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Introduction
The episodic secretion of gonadotrophin-releasing hormone (GnRH) from specialized hypothalamic
neurons is a key neuroendocrine regulator of the human reproductive axis [1]. Pulsatile GnRH stimulates the secretion of both luteinizing hormone (LH) and follicle-stimulating hormone (FSH) from the
pituitary which in turn triggers testicular development in males as well as testosterone production and
reproductive capacity (i.e. spermatogenesis). Accordingly, developmental disorders disrupting the
GnRH network can result in congenital hypogonadotrophic hypogonadism (CHH) e a rare condition
clinically characterized by absent or partial puberty and infertility [2,3]. In contrast to primary
testicular disease, CHH is characterized by hypogonadotropic hypogonadism, and is usually a treatable
form of male infertility. However, approaches to induce fertility in these men vary and optimal regimens have yet to be deﬁnitively determined. Thus, the focus of this review will be to provide physiologic context for gonadotrophin replacement and summarize the current evidence on therapeutic
approaches for CHH men seeking fertility.
The reproductive axis
In humans, the activity of GnRH-induced gonadotrophin secretion changes throughout development. GnRH neurons originate from the olfactory placode and migrate along olfactory guidance ﬁbers
to reach the arcuate nucleus of the hypothalamus before birth [2]. In early male fetal life (weeks 10e15)
maternal hCG drives the testicular production of testosterone (T) that spurs growth of the phallus and
early testicular descent [4]. Then, from the second half of fetal life T production is stimulated via
endogenous GnRH-induced LH secretion from the pituitary. This phase is critical for ﬁnal inguinoscrotal testicular descent and phallic growth. The hypothalamic-pituitary-gonadal (HPG) axis remains active during the ﬁrst six months of life with hormone levels approaching adult levels [5]. This
so-called “mini-puberty” also represents an important window of opportunity to identify CHH among
males exhibiting maldescended testes with or without micropenis as low serum T and LH measurement can be utilized to identify congenital GnRH deﬁciency [6].
The HPG axis appears to be relatively quiescent during childhood yet subtle, important testicular
growth occurs as evidenced by studies in primates as well as histologic studies of boys dying in
traumatic accidents [7]. The onset of puberty is initially marked by sleep-entrained, pulsatile GnRHinduced LH secretion [8]. The resulting increased serum gonadotrophin and T levels progressively
extend into the day as puberty progresses and these hormone dynamics begin a cascade of events
culminating in reproductive maturity. The gonadotrophins exert differential effects on the compartments of the testes. Broadly, LH stimulates maturation of the interstitial Leydig cells that secrete T and
insulin-like factor 3 (INSL3). Intra-testicular T, in concert with FSH, acts on the Sertoli cells to induce
and maintain spermatogenesis. While testosterone's role in male reproduction is well-established, the
physiologic role of INSL3 remains unclear yet it is a marker of Leydig cell activity and may have antiapoptotic effects on germ cells [9].
Follicle stimulating hormone (FSH) is central for development of the tubular compartment, where
spermatogenesis occurs. Speciﬁcally, FSH stimulates the proliferation of immature Sertoli cells that
secrete inhibin B (IB) and antimüllerian hormone (AMH). The FSH-induced proliferation of immature
Sertoli cells has far-reaching effects on fertility potential as mature Sertoli cells can support a speciesspeciﬁc number of germ cells [10] and determine ﬁnal seminiferous tubule length [11,12]. Further,
approximately 90% of testicular volume is accounted for by the seminiferous tubules thus testicular
volume (TV) is a critical indicator of fertility. AMH is secreted by immature Sertoli cells and is
downregulated by T. Accordingly, it is normally high in early puberty and falls with rising serum
androgen levels [13,14]. Importantly, during the mini-puberty, Sertoli cells do not express the androgen
receptor [15]. Therefore, despite the high intra-testicular T levels induced by LH, Sertoli cells remain
immature and so the early neonatal period is a proliferative window for immature Sertoli and germ
cells. As puberty progresses, the increasing intra-gonadal T production from the Leydig cells ends the
proliferative phase as Sertoli cells mature and the cords develop a lumen noting the transition to tubule, and spermatogenesis is initiated [15]. Notably, T levels at the site of production are much higher
than peripheral circulating levels and this is a requisite for spermatogenesis. A fact that was elegantly
