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Clomiphene citrate is the treatment of first choice in the
management of infertility in normally oestrogenized,
anovulatory women (WHO group Il). The majority of
women with ‘pure’ anovulatory infertility respond to
treatment with clomiphene citrate. The rates of

to rise after 6 months of treatment with clomiphene
citrate, reaches a plateau by treatment cycle 12 and
approaches that of the normal population. It has been
reported that prolonged use of clomiphene citrate may
be associated with an increased risk of a borderline or
invasive ovarian tumour. Taking into consideration
these observations, we recommend that anovulatory
women responsive to clomiphene citrate should be
treated for at least 6 cycles before considering more
complex or invasive methods of ovulation induction,
and that treatment should probably be limited to a
maximum of 12 cycles.
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Introduction

Clomiphene citrate has been used for induction of
ovulation since 1962. It is the treatment of first choice in

pregnancy and miscarriage are close to those expectedwomen with ovulatory disorders who are normally

in a normal fertile population. Basal hormone
concentrations do not predict outcome. An increased
body mass index is the only factor which is consistently

oestrogenized, i.e. predominantly those with polycystic
ovaries (PCO). Clomiphene citrate has both oestrogenic
and anti-oestrogenic properties (Adagti al, 1984).

associated with a decreased response to clomipheneActing as an anti-oestrogen, clomiphene citrate is thought

citrate; it follows therefore, that weight reduction
should be an important part of therapy in anovulatory
women. According to our data, only an increased
luteinizing hormone value immediately post
clomiphene citrate predicted an adverse pregnancy
outcome in women who conceived. Clomiphene citrate,
along with other ovulation induction therapies, can
cause multiple follicular development, with a risk of
ovarian hyperstimulation and multiple pregnancy.
Ultrasound monitoring of treatment is important in
order to choose the appropriate dose of clomiphene
citrate in subsequent cycles and to minimize the risks of
hyperstimulation and multiple pregnancy. When
couples with other factors contributing to subfertility
are excluded, the cumulative conception rate continues

to displace endogenous oestrogen from hypothalamic and
pituitary oestrogen receptor sites. In functional terms, this
has been interpreted to result in the alleviation of negative
feedback exerted by endogenous oestrogens, resulting in a
favourable alteration in the characteristics of pulsatile
gonadotrophin-releasing hormone (GnRH) secretion.
Most of the data suggest that clomiphene citrate has an
oestrogenic, rather than anti-oestrogenic, effect at the
pituitary and ovarian level. Whatever the primary
mechanism of action, clomiphene citrate causes a >50%
increase in endogenous follicle stimulating hormone
(FSH) which stimulates follicular growth (Adasi al,
1984). The rise in FSH is accompanied by an equally large
increase in the serum luteinizing hormone (LH) con-
centration. The elevated concentrations may persist during
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the mid and late follicular phases of the cycle (Potdah,  effectiveness of clomiphene citrate for induction of ovulation
1989). It is unclear whether the increase in LH influenceia normally oestrogenized women is well established. As
outcome in patients being treated with clomiphene citrajgreviously mentioned, studies have shown an ovulation rate
and whether basal endogenous LH secretion affeat$ 60-85% and a pregnancy rate of 30—40% (MacGgor
outcome. al., 1968; Garciat al, 1977; Gorlitskyet al, 1978; Gysleet

Hull et al. (1985), in a large population study, reportedl., 1982; Hammonet al, 1984; Dickeyet al, 1996). Aside
that among 708 couples who needed specialist help ffflom pregnancy, the criteria for ovulation included
infertility, failure of ovulation occurred in 21% of cases.temperature charts, serum progesterone measurements,
Over 30% of patients presenting to our infertility clinicendometrial biopsies and urinary  pregnanediol
have a disorder of ovulation as the major cause efeterminations. Temperature charts are a crude method of
infertility. The majority of these patients have polycysticassessing ovulation that has been used extensively in the
ovary syndrome (PCOS). The characteristic biochemicplst. Endometrial biopsy shows whether endometrial
abnormalities associated with PCOS are hyperandrdevelopment is synchronous with endocrine parameters. The
genaemia and hypersecretion of LH. technique is, however, painful and expensive and Jacobson

