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Abstract  
Kallmann syndrome, a congenital disorder of idiopathic hypogonadotropic hypogonadism associated 
with anosmia, results in infertility because of anovulation. Assisted reproductive technology (ART) 
is considered when optimal ovulation induction therapy is difficult or when several cycles of ovula-
tion induction therapy do not result in pregnancy. However, evidence is lacking regarding the opti-
mal ART treatment for Kallmann syndrome. We report the case of a 33-year-old woman who suc-
cessfully achieved pregnancy and delivery after ART treatment. At 29 years old, she was diagnosed 
with Kallmann syndrome due to hypothalamic amenorrhea and anosmia. At 33 years old, she revis-
ited the hospital, desiring a child after one year of infertility. Due to anovulation, she was treated 
with gonadotropin therapy, but controlling follicular development was difficult, and thus ART treat-
ment was initiated. The controlled ovarian stimulation (COS) protocol for ART treatment em-
ployed gonadotropins, recombinant follicular stimulating hormone/human menopausal gonadotropin 
plus human chorionic gonadotropin, to promote follicular growth. Four oocytes were retrieved, and 
two cleaved embryos were vitrified and cryopreserved. After vitrified-warmed embryo transfer of 
a morula stage embryo in a hormone replacement cycle, pregnancy was achieved but resulted in a 
miscarriage. A second oocyte retrieval was performed under the same COS ; four oocytes were 
retrieved, and two cleaved embryos were vitrified and cryopreserved. Further, a pregnancy was 
achieved through the vitrified warmed embryo transfer. At 40 weeks and 6 days of gestation, a 
baby boy weighing 3,344 g with an Apgar score of 7/8 was delivered vaginally. The mother’s post-
partum course and neonate were free from adverse events. For women with Kallmann syndrome, 
ART treatment and selective embryo cryopreservation may be a reasonable and safe option.
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Introduction

Kallmann syndrome is a congenital disorder of 
isolated gonadotropin-releasing hormone (GnRH) 

deficiency, which is also referred to as idiopathic hy-
pogonadotropic hypogonadism (IHH) and is associat-
ed with anosmia1). The etiology involves the failure 
of GnRH neuron migration to the hypothalamus dur-
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ing fetal stages2). Kallmann syndrome is a rare dis-
order, with a frequency of 1 in 8,000 in males and 1 
in 40,000 in females3,4).

Women with Kallmann syndrome lack second-
ary sexual characteristics, experience primary 
amenorrhea and infertility2), and need ovulation in-
duction to have children. Since the pathophysiolo-
gy of Kallmann syndrome is due to insufficient 
GnRH secretion in the hypothalamus5-7), treatments 
such as GnRH pulse and gonadotropin therapy have 
been used for successful pregnancies8-13).

In Kallmann syndrome, as with other infertility 
cases, assisted reproductive technologies (ART), 
such as in vitro fertilization and embryo transfer 
(IVF-ET), are the treatments of choice when inter-
course and artificial insemination with the husband’s 
semen, in combination with ovulation induction 
therapy, do not result in pregnancy. To date, there 
have been few reports of pregnancies following ART 
treatment in patients with Kallmann syndrome14-16).  
Therefore, at present, there is a lack of evidence re-
garding the optimal ART treatment for these pa-
tients.

We report a case of an infertile woman with 
Kallmann syndrome and primary amenorrhea who 
underwent IVF and achieved pregnancy and delivery 
after vitrified-warmed ET. For comparison with 
this case, we also performed a literature review of 
reported cases of ART treatment for infertile women 
with Kallmann syndrome.

