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Follicle-Stimulating Hormone-
Secreting Pituitary Adenoma
Inducing Spontaneous Ovarian
Hyperstimulation Syndrome,
Treatment Using In Vitro Fertilization
and Embryo Transfer: A Case Report
Xiaofang Du, Wen Zhang, Xingling Wang, Xiaona Yu, Zhen Li and Yichun Guan*

Reproductive Medicine Center, The Third Affiliated Hospital of Zhengzhou University, Zhengzhou, China

Objective: To describe the management of a patient with a pituitary adenoma secreting
follicle-stimulating hormone (FSH) associated with spontaneous ovarian hyperstimulation
syndrome (sOHSS) who was treated with in vitro fertilization and embryo transfer (IVF-ET).

Methods: We report a clinical case of a woman of reproductive age with menstrual
irregularity, infertility and ovarian hyperstimulation due to recurrent pituitary adenoma
secreting FSH, which persisted after transsphenoidal surgery.She underwent the
diagnosis by magnetic resonance imaging (MRI) and laboratory tests,and finally she
was treated with IVF-ET.

Result(s): The patient was plagued by a recurrent pituitary adenoma for many years and
tried various treatments. After complete transsphenoidal surgery, sOHSS decreased, as
shown by a reduction in oestradiol levels and an improvement in the ultrasonography
parameters; however, secondary amenorrhea occurred. Finally, pregnancy was achieved
through IVF-ET and the symptoms of ovarian hyperstimulation were relieved.

Conclusion(s): IVF-ET was found to be effective for the treatment of recurrent pituitary
adenoma, thus representing a therapeutic option that should be taken into consideration
in such cases.

Keywords: FSH-secreting pituitary adenoma, IVF-ET, spontaneous ovarian hyperstimulation syndrome,
transsphenoidal surgery, endocrine disorders
INTRODUCTION

Ovarian hyperstimulation syndrome (OHSS) occurs most frequently as an iatrogenic complication
from the implementation of assisted reproduction technology (ART) of exogenous gonadotropin
administration for ovulation induction. It manifests as enlarged ovaries, abdominal pain, bloating
and ascites. More severe clinical manifestations include renal failure, respiratory distress syndrome
n.org June 2021 | Volume 12 | Article 6214561
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and thromboembolism. However, spontaneous OHSS(sOHSS) is
a rare condition that has been reported in patients who achieve
natural pregnancy without ovulation stimulation, severe primary
hypothyroidism and granulosa cell tumours (1–3).

Gonadotroph adenomas are usually clinically nonfunctioning
or are silent and difficult to identify. Approximately 25.2% to
64% of clinically nonfunctional pituitary adenomas were
confirmed by postoperative immunohistochemistry to be
pituitary gonadotropin adenomas (4, 5). Clinically functioning
gonadotroph adenomas are rarely known but can exhibit
significant symptoms, including spontaneous ovarian
hyperstimulation and abnormal menstrual cycles (i.e.,
amenorrhea and rare menstruation) in premenopausal women
(6). Furthermore, gonadotroph adenomas can manifest as breast
development, vaginal bleeding and enlarged ovaries in
prepubertal women. To date, few cases of gonadotroph
pituitary adenoma-induced OHSS have been reported (7, 8).
This is concerning because their exact prevalence remains
unknown despite their persistence and their recurrence having
been commonly described in the literature (9).

This article is a clinical case report of a patient with sOHSS
caused by recurrent FSH-secreting pituitary adenoma. The
incidence rate and clinical characteristics of pituitary adenomas
were identified by the characteristics of pituitary adenomas.
Because ovarian function did not return to normal after
surgery and there was no normal ovulation, we retrieved
oocytes for IVF-ET and finally achieved pregnancy. This
process provides a new way to clinically diagnose and treat this
disease in the future.
MATERIALS AND METHODS

Patient
A 27-year-old nulligravida was referred to the Reproductive
Department of the Third Affiliated Hospital of Zhengzhou
University for irregular menstruation and infertility. She was
diagnosed with pituitary adenoma secreting FSH with sOHSS.
The diagnosis was made based on serum hormone levels and
cranial MRI;The patient underwent a transsphenoidal partial
resection of the tumour and the histopathology and
immunohistochemistry of tissue that confirmed the final
diagnosis. According to the postoperative serum hormone
levels and the recovery of ovarian function, the patient was
subsequently undergone IVF-ET. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Assays for Gonadotropins and
Steroid Hormones
Serum hormone concentrat ions were measured by
electrochemiluminescence using reagents from Roche
Diagnostics (Cobas; Roche Diagnostics). Tumour markers were
measured by chemiluminescent immunoassay using reagents
from German Siemens (ADVIA Centaur CP;German Siemens).
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RESULTS

