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The Use of Ultrasound in Understanding 
Normal and Abnormal Evaluation 
of the Endometrium

Steven R. Goldstein

1 � Introduction

Vaginal probes for ultrasonography were introduced in the 1980s. They allow for 
higher frequency transducers in closer proximity to the structure being studied. This 
yields excellent resolution. In fact, in my first book [1], I described a concept of 
“sonomicroscopy” whereby we see things with the vaginal probe that one would not 
be able to discern with the naked eye. It is as if we were doing ultrasound through a 
low-power microscope. Hence, there is the ability to see structure not previously 
appreciated in such a non-invasive fashion.

2 � The Menstrual Cycle

The endometrium consists of a basalis and a functionalis. In an idealized situation, 
for the 13 lunar months in a calendar year, the endometrium undergoes a cyclical 
journey occasionally resulting in a pregnancy, most often ending in a menses. 
Realize to our patients all the blood that comes out of their vagina is their “period,” 
but to us a menses is a bleed preceded 14 days prior by ovulation.

S. R. Goldstein (*) 
New York University Grossman School of Medicine, New York University,  
New York, NY, USA
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3 � Normal Physiology

With the onset of menses, each ovary recruits a number of follicles. These produce 
estradiol. The functionalis, in response to estradiol, will proliferate (Fig.  1a, b). 
Sonographically, this appears, ultimately, as a thickening of the endometrial echo 
(Fig. 2). Typically, one follicle becomes dominant leaving the other follicles behind. 
Prior to ovulation the endometrium will display a trilaminar, multilayered appear-
ance (Fig. 3). After ovulation, the production of progesterone by the corpus luteum 
converts this estrogen primed functionalis to a secretory phase (Fig. 4b) preparing 
to receive a fertilized egg now traversing the fallopian tube as a zygote. When no 
pregnancy ensues, the endometrium breaks up and is shed as a “menses.” The 
resulting basalis, when viewed sonographically, will appear as a thin echogenic line 
(Fig.  5) which represents the interface between two layers of denuded basalis 
(Fig. 6). There are other situations such as menopause where no estrogen is pro-
duced. The surface epithelium of the endometrium is a single layer of cuboidal 
cells (Fig. 7), and, when viewed sonographically, this should be a thin, white, echo-
genic line (Fig. 8) which, once again, is the interface of an inactive atrophic endo-
metrium. In the situation of combination oral contraceptive pills, there is little, if 
any, proliferation with decidualization of what endometrium does exist, and sono-
graphically (Fig. 9) this will appear as thin, although not quite as thin as the inactive 
atrophic endometrium of menopause or even the denuded basalis seen at the end 
of menses.

a b

Fig. 1  (a) Hysterectomy specimen taken in the proliferative phase of the menstrual cycle showing 
proliferative endometrium. (b) Higher power view of proliferative endometrium showing abundant 
mitotic activity in virtually all of the glandular nuclei

S. R. Goldstein
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Fig. 2  Transvaginal 
sonogram done in the 
proliferative phase of the 
menstrual cycle showing 
the beginning development 
of the functionalis

Fig. 3  Preovulatory 
transvaginal scan revealing 
a multilayered, trilaminar 
appearance prior to 
ovulation

a b

Fig. 4  (a) Hysterectomy specimen done in the secretory phase of the endometrium. Notice how 
the glands line up in a linear fashion. (b) Transvaginal sonogram performed in the secretory phase 
of the menstrual cycle in the endometrium. Under the influence of progesterone, it has become 
echogenic and thickened

The Use of Ultrasound in Understanding Normal and Abnormal Evaluation…
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Fig. 5  Transvaginal 
ultrasound done at the end 
of the menstrual cycle. The 
functionalis has been 
totally shed, and the 
remaining thin endometrial 
basalis, representative on 
ultrasound, is a thin white 
line representing the 
interface between two 
sides of basalis

Fig. 6  Hysterectomy done 
in the phase of the cycle 
just after menstruation. 
The basalis remains 
although the functionalis 
has been totally sloughed

Fig. 7  Hysterectomy 
pathology specimen done 
on a menopausal patient. 
The surface epithelium is 
thin representing a single 
layer of low cuboidal cells

S. R. Goldstein
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Fig. 8  Transvaginal 
sonogram done on a 
postmenopausal patient. 
This thin, white echogenic 
line represents the interface 
between two layers of 
inactive, atrophic 
endometrium

Fig. 9  Transvaginal sonogram done on a patient on birth control pills. The endometrial echo is 
thin (however, not as thin as a postmenstrual or postmenopausal patient). If looked at histopatho-
logically, this would represent a decidualized layer of nonproliferative endometrium, something 
that does not exist in nature and is the result of the combination birth control pill

4 � Pathologies of Abnormal Uterine Bleeding (AUB)

With this understanding of normal physiology and its corresponding sonographic 
appearance, we can explore the various causes of abnormal uterine bleeding. FIGO 
has introduced the PALM-COEIN system (Fig. 10). A simpler way of looking at 
this is structural versus non-structural reasons for AUB. The non-structural reasons 
will display various degrees of endometrial tissue and, thus, varying degrees of 
endometrial thickness. Saline infusion sonohysterography, often referred to as SIS, 
involves instillation of sterile saline or gel through a small catheter into the uterine 
cavity while performing transvaginal ultrasound. Fluid enhances sound transmis-
sion. This is well appreciated in obstetrics because the fetus is surrounded by amni-
otic fluid allowing wonderful resolution of fetal anatomy. In SIS, the expansion of 
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PALM (structural causes)

Polyp
Adenomyosis
Leiomyoma
 Submucosal myoma
 Other myoma
Malignancy and hyperplasia

Coagulopathy
Ovulatory dysfunction
Endometrial
latrogenic
Not yet classified

COEIN (nonstructural causes)

Abnormal Uterine Bleeding
(AUB)

Fig. 10  PALM-COEIN nomenclature of causes of abnormal uterine bleeding

Fig. 11  Hysterectomy 
specimen done on a patient 
with simple hyperplasia. 
Note the abundant 
“back-to-back” glands 
arranged in a highly 
irregular fashion

the endometrial cavity and fluid insertion allow exquisite visualization. SIS should 
be thought of as a subset of transvaginal ultrasound when the endometrial echo is 
not sufficiently thin or is inadequately visualized for the various reasons discussed 
below. One study of 433 patients with perimenopausal bleeding [2] found 79% of 
AUB was dysfunctional anovulatory bleeding without any structural abnormality. 
Most of such patients, if undergoing endometrial sampling, will display prolifera-
tive endometrium and can virtually always be treated hormonally or even expec-
tantly. Hormonal treatment is often combination oral contraceptive pills, if not 
contraindicated, or periodic progestogen. However, some patients will display 
hyperplasia (Fig.  11). Sonographically, this may be diffusely thickened on SIS 
(Fig. 12a, b) or focally thick (Fig. 13).

Blind endometrial sampling, although still an apparent first step to obtain histol-
ogy, [3] has been shown to be less reliable if endometrial pathology occupies less 

S. R. Goldstein
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a b

Fig. 12  (a) Transvaginal pelvic sonogram showing a thickened endometrial echo in a perimeno-
pausal patient with abnormal uterine bleeding. (b) Saline infusion sonohysterogram on the patient 
in (a). This shows a symmetrically thick endometrial tissue surrounding the fluid. Endometrial 
sampling on this global process revealed simple hyperplasia

Fig. 13  Saline infusion 
sonohysterogram showing 
a focal area of thickness 
along the anterior wall, 
whereas the posterior wall 
is devoid of significant 
tissue. This was complex 
atypical hyperplasia on 
hysteroscopic directed 
sampling

than 50% of the uterine cavity [3]. The use of saline infusion sonohysterography or 
newer disposable office hysteroscopes can further triage abnormal-appearing endo-
metrial thickness on transvaginal ultrasound to global versus focal process. If the 
process is global, blind endometrial sampling remains appropriate [4]. If the process 
is focal, the sampling should be done under direct vision by hysteroscopy. Such 
cases would include focal tissue (Fig. 13), polyps (Fig. 14), or submucous myomas 
(Fig. 15).

The Use of Ultrasound in Understanding Normal and Abnormal Evaluation…
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Fig. 14  Transvaginal 
pelvic sonogram with 
saline infusion 
sonohysterography 
showing an obvious polyp 
along the anterior wall near 
the fundus. This measured 
2.1 cm maximum diameter. 
The endometrium 
surrounding the fluid is 
seen to be thin compatible 
with early proliferative 
phase of the patient. The 
SIS catheter can be seen 
along the posterior wall

Fig. 15  Transvaginal 
pelvic sonogram with 
saline infusion 
sonohysterogram revealing 
an intramural/submucosal 
fibroid distorting the 
endometrial cavity

5 � Postmenopausal Bleeding

Our most junior trainees are taught that any postmenopausal bleeding is endome-
trial cancer until proven otherwise. Review of the literature would indicate that 
1–14% of such patients will have endometrial cancer, [4] although most of these 
place it in the 5–10% range. The original observational studies [5–7] in postmeno-
pausal women with bleeding consistently found that an endometrial echo on trans-
vaginal ultrasound <5 mm was associated with lack of significant tissue. Multiple 
large, prospective trials, mainly out of Western Europe, caused the American 
College of Obstetrician and Gynecologists in 2009 [8] to opine that “when present, 
a thin, distinct endometrial echo on transvaginal ultrasonography 4 mm or less has 
a risk of malignancy of 1  in 917 and, therefore, endometrial sampling is not 
required.” In fact, if one does a biopsy in such patients with a thin, distinct 

S. R. Goldstein

ALGrawany



9

Table 1  Endometrial thickness and incidence of cancer in postmenopausal women with bleeding

Reference

Endometrial 
thickness on 
TVUS

Number of 
women

Total sample of 
bleeding women

Number of 
cases of 
cancers

Negative 
predictive 
value

Karlson 
1995a

≤4 mm 518 1138 0 100%

Ferrazzi 
1996b

≤4 mm 336 930 2 99.4%
≤5 mm 456 930 4 99.1%

Gull 2003c ≤4 mm 394 394 0 100%
Wong 
2016d

≤3 mm 1915 4383 5 99.7%
≤4 mm 2825 4383 10 99.6%
≤5 mm 3131 4383 11 99.6%

Expressed as a composite of above studies
For EM ≤ 3 mm 5/1915 cancers = 1 in 383
For EM ≤ 4 mm 12/4073 cancers = 1 in 339
For EM ≤ 5 mm 15/3587 cancers = 1 in 239

a Karlsson B, Granberg S, Wikland M, et al. Transvaginal ultrasonography of the endometrium in 
women with postmenopausal bleeding—a Nordic multicenter study. Am J Obstet Gynecol 
1995;172:1488–94
b Ferrazzi E, Torri V, Trio D, Zannoni E, Filiberto S, Dordoni D. Sonographic endometrial thick-
ness: a useful test to predict atrophy in patients with postmenopausal bleeding. An Italian multi-
center study. Ultrasound Obstet Gynecol 1996;7:315–21
c Gull B, Karlsson B, Milsom I, Granberg S. Can ultrasound replace dilation and curettage? A 
longitudinal evaluation of postmenopausal bleeding and transvaginal sonographic measurement of 
the endometrium as predictors of endometrial cancer. Am J Obstet Gynecol 2003;188:401–8
d Wong AS, Lao TT, Cheung CW, Yeung SW, Fan HL, Ng PS, et al. Reappraisal of endometrial 
thickness for the detection of endometrial cancer in postmenopausal bleeding: a retrospective 
cohort study. BJOG 2016;123:439–46

endometrial echo on transvaginal ultrasonography, it is common to not successfully 
obtain tissue, or when tissue is present, it is often so scant that it is insufficient for 
evaluation [9, 10].

More recently, ACOG has updated its Committee Opinion [11]. It now incorpo-
rates a large Chinese study by Wong et  al. [12] and gives a risk of endometrial 
cancer for endometrial thicknesses of 3, 4, and 5  mm, respectively (Table  1). 
However, it still states that for average-risk women, a cutoff of ≤4  mm is still 
appropriate.

6 � Limitations of Transvaginal Ultrasound

Transvaginal ultrasound has some significant limitations. It is a technical procedure 
that does not always reveal meaningful results. Not all uteri will lend themselves to 
produce a reliable endometrial echo. Previous surgery, coexisting leiomyomas, 
axial orientation, marked obesity, and adenomyosis can all result in an inability to 
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find a reliable endometrial echo. As discussed above, in such cases fluid enhance-
ment by saline infusion sonohysterography will easily highlight the endometrial 
cavity in a simple, painless office procedure. SIS will allow differentiation to (1) no 
anatomic pathology (no biopsy necessary), (2) globally thick endometrium (blind 
sampling appropriate), and (3) focal abnormalities that should be done under 
direct vision.

In that study of 433 perimenopausal women [2], 44 (10.2%) had SIS because of 
inability to adequately visualize an endometrial echo. These were perimenopausal 
women studied because of AUB. A recent study [13] of 472 consecutive asymptom-
atic postmenopausal women found that in 38.1% an endometrial echo adequate for 
appropriate measurement for diagnostic purposes could not be identified. Of the 
overall cohort, the reasons for nonvisualization were fibroids (20.1%), axial uterine 
orientation (10.6%), and adenomyosis (7.4%). These women were, on average, 
14.1 years past menopause. There was no difference in the ability to visualize an 
endometrial echo based on years since menopause, but mean BMI was significantly 
greater in the nonvisualized cohort (mean BMI 25.4) versus the visualized group 
(mean BMI 23.9, p = 0.015). In the study by Wong [12], the nonvisualization rate 
was 20.2%. However, these were postmenopausal women with bleeding and aver-
aged 5 years since menopause.

Another limitation of transvaginal ultrasound in premenopausal women under-
scores the importance of where in the bleeding cycle an ultrasound is performed. 
Ideally, transvaginal ultrasound is done in patients who are cycling as soon as pos-
sible after the bleeding ends when the endometrium is expected to be as thin as it 
will be all month long. The uterus is a rugged organ. Many women have had preg-
nancies, miscarriages, cesarean sections, myomectomies, etc. As tissue proliferates, 
it is not always topographically homogeneous. Examination later in the cycle, either 
with sonohysterography or hysteroscopy, can reveal very irregular surface of the 
endometrium which is sometimes referred to as endometrial moguls (Fig. 16) and 
should not be mistaken for pathology. In such patients, liberal use of a progestogen 

Fig. 16  Transvaginal 
pelvic sonogram done in 
the luteal phase of the 
menstrual cycle. The 
endometrium is thickened; 
however, it is 
heterogeneous irregular in 
its topography. Such an 
appearance has been 
labeled as endometrial 
“moguls” indicative of the 
fact that as the functionalis 
proliferates and then 
thickens in the secretory 
phase, it is not always 
topographically 
homogeneous

S. R. Goldstein
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challenge test as well as appropriate timing of the ultrasound examination after 
withdrawal bleed is crucial.

7 � Summary

The use of high-frequency transvaginal ultrasound probes and the occasional need 
for fluid enhancement with saline infusion have allowed us easy access for visual-
ization of normal and abnormal findings in the endometrial cavity. Understanding 
its utility as well as its limitations will improve the ability of healthcare providers to 
deliver optimal care to patients.
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Sex Steroid Hormones in the Treatment 
of Menstrual Cycle Disorders

Ardito Marisa, A. Giannini, T. Fidecicchi, Tommaso Simoncini, 
and Andrea R. Genazzani

1 � Introduction

As is well known, the primary use of sex steroid hormones is due to their contracep-
tive effect. However, they may be exploited for therapeutic purposes in different 
clinical conditions with satisfying extra-contraceptive benefits. Therapeutic effects 
can be achieved by ovulation inhibition, antiestrogenic, antiandrogenic, and proges-
tin effects. Some of the positive effects induced by progestins are enhanced by the 
estrogen component, e.g., the antiandrogenic effect of some progestins is enhanced 
with higher doses of EE, e.g., the 30 μg. However, reduction in the dosage of the 
estrogen component has made estrogen-progestin therapies more tolerable to 
patients by reducing not only side effects but also the impact on liver metabolism 
and thromboembolic risk [1]. Hormonal therapy with estrogen-progestin represents 
one of the most essential and versatile treatments with immediate benefits on wom-
en’s problems such as seborrhea, dysmenorrhea, acne, and hirsutism. Long-term 
benefits are also relevant, particularly of protection from several malignancies, fore-
most among them ovarian cancer. Many menstrual cycle disorders gain benefit from 
estrogen-progestin therapy, particularly dysmenorrhea, endometriosis, anovulation, 
PCOS, abnormal uterine bleeding, etc. After an accurate medical history, it has long 
been clear that the prescription of these treatments is accompanied by few risks for 
women compared with the benefits.
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2 � Dysmenorrhea

The prevalence of dysmenorrhea is between 16% and 91% in women of reproduc-
tive age, with debilitating pain observed in 2–29% [2]. Agarwal et al. showed the 
prevalence of dysmenorrhea to be 80% in adolescents, and approximately 40% had 
severe dysmenorrhea [3]. Dysmenorrhea is classified into primary and secondary. 
Primary is prevalent in adolescence and is characterized by cramp-like pain, often 
disabling, that occurs during menstruation without underlying pathology. The 
symptoms associated with dysmenorrhea include gastrointestinal symptoms such as 
nausea, bloating, diarrhea, constipation, vomiting, and indigestion. Also, irritability, 
headache, and low back pain are prevalent among women with primary dysmenor-
rhea. Tiredness and dizziness are also associated with dysmenorrhea. The secondary 
form has the same clinical features as the primary, but there sometimes is a headline 
disorder or disease at its base, such as adenomyosis, endometriosis, pelvic inflam-
matory disease, pelvic adhesions, intrauterine devices, or ovarian cysts. The first-
line therapy is represented by classic pain relievers such as nonsteroidal 
anti-inflammatory drugs, which can induce pain relief in about 70–90% of patients, 
compared with placebo [4–6] both when taken alone or in combination with hor-
monal contraceptives [7]. In cases of primary dysmenorrhea resistant to treatment 
as a second line of treatment approach, in case of non-response or non-tolerance to 
different analgesics, it may be appropriate to start treatment with hormonal contra-
ceptive therapy (COC). COC can also be offered as first-line therapy in sexually 
active patients, preventing dysmenorrhea and pregnancy by combining estrogen and 
progesterone [8]. Hormonal contraceptives act by preventing menstrual pain, sup-
pressing ovulation, thinning the endometrial rhyme, decreasing endometrial prosta-
glandin levels and the frequency of myometrial contractions, and reducing the 
magnitude of menstrual flow when taken for several months in a row. Randomized 
studies in fertile women treated with hormonal therapy show moderate efficacy in 
pain relief [9, 10]. A meta-analysis of studies reported a therapeutic benefit com-
pared with a placebo and a similar result for both pills with estrogen doses ≤35 μg 
and doses >35 μg [10]. In addition, lower-dose formulations such as 20 μg ethinyl 
estradiol also appear to be effective in reducing pain [11–13]. The beneficial effects 
of low-dose estrogen COCs have long been known, but it is necessary to consider a 
woman’s age before prescribing in order to assess the impact on bone mass. In 
mature, premenopausal women, COCs have been shown to have no or a beneficial 
effect on skeletal health, as assessed by both BMD and fracture rates [14]. Other 
studies have examined whether the skeletal effects vary by dose of ethinylestradiol 
(15 vs. 20 μg) [15] or by different progestins (drospirenone or gestodene) [16]. In 
both cases, change in spine BMD did not differ between COC users and controls. 
However, other studies indicate that COC use in adolescence can have a negative 
effect on bone mineral acquisition, especially in the first 3 years post menarche. 
Researchers found lower rates of bone mineral accrual in adolescents using low-
dose (20 μg ethinyl estradiol) COC formulations compared with controls not using 
hormonal contraceptives [17, 18]. Some progestins, for example, COCs containing 
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CMA (chlormadinone acetate), can induce improvement or remission of symptoms 
due to the ability of this progestin to directly suppress cyclo-oxygenase. COCs with 
drospirenone, which is characterized by a potent antimineralocorticoid effect, espe-
cially with the 24/4 regimen, has been recognized by the FDA as the most suitable 
treatment for premenstrual dysphoric disorder (PMDD) [19, 20]. Other studies have 
focused instead on the type of regimen used, recording a decrease of menstrual 
symptoms with prolonged or continuous administration compared with cyclic dos-
ing [21, 22]. However, for patients in whom conventional cyclic dosing (21 days of 
drug/7 days of placebo) of an oral contraceptive formulation does not provide suf-
ficient relief of dysmenorrhea, it is reasonable to switch to a formulation with a 
reduced hormonal interval (e.g., a 24/4 formulation) or to an extended-cycle formu-
lation. Other hormonal contraceptives that treat dysmenorrhea include transdermal 
patches or the vaginal ring, injectable or implantable contraceptives, or 
levonorgestrel-releasing intrauterine devices. A review of 12 randomized trials 
comparing the vaginal ring with the pill concluded that both methods reduce dys-
menorrhea [23]. In contrast, a randomized trial of COCs shows that dysmenorrhea 
is slightly more common among women who use the patch versus pills [24]. Another 
effective treatment can be progestin-only products since they induce endometrial 
atrophy, reducing dysmenorrhea. Although they have some more common side 
effects than combined contraceptives, such as irregular bleeding, the advantage of 
progestin-only compounds is that they can be used safely where a contraceptive 
with estrogen is contraindicated. However, some of these methods do not inhibit 
ovulation as effectively as estrogen-progestin therapy, thus reducing the contracep-
tive effect. A progestin that is effective in reducing dysmenorrhea is the 
levonorgestrel-releasing intrauterine device (LNG-IUD), also due to the amenor-
rhea rate of about 20% after 1 year of use [25–27]. In contrast, patients with copper 
T380A IUD devices experience often increased dysmenorrhea. In a large 3-year 
clinical trial evaluating the safety and efficacy of the subcutaneous etonogestrel 
implant, more than three-quarters of participants who had been complaining of pri-
mary dysmenorrhea reported improvement at the end of treatment [28]. Improvement 
has been shown in dysmenorrhea, non-menstrual pelvic pain, and dyspareunia, 
especially in women with histologically documented endometriosis [29].

3 � Endometriosis/Adenomyosis

Patients with endometriosis suffer from painful periods, pain with intercourse, pain 
with bowel movements, excessive bleeding, and infertility. Treatment options 
include nonsteroidal analgesics, hormonal contraceptives, gonadotropin-releasing 
hormone (GnRH) analogues and antagonists, and aromatase inhibitors. The choice 
depends on the severity of symptoms, side effects of the drugs, treatment efficacy, 
contraceptive needs, cost, and availability [30]. Whatever therapy is chosen, this 
does not increase fertility rates, decrease the number or size of endometriomas, or 
even treat complications of deep endometriosis such as ureteral obstruction [31, 32]. 
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The medical treatment of endometriosis is based on the concept that sex hormones 
modulate ectopic endometrial tissue. The therapeutic strategy is to create a hypoes-
trogenic hormonal climate designed to reduce the tropism of endometriotic lesions. 
Combined estrogen-progestin contraceptives are the first-line treatment for most 
women with endometriosis-related pain because they can be taken long-term, are 
well tolerated, and are easy to use, plus they provide additional benefits [33]. All 
these effects result from hormone therapy-induced suppression of ovarian function, 
suppression of endometriotic implant growth, and, consequently, pain [34]. The 
underlying therapeutic mechanism is the decidualization and subsequent atrophy of 
the endometrial glands [35]. It is generally appropriate to start with a continuous 
COC containing 20 mcg of ethinylestradiol [36] depending on the patient’s age. 
Although both cyclic and continuous hormonal regimens effectively reduce 
endometriosis-related pain [37], two systematic reviews have reported that continu-
ous COC regimens would be more valuable in treating secondary dysmenorrhea 
than cyclic regimens [38]. However, in conditions where estrogen is contraindi-
cated, progestin-only therapy (an intrauterine device with levonorgestrel, contracep-
tive implant, or pill) can halt menstrual periods and the growth of endometrial 
implants and thus can be considered an alternative treatment option. Furthermore, 
compared with danazol, progestins are better tolerated, have no androgenic side 
effects, and have a less detrimental impact on the lipid profile. The most frequently 
used progestins include medroxyprogesterone acetate or 19-nortestosterone deriva-
tives, norethindrone acetate, and dienogest [39]. Specifically, MPA can be adminis-
tered as an intramuscular or subcutaneous injection every 3 months. In contrast, 
dienogest can be prescribed as an oral pill or combined with estradiol valerate as 
part of a multiphasic oral contraceptive pill. Side effects of progestin treatment can 
be irregular uterine bleeding, amenorrhea, weight gain, and mood changes. 
Alternative options for progestins in the treatment include ethylnorgestrienone (a 
synthetic steroid), the subcutaneous implant etonogestrel, and the intrauterine 
device levonorgestrel. Some observational studies show that the subcutaneous 
implant effectively decreases the intensity of endometriosis-related pain (dyspareu-
nia, dysmenorrhea, non-menstrual pelvic pain) [40]. LNG-IUD has been shown to 
result in decreased endometrial proliferation and increased apoptosis in the glandu-
lar and endometrial stroma [41]. Reference guidelines of the Royal College of 
Obstetricians and Gynecologists state that through the use of this medicated intra-
uterine device, pain is reduced for at least 3 years. LNG-IUD is also indicated to 
induce a down-regulation of estrogen receptors in the glandular and stromal com-
partments of endometrial tissues, preventing further stimulation by estrogen and 
leading to atrophy and shrinkage of endometriotic foci [42]. A review of three stud-
ies concluded that postoperative use of LNG-IUD reduces the recurrence of dys-
menorrhea in women with surgically confirmed endometriosis [43–45].
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4 � Polycystic Ovary Syndrome (PCOS)

Many women of childbearing age suffer from oligomenorrhea and PCOS, a disor-
der associated with chronic anovulation and hyperandrogenism. Management of 
clinical manifestations of PCOS includes lifestyle changes and combined hormonal 
contraceptives (COCs). Estrogen reaches antiandrogenic properties by influencing 
the hepatic synthesis of sex hormone-binding globulin (SHBG) and reducing the 
free testosterone that can bind the androgen receptor [46].This antiandrogen effect 
is more prominent with the use of EE than with the use of natural estrogen [46]. A 
systematic review of 42 experimental studies with meta-analysis demonstrated that 
independent of the type of progestogens present in combined oral contraceptives 
(COCs) containing 20–35 μg EE, the use of COCs was associated with a 61% 
reduction of free testosterone levels [47]. Moreover, the progestogen suppresses 
luteinizing hormone secretion and blocks ovulation and androgen production. 
Therefore, the effect will be the control of the menstrual cycle and the reduction of 
some clinical signs, such as acne, seborrhea and hirsutism, changes in mood and 
behavior, anxiety, and depression. Due to its antiandrogenic action, the progestin 
compound must be selected judiciously. There are currently four progestins with 
specific antiandrogenic activity: cyproterone acetate, dienogest, drospirenone, and 
chlormadinone acetate. Cyproterone acetate is the progestin with the highest antian-
drogenic activity, although it induces a relatively higher rate of side effects, includ-
ing headaches [1]. PCOS is associated with clinical and metabolic comorbidities 
that may limit the prescription of COCs in women with PCOS. Systemic arterial 
hypertension, obesity, dyslipidemia, metabolic syndrome, and type 2 diabetes mel-
litus (DM2) can coexist with menstrual problems in women with PCOS [48, 49]. 
Progestogen-only contraceptives (POCs) are typically considered a safer option for 
women presenting with cardiovascular comorbidities and so in cases of contraindi-
cations to COC.

5 � Hyperandrogenic Disorders

All COCs can antagonize hyperandrogenism by the effect on gonadotropin secre-
tion and by the effect of estrogens on hepatic sex hormone-binding globulin (SHBG) 
synthesis, reducing the share of free androgens and a reduction of their negative 
action at the level of sebaceous glands, hair follicles, and scalp. The antiandrogenic 
effect of oral contraceptives can be traced back to the progestin component, particu-
larly COCs containing third-generation progestins; some molecules such as cyprot-
erone acetate, dienogest, drospirenone, and chlormadinone acetate, which act by 
blocking androgen receptors and inhibiting the action of circulating androgens, are 
preferable. The progestin with the greatest antiandrogenic effect is cyproterone 
acetate. In addition to improving the signs and symptoms of hyperandrogenism, 
these oral contraceptives lead to a normalization of ovarian structure and ovarian 
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volume in women with PCOS, with a numerical reduction of follicles [50, 51]. Even 
after discontinuation of contraceptive therapies, these structural changes typically 
persist 4–6  months at least. Aggregate analysis of two randomized placebo-
controlled trials with a total of 893 women with moderate facial acne found that 
patients treated with ethinylestradiol 20 μg/drospirenone 3 mg for six cycles were 
more likely to achieve skin improvement than those treated with placebo [52]. The 
study by Palombo-Kinne et al. also confirms the superiority in terms of efficacy of 
the oral contraceptive containing ethinylestradiol 30 μg/dienogest 2 mg over pla-
cebo [53]. The efficacy of contraceptive preparations on the signs of hyperandrogen-
ism (acne, hirsutism, seborrhea, and alopecia) is time-dependent; therefore, in such 
a case, whatever contraceptive pill is administered, the minimum period of treat-
ment should be 4–5 months, possibly up to 12 months. In addition, using the con-
traceptive pill for long periods protects the patient from the recurrence of 
hyperandrogenism and associated conditions, including chronic anovulation and 
infertility [54]. Oral contraceptives can be used alone or with other medications to 
approach both acne and hirsutism. In addition to basal hormone therapy, some stud-
ies have shown efficacy in combination with spironolactone [55, 56]. When choos-
ing the right therapy and type of progestin, it’s important to consider some 
precautions. For example, drospirenone is known to have potential potassium-
sparing effects due to its anti-mineralocorticoid activity. However, it has been shown 
that healthy women taking COCs with drospirenone are no more likely to develop 
hyperkalemia than women taking other COCs with other types of progestins [57, 
58]. Package labeling recommends potassium monitoring during the first month for 
women taking additional medications that predispose to hyperkalemia (e.g., spi-
ronolactone, nonsteroidal anti-inflammatory drugs [NSAIDs], angiotensin-
converting enzyme inhibitors) [59].

During childbearing, women with PCOS are more likely to have severe symp-
toms related to behavior, mood, sleep, and metabolism, particularly insulin resis-
tance and compensatory hyperinsulinemia. Therefore, hormone replacement 
therapy is crucial in maintaining an adequate steroid balance [60].

6 � Oncologic Risk

Established epidemiological data show that hormonal contraception has an overall 
effect in reducing cancer occurrence [61]. A 44-year observational study, involving 
a total of 388,505 women per year, reported exciting data about the reduction of 
cancer incidence in women using hormonal contraceptives compared with non-
users [62]. In particular, the cancers mainly affected in a positive sense by long-term 
hormonal contraceptive use were found to be colorectal, endometrial, ovarian, lym-
phatic, and hematopoietic cancers. Moreover, the reduction in the incidence of 
endometrial, ovarian, and colorectal cancer persists for at least 30 years after COC 
discontinuation. Regarding endometrial cancer, the protective effect of estrogen-
progestin, progestin-only, or intrauterine appears to be time therapy-related and 
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persists after discontinuation [63]. The positive effect is based on the antiprolifera-
tive effect on the endometrium, which reduces the risk of endometrial hyperplasia 
and cancer. The reduction in the risk of both malignant and borderline ovarian epi-
thelial carcinoma, but not mucinous epithelial carcinoma, is proportional to the 
duration of hormonal contraceptive use and persists for more than 30 years [64]. 
The most significant effect is the use of oral estrogen-progestins, which inhibit ovu-
lation, suppress gonadotropin secretion, and reduce retrograde menstruation. 
However, prolonged use of LNG-IUD has also shown a protective effect on this type 
of cancer [65].

7 � Abnormal Uterine Bleeding

Abnormal uterine bleeding is one of the most common gynecologic disorders in 
patients of childbearing age, characterized by bleeding occurring between the men-
strual cycle and the next in the absence of hormone therapy. In a minority of cases, 
the cause can be traced to systemic and neoplastic diseases, drug intake, sudden 
weight loss, and intense physical activity. In most cases, it is due to the immaturity 
of the hypothalamic-pituitary-ovarian axis that characterizes the first 2 years after 
menarche or its decay during the perimenopausal period, leading to anovulatory 
production of sex steroids. Women may experience abnormal bleeding due to ovula-
tory deficits. Anovulation means no efficient progesterone production, thus induc-
ing an abnormal control of endometrium and its potential hyperplastic evolution. 
Consequent bleeding occurs when the endometrium proliferates beyond the ability 
of endogenous estrogen to maintain its integrity. Therefore, administering exoge-
nous estrogen or progestin by allowing further cell proliferation stabilizes the endo-
metrial rhyme with a hemostatic effect [66]. Therefore, first-line therapy combined 
with oral estrogen-progestin therapy is useful, in combination or not, with hemo-
static agents, for patients with anovulatory uterine bleeding. In patients with severe 
anovulatory bleeding associated with anemia, the initial choice should be a mono-
phasic combined oral contraceptive pill with estrogen (e.g., 35 or 50 μg ethinyl-
estradiol) combined with 0.5 mg of norgestrel or 1 mg of norethindrone administered 
every 4–6 h until the bleeding resolves, subsequently scaling the dose to one tablet 
every 8 h for 3 days, then one every 12 h for up to 2 weeks, and finally one pill once 
daily [67]. During this time, the patient must discard the placebo pills, reintroducing 
them only upon complete resolution of the bleeding and of the anemia. Oral 
progestin-only therapy is an option if there are contraindications to estrogen use 
(e.g., migraine with aura, arterial or venous thromboembolic disease, liver disease) 
[68, 69]. Among the various progestin-only oral formulations, norethindrone 
5–10 mg is a viable option when administered up to four times daily depending on 
the severity of the patient’s bleeding, subsequently scaling the dose according to 
appropriate therapeutic schedules once resolution of symptoms is achieved. The 
most widely used schedule involves taking norethindrone twice daily for 7 days, 
followed by once daily until the start of maintenance therapy [70]. After the 
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Table 1  Use of hormonal therapies for the treatment of menstrual cycle disorders

Pathological profile Therapeutic approach

Endometriosis/dysmenorrhea Chlormadinone acetate
Dienogest
LNG-IUD
Continuous regime > standard

PMS (premenstrual syndrome) CO with drospirenone or Chlormadinone
Natural estrogen > ethinylestradiol, EE
Regime esteso o continuativo

PCOS, hyperandrogenism EE > natural estrogen
Cyproterone acetate
Dienogest
Drospirenone

Drop in sexual desire Natural estrogen (17 beta estradiol)
AUB (abnormal uterine bleeding) Medroxyprogesterone acetate depot (DMPA)

LNG-IUD

resolution of the acute episode, oral combination regimens are the most used for 
maintenance; either a cyclic or extended or continuous regimen may be chosen. For 
example, in clinical trials in women with regular menstrual flow, it is observed that 
extended-cycle COC formulations in which placebo tablets are replaced by low-
dose ethinyl estradiol appear to reduce unplanned bleeding [71]. For patients who 
desire contraception but show contraindications to estrogen use, progestin-only oral 
therapy (norethindrone, micronized progesterone, or medroxyprogesterone), 
levonorgestrel-releasing intrauterine device, subcutaneous implantation, and depo-
medroxyprogesterone acetate (DMPA) can also be used. Medroxyprogesterone 
acetate depot (DMPA) is administered by intramuscular or subcutaneous injection 
at 90-day intervals; it inhibits ovulation, eliminating uterine bleeding, in about 
50–75% of patients. DMPA is preferred to induce amenorrhea where estrogen-
progestin contraceptives or the intrauterine device is contraindicated.

LNG-IUD, for example, is a highly effective and easy-to-use treatment option, 
being able to be proposed as a first-line option for the treatment of uterine bleeding 
in women who do not desire pregnancy and providing protection against hyperpla-
sia and endometrial cancer.

The use of hormonal therapies in the treatment of menstrual cycle disorders is 
summarized in Table 1.

8 � New Trends

Not only estrogen but also androgens contribute to the maintenance of tropism and 
function of the sexual sphere and female genitalia [72]. In addition, the role of 
androgens is crucial in all phases of the sexual response, particularly in the stimula-
tion of desire. Research and clinical evidence support a positive effect of testoster-
one therapy on sexual desire when premenopausal physiologic levels are maintained 
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[73]. Androgen restored contraception (ARC) is a recent form of oral contraception 
with the aim to preserve sexual function and prevent mood disturbances. This is 
achieved by adding dehydroepiandrosterone (DHEA) to the 
COC. Dehydroepiandrosterone (DHEA) is an inactive steroid precursor that is con-
verted to estrogen and androgen vaginally [72]. Taking COCs reduces total and free 
testosterone levels and increases SHBG concentrations. Coelingh Bennink 
H. J. T. et al. showed how, with the addition of 50 mg of DHEA, normal levels of 
testosterone are maintained or restored during the use of a contraceptive pill [74]. 
By coadministration with DHEA, physiological levels of total and free testosterone 
are restored while using EE/LNG. With EE/DRSP, only the free testosterone level 
is normalized by DHEA coadministration. In another randomized, double-blind, 
placebo-controlled study, van Lunsen R. H. W. et al. showed how maintaining or 
restoring physiological testosterone concentrations by the coadministration of 
DHEA to the COC may prevent negative effects on sexuality, especially in women 
with free testosterone levels in the highest physiological range during DHEA coad-
ministration [75].

Even though health benefits and therapeutic uses of oral contraceptives were 
identified more than 10 years ago, women today are largely unaware of these, and 
they tend to overestimate their risk.

In the last 2 years, a new contraceptive therapy using estrogen E4, estetrol, has 
been introduced. Its safety profile in multiple areas could help adherence to this 
therapy. Preclinical studies have largely demonstrated that the combination of E4 
with drospirenone (DSP), one of the progestins of least biological impact, is optimal 
[76]. It has been showed that the E4/DSP combination (15 mg/3 mg) has minimal 
impact on hemostasis, coagulation factors, fibrinolysis, angiotensinogen, choles-
terol, and triglycerides [76, 77] with optimal endometrial control also compared 
with the E4/levonorgestrel combination [78]. In fact, the characteristics of E4 are 
thus such that it enhances the effects of EE and E2 itself while maintaining contra-
ceptive efficacy. We are therefore close to an evolution in hormonal therapies, and 
because of this counseling and education are necessary to help women make well-
informed health-care decisions and improve compliance.
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In this overview, we will discuss the recent changes made by experts to standard-
ize nomenclature and definition of heavy menstrual bleeding (HMB), we will report 
helpful tools to diagnose HMB, and we will present the causes and will discuss the 
medical management of this menstrual disorder in adolescents.