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demonstrated in a study of gonadotrophin-deﬁcient men wherein FSH combined with LH-induced T
could stimulate spermatogenesis yet FSH and exogenous T could not [16]. Therefore, FSH and LHinduced T play complementary roles and both are needed to achieve quantitatively and qualitatively
normal spermatogenesis [17].
Congenital hypogonadotrophic hypogonadism (CHH)
Disruption of the complex developmental processes regulating GnRH neuron fate speciﬁcation,
migration, or function can result in congenital hypogonadotrophic hypogonadism (CHH). This rare
genetic disorder (1/40 000-100 000) [18] is caused by deﬁcient GnRH secretion or action and presents
classically as absent puberty and infertility. Importantly, CHH occurs in a spectrum of severity along
with number of associated phenotypes that appear at variable rates including skeletal anomalies, cleft
lip and palate, synkinesia (mirror movements), sensorineural deafness, cerebellar ataxia and renal
agenesis. In particular, the association of CHH with the inability to smell (anosmia) is termed Kallmann
syndrome (KS) and is apparent in approximately half of cases [3].
CHH patients typically present in adolescence or early adulthood with absent puberty (i.e. prepubertal testes) [19]. This is evident on physical examination as a testicular volume (TV) of 4 mL is
commonly used among adult endocrinologists as a cutoff to indicate the clinical onset of puberty. CHH
is clinically heterogeneous and presentation is based on the degree of GnRH deﬁciency. More severe
forms of CHH are characterized by cryptorchidism and micropenis at birth and subsequently a complete absence of pubertal development (i.e. prepubertal testes). Others have partial forms as evidenced
by some degree of spontaneous testicular development with TV > 4 mL [20]. The biochemical proﬁle in
CHH consists of low T levels in the setting of low or inappropriately normal serum gonadotrophins.
Additional causes must be excluded (i.e. normal hypothalamo-pituitary region imaging and no space
occupying lesions), and otherwise normal anterior pituitary function must be conﬁrmed as well as
normal ferritin levels [19].
Predictors of outcome to fertility treatment
CHH is a treatable form of male infertility and approaches to stimulate gonadal development and
fertility include pulsatile GnRH therapy [21,22] or injections of exogenous gonadotrophins [23,24].
Both of these approaches have proven effective in inducing spermatogenesis in the majority of patients
[17e25] Regardless of treatment modality, important predictors of fertility outcomes have emerged
(Table 1). Perhaps not surprisingly, initial TV is a key predictor of outcome [27e32] and is also a signiﬁcant predictor of pregnancy [33]. Notably, CHH men with absent pubertal development consistently
have poorer fertility outcomes. These men have the most severe form of GnRH deﬁciency and lack the
beneﬁcial stimulatory effects of mini-puberty and the resulting proliferation of immature Sertoli cells
and germ cells. This is reﬂected biochemically in low serum inhibin B (IB) levels (i.e. < 60 pg/mL)
[20,34]. Thus, careful assessment of testicular size (and consideration of any prior gonadotrophin
exposure) is important for assessing chances for developing fertility among CHH men (see Practice
points).
Several studies have noted the higher incidence of maldescended testes (cryptorchidism) among
CHH men with small testes [29,30] (Table 1). Indeed, cryptorchidism (unilateral or bilateral) is an
important prognostic factor for male fertility in CHH men [23,29,35,36] as well as in the general
population where it affects approximately 2e5% of full-term neonates [37]. Testicular descent will
occur spontaneously in approximately ¾ of newborns with maldescended testes and the majority will
occur in the ﬁrst 6-months of life. However, for those in whom the testes do not descend during the
ﬁrst year, the impact on gonocyte survival and long term fertility can be dramatic (particularly in cases
of bilateral cryptorchidism) and orchidopexy should be performed within the ﬁrst year of life [37]. This
is relevant for CHH men as cryptorchidism is often associated with the condition. Importantly, men
with bilateral cryptorchidism have lower serum IB levels, smaller TV, and lower sperm counts [38] and
are six-times more likely to be infertile compared to unilateral or normally descended testes [39]. The
impact of cryptorchidism on fertility is determined by a combination of factors including location as
higher lying testes (abdominal or above the inguinal ring) have the most severe depletion of germ cells
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Table 1
Summary of studies identifying predictors of outcomes to fertility-inducing treatment in men with CHH.
Author
(year)