This infertile woman presented to our center complaining of a 7-
year history of menorrhagia and irregular menstruation. She
underwent two laparoscopic bilateral ovarian cyst resections at
other hospitals for treatment of multiple ovarian cysts, and
histology confirmed that they were benign follicular cysts.
However, after surgical treatment, the ovarian cyst recurred,
and the menstrual cycle did not return to normal. On physical
examination, she had a body weight of 64 kg, a body mass index
of 22.4 kg/m2 and a blood pressure of 117/82 mmHg. At pelvic
ultrasound, she presented markedly enlarged ovaries with
multiple cysts which had regular walls and transonic content,
similar to what found in ovarian hyperstimulation. However,
there was neither ascitic fluid nor severe pelvic pain. The rest of
the clinical examination was normal. And she denied other
neurologic symptoms including headache and dysosmia. Her
endocrinological profile was prolactin (PRL) 10.46ng/mL
(reference range: <30ng/mL), thyroid−stimulating hormone
(TSH) 1.29 mIU/ml (reference range: 0.38–4.34 mIU/ml), free
T4 1.28ng/dl (reference range 0.81–1.89 ng/dl),and FSH 11.6
mIU/ml (reference range 3.85–21.51 mIU/ml).

From May to September 2014, the patient was treated with
oral contraceptives was injected with a gonadotropin-releasing
hormone agonist to treat the multiple ovarian cysts and
dysfunctional uterine bleeding. However, the treatment did not
work. During this period, multiple measurements of serum sex
hormone levels showed abnormalities, and Carbohydrate antigen
125(CA 125) and Carbohydrate antigen199(CA 199) were
negative (Table 1). Subsequently, cyst aspiration was
performed, and a small number of granulocytes, no oocytes
and a mucus mass were found during the operation. Pathological
examination showed that a small number of lymphocytes,
neutrophils, phagocytes and well-differentiated epithelioid cells
were found. Moreover, due to the elevated serum progesterone
(P4), an adrenal ultrasound was performed to rule out adrenal
diseases. Until November 2014, hormonal evaluation showed
that the PRL level was elevated (52.48 ng/ml), therefore, a
pituitary MRI was prescribed. The test showed the presence of
a 25 x18 x17 mm pituitary adenoma that lacked normal pituitary
morphology. Then, the patient underwent a transsphenoidal
hypophysectomy. Immunohistochemical staining confirmed a
pituitary adenoma that was markedly positive for FSH (90% of
the adenomatous cells) and negative for all other anterior
pituitary hormones (Figure 1). In 2017, despite undergoing
fertility treatment at our hospital, the pituitary tumour
recurred, and the patient underwent gamma knife treatment.
Three months postoperation, the patient presented with
amenorrhea and serum levels such that Luteinizing Hormone
(LH) was suppressed (0.1 mIU/ml), FSH was normal and
Testosterone(T) and PRL levels were elevated. Treatment
proceeded with the administration of bromocriptine,
ethinylestradiol and cyproterone acetate tablets for 2 months.
Despite these treatment efforts, the patient still experienced
amenorrhea and was subsequently advised to begin assisted
reproductive therapy.
June 2021 | Volume 12 | Article 621456
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Process of Assisted Reproduction
This patient tried to conceive naturally for 4 months but failed.
After withdrawal of the therapies, the diameter of a follicle was
Frontiers in Endocrinology | www.frontiersin.org 3
less than 6 mm, she received the ovulation induction treatment at
our center. 37.5 IU HMG was injected daily from cycle day 3 in a
step-up protocol (Table 2). The dose of HMG was maintained
TABLE 1 | Clinical characteristics and treatment of this patient.

Time Menstrual
cycle

Size
of

ovary*
(cm)

Hormones (reference values) Examinations Medication Treatment

FSH (IU/L)Fp
3.5-11.5 mc
4.7-21.5 lp
1.7-7.7

LH (IU/L)Fp
2.4-12.6 mc
14-95.6 lp
1.0-11.4

E2 (ng/L)Fp
12.4-233 mc
41-398 lp
22.3-341

P4 (mg/L)Fp
0.2-1.5 mc
0.8-3.0 lp
1.7-27

T
(nmol/

L)
(0.19-
1.67)

PRL
(mg/L)
(4.79-
23.3)

2012.03 – 87 – – – – – – Ovarian
cystectomy

2013.01 – 92 – – – – – – Ovarian
cystectomy

2014.05 60 89 11.05 0.10 979.9 7.87 0.19 – CA125 (-)
CA199 (-)

E+P
OC1

2014.07 12 85 10.92 0.10 230.3 3.19 0.18 23.54 GnRH-a
2014.08 11 97 10.77 0.10 975.2 6.67 0.27 30.98 Ovarian cyst

puncture
2014.09 3 67 10.51 0.10 252.0 3.71 0.33 17.35 Adrenal

ultrasonography
2014.11 8 83 12.24 0.10 997.1 5.01 0.30 52.48 MRI Transsphenoidal

surgery
2017.03 17 91 13.50 0.20 1781.0 8.3 0.89 24.1 MRI Gamma knife
2017.07 3 78 7.80 0.10 336.3 7.5 1.46 42.8 B