Studies with clomiphene citrate have shown an ovulatioand Marshall (1980) noted significantly reduced conception
rate of 60-85% and a pregnancy rate of 30-40%tes in cycles of HMG/HCG (human chorionic
(MacGregoet al, 1968; Garciat al, 1977; Gorlitskyetal,  gonadotrophin)-treated patients who underwent biopsy,
1978; Gysleet al, 1982; Hammonet al, 1984; Dickeyet  suggesting that biopsy may interfere with early nidations.
al., 1996). Miscarriage rates in the same studies have beerny is accepted that a single mid-luteal progesterone
reported to be between 13 and 25%. The factors influencifgeasurement is adequate to assess ovulation ¢Hall
response to clomiphene citrate and treatment outcome a1§82: Talbert, 1983). In addition, serial pelvic ultrasono-
unclear, although non-responders to clomiphene citrate tegehphy provides accurate monitoring of follicular
to be overweight (Lobet al, 1982; Polsoret al, 1989).  development (Polscet al, 1989). The size and number of
Hypersecretion of LH has shown to be associated with pogfjlicles within each ovary can be recorded, as well as the
reproductive outcome in  women who  cONCeVq,terine cross-sectional area and endometrial thickness. The
spontaneously (Regatal, 1990). Hypersecretion of LHs time of ovulation can be identified accurately, ensuring
frequently seen in women with recurrent miscarriage (Sagirrect timing of intercourse, which is particularly helpful
et al, 1988; Watsoret al, 1993) and persistently elevatedin women with a variable cycle length. The adequacy of the
LH concentrations predict a poor outcome in anovulatormtem phase can be assessed by the measurement of the
PCOS women given human menopausal gonadotrophihgometrium and correct timing of serum progesterone
(HMG) to induce ovulation (Hamilton-Fairlegt al, 1991).  measurement. It is also possible to identify those patients
However, the mechanism whereby increased LH exerts g either do not develop a dominant follicle in response
deleterious effect is unknown. _ . _ toclomiphene or those with multiple follicles, and to adjust

Induction of ovulation with clo_mlphene_z citrate is, iNipe dose up or down, accordingly, in the subsequent cycle.
principle, very simple, but in practice requires careful (but The reason for the failure to ovulate in 15-40% of
not necessarily frequent) monitoring to achieve Optimaénovulatory women who do not respond to clomiphene
results. In this article, the overall experience of induction itrate, remains unclear. Lobbal.(1982), in a prospective
ovulation With clomiphene citrate, as well as possiblgtudy of 158 anovulatory women, pointed out that body
factors affecting treatment outcome, are reviewed. I9qjont \was positively correlated with the dose required to
addition, the effect of LH and androgen concentrationg.pic\e ovulation. Polsat al.(1989) studied 40 cycles of
prior to and immediately after administration 0fy7 on6yylatory women, treated with 100 mg clomiphene
clomiphene citrate and in the luteal phase of treatment, aﬁate/day for 5 days, and confirmed that overweight
well as the influence of other major factors contributing O0men respond less well to clomiphene citrate than
subfertility, i.e. sperm fun_ction an(_j tubal di_sease, on tr\ﬁomen of normal weight. They showed that, in most cases,
out_come of tree_ltment with clomiphene C|trat_e of 12%\bsence of folliculogenesis, despite an appropriate rise in
patients treated in our own centre are summarized. serum FSH concentrations, was the reason for anovulation.
They concluded that, as most anovulatory cycles after
administration of clomiphene citrate are characterized by
lack of development of a dominant follicle, there is no
In anovulatory women, the aim of ovulation inductionrationale for the routine administration of a mid-cycle dose
therapy is to produce a single dominant follicle. Thedf HCG in clomiphene non-responders, apart from those
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few cases who have been detected to have an absence of dirhas also been suggested that use of clomiphene citrate
LH surge (Polsoet al, 1989). In their experience, patientsis associated with an increased risk of ectopic pregnancy,
who fail to respond to 100 mg of clomiphene citrate wilcongenital malformations and adverse perinatal outcome.
not ovulate when given higher doses (Polsioal, 1989). The majority of this information is from clomiphene
Possible explanations for the failure of women to ovulatéitrate-induced pregnancies in the context of assisted
despite a significant rise in serum FSH concentratiorféproductive techniques. The extensive review by Venn
between days 5 and 7 may be due to diminished biologiciitd Lumley (1994) assessing the available data on
activity (Reichert, 1986) or altered requirements of th€regnancy outcome after administration of clomiphene
follicle for FSH at the ovarian level by paracrine factorsCitrate was careful to separate the available information for
such as the action of locally produced polypeptide growtq;;omiphene citrate used for oyulation i_nduction from the
factors (Franket al, 1988). available da_lta for when clomiphene citrate was used for
Clomiphene citrate, along with other ovulation inductiorPUPerovulation.  They concluded that there were