Case presentation

The patient was a 33-year-old Japanese nulli-
gravida woman. Her medical history to date is as 
follows. At 16 years old, she visited a general gy-
necologist due to primary amenorrhea and a lack of 
secondary sexual characteristics. She received 
hormonal medication that resulted in uterine bleed-
ing. Thereafter, she was administered cyclic estro-
gen and progesterone. At 29 years old, she was re-
ferred to our hospital, and hormonal examinations 
were conducted to determine the cause of her pri-
mary amenorrhea. Luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH) levels were 
0.5 mIU/ml (normal range, 1.76-10.24 mIU/ml in fol-
licular phase of menstrual cycle) and 2.40 mIU/ml 
(normal range, 3.01-14.72 mIU/ml in follicular phase 
of menstrual cycle), respectively, and estradiol (E2) 
level was 5 pg/ml (normal range, 28.8-196.8 pg/ml in 
follicular phase of menstrual cycle). Hormonal ex-
amination revealed that she had hypogonadotropic 
hypogonadism. Thus, she underwent GnRH stimu-

lation tests. The results of the GnRH stimulation 
test are shown in Table 1. LH and FSH gonadotro-
pin secretion was observed after GnRH administra-
tion, indicating that the hypogonadotropic hypogo-
nadism was the result of a hypothalamic disorder.  
Furthermore, the patient had an inability to smell 
curry, and was diagnosed with anosmia by an otolar-
yngologist, following an odor test. In addition, 
magnetic resonance imaging (MRI) revealed an ol-
factory bulb defect. Based on these findings, the 
patient was diagnosed with Kallmann syndrome.

The patient married at 31 years old and was re-
ferred to our hospital at the age of 33, as she desired 
a child. The patient was 157 cm tall, weighed 
58 kg, and had a body mass index of 23.5 kg/m2.  
Her blood pressure was 112/71 mm Hg. Physical 
examination revealed no winged neck, cubitus val-
gus, or funnel breasts ; moreover, her breast and 
pubic hair growth corresponded to Tanner stage 
5. On internal examination, we discovered that the 
vulva was normal, and vaginoscopy showed vaginal 
erosion and a hen’s egg-sized uterus ; bilateral ad-
nexa were not palpable. Transvaginal ultrasonogra-
phy showed that the endometrium was 3.7 mm 
thick ; however, the bilateral ovaries were difficult 
to detect. Routine blood and biochemical laborato-
ry test results were normal. The hormonal profile 
test revealed the following results : LH 0.51 mIU/
ml (normal range, 1.76-10.24 mIU/ml in follicular 
phase of menstrual cycle), FSH 1.55 mIU/ml (normal 
range, 3.01-14.72 mIU/ml in follicular phase of men-
strual cycle), E2 16.5 pg/ml (normal range, 28.8-

196.8 pg/ml in follicular phase of menstrual cycle), 
progesterone (P4) 0.07 ng/ml (normal range, 
<0.28 ng/ml in follicular phase of menstrual cycle), 
total testosterone 0.22 ng/ml (normal range, 0.11-

0.47 ng/ml), anti-Müllerian hormone 1.34 ng/ml 
(normal range at 30-32 years, 0.64-14.2 ng/ml), thy-
roid-stimulating hormone 1.04 μIU/ml (normal 

Table 1.  Hypothalamic-pituitary response to GnRH 
stimulation test at time of initial visit (29 
years old)

Time after GnRH injection LH (mIU/ml) FSH (mIU/ml)

baseline 0.5 2.4

 15 min 3.7 3.7

 30 min 8.3 5.5

 60 min 10.7 6.8

 90 min 10.2 9.6

120 min 9.1 9.4

GnRH, gonadotropin-releasing hormone ; LH, luteiniz-
ing hormone ; FSH, follicle-stimulating hormone
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range, 0.50-5.00 μIU/ml), free triiodothyronine 
3.64 pg/mL (normal range, 2.30-4.30 pg/ml), and 
free thyroxine 1.50 ng/dl (normal range, 0.90-

1.70 ng/dl). Chromosome examination using G-

banding revealed a normal karyotype of 46, XX.  
The patient declined to undergo genetic testing for 
Kallmann syndrome. Hysterosalpingography re-
vealed a normal uterine cavity and a bilateral tubal 
passage. The husband’s semen analysis showed a 
volume of 1.9 mL, sperm concentration of 53×106/
ml, progressive motility of 30.6% (total motility of 
38.9%), and 30% morphological normal spermato-
zoa. Asthenozoospermia was indicated by the se-
men findings, according to WHO criteria17).

