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Ovulation defects despite regular menses: part III
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Summary

Objective: To describe subtle ovulatory defects that can contribute to infertility and/or miscarriage despite regular menses with appar-
ent ovulation. Methods: By using follicular maturation studies and measurement of serum estradiol, progesterone, and LH certain imper-
fections in the ovulatory process can be ascertained. Results: Careful evaluation of follicular maturation was able to determine infer-
tility factors, e.g., premature luteinization, luteinized unruptured follicle syndrome, and luteal phase defects. Effective treatment agents
include follicular maturing drugs and gonadotropin releasing hormone antagonists in the follicular phase, human chorionic
gonadotropins and leuprolide acetate at time of peak follicular maturation and progesterone in the luteal phase. Conclusions: Proges-
terone supplementation alone is more effective than follicle maturing drugs in women with luteal phase defects with mature follicles.
Small doses of follicle stimulating hormone in the late follicular phase is most effective for luteal phase deficiency associated with
immature follicles. Sometimes leuprolide acetate can allow egg release when hCG has failed.
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Luteinized Unruptured Follicle (Luf) Syndrome

Proteolytic enzymes may play a role in the rupture of the oocyte from the follicle. Plasminogen activator may be one
of the enzymes needed to achieve release of the ovum [1], and luteinizing hormone (LH) and follicle stimulating
hormone (FSH) have been shown to stimulate plasminogen activator [2]. Theoretically, human chorionic gonadotropin
(hCG), because of its LH biologic activity, may help to achieve follicular rupture in patients diagnosed as having
luteinized unruptured follicle (LUF) syndrome [3, 4]. Hamilton et al. [5] did find a lower level of mid-cycle LH in
patients with LUF syndrome compared with normal ovulating women. Similarly, an increase in mid-cycle FSH levels
may help to activate plasminogen and thereby effect release. Therefore, some cases of LUF may be related to insuffi-
cient FSH surge at mid-cycle, so that the use of pure FSH or human menopausal gonadotropins (hMG) as a one-time
injection at the time of follicular maturation might help to achieve follicular rupture in patients with LUF syndrome.

One study has suggested that LUF syndrome may be corrected with serial injections of hMG followed by an injec-
tion of hCG when the follicle is mature [6]. Another study has suggested improved release when a single injection of
hMG mixed with hCG is given at the time of follicular maturation [7]. Because of slow clearance of the FSH compo-
nent of hMG, the mechanism of action may be secondary to the increase of FSH levels in the late follicular phase.
However, there has been some suggestion that an excess of FSH in the late follicular phase could lead to excess gly-
cosaminoglycan, which may, in turn, inhibits the production of hyaluronic acid needed for ovum release [8, 9]. My group
found that the use of either 10,000 units of hCG or hCG in combination with hMG in a single injection at the time of
follicular maturation allowed oocyte release in those with LUF syndrome in 46% (21/46) of patients [10].

A global review of the world literature on the luteinized unruptured follicle syndrome concluded that although LUF
does exist as a clinical phenomenon, from a clinical standpoint it probably does not constitute a syndrome [11]. However
I do not agree with the conclusion of Katz [11]. My group found that of the women taking hMG in the first cycle the
egg released in 148 and 13.5% achieved a pregnancy vs only 5.4% of 56 women where we had difficulty in concluding
whether the egg released or not vs 0% in 16 women where we concluded LUF [12]. Similar conclusions were reached
in the second hMG cycle (pregnancy rates of 15.7%, 4.0%, and 0%, respectively [12]. These data suggest that ultrasound
is in general able to make a diagnosis of non-release of oocytes [12].

Katz was willing to conclude that LUF does exist as a phenomenon thus showing that pregnancies are unlikely if the
egg does not release. This is not actually in disagreement with our studies [10, 11]. However, to prove that it is a syn-
drome rather than a phenomenon, it is important to show that it is likely to recur. In the same study we found that if the
egg released the first cycle (n = 128), 91% released the second cycle [12]. For inconclusive release (n = 53) only 30%
released the second cycle [12]. For those who did not release in cycle 1 (n = 16) only 6% released the second cycle [12].
We consider LUF if by 48 hours from the initiation of the LH surge, the follicle fails to shrink by at least 5 mm. Release
of the egg from the follicle is usually associated with fluid in the cul de sac.
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The use of hCG or hCG mixed with hMG is not the only treatment for LUF. As mentioned in the previous discussion
of premature luteinization in anovulatory cycles where follicle maturing drugs are used, GnRH agonists can be used for
their short-term stimulatory effect [13, 14]. Leuprolide acetate has also been used in some “flare-up” IVF protocols to
try to recruit a greater response to gonadotropins [15]. We performed a study to evaluate the efficacy of leuprolide acetate
given in a dosage of | mg every 12 hours x 3 to release oocytes in hMG-treated women. For the first h(MG cycles, LUF
was present in 44.3% of those taking 10,000 units hCG vs 21.7% of those treated with the GnRH agonist [16]. Inter-
estingly in cycle 2, none of the four women failing to release an oocyte in cycle 1 released an oocyte in cycle 2 when
given hCG again but 15 of 18 women (83.3%) released when given leuprolide acetate [16].