Treatment regimen
(duration)

Casesa
Sperm TV < 4 mL TV > 4 mL Negative
(# CHH) positive sperm þ sperm þ predictor

Burris
et al.
(1988)
Pitteloud
et al.
(2002)

hCG: 20 000 U 3/wkly
(24 months)

22
15/22
(22 CHH) (68%)

6/11
(55%)

9/11
(82%)

Pulsatile GnRH:
25e600 ng/kg every 2 h
(12e24 months)

76
51/70
(70 CHH) (87%)

43/52
(83%)

18/18
(100%)

Miyagawa hCG: 30 000 U 2 weekly
FSH: 75 IU 2 weekly
et al.
(2005) (12e24 months)

36
9/18
(29 CHH) (50%)

4/11
(36%)

5/7
(71%)

Liu et al.
(2009)

Warne
et al.
(2009)

hCG: 10 500e20 000 U 2/wk
FSH (post 6 mos hCG):
75e150 IU 3/wk
(23 ± 2 months)
hCG: 10 000 U 3/wk or
20 000 U 2/wk
FSH (post 3e6 mos hCG):
150e300 3X/wk
(18 months)

75
85e90% n/a
(51 CHH)

n/a

81
68/81
(77 CHH) (84%)

n/a

n/a

Comments

TV < 4 mL

 hCG mono-therapy e
outcomes better for
larger initial TV
TV < 4 mL
 Cryptorchidism more
cryptorchidism
common in CHH men
IB < 60 pg/mL
with TV < 4 mL
 3/6 bilateral
cryptorchidism
remained azoospermic
 24/31 (77%) have
sperm by 12 mos,
42/51 (82%) by 24mos
TV < 4 mL
 Cryptorchidism more
common in CHH men
with TV < 4 mL
 Positive correlation
between initial TV
and sperm count
TV < 4 mL
 Time to response
priorT
effected by initial TV
 Positive effect of prior
cycles
TV < 4 mL
 Time to response
BMI > 30
effected by initial
TV
 No effect of prior
treatment
 All non-responders
were CHH men with
initial TV < 4 mL

CHH: congenital hypogonadotrophic hypogonadism; TV: testicular volume; hCG: human chorionic gonadotrophin, GnRH:
gonadotrophin-releasing hormone; IB: inhibin B; FSH: follicle stimulating hormone; n/a: not assessed.
a
Other subjects included patients with either adult-onset hypogoandotropic hypogonadism or gonadotropin deﬁciency (i.e.
combined pituitary hormone deﬁciency).