Because Kallmann syndrome is due to insuffi-
cient GnRH secretion in the hypothalamus, typical 
treatment options are GnRH pulse or gonadotropin 
therapy. For this case, gonadotropin therapy was 
chosen, with recombinant FSH (rFSH, Gonal-F, Se-
rono Japan, Tokyo, Japan) and human menopausal 
gonadotropin (hMG ; ASUKA Pharmaceuticals, To-
kyo, Japan) in combination. Moreover, an additional 
5,000 units of human chorionic gonadotropin (hCG, 
gonadotropin, ASUKA Pharmaceuticals, Tokyo, Ja-
pan) were administered to promote follicle growth.  
Ovulation induction via gonadotropin therapy was 
performed for three cycles. However, due to poor 
follicle development that was difficult to control, the 
treatment was discontinued, and pregnancy was not 
achieved. Since it was difficult to control follicular 

growth with gonadotropin therapy, ART treatment 
was proposed and patient consent obtained.

The controlled ovarian stimulation (COS) pro-
tocol for ART treatment employed gonadotropins 
(rFSH/hMG) plus hCG to promote follicular growth 
(Fig. 1). FSH levels were monitored to determine 
the amount of FSH required for follicular develop-
ment for this case. In the first ART treatment cy-
cle, ovarian stimulation was started on the third day 
of withdrawal bleeding (cycle day 3, CD 3) ; four 
mature follicles over 15 mm in diameter were ob-
served on CD 18. Then on CD 21, 250 μg of re-
combinant hCG (rhCG, Ovidrel, Merck Biopharma, 
Toyo, Japan) was subcutaneously administered, and 
the oocyte was retrieved 3 h later. Four cumulus-
oocyte complexes (COCs) were harvested and sub-
jected to IVF with the sperm from her partner.  
Three two-pronuclear embryos and one three-pro-
nuclear embryo were observed one day after IVF.  
On day three, two embryos, one morula (G4 of Tao 
criteria18)), and one seven-cell stage embryo with 
blastomeres of equal size and minor cytoplasmic 
fragmentation were cryopreserved by vitrification 
using CRYOTOP® (Kitazato, Shizuoka, Japan) ac-
cording to the manufacturer’s protocol. No side ef-
fects, such as ovarian hyperstimulation syndrome 
(OHSS), were observed.

Vitrified-warmed ET was performed during a 
hormone replacement cycle. The endometrium 
was prepared as follows : the transdermal adminis-

Fig. 1. Clinical course of assisted reproductive technology treatment cycles. 
 rFSH, recombinant follicle stimulating hormone ; hMG, human menopausal gonadotropin ; hCG, human chori-

onic gonadotropin ; EM, endometrium ; FSH, follicle stimulating hormone ; LH, luteinizing hormone ; IU, in-
ternational unit ; OPU, ovum pick up ; COCs, cumulus-oocyte complexes
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tration of E2 was started at 2.88 mg/day (Estrana 
TAPE ; Hisamitsu Pharmaceutical, Tokyo, Japan) 
every other day after the third day of withdrawal 
bleeding. Twelve days after E2 treatment, the en-
dometrial thickness reached 10.5 mm ; vaginal P4 
(LUTEUM ; Asuka Pharmaceutical, Tokyo, Japan, 
400 mg twice daily) and oral chlormadinone acetate 
(Lutoral, Fuji Pharma, Tokyo, Japan, 6 mg daily) 
were administered. The morula-stage embryo was 
warmed using a thawing kit (VT602, Kitazato, Shi-
zuoka, Japan), according to the manufacturer’s pro-
tocol, and ET was performed on the fourth day after 
P4 administration. Transdermal E2 and P4 admin-
istration were continued until pregnancy was deter-
mined. Fourteen days after ET, a urine hCG test 
was positive. At 5 weeks and 3 days of gestation, 
transvaginal ultrasonography revealed one gesta-
tional sac in the uterus. At 7 weeks and 3 days of 
gestation, a fetal heartbeat was detected. At 9 
weeks and 3 days of gestation, loss of the fetal heart-
beat was confirmed, and the pregnancy was termi-
nated by vacuum aspiration. After that, the remain-
ing early cleavage embryo was warmed and 
transferred in the same way under a hormone re-
placement cycle, but no pregnancy occurred.