1 � Definition

Heavy menstrual bleeding (HMB) refers to uterine bleeding that is abnormal in 
volume, frequency, duration and regularity and that occurs mostly in the menarcheal 
period. HMB is a common gynaecological complaint in adolescents and can be a 
source of distress and morbidity [4]. HMB is a confusing and freighting event for 
the adolescents and their family [5, 6]. It may lead to lower perceived female health 
and poor quality of life and may affect participation in school, sports and other 
activities. Its prevalence ranges between 27% in American adolescents and 37% in 
Swedish adolescents [7, 8].

According to the International Federation of Gynaecology and Obstetrics 
(FIGO), HMB can be defined as “excessive menstrual blood loss that interferes 
with a woman’s normal physical, emotional, social and material quality of life, 
and that can occur alone or in combination with other symptoms” [9, 10]. 
Changes have been made to standardize nomenclature and classification of 
abnormal uterine bleeding in adolescents [11]. HMB must replace previously 
used terms, such as menorrhagia, metrorrhagia, polymenorrhagia, dysfunctional 
uterine bleeding, abnormal uterine bleeding and heavy and prolonged menstrual 
bleeding [12, 13].

Girls with prolonged HMB should be referred to paediatricians and/or gynaeco-
logists specialized in adolescent health and/or haematologists when an underlying 
bleeding disorder is suspected [14, 15].

2 � The Menstrual Cycle at Puberty

The normal menstrual cycle is divided into proliferative, ovulatory and secretary 
phase. Menstruation occurs when the endometrium collapses and sheds following 
the rapid decline in progesterone concentration. Then, menstrual flow stops as a 
result of the combined effects of vasoconstriction and vascular stasis.

In abnormal menstrual cycles, progesterone deficiency and suboptimal oestrogen 
levels are associated with intermittent heavy bleeding. According to the American 
College of Obstetricians and Gynecologists (ACOG) and the Association of Applied 
Biologists (AAB), the menstrual cycle should be considered as a vital sign [16] 
because abnormal cycles can reflect hypothalamic-pituitary-ovarian axis dysfunc-
tion, general diseases or iatrogenic problems [8, 17]. The normal menstrual cycle 
usually lasts ~28  days (±5  days). The mean menstrual flow duration is 4  days 
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(±2 days), and the normal blood loss is approximately 30 mL per cycle, with an 
upper limit of 60–70 mL.

The monthly menstrual flow largely depends on the proper functioning of the 
hypothalamic-pituitary-ovarian axis and of the haemostatic system. During the first 
year after menarche, abnormal and/or irregular bleeding should be considered as 
part of the normal pubertal immaturity of the hypothalamic-pituitary-ovarian axis. 
If HMB persists when menstrual cycles become regular, other HMB causes should 
be ruled out.

3 � Diagnosis

In most cases, HMB occurs during the first years after menarche. Therefore, it is 
mandatory to determine the age at menarche. The initial goal in an adolescent with 
HMB is to evaluate the haemodynamic stability and to identify whether bleeding is 
associated with ovulatory dysfunction or with an underlying coagulation disorder. 
The diagnosis is based on the patient’s menstrual history, bleeding history, family 
history of bleeding disorders, physical examination and laboratory investigations.

3.1 � Menstrual History

An accurate and complete menstrual history is critical. Precise questions should 
focus on the cycle length, period length and quality (e.g. flooding). For this, it is 
important to determine the number of sanitary pads or tampons used per day and the 
presence of blood clots. The use of a structured chart can be sometimes helpful (e.g. 
pictorial blood assessment chart) [18].

HMB is defined by the following:

–– Menstrual cycle >45 days or <21 days
–– Menstrual bleeding >7 days
–– Blood loss >80 mL/day

3.2 � Bleeding History

If HMB occurs at menarche onset, an underlying coagulation disorder should be 
suspected. Special attention should be paid to symptoms, such as epistaxis lasting 
more than 10  min and prolonged bleeding after minor wounds/tooth extraction 
(Table  1) [19, 20]. Moreover, it should be determined whether HMB negatively 
affects the perceived general health, quality of life and participation in school, sports 
and social activities [21].
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Table 1  Conditions that should lead to suspect an underlying bleeding disorder in adolescents 
with HMB

1. Menses lasting >7 days
2. Menstrual flow that requires >5 sanitary pads or tampons per day
3. Passage of large blood clots
4. Failure to respond to conventional therapy
5. Family history of bleeding symptoms
6. Heavy menstrual bleeding since menarche
7. One of the following signs:
 �� •  Surgery-related haemorrhage
 �� •  Bleeding associated with dental procedures or tooth extraction
8. Two or more of the following symptoms:
 �� •  Bruising with minimal or no trauma, once or twice per month
 �� •  Epistaxis lasting >10 min, once or twice per month
 �� •  Frequent gum bleeding
 �� •  Prolonged bleeding from trivial wounds lasting >15 min

3.3 � Family History

A detailed familial history of bleeding symptoms should be obtained. It is important 
to identify a family history of bleeding disorders, unexpected haemorrhages or fre-
quent blood transfusions.

3.4 � Physical Examination

HMB is a common cause of iron deficiency and anaemia that are associated with poor 
concentration, restless legs and fatigue [22–24]. In some cases, HMB requires admis-
sion to an intensive care unit. Physical examination should begin with vital signs, such 
as tachycardia, orthostatic hypotension and conjunctival pallor. The skin should be 
inspected for petechiae and purpura, which are considered physical signs of a bleed-
ing disorder, and pale colouring. Weight and body mass index should be recorded. 
Signs of androgen excess, such as acne and hirsutism, should also be investigated.

3.5 � Laboratory Investigations

When a bleeding disorder is suspected, the adolescent health specialist should work 
in collaboration with a haematologist to interpret the laboratory data and propose 
new investigations, if needed [5, 25, 26]. The routine laboratory work-up must 
include (Table 2):

–– Complete blood count to screen for anaemia and thrombocytopaenia
–– Haemoglobin and ferritin levels
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Table 2  Haematologic 
work-up for haemostasis 
disorders, according to 
Borzutzky et al. [26]

1. Platelet evaluation
 �� •  Complete blood cell count
 �� •  Platelet function assay (PFA-100)
 �� •  Platelet aggregation
2. Von Willebrand disease evaluation
 �� •  Von Willebrand factor antigen (vWF:Ag)
 �� •  Factor VIII activity
 �� •  Von Willebrand factor multimers
3. Collagen evaluation
 �� •  Platelet aggregation
 �� •  Hypermobility score
4. Coagulation factors
 �� •  Prothrombin time
 �� •  Activated partial thromboplastin time
 �� •  Factor XIII assay
5. Fibrinogen evaluation
 �� •  Prothrombin time
 �� •  Activated partial thromboplastin time
 �� •  Fibrinogen assay

–– Prothrombin time, activated partial thromboplastin time and bleeding time to 
detect blood dyscrasia and coagulation disorders

–– Von Willebrand factor antigen and factor VIII
–– Testing for sexually transmitted infections

3.6 � Pelvic Ultrasound

In a retrospective study on 230 adolescents with HMB, Pechiolli et al. analysed the 
pelvic ultrasound imaging data and HMB management [27]. They found that pelvic 
ultrasound is not required for the initial evaluation of HMB because it did not influ-
ence treatment decision-making.

4 � HMB Causes

According to the FIGO recommendations adapted from Munro et al., HMB can be 
related to structural and non-structural causes [10]. Structural causes of HMB 
include polyps, adenomyosis, leiomyoma, malignancy and hyperplasia; non-
structural causes of HMB are related to coagulopathy, ovulatory dysfunction, endo-
metrial, iatrogenic and not yet classified factors [10]. Ovulatory dysfunction is the 
leading cause of HMB (~90% of all HMB cases) [8]. Other HMB causes are coagu-
lation disorders, endocrine diseases, benign lesions of the genital tract and side 
effects of several drugs (Table 3).
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Table 3  Main causes of HMB, according to Kabra et al. [5, 8]

1. Ovulatory dysfunction
2. Coagulopathies
 �� •  Thrombocytopenia
 �� •  Von Willebrand diseases
 ��    –  Type 1: quantitative deficiency of vWF
 ��    –  Type 2: qualitative defect in vWF activity
 ��    –  Type 3: absent vWF
 �� •  Glanzmann thromboasthenia: anomaly of the platelet membrane glycoproteins IIb or IIIa
 �� • � Bernard-Soulier syndrome: inherited deficiency in platelet membrane Ib-IX glycoprotein 

complex
3. Endocrine diseases
 �� •  Hyperandrogenism: polycystic ovarian syndrome
 �� •  Thyroid dysfunction
 �� •  Adrenal disease (Cushing syndrome)
 �� •  Hyperprolactaemia
 �� •  Primary ovarian insufficiency
4. Utero-vaginal diseases
 �� •  Polyps
 �� •  Adenomyosis
 �� •  Endometritis
5. Infections
 �� •  Pelvic inflammatory disease
 �� •  Cervicitis, vaginitis
6. Medications
 �� •  Hormonal therapy
 �� •  Anabolic steroids
 �� •  Chemo-/radiotherapy
 �� •  Antipsychotic, antidepressants
 �� •  Anticonvulsivants
7. Trauma
8. Stress

4.1 � Ovulatory Dysfunction

Peri-pubertal immaturity of the hypothalamic-pituitary-ovarian axis is character-
ized by the absence of the ovulatory luteinizing hormone surge. Follicular atresia 
and lack of progesterone production lead to an unopposed estrogenic proliferation 
of the endometrium, amplified through obesity, early menarche and estrogenic 
endocrine disruptor contamination, followed by its irregular shedding that causes 
the abnormal bleeding [28]. There is general consensus that in the first gynaecologi-
cal years, the majority of menstrual cycles are anovulatory. Indeed, in a recent meta-
analysis, Carlson et al. reported that only 48% of girls present ovulatory cycles at 
gynaecological age of 3  years and 60% of them present ovulatory cycles at 
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gynaecological age of 5 years [29]. When abnormal cycles persist after more than 
3 years post-menarche, more investigations are needed [7, 8].

4.2 � Coagulation Disorders

Inherited or acquired bleeding disorders, such as von Willebrand disease, and quan-
titative and qualitative platelet abnormalities are common findings in adolescents 
with HMB and require specialized laboratory investigations (Table 2) [30, 31].

4.3 � Endocrine Diseases

Hyperandrogenism and polycystic syndrome, hypercortisolism, thyroid dysfunc-
tions, obesity and anorexia nervosa, excess exercise and stress may be associated 
with HMB [32].

4.4 � Iatrogenic Causes

It has been reported that progesterone-only contraceptive methods cause HMB. In 
some adolescents, also combined oral contraceptives are associated with HMB in 
the first months of use. Anabolic steroids, corticosteroids, anticoagulants, anticon-
vulsants and anti-inflammatory drugs also can cause HMB.

4.5 � Structural Causes

Endometrium/uterus abnormalities (adenomyosis, endometriosis and cervical pol-
yps) are uncommon causes of HMB and are rather associated with pain during regu-
lar cycles.

5 � HMB Management

A multidisciplinary approach is needed in which gynaecologists, paediatricians and 
haematologists work together to provide a personalized management for each ado-
lescent (Table 4) [33]. In some patients, HMB is not a significant health concern 
[34]. However, in the case of acute haemorrhage and anaemia, adolescents may 
require emergency hospital admission [35]. HMB unrelated to uterine structure 
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Table 4  HMB management, according to Moon et al. [7, 33]

1. Blood transfusion if the patient has symptomatic severe anaemia and Hb < 9 g/dL
2. �Iron supplementation in the presence of iron deficiency or iron deficiency anaemia (60–

120 mg/day)
3. Conjugated equine oestrogen (Premarin): 25 mg intravenous every 4–6 h, 4 times
4. Combined oral contraceptives
 �� • � 50 μg ethinyl oestradiol combined contraceptive pill every 6–8 h for 1 week, then reduced 

every week down to daily dosing
 �� • � 30–35 μg ethinyl oestradiol combined monophasic contraceptive pill, every 6–8 h for 

1 week, then reduced to daily dosing
5. Progestins:
 �� • � Medroxyprogesterone acetate (Provera), per os, 10–20 mg, every 6–8 h, for 1 week, then 

reduced to daily dosing
 �� •  Norethindrone: 5–15 mg/day
6. Levonorgestrel intrauterine device (52 mg)
7. �Desmopressin: synthetic vasopressin analogue that stimulates the release of von Willebrand 

factor
8. Tranexamic acid
 �� •  10 mg/kg intravenous every 6–8 h, for 2–5 days
 �� •  180 mg per os every 8 h, for 5 days
9. Non-steroidal anti-inflammatory drugs
 �� •  Ibuprofen, 600–800 mg, every 6–8 h

abnormalities are amenable to medical management, whereas HMB caused by uter-
ine abnormalities require surgical management.

The goals of HMB management are:

–– To stop bleeding
–– To restore adequate estrogenic levels and endometrium synchrony
–– To restore iron levels [36, 37]
–– To prevent complications

Management should be tailored in function of the clinical presentation and labo-
ratory results. HMB is usually classified into three groups, according to the patient’s 
haemoglobin (Hb) levels:

–– Mild HMB: Hb >11 g/dL
–– Moderate HMB: Hb = 9–11 g/dL
–– Severe HMB: Hb < 9 g/dL

Routinely, Hb level of 9  g/dL is considered the threshold for treatment 
decision-making:

•	 If Hb < 9 g/dL, the adolescent requires emergency and intensive treatment:

–– Conjugated oestrogens (e.g. Premarin, per os, intramuscular or intravenous)
–– Progestins: progesterone depot injection or per os
–– Oral contraceptives: Desogestrel is the most prescribed
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–– Non-steroidal anti-inflammatory drugs: ibuprofen
–– Antifibrinolytic agents: Amicar
–– Iron supplementation: ferrous sulphate

•	 If Hb > 9 g/dL:

–– Oral contraceptive pill, cyclical progestogens should be prescribed.
–– Iron supplementation is usually offered.

6 � Conclusions

HMB should be considered as a part of normal pubertal development rather than a 
disease [38]. The majority of adolescents with HMB will thus spontaneously con-
vert to normal menstrual cycle within 3–4 years after menarche. Overall, adoles-
cents with HMB have an excellent prognosis. For those with underlying bleeding 
disorders, the prognosis depends on the haematological cause.

In conclusion, although HMB should be considered as a sign of the physiological 
process of maturation of the hypothalamic-pituitary-ovarian axis, it may affect the 
adolescent’s quality of life and social life. Moreover, a correct evaluation of men-
strual disturbances is a good opportunity to detect a hypothalamic-pituitary-ovarian 
axis dysfunction or an underlying coagulation defect.
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Uterine Bleeding in Early Menarche 
and PCOS Later in Adolescence
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1 � Introduction

Abnormal uterine bleeding (AUB) includes a variety of symptoms in adolescence. 
Among these are heavy menstrual bleeding, intermenstrual bleeding, and the simul-
taneous existence of heavy and prolonged menstrual bleeding [1]. Up to 14% of 
women during their reproductive years will report AUB at least one time during 
their lifetime, with subsequent physical, emotional, sexual, social, and financial 
problems [2, 3]. The International Federation of Gynecology and Obstetrics (FIGO) 
Menstrual Disorders Working Group proposed a new classification system for the 
diagnosis of AUB in non-gravid women of reproductive age in 2011 which since 
been adopted worldwide [1]. This classification has been also accepted by the 
American College of Obstetricians and Gynecologists (ACOG). Specifically, FIGO 
suggested the term PALM-COEIN, which stands for the following causes of AUB: 
polyp, adenomyosis, leiomyoma, malignancy and hyperplasia, coagulopathy, ovu-
latory dysfunction, endometrial, iatrogenic, and not otherwise classified [1].

In otherwise healthy adolescents, the most common cause of AUB (more than 
95% of cases) is anovulation [4]. The immaturity of the hypothalamic-pituitary-
ovarian (HPO) axis accounts for the vast majority of these cases, but there are also 
other endocrine disorders associated with anovulation. The most common of these 
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endocrinopathies is polycystic ovarian syndrome (PCOS) [4]. Practitioners should 
always remember that before making the diagnosis of AUB in adolescence, due to 
anovulation, several other underlying pathologies such as bleeding disorders (e.g., 
von Willebrand Disease), pathologies of the reproductive tract (e.g., polyps), trauma, 
pregnancy, medication, as well as other endocrine disorders (e.g., hypothyroidism) 
must also be taken under consideration [4].

Since PCOS is the most common endocrine disorder during adolescence, there is 
an obvious correlation between this endocrinologic disorder and the symptom of 
AUB. The criteria, which are used for its diagnosis, will affect its prevalence, which 
is between 10% and 20% [5]. Even though many years have passed from when 
syndrome was first reported, the pathophysiology, as well as the age of onset of 
PCOS, is not yet fully understood, while the establishment of worldwide accepted 
diagnostic criteria remains a challenge. Hyperandrogenism, chronic anovulation, 
and infertility are the main features of this heterogeneous condition. The National 
Institute of Health (NIH) recommends that the diagnostic criteria for PCOS should 
comprise the concomitant presence of anovulation and evidence of hyperandrogen-
emia—biochemical, clinical (hirsutism/acne), or both—irrespective of ovarian mor-
phology, while the Androgen Excess Society proposed that hyperandrogenism 
should be a presupposition for the diagnosis of the syndrome, together with ovarian 
dysfunction, expressed as chronic anovulation or polycystic ovarian morphology on 
ultrasound [5, 6]. The European Society of Human Reproduction and Embryology/
American Society for Reproductive Medicine proposed the Rotterdam criteria 
(ESHRE/ASRM) [7, 8], in which the diagnosis is established when two out of three 
of the following criteria are met, in the absence of other known etiologies: anovula-
tion or oligo-ovulation, clinical and/or biochemical hyperandrogenism, and poly-
cystic ovaries by ultrasound (US). These three diagnostic approaches are widely 
used to date.

2 � Menarche and Normal Menstrual Cycle

Median age at menarche has remained relatively stable in the last 10 years world-
wide, between 12 and 13 years, with variations between well-nourished populations 
in developed countries [9]. Menarche typically occurs within 2–3 years after thelar-
che, at Tanner stage IV breast development, and is rare before Tanner stage III 
development. By age 15 years, 98% of females will have had menarche [10]. In the 
first gynecological year of the adolescent girl, the cycle interval is between 21 and 
45 days (mean, 32.2 days), and the flow length is usually about 7 days. As the years 
pass from menarche, the menstrual cycle usually normalizes with more regular 
cycles, and by the third year after menarche, 60–80% of menstrual cycles are 
between 21 and 34 days [11].

The HPO axis plays the most crucial role in normal menstrual cycle. It is well 
known, in the follicular phase of the menstrual cycle, follicle-stimulating hormone 
(FSH) acts on ovarian follicles, and estrogen is produced by granulosa cells. By day 
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5–7 a dominant follicle appears, leading to another rise in the estrogen level with 
subsequent growth of the endometrium. This estrogenic rise acts as a negative feed-
back to FSH, at the same time that stimulates a surge in luteinizing hormone (LH), 
which leads to ovulation. In the second phase of the cycle, the remaining corpus 
luteum produces progesterone, making the endometrium secretory, and in the 
absence of fertilization, progesterone and estrogen levels fall rapidly, leading to 
shedding of the endometrial lining [11].

3 � Physiological Adolescent Anovulation

As previously discussed before, the menstrual cycle is established in most adoles-
cents 3 years after menarche. Thus more than 50% of menstrual cycles are anovula-
tory before this time. Anovulation is expressed either with oligomenorrhea or 
AUB. Girls who are less than 12  years of age at menarche have 50% ovulatory 
cycles by 1 year after menarche, whereas girls with onset of menarche at 12–13 years 
of age or greater than 13 years need 3 or sometimes 4–5 years, respectively, to estab-
lish 50% ovulatory cycles [12]. Although ovulatory dysfunction is somewhat physi-
ologic in the first few years after menarche, it can be associated with endocrinopathies 
due to HPO axis disturbances, such as PCOS [1]. Although the diagnosis of PCOS 
should not be established in the first years after menarche, the presence of AUB with 
a PCOS-like increase in LH levels and pulse frequency, as well as with a signifi-
cantly higher plasma testosterone, may be the first signs postmenarchal of a subse-
quent PCOS diagnosis [13, 14]. Therefore, anovulation, which persists more than 
2 years, predicts many future PCOS cases, while insulin resistance, which can be 
physiologically seen in puberty, is like that of PCOS in its degree and in its tissue 
selectivity [15, 16]. Finally, it is also well known that the ovary of postmenarchal 
anovulatory adolescent has histologically polycystic morphology.

4 � Pathophysiology of AUB

As mentioned above, more of 95% of AUB cases are due to anovulation based on 
the absence of LH surge in menstrual cycle. The cause of this absence is that the 
positive feedback of estradiol to LH is not working as it should. If increasing levels 
of estrogen do not cause a decrease in follicle-stimulating hormone (FSH) secretion 
with subsequent suppression of estrogen secretion, multiple follicular recruitment is 
stimulated, and a dominant follicle does not form. As a result, corpus luteum is not 
observed, and follicular atresia is unavoidable, leading to cystic formation, produc-
ing only estrogens and not progesterone [4]. The target organ of this process is the 
uterus, in which endometrial proliferation is observed, due to unopposed estrogen. 
Even though the endometrium is thick, it starts shedding irregularly resulting in 
blood loss, due to absence of progesterone stabilization [17, 18]. Such heavy 
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bleeding may be worsened by an increase in prostacyclin synthesis in endometrial 
capillary epithelial cells under the influence of estrogens in the absence of 
progesterone.

On the other hand, there are adolescents who experience AUB even when ovulat-
ing. In these cases, the HPO axis works normally, but there is an imbalance between 
the vasoconstrictive effect of PGF2a and vasodilation of PGE2 and PGI2 (prostacy-
clin), while the circulating steroid levels act synergistically in endometrial PG pro-
duction. Total PG and PGE2 levels have been observed to be elevated in ovulatory 
AUB [19].

5 � Causes of AUB

There are several causes that should be excluded before making the diagnosis of 
anovulatory AUB, due to immaturity of the HPO axis. Use of PALM-COEIN should 
be the basis of the differential diagnosis, but also other conditions should be taken 
under consideration as shown in Fig.  1. Some of them may be overlapping the 
PALM-COEIN acronym, and some of them require immediate exclusion because 
failure to do so may result in significant morbidity and mortality [15]. Pregnancy-
related complications can present with any pattern of abnormal bleeding, and among 
them ectopic pregnancy is one of the more serious conditions to be considered. 
Endocrine disorders should always be at the top of the differential diagnosis of AUB 

Fig. 1  Differential diagnosis of AUB in adolescents. (Adapted by [4])
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with PCOS and thyroid disorders being very common, while others such as hyper-
prolactinemia should always be evaluated. If clinically indicated, adrenal gland 
abnormalities, such as Addison’s disease, late-onset congenital adrenal hyperplasia, 
or Cushing’s disease, may also need to be excluded [4, 20]. Adolescents with pelvic 
inflammatory disease (PID) and endometritis caused by Neisseria gonorrhoeae or 
Chlamydia trachomatis, frequently present with heavy or irregular bleeding. PID 
may present with vaginal bleeding in addition to lower abdominal pain, especially 
in sexually active adolescents [15]. Moreover, the possibility of a coagulopathy 
should be kept in mind, particularly in the adolescent whose menstrual history is 
short and not yet well defined. More than a third of adolescents may have a coagula-
tion defect [16, 17]. Bleeding disorders are usually associated with cyclic heavy or 
prolonged bleeding (menorrhagia). We consider the possibility of a bleeding disor-
der (coagulation factor deficiency or inherited or acquired platelet disorder) in ado-
lescents who present with first menses with extremely heavy flow, bleeding requiring 
blood transfusion or hospitalization, and patients with refractory heavy menstrual 
bleeding and concomitant anemia. In such patients, consultation with a hematolo-
gist is warranted. In retrospective studies in adolescents hospitalized for heavy men-
strual bleeding, the prevalence of bleeding disorders ranges from 5% to 28%. The 
same pattern may be observed in women receiving treatment with anticoagulants 
[18, 19]. In addition, severe thrombocytopenia can be assessed quickly with a com-
plete blood cell count. The possibility of an underlying abnormality is high, if an 
adolescent has to be hospitalized and her hemoglobin is less than 10 g/dL [17]. 
Although adult women commonly present with an underlying pathology, such as 
fibroids, dysplasia, or cancer, adolescents rarely present with such conditions. 
However, these conditions are sometimes seen in young women and should be con-
sidered during the differential diagnosis of abnormal bleeding [15]. Furthermore, a 
variety of different medications can predispose to abnormal bleeding, including glu-
cocorticoids, tamoxifen, and anticoagulants. Intermenstrual bleeding is a common 
side effect of oral contraceptives, depot medroxyprogesterone acetate, the contra-
ceptive patch, the vaginal ring, the contraceptive implant, and intrauterine devices. 
Intermenstrual bleeding also may occur if hormonal contraception is not adminis-
tered as prescribed. Finally, trauma of any origin and other reason, such as excessive 
exercise or diet, should always be ruled out [4].

6 � Menstrual History, Physical Examination, 
and Laboratory Investigations

Menstrual history should include the age of menarche, the characteristics of the first 
menstrual period, the general frequency of menstruation, whether menstrual cycles 
have ever been regular, any associated dysmenorrhea, as well as the timing, dura-
tion, and quantity of bleeding during recent menstrual cycles and/or abnormal 
bleeding episodes. According to Vihko and Apter [12], the role of age at menarche 
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is crucial. Specifically, the patient who is older at menarche is more likely to have a 
longer time of anovulatory, “irregular” cycles. In girls who describe a change in the 
menstrual pattern, it is important to ask about other events that coincided with the 
change, such as stress, weight loss, or an increase in exercise levels. In patients with 
irregular cycles, maintaining a menstrual calendar is very useful [4]. Patients should 
be asked regarding any discharge from the breasts. Furthermore, the sexual history 
should include information regarding contraception and condom use; number of 
partners; new partners; history of sexually transmitted infections or current symp-
toms (e.g., vaginal discharge and pelvic pain); and previous pregnancies or termina-
tions [4]. In the medical history, systemic illness, hematologic or renal disease, and 
current or recent medications should be always taken under consideration, while a 
history of menstrual disorders in the family may suggest PCOS or other familial 
endocrine disorders.

The general examination should include vital signs, including pulse and blood 
pressure levels, measurement of height and weight and calculation of BMI, palpa-
tion of the thyroid gland for enlargement, or other abnormalities. Attention should 
be paid to signs of anemia, as well as any clues of other possible underlying causes. 
Evaluation for signs of androgen excess includes hirsutism, acne, male pattern bald-
ing, and signs of acanthosis nigricans. If the serum prolactin is elevated, the optic 
fundi should be examined, and visual fields tested to evaluate the possibility of a 
pituitary tumor. Tanner staging of the breasts and assessment for galactorrhea (bilat-
eral milky nipple discharge) should be conducted, as well as palpation of the abdo-
men for uterine or ovarian mass. As part of a secondary care approach, an 
examination of the external genitalia should be carried out whenever indicated. It is 
also important to look for nonuterine sources of bleeding (e.g., perineal trauma, 
vulvar lesions, and signs of sexually transmitted infections). Girls, who have signs 
of perineal trauma, should be questioned privately regarding sexual abuse. When 
indicated, a speculum examination should be performed in order to rule out the pos-
sibility of bleeding ectropion. A bimanual examination should be performed to 
assess for ovarian or uterine masses and signs of pelvic inflammatory disease. If the 
history or symptoms suggest pelvic infection, microbiological specimens with a Q 
tip should be collected from the cervix and vagina. All girls who are sexually active 
should have a Pap smear and/or HPV DNA test, as per the national cervical screen-
ing policy. Finally, evidence of easy bruising or oozing gums should be evaluated 
for a bleeding disorder [4, 19, 20].

The very first laboratory investigations should include the following: a urine 
pregnancy test and/or quantitative serum β-HCG and a complete blood cell count 
with platelet count. A pelvic ultrasound may be very helpful to the diagnosis. 
According to Brown [21], in cases of severe bleeding or when an underlying bleed-
ing disorder is suspected, the following can be ordered: prothrombin time and par-
tial thromboplastin time, bleeding time and platelet aggregation, von Willebrand 
panel (must be done prior to initiating hormonal therapy), and factor levels and 
activity (depending on family history and ethnicity). On the other hand, if an endo-
crine disorder is suspected, the following laboratory investigations should be made: 
thyroid-stimulating hormone for screening of thyroid disorders, prolactin (levels 
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>100 ng/mL suggest a possible pituitary adenoma), total and free testosterone (usu-
ally elevated in polycystic ovarian syndrome), dehydroepiandrosterone sulfate to 
assess for adrenal tumors, luteinizing and follicle-stimulating hormone (may aid in 
the evaluation of pituitary or ovarian function), sex hormone-binding globulin, fast-
ing lipid profile, fasting plasma glucose level, 17 a-hydroxyprogesterone (elevated 
in late-onset congenital adrenal hyperplasia), fasting insulin level, and, if indicated, 
urinary free cortisol, to rule out Cushing’s syndrome. If day 3 is not reproducible 
because of the pattern of bleeding, FSH may be obtained at any time during the 
cycle. However, the concentration may not be at its nadir, and repeat testing may be 
necessary to assess the accuracy of the result. In those with raised FSH, karyotype 
should be carried out. Finally for patients in whom an infectious etiology is sus-
pected, a wet mount of discharge, if bleeding is not severe and a urine nucleic ampli-
fication test for gonorrhea and chlamydia should be taken. Pelvic ultrasound is 
indicated in all women, and transabdominal ultrasound is less sensitive and specific 
than transvaginal ultrasound but, however, with optimum conditions may still be 
helpful. Pelvic ultrasound may also indicate uterine structural abnormalities and 
assist in the diagnosis of PCOS [4, 19, 20].

7 � AUB as an Early Sign of PCOS

The menstrual dysfunction usually seen in PCOS reflects chronic anovulation. As a 
result of this, irregular and infrequent bleeding, which occurs from menarche, is 
frequently noted. As already mentioned, endometrial proliferation, due to unop-
posed chronic estrogen secretion, leads to irregular bleeding. There is a connection 
between irregular menses and anovulation, which is related to the persistence of 
estrogen production arising primarily from extraglandular conversion of androgens 
to estrogens. Adolescents with anovulation, which persists more than 2 years, are at 
greater risk of being diagnosed with PCOS in the near future. It would be no exag-
geration to say that the varied menstrual patterns suggest a broad spectrum of phe-
notypic expression in women with PCOS [21–23].

It is important that 50% of adolescents diagnosed with physiological anovulation 
have an increase in LH levels and pulse frequency similar to PCOS girls. Lots of 
efforts have been made to study young adolescents, with irregular bleeding and 
without hirsutism. 35–63% of these adolescents with persistent anovulation more 
than 2 years after menarche had increased levels of LH, accompanied by increased 
pulse frequency and amplitude, together with desynchronization of the circadian 
profile [14]. Girls with menstrual irregularities and adolescents with normal LH 
concentrations had similar LH secretion, even though hirsutism was not present in 
individuals with high LH levels; androgen concentrations were significantly 
increased, compared with aged-matched normal ovulatory girls [24]. Thus adoles-
cents with menstrual irregularities without hirsutism and elevated serum LH levels 
might be at increased risk for PCOS. Although the girls who took part in these stud-
ies were non-obese, gonadotropin secretion has been found equivalent between 
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obese girls with oligomenorrhea and no clinical or biochemical evidence of hyper-
androgenism and obese girls with adolescent PCOS [25]. Increased episodic LH 
release in non-obese, non-hirsute adolescents with irregular menses or oligomenor-
rhea has been noted with androgen levels and free androgen index twofold lower 
than those in the PCOS girls [14].

Additionally, in normal puberty, insulin resistance and compensatory hyperinsu-
linemia, as a result of pubertal increase in GH production, are usually observed. The 
insulin resistance of puberty is like that of PCOS in its degree and in its tissue selec-
tivity [16, 26]. Even though insulin together with gonadotropins stimulates ovarian 
androgen excess, it may contribute to anovulation independently of androgen hyper-
secretion and explain some AUB cases [27]. It is not yet tested, whether or not this 
physiological insulin resistance accounts for physiological postmenarchal 
anovulation.

Furthermore, during the abovementioned anovulation and AUB cases, the ovar-
ian anatomy is very similar with that seen in PCOS. As well known, the normal 
adolescent ovary histologically resembles a polycystic ovary [28]. The higher num-
ber of follicles during menarche, in combination with gonadotropin stimulation, 
results to greater antral follicles and therefore greater ovarian size [29]. Ultrasounds 
that have been done in otherwise healthy perimenarchal adolescents have shown 
multifollicular ovaries, defined as six to ten follicles with a diameter between 4 and 
10 mm, but without increase of ovarian stroma [30]. Nearly 8% of asymptomatic 
postmenarchal adolescents with a polycystic-size ovary were found to have sub-
clinical PCOS, and about half (42%) have a subclinical PCOS type of ovarian dys-
function. Even though these girls didn’t have hyperandrogenemia during menarche, 
they presented with excessive production of 17-OH-PROG in response to GnRH 
agonist stimulation [28]. So, the syndrome is often perimenarchal in onset present-
ing similarities with the normal changes of puberty, such as increased ovarian and 
adrenal steroidogenesis, hyperpulsatile gonadotropin secretion, and menstrual 
irregularity, including AUB, hyperinsulinemia, and insulin resistance [31, 32].

As already mentioned, menstrual dysfunction and AUB are features of PCOS, 
which can be observed from menarche. Consistent with this are the results from a 
large study of patients diagnosed with PCOS by different criteria, in which 75–85% 
of PCOS girls had clinically evident of menstrual dysfunction sometime during 
their lifetime [33–35], while in a prospective study of PCOS patients diagnosed 
among 400 unselected women of the general population, nearly 60% presented with 
menstrual dysfunction [36]. It is of great importance that women diagnosed with 
PCOS had more hospitalizations for treatment of gynecological condition, with a 
higher rate of menstrual problems including excessive, irregular menstruation that 
also occurred at an earlier age [37]. Furthermore, in another study, which tried to 
estimate the annual cost in millions of US dollars for menstrual dysfunction or AUB 
in PCOS, it was found that these conditions represent approximately one third of the 
overall costs estimated for all admissions due to PCOS. Another important charac-
teristic that was found in this study was that girls with a history of admission diag-
nosis of excessive menstrual bleeding had four times increased incidence of PCOS 
in the future [38]. In a cohort study of 136 adolescents by Nair et al. [39], with 
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confirmed menstrual irregularity at menarche, 51.5% continued to have menstrual 
irregularity, and 36% were diagnosed with PCOS using the Rotterdam criteria at 
2 years of follow-up. In another recent study, two thirds of adolescents (66%) who 
presented with AUB after menarche were diagnosed with PCOS at some time dur-
ing follow-up, with time of PCOS diagnosis after AUB admission being 
2.47 ± 0.78 years [20]. In these adolescents statistically significant differences were 
noticed in BMI, gonadotropin levels, LH/FSH ratio, as well as in free androgen 
index and ovarian volume between time of AUB after menarche and diagnosis of 
PCOS later in their life [20].

8 � Management

The management of AUB is based on the underlying etiology and the severity of the 
bleeding. The prevention of complications, such as anemia, as well as the reestab-
lishment of regular cyclical bleeding, is primarily the goal of controlling AUB. In 
the case of an underlying systemic, endocrine, or bleeding, patients may require 
referral to appropriate specialists for further evaluation and management. Several 
treatment options can be used in the management of AUB such as anti-fibrinolytic 
tranexamic acid, non-steroidal anti-inflammatory drugs (NSAIDs), combined oral 
contraception pill (COCs), progestogen, danazol, GnRH analogues, and 
levonorgestrel-releasing intrauterine system (LNG IUS) device. The most common 
used during adolescence are COCs and progestogens mainly per os.

The management of AUB in patients with no other etiology will in part be 
directed by the amount of flow, the degree of associated anemia, as well as patient 
and family comfort with different treatment modalities [4, 20]. Patients can be 
divided into four (4) major categories [23]:

–– Light to moderate flow; hemoglobin >12 g/dL
	 The physician should reassure these patients. An iron supplement can be given, 

while a nonsteroidal anti-inflammatory drug may help to decrease flow. It is 
important to re-evaluate patient in 3  months or sooner if bleeding persists or 
becomes more severe.

–– Moderate flow; hemoglobin 10–12 g/dL
	 Oral contraceptive pills (OCPs) should be used (e.g., monophasic with 30–35 μg 

of ethinyl estradiol). One pill twice daily for 1–5 days, until the bleeding stops 
and once the bleeding stops, OCPs should be continued with a new pack, with 
one pill daily, for 3–6 months. Iron supplementation for 6 months can be useful, 
in order to replenish iron stores, while nonsteroidal anti-inflammatory drugs may 
also be helpful.

–– Heavy flow; hemoglobin 8–10 g/dL; hemodynamically stable
	 Physician may be able to manage the patient as under “moderate flow” if the 

family can assist with the management plan and follow-up. If bleeding persists, 
OCPs should be increased to 3 or 4 times a day for a few days until the bleeding 
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slows and then two per day and then one pill daily; patient may require an anti-
emetic prior to each pill to help prevent nausea. The patient should be followed 
closely. Once bleeding stops, OCPs should be continued for 6 months.

–– Heavy flow; hemoglobin <7 g/dL or if hemodynamically unstable
	 Patient should be admitted to the hospital. It is important to be considered the 

possibility of blood transfusion, depending on degree and persistence of bleed-
ing, as well as the severity of hemodynamic instability. Monophasic OCPs should 
be administered every 6  h until bleeding slows. Then physician should taper 
administration of pills to one pill a day over the next 7 days (e.g., one pill every 
6 h for 2 days, then every 8 h for 2 days, every 12 h for 2 days, then once daily). 
Antiemetic agents likely will be needed. If bleeding still persists, dilation and 
curettage should be considered.