OC2

2017.08 5 65 3.00 0.10 62.9 0.5 0.46 0.5 B
OC2
June 202
1 | Volume 12
*A major axis; fp, follicular phase; mc, mid-cycle; lp, luteal phase (in premenopausal women); E, ethinyl oestradiol; P, dydrogesterone; OC1, 0.15 mg desogestrel+30 mg ethinyl oestradiol;
B, bromocriptine; OC2, 2 mg cyproterone acetate+0.035 mg ethinyloestradiol.
A 
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FIGURE 1 | (A) Transvaginal ultrasonography before surgery revealed bilaterally enlarged ovaries with multiple follicles. (B) Immunohistochemical staining of the
pituitary adenoma for FSH, (C) GH, (D) LH, (E) PRL, and (F) ACTH.
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and the follicular development was monitored by ultrasonogram
continuously. When the follicular diameter reached 19mm,
10,000 U of hCG(Chorionic Gonadotrophin for Injection,
Livzon Pharmaceutical Group) was injected to induce
ovulation, after which she was instructed to have sexual
intercourse within 24 hours. An ultrasound examination was
performed 48 hours post hCG injection to observe follicle
rupture, and oral dydrogesterone(Abbott Laboratories) 20 mg/
d was administered for luteal phase support from the day of
ovulation. Despite having attempted induced ovulation, the
patient was unsuccessful in achieving pregnancy.

The patient experienced withdrawal bleeding, and bilaterally
enlarged ovaries with multiple cysts of which the largest diameter
of 22mm were observed on day 12. Furthermore, a detailed
hormonal examination showed elevated oestradiol(E2) levels
(591.8 pg/ml) and progesterone(P4) levels (3.74 ng/ml),
suppressed LH levels(<0.1 IU/L) and high-normal FSH values
(12.78 IU/L)(Table 3). These results suggested that her pituitary
tumour could recur again. Indeed, MRI showed a large recurrent
tumor, measuring 22 x18 x16 mm. It was further determined that
pituitary surgery failed to normalize her menstruation and
ovulation cycle. Consequently, we planned a random oocyte
retrieval for her. After the routine tests on her husband,
including semen evaluation, sex hormone test and so on, then,
the patient was prepared for oocyte retrieval by administering a
recombinant HCG 250 mg (r-HCG, Ovidrel, Merck Serono,
Germany) trigger two days prior to oocyte pick up. In total, 14
oocytes were retrieved from IVF, which produced 11 fertilized
oocytes, while 4 high-quality cleavage-stage embryos were
cryopreserved and the other embryos were performed
blastocyst culture, but no blastocyst was formed.

Postoperative endocrine investigations showed elevations in
oestradiol and FSH(14.24 IU/L) and suppression of LH(<0.1
IU/L). Therefore, we suggest that she should be treated surgically
to reduce the effect of pituitary tumours on embryo transfer and
Frontiers in Endocrinology | www.frontiersin.org 4
pregnancy. In April 2018, a transsphenoidal pituitary surgery
was performed to completely remove the adenoma. Ultrasound
evaluation after the operation revealed normal ovarian size and
complete disappearance of the cysts. Immediate postoperative
endocrine investigations showed reductions in E2, FSH and P4
and minimal changes in LH (Table 4). Last, the patient received
estroprogestin therapy to normalize the amenorrhea that she had
developed postoperation.

Results of ART and Pregnancy
Two cleavage embryos were transferred in August 2018, the
endometrium was prepared with hormone replacement
treatment (HRT) due to pituitary amenorrhea. The serum level
of b-hCG was 685 mIU/mL at day 14 after embryo transfer and
clinical pregnancy was confirmed by the presence of a foetal
heartbeat at 7 weeks after embryo transfer. Pregnancy proceeded
without complications. At 39 weeks of gestation, cesarean section
was induced and a healthy baby girl, weighing 3650g, was born.
DISCUSSION

Gonadotropin pituitary adenomas account for 80% - 90% of all
nonfunctional pituitary adenomas and 40% - 50% of all pituitary
macroadenomas. However, these adenomas do not present the
characteristic symptoms of hormone hypersecretion, as there is
often no clinical manifestation in the early stage. In most cases, it
is not discovered until the tumour has enlarged and symptoms
such as visual field defects and headaches appear (10). However,
gonadotropin adenomas should not always be considered
nonfunctional because these adenomas express and secrete
active hormones, usually FSH, and cause typical clinical
manifestations associated with excess hormone levels, such as
menstrual irregularity, infertility and sOHSS, which can occur in
premenopausal women (9, 11).