[40]. Further, early surgical correction is important as demonstrated in a recent study comparing
orchidopexy at 9 months compared to 3 years of age that revealed compelling evidence for earlier
intervention in terms of TV as well as number of germ cells and Sertoli cells [40]. Therefore, current
recommendation is for surgical intervention between 6 months and 1 year of age [37,41].
Outcomes for orchidopexy can vary as the procedure of ligating infantile testis can be technically
challenging and thus surgical trauma may also be a confounding factor for outcomes [37]. Moreover, as
reviewed by Biers and Malone [42], adjuvant hormone treatment is a plausible approach to augment
testicular size prior to surgical intervention and has been examined in several studies. Although the use
of hCG treatment alone is the standard of care, it is shadowed by some ﬁndings suggesting apoptotic
and inﬂammatory changes in germ cells [43,44] thus considerable controversy remains (see Research
agenda). For CHH infants lacking mini-puberty, a novel concept of neonatal combined gonadotrophin
treatment has emerged as a means to stimulate testicular growth (and IB production) and augment
penile size in CHH infants [45]. The initial studies have been promising and raise important questions
about the timing and type of treatment offered to CHH patients.
In one large patient series, prior androgen exposure was found to be associated with diminished
likelihood of attaining sperm thresholds for conception among CHH men [31] (Table 1). This study
stands in contrast to previous reports [46] that found no effect of prior androgen therapy on fertility. As
this was not a randomized study, the observed association may reﬂect that more severe cases of GnRH
deﬁciency may be identiﬁed earlier and thus received treatment with androgens (T). Notably,
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peritubular ﬁbrosis has been noted in following androgen therapy [47] and hCG can induce similar
histological changes [48]. Such histologic observations have also been noted in GnRH deﬁcient patients
[49]. Further, in an expanded series of CHH patients with prepubertal testes and no history of cryptorchidism, 7/11 (64%) had thickened basement membranes and 8/11 (73%) exhibited increased interstitial ﬁbrosis and all but one had received prior androgen therapy (Fig. 1). This remains an important
question for the ﬁeld because while pubertal induction has been demonstrated with hCG [26] and
combined gonadotrophins [50], yet the vast majority of cases receive androgen treatment in adolescence/early adulthood, prior to gonadotrophin treatment for fertility induction. Therefore, addressing
the possible long-term fertility impact of prior androgen treatment and identifying the optimal timing
for gonadotrophin treatment is critical (See Research points). The existing data regarding predictors of
outcome (Table 1) underscore the importance of careful history and clinical examination prior to
starting fertility-inducing treatment as well as counseling patients to establish realistic expectations
regarding the likelihood of positive outcomes as fertility is not achieved in all cases.
CHH genetics and future fertility
The majority of CHH cases are sporadic which seems to be in keeping with a condition that impairs
fertility. However, a third of the cases display a familial pattern of inheritance [3]. Cases have been
described as following autosomal dominant, autosomal recessive, or X-linked inheritance as well as
oligogenic forms [51]. CHH is genetically heterogeneous with more than 20 loci identiﬁed to date acting
alone or in synergy. Despite the growing number of CHH-associated loci, only about 35e40% of cases
are currently accounted for by mutations in the identiﬁed genes. Gene screening can be guided by
clinical presentation providing clues for identifying the underlying molecular basis [52]. Notably, patients with an X-linked form of CHH who harbor mutations in KAL1 tend to have the poorer response to
treatment [53] and genetic counseling should be offered to patients/couples pursuing fertility treatment [54]. Moreover, targeted mutation screening in affected offspring in addition to neonatal hormonal proﬁling [6], could aid an early diagnosis and potentially be useful for guiding clinical decision
making and early initiation of treatment (see Research agenda).
Approaches to fertility treatment I: pulsatile GnRH therapy
As CHH patients exhibit isolated GnRH deﬁciency, a logical approach is to replace GnRH. However,
this is complicated by the fact that physiologic GnRH secretion is episodic and continuous