In the case of contraindication to estrogens, progesterone, 10 mg once daily for 
5–10 days, may be effective for light to moderate flow. Patients also may be cycled 
monthly on a progesterone-only regimen. Depot medroxyprogesterone acetate, 
150  mg intramuscularly every 3  months, or levonorgestrel-releasing intrauterine 
system device (which lasts for 5 years) can also be used. However the above meth-
ods are often associated with irregular bleeding and spotting [23].

9 � Discussion

Menstrual disorders and AUB are very common in adolescence. Most of these cases 
are anovulatory, due to HPO axis immaturity, and the time frame required for matu-
rity of the axis varies between each adolescent. Most of the studies agree that the 
majority of adolescents have established normal menstrual cycles after the second 
gynecologic year, while girls with menarche after 13 years old may need 4–5 years 
to establish 50% ovulatory cycles [12]. Chronic anovulation, unopposed estrogens, 
and irregular bleeding are linked together, and this can explain why AUB may be the 
first sign of PCOS later in life. Studies have shown that adolescents with physiologi-
cal anovulation, which persists more than 2 years, are in greater risk of diagnosed 
with PCOS in the near future [22, 23]. Furthermore, studies have shown that girls 
diagnosed with PCOS have a higher rate of menstrual problems including AUB, 
which occurred at an earlier age [37], while menstrual irregularities and AUB, early 
after menarche, represent about one third of costs for PCOS [38]. These adolescents 
are estimated to have a fourfold increased incidence of PCOS in the future [39]. All 
these findings enhance the correlation between AUB and PCOS. Recently, another 
study that strengthens this hypothesis was published, in which 66% of postmenar-
chal girls, who presented with AUB, were diagnosed with PCOS later during fol-
low-up [20]. Therefore, specialized doctors should be alerted when dealing with 
AUB cases, due to the connection that seems to be appeared, between AUB early 
after menarche and PCOS later in life.

Another important fact is that the increase in LH levels and pulse frequency in 
normal anovulatory adolescents after menarche is similar to PCOS girls. Increased 
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LH levels, pulse frequency, and desynchronization of the circadian profile have 
been reported in 35–63% of adolescents who still had anovulatory cycles 2 years 
after menarche [14]. Girls with anovulation and elevated LH levels, without hirsut-
ism, had significantly increased androgen concentrations compared with aged-
matched normal ovulatory girls [24]. This finding is corroborated by another study, 
which showed that girls with AUB early after menarche with a diagnosis of PCOS 
later in life had statistically significant increased levels of free androgen index (FAI) 
but no differences in hirsutism or LH levels, when compared with adolescents who 
presented with AUB after menarche, but were never diagnosed with PCOS until late 
adolescence [20]. It is generally accepted that LH levels, pulse frequency, and 
desynchronization of its circadian profile play a crucial role in anovulation and 
androgen production, despite the absence of clinical hyperandrogenism (hirsutism, 
acne). Additionally, hyperinsulinemia, as a result of pubertal increase in GH and 
IGF-1 production and insulin resistance of puberty, resembles that seen in PCOS 
regarding its degree and its tissue selectivity [16, 26]. Insulin acts in ovaries produc-
ing androgens and furthermore contributes to anovulation. So, all these procedures 
mentioned above, which can expressed clinically as AUB after menarche, may still 
be at an early stage and not yet reached in degree all these criteria needed for the 
diagnosis of PCOS. Consistent with this is that several studies have shown that the 
signs of PCOS start to appear early after menarche and a time interval is required to 
manifest the syndrome.

It is also important that during menarche many follicles can be observed in ova-
ries. As a result of gonadotropin stimulation to these follicles, more antral follicles 
and greater ovarian size are noted in these adolescents [29]. During anovulation and 
AUB cases early after menarche, the ovarian anatomy is very similar with that seen 
in PCOS. In a study by Merrill [28], it was shown that 8% of asymptomatic postme-
narchal adolescents with a polycystic-sized ovary were found to have subclinical 
PCOS and 42% have a subclinical PCOS type of ovarian dysfunction. In another 
study girls with AUB early after menarche, with a diagnosis of PCOS later in life, 
were found to have greater ovarian volume, when compared with adolescents who 
presented with AUB after menarche but were never diagnosed with PCOS until late 
adolescence [20]. The difference was more prominent after 3 years of follow-up, at 
time of PCOS diagnosis. These studies show that there is a predisposition in ovary 
morphology for the diagnosis of PCOS later in life. Nevertheless, more studies 
should be conducted to confirm these results.

10 � Conclusion

In conclusion, AUB is a common cause for concern among adolescents and their 
families, while PCOS remains the most common endocrine disorder during adoles-
cence. AUB cases reflect the immaturity of HPO axis and may be an early symptom 
of PCOS in some adolescents. A lot of similarities seem to appear between normal 
changes in puberty and PCOS later in adolescence including increased ovarian and 
adrenal steroidogenesis, hyperpulsatile gonadotropin secretion, hyperinsulinemia 
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and insulin resistance, anovulation, and therefore menstrual irregularity, including 
AUB. Persistent chronic anovulation may be expressed in the beginning of adoles-
cence as AUB and still enhances the diagnosis of PCOS later in life. It is very impor-
tant that girls presenting with AUB should seek help from specialized doctors in 
pediatric and adolescent gynecology in referral centers and should be carefully 
evaluated and properly followed up until late adolescence, due to the fact that they 
are in increased risk to be diagnosed with PCOS.  An early intervention may be 
crucial in future general health and fertility of these adolescents.
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How to Identify Patients with von 
Willebrand’s Disease and Other 
Coagulation Disorders
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1 � Introduction

Abnormal uterine bleeding (AUB) is a frequently reported symptom, especially 
during adolescence and the late reproductive years. According to the FIGO classifi-
cation 2018, AUB comprises abnormalities in frequency, duration, regularity, and 
volume of the menstrual bleeding [1]. Heavy menstrual bleeding (HMB) is defined 
as a flow volume that interferes with the woman’s quality of life and insofar depends 
on the patient’s subjective perception and does not imply that there is a causative 
medical condition. It may however cause iron deficiency on the long term and 
reduce well-being and capacity. Insofar, discrimination between a normal and a 
pathologic bleeding tendency is relevant [2]. A more detailed history on the number 
of sanitary pads used together with a bleeding chart might help to better assess the 
blood loss. Women with a high blood loss might also report the loss of clots. Earlier 
studies report a mean blood loss of 43.4  mL for a normal menstrual bleeding. 
However, 19% of all women will have a loss of more than 60 mL and 11% more 
than 80 mL [3, 4]. A blood loss of >60 mL is significantly associated with the devel-
opment of anemia. The patient history in a woman with HMB should also include 
questions about medical conditions and medications. In particular treatment with 
anticoagulants should be excluded.
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2 � Organic and Other Not Hematologic Causes of HMB

Organic causes of HMB include leiomyoma, polyps, adenomyosis, malignancies, 
and endometrial hyperplasia. They are described in detail in the FIGO classification 
2018 [1]. Mostly a gynecologic check with ultrasound can confirm or exclude such 
a condition. In adolescents and during perimenopause, ovulatory dysfunction is a 
frequent underlying reason for HMB. Women treated with anticoagulant medicines 
also tend to have prolonged bleeding and heavier flow.

3 � Heavy Menstrual Bleeding in Patients with Von 
Willebrand Disease (VWD)

Von Willebrand factor (VWF) is a multimeric protein with two main hemostatic 
functions:

	1.	 In primary hemostasis at the site of injured vessel walls, it facilitates platelet 
adhesion to subendothelial structures and supports platelet aggregation and 
thrombus formation.

	2.	 As part of secondary hemostasis, VWF acts as a carrier protein for coagulation 
factor VIII (FVIII), stabilizing and protecting FVIII procoagulant activity.

Von Willebrand disease (VWD), a deficiency in VWF, is the most common 
inherited bleeding disorder, yet diagnosis and management remain challenging. The 
prevalence is around 16% among the Caucasian population (Table  1). Although 
74–92% of affected women experience HMB, mild forms of this coagulation disor-
ders can easily be overlooked, as 40% of all women with HMB would think that 
their bleedings are normal [5]. Furthermore physicians have to be aware that 25% of 
women with normal blood loss will report that their bleeding is too heavy [6]. Early 
diagnosis of a coagulation disorder is relevant especially in females, to prevent com-
plications during deliveries, but also in the case of injuries or surgery. Awareness for 
this condition needs to be raised, as today still only a subset of women with HMB 
are screened for a coagulopathy. The understanding that bleeding histories are very 
subjective leads to several attempts to standardize diagnostic criteria and methods 
that collect data to determine the presence and the severity of bleeding symptoms. 
The key question is which patient with HMB should be screened for a disorder of 

Table 1  Prevalence of bleeding disorders in women with menorrhagia

Bleeding disorder Prevalence

Von Willebrand disease
 �� Caucasian population

5–20%
16%

Platelet dysfunction <1–47%
Factor XI deficiency <1–4%
Hemophilia carriage <1–4%
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hemostasis after gynecologic abnormalities have been excluded. Meanwhile hema-
tologic societies developed a reliable, but complex score system [7, 8]. For daily use 
gynecologists might prefer to work with an easier approach using key questions for 
a broader specific history (Table 2). For adolescents this has to be taken into account, 
because they might not yet have experienced deliveries, surgery, or dental proce-
dures. Insofar they might have lower screening scores, but nevertheless suffer from 
VWD. It is worthwhile to specifically focus on family history here.

4 � Which Women with HMB Need Screening 
for Coagulopathy After Uterine Pathology Has 
Been Excluded?

Women with coagulation disorders will suffer from HMB often beginning at men-
arche. The family history for HMB is often positive. They typically experience fur-
ther symptoms like bruising with minimal trauma, prolonged bleeding from trivial 
wounds, epistaxis >10 min or requiring medical attention, frequent gum bleeding, 
heavy bleeding after dental procedures, surgical-related bleeding, gastrointestinal 
bleeding, and postpartum hemorrhage (Table 2) [1, 8]. They might also have a his-
tory of anemia with iron therapy. In-depth history of the bleeding pattern might help 
to better assess the blood (Table 3). Detailed screening tools with scores have been 
elaborated to better assess which patients should be referred to a hematologist 
(Table 2) [7]. For practitioners referring a patient to test for VWD, it is of relevance 

Table 2  Clinical symptoms indicating VWD as potential cause of heavy menstrual bleeding

Heavy menstrual bleeding since menarche

One of the following Postpartum hemorrhage
Surgical-related bleeding
Bleeding associated with dental work

Two or more of the following symptoms Bruising 1–2 times/months
Epistaxis 1–2 times/months
Frequent gum bleeding
Positive family history of bleeding symptoms

Table 3  Key questions to 
evaluate menstrual blood loss 
more objective

Number of bleeding days/cycle
Frequency of the cycle
Number of days with heavy bleeding
Number of pads used at the days with heavy bleeding
Loss of blood clots
Time of onset of the heavy bleeding
History of medical conditions
History of medications used: anticoagulants?

How to Identify Patients with von Willebrand’s Disease and Other Coagulation Disorders
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that VWF is increased during use of hormonal contraceptives and hormone replace-
ment therapy. It should be discussed with the hematologist if there is a need to inter-
rupt hormone use to get an accurate diagnosis [6].

5 � Treatment Options of HMB in Women Without 
an Organic Cause of the Condition

Treatment of HMB in women will depend on the cause of HMB. If organic causes 
have been excluded, cyclic hormonal treatment will be an option in women with 
ovulatory dysfunction (adolescence, perimenopause, other reasons), but also those 
with coagulopathy, if the symptoms are mild. In VWD patients with more symp-
toms, pregnancies, and before surgery, collaboration with the hematologist is rec-
ommended. Replacement of VWF or desmopressin might be used here.

5.1 � Treatment of Women with HMB Only, No Organic Cause, 
No Coagulation Disorder

	1.	 No need for contraception

•	 Cyclic norethisterone 3 × 5 mg from cycle days 7–28 is more effective than 
cyclic medroxyprogesterone acetate. The duration of treatment can be adapted 
and shortened if the blood loss is less intense.

•	 Tranexamic acid 4 g from cycle days 1–5.

	2.	 Need for contraception

•	 All combined hormonal contraceptives (CHC) reduce the menstrual flow. 
Progestins like dienogest, desogestrel, and gestoden exert a stronger suppres-
sive effect on the endometrium and are therefore superior in comparison to 
combinations with ethinylestradiol (EE) and levonorgestrel (LNG). However, 
the risk for venous thromboembolism is slightly higher for CHC with dieno-
gest and third-generation progestins.

•	 Levonorgestrel-releasing device releasing 20 μg LNG is highly effective.
•	 Progestin-only contraceptives (POC) can cause prolonged menorrhagia in 

healthy women. Insofar only some of the available progestin-only 
contraceptives (POC) can be used in women with HMB. The desogestrel-
only pill and the etonogestrel-releasing implant are very low dosed. They 
frequently cause additional bleeding problems in women with HMB.  The 
12-weekly injection of depot medroxyprogesterone acetate (DMPA) might 
also cause menorrhagia during the initial months of use; however this prob-
lem can be solved by using a shorter injection interval of 8 or 10 weeks, when 
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starting the method. The interval between injections can also be adapted 
according to the bleeding pattern on the long term. The majority of patients 
will develop amenorrhea with longer duration of use. DMPA is not recom-
mended for use in adolescents, as it has a negative impact on the development 
of peak bone density.

5.2 � Treatment of Women with HMB Only, No Organic Cause, 
VWD, or Other Coagulation Disorder

	1.	 No need for contraception

•	 Tranexamic acid 4 g from cycle days 1–5 might be the first treatment option 
and is also effective in women with acute bleeding.

•	 Cyclic norethisterone 3 × 5 mg from cycle days 7–28. The duration of treat-
ment can be adapted.

	2.	 Need for contraception

•	 The same choices of COC and POC, or the LNG 20 μg device can be used, as 
in other women with HMB.

6 � Conclusion

HMB is one leading symptom of VWD in women. HMB however is very subjective 
and also widespread in patients without VWD.  After organic causes have been 
excluded, an in-depth patient history about the menstrual bleeding and for VWD 
specific symptoms, using the FIGO criteria, is helpful in the decision, if a patient 
should be screened for coagulation disease.
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Anovulatory Syndrome
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and Alessandro D. Genazzani

1 � Introduction

Woman biology is a complex system ruled by various endocrine axes: every axis has 
its own role, but they still manage to work together effectively [1]. The most notable 
feature of the female reproductive system is the absence of a steady state, and its 
optimal performance is founded on the equilibrium of various elements of each axis 
(i.e., the hypothalamus, the pituitary, and the ovary) with the other hormonal axes 
regulated in concert by distinct cell nuclei in the pituitary gland (gonadotropic, thy-
rotropic, lactotrophs, somatotropic, and corticotropic cells).

Our biological system is dynamic and interactive, based on genetic and epigen-
etic relationships and conditioned by environmental factors in most cases. Whenever 
the menstrual cyclicity is altered, a menstrual and ovulatory impairment occurs. 
Many adaptations in reproductive ability are primarily linked to a modification of 
those fine mechanisms that control ovulation induction. It is well known that gonad-
otropin secretion is under the modulation of a number of steroids (i.e., estrogen, 
androgens, cortisol, etc.) as well as of neuropeptides (i.e., opioids, catecholamines, 
neuropeptides) that act directly on GnRH or kisspeptin neurons as well as on gonad-
otrope cells (Fig. 1).

The GnRH neurons’ secretory activity and the receptor expression are in charge 
of the reproductive system, modulated by positive and negative factors. The biggest 
driving force of GnRH discharge is kisspeptin, whose receptors are expressed on 
GnRH neurons [2, 3]. As for many neuroendocrine systems, kisspeptin is very sen-
sitive to signal coming from the periphery—mainly metabolic signals such as 
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GnRH driving clock
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Fig. 1  The whole reproductive system depends on GnRH neurons’ secretory activity and on 
receptor expression, which are modulated by positive and negative factors so as to activate or 
impair their functions. FSH seems to be less affected than LH by all such modulatory system

ghrelin, cholecystokinin, leptin, and insulin [4]—and it is greatly affected by 
changes coming from the gastro-intestinal tract [5].

All these modulators of kisspeptin and GnRH release indirectly affect the release 
of gonadotropins. Stressful situations such as psychological, physical, or metabolic 
stressors, together with weight fluctuations, can induce an impaired neuroendocrine 
function at the hypothalamic level through the impaired production of amines, beta-
endorphin, and serotonin [6]. All of them can interfere in the regulation of GnRH, 
thus influencing the reproductive capacity overall [7].

Gonadal steroids also play an important role in the modulation of the GnRH-
induced gonadotropin secretion, since estrogen and androgens are able to greatly 
interfere in the amount of LH released from the pituitary through the feedback con-
trol system [8]. The role exerted by estrogen has been recently demonstrated in 
some pathological conditions since estriol administration was able to induce a 
greater response of gonadotrope cells to both exogenous and endogenous GnRH 
stimulation [9, 10].

In addition, impairments of the main endocrine axes that regulate our biology 
(thyroid, adrenal, and prolactin axis) have been demonstrated to cause changes in 
the reproductive ability and in the menstrual cyclicity.

The endocrine factors that trigger the chronic anovulation and disrupt the control 
system of the reproductive axis are hyperandrogenic states, of adrenal or ovarian 
origin, hypo- or hyperthyroidism, and hyperprolactinemia, but also peripheral 
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signals, in particular the balance of metabolism and stress, are extremely important 
to interfere with the control of reproduction [1, 11].

Peripheral endocrine disorders create abnormal modulation from peripheral sys-
tems and glands. In case these events are additional to central dysfunction, all this 
generates abnormal control of the hypothalamus, pituitary, and ovary, developing 
chronic anovulation. Chronic anovulation occurs as consequence of stress, altered 
BMI, hyperandrogenic signs, and amenorrhea or oligomenorrhea.

2 � Hypothalamic Amenorrhea

When no endocrine factor is recognized, a hypothalamic blockade has to be sus-
pected and investigated. Such kind of amenorrhea is called hypothalamic, and it is 
associated with metabolic, physical, or psychological stress.

Affective disorders (neuroticism, somatization, anxiety) are often associated to a 
psychological stressor and heavy negative event, and this leads to the disruption of 
the hypothalamus-pituitary activity, and as a consequence, there is an abnormal and, 
later, the block of the ovarian function [12].

These physical, psychological, and metabolic conditions are identified as “stress-
ors” and negatively affect GnRH release and the reproductive axis, activating or 
inhibiting hypothalamic and/or extra-hypothalamic areas in the brain as well as act-
ing in the periphery (Fig. 2). Each of these signals may become stressor agents and 
stimulate adaptive responses. Every occurring negative hypothalamic response is 

ChronicAcute

Minor changes of the
CNS and hypothalamus
activities.

Relevant changes of CNS and hypothalamus
activities as defensive reaction.

STRESS can be : Stress

Sometime, rarely
Frequently, persistent chronic condition

Fig. 2  Stress-induced neuroendocrine malfunction occurs only when such stressors act in a 
chronic manner
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defensive. In human females an adaptive mechanism is represented by the reduction 
of reproductive axis activity, stopping a function considered not essential to survive.

Therefore anytime every stressor (dieting, sport, training, or psychological 
stressors) hits the human being, the adaptive response induced by biological sys-
tems and deeply linked to our evolutionary facts reacts as if induced by the attack of 
a wild animal or by lack of food and/or by strenuous fatigue due to a migration.

Since corticotropin-releasing hormone (CRF) is the specific hypothalamic stim-
ulating factor for ACTH, stress elevation of ACTH is anticipated by the elevation of 
CRF stimulation (Fig. 3). The evidence of a central site of action for CRF in block-
ing GnRH-induced LH release is demonstrated by the fact that CRF antagonists 
reverse the stress-induced LH decrease in rats [13]. CRF elevation as adaptive 
response to stress is also responsible for the increase of central ß-endorphin (ßEP) 
release. This last is probably the most important peptide of the endogenous opioid 
peptide family, and it is a potent inhibitor of GnRH-LH secretion. Because of this 
evidence, a connection is suggested between the activation of the hypothalamus-
pituitary-adrenal (HPA) axis and the stress inhibition of the hypothalamus-pituitary-
gonadal (HPG) axis [14]. This mechanism is mediated by the activation of several 
stimulating factors like thyrotropin-releasing hormone, vasoactive intestinal 
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Fig. 3  GnRH-secreting neurons undergo to positive and negative modulations. Stress, through 
CRH activation, determines a slowing down of GnRH secretion together with opioid peptides 
(β-endorphin, BEP). Insulin, especially in hyperinsulinemic PCOS patients, stimulates ovarian 
androgen synthesis and LH release, thus improving the ovarian impairment. DA dopamine, CRH 
corticotropin-releasing hormone, E1 estrone, βEP beta endorphin

V. Tomatis et al.



63

peptide, and oxytocin or by the failure of the dopaminergic control. Finally the 
result of stress-related hormone responses is a negative effect both on gonadotropin 
secretion and on gonadal steroid biosynthesis.

It is of interest to observe that in hypothalamic amenorrhea, LH seems to be the 
more sensitive to the hypothalamus functional impairment, since only LH plasma 
levels are significantly reduced [15–17]. The meaning of such biological event can 
be easily explained by the fact that it is the LH ovulatory surge that triggers ovula-
tion. No LH, no ovulation.

Stress responses induced by dieting or excessive energy expense, such as in ath-
letes, triggers similar neuropeptides with the addition of the negative modulation 
induced by the lack of energy availability (i.e., reduced fat mass, feeding using low 
caloric diet). In such conditions, it has been reported that acetyl-l-carnitine (ALC) 
administration is effective in inducing the recovery of the endogenous as well as the 
exogenous GnRH-induced LH secretion [18].

The fact that stress and anxiety both stimulate the secretion of corticotropin-
releasing factor (CRF) and modulate GABAergic neurons suggests a possible func-
tional interaction between these two systems. Indeed, GABAergic or benzodiazepine 
receptor-mediated mechanisms inhibit CRF release [19].

It is well known that gonadal steroids (i.e., estrogens and progesterone) play a 
relevant role on the modulation of the hypothalamus and pituitary functions. 
Recently, our group demonstrated that the daily administration of estriol at low dos-
age of 2 mg/day for 8 weeks was effective in increasing both LH plasma levels and 
the amplitude of LH pulses [10]. In addition, estriol administration determined also 
a significant increase of LH response to the GnRH exogenous infusion [10]. Also 
using hyperlow doses of estradiol, as low as 1 μg, confirms these results. This hyper-
low estrogenic treatment is probably able to induce an effect at the hypothalamic 
and pituitary level similar to estriol administration [8], which is an increased sensi-
tivity to GnRH and a higher expression of GnRH receptors, thus permitting the 
increase of LH synthesis and secretion.

3 � Weight and Reproduction

A specific correlation exists between loss of weight and amenorrhea [20, 21], and 
the loss of weight below a critical point and the reduced ratio between fat and mus-
cular masses lead to the loss of menstrual cyclicity. Secondly, but important to 
frame the patient, psychological stressors may also have an impact on food intake.

Obesity and malnutrition, the two opposite aspects of alterations of metabolism, 
are particularly critical because they block the reproductive system, inducing 
impaired hypothalamic activity aspects as a defensive mechanism to avoid preg-
nancy and adverse pregnancy-induced side effects.

Anovulatory Syndrome
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In fact reduced or increased BMI is responsible for impaired reproductive func-
tion through the reduced or excessive release of the specific neuroendocrine modu-
lators that act on the kisspeptin-GnRH neurons and impair the LH secretory pattern 
and reproduction [4].

Moreover a lack or excess of nutrients creates specific impaired neuroendocrine 
responses to reduce or block follicle recruitment and then reproduction [6, 22–24]. 
In particular, though adipose tissue is not a gland, it manages the synthesis of hor-
mones like an endocrine organ. It is clear that a situation of overweight up to obesity 
can change not only the adiponectins and leptin produced, but also the steroids 
milieu. Any excess of these substances is able to interfere in the hypothalamic func-
tions, together with insulin acting on kisspeptin neurons, thus affecting GnRH neu-
rons’ activity [25, 26].

In addition, adipocytes produce androstenedione, estrone, and estriol and can 
absorb therapeutically administered steroids [23]. Such estrogen and progestogen 
uptake permits their release back into circulation in variable moments and amounts 
later, causing severe fluctuations of plasma concentrations [27]. It is therefore very 
important to explain to patients how relevant is to follow healthy eating attitude, in 
order to limit the deposition of adipose tissue and to have an optimal body weight.

A clear correlation exists between the incidence of reproductive function and the 
percentage of body weight loss [28, 29]. In fact, the suppression of the central drives 
to the HPG axis in undernutrition takes place only with a significant loss of body fat 
[29, 30].

4 � Hyperandrogenism

Androgens are essential for the function of the cerebral cortex, because they increase 
critical abilities, adaptation, and sexuality [31]. In fact, the ovary production of 
androgens is reduced during menopause: this causes the gradual decrease in these 
abilities, in particular libido and sexuality. However, the adrenal gland decreases its 
activity in a chronologically similar way both in men and women. Furthermore, fol-
liculogenesis, in mice, does not operate properly in the absence of the androgen 
signal [32, 33].

On the other hand, follicle development is impaired when there is an excess of 
androgens. Hyperandrogenism can also be triggered by a chronic situation of stress 
and might generate a series of consequences. This happens in polycystic ovary syn-
drome (PCOS) that shows both hyperandrogenism and anovulation and, often, 
infertility [32].

Cortisol can modulate the reproductive axis with central actions, affecting the 
synthesis of gonadotropins and also directly on the ovary, interfering with the syn-
thesis and release of estrogen and of progesterone during the luteal phase.

Stressful situations cause cortisol elevation, and this slows down the reproduc-
tive axis: when stress becomes chronic, menstrual disorders occur more frequently, 
even up to amenorrhea [34].
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In fact, high levels of glucocorticoids inhibit GnRH neurons’ activity, thus affect-
ing gonadotrope cells and gonadal function [35]. CRH infusion during the mid-
luteal phase reduces plasma LH and FSH levels, while their concentrations return to 
normal levels as soon as CRH infusion is stopped. Interestingly, CRH infusion did 
not alter the gonadotropin response to GnRH bolus, thus confirming that CRH acts 
at the hypothalamic level [36]. The key point is a restraint action on aromatase that 
is sensitive to alterations such as an excess of androgens, prolactin, and hyperinsu-
linemia; by modulating the activity of aromatase, the androgen levels change 
accordingly [23].

Additionally, stress through adrenal gland hyperactivation increases cortisol and 
consequentially gluconeogenesis, thus favoring obesity and hyperandrogenism; this 
leads to a growing endocrine impairment and might favor greater cardiovascular 
risk, the primary cause of death in women over 50. Moreover, the excess of cortisol 
interferes with insulin and growth factors promoting mechanisms that predispose 
one to a greater oncological risk [37, 38].

5 � Polycystic Ovary Syndrome (PCOS)

In PCOS, hyperandrogenism is the key element that induces anovulation [39]. Too 
many androgens limit the ovarian function, making ovaries assume the classic PCO 
morphology. If we assume that a PCO ovary is the only cause of the hyperandro-
genic state, we might miss the real cause of anovulation. Another element to con-
sider is hyperinsulinemia, very frequent in obese PCOS: insulin stimulates GnRH 
release and consequently gonadotropin secretion that stimulate the production of 
ovarian steroids (especially androstenedione) with inhibitory action on aromatase. 
This results in an excess of androgens not converted to estrogen. Insulin also inhib-
its sex hormone-binding globulin (SHBG) with an increase in free androgens 
(Fig. 1). It is clear that hyperinsulinemia represents a fundamental issue in the case 
of PCOS, since it favors the condition of hyperandrogenism with greater amounts of 
free plasma androgens [40] and specific negative effects on liver function [25, 41].

PCOS women might be hyperandrogenic, with the contribution of the adrenal 
gland even though it does not have an impaired adrenal function: the PCOS clinical 
condition is often characterized by an increased psychological stress that triggers 
the adrenal activity [42]. PCOS patients also may show an increase in cortisol and 
17-OHP plasma levels [43].

These women had a more activated adrenal gland in baseline conditions, with no 
abnormal response to ACTH stimulation (Fig. 4). This is an important condition to 
keep in mind when looking into therapeutic choices [43]. To better understand how 
the adrenal gland acts, a study on the co-secretion of gonadotropins with androgen 
(androstenedione) and cortisol with androgens (androstenedione) was conducted on 
two groups of PCOS patients: one hyperandrogenic from ovarian overproduction 
and the other hyperandrogenic from stress-induced hyperproduction.
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In the first group, the LH and androstenedione plasma profiles were found to be 
co-secreted, showing a parallel trend. Since LH drives the ovary, androstenedione 
peaks are co-secreted with those of LH, thus indicating that this androgen is pre-
dominantly with an ovarian origin (Fig. 4).

The other group of patients showed the opposite situation: while the LH pulsatile 
profile did not show variability, the androstenedione profile decreased its plasma 
levels within 2 h from the beginning of the test, and, in addition, the profiles of cor-
tisol and androstenedione showed a parallel trend, both starting high at the begin-
ning of the test and then lowering in a parallel manner, with cortisol and 
androstenedione pulses being co-secreted (Fig. 4). This indicates that, although a 
part of androstenedione had an ovarian origin, in these patients, a greater part comes 
from the hyperactivated adrenal gland [44].

It is also important to consider that adrenal hyperandrogenism should be sus-
pected when elevated DHEAS and 17-OHP basal hormone levels are found together 
with androstenedione; due to an enzymatic defect of the adrenal gland, hyperan-
drogenism arises from the deficiency of one of these enzymes: 21-hydroxylase, 
11β-hydroxylase, or 3β/-hydroxysteroid-dehydrogenase.

With these enzyme defects, the adrenal gland tries to arrive at the synthesis of 
cortisol through other pathways, but this leads to the excess of the intermediate 
products upstream of cortisol, leading to a greater release of DHEAS, 17-OHP, and 
androstenedione. Despite the fact that PCOS is 40–50 times more frequent than 
non-classic congenital adrenal hyperplasia (NC-CAH) in fertile women than in 
women with hyperandrogenism, it is essential to check for NC-CAH in all patients 
with apparent PCOS [45, 46]. Levels of 17-OHP, DHEAS, androstenedione, and 
cortisol plasma have to be checked. In the case that cortisol is normal, but 17-OHP 
and androstenedione are too high, an issue at the adrenal gland is suspected [23].

Plasma levels of 17-OHP above 200 ng/dL (6 nmol/L) strongly indicate the pres-
ence of NC-CAH, whereas plasma concentrations below 200 ng/dL (6 nmol/L) do 
not sustain the presence of NC-CAH. To prove the suspicion, an ACTH stimulation 
test has to be performed. A 17-OHP response equal or higher than 1500  ng/dL 
(43 nmol/L) under ACTH stimulation confirms the suspicion of NC-CAH [47, 48].

With 17-OHP plasma levels being increased during the preovulatory or luteal 
phase of the menstrual cycle, plasma evaluation has to be performed no later than 
8–10 days after the beginning of the menstrual bleeding or any time if the patient is 
amenorrheic.

The final result, independently from the origin of hyperandrogenism, is that an 
altered GnRH-gonadotropin secretion occurs with no chance for follicles to develop 
and/or mature and oligo-/amenorrhea takes place.
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6 � Prolactin

Prolactin (PRL) is a protein hormone that stimulates milk production in female 
mammals [49]. PRL release is in a pulsatile manner and modulates metabolism, the 
immune system, and pancreatic development.

PRL also acts as a neuropeptide when it crosses the blood-brain barrier: it gets 
though a PRLRs-independent mechanism and modulates the hypothalamus, central 
functions, behavior, arousal, and sexuality [50, 51].

PRL is under the control of the tuberoinfundibular dopaminergic system (TIDA) 
that directly controls PRL release from the gonadotropes inhibiting PRL secretion 
[52]. Though mostly released by the anterior pituitary, PRL has also extra-pituitary 
origins such as from the brain, prostate, immune cells, skin, adipose tissue, and 
human decidua [49]. PRL secretion also depends from the direct stimulation of 
TRH that classically controls TSH secretion and thyroid function [53]. Despite 
being secreted by different cells, prolactin and TSH are related, since they are both 
stimulated by thyrotropin-releasing hormone (TRH). In the presence of any func-
tional defect that induces hypothyroidism, TSH is higher due to an increase in the 
release of TRH at the hypothalamic level, and, consequently, PRL becomes higher. 
PRL reaches the target cells through the circulatory system and acts on specific 
receptors, located on the cell membrane [54].

With no endocrine target organ to provide feedback control, the biological evolu-
tion of PRL made it regulate its own secretion within the hypothalamus, modulating 
the hypothalamic releasing and inhibiting factors that control their secretions. PRL 
suppresses its own secretion acting on tuberoinfundibular (TIDA) neurons located 
in the arcuate nucleus that stimulate the synthesis and release of dopamine into the 
portal vessels at the median eminence [55]. Dopamine acts on D2 receptors to 
inhibit PRL synthesis and release. In addition to TRH, other PRL-releasing factors 
are serotonin (5-HT), vasoactive intestinal peptide (VIP), and arginine vasopressin 
(AVP) [56].

PRL is a putative disruptor of the normal neuroendocrine control of the ovarian 
cycle. Therefore, it is one of the many hormones involved in the control of follicle 
maturation, in the evolution of the luteal phase, in the interference of FSH-induced 
aromatization, and in the modulation of GnRH secretion.

Together with DA, PRL exerts negative feedback on its secretion and GnRH 
production, thus explaining how hyperprolactinemia interferes with human repro-
duction [49]. An excess of PRL up to the extent of hyperprolactinemia can interfere 
with reproduction. Hyperprolactinemia decreases GnRH and, subsequently, LH 
secretion, decreasing pulse frequency and amplitude, thus affecting gonadal steroid 
production and inducing menstrual irregularities.

The effects of PRL on fertility have been studied in animal models that con-
firmed that reproduction needs PRL signaling. Both short and long isoforms of 
PRLRs are expressed by the granulosa, interstitial, and luteal cells at the ovarian 
level, as well as in the endometrium, myometrium, and decidua in the uterus.
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Kisspeptin-secreting neurons are essential for pubertal maturation in humans and 
are the main inductors of GnRH secretion. Kisspeptin is probably involved as a 
potential mediator of prolactin’s actions on fertility [57]. Kisspeptin and prolactin 
are able to modulate each other, but in different ways according to the species. In 
fact, kisspeptin induces PRL prolactin release in rats when estradiol levels are high, 
while in women, the concomitant pulsatile release of PRL with kisspeptin-induced 
LH occurs when they are hypogonadal [53, 58].

In response to stress, PRL acts negatively on the hypothalamic-pituitary axis, 
modulating GnRH release as well as the adrenal activity through the modulation of 
corticotropin-releasing hormone (CRH)-ACTH secretions [50].

PRL is linked to emotional responsiveness, acting on the modulation of anxiety 
and depressive disorders in female mice. Acute stressor events suppress the activa-
tion of kisspeptin neurons, and LH pulsatile release is reduced. When the same 
stress is chronically administered during the day, mice showed higher corticoste-
rone levels and the lengthening of the estrous cycles. Such chronic stressor situa-
tions can induce hyperprolactinemia, thus participating to impaired fertility in 
women [59, 60].

PRL promotes also leptin resistance and increased appetite, hyperphagia, and 
insulin resistance: under pathological hyperprolactinemia, obesity, abnormal glu-
cose tolerance, and hyperinsulinemia due to insulin resistance have been observed.

Weight gain (up to obesity) and insulin resistance occur frequently when PRL 
plasma levels are 70–100 ng/mL or higher: this tends to occur during hyperprolac-
tinemia due to pituitary adenomas, hypothyroidism, or under specific medications 
(i.e., antidepressants, prokinetics, antipsychotics).

Circulating levels of PRL in women are usually around 10–15  ng/mL: when 
these levels are above 25 ng/mL, they are conventionally defined as hyperprolac-
tinemia [49]. Recently, it has been reported that patients suffering from polycystic 
ovary syndrome (PCOS) have higher PRL levels (18–20 ng/mL), despite not having 
hyperprolactinemia. In the case of stress (fear, psychological stress, etc.), PRL 
plasma levels increase rapidly (up to 90–100 ng/mL) [61].

Lifestyle, body mass index (BMI), excessive physical activity, and stressful situ-
ations have to be monitored. If PRL plasma levels are above 50 ng/mL, a pituitary 
magnetic resonance imaging (MRI), preferably enhanced with gadolinium, should 
be performed in order to disclose the presence of a pituitary adenoma or any other 
sellar/parasellar mass, which might be causing stalk compression [61, 62].

In general, hyperprolactinemia around or above 50 up to 100 ng/mL is a possible 
indicator of a secreting adenoma; untreated hypothyroidism can rarely also mimic 
an adenoma: this requires TSH to be checked [49] (Fig. 5). In the case of dysfunc-
tional hyperprolactinemia, the treatment is quite simple: cabergoline decreases pro-
lactin levels slowly, decreases androgens in circulation, and increases gonadotropins. 
As a dopamine agonist, cabergoline is better than bromocriptine in controlling PRL 
levels in hyperprolactinemic men and women with sexual dysfunctions [49].
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Fig. 5  The interconnection between PRL and thyroid axes. TRH is able to induce both PRL and 
TSH secretion

7 � Thyroid

The thyroidal axis is one of the primary endocrine axes for mammals. Thyroid dis-
eases are quite frequent, more common in women than men, and they may interfere 
with the reproductive system [63].

Hyperthyroidism can impair menstrual bleeding, inducing hypomenorrhea and 
polymenorrhea, while hypothyroidism induces oligomenorrhea and sometimes 
these menstrual irregularities occur prior to the identification of thyroid disease 
[64]. Thyroid hormones can impair reproduction, increasing liver production of sex 
hormone-binding globulin (SHBG) and of ovarian testosterone and androstenedi-
one secretion, reducing the clearance of all gonadal steroids, and accelerating the 
conversion of androgens to estrone.

Receptors for thyroid hormones are at the level of oocytes, where these hor-
mones act synergically with FSH to induce the production of sexual hormones [65]. 
Thyroid dysfunctions result in the high frequency of abnormal menstrual bleeding 
due to ovulatory impairments. In fact, triiodothyronine (T3) acts on folliculogene-
sis, modulating the P13K/Akt pathway [66]. Due to this, hypothyroidism is associ-
ated with a reduced fertility rate despite the recognition of the endometrial expression 
of deiodinase type 3 and placental increases in T3 [67, 68].