The pathogenesis of sOHSS remains unclear. However, the
most plausible pathogenesis pathways are thought to be caused by
mutations in the gonadotropin receptor gene. It has been found
that T449A and D567N are two potential amino acid substitution
sites (alanine substitution for threonine mutation); D567N is
highly sensitive to thyrotropin(TSH) and has independent ligand
activity. The affinity of the mutant FSH receptor protein for FSH,
TSH and hCG is increased abnormally, which not only enhances
the physiological effects of FSH, TSH and hCG but also stimulates
pathological ovarian hyperstimulation (12, 13)

sOHSS due to a pituitary adenoma is a relatively rare disease
with unspecific symptoms,and data about sOHSS are yet limited.
We aimed to describe in detail the clinical and biochemical
characteristics of reproductive age women with sOHSS caused by
gonadotroph adenomas and to analyse the diagnosis
and treatment.

Epidemiology
Epidemiological studies of functional gonadotroph adenomas are
limited (9), in part because of their rarity and nonspecific signs
and symptoms, and in part because of an uncoupling of clinical
presentation and pathologic evaluation of tumour specimens.
TABLE 2 | Transition in follicular development during OI.

Menstrual cycle Follicle size (mm) HMG administration (IU)
Rt Lt

5 6 6 0
9 12 11 150
11 15 11 300
12 17 13 375
14 19 14 525
IU international units.
TABLE 3 | Transition in serum steroid hormone concentrations and follicular
development during IVF.

Menstrual
cycle

Follicle size
(mm)

E2 (pg/
mL)

FSH (IU/
L)

LH (IU/
L)

P4 (ng/
mL)

Rt Lt

12 12-
21

15-
22

591.8 12.78 <0.1 3.74
E2, estradiol; LH, luteinizing hormone; FSH, follicle stimulating hormone; P4, progesterone.
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https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Du et al. FSH-Secreting Pituitary Adenoma Inducing sOHSS
Since 1995, Djerassi et al. first reported cases of spontaneous
ovarian hyperstimulation caused by gonadotropin pituitary
adenoma (14). Until now, only 37 cases have been reported in
the literature. The incidence rate of the disease is not precisely
known. A retrospective study analysed the clinical data of 171
women of reproductive age who underwent pituitary adenoma
surgery. Among them, the incidence rate of OHSS in
nonfunctioning pituitary adenomas was 2.9%, however it rises
to 8.1% when the analysis of patients with a histologically
established gonadotroph adenoma is restricted (15). However,
the incidence of such cases is still not accurately assessed, due to
the lack of detailed inspection, it may be underestimated.

Clinical Manifestations and
Auxiliary Examination
The current case aligns with previous studies such that the
common clinical manifestations of this disease are menstrual
abnormalities, including amenorrhea, oligomenorrhea and
abnormal uterine bleeding. At the same time, it may be
accompanied by bilateral ovarian multilocular cysts and
abnormal enlargement of ovaries (16). While some patients
will have abdominal pain, abdominal distention, lactation,
headache, blurred vision and other symptoms, others will
experience infertility. However, the clinical manifestations of
hydrothorax and ascites caused by blood concentration and
increased vascular permeability are not obvious. This is also a
significant difference between sOHSS and iatrogenic OHSS (17).

Relative to healthy levels, the characteristic hormone levels of
this type of case are as follows: E2 is significantly higher, LH is
lower, FSH and PRL are higher and P is slightly higher or in the
normal range. In the reported cases, the most common
gonadotropin adenomas are FSH-secreting. Continuous FSH
stimulation can induce multiple dominant follicle recruitment
and increase E2 levels (18, 19). Because of the negative feedback
mechanism of the hypothalamic pituitary ovarian axis, FSH may
not increase significantly or remain in the normal range.
However, normal FSH can still cause ovarian hyperstimulation,
Frontiers in Endocrinology | www.frontiersin.org 5
which may be related to the increased biological activity of FSH;
alternatively, a pituitary adenoma may secrete other FSH
subtypes, which then reach the threshold level of stimulating
the sustained growth of follicles (20, 21). The decrease in LH
levels may be due to the negative feedback inhibition of E2 and
the compression of normal pituitary tissue and stalk by enlarged
tumours. It may also be that the excessive secretion of FSH with
abnormal structure inhibited the secretion of the gonadotropin
releasing hormone(GnRH) receptor or hypothalamic GnRH and
thereby inhibited the production of normal FSH and LH (22).
We also noticed that the two-cell two-gonadotropin theory
suggests that both FSH and LH are both required to stimulate
the ovaries to secrete E2. LH stimulates theca cells to produce
androgens, which are then transported to granulosa cells and
aromatized to become E2 under the influence of FSH; if LH is
absent, the E2 level should also be reduced (23). However, our
case shows a high level of E2 and a low level of LH. This may
mean that very low levels of LH are enough to produce E2, or
there may be an alternative unknown cause. Our case also
showed occasional elevated PRL, and previous studies also
found that a small number of patients will have galactorrhoea
or hyperprolactinemia. Prolactinemia is often an important piece
of evidence in the identification of pituitary tumours. This may
be caused by the pituitary stalk effect; that is, when the tumour
compresses the pituitary stalk, the secretion of PRL inhibitor
release is blocked, and the inhibition of hypothalamus secretion
of PRL is weakened, resulting in an increase in PRL (20, 24).
Moreover, continuous exposure to FSH stimulation in patients
with gonadotropin adenomas has triggered continuous
ovulation, causing the ovary to contain both follicular cysts
and the corpus luteum, which explains the elevated P levels.