therapies, can cause multiple follicular development, widfisufficient data to indicate that clomiphene citrate was
ssociated with an increased risk of ectopic pregnancy.

the risk of ovarian hyperstimulation and multiple pregnanc% . gi incid ‘ .
Reports of multiple gestation vary from 8 to 13% for patient escriptive  studies _sgggest an ncidence ot ectopic
pregnancy after administration of clomiphene citrate of

receiving clomiphene citrate treatment (Scigllal, 1986). 0.5-4.4%. This compares with the estimated incidence in

More recent data on triplets or higher order births from th : o L
series reported by Leveee al. (1992) indicated that there _t%e general population of 0.7-0.8%. The possible increase

were more triplet pregnancies following ovulation inductionIn preterm birth or adverse perinatal outcome after
t h P ItO fgrt'l' tion (IVE %fth fient ,thclomiphene citrate may reflect the increased incidence of
erapy than In-vitro fertiiza fon ( .)'. € patients wi ultiple pregnancy. With the absence of data on
a triplet pregnancy following ovulation induction, 58% ha(g

ved aft o lominh , d wi ppropriate comparison groups, the role of clomiphene
conceived after receiving clomiphene citrate compared Wity o has not been defined. This also applies to the

42% after HMG. The risk of multiple pregnancy and e, sgiple association of clomiphene citrate and congenital
variable response of patients to different doses of5jformations, particularly neural tube defects. Although
clomiphene citrate emphasize the necessity to monitor &,cerns have been raised, there is inadequate prospective
least the first clomiphene citrate cycle to ensure each patigq}ta to answer these questions and surveillance at a larger

has the appropriate dose. o _ population level is required.
Previous studies of ovulation induction with clomiphene

citrate have reported a variable miscarriage rate from 13 to

25%. This is similar to the sporadic miscarriage rate, which

is estimated to be up to 15%. Some of the variation betwekh! hypersecretion, ovarian steroids and
series may be explained by differing definitions ofPfégnancy outcome

pregnancy, in particular whether biochemical pregnand'ﬁypersecretion of LH, which is typically seen in women

e e s e e Lo Aih PCOS, has been shown o 0 aszited i poor
) eproductive performance. It has been suggested that a

pregnancy aqd more complete' ascertainment of caj gh LH concentration in the mid-follicular phase directly

abortion than in the genegbpulation. In the large series and adversely affects the timing of maturation of the