Estrogens also increase the concentrations of thyroxine binding globulin (TBG) 
[69]. TBG concentrations increase greatly with the menopausal transition during 
menopause and later with the aging process, as well as for the hypoestrogenic con-
dition [70]. Main causes of hypothyroidism are iodine deficiency and autoimmune 
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thyroiditis; it can also occur due to iodine therapy for thyroid cancer, thyroidectomy, 
and rare diseases (such as scleroderma and amyloidosis) [71, 72].

Other reasons are lithium treatment or iodine-containing drugs. The symptoms 
of hypothyroidism are lethargy, pretibial myxedema, hypothermia, and the tendency 
to gain weight due to the accumulation of sugar derivatives that are deposited in the 
extracellular matrix adsorbing water.

Chronic condition of hypothyroidism with high antibodies correlates with a 
greater risk of early ovarian failure in 15% of cases, together with higher incidence 
of anti-thyroid and anti-ovarian antibodies [1].

Oligomenorrhea is the classic menstrual abnormality induced by hypothyroid-
ism that may be diagnosed for the highest TSH plasma levels. This is very frequent 
in the case of recurrent abortion. At the basis of the infertility state induced by 
hypothyroidism are the impaired peripheral estrogen metabolism, the presence of 
hyperprolactinemia, and abnormal GnRH secretion that affect gonadotropin secre-
tions [73]. Due to the slowing of the metabolic clearance of gonadal steroids, hypo-
thyroidism increases androstenedione and estrone plasma levels and permits the 
increase in peripheral aromatization [55, 56]. Moreover, with SHBG being 
decreased, both total testosterone and E2, unbound fractions are increased. 
Impairments of steroid metabolism disappear when a euthyroid state is restored 
with an appropriate treatment [74].

Thyroid autoimmunity is the most frequent autoimmune disease (5–20%) in fer-
tile women and is the cause of hypothyroid function; it is characterized by the pres-
ence of anti-thyroid antibodies. One kind of antibodies (anti-TSH) has an allosteric 
conformation similar to TSH and for this reason can bind to the receptor by induc-
ing high fT3 and fT4; for the diagnosis, it is important to assay these antibodies in 
the plasma [23].

Thyroid autoimmunity is more common in females than in males and is related 
to the action of both estrogens and androgens on the immune system. Early men-
arche or a late menopause is considered a risk factor for the development of an 
autoimmune thyroiditis, probably due to the long exposure to estrogen during the 
reproductive life [75, 76]. Symptoms can simulate the onset of early menopause 
since antibodies against the ovary might produce hot flashes, amenorrhea, moodi-
ness, and insomnia.

Hyperthyroidism classically shows undetectable levels of serum TSH and ele-
vated FT3 and FT4 concentrations. In subclinical hyperthyroidism, the serum TSH 
level is low or very low, but FT3 and FT4 concentrations are normal.

The most frequent cause of hyperthyroidism is Graves’ disease. On the contrary, 
Plummer toxic adenoma and toxic multinodular goiter are highly frequent where 
iodine intake is low [77]. Graves’ disease is triggered by the high synthesis of an 
immunoglobulin that binds the TSH receptor. The toxic adenomas can induce thy-
rotoxicosis due to the growth of benign monoclonal thyroid cells able to hyper-
produce thyroid hormones. Usually, only a single functioning nodule develops, but 
in some cases more than one nodule can grow (toxic multinodular goiter), and this 
is more frequent after the age of 60 [74]. Sometimes, thyrotoxicosis starts after a 
postpartum thyroiditis or subacute thyroiditis or due to unintentional excessive 
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replacement therapy in hypothyroid subjects or to intentional TSH suppressive ther-
apy for benign or malignant thyroid disease. The hypersecretion of TSH for a tro-
phoblastic tumor or metastatic thyroid carcinoma is very rare. Amenorrhea is a 
classic and precocious symptom associated with hyperthyroidism [75]. Together 
with thyrotoxicosis there is the increase in serum levels of SHBG and also fre-
quently of estrogen during all phases of the menstrual cycle (compared with normal 
women) [76].

This is because the metabolic clearance rate of estradiol is reduced in hyperthy-
roidism, and this is related to the increased binding of E2 to SHBG [77].

Androgen metabolism also changes, since plasma levels of testosterone and 
androstenedione are increased together with higher production rates. The increased 
estrogenic tone is also sustained by the higher conversion rate of androstenedione to 
estrone and of testosterone to E2, thus participating in the maintenance of the 
impaired gonadotropin secretion all along the menstrual cycle [78, 79]. LH plasma 
levels are increased; on the contrary, the pulsatile secretion does not differ. Once 
treatment is started with antithyroid drugs, LH goes back to normal levels [80].

It is relevant to point out that thyroid dysregulation often induces a PCO-like 
panel. Though it cannot be excluded a possible link due to common factors, the 
feature of the impaired androgenic milieu that hyperthyroidism may show is at the 
basis of such morphology at the ultrasound scan.

Hashimoto’s thyroiditis (HT) triggers metabolic impairments due to the thyroid 
dysfunction; similarly, insulin resistance may occur and, if combined with a PCOS, 
may worsen to cardiovascular risks. The coexistence of HT and PCOS may exag-
gerate metabolic dysfunctions that usually might be spread by higher values of body 
weight, glucose level, insulin, HOMA-IR index, and lipid profile [81].

If a thyroid dysfunction is suspected, fT3, fT4, and TSH should be controlled 
together with the antibodies’ plasma levels; in the case that TSH is very low, anti-
TSH antibodies must be assayed, and an ultrasound scan of the thyroid gland has to 
be performed. If a defect of fT3 is found, we have to exclude hypothyroidism. This 
is the case of stress-induced amenorrhea when the “low T3 syndrome” is triggered 
and the activity of the thyroid gland is decreased by reducing the T4 toT3 conver-
sion, with normal TSH plasma levels. This happens because a distinct deiodinase, 
activated in these cases, leads to the synthesis of a biologically inactive T3, called 
reverse T3 (rT3). In these patients levothyroxine should not be administered, since 
the low fT3 level is a defensive event to prevent excess energy consumption. 
Additionally, the metabolic profile and the hormonal basal levels of the reproductive 
axis should be analyzed in order to find the primary cause of the hormonal dis-
ease [23].

In conclusion normal reproductive function is affected by all the clinical patho-
physiological situations described. Ovarian function is dependent on the equilib-
rium among the many endocrine and neuroendocrine factors so as to modulate the 
hypothalamic centers where the reproductive function is triggered controlling fol-
licle recruitment and maturation.
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Luteal Phase Defects

Johannes Ott, Iris Holzer, and Christian Goebl

1 � Introduction

The female reproductive processes are characterized by an inconstant activity of the 
hypothalamus-pituitary-gonadal axis. Within these physiologic processes, accurate 
timing is necessary to achieve the ultimate goal, namely, live birth [1]. This chapter 
will be about the luteal phase of the menstrual cycle, which is traditionally called 
the “second half” of the cycle. After some relevant physiologic considerations, the 
focus will be on luteal phase defects in general, in special situations and in the 
course of artificial reproduction.

2 � Specific Physiologic Considerations

2.1 � The Model of “Follicular Waves”

In the traditional model, during the late luteal phase, a single cohort, consisting of 
3–11 follicles, is recruited to grow in each ovary. From this cohort, a single domi-
nant follicle seems to get selected, which then continues to develop during the fol-
licular phase and eventually ovulates, while the other follicles regress. After 
ovulation, during the early and mid-luteal phase, it was believed that follicular qui-
escence would occur, mainly due to the inhibitory effects of luteal progesterone 
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production [2–5]. However, it has become clear that in fact more than only one, 
namely, two to three “waves” of follicles, grow per cycle, which is the case in about 
two and three thirds of women, respectively [5, 6]. A “wave” is defined as the syn-
chronous growth of a group, i.e., a cohort of antral follicles [5]. The first of two or 
the first two of three waves grow in the luteal phase. Usually only the last wave, 
which corresponds to the single cohort of the traditional model, grows during the 
follicular phase and reaches ovulation [6]. These waves can be classified into major 
and minor waves, according to whether a dominant follicle would grow, and into 
ovulatory and non-ovulatory waves. Ovulatory waves only occur in major waves, 
i.e., waves with a dominant follicle [5, 6] (Fig. 1).

According to this model, there are dominant follicles in both the follicular and 
the luteal phase (FDPF, follicular phase dominant follicle; LPDF, luteal phase domi-
nant follicle). Concerning the endocrine processes in the luteal phase, it has been 
demonstrated in women of mid-reproductive age that LPDFs were associated with 
higher estradiol levels, whereas they did not have an influence on progesterone lev-
els. Thus, it is believed that the source of progesterone is only the corpus luteum, 
whereas estradiol is derived from the corpus luteum and the LPDF. Moreover, not-
withstanding some estradiol production by the corpus luteum, the levels are more 
consistent with the notion of a follicular origin [7]. This also explains the associa-
tion between the rise in follicular stimulating hormone (FSH) and the rise in 

Major Minor

Ovulatory Anovulatory

Growth of at
least one
dominant
follicle

No selection
of a dominant
follicle

Ovulation
occurs (only
in major
waves)

No ovulation
occurs (major
and minor
waves)

•

• •

•

Fig. 1  Classification of follicular waves

J. Ott et al.



79

estradiol in the luteal phase, since the emergence of both major and minor follicular 
waves is always preceded by an increase in FSH [5, 6]. Last not least, LPDFs are 
associated with higher inhibin B levels which source seems to be that LPDF as well 
as the new emerging cohort [7].

2.2 � The Source of Progesterone Production

It has been demonstrated that, due to a rise in GnRH, LH is rising in the luteal phase, 
which is necessary for an increase in progesterone secretion [8]. However, there are 
two sources of progesterone in the corpus luteum: first, the small luteal cells, which 
originate from the granulosa cells, contribute to progesterone secretion with a basal 
production, which is independent from LH. Second, the large luteal cells, which 
derive from the theca cells, respond to LH with an increased progesterone and also 
estradiol production (Table 1) [9]. This can be found from 4 to 6 days after ovula-
tion [10].

2.3 � The Endometrium Under Hormonal Influences

It is well known that in every normal menstrual cycle, vascular and endometrial tis-
sues undergo substantial proliferation processes in the “proliferative” phase which 
finds it ovarian counterpart in the follicular phase. From an endocrine perspective, 
the endometrium is estradiol-dominated in this phase. After ovulation and the for-
mation of a corpus luteum, the endometrium enters the “secretory” phase, which is 
dominated by progesterone. If pregnancy does not occur, the demise of the corpus 
luteum leads to a decrease in progesterone levels and, thus, endometrial breakdown 
and shedding. With the beginning of the next endometrial cycle, i.e., the next prolif-
erative phase, endometrial repair is started, which includes processes of angiogen-
esis, tissue remodeling, and formation of new tissue [10].

From a histological perspective, the endometrium consists of a simple columnar 
epithelium which overlies a multicellular stroma. In the stroma, fibroblast-like stro-
mal cells, tubular glands adjacent to the luminal surface, spiral arteries, and innate 

Table 1  Characteristics of small and large luteal cells [9]

Small luteal cells Large luteal cells

Originate from granulosa cells Originate from theca cells
Not responsive to LH Responsive to LH (from 4 to 6 days after ovulation)
Produce autocrine and paracrine 
peptides and eicosanoids

Respond to LH pulses with increased production of 
estradiol and progesterone

Basal production of estradiol and 
progesterone

Luteal Phase Defects
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immune cells can be found [10, 11]. Moreover, adult stem cells, so-called endome-
trial progenitor cells, have been described in the basal layer of the endometrium. 
These cells might have the capacity to differentiate into stromal and epithelial cells, 
thereby contributing to the repair processes after endometrial shedding [12].

Under the influence of progesterone, the endometrial stroma cells transform into 
decidual cells, which are secretory and provide a special microenvironment for 
embryo implantation and placentation. This transformation process is called “decid-
ualization” [10, 13]. In the late secretory/luteal phase, together with the demise of 
luteal-phase follicular waves, progesterone contributes to the decline in circulating 
estradiol levels by promoting the conversion of estradiol to its less biologically 
active form estrone [14]. Moreover, the endometrial expression of the estrogen 
receptor is also reduced by progesterone [15]. Thereby, progesterone seems to lead 
to an overall inhibition of estradiol action [10].

If no pregnancy occurs, the withdrawal of progesterone and also estradiol leads 
to several morphological alterations of the endometrium, namely, tissue edema, 
increased endometrial blood flow, increased vessel permeability, and fragility [16–
18]. In addition, large numbers of leukocytes can be found [19]. These processes 
ultimately lead to shedding of the so-called functional zone of the endometrium, 
i.e., the functional endometrial layer. In other words, menstruation occurs [10].

3 � Luteal Phase Defects

3.1 � General Pathophysiologic Considerations

Luteal phase defects (LPDs) were described for the first time in 1949 by Jones [20]. 
Originally, they were characterized by a failure to develop a fully mature endome-
trium [21]. This inadequate or out-of-phase transformation of the endometrium then 
can lead to problems in embryo implantation. From an etiologic perspective, LPDs 
can be due to an inadequate endometrial response to hormonal stimuli, first and 
foremost progesterone, or to an inadequate corpus luteum function. For the latter, 
several mechanisms have been proposed [21]:

–– An insufficient LH surge
–– An impaired luteotropic system
–– Increased luteolysis
–– Primary dysfunction of the corpus luteum

Various factors have been mentioned to be associated with LPDs, either at the 
level of the endometrium or of the corpus luteum, which are listed in Table  2. 
Figure  2 provides a schematic overview about pathophysiological principles 
involved.
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Table 2  Factors associated with luteal phase defects

Decreased levels of FSH in follicular phase
Abnormal LH pulsatility in the luteal phase
Decreased levels of LH and FSH during the ovulatory surge
Elevated prolactin levels
Decreased response of the endometrium to progesterone
Inadequate expression of endometrial progesterone receptor
(Chronic) endometritis
Drug effects: clomiphene citrate, gonadotropin-releasing hormone (GnRH) agonists and 
antagonists

Hypothalamus

Pituitary gland

Uterus with endometrium

GnRH

LH

Progesterone

Corpus luteum
- Large cells
- Small cells

Abnormal GnRH pulsatility

leading to

leading to

Abnormalities resulting in luteal phase
defects

Abnormal LH pulsatility

Primary progesterone resistance

Insufficient stimulation of the endometrium

Insufficient stimulation of the large luteal cells
→ reduced pulsatile progesterone production

Primary dysfunction of the small luteal cells
→ reduced basal progesterone production

Fig. 2  Principle pathophysiologic processes involved in luteal phase defects

3.2 � Diagnostic Considerations

LPDs are defined by a lag of more than 2 days in the histologic development of 
endometrium compared with the day of the cycle. In other words, the endometrial 
structure must be more than 2 days behind the expected day, defined by the preced-
ing ovulation or the subsequent onset of menses. This situation must be present in 
more than one cycle due to the intercyclic variability [21].

Notably, a lag of 2 or more than 2 days behind the expected day of ovulation and 
the subsequent onset of menses, defined by the histologic dating method of Noyes 
et al. [22, 23], showed reproducibility to within 2 days of basal body temperature 
charts in more than 80% of the 8000 biopsy specimens which had been studied. 
Comparing the retrospective method with the day of ovulation as the reference 
point, 42% out-of-phase endometrium samples were found versus 10% using the 
prospective methods (reference point: next menstruation). Moreover, one must note 
that there is significant intra- and interobserver disagreement [24–26].
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In addition to these uncertainties, the fact that more than one histological analy-
ses are necessary per definition makes it hard to establish the diagnosis in clinical 
routine, especially in women who wish to conceive, where endometrial biopsy is 
not easily performed in the luteal phase.

Thus, several indicators have been evaluated in the past. To make it short, body 
temperature was found unreliable [21], which directly leads us to the considerations 
about the usefulness of progesterone measurements in serum. A problem in the 
small cells can be caused by accelerated luteolysis, and a problem in the large cells 
by a failure to respond to LH or a problem in the central regulation [9]. As stated 
above, progesterone levels also depend on GnRH-/LH-pulses from 4 to 6 days after 
the ovulation on. Thus, large fluctuations can be found which is due to the pulsatile 
release of GnRH [8]. With these circumstances in mind, it becomes evident that one 
single progesterone measurement carries a high risk of a false-negative or a false-
positive result. To provide two examples, one could measure progesterone quite a 
long time after the last LH pulse, and, thus, a low progesterone level would be 
found. In consequence, one might suspect luteal deficiency. On the other hand, in a 
truly progesterone-deficient woman, one could derive one incorrectly normal result 
as well, if the sample is taking directly after one of the rare LH surges [8]. It has 
been estimated that one single progesterone measurement would lead to the false 
diagnosis of a luteal phase defect in about 15%. Thus, it has been suggested to take 
two or three samples within a period of 3 h with the aim of decreasing the probabil-
ity of a false-positive result down to 2% and 0.5%, respectively (reviewed in [21]). 
It must be noted that all these progesterone measurements should be done 7 days 
after ovulation at the earliest to ensure that the complete function of the corpus 
luteum can be assessed, which means that it must already be responsive to LH [8].

Concerning the cut-off levels used for the diagnosis of a luteal phase defect, dif-
ferent progesterone levels have been reported (5 ng/mL, 8 ng/mL, 10 ng/mL) [21]. 
However, the highest accuracy was shown when a midluteal serum progesterone 
<10 ng/mL with a single measurement was used or <30 ng/mL as the sum of three 
random measurements [27].

Notably, neither luteal phase length nor the preovulatory maximum follicle 
diameter was found to be reliable alternatives to predict luteal phase defects. Thus, 
the serum progesterone level is the only relevant surrogate parameter [21].

3.3 � The Clinical Relevance of Luteal Phase Defects

Concerning the clinical impact of classic luteal phase defects, the focus will be on 
three common entities: (i) infertility, especially unexplained infertility; (ii) luteal 
function after artificial reproduction, i.e., luteal support after in vitro fertilization 
(IVF); and (iii) recurrent miscarriage. Notably, it has been demonstrated that the 
rate of women with LPDs would be higher in infertility with about 12% and highest 
in recurrent miscarriage (up to 30%), when compared to fertile controls [28].
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3.3.1 � Luteal Phase Defects and Unexplained Infertility

It seems reasonable that the prevalence of LPDs would be higher in a population of 
women with unexplained infertility. However, several studies have demonstrated 
that the presence of an out-phase endometrium might not alter pregnancy chances. 
In 60 women treated with clomiphene-citrate, the pregnancy rate was 61.8% and 
57.7% in women with and without histologically confirmed LPDs, respectively 
[29]. Similar findings were seen in women who had their endometrial biopsy in the 
cycle of conception [30]—a study which would be considerably difficult to conduct 
nowadays. Nonetheless, it could be demonstrated that the chances for pregnancy 
were associated with the severity of LPDs: pregnancy was more likely in women 
with less severe defects, and the mean endometrial lag time was 6.3 and 4.3 days 
(p = 0.02) in clomiphene-citrate treated women who became pregnant and those 
who did not, respectively [31].

Despite the remaining uncertainties about the impact of LPDs on fertility, evi-
dence from frozen IVF cycles and donor cycles suggests that progesterone is of 
major impact. This assumption is based on the observation that in women without 
basal hormonal production, namely, women with hypogonadism, higher implanta-
tion rates could be achieved with the use of estradiol and progesterone supplementa-
tion compared to normally cycling women in some studies [32].

Given the fact that the benefit of luteal supplementation in women with unex-
plained infertility has not been finally proven, taken all the abovementioned consid-
erations together, many physicians rely on pathogenesis-oriented treatments: 
estrogen and/or progesterone replacement, ovulation induction, luteal phase support 
with HCG, and lowering of prolactin levels when necessary. In clinical routine, 
many institutions offer clomiphene or letrozole stimulation or luteal phase support 
to couples with unexplained infertility despite the low evidence. However, more 
evidence is available from IVF cycles.

3.3.2 � Luteal (Dys-)Function After IVF

Several possible pathophysiologic mechanisms for luteal dysfunction and LPDs in 
the course of IVF cycles have been proposed and are listed in Table 3 [33].

It has been clearly demonstrated that the use of luteal phase support with any 
kind of progestogen would increase the rates for ongoing pregnancy and live birth 
after IVF. However, as also shown in a Cochrane database analysis, this effect is 

Table 3  Possible pathophysiologic mechanisms specific for IVF treatment, which could interfere 
with progesterone production and action on the endometrium

Multiple follicular development → supraphysiological levels of estradiol and progesterone → 
negative feedback on LH secretion
Prolonged suppression of the pituitary after administration of GnRH agonist or antagonist
Negative feedback of exogenous HCG on LH secretion
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only modest with an odds ratio of about 1.8 [34]. This supports the often-mentioned 
theory that in the majority of patients who undergo fresh cycles, the natural luteal 
function is sufficient. It is well known that several routes for progesterone adminis-
tration exist: intramuscular, vaginal, subcutaneous, oral, and transdermal [33]. An 
overview on commonly used regimen can be found in Table 4.

Fortunately, several good analyses which compared some of these schemes to 
each other are available. First, in a meta-analysis of 2009, the vaginal and the intra-
muscular applications were compared to each other. The effects on clinical and 
ongoing pregnancy were comparable, whereas the data favored the intravaginal pro-
gesterone in terms of a reduced miscarriage rate. It needs to be emphasized that a 
progesterone gel instead of capsules was used in that time [35]. In the last years, a 
discussion started whether oral dydrogesterone would be as effective as vaginal 
micronized progesterone. According to a meta-analysis in 2016, both regimens 
were similarly effective in terms of clinical pregnancy rate. However, the data 
favored oral dydrogesterone in terms of patient satisfaction [36]. Since the non-
inferiority of oral dydrogesterone remained open, Griesinger and colleagues con-
ducted the large, multicenter randomized “Lotus II”-study. Finally, the non-inferiority 
of oral dydrogesterone compared to vaginal progesterone could be demonstrated 
[37]. Table 5 provides an overview about the findings of the abovementioned studies.

In conclusion, although it is safe to say that the majority of preparations used 
seem to lead to similar conception and live birth rates, experts can rely on the exist-
ing data that oral application of dydrogesterone is reliable.

However, treatment with progesterone and dydrogesterone is not the only luteal 
support which has been tested. Notably, a meta-analysis showed favorable data for 
the use of HCG versus no luteal support with an odds ratio of 1.76 (95%CI: 
1.08–2.86) for the combined outcome of ongoing pregnancy and live birth [34]. 
Several regimens of HCG dose have been used in the past, and it is unclear which 
one to favor. One commonly used regimen is the intramuscular application of 1500 
international units on the day of oocyte retrieval and on 2, 4, and 6 days thereafter.

Estrogen + progesterone did not prove to be superior to progesterone only for 
luteal support in terms of clinical pregnancy rates and ongoing pregnancy rates/live 
birth [34]. However, last but not the least, since the production and secretion of 
progesterone are dependent on GnRH pulses [8, 9], it seems reasonable to also pro-
vide additional luteal support with GnRH-agonists. The already cited meta-analysis 

Table 4  Commonly used regimen for luteal phase support with progesterone/gestagens after IVF

Intramuscular: oil based, 25–100 mg daily (standard: 50 mg)
Vaginal
 �� –  Micronized vaginal progesterone bio-adhesive gel (Crinone® 8% 90 mg/day)
 �� –  Vaginal progesterone capsules 200–400 mg daily
 �� –  Vaginal ring (Milprosa®, weekly)
 �� –  Subcutaneous: 25(−50) mg daily
Oral
 �� –  Micronized progesterone in-oil capsules 600 mg/day
 �� –  Dydrogesterone 10 mg 2–3/day
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Table 5  Overview on relevant analyses comparing different routes of luteal support in IVF

Type of 
analysis

Miscarriage 
rate

Clinical 
pregnancy 
rate

Ongoing 
pregnancy 
rate

Live birth 
rate

Progesterone versus no 
luteal support [34]

Meta-
analysis

OR 0.54 
[95%CI 
0.29–1.02]*

OR 1.89 
[95%CI 
1.30–2.75]*

OR 1.77 [95%CI 
1.09–2.86]*

Vaginal versus 
intramuscular 
progesterone [35]

Meta-
analysis

OR 0.54 
[95%CI 
0.29–1.02]*

OR 0.91 
[95%CI 
0.74–1.13]

OR 0.94 
[95%CI 
0.71–1.26]

–

Oral dydrogesterone 
versus vaginal 
micronized 
progesterone [36]

Meta-
analysis

RR 0.77 
[95%CI 
0.53–1.10]

RR 1.07 
[95%CI 
0.93–1.23]

RR 1.04 
[95%CI 
0.92–1.18]

–

Oral dydrogesterone 
versus vaginal 
micronized 
progesterone [37]

RCT, 
non-
inferiority 
analysis

– – AD 3.7% 
[95%CI 
−2.3–9.7]

AD 1.9% 
[95%CI 
−4.0–7.8]

OR odds ratio, RR risk ratio, AD adjusted difference, 95%CI 95% confidence interval, RCT ran-
domized controlled trial
* Statistically significant (p < 0.05)

from 2015 showed that progesterone only would be inferior to a GnRH-agonist + 
progesterone treatment (odds ratio 0.62, 95%CI 0.48–0.81) [34]. These data were 
confirmed by a more recent meta-analysis published in 2020 which clearly showed 
a beneficial effect of luteal support with a GnRH-agonist (live birth rate, relative 
risk 1.52; 95%CI, 1.20–1.94) [38].

However, in a natural ovulatory cycle, where LH supports the corpus luteum to 
secrete progesterone after ovulation, and in controlled ovarian hyperstimulation 
with an HCG trigger, where HCG mimics LH activity, the use of a GnRH-agonist 
trigger after controlled ovarian hyperstimulation might lead to worse luteal func-
tion. Notably, it is associated with a shorter luteal phase (9 versus 13 days) and 
decreased levels of progesterone and estradiol. Several strategies to overcome this 
negative effect have been proposed: the use of a dual trigger with low-dose HCG 
(1000–2500 IU) and GnRH-a, low-dose HCG (1500 IU) at the time of ovum pick-
up, low-dose HCG in the luteal phase (1500 IU 3d after ovum pick-up or 125 IU 
daily), or more intensive luteal support (frequent monitoring: progesterone>20 ng/
mL and estradiol>200 pg/mL) [33].

3.3.3 � Luteal Phase Defects and Recurrent Miscarriage

There are various definitions for recurrent miscarriage. However, it is defined as the 
failure of a minimum of two clinically recognized pregnancies before 20–24 weeks 
of gestation [39]. As also mentioned above, LPDs seem quite common in women 
with recurrent miscarriage, with its prevalence ranging from about to 17% to nearly 
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30% [28, 40]. Particularly in cases of unexplained recurrent miscarriages, luteal 
phase defects are believed to be an important underlying cause.

It has been mentioned that low-dose stimulation might overcome the burden of 
histologically diagnosed luteal phase defects in these women in order to avoid 
insufficient FSH or LH levels in the follicular phase or around ovulation. According 
to one study, the use of low-dose stimulation with urinary-derived human meno-
pausal gonadotropins was seemingly helpful [41]. However, the main approach is 
luteal phase support with progesterone/progestagens. Many studies have been pub-
lished in the recent decades. This chapter will only focus on the currently relevant 
literature.

Notably, whether progesterone or gestagens should be used in women with 
recurrent miscarriage, especially unexplained recurrent miscarriage, is controver-
sial. The use of gestagens in the first trimester has been investigated in a variety of 
studies. A meta-analysis, which included more than 1500 women with unexplained 
recurrent miscarriage and was published in 2017, revealed a beneficial effect on the 
rate of future pregnancy losses (RR 0.72, 95%CI 0.53–0.97) and of live births (RR 
1.07, 95%CI 1.02–1.15). However, these results were significant only for synthetic 
gestagens rather than micronized progesterone [42]. A similar but more recent 
meta-analysis revealed a similar findings, namely, that in unexplained recurrent 
miscarriages, supplementation with progestogen therapy may reduce the rate of 
miscarriage in subsequent pregnancies (RR 0.73, 95CI 0.54–1.00, moderate-quality 
evidence) and may increase the chance for a future live birth (RR 1.07, 95%CI 
1.00–1.13, moderate-quality evidence) [43].

The largest available single study is the PROMISE trial. Noteworthy, in this long 
awaited study, two vaginal capsules of 200 mg micronized progesterone did not lead 
to a beneficial effect in women with unexplained recurrent miscarriage. In detail, 
the live birth rates were 65.8% (262/398) and 63.3% (271/428) in the progesterone 
and the placebo groups, respectively (RR 1.04, 95%CI 0.94–1.15; p = 0.45) [44]. In 
a second analysis of both the PROMISE and the PRISM studies, vaginal progester-
one treatment as indicated above was beneficial for women with threatened miscar-
riage and three or more previous early miscarriages [45]. The most recent Cochrane 
database network meta-analysis revealed similar results: vaginal micronized pro-
gesterone (RR 1.03, 95%CI 1.00–1.07) and dydrogesterone (RR 0.98, 95%CI 
0.89–1.07) were judged as “probably making little or no difference to the live birth 
rate when compared with placebo for women with threatened miscarriage” [46]. It 
should be noted that the modest effect size might be explained by the fact that an 
inadequate secretion of the corpus luteum might not so much be the cause of a dis-
turbed early pregnancy, but rather the consequence of a restricted embryonic devel-
opment with subsequent insufficient HCG levels and lack of stimulation of the 
corpus luteum.

However, in women with no previous miscarriages and early pregnancy bleed-
ing, no improvement in the live birth rate was found with vaginal micronized pro-
gesterone compared to placebo (RR 0.99, 95%CI 0.95–1.04). However, for women 
with one or more previous miscarriages and early pregnancy bleeding, vaginal 
micronized progesterone increased the live birth rate compared to placebo (RR 
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1.08, 95%CI 1.02–1.15) [46]. It can be concluded from this evidence that women 
with unexplained recurrent miscarriage can be treated with natural micronized pro-
gesterone and that women with unexplained recurrent miscarriage and threatened 
miscarriage should be vaginally treated with natural micronized progesterone, 
which is in line with current guidelines as the AWMF guideline (available online 
https://www.awmf.org/leitlinien/detail/ll/015-050.html).

4 � Endometrial Function in Polycystic Ovary Syndrome: 
A Special Situation

An altered endometrial function in polycystic ovary syndrome (PCOS) is obvious, 
since PCOS women reveal an increased risk for endometrial cancer, implantation 
failure, pregnancy complications, and possibly miscarriage/recurrent miscarriage 
[47]. Given the high worldwide prevalence of PCOS, which ranges from 4% to 21% 
and depends on the diagnostic criteria used [48], it has been suggested that altered 
endometrial function in PCOS is likely due to primary abnormalities (“prenatal pro-
gramming”) as well as secondary abnormalities (“postnatal alterations”). The first 
include aberrant expression of sex hormone receptors and their co-regulators, aber-
rant expression of gene regulation, various cell processes, and abnormal regulation 
of enzymatic and metabolic pathways, whereas the latter include the well-known 
pathophysiologic processes of PCOS, namely, high estrogen/low progesterone lev-
els due to oligo-/anovulation, insulin resistance, and chronic low-grade inflamma-
tion. Details about these mechanisms are perfectly summed up in the recent review 
by Palomba et al. [47].

4.1 � PCOS and Endometrial Cancer

Without a doubt, the risk for endometrial cancer is increased in women with 
PCOS. In a meta-analysis, an OR of 2.79 (95%CI (CI), 1.31–5.95; p < 0.008) was 
found. Notably, the risk seems to be even higher in premenopausal women (PCOS 
patients <54 years, OR 4.05, 95%CI: 2.42–6.76, p < 0.001) [48]. This increase in 
risk is independent from known other risk factors which also include obesity [47, 
49]. Notably, it is unclear whether primary or secondary abnormalities or both are 
responsible. Moreover, it has not been clarified, whether the basic risk, which is 
independent from general risk factors, can be modified. The only preventive mea-
sure is the pragmatic approach of bleeding induction with combined oral contracep-
tion or progestin therapy, since the optimal prevention for endometrial hyperplasia 
and endometrial cancer is unknown, which has been recommended by the 
International PCOS network in 2018 [50].
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4.2 � Progesterone Resistance in PCOS

The actions of progesterone on the endometrium include downregulation of the 
estrogen receptor, upregulation of enzymes involved in estrogen metabolization, 
restriction of androgen receptor expression, and the downregulation of its own 
receptors [10, 51]. In women with PCOS, an imbalance between progesterone lev-
els/action and estrogen levels/action is likely due to chronic oligo-/anovulation and 
also a PCOS-specific progesterone resistance [47]. The existence of the latter is 
highly suggested by its systemic appearance, since progesterone resistance has also 
been described at the pituitary level [52, 53]. Hypothetically, an increased androgen 
receptor expression might be the cause [54, 55] as well as an altered gene expres-
sion of progesterone receptor isoforms [56, 57]. These assumptions lead to the ques-
tion, whether women with PCOS would benefit from progestin/progesterone 
treatment in the case of infertility and/or ovarian stimulation for oligo-/anovulation. 
Notably, conventional doses of progesterone were not enough to correct the changes 
of endometrial histomorphology and specific endometrial markers completely [58].

4.3 � Clinical Considerations

4.3.1 � Letrozole, Clomiphene Citrate, and Low-Dose FSH Stimulation

Concerning ovarian stimulation in PCOS women, one has to consider two major 
questions about the use of progestins/progesterone: (i) is the induction of endome-
trial shedding prior to ovarian stimulation beneficial in terms of pregnancy rates, 
and (ii) is luteal support after ovulation induction necessary? Despite the high prev-
alence of PCOS, literature on these issues is scarce.

In a secondary analysis of a randomized, double-blinded study about clomiphene 
citrate with or without metformin in PCOS patients, it could be shown that endome-
trial shedding, either spontaneous or progestin-induced, prior to ovarian stimulation 
resulted in a reduction in the subsequent rate of conception and live birth (live birth 
per cycle, spontaneous menses 2.2%, anovulatory with progestin withdrawal 1.6%, 
anovulatory without progestin withdrawal 5.3%; p < 0.001; live birth per ovulation, 
spontaneous menses 3.0%, anovulatory with progestin withdrawal 5.4%, anovula-
tory without progestin withdrawal 19.7%; p < 0.001) [59]. Unfortunately, no data 
exist about stimulation with letrozole, which is the first-line stimulation agent for 
PCOS women [50]. One study showed that endometrial shedding induced by pro-
gesterone withdrawal did not negatively affect pregnancy rates in PCOS women 
undergoing letrozole stimulation and intrauterine insemination. However, the con-
trol group consisted of patients with spontaneous menses, and, thus, no women 
without endometrial shedding were included [60].

The second possible intervention for improvement of endometrial function 
would be luteal phase support. In a retrospective cohort study on women with PCOS 
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who underwent ovarian stimulation with clomiphene citrate or letrozole, the preg-
nancy rate was seemingly higher when luteal phase support with intravaginal pro-
gesterone had been provided (27/162 cycles, 16.7% versus 11/104 cycles, 10.6%; 
p > 0.05). In letrozole cycles, clinical pregnancies were achieved in 21.1% of cycles 
(8/38) in the progesterone group, compared with none (0/13) in the non-progesterone 
group. Despite the fact that these results did not reach statistical significance, the 
authors concluded that “luteal supplementation with progesterone should be 
strongly considered in women with PCOS, especially in those using letrozole for 
ovulation induction” [61]. Comparable results were found in a randomized study on 
110 clomiphene citrate-resistant PCOS patients, who underwent low-dose stimula-
tion with recombinant FSH and intrauterine insemination. Luteal-supported cycles 
demonstrated a 6.7% higher clinical pregnancy rate and 6.1% higher live birth rate 
(p > 0.05) [62]. Given the paucity of data, no conclusion can be drawn about the 
usefulness of luteal support after clomiphene citrate, letrozole, and low-dose FSH 
stimulation in PCOS women, since larger randomized studies are necessary. 
However, from a practical point of view, to provide luteal support to these women 
seems reasonable.

4.3.2 � IVF, PCOS, and Endometrial Function

One important intervention for improvement of endometrial function in PCOS 
patients who undergo IVF is elective frozen-thawed embryo transfer. This measure 
is based on the rationale to avoid endometrial dysfunction due to estrogen overload, 
which is highly likely in PCOS patients who are at an increased risk for polyfollicu-
lar development and ovarian hyperstimulation syndrome [63].

It has been postulated that supraphysiological estradiol exposure after ovarian 
hyperstimulation might lead to a disruption of embryo implantation after fresh 
embryo transfer. Thus, elective frozen embryo transfer might lead to favorable out-
comes [64]. Although an initial prospective study, which randomized women who 
underwent their first IVF cycle to fresh embryo transfer versus elective frozen 
embryo transfer, showed only a significant reduction in the risk for ovarian hyper-
stimulation syndrome but no increase in the chance for a live birth [64], a secondary 
analysis of data from two multicenter randomized trials demonstrated that women 
with PCOS would benefit from elective frozen embryo transfer in terms of live birth 
rates when the peak estradiol level exceeded 3000  pg/mL (OR 1.57; 95%CI 
1.22–2.03) or 16 oocytes were retrieved (OR 1.67; 95%CI 1.20–2.31) [63].

5 � Conclusions

Although it has been asked whether luteal phase defects would only be a myth, it 
can be safely concluded that they exist and are of clinical impact on our patients. Per 
definition, luteal phase defects are characterized by a time lag in endometrial 
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development [21]. Both dysfunction of the corpus luteum and decreased response of 
the endometrium to progesterone might be responsible. Despite the fact that many 
underlying pathophysiologic pathways have been blamed to be associated with 
luteal phase defects and its possible consequences, namely, infertility, recurrent 
implantation failure, and (recurrent) miscarriage, the majority of evidence deals 
with luteal support with gestagens. The support with vaginal micronized progester-
one and, in the course of IVF, oral dydrogesterone is the most evidence-based mea-
sure. In addition, luteal support with HCG or GnRH analogues after IVF embryo 
transfer and the use of elective frozen embryo transfer in PCOS women with high 
peak estradiol have been demonstrated to increase the chance for ongoing preg-
nancy and/or live birth.
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Management of Severe Premenstrual 
Syndrome (PMS)/Premenstrual Dysphoric 
Disorder (PMDD)

Nick Panay

1 � Introduction, Definitions, and Guidelines

Premenstrual syndrome (PMS) has been defined as a condition which causes dis-
tressing physical, behavioral, and psychological symptoms, in the absence of 
organic or underlying psychiatric disease, which regularly recurs during the luteal 
phase of each menstrual cycle and which disappears or significantly regresses by the 
end of menstruation [1]. Almost 95% of women will experience mild physiological 
symptoms prior to menstruation; however around 5–8% experience severe symp-
toms such that they cause considerable disruption to their lives [2].