When women fail to release oocytes they should be questioned as to whether they are taking any prostaglandin
inhibitor, e.g., aspirin. If all medical measures fail the only option left is to manually retrieve the oocytes and then fer-
tilize them in vitro.

Premature luteinization

Premature luteinization in which LH surges result in a rise in progesterone before follicular maturation is achieved, is
a recognized problem in women who have been treated with hMG to induce multiple follicular growth [17]. Moreover,
premature luteinization has been appreciated as a cause of pregnancy failure in anovulatory women who were given
hMG in an attempt to stimulate single follicular maturation [18, 19].

Using a definition of a woman reaching a serum progesterone level greater than 1.5 ng/ml following an LH surge prior
to the serum estradiol reaching 200 pg/ml and the follicle average diameter failing to attain 18 mm, we found even in
natural cycles without follicle maturing drugs a frequency of premature luteinization of 13% (52/400) [20].

Treatment options are similar to those already discussed in the section on anovulation with normal estrogen when this
complication occurs using follicle maturing drugs. A GnRH agonist can be used, e.g., leuprolide acetate for ten days
amd beginning the mid-luteal phase a short course of GnRH agonist is used from day 2-4 (use of GnRH agonists in this
manner seems to suppress the subsequent LH surge) or gonadotropins and a GnRH antagonist could be used, e.g.,
cetrorelix or ganirelix at some point in the follicular phase. A cheaper option would be to add ethinyl estradiol 20-40 pg
concomitant to the use of gonadotropins. Higher doses of estrogen seem to exert a negative effect on LH release from
the pituitary whereas lower doses of estrogen enhance LH release.

Luteal phase defects

One question debated by infertility specialists is whether there is an entity where women have fairly regular menses,
release an oocyte from a follicle, make progesterone during the second half of the menstrual cycle but still have infertil-
ity related to insufficient secretion of progesterone. It is well known that high pregnancy rates are found following trans-
fer of fertilized donor eggs in women artificially treated with estrogen for two weeks and then progesterone in addition
prior to and after embryo transfer but the pregnancies would not be achieved without progesterone. A pregnancy would
be easily terminated by taking a progesterone receptor antagonist, e.g., mifepristone. Thus, it seems very logical that some
women may be infertile related to a progesterone deficiency. The corpus luteum is responsible for the secretion of prog-
esterone as well as estradiol during the second half of the cycle, known as the luteal phase, and thus a progesterone defi-
ciency from post ovulation until menses is known as a luteal phase deficiency or defect. Though as mentioned there are
many infertility specialists that do not consider this entity as a cause of persistent infertility, the first manuscript published
suggesting the luteal phase defect to be a cause of persistent infertility was in 1949 [21].

Determining that there was an insufficient amount of progesterone has been based predominantly over the years by
showing an out-of-phase endometrial biopsy. The original description of the histological changes that occur with each
progressive day from ovulation to menses was by Noyes er al. [22]. There is some controversy over the methodology
used to determine endometrial changes in “normal” women since the studies were performed on infertility patients who
were assumed to have normal ovulation because their menstrual cycles were regular and they had blocked fallopian tubes
as a contributing cause (but was it the only cause of their infertility?). Controversy also exists as to whether to do the
biopsy in the mid or late luteal phase [23-28]. Also debate exists as to whether abnormal should be considered < or > 2
days out-of-phase, i.e., having an earlier date than what it should be based on e.g., time of ovulation [29-32].

We had previously found that almost all women who achieved a successful pregnancy attained an average 18-24 mm
diameter dominant follicle associated with a serum E2 level > 200 pg/ml [33]. We subsequently considered this as the
standard for a mature dominant follicle. We evaluated a group of 100 women with > 1 year of infertility with regular
menses who had an endometrial biopsy performed in the late luteal phase that dated more than two days early [34].
Using the definition of a mature follicle, 58% appeared to make a mature follicle. Interestingly 77% of the women ran-
domly assigned to progesterone vaginal suppository treatment in the luteal phase conceived within six months (n = 31)
with a miscarriage rate of 4.1% vs only 11.1% conceiving with either clomiphene citrate or hMG (n = 27) and 67% mis-
carried [34]. Interestingly, taking 25 women who failed to successfully conceive with follicle maturing drugs and then
treating them with progesterone vaginal suppositories 64% conceived with a miscarriage rate of 6.2% [34].

