non genital) defects 
claims of fetal risks, followed by evolving scientific 
consensus to the contrary (21,73,74,86,88) Samples that have been used to assess the teratogenicity 

of progestins include pregnancies characterized by 1) 
TERATOGENICITY OF ORAL administration of progestins for pregnancy maintenance 

CONTRACEPTIVES 	 (20-40 mg/day), 2) administration of progestins for preg-
General Comments 	 nancy diagnosis, based upon presence or absence of 

withdrawal uterine bleeding following 5days of moderately
Oral contraceptives have been implicated as both terato high doses (10-20 mg, day), and 3) inadvertent progestin 
gens and mutagens Similar claims could logically extend exposure (1mg'day) during unrecognized gestation, as a 
to injectable or implantable progestins (medroxyproges- result of continued oral contraceptive ingestion 
terone, norethisterone) In reality, there is no substantive 
evidence for contraceptive steroids being mutagenic or Although the first two indications are no longer appro

©Copyright PARFR 1985 



priate, one can retrospectively identify populations of 
fetusesexposedwhenthoseindicationswerevalid Table 
1summarizes 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 initially claimed by Levy et al (43) 
in 1973 In a case control study. 7 of 76 mothers delivered 
of infants with transposition of the great vessels received 
"hormones" in the first trimester Significantly fewer 

(0 76) controls were exposed (p<O 007) Nora and Nora 
later claimed similar findings in a series of overlapping 
studies that were initially 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 of 262 controls (p<0 001) Nora then 
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 received hormones, 
compared to only 21 of 352 control mothers (p<O 001) 
Although labelled as prospective, exposure interval was 
not well defined, and controls were not selected in 
prospective fashion At time of delivery of exposed 
women, a "control infant without exposure [was] 
selected " Recall and memory biases invalidate this 
approach
 

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

Case control studies by several other groups have also 
revealed significantly positive correlations, but again 
recall bias is likely Janerich et al (30) identified infants 
with cardiac defects through birth certificates Of 104 
mothers of affected infants, 18 women received hor 
mones, in 16 women, the hormones were prescribed for 
pregnancy diagnosis, and 2 women inadvertently used 
contraceptives Significantly fewer controls reported 
exposure Cardiac anomalies were also among the 
anomalies said to be responsible for the findings by 
Greenbergetal (22) of a relationship between progestins 
and generalized anomaly rates 

The major impetus for claims of teratogenicty was the 
prospective U S Collaborative Perinatal Project (26,27), 

a study whose original conclusions with respect to 
progestins have recently been invalidated 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 (0 782,, unexposed offspring were affected W 
(relative risk 2 3, p<O 05) There were too few cases to 
permit analysis by specific hormones, howe er, exposure 
to progestis only had a lower but still signiticantly 
increased relative risk (18. p<O 05) Interestingly, con 
tinued contraceptive use during the second and third 
lunar months was associated with a relative risk of 2 4, 
yet exposure to progestogens only in the same interval 
was associated with a risk of 1 5 and exposure to 
estrogens only with a risk of 1 4 

In 1984 Wiseman and Dodds-Smith (87) reevaluated the 
U S Collaborative Perinatal Project, presenting new 
data that imalidated the previous conclusions Of the 19 
progestin-associated "cardiac defects," reanalysis re
yealed that 2 represented coding errors, no progestogen 
exposure ever occurred Two (2) other infants with 
cardiac defects had trisomy 21, the aneuploidy 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 ordinarily 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 TheconclusionsoffHeinonenetal (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 progestins 
being cardiac teratogens Table I summarizes repre 
sentative findings in larger, more recent studies Other 

smaller cohorts can also be cited, again none showing 
deleterious effects (58,60,65,77,85) 

InFrance. Spiraetal (79)followed20,000Frenchwomen 
throughout pregnancy Almost half (9,566) received 
hormones, usually for pregnancy diagnosis or pregnancy 
maintenance -1he anomaly rate among exposed subjects 
did not differ from that in the unexposed group In a later 
tabulation of the same population (12,764 women) by 
GoujardandRumeau Rouquette(19),cardiacanomalies 
proved not significantly more frequent in exposed (43'1,) 
than unexposed (41' ,.) mothers 