Ovarian enlargement stimulates the peritoneum and the
activation mechanism of sOHSS autoreceptors, which increases
serum CA125 and makes it difficult to identify benign and
malignant ovarian tumours. It is easy to misdiagnose ovarian
tumours in the clinic and to advise surgery, but the pathological
results are often reported as ovarian simple cysts or follicular
TABLE 4 | Serum hormone levels before and after pituitary transsphenoidal surgery to remove FSH-secreting adenoma.

Time (d) Reference range Preoperative Postoperative

2d 3d 4d 5d

LH (IU/L) fp 2.12-10.89 mc 19.18-103.03
lp 1.20-12.86

0.28 0.25 0.20 0.20 0.20

FSH (IU/L) fp <10 mc 4.54-30.34
lp 1.65-9.66

15.94 3.39 1.72 0.76 0.49

E2 (pg/mL) fp 27-122 mc 95-433
lp 49-291

808.03 958.42 579.90 216.62 127.75

P4 (ng/mL) fp 0.38-2.28 mc 0.93-2.23
lp 5.16-29.26

6.76 4.01 3.16 2.64 1.67

T (ng/mL) 0.10-0.75 0.56 0.73 0.81 0.49 0.52
COR (mg/dL) 4.0-22.3 19.77 – – – 10.69
PRL (ng/mL) <30 46.62 16.30 12.71 13.06 11.55
GH (ng/mL) <2 0.30 – – – 0.50
IGF-1 (ng/mL) 117-329 93 – – – 132
ACTH (pg/mL) 0-46 24.80 – – – 17.70
June 2021 |
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cysts, which result in iatrogenic overtreatment. This reminds us
that CA125 and serum hormone levels can be used as auxiliary
reference indicators such that when only CA125 increases and
serum hormone levels remain normal, the possibility of
malignant ovarian tumours should still be considered first, and
when CA125 and hormone levels change at the same time,
attention should be paid to the possibility of sOHSS.

Diagnosis and Differential Diagnosis
For the diagnosis of FSH-secreting pituitary adenoma, we need to
combine the results of immunohistochemistry, serum hormone
levels, clinical manifestations and ultrastructural observations. In
the diagnosis of sOHSS, we emphasize the importance and
necessity of ultrasonography and sex hormone testing. Due to
the extremely low incidence of the disease, clinicians are not
aware of it, so it is prone to misdiagnosis. When patients with
recurrent multiple ovarian cysts with simultaneous elevation of
E2, PRL, mildly elevated or normal FSH, and decreased LH, a
pituitary adenoma is highly suspected. The final diagnosis
depends on pathology, immunohistochemistry and the
improvement of postoperative symptoms.

Patients with polycystic ovary syndrome(PCOS) are at high risk
for iatrogenic ovarian hyperstimulation, and the FSH/LH ratio is
usually decreased in PCOS and elevated in subjects with pituitary
tumours, so attention should be paid to the diagnosis of these
diseases. Due to the long-term hyperestrogen overstimulation of
the endometrium, repeated breakthrough bleeding and
endometrial atypical hyperplasia often occur. Care should be
taken to distinguish sOHSS from ovarian tumours, especially
granulosa cell tumours.

Treatment and Prognosis
At present, there is no standardized treatment for FSH-secreting
pituitary adenoma, but such studies are being undertaken.
Regarding drug treatment, dopamine agonists have certain
therapeutic effects. Previously, there was a case report in which
two patients with pituitary adenoma saw a stop in their lactation
symptoms after treatment with bromocriptine, their
menstruation returned to normal, and natural pregnancy and
delivery were successful. However, the literature indicates that
after treatment with cabergoline, serum prolactin and oestrogen
decreased and ovarian cysts shrank, but pituitary tumours did
not shrink (25). The application of gonadotropin-releasing
hormone agonist (GnRH-a) has no obvious effect on the
treatment of pituitary tumours (2, 26). Our case shows that
one month after the injection of triptorelin, the levels of
oestradiol and FSH could not be reduced; instead, the ovarian
cysts were further enlarged. Meanwhile, GnRH-a may increase
the risk of iatrogenic OHSS. The therapeutic effect of GnRH
antagonists is currently inconsistent. Some studies have shown
that GnRH antagonists treatment can reduce the ovarian
volume, but the ovaries increase again after discontinuation of
treatment (27). In other studies, the level of FSH did not decrease
significantly, but the level of serum E2 and the volume of ovary
decreased significantly (14). At the same time, its effect on the
central pituitary gland may have a direct effect on granulosa cells,
Frontiers in Endocrinology | www.frontiersin.org 6
inhibiting the activity of aromatase and helping to reduce E2
levels and to improve clinical symptoms.