A form of severe PMS has been termed premenstrual dysphoric disorder (PMDD) 
by the American Psychiatric Association, originally in their DSM-IV classification, 
and has strict diagnostic criteria [3]. Over the course of a year, during most men-
strual cycles, five or more key symptoms must be present. The symptoms must 
disturb ability to work socially or professionally, and symptoms must not be related 
to or exaggerated by another medical condition.

NAPS recently changed its name to the National Association for Premenstrual 
Syndromes from “…Syndrome” to reflect the variation in definitions and severities 
of this disorder. The author and NAPS believe that current PMS terminology should 
be maintained because PMDD refers to only one type of severe form of PMS.

One of the most accurate and comprehensive classification systems was pro-
posed by the International Society for Premenstrual Disorders [4–5] as shown below.
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Core premenstrual disorders (core PMD) are the most commonly encountered 
and widely recognized type of PMS. They must be present during the luteal phase 
and abate as menstruation begins, which is followed by a symptom-free week.

There are also PMDs that do not meet the criteria for core PMDs. These are 
called “variant” PMDs and fall into four subtypes:

	1.	 Premenstrual exacerbation of an underlying disorder, such as diabetes, depres-
sion, epilepsy, asthma, and migraine.

	2.	 Non-ovulatory premenstrual disorders occur in the presence of ovarian activity 
without ovulation.

	3.	 Progestogen-induced premenstrual disorders are caused by exogenous proges-
togens present in hormone replacement therapy (HRT) and the combined oral 
contraceptive pill.

	4.	 Premenstrual disorders without menstruation include women who have a func-
tioning ovarian cycle, but, for reasons such as hysterectomy, ablation, or the 
levonorgestrel intrauterine system, they do not menstruate.

Education of public and HCPs is the key issue going forward. It is vital that there 
is universal recognition of the severe impact that PMS can have, whatever terminol-
ogy is used.

One of the most comprehensive set of evidence-based guidelines for managing 
this condition has been developed by the Royal College of Obstetricians and 
Gynaecologists [6]. These are a very useful tool for healthcare professionals to 
understand and manage this condition effectively. A recent review paper has been 
published which updates some of the information in the guideline and is a good 
state-of-the-art comprehensive review [7].

Other good sources of information for both the public and healthcare profession-
als are the websites of NAPS pms.org.uk and the International Association for 
Premenstrual Disorders IAPMD.org (see full links at the end of chapter).

2 � Etiology

The etiology of PMS/PMDD remains poorly understood. The absence of PMS/
PMDD before puberty, during pregnancy, and after the menopause highlights the 
role of cyclical ovarian activity in its pathogenesis.

Women with PMS/PMDD appear to produce the same levels of gonadal hor-
mones as women without PMS/PMDD, and therefore it has been suggested that 
PMS/PMDD may be due to a differential sensitivity to circulating hormone metabo-
lites rather than abnormal hormone levels [8].

Research appears to confirm this hypothesis in which estrogen receptor alpha 
gene polymorphisms have been found to differ in PMDD sufferers compared to 
controls [9]. Professor Goldman who led the research stated, “This is a big moment 
for women’s health, because it establishes that women with PMDD have an intrinsic 
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difference in their molecular apparatus for response to sex hormones – not just emo-
tional behaviors they should be able to voluntarily control.”

The ESC/E (Z) complex, an effector of response to ovarian steroids, has also 
been found to have intrinsic differences in cells from women with premenstrual 
dysphoric disorder [10].

The neurotransmitters serotonin and gamma-aminobutyric acid (GABA) have 
also been implicated as potential pathways through which abnormal responses to 
hormone levels may occur [11–12].

The late Professor John Studd, one of the great pioneers in this field, referred to 
“The triad of estrogen responsive depressive disorders in the same predisposed indi-
vidual who would typically suffer with PMS/PMDD, postnatal depression and cli-
macteric depression [13].” This individual typically feels well during the latter half 
of pregnancy when hormone levels are high and stable and does not experience 
symptoms pre pubertally and post menopausally.

3 � Assessment and Diagnosis

Accurate prompt diagnosis of PMS/PMDD is essential in the effective management 
of this condition. A careful history should be sought, specifically for the cyclical 
nature of the symptoms. Premenstrual symptoms may commence up to 2 weeks 
prior to menstruation and resolve by the end of menstruation. To make the diagno-
sis, there should be a symptom-free interval prior to ovulation; however this may 
often be complicated by physical or psychiatric comorbidities. Premenstrual exac-
erbation of these conditions is now referred to as PME rather than PMDD.

Ideally symptoms should be assessed prospectively using symptom diaries over 
at least 2 consecutive months. Example symptom diaries can be found at https://
pms.org.uk. Alternatively, menstrual cycle apps such as Flo and Clue can be used. 
In research, questionnaires such as the Daily Record of Severity of Problems 
(DRSP) are often used.

PMS/PMDD can cause a wide range of psychological, behavioral, and physical 
symptoms (see Table 1). In severe PMS/PMDD, some form of functional impair-
ment, such as an inability to interact socially or professionally, will be evident.

Table 1  Symptoms associated with PMS

Psychological Behavioral Physical

Mood swings
Tearfulness
Irritability
Depression
Anxiety

Withdrawal
Lack of control
Reduced concentration/cognitive ability
Poor sleep

Bloating
Pelvic pain
Breast tenderness
Headaches
Food cravings
Lethargy
Weight gain
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Any underlying conditions as suggested by the history should be excluded and 
managed appropriately. Common conditions which may cause diagnostic confusion 
include bipolar depressive disorder, generalized anxiety disorder, stress, polycystic 
ovarian syndrome, hypothyroidism, and alcohol or drug abuse. There appears to be 
an increasing preponderance of women with background ADHD or personality dis-
order and a history of abuse in childhood.

4 � Management

Once the diagnosis has been confirmed, several management options are available, 
many of which can be used in the primary care setting. Treatments used are often 
unlicensed for the indication; however their use is justified when they are of proven 
efficacy and safety. As previously mentioned, the RCOG, NAPS, and IAPMD have 
published evidence-based treatment guidelines for PMS/PMDD which can be fol-
lowed and are a useful “toolkit.”

A potential treatment strategy for PMS/PMDD is shown in Fig. 1 which has been 
adopted by many guidelines.

4.1 � Dietary and Lifestyle Approaches

All women should be given dietary and lifestyle advice on measures which may 
help reduce symptoms. The prevalence of PMS is increased in obese women and 
those who take less exercise. Weight loss and exercise have been shown to reduce 

Fig. 1  Pragmatic management strategy for PMS/PMDD
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PMS symptoms [14] and therefore should be recommended. Stress reduction and 
low glycemic index diets are also likely to be beneficial although no studies have 
examined these measures directly. Cognitive behavioral therapy has been shown to 
improve PMS symptoms and should be considered in all women [15]. NAPS and 
IAPMD can provide further support for sufferers although all healthcare profession-
als should be able to provide some help and signposting if adequately trained. 
Women with underlying psychopathology should be co-managed with a psycholo-
gist and/or psychiatrist.

4.2 � Complementary Therapies

Some women may choose to use complementary therapies to manage their symp-
toms. There is some evidence to support the use of calcium and vitamin D, magne-
sium, or St. John’s wort; however data for most complementary therapies remains 
inadequate, and the quality control of preparations cannot always be guaranteed 
[6–7]. A large placebo effect is generally observed, and women should be advised 
that there is the potential for side effects and drug interaction. The most evidence 
based of the complementary therapies for PMS/PMDD appears to be Vitex agnus-
castus (VAC). In a recent meta-analysis, women taking VAC were 2.57 (95% CI 
1.52–4.35) times more likely to experience a remission in their symptoms compared 
to those taking the placebo. However, as with most complementary therapies, many 
of the studies were small, and there was incomplete reporting of the types of prepa-
rations used [16].

4.3 � Anti-depressants

Serotonin has been implicated in the pathogenesis of PMS/PMDD and is thought to 
be associated with symptoms such as irritability and low mood. Selective serotonin 
reuptake inhibitors (SSRIs) have been used for many years in the management. A 
meta- analysis has shown SSRIs (fluoxetine, paroxetine, sertraline, citalopram) are 
effective in reducing premenstrual symptoms in moderate or severe PMS [17]. They 
have been shown to reduce physical, functional, and behavioral premenstrual symp-
toms and improve quality of life [17]. SSRIs can be given either continuously or in 
the luteal phase only (i.e., days 15–28); both regimens appear to be of similar effi-
cacy. The advantages of luteal phase treatment include avoidance of dependency 
and that the regimen is often more acceptable to women concerned about the stigma 
of using treatments usually associated with psychiatric conditions [17]. Some data 
also exist to support the use of the SNRI venlafaxine [18]; however further large-
scale studies are needed.
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4.4 � Hormonal Treatment

Hormonal treatment in PMS/PMDD aims to suppress ovulation and stabilize hor-
monal fluctuations throughout the menstrual cycle.

4.4.1 � Combined Oral Contraceptive Pill (COCP)

There is increasing evidence that new-generation COCPs are effective at reducing 
PMS/PMDD symptoms. The progesterone component of the COCP has been held 
responsible for the failure of older COCPs to improve PMS/PMDD, as a common 
side effect of progestogens is PMS-like symptoms. It is also thought that a standard 
7-day hormone-free interval allows for follicular activity and therefore symptoms to 
resurge during that time.

The progestogen drospironone, contained in some COCP regimens, has anti-
mineralocorticoid and anti-androgenic properties, which may help avoid progesto-
genic side effects such as bloating and irritability. The benefit of these regimens 
over placebo has been demonstrated for PMS/PMDD symptoms in a small random-
ized trial [19]; however convincing, large-scale data are lacking.

A further advance has been the development of lower-dose 20 mcg (rather than 
30 mcg) ethinylestradiol COCPs containing drospironone, but in a 24/4 regimen, in 
contrast to the traditional 21/7 regimens. The shorter hormone-free interval is asso-
ciated with more profound follicular suppression and more stable hormone levels. 
Prospective randomized placebo-controlled trials [20, 21] have demonstrated the 
efficacy of a low-dose COCP which is licensed in the USA and Australia among 
other countries for treatment of PMDD. There are also generic versions of this pill 
and newer pills with estradiol and estetrol rather than ethinylestradiol which may be 
better tolerated by PMS/PMDD sufferers, although comparative data are lacking.

4.4.2 � Estrogen and Progestogen/Progesterone Therapy

Percutaneous hormone replacement therapy in the form of estradiol implants or the 
transdermal patch has been shown to suppress ovarian activity and improve PMS/
PMDD symptoms [22, 23]. Suppression of ovulation usually requires the use of 
higher doses of estradiol than is used in post-menopausal HRT, for example, 
100 mcg estradiol patch.

In non-hysterectomized women, estradiol should be given in combination with a 
progestogen. Cyclical progestogenic opposition (10–12 days per cycle) is required 
to protect against endometrial hyperplasia. However, progestogens commonly result 
in worsening of PMS/PMDD symptoms, and therefore careful consideration should 
be given to this element of HRT. Fewer side effects are generally seen with bioiden-
tical progesterone (typically 200 mg for 12 days per 28 day cycle), the levonorg-
estrel intrauterine system, or vaginal administered progesterone pessaries and gels.
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There is no evidence to support the use of synthetic progestogens and little evi-
dence to support the use of natural progesterone alone in the management of 
PMS [24].

4.4.3 � GnRH Analogues

Some women will not respond to the above measures, and at this stage referral to 
specialist services should be made if the patient has been managed in primary care 
thus far. Inadequate response to treatment may be due to incomplete cycle suppres-
sion. GnRH analogues may be considered the next-line treatment and can be used 
to completely suppress ovarian activity and are of proven efficacy in the treatment 
of severe PMS/PMDD [25]. If GnRH analogues are used for longer than 6 months, 
they must be used in combination with “add-back” estrogen and progestogen hor-
mone therapy to avoid symptoms of estrogen deficiency and its detrimental effects 
on bone density and metabolism. Although the addition of add-back hormone ther-
apy has not been shown to reduce the efficacy of GnRHa [26], in a small proportion 
of women, it may lead to recurrence of their cyclical symptoms, in which case 
continuous tibolone is an alternative option. For long-term GnRH use, yearly assess-
ment of bone density should be undertaken.

The recent development of the new oral GnRH antagonists, e.g., relugolix, elago-
lix, and linzagolix which can be used with add-back hormone therapy, could pro-
vide another treatment option for women with severe PMS/PMDD. The indication 
for these drugs currently is for the treatment of moderate to severe symptoms asso-
ciated with uterine fibroids. Research is required to assess the impact of these treat-
ments on PMS/PMDD symptoms and to determine the optimal add-back hormone 
regimens which would be required to avoid adverse effects in this group of hormone-
sensitive women.

4.4.4 � Surgical Options

For women with severe PMS/PMDD hysterectomy and bilateral oophorectomy, 
which can usually be performed laparoscopically, will provide permanent cycle 
suppression and is the only known “cure” for this condition. For those with severe 
PMS/PMDD who have completed their families, it can be a life-changing proce-
dure. It is not without its risks and should only be considered in women who have 
demonstrated a response to GnRH analogues and who are able to tolerate hormone 
therapy so that cycle-related symptoms are not merely replaced by menopause 
symptoms. Bilateral oophorectomy alone is not recommended as endometrial pro-
tection with progestogens/progesterone will still be required and women with PMS/
PMDD are often intolerant to these hormones.

Following the procedure, adequate hormone therapy should be given in women 
to avoid the effects of estrogen deficiency on quality of life and long-term well-
being. Estradiol can be administered via implant, orally or transdermally. In the 
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author’s experience, anecdotally, women do better with implants post-surgery rather 
than other forms of hormone therapy due to the adequate constant hormone levels. 
Consideration should also be given to testosterone replacement, especially if suffer-
ing from symptoms of distressing low libido. Studies thus far have shown a good 
response with high satisfaction rates following this procedure [27].

4.4.5 � New Research

A phase IIb placebo-controlled double-blinded trial was recently completed using 
Sepranolone in women with confirmed PMDD. Sepranolone is a GABA receptor 
modulator which regulates the effects of allopregnanolone in the central nervous 
system. Although numerically the symptom reduction was greater for the 
Sepranolone group than for the placebo group, the difference between the groups 
was not statistically significant, mainly because there was such a strong placebo 
effect [28]. It is hoped that further research will be conducted in the future using this 
or similar interventions where a placebo run in phase may eliminate some of the 
placebo effect before the subjects are randomized.

5 � Conclusion

Severe PMS/PMDD causes significant impairment to daily functioning and quality 
of life and is often poorly diagnosed and managed. It is encouraging that PMDD has 
been recognized by the WHO in the International Classification of Diseases as this 
may lead to improved training and research to manage this distressing condition. 
Although the underlying etiology is still not fully understood, a number of treat-
ments with demonstrated efficacy do exist. Unfortunately, despite favorable data, in 
most countries there are few or no treatment options available with a license for the 
PMS/PMDD indication.

Lifestyle and complementary approaches play a role, but better data are required. 
Often a combination of psychological and hormonal treatments are required; hence, 
more collaboration between psychiatrists and gynecologists is required to fully 
understand the synergistic benefits of these approaches. Despite advances in treat-
ment options, some women will still benefit greatly from surgical management, but 
it is vital that this is coupled with adequate hormone therapy.
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�Online Healthcare Professional and Patient Support 
and Information

https://pms.org.uk
https://iapmd.org
https://rcog.org.uk
https://helloclue.com/
https://flo.health/
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Endometriosis and Adenomyosis

Silvia Vannuccini, Batuhan Aslan, and Felice Petraglia

1 � Introduction

Adenomyosis and endometriosis are two different diseases, whose historical, patho-
logical, and clinical association cannot be denied. While in the nineteenth century, 
French pathologists observed the first macroscopic findings of endometriosis in 
postmortem series [1], in 1860 an Austrian pathologist Karl von Rokitansky stated 
that endometrium-like stroma and glands may be found unexpectedly in ectopic 
locations [1]. Finally, in the twentieth century, Thomas Cullen coined the term “dif-
fuse adenomyoma,” and Sampson coined the term endometriosis [1], and the two 
conditions were recognized as separate pathological entities [2]. Both diseases are 
characterized by the presence of endometrial stroma and gland-like tissue in ectopic 
foci: adenomyosis, in the case of myometrial location, endometriosis when the ecto-
pic endometrium is outside the uterus.
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2 � Pathogenesis of Adenomyosis

Adenomyosis is histologically defined as the presence of endometrial glands and 
stroma deep within the myometrium, and it is characterized by surrounding myo-
metrial hypertrophy, hyperplasia, and fibrosis [3]. Lesions may be focal when local-
ized in a myometrial area, while lesions distributed throughout the myometrium are 
defined as diffuse [4], but also a specific entity known as cystic adenomyoma is 
described [5].

Complex pathogenic mechanisms such as sex steroid hormone dysfunction, 
inflammation, abnormal immune response, cell migration, invasion and prolifera-
tion, fibrosis, and neuroangiogenesis are involved in the development of adenomy-
osis [6].

The origin of adenomyosis considers different theories. The invagination hypoth-
esis primarily relies on the tissue injury and repair (TIAR) mechanism [7]. The 
TIAR phenomenon assumes the migration of the endometrium through an altered, 
injured, or abnormal junctional zone (JZ), at the endometrial-myometrial interface 
(EMI), invading into the myometrium, upon myocyte and fibroblast damage. This 
mechanism seems to be caused by sustained trauma and myometrial strain, as a 
result of occurring myometrial hyperperistalsis. The consequent microtrauma 
causes a vicious circle (auto-traumatization) with increased inflammation and local 
estrogen production; thus, uterine hyperperistalsis is further stimulated through the 
activation of estrogen receptors (ERs) and oxytocin receptor system [7]. Chronic 
hypercontractility and autotraumatization contribute to the development of 
adenomyosis.

The metaplasia theory includes differentiation of embryonic pluripotent 
Müllerian cells or stem cells, which causes the development of de novo adenomy-
otic foci within the myometrium [6]. This theory may be especially acceptable in 
explaining the adenomyosis observed in rudimentary uterine structures in case of 
Mayer-Rokitansky-Küster-Hauser syndrome [4].

Another hypothesis suggests that ectopic endometrial cells penetrating the uter-
ine wall and forming a uterine adenomyotic nodule may extend posteriorly toward 
the outer wall of the rectum predisposing to the development of deep infiltrating 
endometriosis (DIE) nodules [4]. More likely is the opposite way round, which 
assumes the migration of ectopic cells from DIE nodules into the myometrium 
(“outside-to-inside theory”) [8], as supported by the frequent association of poste-
rior focal adenomyosis of the outer myometrium (FOAM) and DIE in the posterior 
compartment [9, 10]. On this background, it has been suggested that diffuse adeno-
myosis originates from the subendometrial migration of eutopic endometrium 
(“inside-to-inside theory”), whereas focal adenomyosis originates from the invasion 
of the myometrium by endometriotic cells [11].
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3 � Pathogenesis of Endometriosis

Endometriosis is an estrogen-dependent, chronic, and inflammatory disease charac-
terized by the ectopic presence of endometrial stroma and glands in extrauterine 
tissues [12]. Mainly, the ovaries, peritoneum, uterosacral ligaments, rectovaginal 
septum, rectum, and bladder are affected [13]. According to their main location, 
there are three phenotypes: ovarian (OMA), peritoneal (superficial) (SUP), and DIE.

The theories explaining the pathophysiology of endometriosis include retrograde 
menstruation and implantation, coelomic metaplasia, direct transplantation, and 
vascular/lymphatic spread. Although none of these possible mechanisms is suffi-
cient to explain the pathogenesis of endometriosis alone, nowadays the most 
accepted is the retrograde menstruation theory proposed by Sampson in 1927 [14]. 
Accordingly, endometrial tissue shed during menstruation is transported to the peri-
toneal space via the fallopian tubes and steroid-sensitive endometrial cell implant 
on the pelvic organs and causes an inflammatory response. As a result angiogenesis, 
adhesion, fibrosis and scar formation, neuronal infiltration, and anatomical distor-
tion occur, resulting in pain and infertility [15]. In addition, the inability to clean the 
implants from the peritoneal surface due to the immune system disorder is thought 
to have a role in the development of the disease. The common pelvic localizations 
and the fact that endometriosis is frequent in adolescents with obstructive genital 
anomalies than in those without support the retrograde menstruation theory [16].

According to the coelomic metaplasia theory, endometriosis develops with meta-
plastic changes from mesothelial cells of coelomic epithelial origin such as the 
pleura, pericardium, peritoneum, and omentum [17–19]. The occurrence of endo-
metriosis in patients with Mayer-Rokitansky-Küster-Hauser syndrome with com-
plete uterine agenesis [24] and in men [25] supports this theory [20]. Although 
coelomic metaplasia may be an explanation for peritoneal and pleural endometrio-
sis, it does not account for intestinal or pulmonary parenchymal involvement. The 
embryonic Müllerian remnant, or Mullerianosis theory, claims that cells from 
embryological Müllerian duct migration retain the capacity to develop into endome-
triotic lesions in response to the action of estrogen, which begins at puberty [21].

Any of the theories outlined above cannot fully explain endometriosis. Therefore, 
different concepts have been combined to understand the disease’s pathogenesis and 
the different types of endometriosis. For instance, the composite theory combines 
the theories of implantation, lymphatic spread, and direct spread of endometriosis. 
While ovarian and deep endometriosis lesions can be explained by metaplasia, peri-
toneal lesions may occur due to implantation.
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4 � Pathogenetic Factors of Endometriosis and Adenomyosis

4.1 � The Role of Gonadal Sex Steroid Hormones

Sex steroid hormones, estrogen and progesterone, play a crucial role in the origin 
and development of adenomyosis and endometriosis [8, 22] (Fig. 1).

The hyperestrogenism with normal peripheral serum estradiol levels is related to 
altered estrogen receptor ER-α function and to a local estrogen production, both in 
endometriosis and adenomyosis, probably due to the activation of TIAR mecha-
nisms induced by microtrauma at the basal endometrial layer level [23]. Basal endo-
metrial fragments into the peritoneal cavity can induce mechanisms of chronic 
inflammation and activate local estrogen production, cell proliferation, and infiltra-
tive growth resulting in endometriosis [23]. Moreover, the effect of 
17β-hydroxysteroid dehydrogenase type 2 (17β-HSD2) in the eutopic endometrium 

Fig. 1  Common pathogenetic mechanisms and clinical presentation of endometriosis and 
adenomyosis
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in both endometriosis and adenomyosis results in decreased local estrogen metabo-
lism due to its altered regulation [8, 23].

4.2 � The Role of Immune Factors

An abnormal immune response is common in women with adenomyosis or endo-
metriosis (Fig. 1). Different immune-related markers vary at the systemic level and 
locally in the eutopic and ectopic endometrium. T cell populations and macrophages 
are increased in the eutopic endometrium of women with adenomyosis or endome-
triosis, supporting the concept that both innate and adaptive immunities play a role 
in the development of the two diseases [8]. Epithelial-to-mesenchymal transition 
(EMT) and sustained infiltration by inflammatory macrophages can lead to fibrosis, 
while inflammatory mediators may interfere with other physiological functions, 
such as embryo implantation [4]. Transcriptomic analysis of the endometrium of 
women with endometriosis revealed altered steroid hormone signaling and upregu-
lation of pathways, including lymphocyte activation, antigen presentation, cytokine 
induction, and inflammation. In women with endometriosis, immune and inflamma-
tion endometrial genes reveal alterations in endometrial stromal fibroblast cellular 
apoptosis and progesterone-induced decidualization [24].

4.3 � The Role of Inflammation and Neurogenesis

A relevant role of inflammatory processes in adenomyosis and endometriosis devel-
opment is well established [25] (Fig.  1). Ectopic endometrial tissues induce an 
inflammatory peritoneal environment that adversely affects uterine steroid response. 
Interleukin (IL)-1β, IL-6, IL-8, corticotropin-releasing hormone, urocortin, synap-
tophysin, and microtubule-associated protein 2 are highly expressed in adenomy-
otic nodules compared to the eutopic endometrium [8]. Moreover, cyclooxygenase 
2 (COX-2) is overexpressed in the eutopic and ectopic endometrium of adenomyo-
sis and appears to play a critical role in the pathogenesis of the disease [8]. Increased 
concentrations of various inflammatory cytokines (e.g., IL-6, IL-8, and tumor 
necrosis factor alpha (TNF-a)), growth factors (e.g., vascular endothelial growth 
factor (VEGF)), and pain mediators (mainly prostaglandin E2 (PGE2)) are observed 
in endometriosis compared to normal peritoneal fluid [26]. It has been suggested 
that the local and systemic hyperinflammatory environment and the abnormal hor-
monal environment associated with endometriosis promote also the development of 
adenomyosis [27]. Moreover, environmental toxicants that act as endocrine-
disrupting chemicals can affect the pathogenesis of both diseases [27].

Histamine, serotonin, bradykinin, PGs, leukotriene, ILs, acetylcholine, and nerve 
growth factor (NGF) are potent allogenic factors responsible for the functional and 
structural changes of nociceptors. They cause an increase in nerve fibers’ 
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excitability (peripheral sensitization) and explain pain symptoms both in adeno-
myosis and endometriosis [8, 28]. Increased expression of NGFs, synaptophysin, 
and NF proteins may explain the higher perception of uterine pain in adenomyosis 
[29]. Increased expression of nerve growth factor, increased density of nerve fibers, 
angiogenesis, and changes in the innervation of the uterus may also contribute [30].

5 � Epidemiology and Risk Factors of Endometriosis 
and Adenomyosis

The prevalence and risk factors of adenomyosis are currently uncertain [31–33]. 
The disease has historically been identified as a pathological entity from histologi-
cal reports after hysterectomy. Recent diagnostic advances have enabled the detec-
tion of adenomyosis with less invasive methods, such as transvaginal ultrasound 
(TVUS) and magnetic resonance (MRI). The prevalence of the disease in adoles-
cence and young women is still a matter of debate. According to TVUS, the overall 
prevalence of adenomyosis is 20.9% [31]. The frequency increases with age, reach-
ing a peak of 32% in women aged 40–49 [31]. However, it has been reported that 
adenomyosis is detected in approximately 45% of young women complaining of 
chronic pelvic pain [32]. The most common risk factors include being over 40 years 
of age, multiparity, prior delivery, or uterine surgery [6]. Adenomyosis is reported 
to be identified between 20% and 25% of women undergoing assisted reproductive 
technologies (ART), whereas this rate varies widely (20–60%) in those with a his-
tory of endometriosis [6]. A higher prevalence of adenomyosis also has been 
reported in women treated with tamoxifen for breast cancer [33]. The neoplastic 
potential in adenomyosis has not yet been established [34].

Endometriosis is a complex inflammatory syndrome that affects women through-
out the reproductive age from adolescence. Despite the advancements in imaging 
technologies and basic science, a reliable, non-invasive gold standard method for 
diagnosis of endometriosis has not been found yet. Therefore, it varies between 2% 
and 10% in the general female population, up to 50% of infertile women [35, 36]. 
The mean time of diagnosis is between 25 and 35 years, and a wide range of patients 
with chronic pelvic pain are diagnosed in adolescence [37–39]. Although it is less 
common in adolescents, it is detected in 62% of women younger than 20 with 
chronic pelvic pain, dysmenorrhea, or dyspareunia [40]. The prevalence varies 
between 2% and 11% in asymptomatic women, 5% and 50% in infertile women, 
and 5% and 21% in women hospitalized for pelvic pain, even though figures are not 
fully representative [41]. The prevalence of endometriosis in adolescents with 
chronic pelvic pain who does not respond to medical therapy ranges from 49% to 
75% [41].
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Although the exact cause is unknown, it is seen more in Asians than in white 
women and less in black ethnicity [42]. The frequency of endometriosis is inversely 
related to body mass index (BMI) and is more common in thin women [42]. Early 
menarche, short menstrual cycle, and heavy menstrual bleeding (HMB) increase the 
risk of endometriosis [43, 44]. Pregnancy, multiparity, and prolonged lactation 
reduce the risk of endometriosis [45]. While alcohol and caffeine consumption is 
associated with an increased risk of endometriosis, smoking is associated with a 
decreased risk [42, 46, 47]. Nickel allergy appears to be a risk factor for endome-
triosis [48]. It is generally associated with a minimal and insignificantly increased 
risk of cancer, based on a systematic review and meta-analysis of 49 recently pub-
lished cohort or case-control studies [49].

6 � Clinical Presentation of Endometriosis and Adenomyosis

The high rate of co-occurrence of diseases makes it difficult to evaluate them sepa-
rately (Fig. 1). It was reported that 42.3% of women diagnosed with endometriosis 
also had adenomyosis [50, 51].

6.1 � Pain

One of the main symptoms of adenomyosis and endometriosis is pelvic pain. 
Dysmenorrhea and dyspareunia are explained by inflammatory factors (IL-1β and 
corticotropin-releasing hormone) and increased COX and PGs levels [29, 52]. Pain 
in endometriosis results also from compression and/or infiltration of adjacent organs 
and nerves [30]. In particular, endometriosis of bowel and bladder may be associ-
ated with dyschezia and dysuria. Besides, endometriosis is also associated to a cen-
tral pain syndrome (fibromyalgia, migraine, back pain).

6.2 � Abnormal Uterine Bleeding (AUB)

HMB and premenstrual and postmenstrual spotting are typical symptoms of adeno-
myosis, for both endometrial and myometrial causes. The eutopic endometrium in 
adenomyosis presents an abnormal hormonal background with a disturbed response 
to progesterone, contributing to HMB [53]. The activation of coagulation and fibri-
nolysis system has been found to be activated at the time of menstruation in women 
with adenomyosis, contributing to HMB via the formation of local 
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microhemorrhage and microthrombi [53]. Increased angiogenesis and fragile vas-
cular structure also contribute to bleeding [54]. In these patients, iron deficiency 
anemia is noteworthy [55]. Endometriosis patients present with AUB when adeno-
myosis is associated.

6.3 � Infertility

Patients with adenomyosis have lower clinical pregnancy rates, lower live birth 
rates, higher miscarriage rates, and a higher chance of adverse obstetric outcomes 
[56]. Although the guidelines do not recommend a specific treatment protocol for 
adenomyosis, medical and surgical approaches have the effect of increasing preg-
nancy and live birth rates [56]. In endometriosis, anatomical changes, a decreased 
ovarian reserve, and a local inflammatory response of peritoneal ectopic endome-
trial foci contribute to the observed infertility [57]. Endometriosis is diagnosed in 
35–40% of women with infertility [58]. Especially in view of the increasing age of 
women wishing to conceive, ART-priority approaches are recommended increas-
ingly in endometriosis patients [58]. However, in a number of cases, surgery may be 
preferable to increase the chances of conceiving naturally, provided there is time 
(age and ovarian reserve) to conceive spontaneously [58]. Patient-based assessment 
is the best approach in endometriosis women with desire of pregnancy.

6.4 � Systemic Comorbidities

There is a relationship between endometriosis and gastrointestinal, inflammatory, 
metabolic, and immunological diseases [44]. Irritable bowel syndrome, celiac, lac-
tose intolerance, rheumatoid arthritis, psoriasis, and migraine are the main associ-
ated diseases [44, 59]. Endometriosis was associated with a higher risk of ovarian 
and thyroid cancer, although the causal link needs to be further assessed [49]. 
Regarding adenomyosis, so far there is no evidence of the association with other 
diseases, except for IDA resulting from HMB, and the well-known coexistence with 
endometriosis and other uterine disorders, such as uterine fibroids.

7 � Diagnosis

The precise diagnosis of adenomyosis is based on the presence of ectopic endome-
trial tissue in the myometrium by pathological analysis [60]. In the last 15 years, the 
diagnosis of adenomyosis has been accessible by TVUS and MRI, even though 
some limitations in imaging accuracy and standardization still remain [3]. Ultrasound 
criteria for diagnosing adenomyosis using Morphological Uterus Sonographic 
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Assessment (MUSA) are well defined: asymmetrical thickening of the uterine walls, 
intramyometrial cysts or hyperechoic islands (or both), fan-shaped shadowing of 
the myometrium, myometrial echogenic subendometrial lines, and buds, transle-
sional vascularity, and irregular or interrupted junctional zone (JZ) [61]. Diagnosis 
is made by the presence of at least one of these criteria: 84% and 64% specificity 
and sensitivity, respectively, are reported [62]. Pelvic MRI is a more expensive, with 
reproducible examination; specificity and sensitivity of MRI are thought to be 
77.5% and 92.5%, respectively [60].

The diagnosis of endometriosis was previously made by histopathological dem-
onstration of ectopically located endometrial stroma and gland tissue, but TVUS 
and MRI are becoming alternative reliable methods for diagnosing the disease. Pain 
in the form of dysmenorrhea, dyspareunia, chronic pelvic pain, or multiple accom-
panying symptoms is common in patients with endometriosis [63, 64]. Depending 
on the extent of endometriosis, additional painful symptoms may be observed in the 
urinary and gastrointestinal regions. Physical examination of the pelvis and abdo-
men is necessary to facilitate diagnosis and optimize treatment decisions [65]: pal-
pable tender nodules or a thickened area containing any of several pelvic regions 
(torus uterinus, uterosacral ligament(s), upper third of posterior vaginal wall, pouch 
of Douglas), adnexal mass, and rigid retroverted uterus [65–68]. TVUS and MRI 
are suitable for diagnosing the two phenotypes of endometriosis (ovarian and DIE) 
and for the concurrent evaluation of adenomyosis [66, 67]. In addition, sigmoid, 
ileocecal, and urinary tract lesions may be detected by complementary radiological 
techniques [68]. The TVUS criteria are determined by the International Analysis of 
Deep Endometriosis (IDEA) group recommending a systematic approach to evalu-
ating pelvic sonography in patients with suspected endometriosis, showing a good 
accuracy for OMA (93% sensitivity and 96% specificity) and DIE (79% sensitivity 
and 94% specificity) [68]. However, SUP lesions are hardly identified by imaging 
[68]. MRI is the second-line technique allowing also the detection of extrapelvic 
endometriosis [69]. When both techniques were applied in the same patients, the 
diagnostic performances of TVUS (85% sensitivity and 96% specificity) and MRI 
(85% sensitivity and 95% specificity) were similar to detecting rectosigmoid 
DIE [70].

8 � Management

Adenomyosis and endometriosis have a negative impact on women’s quality of life 
due to pain, infertility, and AUB requiring a lifelong management plan through 
medical, surgical, or infertility treatment. The choice depends on the symptoms, 
woman’s age, desire of pregnancy, and clinical history. The surgical treatment 
option for adenomyosis has not been generally accepted, while surgery is consid-
ered an appropriate treatment option for endometriosis in managing pain and infer-
tility, even if it should be minimally invasive.
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Although surgery remains an important management strategy for endometriosis, 
it should not be forgotten that it does not treat the underlying cause of the disease 
and is associated with a high recurrence rate [71]. Especially in cases of DIE, sig-
nificant complications of surgery are noteworthy (e.g., postoperative infection, rec-
tovaginal fistula, neurogenic bladder, and bowel dysfunction). In addition, the 
potential adverse effect of OMA on ovarian reserve after laparoscopic cystectomy 
requires appropriate management in women who desire subsequent pregnancy [72]. 
Medical treatment is a good alternative to surgery (progestins, GnRH analogs, oral 
GnRH antagonists) and may help in planning a fertility-sparing or surgical manage-
ment. Postoperative medical treatment option is suggested to prevent the disease 
recurrence after the operation and prevent pain (unless the patient has no desire of 
pregnancy) [72]. For adenomyosis, hormonal treatment is the most suggested 
(levonorgestrel-releasing intrauterine system, progestins, GnRH analogs, oral 
GnRH antagonists), and conservative surgical/radiological options (endometrial 
ablation, hysteroscopic endometrial resection of adenomyosis, high-intensity 
focused ultrasonography, and uterine artery embolization) remain an alternative 
option [73]. Current medical treatments for endometriosis and adenomyosis include 
also non-hormonal treatments such as pain relievers and NSAIDs. Medical treat-
ment should be the first choice in the treatment of pain and inflammation due to 
endometriosis in patients who do not want to become pregnant.

9 � Conclusion

Adenomyosis and endometriosis are diseases with similar pathogenetic processes 
and are frequently observed together. The heterogeneous clinical presentation 
observed in both diseases complicates the diagnosis and follow-up of patients and 
often prolongs the time from symptom onset to diagnosis. TVUS and MRI are use-
ful for the diagnosis of both diseases, due to the advancements in technologies and 
the increased awareness among clinicians. Endometriosis is also associated with 
systemic comorbidities, while adenomyosis is more likely associated with IDA, 
resulting from HMB.  Psychological problems are common with impairment in 
social and work life, loss of productivity, and economic damage. An holistic 
approach and a tailored management is advisable to take care of women affected by 
endometriosis and adenomyosis.
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1 � Introduction

Uterine fibroids (also referred to as leiomyomas or myomas) are the most common 
pelvic neoplasm in females [1]. They are noncancerous monoclonal tumors arising 
from the smooth muscle cells and fibroblast of the myometrium. Incidence is diffi-
cult to determine since there are few longitudinal studies. They arise in reproductive-
age females and, when symptomatic, typically present with abnormal uterine 
bleeding (AUB) and/or pelvic pain.

2 � Fibroid Locations

Uterine fibroids are described according to their location in the uterus.
The International Federation of Gynecology and Obstetrics (FIGO) classifica-

tion system [2] is stratified into nine basic categories that are arranged according to 
the acronym PALM-COEIN: polyp, adenomyosis, leiomyoma, malignancy and 
hyperplasia, coagulopathy, ovulatory disorders, endometrium, iatrogenic, and not 
classified. In general, the components of the PALM group are structural entities that 
are measurable visually, by use of imaging techniques, and/or by use of histopathol-
ogy, while the COEIN group is related to entities that are not defined by imaging or 
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histopathology (nonstructural). The classification system for fibroid location is as 
follows:

–– Intramural myomas (FIGO type 3, 4, 5): these fibroids are located within the 
uterine wall, and they may be transmural and extend from the serosal to the 
mucosal surface.