In Sweden, Kullander and Kallen (37) followed 6,379 
pregnancies, from which 194 mothers had abnormal 
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Table 1 Prospective studies evaluating effects of progestin exposure during pregnancy The clear consensus is that progestins in the 
doses received were not teratogenic 
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infants Of the 194, only 5 (2 5%) were exposed to 
progestogens, 2 0%o 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 1 6" among 5,530 women 

oral contraceptives prior to pregnancy 

Other cohort studies failing to show an association were 
thoseofTorfset al (83),Vesseyet al (85),Savolainenet 
al (70), Michaelis et al (47), and Resseguie et al (62) 
(Table 1) 


Several other studies deserve special comment One is 
that of Nishimura et al (53), who detected no cardiac 
anomalies in 108 microdissected embryos exposed to 
hormones Several controls had cardiac defects A 
second is 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 variable of bleeding, believed by 
some but not most investigators to bear an association 
with anomalies 

Conclusion. In view of the consensus that progestins 
are not cardiac teratogens, it is worth reconsidering why 
a minority of studies arrived at ostensibly contradictory 
conclusions Unavoidable statistical vicissitudes and 
differing genetic susceptibilities could explain some 
discrepancies However, methodological shortcomings 
furnish the predominant explanations for those studies 

to show positive associations between pro-
gestins and cardac defects 


First, it is axiomatic that recall biases are inherent in all 
retrospective (case-control) studies Investigations of 
Janerich et al (30), Levy et al (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 
cardiac 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 
infant to be stillborn Even more relevant is that occur 
rence of a stillborn infant in a previous pregnancy could 
tempt some obstetricians to administer hormones 
empirically 

Third, reasons for attempting to maintain pregnancies, 
often the reason for administering progestins, were not 
sought 

Fourth, hormones could have been administered in 

pregnancies already manifesting problems (e g,bleeding) 
indicative of underlying defects Indeed, Matsunaga and 

Shioto 45) believe that not progestins, but rather the 
bleeding for which progestins were administered was 
responsible for cardiac defects 

Fifth, few studies restrict analysis to the inverval in 
embryogenesis during which exposure could produce 
cardiac defects A good example of this fallacy is the U S 
Collaborative Perinatal 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 anomalies 

We can thus conclude that not only do most retrospective 
and almost all prospective studies fail to support the 
hypothesis that progestins are cardiac teratogens, but 
serious methodological flaws also exist in the few reports 
claiming positive associations The magnitude of the 
observed differences in the tew positive case-control 
studies seems consistent with recall biases, and the few 
prospective studies claiming effects are marred by 
methodological shortcomings The logical conclusion is 
that progestins are not cardiac teratogens 

Hypospadias 

In 1971, Aarskog (1) claimed that progestins and 
medroxyprogesterone in particular cause penile or pen
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 risk of 2 4 for hypospadias being 
associated with progestin exposure Of 314 cases, 24 
(76".) were exposed to one of the various progestins, 12
of 319 controls (3 8%) (p<O 05) were exposed However, 

details 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 i) has shown a relationship between progestins 
and hypospadlas 

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

Limb Reduction Deformities 

Shortening or absence of a limb, finger, or a toe (limb 
reduction defects) was alleged to be associated with 
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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 maintenance) 
Only 4 of 108 controls were exposed (p<O 05) Greenberg 
et l (22) claimed an overall increase in anomalies 
following progestin exposure, apparently contributed in 
part by limb reduction defects However, these studies 
invite invalidation because of recall bias Interviews were 
conducted long after birth In the study of Janerich et a] 
(32) some exposures may also have occurred during 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 Oakley et al 
(57) failed to observe a relationship in an especially well-
constructed case control study Controls in the latter 
study included women delivered of offspring with chromo-
somal abnormalities, a design presumably obviating 
recall biases 