reported by Dickeyet al. (1996), the biochemical and . vte resulting in release of an ‘aged’ oocyte (Homburg
clinical abortion rates were compared for clomipheng; al, 1988). An alternative theory is that LH has a
citrate-induced cycles in a series of subgroups thjleterious effect on the preparation of the endometrium
included anovulatory women and those with luteal phasgy jmplantation. HCG/LH binding sites are present in the
deficiency. These data were compared to those for patieRiggometrium, with the highest concentrations in the luteal
seen in the clinic who conceived spontaneously. In t%ase of the cycle (Reshet al, 1989). High LH
subgroup of anovulatory women there were no differencegncentrations therefore have the potential to alter the local
in the total and biochemical abortion rates between the twhetabolism of steroids or prostaglandins and disrupt
groups, and the clinical abortion rate was lower in thgnplantation. The data that have clearly shown the
clomiphene citrate-treated group (21.8 versus 17.7%ssociation between LH hypersecretion and poor
P < 0.05). This suggests that the miscarriage rate is netegnancy outcome are in spontaneously ovulating women
significantly increased in anovulatory women givenn whom, despite the presence of ovulatory progesterone
clomiphene citrate. concentrations, mid-follicular LH measurements in the
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subsequent cycle were higher than expected (Refgalp  measurement. Serum LH and FSH were measured using the
1990). Persistently elevated LH concentrations predict Abbott Laboratories IMX Method, which is a microparticle
poor outcome in anovulatory PCOS women given HMG tenzyme immunoassay commercial kit supplied by Abbott
induce ovulation (Hamilton-Fairlegt al, 1991). However, Laboratories (Maidenhead, UK). The coefficients of
the serum LH concentration in anovulatory women treatddtra-assay variation (%) were 4.5-6.7 for FSH and 4.4—4.7
with clomiphene citrate prior to induction of an ovulatoryfor LH over the working range of the assay. The coefficients
cycle predicts neither the ovulatory response to clomipheia$ inter-assay variation were 4.7 for FSH and 5.6 for LH.
citrate nor treatment outcome (Loko al, 1982). These Testosterone was measured by radioimmunoassay as
findings are similar to those in anovulatory PCOS womepreviously described (Adanes al, 1986).
treated with HMG (Whitet al, 1996). Although it has been  Fifteen (11.7%) women did not ovulate on clomiphene
shown that pituitary suppression of high LH concentrationsitrate. Only one non-responder had normal ovaries on
by exogenous luteinizing hormone-releasing hormoneltrasound; the rest had PCO. Of the 113 (88.3%) patients
(LHRH) analogue therapy does not improve the outcome @fho responded to clomiphene citrate and completed
pregnancy in women with a history of recurrent miscarriagieeatment, 100 had PCO. Table | compares the age, body mass
(Clifford et al, 1996), this does not exclude a role forindex (BMI) and basal and post clomiphene citrate hormone
elevated LH in the mechanism of early miscarriage durindata in responders and non-responders. Statistical comparison
induced cycles. between groups was performed by analysis of variance
The association of raised LH with ovarian steroidollowing log transformation of data where appropriate. There
concentrations and pregnancy outcome has also besare no significant differences in age, baseline LH, FSH and
investigated. Serum testosterone concentrations have béestosterone and post clomiphene citrate (day 10) LH, FSH
shown to be raised in the follicular phase and urinargind testosterone measurements between responders anc
oestrone-3-glucuronide excretion was found to be raised mon-responders. However, BMI was significantly elevated in
the early luteal phase of the cycle in women with a history dfie non-responders group € 0.05).
pregnancy loss who ovulate spontaneously (Watsa,
1993). Altered steroid values during the early luteal phase
may, therefore, be a possible cause of asynchronotigie . Mean (SD) clinical and endocrine data in women
endometrial development, increasing the likelihood ofiven clomiphene citrate who ovulated (responders) and those
disordered implantation. who did not (non-responders). Statistical comparison between

groups was by analysis of variance following log
transformation of data where appropriate

Endocrine and non-endocrine factors affecting Responders Non-responders
the outcome of induction of ovulation with (n=113)  (n=15)
clomiphene citrate: St. Mary’s Hospital series Age (years) 305(5.3) 31.8(5.7)
Over the course of 2.5 years, 167 patients presenting to ta" mass index (kg/m?) 249(44) 27217
infertility clinic at St. Mary’s Hospital, London were BasalLH(uh 95(r2)  98(46)
diagnosed to be anovulatory and were treated wittfasal FSH (U 58(1.6)  59(2.9)
clomiphene citrate. Of these, 39 patients were excluded frorpasal testosterone (nmol/l) 28(12)  30(12
further analysis because either ovarian morphology was n@bst clomiphene LH (1U/1) 115(7.2)  13.7(7.5)
documented or was uncertain< 15), or the patients were Post clomiphene FSH (1U/l) 6.3 (4.3) 7.4 (3.5)
perimenopausah(= 3), or had not responded to clomiphenepost clomiphene testosterone 3.3(1.3) 4.2 (1.8)

citrate in the past and proceeded to ovarian diathermy as &tno!/)

alternative treatment for owvulation induction and

subsequently restarted clomiphene citrate= (11), or I;H = luteinizing hormone; FSH = follicle stimulating hormone.
- . . : P < 0.05.