–– Submucosal myomas (FIGO type 0, 1, 2): these fibroids protrude into the uterine 
cavity. The extent of this protrusion is described by the FIGO/European Society 
of Hysteroscopy classification system [3]:

•	 Type 0: completely within the endometrial cavity
•	 Type 1: Extend less than 50 percent into the myometrium
•	 Type 2: Extend 50 percent or more within the myometrium

–– Subserosal myomas (FIGO type 6, 7): these fibroids originate from the myome-
trium at the serosal surface of the uterus with a broad or pedunculated base. They 
may be intraligamentary (i.e., extending between the folds of the broad ligament).

–– Cervical myomas (FIGO type 8): these fibroids are located in the cervix.

The PALM-COEIN system adds categorization of intra-mural and subserosal 
myomas as well as a category that includes lesions that appear to be detached from 
the uterus [2]. When a myoma abuts or distorts both the endometrium and serosa, it 
is categorized first by the submucosal classification and then by the subserosal loca-
tion, with these two numbers separated by a hyphen [4]. Considered but not yet 
included are the size, number, and location of the tumors longitudinally in the uterus 
(e.g., the fundus, lower segment, or cervix).

3 � Prevalence

Uterine leiomyomas are the most common pelvic tumor in females [1, 5–7]. The 
actual prevalence remains unknown since studies have been conducted mainly in 
symptomatic patients or following surgery (i.e., hysterectomy). The incidence and 
prevalence of leiomyomas increase with age during the reproductive years [17]. The 
prevalence in postmenopausal patients is one-tenth that of premenopausal patients 
[8]. Moreover, while fibroids may cause heavy bleeding, bulky symptoms, or pain 
in the reproductive years, after menopause most fibroids will decrease in size. 
Leiomyomas have not been described in prepuberal girls, but they are occasionally 
noted in adolescents [5].
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4 � Pathogenesis and Risk Factors

The pathogenesis of leiomyomas is not well understood. Genetic predisposition, 
environmental factors, steroid hormones, and growth factors all play a role in the 
formation and growth of uterine fibroids. Different fibroids within the same uterus 
may have different etiologies and arise from different somatic mutations [9].

Two distinct components are known to contribute to leiomyoma development:

–– Transformation of normal myocytes into abnormal myocytes, through somatic 
mutations

–– Growth of abnormal myocytes into clinically apparent neoplasms

The subsequent growth of the neoplasm occurs via clonal expansion from a sin-
gle cell and will likely be a better target for new therapeutic interventions [10].

5 � Genetics

Uterine leiomyomas are a common phenotype with differing genotypes. There 
appear to be multiple different genetic pathways to phenotypic leiomyomas [11]. 
Most fibroids arise from somatic mutations with mediator complex subunit 12 
(MED12) being by far the most common group followed by high mobility group 
AT-hook (HMGA1 and HMGA2) and collagen type IV, alpha-5, and alpha-6 
(COL4A5 and COL4A6) [11, 12].

6 � Gonadal Steroid Hormones

Gonadal steroid hormones are an important influence in leiomyoma pathogenesis. 
The epidemiology of leiomyomas parallels the ontogeny and life cycle changes of 
the reproductive hormones, estrogen and progesterone. Conventionally, estradiol 
has been considered the primary stimulus for fibroid growth, and studies with cell 
culture and animal models support this concept. However, recent findings have 
highlighted that progesterone appears to be the important hormone. Progesterone 
receptors are upregulated in leiomyomas compared with normal myometrium [13]. 
Although the growth of fibroids is responsive to gonadal steroids, these hormones 
are not necessarily responsible for the genesis of the tumors [5].
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7 � Parity

Parity (having one or more pregnancies extending beyond 20 weeks of gestation) 
decreases the chance of fibroid formation. There is also a suggestion that additional 
pregnancies further decrease the risk [14].

8 � Early Menarche

Menarche is associated with increase of estradiol to postpubertal levels which can 
plausibly lead both to increased fibroid growth and early fusion of the long bone 
epiphyses leading to decreased height. Early menarche (<10 years old) is associated 
with an increased risk of developing fibroids. This may account for the early onset 
of disease in Black patients, in whom menarche is generally earlier than in White 
patients [15].

9 � Obesity

BMI and weight gain exhibited a complex relation with risk uterine leiomyomata. 
The relationship is likely modified by other factors, such as parity, and may be more 
related to change in body habitus as an adult [15, 16].

10 � Race/Ethnicity

The incidence rates of fibroids are typically greater in Black females than in White 
females. Black females compared with White females are also more likely to have 
clinically relevant fibroids and develop symptoms earlier [17, 18]. Differences in 
diet, lifestyle, psychosocial stress, perceived racism, and environmental exposures 
are thought to contribute to this disparity rather than race itself [19, 20].

11 � Clinical Features

The majority of fibroids are asymptomatic, but many patients with myomas have 
significant symptoms that interfere with many aspects of their lives. These symp-
toms are related to the number, size, and location of the disease. Uterine leiomyo-
mas are typically brought to medical attention due to heavy or prolonged menstrual 
bleeding or are found incidentally on pelvic imaging.
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Symptoms are classified into three categories:

–– Heavy or prolonged menstrual bleeding, the most common symptom, occurring 
in approximately 26–29% of all patients [5]

–– Bulk-related symptoms, such as sense of abdominal fullness similar to pregnancy
–– Reproductive dysfunction (i.e., infertility, miscarriage)

12 � Heavy or Prolonged Menstrual Bleeding

Heavy or prolonged menstrual bleeding is the typical bleeding pattern in these 
women. The mechanisms of profuse menses are unclear but may include abnormali-
ties of the uterine vasculature, impaired endometrial hemostasis, or molecular dys-
regulation of angiogenic factors [21]. The presence and degree of uterine bleeding are 
determined, in large part, by the location of the fibroid. Submucosal myomas are most 
frequently related to significant heavy menstrual bleeding. In addition, a study of 
uterine peristalsis demonstrates altered uterine contractility near submucosal fibroids; 
one theory is that this inhibits the usual ability of the uterus to contract during menses 
[22]. Intramural myomas are also commonly associated with this bleeding pattern, 
but subserosal fibroids are not considered a major risk for heavy menstrual bleeding [5].

13 � Bulk-Related Symptoms

The myomatous uterus is enlarged and irregularly shaped causing symptoms due to 
pressure, such as pelvic pain or pressure (i.e., lower back pain, pelvic pain, and/or 
menstrual pain), urinary tract or bowel obstruction, or venous compression. Urinary 
symptoms including frequency, difficulty emptying the bladder, or, rarely, complete 
urinary obstruction may all occur in up to 60% of patients with fibroids [23]. Bladder 
symptoms arise when an anterior fibroid presses directly on the bladder or a poste-
rior fibroid pushes the entire uterus forward. Likewise, fibroids that place pressure 
on the rectum can result in constipation.

Very large uteri may increase the thromboembolic risk due to the compression of 
the vena cava [24, 25]. One small study has reported thromboembolism as the pre-
senting complaint in approximately 4% patients with an enlarged fibroid uterus [24].

14 � Reproductive Dysfunction

Submucosal or intramural fibroids with an intracavitary component that distort the 
uterine cavity have been thought to result in difficulty conceiving a pregnancy and 
an increased risk of miscarriage. In addition, leiomyomas have been associated with 
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adverse pregnancy outcomes (e.g., placental abruption, fetal growth restriction, 
malpresentation, and preterm labor and birth), particularly in patients with multiple 
fibroids, retroplacental fibroids, and size greater than 5 cm. In some patients, sub-
mucosal fibroids appear to adversely affect implantation, placentation, and ongoing 
pregnancy. The effects of intramural fibroids are more controversial, while fibroids 
that are primarily subserosal or pedunculated are unlikely to cause early pregnancy 
loss. The risk of pregnancy loss may be higher when there are multiple fibroids [26].

Several factors make it difficult to assess the impact of fibroids on pregnancy 
outcome. For example, interpretation of available evidence is limited by the hetero-
geneity of the study populations. Lastly, the mechanism whereby fibroids may cause 
adverse obstetric outcomes is not clearly understood. Most pregnant individuals 
with fibroids do not have any complication during pregnancy related to fibroids. 
When complication occurs, painful degeneration is the most common complica-
tion [27].

15 � Diagnostic Evaluation

The clinical diagnosis of uterine leiomyomas is made based on a pelvic examination 
and pelvic ultrasound findings consistent with a uterine leiomyoma. Characteristic 
symptoms further support the clinical diagnosis, although many patients are asymp-
tomatic. A definitive diagnosis by pathology evaluation is not obtained in all cases 
but should be pursued if there is reason to be suspicious that the uterine mass may 
not be a fibroid, but rather may be a uterine precancer or cancer. The differential 
diagnosis of uterine leiomyomas includes other conditions that cause uterine 
enlargement, abnormal uterine bleeding (AUB), pelvic pain, or infertility. It is 
important to note that leiomyomas are a common condition, and other coexisting 
conditions may be the etiology of the presenting symptoms.

16 � History

Important information that can be elicited from the patient includes symptoms 
related to fibroids and their duration, severity, and impact on quality of life. Based 
on the bleeding pattern and risk factors, the clinician should consider the risk of 
endometrial hyperplasia or cancer. In addition, if there is any possibility the patient 
is pregnant, pregnancy testing should be performed.

Pain related to fibroids is not likely to have an acute onset, and it can also be 
noncyclic. In addition, pain associated with menses may also indicate other condi-
tions, such as adenomyosis or endometriosis.

Patients should be asked about other potential pain or bulk-related symptoms, 
infertility, recurrent miscarriage, or obstetric complications that may be related to 
fibroids.
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The clinician should take obstetric and gynecologic history including prior his-
tory of uterine fibroids, history of pelvic pain, and relevant medical and surgical 
history, including those that are part of the differential diagnosis or may exacerbate 
the symptoms of a pelvic mass, pelvic pain, or abnormal uterine bleeding. It should 
include also risk factors for uterine malignancies other than endometrial carcinoma 
(sarcoma, carcinosarcoma).

17 � Physical Examination

The physical examination includes an abdominal and pelvic examination. The 
abdominal examination should include palpation for a pelvic-abdominal mass. 
Large fibroid uteri can be palpated abdominally. The level of the uterine fundus 
should be noted. The size is described in terms of the fundal height in the superior-
inferior axis in comparison to a gravid uterus.

A thorough pelvic examination is performed. On bimanual pelvic examination, 
the size, contour, and mobility should be noted. An enlarged, mobile uterus with an 
irregular contour is consistent with a leiomyomatous uterus. An enlarged uterus that 
is fixed raises suspicion of an inflammatory process or malignancy.

18 � Laboratory Testing

Laboratory testing does not have a role in the diagnosis but is important in evaluat-
ing for other associated conditions, including pregnancy, anemia, endometrial 
hyperplasia, or carcinoma (i.e., endometrial biopsy).

19 � Imaging and Endoscopy

Pelvic ultrasound is the first-line study used to evaluate uterine fibroids, based on 
the ability to visualize genital tract structures and cost-effectiveness. Fibroids are 
seen on pelvic ultrasound as well-circumscribed round masses, hypoechoic, fre-
quently with shadowing. Precise localization of fibroids is limited in larger uteri or 
when there are many tumors [5].

Diagnostic hysteroscopy is useful for visualizing endometrial cavity. This tech-
nique allows evaluation for submucosal or protruding myometrial fibroids and can 
characterize the extent of protrusion. However, when the fibroid abuts the endome-
trium or protrudes into the myometrium, the depth of penetration cannot be ascer-
tained hysteroscopically.
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Hysterosalpingograms can also sometimes show the distortion of the endome-
trial cavity in those patients needing assessment of fallopian tube patency for 
fertility.

Additional imaging can be necessary when complex intervention is planned or 
malignant disease is suspected (i.e., magnetic resonance imaging, contrast-enhanced 
ultrasound).

20 � Treatment Overview

Uterine fibroids can be entirely asymptomatic. However, many patients will present 
with symptoms including abnormal uterine bleeding, pressure or bulk symptoms, 
fertility issues, and/or pain that warrants treatment. The patient’s desire for immedi-
ate or future pregnancy has to be assessed prior to choosing any treatment as the 
therapies have differing impacts on fertility.

20.1 � Patient Not Desiring Fertility

For patients who do not desire fertility, treatment is aimed at symptom reduction.
When there is an underlying condition, its treatment can correct the AUB or 

make further treatment more effective.
First-tier treatment of heavy menstrual bleeding, which is a common presenting 

symptom in patients with fibroids, includes hysteroscopic fibroid resection, if the 
fibroids are in an appropriate anatomic location, or medical treatment for those with 
fibroids in locations not amenable to hysteroscopic resection.

Hysteroscopic myomectomy is on outpatient procedure with rapid recovery, a 
low risk of complications compared with abdominal procedures, rapid improvement 
in quality of life, and low risk for uterine rupture in subsequent pregnancy [28].

Combined estrogen-progestin contraceptives (oral contraceptive pills, vaginal 
ring, or transdermal patch) are the most common medical therapy utilized in patients 
with all other types of fibroids who do not desire pregnancy [29]. For patients who 
cannot use or do not want estrogen-containing contraceptives, progestin-releasing 
intrauterine devices (IUDs) are the main progestin-only contraceptive for fibroid-
related heavy menstrual bleeding, although supporting data are mainly observa-
tional [30].

Effective second-tier medical treatments for fibroid-associated HMB are 
gonadotropin-releasing hormone (GnRH) agonist and antagonists [31]. Uterine 
artery embolization is a minimally invasive treatment option that treats bot bleeding 
and bulk symptoms [32].

For patients who do not desire future fertility and have persistent fibroid-related 
symptoms or who desire surgical treatment, main options include hysterectomy and 
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myomectomy. Hysterectomy involves removal of the uterine corpus, including the 
fibroids, while myomectomy removes only the fibroids and leaves the uterus in situ.

Hysterectomy eliminates both the risk of new fibroids forming and all types of 
abnormal uterine bleeding, and it improves quality of life [33]. However, hysterec-
tomy has also been associated with long-term morbidity with and without bilateral 
oophorectomy.

20.2 � Patients Desiring Fertility

Most medical therapies for uterine fibroids preclude conception, cause adverse 
effects when employed long-term, and result in rapid symptom rebound when dis-
continued. For patients with heavy menstrual bleeding and a submucosal fibroid or 
fibroids (FIGO type 0, 1 or some type 2), hysteroscopic myomectomy is appropri-
ate. For patients who desire pregnancy and present with bulk symptoms, treatment 
can be represented by myomectomy via either laparoscopy (with or without robotic 
assistance) or an open abdominal incision. Laparoscopic myomectomy compared 
with open abdominal myomectomy presents decreased morbidity and a shorter 
recovery. However, laparoscopic technique may be limited by characteristics of 
myomas and surgical expertise [34].
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1 � Introduction

Abnormal uterine bleeding (AUB) is a common disorder defined as heavy uterine 
bleeding or intermenstrual uterine bleeding in the reproductive years [1] or any kind 
of uterine bleeding in the postmenopause. Abnormal uterine bleeding is usually 
associated with a benign condition but can be a major symptom of endometrial 
hyperplasia or endometrial carcinoma [2]. For this reason, all possible causes of 
uterine bleeding in women of childbearing age and women after menopause should 
be investigated.

Abnormal uterine bleeding can depend on various causes, and there are various 
risk factors, which mostly depend on the woman’s age. In the reproductive years, 
abnormal uterine bleeding may result from pregnancy, miscarriage, ectopic preg-
nancy, hormonal disorders, cervical or endometrial polyps, and, more rarely, endo-
metrial hyperplasia or even carcinoma [3]. In contrast, in the postmenopausal age, 
the most common cause of abnormal uterine bleeding is the thinning of the tissues 
that line the uterus or vagina, followed by uterine polyps. Less common but more 
critical causes for women’s health are endometrial hyperplasia, with or without 
atypia, and endometrial cancer.
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2 � FIGO Classification System

FIGO (International Federation of Gynecology and Obstetrics) has developed two 
AUB classification systems to standardize definitions, nomenclature, and underly-
ing categories of etiology [4, 5]:

•	 System 1, which is based on a standardized definition of abnormal uterine bleed-
ing in childbearing years

•	 System 2 (the PALM-COEIN system), which contains the most common causes 
of abnormal uterine bleeding

System 1 is based on the main characteristics of menstrual cycles, such as dura-
tion, frequency, and quantity; in fact, it divides abnormal uterine bleeding into 
heavy menstrual bleeding (HMB, i.e., excessive menstrual bleeding affecting the 
quality of life of women); bleeding between periods; and breakthrough bleeding 
(BTB, which can occur with hormonal drugs such as birth control pills).

System 2 summarizes the most common causes of abnormal uterine bleeding 
under the acronym PALM-COEIN and divides them into structural causes (PALM) 
and non-structural causes (COEIN), which will be described in detail below. PALM: 
polyps, adenomyosis, leiomyoma, malignancy, hyperplasia. COEIN: coagulopathy, 
hormonal dysfunction, iatrogenic cause, not yet classified.

2.1 � Polyps (AUB—P)

Endometrial polyps can be single or multiple lesions, a few millimeters or several 
centimeters long, and their morphology can be sessile or pedunculated. The main 
risk factors for the development of endometrial polyps are older age, hypertension, 
obesity, treatment with tamoxifen, and any conditions that promote hypoestrogen-
ism (e.g., polycystic ovary syndrome, obesity, late menopause, early menarche) [6]. 
Polyps can be asymptomatic, but when they do produce symptoms, the most com-
mon is abnormal uterine bleeding, and in some cases, they can be associated with 
infertility. Additionally, although rare, polyps can be associated with malignant 
lesions, with an estimated prevalence of 3.4% to 4.9% in postmenopausal age and 
1.1% before menopause. The main risk factors for transformation into malignant 
lesions are advanced age, the presence of abnormal uterine bleeding, and obesity. 
Diagnosis of endometrial polyps is mainly based on pelvic ultrasound, which iden-
tifies the polyp and describes its characteristics (size, whether it is sessile or pedun-
culated, etc.). After identification and description of the polyp by ultrasound, it may 
be necessary to resort to hysteroscopy, which makes it possible to carry out a tar-
geted biopsy, to make a histological diagnosis excluding malignant lesions. The 
therapeutic management of endometrial polyps essentially depends on the woman’s 
age and its clinical manifestations. Indeed, if the woman is of reproductive years 
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and the polyp is asymptomatic, it is possible to allow watchful waiting with frequent 
observation. Instead, in postmenopausal women with endometrial polyps causing 
AUB, it is necessary to intervene with hysteroscopically guided polypectomy, 
through which it is possible to remove the lesion and make a histological diagnosis.

2.2 � Adenomyosis (AUB—A)

Adenomyosis is a benign disorder in which endometrial glands and stroma exist in 
the myometrium. It is usually associated with increasing age and may coexist with 
uterine fibroids. In addition, adenomyosis can be focal or widespread and may be 
more difficult to diagnose when co-existing with fibroids [5].

2.3 � Malignancy (AUB—M)

This group includes endometrial hyperplasia with or without atypia and endometrial 
cancer, which will be described in detail below.

2.4 � Coagulopathy (AUB—C)

Coagulopathy occurs in 13% of women with AUB. Most of these women have von 
Willebrand’s disease. Until now, anticoagulants and antiplatelet drugs were consid-
ered part of “AUB-C” [5].

2.5 � Ovulatory (AUB—O)

Anovulatory cycles, along with changes in menstrual frequency, may contribute to 
AUB through the unopposed effects of estrogen on the endometrium. This is 
observed at the extremes of reproductive age. However, with endocrinopathy, the 
hypothalamus-pituitary-ovary axis can also be affected. The latter includes factors 
such as obesity, anorexia, weight loss, mental stress, and intense exercise, as well as 
polycystic ovary syndrome (PCOS), hyperprolactinemia, and hypothyroidism. 
Concomitant ovulatory dysfunction in women with uterine fibroids may exacerbate 
the menstrual loss [5].
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2.6 � Endometrial (AUB—E)

AUB occurring in association with a structurally normal uterus with regular men-
strual cycles without signs of coagulopathy may have an underlying endometrial 
cause. Endometrial function related to menstruation and its disorders has not yet 
been fully studied and remains an active area of scientific research. AUB—E can 
occur in many women with AUB, but the lack of specific tests or clinically available 
biomarkers means that a true test for the condition is not yet available. Diagnosis, 
therefore, depends on careful history taking and the exclusion of other partici-
pants [5].

2.7 � Iatrogenic (AUB—I)

Iatrogenic causes of AUB include exogenous therapies that can cause unscheduled 
endometrial bleeding. It is usually associated with interventions that affect ovarian 
steroid secretion, such as continuous estrogen or progesterone therapy (systemic or 
intrauterine routes) or gonadotropin-releasing hormone (GnRH) agonists and aro-
matase inhibitors. Selective estrogen receptor modulators (SERMs) and, rarely, 
selective progesterone receptor modulators (SPRMs) can cause AUB by acting 
directly on the endometrium [5].

2.8 � Not Otherwise Classified (AUB-N)

Inevitably, there are rare or ill-defined pathologies that do not fit easily into the pre-
viously described categories. Examples include arteriovenous malformations, endo-
metrial pseudoaneurysms, myometrial enlargement, and chronic endometritis [5].

3 � Endometrial Hyperplasia With or Without Atypia

Endometrial hyperplasia represents an abnormal proliferation of endometrial glands 
leading to an increased gland-to-stroma ratio relative to endometrium from the pro-
liferative phase of the cycle. Proliferating glands in endometrial hyperplasia may 
vary greatly in size and shape, and cytologic atypia may be present [7, 8]. There are 
two types of endometrial hyperplasia: hyperplasia without atypia and hyperplasia 
with atypia (atypical hyperplasia or endometrial intraepithelial neoplasia, EIN). The 
clinical significance of a diagnosis of endometrial hyperplasia correlates with the 
risk of long-term progression to endometrial cancer; indeed, atypical endometrial 
hyperplasia is thought to be a precursor to endometrioid endometrial carcinoma, as 
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both share a similar profile of genetic alterations and monoclonal growth. Up to 
60% of patients with endometrial hyperplasia with atypia have already developed or 
will develop invasive endometrial cancer, whereas hyperplasia without atypia rarely 
progresses to endometrial cancer (1–3%). In some cases, endometrial hyperplasia 
with atypia is a marker of concurrent cancer (i.e., the simultaneous presence of 
endometrial hyperplasia with atypia and endometrial carcinoma) [7]. For these rea-
sons, endometrial tissue sampling should be performed in all women suspected of 
having endometrial hyperplasia [9].

The main symptom of endometrial hyperplasia is abnormal uterine bleeding [8], 
and the main factor stimulating the development of hyperplasia is excess estrogen. 
In fact, the main risk factor is anovulation (e.g., a common risk factor of hyperplasia 
with atypia in reproductive age is polycystic ovary syndrome and postmenopausal 
obesity). When treating a patient with endometrial hyperplasia, it is first necessary 
to determine the risk of progression to endometrial cancer and whether there is 
concurrent cancer [10]. The risk of progression to endometrial cancer varies depend-
ing on whether it is hyperplasia without atypia (in this case the risk of progression 
is 4.6% in 20 years) or hyperplasia with atypia or intraepithelial neoplasia (in this 
case the risk of progression is 28%) [11]. In terms of concurrent carcinoma, the lit-
erature describes a prevalence between 17% and 52%. In the case of endometrial 
hyperplasia without atypia, the first-line therapy is a medical approach, which can 
be based on estrogen-progestogen or progestogen-only drugs, oral or vaginal. A 
minimum treatment duration of 6 months is generally required to induce regression 
of endometrial hyperplasia without atypia. Follow-up is based on endometrial sam-
pling taken every 3–6 months to ensure that no disease progression occurs during 
treatment. Patients who do not respond after 12  months of treatment will rarely 
experience a response thereafter, and a change in treatment modality should be con-
sidered. Surgical treatment should be reserved for patients who do not wish to pre-
serve their fertility and who have progressed to atypical hyperplasia or carcinoma 
during follow-up. However, the surgical approach for endometrial hyperplasia with-
out atypia should be total hysterectomy with salpingectomy, with or without bilat-
eral oophorectomy [9].

In the case of endometrial hyperplasia with atypia, the first-line therapy is hys-
terectomy with adnexectomy or salpingectomy, and a minimally invasive approach 
is preferred [9]. A particular case is represented by a woman with endometrial 
hyperplasia in reproductive years who wants to preserve her fertility: in this case, it 
is possible to carry out hormone therapy based on progestins (oral or local), aroma-
tase inhibitors, or gonadotropin-releasing hormone agonists [9] and careful follow-
up [7]. The follow-up should be done every 3 months until at least two negative 
specimens are obtained. Patients who develop cancer progression during follow-up, 
whose hyperplasia does not resolve after 12 months of medical treatment, or who 
relapse after discontinuation of progestogen therapy, or who continue to experience 
abnormal uterine bleeding despite treatment, or who refuse endometrial monitoring 
or medical treatment, should undergo definitive surgical treatment [9].
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4 � Endometrial Cancer

Endometrial cancer is the sixth most common cancer in women, and in most cases, 
its main or only symptom is abnormal uterine bleeding [12]. Usually AUB occurs at 
a relatively early stage of the disease, and it can be considered a good trigger for 
evaluation of the endometrial cavity [13].

There are two types of endometrial carcinoma, type I and type II, which differ 
from an epidemiological, histopathological, prognostic, and therapeutic point of 
view. Type I endometrioid carcinoma is estrogen-dependent, is more common, and 
generally has a lower recurrence rate and a more favorable prognosis (with an 85% 
overall 5-year survival rate) because it is usually confined to the uterus at the time 
of diagnosis and is usually low-grade (FIGO grade 1 or 2) cancer. EIN is considered 
a precursor to type I cancer, which is more common in younger, obese women. Type 
II non-endometrioid carcinoma is not estrogen-dependent and is considered high 
grade by definition, and it generally has a poorer prognosis (with an overall 5-year 
survival rate of 55%) and a higher recurrence rate [14]. This group includes clear 
cell carcinoma and serous carcinoma [12], but mixed cell, undifferentiated, neuro-
endocrine, and carcinosarcomas also belong to this group. The main risk factors for 
the development of endometrial cancer are obesity, tamoxifen therapy, and chronic 
exposure to hypoestrogenism, both endogenous (early menarche, late menopause, 
chronic anovulation, nulliparity, infertility) and exogenous (like hormone replace-
ment therapy); and there may also be a genetic predisposition (Lynch syndrome or 
Cowden syndrome). The most common symptom is abnormal uterine bleeding, but, 
especially in the more advanced stages of the disease, women may also have abdom-
inal pain, vaginal discharge, abdominal distension, changes in bowel or bladder 
function, and dyspnea because of pleural effusion [14]. FIGO staging of endome-
trial cancer is the most commonly used and recognizes four tumor stages, based on 
myometrial infiltration and the local and distant extent of the disease (Table 1). To 
stage the disease, a gynecological examination and transvaginal ultrasound are 
required to assess tumor volume, myometrial infiltration, cervical involvement, and 
the presence of ovarian disease [12]. The diagnosis is confirmed by a biopsy per-
formed by hysteroscopy or dilation and curettage. Diagnostic methods such as mag-
netic resonance (MR) or computed tomography (CT) can also be used to exclude 
metastases [14].

Table 1 In the case of early-stage disease (FIGO stage I), the first-line treatment 
is surgical access (by laparotomy, laparoscopy, or robotic) with total hysterectomy, 
bilateral adnexectomy, and with or without lymphadenectomy [12]. Regarding the 
role of lymphadenectomy, it is important during surgery to assess pelvic lymph 
nodes and remove enlarged lymph nodes to exclude metastases, even for women in 
whom uterine confinement is suspected, as this may determine the need for adjuvant 
treatment with radiotherapy and/or chemotherapy and provide important prognostic 
information. In young women who wish to preserve their fertility, it is possible to 
carry out a conservative approach based on progestogen treatment, provided that 
certain characteristics are present, i.e., that the tumor has an endometrioid histotype, 
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Table 1  FIGO classification 
system 2009 [12]

Stage I Tumor confined to the body of the 
uterus

 ��     IA No infiltration or infiltration of <½ 
myometrium

 ��     IB Infiltration >½ myometrium
Stage II Tumor extended to the cervical stroma 

but not outside the uterus
Stage III Local or regional extension
 ��     IIIA Extension to the uterine serosa or 

ovaries
 ��     III B Extension to the vagina or parameters
 ��     III C Extension to pelvic or lumbo-aortic 

lymph nodes
 ��     IIIC1 Pelvic lymph nodes positive
 ��     III C2 Lumbo-aortic lymph nodes positive, 

regardless of the pelvic ones
Stage IV Extension to the bladder or intestinal 

mucosa or distant metastases
 ��     IVA Extension to the bladder or intestinal 

mucosa
 ��     IVB Distant metastases

that it is well differentiated, and that invasion of the myometrium is minimal or 
absent. This type of pharmacological treatment is temporary and aimed only at 
achieving pregnancy and must be discontinued as the disease progresses. In stage II, 
the first-line treatment is surgery, but a radical hysterectomy is necessary. On the 
contrary, in the more advanced stages (stage III and IV FIGO), the surgical approach 
only has a palliative role, and chemotherapy is the first-line treatment [12]. In 
patients in whom surgery is not possible (e.g., patients with unresectable disease or 
with significant medical comorbidities), radiotherapy and/or chemotherapy is the 
preferred treatment. Risk stratification should be done to decide what kind of fol-
low-up care should be done or if the patient needs adjuvant therapy. Low-risk endo-
metrial cancer includes women with grade 1 or 2 endometrioid histology limited to 
the endometrium (FIGO stage IA). In this case, there is a small risk of recurrence, 
so adjuvant therapy is not recommended. Intermediate-risk endometrial cancer is 
defined as cancer confined to the uterus but invading the myometrium (FIGO stage 
IA or IB) or cancer with cervical stromal invasion (FIGO stage II). This intermediate-
risk group can be further divided into high and low intermediate-risk groups based 
on age and some pathologic factors (such as the presence of deep myometrial inva-
sion or the presence of invasion of the lymph vascular space). For low intermediate-
risk endometrial cancer, observation only is recommended, and radiation therapy 
should be considered in high intermediate-risk disease as it may reduce the risk of 
local recurrence [14].
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5 � Diagnosis and Management of Abnormal Uterine Bleeding

If a woman comes to clinic with abnormal uterine bleeding, first of all, a complete 
medical history should be collected to rule out pregnancy, the use of medications (e.g., 
oral contraceptives), and IUDs. A medical history can also help you understand how 
long the uterine bleeding has lasted, how it relates to weight gain or loss, gender, drug 
use, and the presence of other symptoms. The second step is a gynecological examina-
tion with speculum examination if possible. A complete gynecologic examination is 
helpful to rule out nongynecological causes of bleeding (e.g., clotting disorders) and 
nonuterine causes of bleeding (including evaluation of the vulva, vagina, and cervix). 
The third step is based on laboratory tests and imaging. Laboratory tests include preg-
nancy tests, hormone levels, liver and thyroid function tests, and coagulation tests. 
Transvaginal pelvic ultrasound is the main method for diagnosing uterine pathologies 
such as endometrial polyps, endometrial hypertrophy, adnexal masses, and polycystic 
ovarian syndrome [2]. If the ultrasound diagnosis is inconclusive, MRI or CT can be 
used. In most cases of women with AUB, to complete the diagnosis, it is also neces-
sary to resort to invasive tests, such as endometrial sampling and hysteroscopy. 
Endometrial cancer is often diagnosed with endometrial sampling by hysteroscopy or 
with in-office endometrial biopsy, curettage, or targeted endometrial biopsy [15].

6 � Endometrial Sampling

In the UK, NICE recommended endometrial sampling for women over 45 years of 
age with persistent breakthrough bleeding or treatment failure. The RCOG guide-
lines published in 2008 emphasized this, except for lowering the sampling age to 
40 years in the setting of treatment failure.

Because of the significant increase in endometrial cancer, endometrial sampling 
was recommended in women over 40 years of age with HMB who had risk factors 
for malignant transformation, such as obesity and PCOS.  In 2012, the American 
College of Obstetricians and Gynecologists (ACOG), in their Practice Bulletin, 
acknowledged “the primary role of endometrial sampling in patients with AUB is to 
determine if carcinoma or pre-malignant lesions are present.” Furthermore, the 
Bulletin states that endometrial biopsy has “high overall accuracy in diagnosing 
endometrial cancer when an adequate specimen is obtained and when the endome-
trial process is global” (>50% of the uterine cavity surface). Therefore, these tests 
are now considered an endpoint when they show carcinoma or atypical complex 
hyperplasia The most accurate method of obtaining histological specimens is not 
yet known, for many years dilation and curettage (D&C) was the method of choice, 
but all or part of the focal lesion may remain in the uterine cavity after D&C in 
women with focal lesions in growth. Alternatively, hysteroscopy offers the advan-
tage of distinguishing between normal and abnormal endometrium due to direct 
visualization of the uterine cavity and targeted biopsies [16].
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7 � Role of Hysteroscopy

Hysteroscopy is a procedure to examine the inside of the uterus. This is done by 
passing transcervically a thin telescope-like device called a hysteroscope, which is 
fitted with a small camera. This procedure is performed without general or regional 
anesthesia. Vaginoscopy is the recommended technique, and a miniature hystero-
scope (3.5  mm or smaller) should be used [17]. Hysteroscopy remains the gold 
standard for the detection of uterine bleeding and is particularly useful clinically in 
patients with focal lesions and/or recurrent menopausal bleeding. Office hysteros-
copy has been useful in the preoperative setting to inform malignant risk and to 
predict cervical metastases of endometrial adenocarcinoma. Advantages of hyster-
oscopy include direct visualization of the endometrial cavity and hysteroscopy-
guided biopsy. The procedural risks of this method are minimal and include cervical 
injury, bleeding, and fluid overload due to intraperitoneal absorption of the expand-
ing medium. Hysteroscopy with or without biopsy would be appropriate in women 
with any postmenopausal bleeding when the endometrial thickness is >4 mm. An 
incidental finding of a thicker endometrium need not warrant investigation although 
on a case by case basis, if deemed high risk (marked obesity, history of PCOS, 
unopposed estrogen, etc.), then evaluation may be appropriate.

8 � Hysteroscopy Can Also Have a Surgical Role, in Fact, 
It Can Remove Endometrial Lesions

When performing a hysteroscopy, it is important to choose the most appropriate 
form of distention media according to the purpose of the hysteroscopy [18]: if a 
diagnostic hysteroscopy is performed, a simple saline solution can be used, which 
is very cheap and allows a clear view, while if it is necessary to perform an operative 
hysteroscopy, it is necessary to use electronic fluid management systems that allow 
the dilatation of the uterine cavity and the control of the intrauterine pressure. 
However, biopsies can be performed using the classic punch biopsy technique, 
which allows the removal of small tissue fragments and does not allow targeted 
biopsy of the lesion. Alternatively, the biopsy can be performed with scissors or a 
bipolar electrode, particularly effective in cases of atrophic endometrium where 
punch biopsy is more difficult. In a study performing blind endometrial sampling in 
65 patients with known carcinoma before their hysterectomy, results assessed that 
11/65 cancers were missed with a sensitivity of only 83%. Causes of a low sample 
include cervical stenosis, uterine prolapse, focal endometrial pathology (e.g., uter-
ine polyps and submucosal fibroids), and endometrial atrophy. If a histological 
diagnosis of the sample is inadequate, gynecologists are sometimes unsure whether 
to proceed with further invasive studies for fear that cancer will disappear. The 
hysteroscopy-guided biopsy is a more sensitive, specific, and precise technique that 
reduces the number of ultrasounds and follow-up visits. According to NICE 
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guidelines [17] office, hysteroscopy is recommended instead of pelvic ultrasonog-
raphy for investigation of suspicion of submucosal fibroids, polyps, or endometrial 
pathology. It is an efficient and safe technique with a low risk of complications, 
pain, and anxiety for most people [19].
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Unique Issues in Oncological Patients: 
From Amenorrhea to Fertility Preservation

Marta Caretto, Martina Benvenuti, and Tommaso Simoncini

1 � Introduction

Cancer is an important cause of morbidity and mortality worldwide, with 18.1 mil-
lion new cases and 9.6 million cancer deaths worldwide in 2018 [1]. Breast cancer 
is the most common female cancer worldwide, followed by colorectal cancer in 
high-income countries and cervical cancer in low- and middle-income countries.

Worldwide, there were about 2.1 million newly diagnosed female breast cancer 
cases in 2018, accounting for almost one in four cancer cases among women. 
Approximately 20% of new breast cancer diagnoses occur in women under age 45, 
with almost all requiring chemotherapy and adjuvant endocrine therapy. With ear-
lier detection and improved treatments, particularly in high-income countries, 
women are living longer after a cancer diagnosis [2].

At the time of diagnosis, a significant proportion of young women experience 
unique treatment and survivorship issues centering on treatment-related amenor-
rhea, including fertility preservation and management of ovarian function as endo-
crine therapy. Considering the rising trend in delaying childbearing and the higher 
number of patients who have not completed their family planning at the time of 
diagnosis, the demand for fertility preservation and information about the feasibility 
and safety of pregnancy following treatment completion is expected to increase [3].

One of the main issues that influence patients’ quality of life after adjuvant che-
motherapy is the risk for infertility [4]. Chemotherapy-induced amenorrhea (CIA) 
is a well-known toxicity after chemotherapy in young cancer patients that has tradi-
tionally referred as a marker of infertility. The majority of young cancer patients 
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have concerns about treatment-induced infertility, and in some cases these concerns 
influence their treatment decision [5–8]. However, the discussion about CIA and 
infertility risk between oncologists and their patients remains limited [5, 6].

CIA is not the only situation of menstrual absence: Obstetrician–gynecologists 
frequently are consulted either before the initiation of cancer treatment to request 
menstrual suppression or during an episode of severe heavy bleeding to stop bleed-
ing emergently. Adolescents undergoing cancer treatment are at high risk of abnor-
mal menstrual bleeding as a direct result of hematologic malignancies or as a 
secondary effect of chemotherapy, radiation therapy, or pretreatment regimens for 
stem cell or bone marrow transplantation, all of which may induce myelosuppres-
sion leading to thrombocytopenia. Additional considerations include the potential 
for disruption of the hypothalamic–pituitary–gonadal axis during cancer treatment 
leading to anovulatory bleeding.

In the following chapter, the most common menstrual disorders connected with 
anticancer treatment will be treated.