We also found that radiotherapy (gamma knife) has limited
therapeutic effect on pituitary tumor, and its recurrence rate is very
high, so it can only be used as an auxiliary means of clinical
treatment (28). The radical cure for pituitary adenoma is
transsphenoidal surgery (9, 29). Of the 37 published cases, 8
patients had spontaneous pregnancy after pituitary tumour
resection, but 7 patients exhibited recurrence after surgery, and
3 of them underwent reoperation. Most of the patients’ enlarged
ovaries gradually atrophied and returned to a normal size after the
removal of adenoma; further, ovarian function was restored, and
the patients could return to a normal menstrual cycle (30, 31).
However, there is no obvious capsule in this kind of tumour, so it
is difficult to grasp the scope of tumour resection and eradicate it,
so postoperative recurrence is more common. At the same time,
secondary hypophysis and other related complications may occur.
Our case also shows that if postoperative patients have menstrual
disorders or secondary amenorrhea caused by recurrent pituitary
adenoma, then we can consider using assisted reproductive
technology to achieve the purpose of pregnancy.

The increase in serum E2 concentration and continuous FSH
secretion during the follicular phase is a way to monitor oocyte
maturation (18, 23); however, oocyte development in the ovary
even requires a sufficient amount of LH secretion. Our case also
found that due to the lack of LH secretion in such patients,
ovulation could not be induced; therefore, we had to administer
exogenous hCG to help oocyte maturation and ovulation. This
case showed that mature oocytes can be obtained and healthy
infants can be delivered even if the serum LH concentration is
lower than the conventional level. As shown in a report, mature
oocytes are obtained even if controlled ovarian stimulation is
initiated in various phases of women’s menstrual cycle. Besides,
our case suggests that oocyte maturation could be more flexible
than we generally believe.
CONCLUSION

In conclusion, sOHSS caused by FSH-secreting pituitary
adenoma is easily misdiagnosed and missed in the clinic.
When multiple ovarian cysts occur in women of reproductive
age, serum E2 and PRL levels increase, FSH levels increase or are
normal, and LH levels decrease. A detailed and comprehensive
examination of the nervous system and sex hormones is very
important to exclusion of the diagnosis of FSH-secreting
pituitary adenoma and to effectively avoid unnecessary ovarian
surgery. Dopamine agonists can control hyperprolactinemia, but
no drug has been found to significantly reduce tumour size.
GnRH agonists are not recommended for the treatment of this
disease, and the current effect of GnRH antagonists is uncertain.
The radical treatment of the disease is still mainly pituitary
tumour resection. Transsphenoidal surgery is the first option.
For patients whose menstrual cycle and ovulation have not
returned to normal after surgery or who experience secondary
June 2021 | Volume 12 | Article 621456
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hypomenorrhea caused by excessive tumour resection, IVF-ET
should be considered to help them achieve pregnancy.
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Maksymowicz M. Gonadotroph Adenoma Causing Ovarian Hyperstimulation
Syndrome in a Premenopausal Woman.Gynecol Endocrinol (2014) 30(11):774–
7. doi: 10.3109/09513590.2014.934668

9. Georgia N, Cristina C, Ashley G, Niki K. Functioning Gonadotroph
Adenomas. J Clin Endocrinol Metab (2014) 12):12. doi: 10.1210/jc.2014-2362

10. Fernandez A, Karavitaki N, Wass JAH. Prevalence of Pituitary Adenomas: A
Community-Based, Cross-Sectional Study in Banbury (Oxfordshire, Uk). Clin
Endocrinol (2010) 72(3):377–82. doi: 10.1111/j.1365-2265.2009.03667.x

11. Mayson SE, Snyder PJ. Silent (Clinically Nonfunctioning) Pituitary
Adenomas. J Neuro Oncol (2014) 117(3):429–36. doi: 10.1007/s11060-014-
1425-2

12. Leener AD, Caltabiano G, Erkan S, Idil M, Vassart G, Pardo L, et al.
Identification of the First Germline Mutation in the Extracellular Domain
of the Follitropin Receptor Responsible for Spontaneous Ovarian
Hyperstimulation Syndrome. Hum Mutat (2008) 29(1):91–8. doi: 10.1002/
humu.20604

13. De LA, Montanelli L, Van DJ, Heedong C, Smits G, Vassart G, et al. Presence
and Absence of Follicle-Stimulating Hormone Receptor Mutations Provide
Some Insights Into Spontaneous Ovarian Hyperstimulation Syndrome
Physiopathology. J Clin Endocrinol Metab (2006) 2):2. doi: 10.1210/jc.2005-
1580