Therefore, the patient was scheduled for the 
second cycle of ART treatment. The same COS 
protocol was performed with gonadotropins (rFSH/
hMG) and hCG to promote follicle growth (Fig. 
1). The COS was commenced on CD 2 after with-
drawal bleeding. The number of antral follicles at 
the time of COS initiation was two in both ova-

ries. On CD 20, transvaginal ultrasonography re-
vealed an endometrium of 9.9 mm and four mature 
follicles over 15 mm in diameter. Subsequently, 
250 μg of rhCG (Ovidrel, Merck Biopharma, Toyo, 
Japan) was administered by subcutaneous injec-
tion. On CD 22, oocyte retrieval was performed.  
Four COCs were retrieved, which were then sub-
jected to IVF. Three days after IVF, one eight-cell 
stage embryo with blastomeres of equal size and no 
cytoplasmic fragmentation and one eleven-cell stage 
embryo with blastomeres of equal size and no cyto-
plasmic fragmentation were cryopreserved by vitri-
fication. Vitrified-warmed ET was scheduled and 
performed during a hormone replacement cycle.  
The endometrium was prepared by transdermal ad-
ministration of E2 at 3 mg/day (0.1% E2 gel, Divigel, 
Mochida Pharmaceutical, Tokyo, Japan) after three 
days of withdrawal bleeding. Then, the endometri-
al thickness reached 10.9 mm, and vaginal P4 
(LUTEUM ; Asuka Pharmaceutical, Tokyo, Japan, 
400 mg twice daily) and oral dydrogesterone (Du-
phaston, Mylan EPD, Tokyo, Japan, 15 mg daily) 
treatment was started. One eight-cell stage em-
bryo was warmed using a thawing kit (VT602, 
Kitazato, Shizuoka, Japan) according to the manufac-
turer’s protocol, and ET was performed on the 
fourth day after P4 administration. Transdermal 
E2 and P4 administration were continued until preg-
nancy was determined. Fourteen days after ET, a 
urine hCG test was positive. At 6 weeks of gesta-
tion, transvaginal ultrasonography revealed one ges-
tational sac in the uterus. At 7 weeks of gestation, 

Table 2. Case reports and retrospective cohort studies in Kallmann syndrome and hypogonadotropic hypogonadism

First author (Year) Type of report  
(no. of cases)

Diagnosis Age Types of COS Gonadotropin dose used 
(IU)

Duration of stimulation 
(days)

Szilagyi (2001) Case report (1) KS 20 GnRH agonist 2250-3150 NA

Ulug (2005) Retrospective cohort (58) HH 32* hMG HH (6071*) vs TI (3585*) HH (13.61*) vs TI (11.69*)

Kumbak (2006) Retrospective cohort (27) HH 33* GnRH antagonist HH (4537*) vs UI (3178*) HH (14.0*) vs UI (11.8*)

Yildirim (2010) Retrospective cohort (10) HH 31* hMG HH (3630*) vs TI (2501*) HH (13.0*) vs TI (9.2*)

Caragia (2012) Retrospective cohort (28) HH 33* NA HH (4098*) vs TI (2694*) HH (16.3*) vs TI (12.9*)

Ghaffari (2013) Retrospective cohort (81) HH 35* hMG/FSH HH (4845*) vs TI (2265*) HH (13.8*) vs TI (10.4*)

Pandurangi (2015) Case series (7) HH   27* hMG/FSH NA 12-54

Yilmaz (2015) Retrospective cohort (33) HH 33* hMG HH (4741*) vs MI (2157*) HH (12.5*) vs MI (10.8*)