2 � Chemotherapy-Induced Amenorrhea

The link between adjuvant chemotherapy and amenorrhea has been well estab-
lished, but the specific effect of individual chemotherapeutic agents and regimens 
on risk for amenorrhea has not been well characterized. The most important draw-
back on the current literature is the lack of uniform definition of CIA.  In the 
mid-1990s, a systematic review by Bines et al. underscored the need for uniform 
definition of CIA and proposed one based on the duration of amenorrhea (>6 months) 
[10]. A similar definition has been adopted from the American College of 
Obstetricians and Gynecologists based on the current systematic review and the 
evidence derived from studies with long-term follow-up, where resumption of men-
ses occurs often within 2 years of CIA [11, 12]; Zavos and Valachis suggested that 
the definition of CIA should be based on the presence of amenorrhea for at least 
2 years commencing within 2 years of chemotherapy with no resumption of menses 
during this period. One could argue that this definition is also problematic since 
there are some patients that resume menses even 2–3 years after CIA [9]; however, 
they assumed that the 2-year cutoff is an acceptable compromise between the neces-
sity for a uniform and reliable definition and the resources that a prospective study 
investigating the risk for CIA in cancer patients is needed.

Irrespective of the definition used for CIA, cessation of menses is only a surro-
gate marker for ovarian function and should not be considered synonymous to true 
ovarian failure. In fact, it has been found that estrogen levels can remain high despite 
the presence of CIA for more than 12 months [9]. Conversely, recovery of menstrua-
tion after chemotherapy does not rule out follicular depletion, and fertility cannot be 
guaranteed [13]. These observations suggest that more accurate indicators of ovar-
ian function are needed to properly inform cancer patients about their risk for infer-
tility due to cancer treatment. Among several markers that have been studied, 
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anti-Müllerian hormone (AMH) seems to be the most promising one. Indeed, serum 
AMH has been associated with recovery of ovarian function in young women dur-
ing and after chemotherapy [14].

3 � Etiologies and Pathogenesis

3.1 � Gonadotoxicity of Anticancer Treatments

Cancer and anticancer treatments may affect post-treatment ovarian function by a 
reduction in ovarian reserve (i.e., the primordial follicle pool); a disturbed hormonal 
balance; or anatomical or functional changes to the ovaries, uterus, cervix, or vagina. 
Reduced ovarian function may result in infertility and premature ovarian insuffi-
ciency (POI): POI is defined as oligo-/amenorrhea for >4  months and follicle-
stimulating hormone (FSH) levels of >25  IU/l on two occasions, 4 weeks apart, 
before the age of 40  years. Notably, in cancer patients, menstrual function can 
resume many months after completion of treatment; in addition, infertility and POI 
may occur despite temporary resumption of menses [3].

CIA is mainly due to damage to growing follicles that occurs within weeks after 
CIA initiation and is often transient. Depending on age, pretreatment ovarian 
reserve, and type of treatment, exhaustion of the primordial follicle pool may occur 
with subsequent POI. Because of their cell cycle nonspecific mode of action, alkyl-
ating agents induce the greatest damage, not only to growing follicles but also to 
oocytes, resulting in a striking reduction of the primordial follicle pool [15].

The impact of most targeted agents (including monoclonal antibodies and small 
molecules) and immunotherapy is largely unknown. Limited data for the anti-
human epidermal growth factor receptor 2 (HER2) agents trastuzumab and/or lapa-
tinib indicate no apparent gonadotoxicity [16]. An increased risk of ovarian 
dysfunction in patients treated with bevacizumab cannot be excluded [3]. Endocrine 
treatments may have an indirect effect on fertility by delaying time to pregnancy. A 
higher risk of treatment-related amenorrhea with the use of tamoxifen following 
chemotherapy has been described in several studies. Nonetheless, no impact on 
AMH levels has been shown [17, 18].

4 � Prognostic Factors

Women who have had cancer are at an increased risk of early menopause and POI 
as a result of ovarian follicle depletion, stromal fibrosis, and vascular injury after 
chemotherapy and radiotherapy [19]. Early menopause has a negative effect on 
quality of life [20] and is associated with osteoporosis, cardiovascular disease, and 
psychosocial disorders such as depression. Even survivors in whom ovarian 
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function resumes or is maintained after cancer treatment might face a shortened 
window of fertility [21]. The extent of the damage to the ovary depends on the type 
and dose of chemotherapy [3], the radiotherapy dose, fractionation scheme, and 
irradiation field [22] and the ovarian reserve before treatment (Table 1).

Table 1  Risks of treatment-related amenorrhea in female patients

Risks of treatment-related amenorrhea in female patientsa

Degree of risk Treatment type/regimen Comments

High risk 
(>80%)b

Hematopoietic stem cell transplantation (especially 
alkylating agent-based myeloablative conditioning 
with cyclophosphamide, busulfan, melphalan, or 
total body RT)
EBRT > 6 Gy to a field including the ovaries
6 cycles of CMF, CEF, CAF, or TAC in women of 
>40 years

Significant decline in 
AMH levels after 
treatment early 
menopause

6e8 cycles of escalated BEACOPP in women of 
>30 years

Significant decline in 
AMH levels after 
treatment

Intermediate 
risk 
(20%–80%)c

6 cycles of CMF, CEF, CAF, or TAC in women of 
30–39 years

Significant decline in 
AMH levels after 
treatment early 
menopause

4 cycles of AC in women of >40 years Significant decline in 
AMH levels after 
treatment

4 cycles of AC/EC/taxane Significant decline in 
AMH levels after 
treatment

4 cycles of dd (F)EC/dd taxane
6e8 cycles of escalated BEACOPP in women of 
<30 years

Significant decline in 
AMH levels after 
treatment

6 cycles of CHOP in women of >35 years Early menopause
6 cycles of DA-EPOCH in women of >35 years Significant decline in 

AMH levels after 
treatment

FOLFOX in women of >40 years
Low risk 
(<20%)d

6 cycles of CMF, CEF, CAF, or TAC in women of 
<30 years

Significant decline in 
AMH levels after 
treatment early 
menopause

4 cycles of AC in women of <40 years Significant decline in 
AMH levels after 
treatment

2 cycles of escalated BEACOPP Significant decline in 
AMH levels after 
treatment
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Table 1  (continued)

Risks of treatment-related amenorrhea in female patientsa

Degree of risk Treatment type/regimen Comments

ABVD Insignificant decline in 
AMH levels after 
treatment

6 cycles of CHOP in women of <35 years Early menopause
6 cycles of DA-EPOCH in women of <35 years Significant decline in 

AMH levels after 
treatment

AML therapy (anthracycline/cytarabine) Insignificant decline in 
AMH levels after 
treatment

ALL therapy (multi-agent) Insignificant decline in 
AMH levels after 
treatment

Multi-agent ChT for osteosarcoma (doxorubicin, 
cisplatin, methotrexate, ifosfamide) in women of 
<35 years
Multi-agent ChT for Ewing’s sarcoma 
(doxorubicin, vincristine, dactinomycin, 
cyclophosphamide, ifosfamide, etoposide) in 
women of <35 years
FOLFOX in women of >40 years
Antimetabolites and vinca alkaloids
BEP or EP in women of <30 years
Radioactive iodine (I-131) Decline in AMH levels 

after treatment
Bevacizumab

Unknown risk Platinum- and taxane-based ChT
Most targeted therapies (including monoclonal 
antibodies and small molecules)
Immunotherapy

ABVD doxorubicin, bleomycin, vinblastine, dacarbazine, AC doxorubicin, cyclophosphamide, 
ALL acute lymphoid leukemia, AMH anti-Müllerian hormone, AML acute myeloid leukemia, 
BEACOPP bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, prednisone, pro-
carbazine, BEP bleomycin, etoposide, cisplatin, CAF cyclophosphamide, doxorubicin, 
5-fluorouracil, CEF cyclophosphamide, epirubicin, 5-fluorouracil, CHOP cyclophosphamide, 
doxorubicin, vincristine, prednisone, ChT chemotherapy, CMF cyclo-phosphamide, methotrexate, 
5-fluorouracil, DA-EPOCH dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, 
doxorubicin, dd dose dense, EBRT external beam radiotherapy, EC epirubicin, cyclophosphamide, 
EP etoposide, cisplatin, F fluorouracil, FOLFOX folinic acid, 5-fluorouracil, oxaliplatin, Gy Gray, 
RT radiotherapy, TAC docetaxel, doxorubicin, cyclophosphamide
aAdapted from [3]
b >80% risk of permanent amenorrhea
c >40–60% risk of permanent amenorrhea
d<20% risk of permanent amenorrhea
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Regarding the risk factors for CIA, age is the strongest risk factor (sixfold 
increased risk for CIA for patients <40 years old), whereas tamoxifen use is associ-
ated with nearly twofold increased risk for CIA. On the contrary, age at menarche 
and BMI do not influence the risk for CIA. These observations are supported by a 
high level of evidence [9]. Age is an important marker of ovarian reserve, as are the 
serum markers estradiol, inhibin B, follicle-stimulating hormone, and AMH. AMH 
has emerged as an especially strong predictor of ovarian function after chemother-
apy. A rapid and substantial reduction of circulating AMH concentration is noted in 
adults after the start of chemotherapy [23], and recent data suggest that AMH con-
centrations before the start of chemotherapy, and the reduction and recovery of 
AMH during and after chemotherapy, might predict the amount of ovarian damage 
[24]. These data suggest a crucial role for AMH in the identification of patients who 
might benefit from fertility preservation and which approach will optimize future 
fecundity. However, in prepubertal and peripubertal girls, AMH concentrations 
should be interpreted with caution because they cannot unequivocally predict repro-
ductive lifespan [21]. Long-term follow-up data for AMH concentrations decades 
after cancer treatment are not yet available to establish the predictive potential of 
AMH with regard to reproductive lifespan in cancer survivors.

Follicle depletion is the hallmark of ovarian damage and is most pronounced in 
women given alkylating agents, such as cyclophosphamide [24], and in those who 
receive total-body irradiation before hematopoietic stem cell transplantation or 
direct irradiation of the ovaries. The precise mechanism by which cyclophospha-
mide affects the primordial follicle pool is not entirely understood, but recent stud-
ies investigating the effect of cyclophosphamide in mouse ovaries suggest that 
cyclophosphamide results in activation rather than apoptosis of primordial follicles 
[25], via upregulation of the PI3K/PTEN/Akt signalling pathway. According to 
these data, cyclophosphamide causes apoptosis of larger growing follicles, with 
cyclophosphamide-induced primordial follicle activation ultimately resulting in fol-
licle burnout.

Other chemotherapeutic drugs might directly damage the growing oocyte or the 
highly proliferative granulosa cells within the developing follicle. These drugs 
might also cause follicle depletion indirectly, by damaging growing follicles and 
enhancing recruitment of primordial follicles to deplete the follicle pool or by alter-
ing the ovarian stroma [19]. An understanding of the gonadotoxic mechanisms of 
chemotherapy is needed to design effective agents that protect against iatrogenic 
depletion of ovarian follicles in young patients with cancer.

Taking into account the effect of fertility issues on patients’ quality of life, the 
American Society of Clinical Oncology recommends that oncologists discuss the 
risk of infertility and fertility preservation options in patients with cancer as early as 
possible before treatment starts [9].
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5 � Chemotherapy-Induced Ovarian Failure

Chemotherapy-associated ovarian failure (COF) refers to disruption of both endo-
crine and reproductive ovarian function, after exposure to chemotherapy. It is 
defined as either the absence of regular menses in premenopausal female patients or 
as increased FSH levels (>40 IU/L) [26].

In 2006, the American Association of Clinical Oncology attempted to sort anti-
neoplastic regimens, according to the associated fertility compromise risk. 
Hematopoietic stem cell transplant (HSCT) initiation regimens steadily compro-
mise patients’ fertility, while gonadotoxicity of adjuvant chemotherapy regimens 
against early breast cancer varies with duration of exposure and patient’s age. 
Characteristically, triple agent combinations, such as CMF (cyclophosphamide, 
methotrexate, fluorouracil), entail a high risk of infertility if administered for more 
than four cycles in women older than 40, whereas the risk is significantly reduced 
for younger patients. Notably, vincristine, methotrexate, and fluorouracil do not 
impose considerable fertility hazards, while there are no sufficient data regarding 
taxanes, oxaliplatin, and targeted treatments [27].

Considering the finite number of follicles available in the ovaries and their co-
existence in different stages of development, variable pathophysiologic mechanisms 
have been proposed to underlie chemotherapy-induced ovarian failure. These 
include:

–– “Accelerated” ovarian follicle maturation: Chemotherapy agents induce apopto-
sis of mature, functioning ovarian follicles, resulting in depression of estrogen 
and anti-Müllerian hormone negative feedback on the gonadotropic cells of the 
anterior pituitary. Persistently elevated gonadotropins may accelerate maturation 
of premature ovarian follicles, which, in their turn, enter apoptosis under system-
atic chemotherapy, thus the gradual exhaustion of ovarian follicle deposit [26, 
28]. Supporting evidence comes from histologic studies of murine ovarian tissue, 
in cyclophosphamide-treated mice, showing increased population of early grow-
ing follicles, in parallel with elimination of the quiescent ones. The enhanced 
phosphorylation of proteins involved in the maturation of primordial follicles 
seems to be mediated via the PI3K/PTEN/Akt signaling pathway, which may 
also be activated due to a direct effect of chemotherapy on oocytes and on pre-
granulosa cells supporting them [25].

–– Direct quiescent follicle DNA damage: Non-cell cycle specific chemotherapeu-
tics, such as alkylating agents and doxorubicin, can induce formation of cross-
links in the DNA of non-dividing, dormant oocytes. The subsequent accumulation 
of DNA strand breaks activates the pro-apoptotic intracellular pathways, leading 
to apoptosis of the affected ovarian follicles [29]. Relevant supporting evidence 
derives from studies of human oocyte in vitro cultures and human ovarian xeno-
graft murine models, exposed to doxorubicin and cyclophosphamide, revealing 
double strand breaks and features of apoptotic death in premature oocytes [27].

Unique Issues in Oncological Patients: From Amenorrhea to Fertility Preservation



148

–– Disrupted ovarian vascularization: Chemotherapy may compromise the func-
tionality of ovarian vasculature and stroma supporting the gonadal cells. Local 
vascular spasm reducing ovarian blood flow, fibrosis of the ovarian cortex affect-
ing blood vessel formation, and inhibition of angiogenesis are some of the 
described associated mechanisms. Relative evidence has been found in in vitro 
and murine xenograft studies of human ovarian tissue, as well as mouse ovaries, 
exposed to doxorubicin [27, 29].

6 � Risk of CIA in Patients with Breast Cancer

The incidence of breast cancer in young women has been relatively stable around 
the world during the last 20 years. However, breast cancer in young women remains 
a challenge for the oncologist: the high risk for recurrence in this patient population 
has led to more aggressive therapeutic strategies including adjuvant chemotherapy 
that improves the survival rates, but, at the same time, chemotherapy negatively 
influences patients’ quality of life.

As explained before, the rate of CIA was increased by age and adjuvant chemo-
therapy regimen, as reported in Table 1. A flowchart to illustrate the risk classifica-
tion of CIA based on age and type of chemotherapy is shown on Fig. 1.

This flowchart could serve as a helpful guide for oncologists during the discus-
sion with their patients on fertility issues before decisions on adjuvant therapy are 
made. The discussion should include the inherent risk for amenorrhea of each 

Fig. 1  Flowchart of risk for chemotherapy-induced amenorrhea based on age and type of chemo-
therapy. AC doxorubicin-cyclophosphamide, CMF cyclophosphamide-methotrexate-fluorouracil. 
(Adapted from [9])
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chemotherapy combination, the potential role of risk factors (including age, tamoxi-
fen use) on this risk, the fertility preservation options, and the psychosocial aspects 
of the decision [9].

7 � Radiotherapy-Induced Ovarian Failure

Radiotherapy (RT) exposure causes a reduction in the number of ovarian follicles 
and has an adverse effect on uterine and endometrial function; the gonadotoxic 
effect of RT is dependent on the RT field, dose, and fractionation schedule, with 
single doses more toxic than multiple fractions [3]. RT-related ovarian follicle loss 
already occurs at doses higher than 2 Gy. The effective sterilizing dose at which 
97.5% of patients are expected to develop immediate POI decreases with increasing 
age at the time of treatment, ranging from 16 Gy at 20 years to 14 Gy at 30 years. 
RT also induces loss of uterine elasticity in a dose-dependent manner. This inter-
feres with uterine distension, with increased risk throughout pregnancy [30]. A 
potential negative impact of cancer on ovarian reserve has been described for young 
women with lymphoma but not for patients with other malignancies.

7.1 � Predicting Age of Ovarian Failure After Radiation

As survival rates for children and adolescents treated for cancer continue to improve, 
a population of young women of reproductive age emerges for whom issues of fer-
tile potential are paramount. Impaired fecundity and premature ovarian failure are 
recognized potential late sequelae of radiotherapy to the ovaries [22].

The human ovary contains a fixed pool of primordial oocytes, maximal at 
5 months of gestational age, which declines with increasing age in a biexponential 
fashion, culminating in the menopause at an average age of 50–51 years. For any 
given age, the size of the oocyte pool can be estimated based on a mathematical 
model of decline [22, 31]. The rate of oocyte decline represents an instantaneous 
rate of temporal change determined by the remaining population pool, which 
increases around age 37  years when approximately 25,000 primordial oocytes 
remain and precedes the menopause by 12–14 years [32]. Reproductive aging in 
women is due to ovarian oocyte depletion with approximately 1000 oocytes remain-
ing at the menopause. Assessment of ovarian reserve and reproductive age in healthy 
women remains a challenge.

Radiotherapy may be used either alone or in combination with surgery and che-
motherapy to provide local disease control for solid tumors. Because of its estab-
lished late sequelae on immature and developing tissues, irradiation is used 
cautiously, especially in children and adolescents. Total body, craniospinal axis, 
whole abdominal, or pelvic irradiation potentially expose the ovaries to irradiation 
and may cause premature ovarian failure. The degree of impairment is related to the 
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volume treated, total radiation dose, fractionation schedule, and age at the time of 
treatment [31, 33]. The number of primordial oocytes present at the time of treat-
ment, together with the biologic dose of radiotherapy received by the ovaries, will 
determine the fertile “window” and influence the age at premature ovarian failure. 
Assessing the extent of radiation-induced damage of the primordial oocytes and 
predicting the impact on fertile potential has been challenging. An understanding of 
ovarian follicle dynamics has allowed us to determine the radiosensitivity of the 
human oocyte to be 2 Gy [33]. Application of this estimate has made it possible to 
determine the surviving fraction of the primordial oocyte pool for a given dose of 
radiotherapy and therefore predict the age (with confidence intervals) of premature 
ovarian failure by applying a mathematical model of decay.

Radiotherapy is frequently used in combination with chemotherapy for the treat-
ment of cancer. Potentially gonadotoxic chemotherapy may be a contributory factor 
to the development of a premature menopause. However, when the dose of radio-
therapy received by the ovaries is at, or approaching, the effective sterilizing dose, 
the additional contribution of chemotherapy is likely to be minimal. For smaller 
doses of radiation to the ovary, such as for spinal irradiation, the contribution of 
chemotherapy will play a more significant role. Several agents have been described 
to cause ovarian damage, including procarbazine, chlorambucil, and cyclophospha-
mide with the extent of the damage dependent on the agent administered and dose 
received [22]. As with radiotherapy, progressively smaller doses are required to pro-
duce ovarian failure with increasing age, reflecting the natural decline in the oocyte 
pool. Although the mechanism of cytotoxic chemotherapy-induced damage to the 
ovary is uncertain, exhaustion of the oocyte pool is likely.

A successful term pregnancy will depend on a normally functioning hypotha-
lamic–pituitary–ovarian axis and a uterine environment that is not only receptive to 
implantation but also able to accommodate normal growth of the fetus. The degree 
of damage to the uterus depends on the total radiation dose and the site of irradia-
tion. The prepubertal uterus is more vulnerable to the effects of pelvic irradiation 
with doses of radiation between 14 and 30 Gy likely to result in uterine dysfunction. 
High-dose pelvic radiotherapy in young women will have long-term effects on the 
uterine vasculature and development.

When counseling patients after treatment with smaller doses of radiotherapy, 
around 3 Gy, which can be associated with radiotherapy to the craniospinal axis, the 
physicians can be relatively optimistic and reassuring that they will have a signifi-
cant reproductive window before premature ovarian failure occurs. The fertile win-
dow will be attenuated with increasing doses of radiotherapy. For girls who are 
likely to be rendered sterile before the onset of menarche, it will enable physicians 
to realistically counsel their patients and families when discussing options for pres-
ervation of ovarian function at the time of diagnosis before treatment has com-
menced. A number of strategies to protect the ovaries and preserve fertility during 
cancer therapy have been attempted [21, 34]. Limitation of radiation dose to the 
ovary is sometimes practiced in adult women, but in children is technically difficult.
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8 � Prophylactic Menstrual Suppression

CIA is not the only situation of menstrual absence: Obstetrician–gynecologists fre-
quently are consulted either before the initiation of cancer treatment to request men-
strual suppression or during an episode of severe heavy bleeding to stop bleeding 
emergently.

Adolescents undergoing cancer treatment are at high risk of abnormal menstrual 
bleeding as a direct result of hematologic malignancies or as a secondary effect of 
chemotherapy, radiation therapy, or pretreatment regimens for stem cell or bone 
marrow transplantation, all of which may induce myelosuppression leading to 
thrombocytopenia. Additional considerations include the potential for disruption of 
the hypothalamic–pituitary–gonadal axis during cancer treatment leading to anovu-
latory bleeding. Also, even normal menstrual blood loss may pose a threat to ado-
lescents who already are anemic, thrombocytopenic, or both, from hematologic 
malignancies or cancer treatments. Thus, obstetrician–gynecologists frequently are 
consulted either before the initiation of cancer treatment to request menstrual sup-
pression or during an episode of severe heavy bleeding to stop bleeding emergently 
[35]. Therapy for both menstrual suppression and management of acute bleeding 
episodes should be tailored to the patient, the cancer diagnosis and treatment plan, 
and the individual’s contraceptive needs. Because of the complex nature of cancer 
care, collaboration with the adolescent’s oncologist is highly recommended. Options 
for menstrual suppression include gonadotropin-releasing hormone agonist 
(GnRHa), progestin-only therapy, and combined hormonal contraception [36]. 
Adolescents presenting emergently with severe uterine bleeding usually require 
only medical management; surgical management rarely is required. Considerations 
when choosing an appropriate treatment for acute bleeding include the patient’s cur-
rent menstrual status, current hemoglobin and platelet count, expected nadirs, 
planned cancer treatments, risk of thromboembolism, and request for contraception. 
If a patient is treated with leuprolide acetate for menstrual suppression, this should 
not be considered a contraceptive method because ovulation may not be universally 
suppressed [37].

An American College of Obstetricians and Gynecologists’ Committee on 
Adolescent Health Care has been updated to make treatment recommendations 
based on more recent studies, to address specific concerns about the use of com-
bined hormonal contraception (CHC) in cancer patients, and to update nonmedical 
management to include the intrauterine Foley balloon.
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8.1 � Menstrual Suppression

8.1.1 � Gonadotropin-Releasing Hormone Agonists

Gonadotropin-releasing hormone agonists are highly effective at inducing men-
strual suppression when initiated before cancer treatment [36]. The primary role of 
GnRHA is for menstrual suppression. Though they appear to have a protective 
effect on the ovary during chemotherapy in terms of resumption of menstruation 
and treatment-related premature ovarian failure, there is no conclusive evidence 
demonstrating efficacy of GnRHa in fertility preservation [37].

Most of the data on GnRHa focuses on the use of leuprolide acetate, a synthetic 
GnRHa that acts as a potent inhibitor of gonadotropin release when given in thera-
peutic doses. Studies, including a systematic review of women undergoing cancer 
treatment, report high rates of amenorrhea with leuprolide acetate (ranging from 
73% to 96%) [38].

After an initial flare response that causes a transient increase in circulating 
gonadotropins and sex steroids, leuprolide acetate reliably causes a hypoestrogenic 
state in 2 weeks. Therefore, bleeding may occur for 2–3 weeks after the first injec-
tion until hormone levels decrease and endometrial proliferation ceases. When ini-
tiating treatment with leuprolide, adding norethindrone acetate 5 mg daily will help 
mitigate breakthrough bleeding and other adverse effects of leuprolide. It may be 
given in doses of 3.75  mg intramuscularly monthly or 11.5  mg intramuscularly 
every 12  weeks. The 12-week formulation decreases the risk of more frequent 
monthly injections that may be due at a time of treatment-induced thrombocytope-
nia. If intramuscular injections are contraindicated, subcutaneous formulations are 
available [37].

Disadvantages of leuprolide acetate include the expected adverse effects related 
to a low-estrogen state, such as vasomotor symptoms and bone density loss. When 
leuprolide acetate is used to treat endometriosis in adolescents, add-back therapy 
with a progestin (such as norethindrone acetate 5 mg once daily) has been shown to 
preserve bone mass and substantially reduce vasomotor symptoms without increas-
ing the rate of bleeding. Treatment should be individualized; certain cancer patients, 
depending on potential risks and benefits, may be candidates for combined add-
back therapy.

8.1.2 � Progestin-Only Therapy

Daily administration of oral progestins allows for decreased endometrial prolifera-
tion and prevention of menses. Options for progestin-only oral therapies are 
medroxyprogesterone acetate (10–20  mg/day), norethindrone acetate (5–15  mg/
day), drospirenone (4  mg/day), and norethindrone (0.35  mg/day). Drospirenone 
(4 mg/day) and norethindrone (0.35 mg/day) also provide contraception but do not 
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confer the same degree of amenorrhea as other oral progestins, and unscheduled 
bleeding is relatively common in users [38, 39].

Use of depot medroxyprogesterone acetate (DMPA) results in relatively high 
rates of amenorrhea over time, with rates at 12–24 months reaching approximately 
50–70% in the general population [40]. However, initial irregular bleeding with 
DMPA makes it a less reliable method for rapid therapeutic menstrual suppression, 
and episodes of breakthrough bleeding can be challenging to manage, particularly 
in patients who are not candidates for adjuvant estrogen. It is classified as a Category 
2 method (the advantages of using the method generally outweigh the theoretical or 
proven risks) among those with a history of VTE and active cancer according to the 
Centers for Disease Control and Prevention’s US Medical Eligibility Criteria for 
Contraceptive Use. Data on the use of progestin-only methods by patients with can-
cer are limited. Depot medroxyprogesterone acetate typically is administered every 
12 weeks, but the dosing interval can be shortened to achieve amenorrhea quickly. 
Its long dosing interval of up to 3 months minimizes concerns over adherence and 
is a good option for patients unable to swallow or tolerate pills. A subcutaneous 
formulation (dose of 104 mg) is available and is recommended for adolescents with 
thrombocytopenia who are at risk of developing an intramuscular hematoma with 
intramuscular administration [37].

Although there are limited data regarding menstrual management with an LNG-
IUD in patients undergoing cancer treatment, it is a reasonable option to manage 
heavy menstrual bleeding in a patient with benign or malignant disease. Furthermore, 
the World Health Organization and the Centers for Disease Control and Prevention 
state that IUDs can be used safely in women with immunosuppression because of 
cancer treatment. Although initial irregular bleeding may limit its use, many studies 
in noncancer patients have demonstrated the superiority of the 52 micrograms 
LNG-IUD over oral medroxyprogesterone acetate, norethindrone acetate, DMPA, 
and CHC for long-term menstrual control [37].

If an adolescent had an LNG-IUD or the etonogestrel single-rod implant inserted 
before her cancer diagnosis and has infrequent bleeding or amenorrhea, it is reason-
able to continue the method for menstrual suppression. However, if an adolescent 
had an implant inserted before her cancer diagnosis and experiences bothersome 
bleeding, the bleeding can be temporized with a norethindrone acetate or medroxy-
progesterone taper and the implant continued.

8.1.3 � Combined Hormonal Contraceptives

When used continuously, CHCs are effective for producing amenorrhea, although 
complete amenorrhea cannot be guaranteed. The Centers for Disease Control and 
Prevention’s 2016 US Medical Eligibility Criteria for Contraceptive Use notes that 
when oral contraceptives primarily are used as therapy, rather than to prevent preg-
nancy, even in women where contraceptive use might be cautioned against or con-
traindicated (such as in those with cancer), the benefits from therapeutic use might 
outweigh the risks [37].
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The decision to use estrogen in patients with cancer should be tailored to the 
individual patient after collaborative consideration of the risk–benefit ratio with the 
patient and the healthcare team; the patient should be closely monitored for known 
adverse effects such as liver toxicity and VTE.

8.1.4 � Emergent Treatment of Acute Uterine Bleeding

Some adolescents may present with life-threatening bleeding in the setting of a new 
cancer diagnosis, whereas others who are undergoing myelosuppressive treatment 
may not have the time to benefit from prophylactic menstrual suppression and need 
more urgent therapy once bleeding occurs. Medical management is the initial 
approach for patients who are experiencing an episode of acute heavy bleeding. 
Surgical management should be considered for patients who are not clinically stable 
or for those whose conditions are not suitable for medical management or have 
failed to respond appropriately to medical management [41]. Some hormonal thera-
pies that are used for menstrual suppression, such as leuprolide acetate, DMPA, 
LNG-IUD, and the etonogestrel implant, are not appropriate for the initial manage-
ment of acute heavy bleeding because the onset of action is delayed, and, in some 
cases, the bleeding pattern is unpredictable. Instead, these therapies may be used in 
conjunction with therapy for acute bleeding to prevent future episodes of acute uter-
ine bleeding. Ultrasonography can be useful to guide management. Endometrial 
thickness can guide whether the patient may benefit from progestin or estrogen.

9 � Fertility Preservation Strategies

The assessment of fertility risk and the selection of an individualized strategy to 
optimize fecundity after cancer treatment are huge challenges and require intense 
cooperation between fertility preservation specialists, oncologists, other healthcare 
workers, and the patient. Guidelines developed on the basis of systematic reviews 
and scientific literature analyses recommend fertility preservation approaches by 
patient age, cancer type, type of treatment, presence of a male partner or patient 
preference for the use of banked donor sperm, time available for fertility preserva-
tion intervention, and the likelihood of ovarian metastasis. Established fertility pres-
ervation methods include oocyte and embryo cryopreservation, both derived from 
routine reproductive clinical practice, and ovarian transposition (oophoropexy), 
which can be offered to women undergoing pelvic irradiation [21] (Fig. 2).
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Fig. 2  Management flowchart for ovarian function and/or fertility preservation in female patients. 
ChT chemotherapy, GnRHa gonadotropin-releasing hormone agonist. aTo be offered preferably in 
women 36 years of age and to be considered with particular caution in cases of acute leukemia or 
any solid tumor or hematological disease with pelvic involvement. (Adapted from [21])
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9.1 � Oocyte and Embryo Cryopreservation

Oocytes and embryos can be safely and efficiently cryopreserved before the initia-
tion of anticancer treatments. While embryo cryopreservation is an established and 
reproducible technology, it requires the use of sperm and the presence of a partner 
or donor. Conversely, oocyte cryopreservation can be carried out without a partner, 
and so it is the preferred option for most post-pubertal women. The ability to cryo-
preserve oocytes has become much more successful in recent years since the devel-
opment of ultra-rapid freezing (vitrification).

For oocyte and embryo cryopreservation, about 2 weeks of ovarian stimulation 
with gonadotropins is required, followed by follicle aspiration. Ovarian stimulation 
can be started at any time of the menstrual cycle (“random start stimulation”). 
Developments in ovarian stimulation protocols allow more rapid completion of the 
process than previously, without affecting their efficacy. However, timing is a cru-
cial factor as the procedure must be completed before initiation of any chemother-
apy. In women with a low ovarian reserve and without an urgent need to initiate 
anticancer treatments, double stimulation can be considered; this requires 4 weeks 
of treatment and approximately doubles the number of oocytes retrieved [3, 42].

The efficacy of oocyte and embryo cryopreservation to generate a subsequent 
pregnancy is tightly connected to the number of mature oocytes retrieved after ovar-
ian stimulation. The number of retrieved oocytes is reduced in women with poor 
ovarian reserve (low AMH level due to ovarian surgery or age). The number of col-
lected oocytes is age dependent, varying from 15.4–8.8 in women <26 years of age 
to 9.9–8.0 in women 36–40 years of age.

Ovarian stimulation can lead to side effects caused by the medication as well as 
complications during the oocyte pick-up, including bleeding from the ovary and 
pelvic infection. Severe ovarian hyperstimulation syndrome and clinically relevant 
bleeding or inflammation/infections after follicular aspiration in women with nor-
mal hematopoiesis are rare in the general infertility population and in cancer 
patients. An increased risk of bleeding or infection may be present in women with 
impaired hematopoiesis (i.e., neutropenic or with low platelet count), such as those 
with some hematological malignancies, and should be taken into account [3]. In 
estrogen-sensitive tumors, reduction of estradiol concentration is recommended 
during ovarian stimulation and can be achieved by co-treatment with aromatase 
inhibitors (e.g., letrozole 2 × 2.5 mg/day), which reduces estrogen serum concentra-
tion by more than 50% [43]. The use of letrozole does not reduce the number of 
mature oocytes obtained or their fertilization capacity; in addition, no effect on con-
genital abnormality rates in children has been observed.

Oocyte or embryo cryopreservation is indicated for women preferably <40 years 
of age who will be exposed to gonadotoxic anticancer therapies and who want to 
preserve their fertility. It is not indicated in women with serious coagulation defects 
or high risk of infections. Trans-abdominal monitoring and oocyte recovery may be 
possible in those for whom vaginal procedures are not possible or acceptable. 
Women choosing to store embryos created with their partner’s sperm should be 
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advised that the embryos will be the joint property of the couple; in the event of the 
relationship not continuing, there may be issues in using the embryos. An estab-
lished collaboration between oncology and fertility units is crucial.

There is a need for data on all aspects of oocyte cryopreservation from larger 
series of women to clarify whether certain diagnoses may benefit from particular 
stimulation protocols, the effects on oocyte quality, and, most importantly, cumula-
tive live birth rates. Future studies are also needed to investigate the benefits of 
combining different fertility preservation methods to increase pregnancy rates.

9.2 � Ovarian Tissue Cryopreservation

Ovarian tissue cryopreservation is an alternative approach for preserving fertility 
before gonadotoxic treatments. While it is still regarded as experimental in some 
countries, the American Society for Reproductive Medicine suggests that it should 
be considered as an established procedure to be offered to carefully selected patients 
[3, 44].

Biopsies of the ovarian cortex or unilateral ovariectomy are usually carried out 
by laparoscopy under general anesthesia. Although vitrification is quicker and less 
expensive, slow freezing remains the standard of care because almost all pregnan-
cies achieved after transplantation have been obtained using this procedure. Ovarian 
tissue cryopreservation should be offered only in laboratories with specific expertise 
and facilities to support safe tissue cryopreservation and storage for subsequent 
autologous transplantation, with necessary regulation. The “hub and spoke” model, 
with ovarian surgery carried out locally and tissue transported to a central labora-
tory, may be preferred.

Transplantation, either orthotopic or heterotopic, is currently the only method 
available in clinical practice to restore ovarian function and fertility using cryopre-
served ovarian tissue. As with oocyte and embryo cryopreservation, the main factor 
affecting success rate is age: women of younger age at ovarian tissue cryopreserva-
tion have better fertility outcomes after ovarian tissue transplantation than older 
women, with only a few pregnancies achieved in women over 36 years of age [45].

Ovarian tissue collection and transplantation are usually carried out by laparos-
copy. Surgical risk is considered low, and complications (e.g., conversion laparot-
omy, bleeding, reintervention for cutaneous infection, bladder lesion, or minor 
complications) are rare (0.2–1.4%) [46]. The procedure should not be proposed to 
patients with high surgical/anesthesia risks related to their disease and ideally 
should be done at the same time as other procedures that require anesthesia. The risk 
of disease transmission during transplantation due to residual neoplastic cells within 
the ovarian cortex is one of the major safety concerns, especially in pelvic cancers 
or systemic diseases such as leukemia. Several diseases at advanced stages, such as 
Burkitt’s lymphoma, non-Hodgkin’s lymphoma, breast cancer, and sarcoma, might 
also carry a risk of ovarian involvement. Nevertheless, ovarian tissue should always 
be carefully analyzed before grafting using all available technologies, such as 
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immunohistochemistry and molecular markers, according to the disease. 
Xenografting has also been used in this context. Data on children are reassuring as 
no congenital malformations have been reported [3].

Ovarian tissue cryopreservation is appropriate when the time available before 
starting anticancer treatments is too short for ovarian stimulation and oocyte or 
embryo cryopreservation. Although there is no clear consensus on the maximum 
age for ovarian tissue cryopreservation, it is usually recommended to offer this pro-
cedure only to women <36 years of age [3, 45]. Ovarian tissue cryopreservation can 
also be carried out after an initial, low-intensity gonadotoxic treatment regimen in 
order to reduce the risk of neoplastic cells being present in the ovary (i.e., in leuke-
mia patients) or when the patient’s initial health condition contraindicates an imme-
diate procedure.

Research is ongoing to improve tissue function after grafting using several tools, 
including human adipose tissue-derived stem cells, mesenchymal stem cells, and 
decellularized scaffolds.

9.3 � Ovarian Transposition and Gonadal Shielding During RT

Two options exist for protecting ovaries from RT: trans- position of the ovaries 
before RT and gonadal shielding during RT.

Ovarian transposition outside the planned RT field is a routinely used technique 
to minimize ovarian follicle RT exposure. Although both laparotomic and laparo-
scopic approaches are possible, the procedure is mostly carried out by laparoscopy 
to accelerate recovery and avoid postponing RT [3]. The ovary is mobilized with its 
vascular pedicle, and the location is marked with radio-opaque clips to allow iden-
tification of the transposed ovary. It is possible to transpose only one ovary, but 
better results are achieved with a bilateral procedure. Transposition of the ovary into 
subcutaneous tissue is another option, but it is associated with a higher risk of cyst 
formation [47]. Transposed ovaries can be safely punctured for oocyte retrieval. In 
certain cases, ovaries can be returned to their original location after RT. The rate of 
retained ovarian function is approximately 65% in patients undergoing surgery and 
RT [48]. Reasons for failure include necrosis related to vascular impairment and 
migration after insufficient fixation. Success rate is influenced by the method of 
evaluation (presence of menstrual cycle, FSH levels, AMH levels) and the duration 
of follow-up (as ovarian function decreases over time). The surgical risk of ovarian 
transposition is similar to other gynecological procedures (i.e., risk of bowel and 
vessel injury). Risk of developing ovarian carcinoma in a transposed ovary is 
extremely low. This could be reduced even further when the fallopian tubes are 
resected during the surgical procedure [48].