14. Djerassi A, Coutifaris C, West VA, Asa SL, Kapoor SC, Pavlou SN, et al.
Gonadotroph Adenoma in a Premenopausal Woman Secreting Follicle-
Stimulating Hormone and Causing Ovarian Hyperstimulation. J Clin
Endocrinol Metab (1995) 2):2. doi: 10.1210/jcem.80.2.7852525

15. Caretto A, Lanzi R, Piani C, Molgora M, Mortini P, Losa M, et al. Ovarian
Hyperstimulation Syndrome Due to Follicle-Stimulating Hormone-Secreting
Pituitary Adenomas. Pituitary (2017) 20:553–60. doi: 10.1007/s11102-017-
0817-7

16. Cote DJ, Smith TR, Sandler CN, Gupta T, Laws ER. Functional Gonadotroph
Adenomas: Case Series and Report of Literature. Neurosurgery (2015) 79
(6):823. doi: 10.1227/NEU.0000000000001188

17. Kawaguchi T, Ogawa Y, Ito K, Watanabe M, Tominaga T, et al. Follicle-
Stimulating Hormone-Secreting Pituitary Adenoma Manifesting as Recurrent
Ovarian Cysts in a Young Woman – Latent Risk of Unidentified Ovarian
Hyperstimulation: A Case Report. BMC Res Notes (2013) 6:408. doi: 10.1186/
1756-0500-6-408

18. Kanaya M, Baba T, Kitajima Y, Ikeda K, Shimizu A, Morishita M, et al.
Continuous Follicle-Stimulating Hormone Exposure From Pituitary
Adenoma Causes Periodic Follicle Recruitment and Atresia, Which Mimics
Ovarian Hyperstimulation Syndrome. Int J Womens Health (2012) 4:427–31.
doi: 10.2147/IJWH.S33386

19. Lania A, Gangi E, Romoli R, Losa M, Travaglini P, Meringolo D, et al.
Impaired Estrogen‐induced Negative Feedback on Gonadotropin Secretion in
Patients With Gonadotropin‐Secreting and Nonfunctioning Pituitary
Adenomas. Eur J Clin Invest (2002) 32(5):335–40. doi: 10.1046/j.1365-
2362.2002.00981.x

20. Roberts JE, Spandorfer S, Fasouliotis SJ, Lin K, Rosenwaks Z. Spontaneous
Ovarian Hyperstimulation Caused by a Follicle-Stimulating Hormone–
Secreting Pituitary Adenoma. Fertil Steril (2005) 83(1):208–10. doi: 10.1016/
j.fertnstert.2004.06.061

21. Kajitani T, Liu S, Maruyama T, Uchida H, Sakurai R, Masuda H, et al. Analysis
of Serum FSH Bioactivity in a Patient With an FSH-Secreting Pituitary
Microadenoma and Multicystic Ovaries: A Case Report. Hum Reprod
(2008) 23(2):435–9. doi: 10.1093/humrep/dem374

22. Pentz-Vidovic I, Skoric T, Grubisic G, Korsic M, Ivicevic-Bakulic T, Besenski
N, et al. Evolution of Clinical Symptoms in a YoungWomanWith a Recurrent
Gonadotroph Adenoma Causing Ovarian Hyperstimulation. Eur J Endocrinol
(2000) 143(5):607–14. doi: 10.1530/eje.0.1430607

23. Rongièresbertrand C, Kottler ML, Lahlou N, Frydman R, Touraine P,
Bouchard P. A Spontaneous and Severe Hyperstimulation of the Ovaries
Revealing a Gonadotrophadenoma. J Clin Endocrinol Metab (1998) 83
(10):3450–3. doi: 10.1210/jcem.83.10.5182

24. Karavitaki N, Thanabalasingham G, Shore HCA, Trifanescu R, Ansorge O,
Meston N, et al. Do the Limits of Serum Prolactin in Disconnection
June 2021 | Volume 12 | Article 621456