initially presented with recurrent miscarriage but then had a
conception delay due to the development of anovulatien ( Of the 113 patients who responded to clomiphene citrate,
10). Data from the remaining 128 patients are presented hes6.(49%) conceived. Thirty four (29%) women completed
Of these patients, 14 (11%) had normal ovarian morphologgore than six cycles of treatment but did not conceive. The
on ultrasound scan and the remaining 114 (89%) had PC@maining 24 (22%) women dropped out before
The diagnosis of PCO was based on ultrasound criterieompleting six cycles of treatment, usually because of
although 55% of women with PCO on ultrasound also hadifficulties in the couple’s relationship; only one patient

either a raised LH and/or an elevated testosterorstopped because of side effects of clomiphene citrate.
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There were no significant differences between those who O—0 All patients
conceived on clomiphene citrate{55) and those who did @—— Excluding patients with
not (h=58) in age, BMI, baseline FSH and testosterone and 100 ?gf;‘;fr“:‘dtf;‘ecr‘t?ﬁiyco““'ib“““g
post clomiphene citrate (day 9—11 and mid-luteal phase) g}
FSH and testosterone measurements. Basal LH was g,
significantly higher in patients who conceived [mean (SD) 3 0l 67.3
11.2 (8.3)] compared to women who did not conceive [7.8 3 612 ~*
(5.6); P = 0.03]. However, there was no significant £ | 51.5 =
difference between the two groups when LH g 50f 425 514 366
. . , : : .S 39.0
concentrations immediately post clomiphene citrate or in § 40} 326 45.2
the mid-luteal phase were compared. é 0F 230 " 5 360
Thirteen (23.6%) of the 55 pregnancies ended in 20k 266
miscarriage. All were early pregnancies losses occurring 17.7
before the 9th week of gestation. There was one ectopic 1017 ' | | | [ | .

pregnancy (2%) and the remaining 42 pregnancies ended 9, 1 > 3 4 5 6 =6

in live births or are ongoing. In Table Il the hormonal data Cycle number

in women who miscarriedh & 13) are compared with those

for pa‘[ients who had a successful outcome of pregnandi}gure 1. Cumulative conception following clomiphene citrate for

(n = 42). There was no significant difference in age, BMI,up to 12 cycles.

baseline LH, FSH and testosterone and post clomiphene

citrate (day 10) FSH and testosterone and mid-luteal LH,

FSH and testosterone between the two groups. The oslysfunction, and an additional seven couples had other
difference in hormonal data between the groups was that,ifientified factors, including uterine abnormalities. After
the group that miscarried, the LH concentration podgcalculating the cumulative conception rate for the
clomiphene citrate was significantly higher than in théemaining 69 patients who had no known additional factors

patients who had a successful pregnancy [15.5 (4.4) verdgntributing to their subfertility, the cumulative conception
12.0 (7.9):P = 0.04]. Despite significant overlap in LH T0S€ to 61.2% at six cycles and to 67.2% at the completion
values between the two groups, 37% of the ongoingf Clomiphene citrate treatment (Figure 1).

pregnancy group had a day 10 LH >10 IU/l compared with From these data, ovarian morphology did not predict the
75% in the miscarriage group response rate to clomiphene citrate nor outcome of
The multiple pregnancy rate was 11%, with six qwirfreatment. As (previo;lsly reported,l ther)e W"’:S a r?igh
. : ' response rate (88% of patients ovulating) to clomiphene
pregnancies but no higher order pregnancies. The Over%qtﬁate. The only factor identified which predicted

04" 0,
pregnancy rate per cycle was 11%; however, 71% Oon—respon ders was an increased BML.

tpregtnanc;le_ls_hoccurreld t.W'thm the t.f'rSt tth ree | cylcltez ]?? The LH concentrations during the late follicular phase of
reafment. he cumuliative conceplion rate caicuiate %rclomiphene citrate-induced ovulatory cycle were higher
the 113 patients who responded to clomiphene citrate

o _ , it the group who miscarried. This observation supports the
shown in Figure 1. The cumulative conception rate Wagsq iation between a raised serum LH in the follicular

calculated by life table analysis. For each cycle Qfpage and pregnancy loss and is consistent with the theory
treatment, the calculation takes into account the drop—oH]t an adverse effect on oocyte maturation. Serum