Fig. 1. Testis histology of CHH men with no pubertal development prior to fertility induction. A total of 11 CHH men with prepubertal testes (TV < 4 mL) and no history of maldescended testes underwent baseline testicular biopsy prior to fertility induction. All
subjects exhibited signs of immature testes, absent Leydig cells, small seminiferous cords (approximately 100 micra in diameter)
with scarce immature Sertoli cells and few spermatogonia [49]. (A) Light micrograph (1000) showing immature testis with few
spermatogonia (asterisks) and Sertoli cells (triangles). (B) Light micrograph (600) demonstrating increased interstitial ﬁbrosis
(star). On sequential treatment (rFSH alone followed by 24-months of pulsatile GnRH) the subject in panel A had testicular growth
from 1.5 / 5.9 mL (via ultrasound), achieved maximal sperm count of 1.7  106/mL and conceived twins via IVF. The subject in panel
B received 24-months of pulsatile GnRH (LH þ FSH) resulting in testicular growth from 0.2 / 3.4 mL (via ultrasound). He achieved a
maximal sperm count of 7.0  106/mL and was able to conceived naturally [82].
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administration results in pituitary de-sensitization and suppression of gonadotrophin secretion [1].
Thus, either intravenous or subcutaneous GnRH must be administered in a pulsatile fashion via miniinfusion pump [21]. A variety of protocols have been described all of which aim to deliver a physiologic
regimen (i.e. every 2 h) with GnRH dosing titrated to induce serum gonadotrophin levels capable of
stimulating serum T levels in the adult range and spermatogenesis [21,22,29,55,56]. Pulsatile GnRH
successfully induces puberty [21,22] and fertility with approximately 80% of men being able to develop
spermatogenesis on long-term treatment. CHH men with some degree of spontaneous puberty
(TV > 4 mL) typically develop sperm more rapidly than those with prepubertal testes (6e12 months vs.
18e24 months, respectively) [29]. However, this approach is limited by the fact that it requires
particular expertise that is typically offered at specialized centers and few options for microinfusion
devices. Notably, pulsatile GnRH and exogenous gonadotrophin therapy have comparable outcomes
[25e27].
Approaches to fertility treatment II: human chorionic gonadotrophin therapy (hCG)
Human chorionic gonadotrophin (hCG) has been used as a therapeutic approach for inducing
fertility in CHH [23,24]. One advantage of exogenous gonadotrophin treatment is that it can be effective
for hypothalamic as well as pituitary disorders yet this mono-therapy approach has important limitations. Mono-therapy with hCG is best used to stimulate spermatogenesis in those CHH men with
larger testicular size [23,24,28,57]. This includes those CHH men with some degree of spontaneous
testicular development as well as those with the so-called fertile eunuch syndrome [58]. These men
exhibit testicular development yet are not virilized and typically have eunuchoidal proportions
(armspan exceeding height by >6 cm). The enfeebled GnRH secretion in these men is sufﬁcient to
stimulate enough LH and FSH secretion to induce seminiferous tubule development (as evidenced by
increased TV and spermatogenesis) yet not sufﬁcient enough to stimulate serum T at levels needed for
full-virilization. Thus, fertile eunuchs are distinguished by their active spermatogenesis and can
typically achieve fertility with hCG therapy alone and in some instances T only [59].
Thus, mono-therapy with hCG therapy is a viable treatment option for those CHH men on the mild
end of the phenotypic spectrum (i.e. partial to near-full testicular development). Importantly, hCG
mono-therapy is much less successful in men who lack testicular development [23,28,34,57]. In the
seminal paper by Finkel and colleagues, only 1/6 CHH men with frankly hypogonadal serum T levels
and prepubertal testes developed sperm on hCG alone [23]. Burris and colleagues treated a larger
cohort of 22 CHH men (11 with absent puberty and 11 with partial puberty) with long-term (12e24
months) hCG treatment [28]. They observed that men with smaller initial testicular size were less likely
to develop sperm with 6/11 (55%) vs. 9/11 (81%) (Table 1). Similar results were observed in an Italian
study of 17 CHH men on long-term hCG mono-therapy (up to 10 years) reporting 5/8 (60%) vs. 8/9 (90%)