Shimoda (2016) Case report (1) KS 30 hMG 4200 15

Mumusoglu (2017) Retrospective cohort (57) HH 31* GnRH agonist or hMG/
FSH

HH (3600**) vs control 
(2400**)

HH (11.6*) vs control (9.1*)

Kuroda (2018) Retrospective cohort (79) HH 33* hMG 2292* 12.2*

Nishiyama (2019) Case report (1) KS 32 hMG 3600 13

Present case Case report (1) KS 33 hMG/FSH plus hCG 3150 (cycle 1) and 3150 
(cycle 2)

18 (cycle 1) and 19 (cycle 2)

ART, assisted reproductive technology ; KS, Kallmann syndrome ; HH, hypogonadotropic hypogonadism ; COS, controlled 
stimulating hormone ; TI, tubal infertility ; UI, unexplained infertility ; MI, male infertility ; IVF, in vitro fertilization ; ICSI, 
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the fetal heartbeat was positive. Thereafter, her 
pregnancy course was free from adverse events.  
At 40 weeks and 6 days of gestation, a baby boy 
weighing 3,344 g with an Apgar score of 7/8 was de-
livered vaginally. The mother’s postpartum course 
and neonate were free from adverse events.

Discussion

We report a case of an infertile woman with 
Kallmann syndrome presenting with primary amen-
orrhea. Although gonadotropin therapy did not re-
sult in pregnancy due to difficulty in regulating folli-
cle growth, IVF followed by vitrified-warmed ET 
treatment resulted in successful conception and de-
livery.

GnRH pulse and gonadotropin therapy have 
been used for ovulation induction in patients with 
Kallmann syndrome5-7). GnRH pulse therapy mim-
ics physiological GnRH secretion and has the advan-
tage of being prone to monofollicular development, 
thus having a lower risk of multiple births and OHSS 
compared to gonadotropin therapy7). However, 
GnRH pulse therapy requires a special drug infusion 
pump and has the disadvantage of decreased patient 
convenience due to continuous subcutaneous 
injection ; therefore, gonadotropin is often used in 
actual clinical settings.

Poor ovarian responsiveness to gonadotropin 
therapy ovulation induction has been reported in 
IHH patients, including those with Kallmann syn-
drome16,19). IHH is a group of disorders that cause 

idiopathic GnRH deficiency or GnRH hyposecre-
tion. Kallmann syndrome is classified as a form of 
IHH and is associated with anosmia in IHH.  
Therefore, the ovarian response to gonadotropin 
therapy is expected to be the same in other IHH dis-
orders besides Kallmann syndrome. It has been 
shown that follicular development proceeds in con-
cert with steroid hormone production in the theca 
and granulosa cells that comprise the follicle20). For 
instance, when LH secretion is very low, as in Kall-
mann syndrome and IHH, androgen production via 
LH in the theca cells of the follicle does not occur, 
resulting in decreased production of androstenedi-
one and testosterone19). Androgens are used as 
substrates for aromatase to synthesize E2 in the 
granulosa cells of follicles. Therefore, where the 
effect of LH is reduced, follicular development may 
be inadequate when FSH preparations are adminis-
tered alone.

Although hMG with LH activity is advanta-
geous for follicular development in patients with 
IHH, it has been reported that rFSH alone can in-
duce ovulation in patients with Kallmann syndrome 
and IHH9,21). Moreover, it has been reported that 
administration of rFSH alone causes a poor increase 
in androstenedione but a remarkable increase in E2 
levels and follicular development22). Since rFSH 
can be injected subcutaneously by oneself, it has the 
advantage of reducing the number of hospital vis-
its. However, follicular growth is poor with rFSH 
alone, which is countered by combining it with hCG 
with LH activity and hMG.

women with primary amenorrhea who underwent ART treatments

No. of retrieved oocytes Type of 
insemination

Fresh or frozen-thawed ET No. of ET Live birth or clinical 
pregnancy/ET

Adverse events

4 and 6 ICSI Fresh 2 and 4 Live birth None

12.4* IVF Fresh 3.0* 30/53 (56.6%) Multiple pregnancies (46.6%)