rate as well as the pregnancy rate (Doeityl, 1993). The  estosterone concentrations were not significantly altered
cumulative conception rate at six cycles was 51.4%, rising, clomiphene citrate treatment and did not predict either
to 56.6% in the patients who continued beyond six cyclege response to treatment or pregnancy outcome. The
of treatment. Of the 113 patients treated with clomiphengiscarriage rate of 23.6% reported in this study is similar to
citrate, 44 (38.9%) had other factors contributing to thethose of previous reports with clomiphene citrate
subfertility. In 25 of the couples, the male partner had geatment, which range from 13 to 25%. Although high LH
suboptimal sperm count (<3:61P/ml) as defined by a concentrations immediately post clomiphene citrate were
sperm separation test. Another eight women had evidengssociated with a higher miscarriage rate, there was wide
of tubal damage upon laparoscopy or HSG, but patency e¥erlap with women who had ongoing pregnancies, so the
at least one tube was confirmed and the partner’s spernid-follicular LH value did not predict outcome in an
count was normal. Four couples had both tubal and speindividual patient.
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Table 1l. Mean (SD) clinical and endocrine data on the patients who conceived, comparing
patients who had a successful pregnancy with those who miscarried

Patients with ongoing Patients who

pregnancies/live births miscarried

(n=42) (n=13)
Age (years) 26.7 (4.6) 30.0 (5.2)
Body mass index (kg/m2) 24.8 (5.3) 25.0 (4.6)
Basal LH (IU/l) 11.2 (8.7) 11.5 (4.6)
Basal FSH (1U/l) 5.8 (1.7) 5.5 (1.4)
Basal testosterone (nmol/l) 3.0(1.3) 31(1.2)
Post clomiphene LH (1U/) 12.0 (7.9) 15.5 (4.4)2
Post clomiphene FSH (1U/) 5.7 (2.0) 6.2 (1.8)
Post clomiphene testosterone (nmol/l) 3.2(1.2) 3.6 (1.5)
Luteal LH (1UN) 6.9 (5.2) 5.9 (2.5)
Luteal FSH (1U/l) 2.8 (1.1) 2.8 (1.1)
Luteal testosterone (nmol/l) 3.3(1.2) 3.5(1.5)

ap < 0.05.

The cumulative conception rate with clomiphene citratappropriate dose of clomiphene citrate in subsequent
continues to rise after completing six cycles of treatmemtycles and to minimize the risks of hyperstimulation and
but reaches a plateau by treatment cycle 12. When coupitesltiple pregnancy. The miscarriage rate in our series was
with other factors contributing to subfertility are excluded23.6% and is similar to that of previous reports. Although
the cumulative conception rate approaches that of tidgh LH concentrations immediately post clomiphene
normal population (61 versus 75% at 6 months; ehwdl,  citrate were associated in our study with a higher
1985). Although Gysleet al. (1982) reported that 87.5% miscarriage rate, supporting the theory that high LH in the
of those who conceived did so during the first threenid-follicular phase adversely effects oocyte maturation;
ovulatory cycles, in the St. Mary’s Hospital series théowever, there was wide overlap with women who had
conception rate continued to rise beyond six cycles. Oongoing pregnancies, so the mid-follicular LH
data support earlier recommendations that anovulatogpncentration did not predict outcome in an individual
women responsive to clomiphene citrate should be treatpdtient.
for 6-12 cycles (Hammond, 1984) before considering The cumulative conception rate continues to rise after 6
more complex or invasive methods of ovulation inductiormonths of treatment, reaching a plateau by treatment cycle
However, following the recent retrospective reportl2 and approaches that of the normal population, when
(Rossinget al, 1994) that >12 cycles of clomiphene citratecouples with other factors contributing to subfertility are
might be associated with an increased risk of a borderlimxcluded. There has been one retrospective report that
or invasive ovarian tumour, it would seem appropriate tprolonged use of clomiphene citrate is associated with an
limit exposure to clomiphene citrate to 12 cycles, at leagtcreased risk of a borderline or invasive ovarian tumour
until further data are available. (Rossinget al, 1994).

Taking into consideration these observations, we
_ recommend that anovulatory women responsive to
Conclusions clomiphene citrate should be treated for at least six cycles
gefore considering more complex or invasive methods of
vulation induction; treatment should probably be limited
o a maximum of 12 cycles.

The majority of women with oestrogen replete anovulator
infertility, most of whom have PCO, will ovulate in
response to clomiphene citrate. Basal hormo
concentrations do not predict outcome. An increased BMI
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