No prospective studies have found an association (Table 
I) Strengthening the value of prospective studies is that 
missing digits or severe limb shortening should be 
obvious to even the casual observer Finally, Nishimura 
et a[ (53) failed to observe limb reduction deformities in 
their microdissection of 108 embryos recovered from 
progestin-exposed mothers 

In conclusion, the well publicized report of Janerich et al 
(31) has been followed by a variety of studies failing to 
confirm a relationship between progestin exposure and 
limb reduction defects This reassurance is enhanced by 
its being derived in part from studies in which exposure 
levels were much higher 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 
associated with hormone exposure However, the claim 
is now almost completely discounted 

Using a case-control design, Gal et al (18) reported that 
19 of 100 women delivered 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 is especially relevant in the 
United Kingdom, where NTD recurrence risk is 5'. for 
first-degree relatives Likewise 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 
Greenberg et al (22) The anomaly rate in the hormone
exposed group was increased, with 25 of 93 malformed 
infants showing NTD However, this study is of uncertain 
validity because only a small and hence possibly un 
representative proportion ofeligible subjects participated 

Other case-control studies showed no association be
tween NTD and progestins Illustrative is the United 
Kingdom study of Laurence et al (39), who showed no 
significant increase in a sample much larger than that of 
Gal et al (18) Anoher large negative case-control study 
is 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 
progestin-exposed embryos microdissected by Nishimura 
et al (53) 

The hypothesis that progestins cause NTDs thus cur
rently receives no support 

Other Anomalies 
A final consideration is whether a generalized (non
specific) increase in anomalies occurs after exposure to 
oral contraceptives Evaluating an overall increase in 
anomaly rates is hazardous because of the etiologic 

heterogeneity inherent in pooling different anomalies 
Moreover, it is unlikely that a generahzed increase would 
exist without at least one organ system subsequently 
being identified as primarily responsible 
Nonetheless, an excess in anomaly rates of nonspecific 
type has been claimed following oral contraceptive 
exposures One case-control study claiming an associa
tion is that of Greenberg et al (22), whose validity we 
have already questioned because so few eligible subjects 

participated By contrast, no significant associations 
were found in large case control studies of Bracken et al 
(10) and Oakley et al (57) The frequency of anomalies 
was also not increased in 541 "pill-failure" pregnancies 
pooled by Harlap and Eldor (24) 
Only 2 of 17 prospective studies showed any possible 

association One is the previously cited U S Collaborative 
Perinatal Project (26,27) There existed a significant 
association with "hormones, hormone antagonists, and 
contraceptives," but not with "progestational agents" 
alone A second study is that of Harlap et a[ (25), who 
showed a small increased relative risk 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 anomalies 
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VACTERL Complex 

VACTERL is an acronym referring to the complex ol 
vertebral, anal, cardiac, tracheoesophageal, renal and 
limb anomalies Defects involving any 3 of the 7 organ 
systems are said to justify the diagnosis 

Noraet al (55) reported significantly increased frequency 
ot progestin exposure in 30 VACTERL probands (11 
exposures), compared to 60 controls (5 exposures) 
However, the sample size is small, and recall bias would 
surely be amplified in mothers whose infants had multiple 
malformations Moreover, knowledge of the purported 
relationship to progestin exposure may have tempted 
referring physicians to diagnose the VACTERL associa 
tion Even more importantly, we have already refuted 
individually the claims of cardiac anid limb reduction 
components of VACTERL Other case-control studies 
failed to reveal asignificant relationship between progestin 
exposure and other VACTERL components, such as 
esophageal atresia (16) In prospective studies, investi 
gators have specifically sought and failed to observe the 
VACTERL complex A further variant, likewise not 
substantiated, is the claim by Lorber et al (44) for an 
"EFESSES syndrome" (embryo fetal exogenous sex 
steroid exposure syndrome), characterized by various 
dysmorphic features 

MUTAGENICITY OF ORAL CONTRACEPTIVES 

In addition to direct effects on the developing embryo 
(teratogenesis), oral contraceptives have been said to 
induce mutations in individual germ cells Induction of 
both gene mutations and chromosomal abnormalities 
have been claimed 