Gonadal shielding during RT by lead blocks reduces the expected RT dose to 
4–5 Gy [3]. The minimum free margin should be 2 cm in order to reduce the risk of 
gonadal irradiation due to inner organ movement. Ovarian transposition and gonadal 
shielding are indicated in women <40 years of age who are scheduled to receive 
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pelvic RT for cervical (if there is a low risk of ovarian metastasis or recurrence), 
vaginal, rectal, or anal cancers, Hodgkin’s or non-Hodgkin’s lymphoma in the pel-
vis, or Ewing’s sarcoma of the pelvis. Long-term follow-up evaluating the risks of 
transposition and fertility rates after RT completion is needed.

9.4 � Need to Reduce Gonadotoxicity: 
Medical Gonadoprotection

There has been extraordinary interest in medical agents that can potentially preserve 
fertility from the ovarian toxicity of chemotherapy. In this sense, temporary ovarian 
suppression obtained by administering a GnRHa has been studied as a strategy to 
reduce the gonadotoxic effect of chemotherapy [49]. When ovarian suppression 
with GnRHa is offered, GnRHa should be started at least 1 week before the initia-
tion of systemic gonadotoxic treatment and prolonged until after the administration 
of the last chemotherapy cycle [50]. The debate on the efficacy of GnRHa for fertil-
ity preservation is still heated, but the 2018 ASCO guidelines recommended that 
GnRHa may be offered to premenopausal patients for reducing the likelihood of 
chemotherapy-induced ovarian insufficiency [51]. Nowadays, studies regarding the 
role of GnRHa as a fertility preservation treatment are evolving. In fact, the differ-
ence in the efficacy of GnRHa could not be assigned to the type of cancer, but rather 
to the regimen of chemotherapy. It is well known that gonadotoxic impact depends 
on the type of chemotherapeutic agent and the duration of administration [52]. The 
most common chemotherapy regimen used for the treatment of gynecological can-
cers (epithelial ovarian cancer) includes a combination of a platinum agent (carbo-
platin) and a taxane (paclitaxel). Currently, there is a lack of robust evidence to 
advise and recommend women on the risk of gonadotoxicity associated with this 
combination. Bleomycin, etoposide, and cisplatin (BEP) or etoposide and cisplatin 
(EP) chemotherapy regimens are often used for the treatment of non-epithelial ovar-
ian cancers. Overall, chemotherapy regimens used for young women with gyneco-
logical cancers are considered to be associated with a low risk of gonadotoxicity, 
but this risk seems to be different according to the type of chemotherapy agent, the 
dose and length of exposure, and the age of the patient [3]. To investigate the impact 
of newer gonadotoxic treatments (including targeted agents and immunotherapy) on 
ovarian function, ovarian reserve and fertility potential of cancer patients should be 
considered a research priority. Instead, the gonadotoxic effect of chemotherapy in 
premenopausal women with early breast cancer is well known; the highest risk of 
gonadotoxicity is associated with the administration of the alkylating agent cyclo-
phosphamide, commonly given as part of (neo) adjuvant chemotherapy regi-
mens [53].

After more than 30 years of research and controversy in the gonadotoxicity bat-
tles, five theoretical mechanisms could explain how the GnRHa could minimize the 
gonadotoxic effect of chemotherapy:
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	1.	 Simulating the prepubertal hormonal milieu: GnRHa treatment has been identi-
fied to induce an initial release of gonadotropins, which desensitize the GnRH 
receptors on the pituitary gonadotropes, preventing pulsatile GnRH secretion, 
thus resulting in a hypogonadotropic, prepubertal hormonal milieu. In this pre-
pubertal hypogonadotropic milieu, the follicles remain in the quiescent phase 
and are less vulnerable to chemotherapy-induced gonadotoxicity. Therefore, the 
administration of GnRHa, after the initial flare-up effect, decreases FSH concen-
tration through pituitary desensitization, preventing the secretion of growth fac-
tors by the more advanced FSH-dependent follicles and secondarily preserving 
more primordial follicles (PMFs), which are metabolically inactive, in the dor-
mant stage.

	2.	 Interrupting the burnout effect: the administration of GnRHa may interfere with 
the accelerated follicle recruitment induced by chemotherapy by desensitizing 
the GnRH receptors in the pituitary gland, preventing an increase of FSH level 
despite low estrogen and inhibin concentrations.

	3.	 Decreased utero-ovarian perfusion: a result of the hypoestrogenic milieu gener-
ated by pituitary-gonadal desensitization. The decreased utero-ovarian perfusion 
could result in a reduction of exposure of the ovaries to injuries caused by che-
motherapeutic agents.

	4.	 A possible direct effect mediated by ovarian GnRH receptors: human gonads 
also contain GnRH receptors and the activation of the ovarian GnRH receptor 
may decrease apoptosis.

	5.	 Possible protection of ovarian germinative stem cells (GSCs): in patients under-
going chemotherapy, high menopausal FSH levels and undetectable AMH levels 
have been observed. Approximately a year after the chemotherapeutic ovarian 
insult, FSH concentrations have been shown to decrease to normal levels, and 
AMH has been found to increase in a large number of patients co-treated with 
GnRHa. Based on these clinical findings, it has been speculated that the admin-
istration of GnRHa may interact with these protected GSCs through some path-
ways essential for the initiation of folliculogenesis, maturation, and secretion of 
AMH, inhibin, and estrogens; and the latter two lead to a decrease in FSH levels 
to normal [54].

For premenopausal women interested in fertility preservation, with the hope of 
reducing chemotherapy-induced ovarian insufficiency and minimizing the gonado-
toxic effect of treatments, temporary ovarian suppression with GnRHa during che-
motherapy should not be considered an equivalent or alternative option for fertility 
preservation, but it should be proposed after embryo and oocyte cryopreservation. 
Temporary ovarian suppression during chemotherapy achieved by administering a 
GnRHa is the only strategy that has entered clinical use [55].
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9.5 � Life After Treatment

Although current oncofertility guidelines are universal among different tumor types 
and patient profiles, potential disparities between patients due to age, chemotherapy 
agents employed, and the malignancy itself may also interfere with fertility preser-
vation practices. Consequently, a more methodical investigation of fertility preser-
vation strategies, considering the above parameters, is required, in order to 
adequately establish the most efficient practices for each patient group.

At the time of diagnosis, a significant proportion of post-pubertal patients have 
not completed their family planning and express a desire for pregnancy after treat-
ment. Fertility depends on the female’s stage in life (before or after puberty, before 
or after menopause), menstrual history, hormone levels, the type of cancer and treat-
ment, and the treatment doses. Post-treatment pregnancy rates are highly dependent 
on the type of cancer, with the lowest rates reported for men with a history of acute 
leukemia or non-Hodgkin’s lymphoma and for women with a history of breast or 
cervical cancer.

Because all these factors need to be considered, it can be hard to predict if a 
woman is likely to be fertile after chemotherapy. The feasibility and safety of using 
assisted reproductive technology (ART) following anticancer treatment are an 
important issue to be considered for adult cancer survivors who did not have access 
to fertility preservation strategies at the time of diagnosis and/or where there are 
difficulties with spontaneous conception. Female adult cancer survivors have a 
higher likelihood of undergoing fertility treatments compared with healthy women, 
with increasing use over time.
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1 � Introduction

Menopause is a phenomenon that consists of the definitive cessation of menstrua-
tion due to the exhaustion of the follicles in the ovary. At a certain age, all women 
will undergo menopause. The World Health Organization defines natural meno-
pause as confirmed when amenorrhea is established for at least 1 year in the absence 
of other physiological or pathological causes [1]. Primary ovarian insufficiency 
(POI), also known as premature menopause or premature ovarian failure, occurs 
when menopause takes place before the age of 40. This occurs in approximately 1% 
of the population.

The process of follicular proliferation takes place only during fetal life and 
results in a finite amount of follicles in the ovary. The progressive consumption of 
follicles begins with the intermittent activation of cohorts, which grow and, in most 
cases, end up degenerating in a process known as follicular atresia. One among the 
follicles of each cohort will continue to ovulation, upon which they have reached 
their full development.
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The literature is still uncertain as to why some follicles will make it to maturity 
with ovulation as opposed to others. However the hypothesis exists that it may be 
linked to differential sensitivity among follicles which results in their different 
responses to maturity and ovulatory stimulating agents. A progressive inverse selec-
tion of the less sensitive follicles is therefore a consequence, which deepens over 
time. This phenomenon possibly influences the reduction of fertility in the last years 
of ovarian life, as well as the endocrine deficiencies that follow soon after. These 
biological mechanisms are the base of menopausal clinical characteristics, such as 
irregularities in menstrual pattern or other symptoms. That being said, the size of 
these changes differs between women, which determines that the clinical trajecto-
ries that lead to menopause are diverse.

2 � The Staging of Reproductive Aging Workshop (STRAW)

The process of follicle exhaustion manifests initially as subclinical changes. As the 
process continues, the ovaries will reduce hormonal production, and this will further 
exacerbate problems of follicle growth and maturation with each cycle. These late 
stages may generate clinical symptoms, i.e., menstrual disturbances in women.

The need to standardize follicular and ovarian hormonal changes of aging moved 
a group of experts from different scientific societies to promote the Staging of 
Reproductive Aging Workshop (STRAW) initiative in 2001 [2]. The purpose of 
STRAW was to obtain a consensus on the different stages detectable along the 
reproductive lifespan of women. The STRAW initiative evaluated both menstrual 
features and their corresponding hormonal biological mechanisms. Menopausal 
symptoms were also included when present. The document was revised and updated 
in 2012, and the STRAW+10 document was issued [3].

The evidence supporting staging the biological events in a woman’s later repro-
ductive years came from consistent data arising from important epidemiological 
studies: the Study of Women Across the Nation (SWAN) [4], the TREMIN Research 
Program on Women’s Health which is now the oldest ongoing study of menstruation 
in the world [5], the Melbourne Women’s Midlife Health Project [6], as well as the 
Seattle Midlife Women’s Health Project [7].

The reproductive span of women was divided into three broad phases, reproduc-
tive, menopausal transition, and postmenopause. Then each of the three was divided 
into stages, bringing the total to ten and focusing on the final menstrual period.

Importantly, STRAW defined menopausal transition as the term referring to 
depreciation of ovarian function prior to the diagnosis of menopause and its accom-
panying hormonal and clinical state.

Each step in STRAW is supported by three types of criteria, defined as principal, 
supportive, and descriptive, respectively. The principal criteria is the menstrual pat-
tern in all stages, while the supportive criteria includes hormone levels and follicu-
lar features. The follicular features would be quantified as the number of antral 
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follicles identified by ultrasound antral follicle count (AFC). They also added 
descriptive characteristics of the associated clinical symptoms when they are 
present.

2.1 � The Reproductive Phase

The three stages, early, peak, and late, can each have variable duration and as a 
combined sum make up the reproductive phase (Fig. 1). The transition from early to 
peak to late results from the mechanisms of follicle exhaustion described above. 
Individual differences in the timing of stages can be attributed to a number of fac-
tors, including the initial pool of follicles, variation in the efficacy of follicle recruit-
ment with each follicular phase, or other potential mechanisms.

The early stage initiates with menarche and is only defined by the menstrual pat-
tern, which is either regular or irregular. The variability at this stage is due to the 
high prevalence of menstrual irregularity in the initial cycles following men-
arche [8].

The peak stage has regular menstrual cycles with normal values of follicle-
stimulating hormone (FSH). This hormone is the gonadotropin responsible for pro-
moting the growth of the follicles in the cohort, already from the end of the previous 
cycle, when the corpus luteum is suffering a progressively reduced hormonal activ-
ity. Anti-Mullerian hormone (AMH) is an important hormone marker during this 
period as it correlates with ovarian reserve and fertility [9] and trends downward 
with age.

The late stage includes two different steps, which slightly differ in menstrual 
pattern as well as in their underlying physiological hormone patterns.

In the first step, the individual still maintains regular menstrual cycles; however 
there is a decrease in AMH levels. Decreased AMH indicates the progressively 
diminished ovarian reserve at this period and the subsequent fall in fertility even 
with regular menstrual cycles. This information is insightful because AMH is pro-
duced by the growing follicles, and not by those at rest [10]. Decreasing AMH lev-
els correlate with the progressive reduction in the number of growing follicles in 
each cohort and can be viewed as a predictor for the number of follicles still residing 
in the ovary. The AFC detected by ultrasound is also low, in consistence with the 
AMH levels.

The second step may include small changes in menstrual periods, which may 
become shorter and/or have a change in flow pattern. Hormonally the individual 
may exhibit small changes in FSH which will now have slight increases in the initia-
tion of the follicular phase. Inhibin B is another hormone that can be trended, as it 
will decrease as the stage progresses.

Inhibin B is a protein heterodimer, composed of two monomeric sub-units, α and 
βB, linked by a single disulfide bond. The reduction in the ovarian output of inhibin 
B, a specific inhibitor of the synthesis and release of FSH, is a key mechanism deter-
mining the observed increase of FSH [11]. Higher FSH levels then stimulate 
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increased levels of follicle growth completing follicular development earlier in the 
cycle, usually 1–5 days sooner [12].

FSH stimulates estradiol (E2) production in granulosa cells, but whether the pro-
cess is accompanied by an increase in the output of E2 is a matter of debate in the 
literature [11, 13]. The increase in E2 levels found by some investigators [11] fits 
poorly with the reduction in granulosa cells that occurs with age. However the over-
stimulation provided by the increase in FSH, particularly in the setting of increased 
aromatase activity [13], appears to support E2 production despite the depreciation 
in granulosa cells.

2.2 � The Menopausal Transition Phase

STRAW divides the menopausal transition phase into two stages, early and late, 
coded as -2 and -1 (Fig. 1). Both are variable in length, but while the early stage was 
not given a limit, the late stage was categorized as lasting for 1–3 years. The meno-
pausal transition almost overlaps the traditional term of “perimenopause.” The dif-
ference is that perimenopause includes the first year after menopause.

The hallmark of the menopausal transition is that it is often symptomatic. Many 
women will complain of cycle irregularity during this transition, in which periods of 
amenorrhea may alternate with heavy bleeding episodes, as well as symptoms like 
hot flashes, mood changes, premenstrual cramping, etc.

Epidemiological studies have found that this characteristic pattern of menstrual 
disturbances progressively evolves to permanent amenorrhea. The incidence of 
anovulatory cycles increases in parallel with that trend in the menstrual pattern. A 
prospective study conducted over 4  years involving 250 Australian women ages 
45–55 yielded important insight into the variability of the menopausal transition 
period. The study found that 30% of the women reported no change when compar-
ing the last 3 months with the previous 12 months, 10% of the women reported 
change in bleeding frequency but not amount, 22% reported change in amount but 
not frequency, 26% reported change in both frequency and amount, and 12% 
reported 3 or more months of amenorrhea [14]. Moreover, a sub-cohort of the 
SWAN study was followed until their last menstrual period (LMP) or up to 10 years, 
whichever came first. Basic hormones were investigated together with the menstrual 
pattern once per year. Anovulatory cycles increased as the LMP was approaching 
[15]. Two types of anovulatory cycles were described, those linked with bleeding, 
in which there was an association with the levels of estrogens, and those linked with 
amenorrhea, in which the menopausal pattern of low estrogens and high FSH and 
luteinizing hormone (LH) was increasingly prevalent [16].
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2.2.1 � The Early Stage

A ≥7-day difference in length of consecutive menstrual cycles defines the early 
stage of the menopausal transition. This stage has a variable duration.

Endocrinologically, the pattern of the previous -3a stage (Fig. 1) was more pro-
nounced, so that the elevation of FSH at the initiation of the cycle is more intensely 
prevalent, as is the level of reduction in AMH and inhibin B. Sometimes they may 
be even below detection limits. AFC continues to be low.

A reduced activity of the corpus luteum, with a slightly diminished excretion of 
progesterone and inhibin A, has been suggested as a factor contributing to the 
increase in FSH [16]. The mechanism for this is unclear, although reduction of fol-
licular quality has been suggested [17]. The rise in FSH has already occurred by the 
luteal phase, and follicle recruitment takes place prior to onset of menses. During 
one cycle, the hormones may compound to cause the growth of the next cycle’s 
dominant follicle to occur during the luteal phase, and its ovulation may happen 
soon after menses [18].

The high FSH level may induce intervals of high estrogenic output, which may 
alternate with other periods of hypoestrogenism. Clinically, the upward trend of 
anovulatory cycles continues and may become as high as 10–15% [15]. The fairly 
high prevalence of appreciable levels of estrogens makes the abnormal bleeding 
episodes anticipated. Menopausal symptoms, like hot flashes or irritability, appear 
as a consequence of hypoestrogenic intervals, although they are more frequent in 
the next -1 stage. The feeling of bloating can also occur in the setting of the hyper-
estrogenic interludes.

2.2.2 � The Late Stage

Women enter this stage, coded as -1, when amenorrhea has lasted for at least 
60 days. The average duration of this stage is 1–3 years.

Endocrinologically, this phase consists of a definitive reduction in the number of 
follicles and the decrease in their quality. This further contributes to the increase in 
FSH and lower estrogen levels, although some fluctuation can still be found for 
unclear reasons. The rate of amenorrheic anovulation progressively increases as the 
stage goes on (Table 1).

Table 1  Features of the late stage of the menopausal transition according to SWAN [15, 16]

Ovulatory cycles Decline (from 80.9% to 64.7%)
Anovulatory (bleeding)

Estrogens = or slightly ↓
FSH ↑

Anovulatory nonbleeding
Estrogens ↓↓
FSH ↑↑

FSH follicle-stimulating hormone
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Menopausal symptoms, e.g., hot flashes, irritability, poor sleep, etc., will appear 
more frequently as a result of the increasing hypoestrogenic periods, and symptoms 
associated with hyper-estrogenism will slowly fade.

Anovulation may also be influenced by the central nervous system, the hypo-
thalamus and pituitary, which are involved in both the negative and positive feed-
back of estrogens in the normal cycle. This phenomenon has been deeply investigated 
in rodents [19] and has been confirmed to also be the case for humans [20, 21]. The 
size of the impact regarding this phenomenon in clinical settings is still elusive.

3 � Clinical Approach

3.1 � Diagnosis

As for any uterine bleeding disorder, the PALM-COEIN acronym proposed by 
FIGO (International Federation of Gynecology and Obstetrics) continues to be in 
use. PALM stands for polyp, adenomyosis, leiomyoma, and malignancy, while 
COEIN stands for coagulopathy, ovulatory dysfunction, endometrial, iatrogenic, 
and not yet classified [22]. Women in menopausal transition are at the end of their 
reproductive period, and pathologies related to reproductive activity, such as leio-
myomatosis, adenomyosis, or malignancy, are more prevalent. Anovulatory cycles, 
and specifically those with good estrogen levels, should be considered in the dif-
ferential diagnosis of abnormal bleeding.

A review on the topic indicates that a detailed systematic diagnostic approach 
needs to be followed in order to cover the array of potential situations of clinical 
interest [23].

Taking a detailed medical history is a must. It may provide some hints which 
may be particularly helpful in determining differential diagnoses. For example, 
abnormal bleeding consisting of heavy flow, but regular in the timing of the cycle, 
is consistent with pathologies like leiomyoma or adenomyosis, but rarely due to 
malignancy.

Along with the history and physical exam, including pelvic and speculum exami-
nation, four main objectives should be taken into account: (i) elucidation of the 
ovulatory status of the cycle, (ii) laboratory values, (iii) imaging techniques, and 
(iv) endometrial histology.

A basic laboratory evaluation should include the assessment of hemostatic disor-
ders, although in most cases they manifest early in life and are diagnosed in associa-
tion with profuse bleeding in adolescence [24]. The resulting anemia or iron 
insufficiency should be shown by hematological and iron studies, particularly when 
bleeding disturbances are present for weeks or months. Also, two frequent clinical 
situations need to be ruled out, pregnancy for which a HCG test will be required and 
thyroid pathology.

Menorrhagia and the Menopausal Transition



174

Imaging techniques are crucial to find out whether an anatomical abnormality is 
the root of the problem. Endovaginal ultrasound is the key to detect leiomyomatosis 
[25], adenomyosis [26], or polyps [27]. The high discriminative potential of modern 
ultrasound probes has taken the term “sonomicroscopy,” since they measure endo-
metrial thickness with millimetric accuracy, and, as such, a normal thin endome-
trium in postmenopausal bleeding has higher negative predictive value for 
endometrial cancer than blind endometrial sampling [23].

Work-up for the differential diagnosis of polyps and thickened endometrium 
may require the use of saline infusion sonography (SIS), an easy-to-use technique 
that involves projecting fluid into the uterine cavity to obtain a detailed view of 
existing structures, including a polyp, if present [28].

A histological diagnosis is necessary when the cause of abnormal bleeding is still 
unclear. Endometrial biopsy can be done via cannular aspiration, and there are sev-
eral new technologies available on the market which are made to do this. The 
Cornier cannula is very popular, since it may be used in the office in most cases. 
However, there is debate about how accurate the system is in providing a reliable 
diagnosis. The false negative rate was 33% in initial studies where blind aspiration 
sampling was performed in women with confirmed endometrial carcinoma [29]. 
The inaccuracies were more frequent when the process was localized to less than 
50% of the surface. Although the data was only proven in studies with a small 
sample size, a Practice Bulletin of the American College of Obstetricians and 
Gynecologists stated that blind aspiration biopsy was reliable in the diagnosis of 
endometrial cancer only when an adequate specimen was obtained and when the 
process was global [30].

Hysteroscopy has been proposed as an alternative to disclose whether there is a 
structural abnormality, such as polyps or intracavitary leiomyomas. While this 
information may be also provided by SIS, the potential to selectively biopsy an 
abnormal area may be an advantage. The design of new sets allowing for the prac-
tice of the technique in the office, without the requirement of anesthesia, has con-
tributed to the popularity of the technique, although the cost is still a barrier to use. 
One strength of hysteroscopy is the high specificity (92–95%) and reasonable sen-
sitivity (78–98%) for endometrial pathological diagnosis, but in some postmeno-
pausal women, the procedure may be technically difficult to perform [31]. The 
possibility of spreading malignant cells into the abdomen due to the positive infla-
tion pressure has been a matter of concern, although small studies suggest it does 
not seem to influence the prognosis [31].

3.2 � Management

Clinicians should keep in mind that while anovulation due to persistent estrogenic 
stimulation is expected in most cases, bleeding may be due to other causes. This has 
been addressed above, and specific management needs to be considered in case of 
pregnancy, malignancy, or structural pathology, such as polyps, leiomyoma, etc.
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Anovulation linked with persistent estrogen stimulation causes increased prolif-
eration resulting in hyperplastic endometrium, a high prevalence condition. An 
observational study on 119 endometrial samples from women older than 40 with 
abnormal uterine bleeding reported that the histopathological diagnosis was prolif-
erative endometrium in 34% and endometrial hyperplasia in 24%. No endometrial 
carcinoma was found [32].

The goals of treatment should include (i) reduction of blood loss when heavy or 
having a clinical impact, (ii) regulation of the menstrual cycle, (iii) reassurance of 
the patient by making it clear that this is a frequent event during the menopausal 
transition, and (iv) improving quality of life [23].

Expectant treatment may be a possibility when the impact of bleeding is small 
and the patient is confident and satisfied with the option.

Otherwise, there is a wide range of management options available for abnormal 
bleeding, and the work-up and treatment should be tailored to the individual wants 
and needs of the patient. Since the menopausal transition state involves high rates of 
estrogen-induced proliferative and hyperplastic endometrium, progestogen is a 
preferential option for hormonal treatment. Other medical alternatives should also 
be considered before entering the surgical pathway.

3.2.1 � Progestogens

The wide array of progestogens needs to be critically evaluated for their metabolic 
and oncologic impact. A good option is the use of micronized progesterone or 
dydrogesterone, because both have preferential affinity by the progesterone recep-
tor, with little interaction with other steroidal receptors, like androgen receptor, glu-
cocorticoid receptors, or mineralocorticoid receptors [33]. Moreover, their impact 
on the risk of breast cancer is considered low [34]. The efficacy in terms of endome-
trial protection or bleeding control is considered acceptable for both compounds 
[35–38]. Moreover, micronized progesterone may be given as a localized vaginal 
suppository and therefore is an alternative which will have low circulating levels 
and little systemic effect [37].

Other progestogens have been considered more powerful in experimental analy-
ses [39]. Medroxyprogesterone acetate has been used for many years with good 
results in women bleeding during the menopausal transition [40].

The intrauterine device containing levo-norgestrel (LNG-IUD) deserves a spe-
cific comment. Originally designed for contraceptive use, its effectiveness has been 
subsequently shown for the control of heavy menstrual bleeding, endometrial 
hyperplasia, and as the progestogenic component in menopausal hormone therapy 
[41]. Indeed, its effectiveness at all those targets is at the base of its popularity. A 
Danish nationwide study between 1996 and 2017 showed a consistent increase in 
the use by all age ranges and, specifically, that of women in their late reproductive 
period [42]. Moreover, the ECLIPSE trial confirmed the LNG-IUD as a cost-
effective option that increases the quality of life of the user [43]. The systemic 
impact seems small, although some doubts persist in what regards the increase in 
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the risk of breast cancer [44]. Other long-acting parenteral progestogens, like sub-
cutaneous implants, are also a reasonable option, with a similar effectiveness and 
risk profile.

Oral hormonal contraceptives, either the progestogenic only pill or the varied 
options of combined estrogen-progestogen preparations, are a reasonable possibil-
ity too. Non-smokers with low cardiovascular risk factors, including venous throm-
bosis, are preferred when using the combined preparations.

3.2.2 � Surgery

This is generally considered an alternative second-line therapy after trials of medi-
cal treatment, although some women may feel inclined to take it as a primary option. 
In the menopausal transition, fertility is not usually a variable in analysis of patient 
priorities, which makes surgical management an attractive solution because it is 
viewed as a definitive cure. However, while this is the case of hysterectomy, it is not 
necessarily that of the other procedures, for example, endometrial ablation. That 
being said, the advances in techniques mean that these procedures can be performed 
quickly and with light anesthesia, in an outpatient surgical center, and therefore 
there is increased interest in them.

A systematic review of eight RCT has compared effectiveness, acceptability, and 
safety of techniques of endometrial ablation by any means versus hysterectomy by 
any means for the treatment of heavy menstrual bleeding [45]. Authors concluded 
that both alternatives achieved a high rate of satisfaction, but hysterectomy involved 
longer operating time and recovery as well as a higher rate of postoperative compli-
cations. Endometrial ablation, on the other hand, failed more frequently after initial 
treatment, which involved higher rates of repeat surgery [46].

4 � Conclusion

The menopausal transition is a crucial stage in the late reproductive period of 
women. The steps followed during this phase are stratified in the STRAW initiative. 
Some women may have significant clinical symptoms affecting health and quality 
of life at certain stages. Bleeding disturbances are one principal feature, which 
needs attention for both diagnosis and management. Some severe pathologies, 
mainly malignancy, need to be ruled out, and, even if not present, the amount and/
or persistence of the bleeding deserves attention.
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1 � Introduction

Abnormal uterine bleeding (AUB) is an umbrella term that describes irregular men-
strual cycles in frequency, regularity, duration, and flow volume outside pregnancy 
[1]. One-third of women will experience AUB in their own life, 70% of which occur 
during peri- and postmenopausal years [2]. Postmenopausal bleeding (PMB) is 
among the 5% of all gynecological consults [3]. Remarkably, up to 45% of peri-
menopausal women present PMB due to hormonal imbalance [4]. Nevertheless, a 
clinical examination, including imaging, laboratory tests, and biopsy, is crucial to 
exclude other important causes of PMB, such as endometrial polyps, hyperplasia, 
and carcinoma. Furthermore, there is significant variability in how providers per-
form diagnostic assessments of AUB. Therefore, this dissertation intends to quan-
tify the prevalence of bleeding abnormalities during menopause hormone therapy 
(MHT) while also evaluating if any differences in the incidence of PMB related to 
MHT composition exist. Ultimately, it aspires to take a step forward in exploring the 
proper diagnostic investigation to exclude endometrial pathologies causing peri-
menopausal bleeding abnormalities.
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2 � Incidence of Bleeding Abnormalities During Menopause 
Hormone Therapy

Menopause hormone therapy (MHT) is the most effective therapeutical option 
approved by the North America Menopause Society (NAMS) and the International 
Menopause Society (IMS) for women in peri- and postmenopausal age experienc-
ing vasomotor symptoms (VMS), genitourinary syndrome of menopause (GSM), 
premature ovarian insufficiency (POI), as well as preventing osteoporosis [5]. 
However, despite the benefits of MHT, women may report side effects, including 
but not limited to PMBs, with a different frequency rate depending on the woman’s 
period of reproduction, as shown in Table 1. Therefore, bleeding abnormalities can 
lead to decreased patient compliance and a worsened Quality of Life (QoL) while 
also requiring diagnostic assessment to exclude PMB as an alarm for other endome-
trial pathologies. Thus, the goal should be to take preventive action to reduce the 
percentage of PMBs reported during MHT administration by investigating how the 
endometrium responds to various hormonal treatment compositions. The first MHT 
compound included more than ten estrogenic molecules isolated from pregnant 
mares’ urine [6]. In 1 year, a critical study reported a correlation between conju-
gated estrogens (CEE) and the development of endometrial cancer [7]. Therefore, 
this increased risk of carcinoma has been overcome by introducing progestogen in 
patients with an intact uterus. Different combinations of estrogen plus progestogen 
compounds exist, while numerous sequential- and continuous-combined HT formu-
lations are approved. In the sequential regimen, abnormal bleeding reports a fre-
quency rate of 8–40%. On the other hand, during continuous-combined HT 
administration, AUB’s frequency rate varies from 0% to 77% in the first year [8]. 

Table 1  Tips and tricks for 
minimizing bleeding 
abnormalities during 
menopause hormone therapy 
administration

Considering women’s reproductive age
 ��   Preferring OC/sequential HRT in perimenopause
 ��   Preferring CC HRT in postmenopausal
Choose the natural routes of administration
 ��   Vaginal (ovarian vessels)
 ��   Transdermal
Choose a tailored combination of compounds and the correct 
dose of molecules
 ��   Minimizing estrogen and progestogen doses
 ��   Prefer estradiol
 ��   Prefer vaginal administration of progesterone

OC oral contraceptive, CC continuous combined [5, 12, 13]
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The frequency rate of such abnormal bleeding depends on many parameters, includ-
ing the woman’s reproductive age, doses, routes of administration, and duration of 
MHT. With particular attention to the compounds’ composition, estrogen’s effect in 
stimulating endometrial development is already well known as a crucial issue in 
endometrial bleeding [9]. In addition, with the continuous-combined regimen, stud-
ies reported the lower the estrogen dose, the lower the rate of PMB. The administra-
tion of a lower estrogen dose revealed an estimated incidence of 20% contrasting 
with the 43% outlined by higher amounts of estrogen [10, 11]. On the other hand, 
the administration of progesterone or progestin without a previous or simultaneous 
endometrial exposition to estrogen seems not to result in bleeding abnormalities. 
Progestins differ widely in their chemical structures, pharmacokinetics, and potency 
[13] and are mainly administered to prevent endometrial hyperstimulation during 
MHT. Studies confirmed that progestogen molecules containing levonorgestrel, or 
medroxyprogesterone acetate (MPA), have a higher risk of developing endometrial 
hyperplasia than those containing norethisterone acetate (NETA) [14, 15]. In addi-
tion, considering the variety of combinations of estrogens plus progestins, Loh 
F.H. et al. demonstrated that women who received 1 mg E2/0.5 mg NETA had a 
better bleeding profile incidence (2%) than women who were administered 2 mg 
E2/1 mg NETA (23%) for 6 months [10]. Moreover, few studies supported better 
control of PMB during the administration of 1 mg NETA/5 mg E2 therapy com-
pared to 0.625 mg CEE/5 mg MPA therapy in a 12-month follow-up [11, 16]. Thus, 
the incidence of PMB during MHT can be highly reduced by minimizing estrogen 
and progestogen doses while also choosing the proper compound combination. 
Some researchers noted that the interaction of specific molecules with the endome-
trium can explain the different incidences of PMB. However, the precise mechanism 
involved in bleeding abnormalities is still unknown. It probably results from multi-
ple biochemical changes caused by the interaction of progestin plus estrogen with 
the endometrium. Archer et al. [17] studied biochemical changes during MHT using 
an immortalized endometrial cell line (Ishikawa). They observed that synthetic pro-
gestin, and progesterone to a lesser degree, significantly increased vascular endo-
thelial growth factor (VEGF) mRNA and thrombospondin-1 (TSP-1). The imbalance 
in proangiogenic (VEGF) and antiangiogenic (TSP-1) factor seems to contribute to 
the angiogenic process and abnormal blood vessel formation, leading to a higher 
incidence of bleeding abnormalities. A schematic depiction of the effects of VEGF 
and TSP-1 level changes during MHT administration involving angiogenesis is 
shown in Fig.  1. However, more information on such bleeding abnormalities is 
needed, and the clinical implication of increased levels of VEGF after MHT admin-
istration, inducing abnormal bleeding, remains to be defined.

Bleeding Abnormalities During Menopause Hormone Therapy



184

Fig. 1  Schematic 
depiction of the effects of 
VEGF and TSP-1 on 
angiogenesis involving 
new vessel and tube 
formation and elongation 
by mitosis and apoptosis 
[12]. The administration of 
progestins seems to have a 
significant role in 
increasing VEGF and 
TSP-1 levels. The 
alteration of proangiogenic 
(VEGF) and 
antiangiogenic (TSP-1) 
factors could cause 
angiogenesis disorders 
leading to irregular-shaped 
and abnormal superficial 
vessels in the uterine cavity 
of the progestin-only 
contraceptive uterus, 
highly notable during 
hysteroscopy [17]

3 � Any Proper Diagnostic Investigation During 
Postmenopausal Bleeding Abnormalities?

The causes of abnormal bleeding are characterized by different incidences depend-
ing on women’s reproductive age, as shown in Table 1. The most frequent causes of 
abnormal bleeding during MHT administration include (1) poor compliance; (2) 
incorrect therapy administration, such as forgetting pills or concomitant use of anti-
biotics and altering compound absorption; (3) an unbalanced combination of 
estrogen-progestogen. Uterine pathologies are less common but more alarming 
causes of bleeding abnormalities and include (4) polyps, (5) endometrial hyperpla-
sia, and (6) endometrial carcinoma. Thus, a proper diagnostic investigation is cru-
cial to exclude severe endometrial pathologies while identifying the bleeding cause 
to allow for appropriate management and tailored treatment. Currently, there are no 
clinical guidelines on managing bleeding abnormalities during MHT.  Therefore, 
there is significant variability in how providers perform diagnostic assessments. As 
a good clinical practice, diagnosis has to begin with a general evaluation including 
history and nature of bleeding episodes, associated symptoms, history of chronic or 
malignant pathologies, and administration of other medications, in particular con-
traceptives, non-steroidal anti-inflammatory drugs (NSAIDs), and warfarin or hepa-
rin [2]. In addition, a physical examination and a pelvic evaluation are always 
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required, including speculum findings and bimanual pelvic assessment to investi-
gate cervical or vaginal causes. Additional exams can also be carried out, including 
laboratory tests with a complete blood count and iron studies. Pregnancy testing and 
thyroid screening may also be appropriate. In addition, an evaluation of pelvic 
organs and endometrium has to be performed. Transvaginal ultrasonography 
(TVUS) is usually sufficient for an initial evaluation of bleeding abnormalities in 
postmenopausal women and a reasonable alternative to endometrial sampling [18]. 
In 2009 the Committee on Gynecologic Practice of the American College of 
Obstetricians and Gynecologists (ACOG) stated that when an endometrial echo less 
than or equal to 4 mm on TVUS is found, endometrial sampling is not required [19]. 
Nevertheless, not all uteri can be evaluated by ultrasounds, such as in cases of 
patients with myomas, previous surgery, obesity, and adenomyosis [2], as well as 
perimenopausal women who may not lend themselves to a meaningful ultrasound 
examination. In fact, in patients with the erratic estrogen production of perimeno-
pausal ovaries, TVUS done at the end of a bleeding episode may be inadequate to 
measure endometrium thickness [20]. In all the cases previously mentioned, sono-
hysterography (SIS) may be crucial to virtually distinguish the presence or absence 
of actual anatomic pathology while also differentiate global versus focal changes 
[20]. As an alternative tool, hysteroscopy may undoubtedly be performed, although 
the issue of expense, operator dependence, and analgesia/anesthesia concerns. 
Endometrial biopsy is another assessment of AUB for evaluating the endometrium. 
Some studies promoted it as a standard of care in diagnosing PMB [21]. Others 
involved biopsy only after a diagnosis of cancer or atypical hyperplasia [22, 23]. In 
2012 the ACOG stated, in their Practice Bulletin, that endometrial biopsy has “high 
overall accuracy in diagnosing endometrial cancer when an adequate specimen is 
obtained and when the endometrial process is global” [24]. Consequently, in clini-
cal practice, an endometrial blind biopsy should not be performed due to its low 
sensitivity. Therefore, it is reliable in diagnosing global processes such as hyperpla-
sia or carcinoma, if they occupy 50% or more of the endometrial surface. In sum-
mary, bleeding abnormalities during menopausal hormone therapy require 
investigation to exclude endometrial pathologies. Thus, in terms of endometrial 
biopsy, ACOG recommends it as a diagnostic end point only when a diagnosis of 
atypical hyperplasia or carcinoma is made because of its high false-negative rate in 
focal endometrial pathologies.

4 � Conclusions

Postmenopausal bleeding is an important part of clinical practice for healthcare 
providers of women. The highest rate of bleeding abnormalities involves dysfunc-
tional problems due to the administration of hormonal therapy. A reduction of 
bleeding episodes can be achieved by decreasing the dose of estrogen-progestin 
molecules. However, the precise mechanism involved in endometrial bleeding is not 
yet completely understood. Most of the time, bleeding is worrisome and negatively 
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impacts patients’ quality of life. Therefore, the goal should be to require prompt and 
proper interventions resulting in appropriate diagnosis and necessary tailored 
treatments.
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