https://doi.org/10.3109/01443615.2011.565388
https://doi.org/10.3109/09513590.2011.650763
https://doi.org/10.1590/S1679-45082016RC3429
https://doi.org/10.1590/S1679-45082016RC3429
https://doi.org/10.1227/01.NEU.0000290906.53685.79
https://doi.org/10.1210/jc.2014-2362
https://doi.org/10.1016/S0046-8177(97)90005-8
https://doi.org/10.1038/ncpendmet0758
https://doi.org/10.3109/09513590.2014.934668
https://doi.org/10.1210/jc.2014-2362
https://doi.org/10.1111/j.1365-2265.2009.03667.x
https://doi.org/10.1007/s11060-014-1425-2
https://doi.org/10.1007/s11060-014-1425-2
https://doi.org/10.1002/humu.20604
https://doi.org/10.1002/humu.20604
https://doi.org/10.1210/jc.2005-1580
https://doi.org/10.1210/jc.2005-1580
https://doi.org/10.1210/jcem.80.2.7852525
https://doi.org/10.1007/s11102-017-0817-7
https://doi.org/10.1007/s11102-017-0817-7
https://doi.org/10.1227/NEU.0000000000001188
https://doi.org/10.1186/1756-0500-6-408
https://doi.org/10.1186/1756-0500-6-408
https://doi.org/10.2147/IJWH.S33386
https://doi.org/10.1046/j.1365-2362.2002.00981.x
https://doi.org/10.1046/j.1365-2362.2002.00981.x
https://doi.org/10.1016/j.fertnstert.2004.06.061
https://doi.org/10.1016/j.fertnstert.2004.06.061
https://doi.org/10.1093/humrep/dem374
https://doi.org/10.1530/eje.0.1430607
https://doi.org/10.1210/jcem.83.10.5182
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Du et al. FSH-Secreting Pituitary Adenoma Inducing sOHSS
Hyperprolactinaemia Need Re-Definition? A Study of 226 Patients With
Histologically Verified Non-Functioning Pituitary Macroadenoma. Clin
Endocrinol (2006) 65(4):524–9. doi: 10.1111/j.1365-2265.2006.02627.x

25. Ilan S, Tami R, Itay B-H, Dvora N, Moshe H, Abraham A, et al. Ovarian
Hyperstimulation Without Elevated Serum Estradiol Associated With Pure
Follicle-Stimulating Hormone-Secreting Pituitary Adenoma. J Clin Endocrinol
Metab (2001) 8):8. doi: 10.1210/jcem.86.8.7766

26. Castelbaum AJ, Bigdeli H, Post KD, Freedman MF, Snyder PJ. Exacerbation of
Ovarian Hyperstimulation by Leuprolide Reveals a Gonadotroph Adenoma.
Fertil Steril (2002) 78(6):1311–3. doi: 10.1016/S0015-0282(02)04342-X

27. Garmes HM, Grassiotto OR, Fernandes YB, Queiroz LDS, Vassalo J, Oliveira
DMD, et al. A Pituitary Adenoma Secreting Follicle-Stimulating Hormone With
Ovarian Hyperstimulation: Treatment Using a Gonadotropin-Releasing Hormone
Antagonist. Fertil Steril (2012) 97(1):0–234. doi: 10.1016/j.fertnstert.2011.10.015

28. Chaidarun SS, Klibanski A. Gonadotropinomas. Semin Reprod Med (2002) 20
(4):339–48. doi: 10.1055/s-2002-36708

29. Chanson P, Raverot G, Castinetti F, Cortet-Rudelli C, Galland FO, Salenave S.
Management of Clinically Non-Functioning Pituitary Adenoma. Ann
Endocrinol (2015) 76(3):239–47. doi: 10.1016/j.ando.2015.04.002
Frontiers in Endocrinology | www.frontiersin.org 8
30. Sugita T, Seki K, Nagai Y, Saeki N, Yamaura A, Ohigashi S, et al.
Successful Pregnancy and Delivery After Removal of Gonadotrope
Adenoma Secreting Follicle-Stimulating Hormone in a 29-Year-Old
Amenorrheic Woman. Gynecol Obstet Invest (2005) 59(3):138–43. doi:
10.1159/000083087

31. Ghayuri M, Liu JH. Ovarian Hyperstimulation Syndrome Caused by Pituitary
Gonadotroph Adenoma Secreting Follicle-Stimulating Hormone. Obstet Gynecol
(2007) 109(Supplement):547–9. doi: 10.1097/01.AOG.0000247316.60573.4a

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Du, Zhang, Wang, Yu, Li and Guan. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
June 2021 | Volume 12 | Article 621456

https://doi.org/10.1111/j.1365-2265.2006.02627.x
https://doi.org/10.1210/jcem.86.8.7766
https://doi.org/10.1016/S0015-0282(02)04342-X
https://doi.org/10.1016/j.fertnstert.2011.10.015
https://doi.org/10.1055/s-2002-36708
https://doi.org/10.1016/j.ando.2015.04.002
https://doi.org/10.1159/000083087
https://doi.org/10.1097/01.AOG.0000247316.60573.4a
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Follicle-Stimulating Hormone-Secreting Pituitary Adenoma Inducing Spontaneous Ovarian Hyperstimulation Syndrome, Treatment Using In Vitro Fertilization and Embryo Transfer: A Case Report
	Introduction
	Materials and Methods
	Patient
	Assays for Gonadotropins and Steroid Hormones

	Results
	Process of Assisted Reproduction
	Results of ART and Pregnancy

	Discussion
	Epidemiology
	Clinical Manifestations and Auxiliary Examination
	Diagnosis and Differential Diagnosis
	Treatment and Prognosis

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