Gene Mutations 

Whether progestins or estrogens result in mutations 
responsible for mendelian or polygenic disorders should 
ideally be assessed locus by locus, for mutability almost 
certainly varies However, this proves mathematically 
impossible, given baseline mutation of 5 torates n-0 
10-, ' locus, gamete, generation (75) One must be content 
to compare overall anomaly rates in women exposed and 
womennotexposedtohormones Infact, studiesusually 
pool anomalies of mendelian, polygenic, chromosomal, 
and environmental etiology This approach is obviously 
less 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) There isno evidence 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 

introduction of oral contraceptives, and there is also no 
alteration in sex ratio The latter is significant because 
induction of lethal X linked recessive mutations would 
dec rease the proportion of liveborn males Mutations at 
any X linked lociwould contribute to an altered sex ratio 
Moreover, such an observation would have general 

applicability because agents inducing X linked mutations 
would surely also induce autosomal mutations In 
aggregate, the large cohort studies cited above provide 
no evidence of an altered sex ratio, contradicting a 
limited number of studies of much smaller sample size 

Finally, neither progestins nor estrogens are representa 
tire of those classes of compounds known to be 
mutagens For example, progestins do not yield mutations 
in the Ames test (381 That progestins do not induce 
mutations in germ cells causing anomalies offers re
assurance, incidentally, against mutagenic Effects in 
somatic cells, causing cancer later in life 

Numerical Chromosomal Abnormalities 

That prior hormonal exposure could induce chromo 
soma] abnormalities is not an unreasonable hypothesis 
Oocytes remaining in dictyotene of metosis I until ovula
tion might complete meiosis sluggishly 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
tusesamongwomenpreviouslyusingoralcontraceptives 
In such women, 48", of aboriuses were chromosomally 
abnormal, only 22% ot controls were abnormal Most ot 
the excess was due to polyploidy However, these 
observations were not confirmed in several later studies 
Boue and Boue (9) reported 66". abnormal complements 
(16% polyploidy) among 243 previous contraceptive 
users, compared to 63% (18%, polyploidy) among 604 
controls Lauritsen (40) found a slight excess in those 
women previously using oral contraceptives (61 v 
49") However, even this insignificant increase was due 
to monosomy X and structural abnormalities, and not 
polyploidy as Carr (12) had reported Alberman et al (2) 
observed 32% abnormalities in 524 prior users, compared 
to 26% in 428 controls Dhardial et al (17) found 
differences of a similar, but again insignificant, magnitude 
In induced abortuses, Klinger et al (36) noted an 
insignificantly higher frequency in prior contraceptive 
users (1%), compared to controls (0 50,) 

Failure to confirm Carr's initial findings (12) is especially 
noteworthy because either of two biases might spuriously 
yield increased abnormality rates in exposed groups 
First, unrecognizedinducedabortusesaremorehlikilyto 
be included inadvertently among controls than among 
women stopping contraception in order to achieve 
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pregnancy Indeed, surreptitious illicit abortions furnish a 
likely explanation for the unusually low (22%) frequency 
of chromosomally abnormal abortuses in Carr's controls 
(12) Second, ovulation may be delayed immediately after 
contraception is 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 is 

inversely related to gestational age, unrecognized earlier 

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 either numerical 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-trimester abortuses show cytogenetic abnor-
malities To the contrary, pooled data from several large 

prospective studies show no increase in abortion rates 

(88) 

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

3) An increase in hveborns with cytogenetic 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 is that several in vitro studies have 
claimed 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 iveborns with structural chromosomal abnor-
malities However, breakage studies are notoriously 
hazardous without rigorous "blind" analysis Confound-
ing experimental variables 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 is 
that progestins do not predispose to chromosomally 
abnormal abortuses 

INJECTABLE AND IMPLANTABLE 

PROGESTINS 


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

oral contraceptives (73) Moreover, maternal serum 
hormone levels are usually lower with injectables and 
implantables (73) Thus, concusions drawn earlier in this 
report are appropriate here 

One study providig data specific for injectable agents 
was conducted in Thailand (89) Between 1975 and 1978, 