In that same study the women who released oocytes from immature follicles did not fare nearly so well with proges-
terone vaginal suppositories alone (25% pregnancy rate in 6 months with no miscarriages). A higher percentage (70%)
conceived with follicle maturing drugs but the miscarriage rate was high (57%) so only 30% had a live birth [34]. The
best result was with the combination of follicle maturing drugs in the follicular phase and progesterone support in the
luteal phase (70% pregnancy rate but a miscarriage rate of only 7.1% [34].
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Based on these data my philosophy has been to determine in women with luteal phase defects whether they attain a
mature follicle or not. If they do make a mature follicle then we treat only with progesterone in the luteal phase. If they
do not attain a mature follicle they are given follicle maturing drugs plus progesterone. Frequently so as to not create mul-
tiple follicles we may allow the dominant follicle to split off from the other follicles and then just boost it along with a
small dosage of gonadotropin, e.g., 75 IU for two to three days. This prevents the problem of recruitment of multiple fol-
licles as could happen when the drugs are started earlier in the menstrual cycle.

It could be suggested that instead of determining whether the women make a mature follicle or not, why not just put
all women with luteal phase defects on both follicle maturing drugs and progesterone. The reason that we do not double
cover is that it behooves physicians to find the most effective therapy with the least side-effects or complications. As
mentioned the risk of multiple births should be avoided and this risk is more likely with the use of clomiphene citrate
or gonadotropins. Clomiphene frequently causes an adverse cervical mucus necessitating intrauterine insemination
which costs the couple time and money. Clomiphene is associated with various symptoms of menopause as a side-effect
and can cause depression. With multiple follicles there is a greater chance of some failing to have an egg release leading
to an increased risk of subsequent ovarian cysts. There is always the risk with these drugs of the complication of ovarian
hyperstimulation syndrome which can lead to ovarian torsion and loss of the ovary, massive edema, predilection to deep
vein thrombosis and acute tubular necrosis and hyperkalmia from decreased renal blood supply.

However, there is one more reason why I prefer not to use follicle maturing drugs if not necessary and that is that they
can lead to an abnormal uterine environment leading to an inhibition of embryo implantation [33, 35, 36]. When a luteal
phase defect is associated with decreased egg reserve as manifested by an increase day 3 serum FSH or a decreased inhibin
B level, the adverse effect of follicle maturing drugs is even worse and the effect may be on the embryo itself [37, 38].

Why is progesterone so important? One possibility is that the main effect of progesterone is to inhibit natural killer
cell rejection of the fetal semi-allograft by the induction of a protein known as the progesterone-induced blocking factor
[39-41]. There is evidence that the allogeneic stimulus of the fetus induces de novo progesterone receptors on CD8+ T
cells (gamma/delta T cells) [42, 43]. These are relatively weak receptors and only when exposed to a very high con-
centration of progesterone (possibly only such a level is generated at the maternal-fetal interface) do these gamma/delta
T cells with progesterone receptor express the PIBF protein. The PIBF protein, in turn inhibits natural Killer cell cytol-
ysis [44]. It is not clear what are the main fetal antigens that trigger the progesterone receptor induction [45]. Thus either
a lack of progesterone or the inability to stimulate progesterone receptors on gamma/delta T cells may lead to a luteal
phase defect. There are data that the more likely deficiency is insufficient progesterone [40]. If despite adequate prog-
esterone supplementation there is inadequate PIBF expression then the possibility exists that there was inadequate prog-
esterone receptor induction on the gamma/delta T cells. Possibly the fetus is not sufficiently foreign to the mother or the
mother has a weakened response to a normal fetal stimulus [45, 46]. In these cases there may be a need for a better allo-
genic stimulus, e.g., paternal or pooled lymphocytes [47-50].

So supposing a couple has more than one year of infertility, the semen analysis and post-coital test are normal, the
wife makes a mature follicle and releases the egg, and her endometrial biopsy is in-phase and tubal studies are normal?
What is the next step? Immediately go to IVF-ET? Empirically treat with follicle maturing drugs? My preference based
on these discussions would be to simply treat the woman with luteal phase vaginal progesterone (vaginal progesterone
may create better endometrial concentrations compared to oral and even parenteral related to lymphatic transfer from
the vagina to the endometrium). This is based on the fact that I question the significance of an in-phase endometrial
biopsy when the most important thing to measure would be whether adequate PIBF expression has been achieved.
Though this testing is not available now commercially this will happen in the future by the Elisa method now that the
PIBF protein has been purified by recombinant DNA technology and a monoclonal antibody can be made.
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