10.3* IVF/ICSI Fresh 3.5* 16/27 (59.3%) NA

6.5* ICSI Fresh 2.6* 8/10 (80%) None

9.1* IVF/ICSI Fresh NA 56.6% NA

8.3* IVF/ICSI Fresh 2.2* 14/72 (19.4%) NA

9.9* ICSI Fresh : 5 cycles
Frozen : 3 cycles (cleaved embryos)

2.4* 6/8 (75%) NA

10.0* IVF/ICSI Fresh NA 10/33 (33%) NA

2.0 ICSI Frozen (cleaved embryos) 1.0 Live birth None

8.0* ICSI Fresh (cleaved embryo or blastocyst) 1.0*   21/57 (36.8%) None

9.9* IVF/ICSI Frozen (cleaved embryo or blastocyst) 1.0* 80/135 (59.3%) None

13 IVF/ICSI Frozen (blastocyst) 1.0 Ongoing None

4 (cycle 1) and 4 (cycle 2) IVF Frozen (cleaved embryos) 1.0   Ongoing None

intracytoplasmic sperm injection ; ET, embryo transfer ; NA, not available, *mean value, **median value
ovarian stimulation ; GnRH, gonadotropin-releasing hormone ; hMG, human menopausal gonadotropin ; FSH, follicle-
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ART is considered the next treatment option 
when pregnancy cannot be achieved with gonadotro-
pin therapy or when optimal follicular growth cannot 
be controlled. Table 2 summarizes the reports on 
ART treatment for patients with IHH, including 
those with Kallmann syndrome14-16,23-31). Among 
these, only three reported ART treatments exclu-
sively for patients with Kallmann syndrome14-16).  
One was a fresh ET treatment cycle after ICSI14), 
while the other two cases involved a frozen-thawed 
ET treatment cycle after IVF or ICSI15,16). The re-
maining nine reports included IHH and secondary 
HH. Summarizing these, the median clinical preg-
nancy or live birth rate after ART treatment for HH 
was 57.95% (range 19.4%-80%). Moreover, eight 
were fresh, and two were frozen-thawed ET cycles, 
and one was a combination of both. Recently, Ku-
roda et al. reported that a combination of freeze-all 
embryo and single vitrified-warmed ET with a hor-
mone replacement cycle for HH, including IHH, had 
good cumulative pregnancy rates of 73.4% in up to 3 
ET cycles30). Seven retrospective cohort studies 
comparing IHH with tubal or male infertility and 
other causes of poor ovarian responsiveness to go-
nadotropins have been reported23-27,29,31). In these 
reports, the total amount of gonadotropin used and 
the duration of ovarian stimulation were significantly 
higher in IHH than in other causes of infertility.  
These studies suggest that ovarian responsiveness 
to gonadotropins is poorer in IHH.

Gao et al. reported a systematic review and me-
ta-analysis of ART treatment for IHH in women32).  
In the report, miscarriage, multiple pregnancy, 
OHSS, and ectopic pregnancy were reported as side 
effects of ART treatment. Although patient age and 
other factors were not considered, they reported 
that the miscarriage rate and multiple pregnancy 
rate after ART treatment for IHH were 8.2% and 
12.8%, respectively, and were not significantly dif-
ferent from other patients treated with ART.  
Taken together, these reports suggest that ART is 
an acceptable treatment for IHH disorders such as 
Kallmann syndrome, in terms of the outcomes and 
side effects.

In this report, we have described the treatment 
of an infertile woman with Kallmann syndrome who 
underwent IVF under COS with rFSH/hMG plus 
hCG, which resulted in successful pregnancy and 
delivery after vitrified-warmed ET. Although there 
are only a few reports of ART treatments being per-
formed for patients with Kallmann syndrome, IVF 
followed by selective embryo cryopreservation 
seems to be a safe and effective ART treatment for 

patients with Kallmann syndrome.
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