190 of 8,816 infants born in Chiang Mai 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 is not known Even fewer direct data 
exist concerning njectables orimplantable norethisterone 
or norgestrel, but similarly no direct claims of terato 
genicity or mutagenicity exist 

TERATOGENICITY OF INTRAUTERINE 

DEVICES (IUD) 

That intrauterine devices could cause congenital mal

formations was proposed in 1976 by Barrie (7), who 

reported two infants with limb reduction defects whose 

mothers were wearing IUDs at conception Both devices 
(one Grafenberg ring, one probable Dalkon Shield) had 
remained in situ throughout pregnancy, and both infants 
showed the same type of limb reduction defects (upper 
and lower extremities) Leighton et al (42) added a 
further case associated with a copper-containing IUD 

Hypothesizing that limb reduction defects result from a 

coexisting IUD is not unreasonable Presumably the 
mechanism would be related to direct mechanical action 
Moreover, at least one animal study (6) is consistent with 
a teratogenic relationship Fetuses born of rats wearing a 
Silastic device showed increased anomaly rates compared 
to animals 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 thelikely 
outcome of infection in early pregnancy is abortion Even 
if the developing pregnancy envelops the IUD later in 
gestation, limb reduction defects would not seem par 
ticularly likely to arise Indeed, ammotic bands and their 

sequelae would be a more plausible outcome 

Longitudinal studies of pregnancies conceived despite a 
coexisting IUD have later confirmed that IUDs are not 
teratogenic Tatum et al (82) evaluated the outcome of 
918 women conceiving while wearing a Copper T device 
After excluding the 465 who chose elective abortion, 

abortion rates and anomaly rates were assessed The 
spontaneous abortion rate was 20 30 (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 I 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 failed to observe increased 
anomalies in women conceiving with copper devices 
Snowden (78) reported no anomalies in 317 pregnancies 
conceived in the United Kingdom with JUDs (20 centers, 
25,000 insertions) Guillebaud (23) surveyed 20,684 in 
sertions and 714 pregnancies There were 5 anomalies 
among 167 lull term infants whose mothers had an IUD in 
situ throughout pregnancy All 5 anomalies were dis-
similar (bald spot, eyelid ptosis, lipoid tumor, congenital 
hip dislocation, spina bifida) In at least four other studies, 
investigators have also failed to detect an association 
between IUDs and anomalies (50,59,80,85) 

Because numbers of exposed subjects are inevitably 
small in longitudinal studies, case control designs have 
also been utilized Layde et al (41) conducted a case-
controlstudy of 96 mothers delivered ofinfants withlimb 
reduction defects There existed no significant increase 
in IUD usage at time of conception The exposure 
frequency was 2 1t,(2 96) in the limb reduction group, 
16% (15 915) in mothers of infants with all other major 
anomalies, and 1 2% (1 169) in mothers of infants with 
chromosomal abnormalities (The latter group served as 
an "anomaly group" to obviate recall bias ) 

A second case-control study is that of Bracken and Vita 
(11), who studied malformed and control infants in 
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 (i e,numerator of 2) 
at conception were in this category 

Inconclusion, pregnanciesinwomenwearinganlUDare 
known to be associated with increased frequencies of 
ectopic pregnancy and spontaneous abortions However, 
there is no increased frequency of anomalies 

MUTAGENICITY AND TERATOGENICITY 

OF VAGINAL SPERMICIDES 


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

A teratogenic effect isactually not particularly plausible 
because women conceiving while using spermicides will 
probably appreciate their pregnancy and stop using 
contraception Early use, such as until the "missed" 
menses, would generally result only in exposures during 
the "all-or-none" period, an event not likely to result in 
anomalies Of course, a few women might fail to recognize 
pregnancies until several months later Maternal storage 
of alcohol, mercury, nonoxynol and other spermicidal 
agents is 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 
filled by participants in a health maintenance organization 
in Seattle Of 4,772 pregnant women, 790 (17k,) filled 
prescriptions for spermicidal contraceptives Among 
4,665 liveborns were 84 anomalous infants Eighteen (18) 
of the 84 infants were excluded because their defects 
were "familial, minor, or positional "Of the remaining 66, 
the frequency of spermicide prescription was 2 2o,, 
compared to only 1 0',, in the remaining women An 
excess of "exposed" cases existed in four groups limb 
reduction detects, neoplasms, chromosomal abnor
malities, and hypospadias 

StudieslikethatofJicketal (34)areneverintendedtodo 
other than generate hypotheses, which in this case was 
certainly accomplished Most glaring among the dei
ciencies of experimental design islack of verification that 
ostensibly exposed women even used the spermicides. 
especially during the cycle of 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 infants having cardiac defects, compared to 
normal controls However, spermicide use was not 
increased in mothers of infants who had cardiac defects 
forreasonsotherthanDownsyndrome Thus, Rothman's 
conclusions (66) are probably invalidated by recall bias 

In contrast to the above reports are at least seven studies 
failing 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 
association between anomalies and spermicide use A 
second noteworthy study isthe review by Shapiro et al of 
the U S Collaborative Perinatal Project data (72), a 

sample also described earlier In that sample, 462 women 
used spermicides other than phenylmercuric acetate 
Usually the active compounds were nonoxynol-9 (74") 
or octoxynol (18"r) These 462 women used spermicides 
during the first 4 lunar months, with 438 also reporting 
use during the month preceding the last menstrual 
period Thus, both mutagenic and teratogenic effects 
were possible The 462 exposed women were delivered of 
23 anomalous offspring (5'%), compared to 2,254 anoma 
lies among 49,825 nonexposed controls (4 5") The 
difference is not significant, nor was it when anomalies 
were grouped according to those claimed significant by 
Jick et al (34) Down syndrome, hypospadias, and limb 
reduction defects Negative findings were also observed 
when analysis was restricted to women exposed only to 
phenylmercuric acetate 

Polednak et al (61) used the case-control approach to 
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assess those anomalies implicated by Jick et al (34) The 
relative risks were 0 43 for limb reduction defects (n-108), 
1 10 for hypospadias (n 99), and I 17 for Down syndrome 
(nr103) No significant differences were observed as well
for"neural tube defects (n201), cardiovascular defects, 
or "multiple defects" 

An importantsearchfordeleteriouseffectsofspermicides 
has been made by Mills and colleagues (48,49) In the 
most extensive study (49), a case-control design was 
usedtoevaluate34,660women Ofthese,3,146hadused 
spermicides before but not after their last menstrual 
period. 2,282 used spermicides only after their last 
menstrual period Confounding variables 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 in the sex ratio following spermicidal exposure, 
offering reassurance concerning lethal X-linked recessive 
mutations and thus lethal mutations in general (49) 

A few other fetal effects of spermicides have been 
claimed, but again none has been confirmed Two studies 
(33,71) found an increase in fetal losses, but this was 
likewise not confirmed by Mills et al (49) A signifcant 
reduction in female (but not male) birth weight was found 
by Polednak et a (61) but again not by others (49) 

In conclusion, a clear scientific consensus exists that 
vaginal spermicides are not associated with increased 
malformations This applies 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 barrier methods, there have been few if any serious 
claims of a relationship to anomalies Indeed, postulating 
a relationship between anomalies and diaphragm or 
condom usage seems almost frivolous Nonetheless, it is 
worth referencing one study that assessed and failed to 
observe an association 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 risks However, the method could 
indirectly lead to fetal abnormalities as aresult of delayed 
fertilization - fertilization of a moribund yet still viable 
ovum This complicated and poorly studied topic is 
reviewed elsewhere by the author (74) 

CONCLUSION 
Pregnancies resulting from contraceptive failures -oral 
contraceptives, intrauterine devices, spermicides, or
barrier methods - do not appear to be at increased risk 
for congenital anomalies A similar conclusion applies to 

pregnancies occurring after discontinuation of the 
methods Thus, neither mutagenic nor teratogenic risks 
exist Earlier studies claiming deleterious effects can now 
be refuted by more numerous and better designed 
studies showing no such effects 
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