respectively [24]. More recently, a large Chinese study of CHH men (nearly all of whom had prepubertal
testes) provided hCG treatment alone for up to 18 months stimulating sperm production in only 34/84
(41%) [60]. Thus, hCG mono-therapy is not the ideal treatment for men who lack testicular development (i.e. TV < 4 mL) as these studies indicate that only about half of such CHH men are able to develop
sperm on hCG mono-therapy. In such cases, combined gonadotrophin therapy has achieved better
outcomes.
Approaches to fertility treatment III: combined gonadotrophin therapy
Combined gonodotrophin therapy (hCG þ FSH) is another treatment regimen often used for CHH
patients. This is based on the principle that hCG serves as a long-acting substitute for LH and that FSH
can be replaced using puriﬁed urinary FSH preparations or recombinant FSH. The earliest FSH preparations (i.e. human menopausal gonadotrophins, hMG) had both FSH and LH activity as they were
derived from menopausal urine. Subsequently, highly puriﬁed urinary FSH preparations were developed [61], and in the 1990s recombinant FSH (rFSH) formulations emerged that had no LH crossreactivity [62]. While initial studies employing gonadotrophins administered them via intramuscular
injection, these medications are now routinely delivered safely and effectively via subcutaneous injection [63e65]. These less invasive injections have much greater patient acceptability and likely help
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contribute to adherence. Moreover, the emergence of long-acting FSH preparations [66] now on the
market may also hold promise for CHH men undergoing fertility induction.
The ﬁrst patient series demonstrating the effectiveness of combined gonadotrophin therapy for
inducing fertility in CHH emerged in the mid-1980s [23,35,67]. Over the next 30 years a number of
clinical series have been published reporting outcomes from individual centers [30,56,64,68e72] yet
results are difﬁcult to compare as agents and dosing schedules are highly variable. For instance, the
time to develop sperm in the ejaculate ranges from 3 to 19 months with median times in the range of
9e12 months for combined treatment (using different regimens) [31,32,50,61,73]. In 2005, a Japanese
group reported outcomes on a series of 36 patients including 29 CHH men receiving a standard longterm treatment [30]. Only 36% of the CHH men with prepubertal testes developed sperm compare to
71% with some testicular development (Table 1) and those men with TV < 4 mL were much more likely
to have had cryptorchidism (39% vs 8%). These ﬁndings were in line with prior reports that maldescended testes limit favorable fertility outcomes and such patients require longer treatment to achieve
spermatogenesis [29,36,74,75]. Subsequently, in 2009 Liu and colleagues performed a detailed analysis
of large cohort of 75 patients (51 of whom had CHH) who received a standardized treatment regimen
[31]. Importantly, half of treatment cycles (58/116) resulted in pregnancy and a only a minority of
which (7/58, 12%) resulted from in vitro fertilization. Using a variety of elegant statistical analytic approaches they identiﬁed the median time to develop sperm in the ejaculate was 7 months and median
time to conception was 28 months [33]. Further, analysis of patients receiving multiple rounds of
gonadotrophin treatment revealed that spermatogenesis was achieved 2e3 fold faster in subsequent
courses compared to the previous treatment period. In line with prior studies, the authors identiﬁed
that smaller initial testicular volume was a negative predictor [27,28,30,69] (Table 1). Later in 2009, a
combined analysis of several international studies evaluating a structured combined gonadotrophin
treatment regimen [73,76,77] (Table 1) was published again conﬁrming smaller baseline TV as a
negative outcome predictor [32]. Overall, 84% of participants in the combined analysis developed
sperm and 69% achieved concentrations 1.5  106/mL which has been used in a number of studies as a
concentration for achieving pregnancy [61,64,73].
A common practice has been to initiate treatment with hCG with injections i.e. 1000e2000 U two to
three times per week depending on available dosing formulations. Concomitant treatment with FSH
can be initiated immediately, but typically, hCG mono-therapy is continued for 3e6 months at which
time FSH is added (i.e. 75e150 IU every other day/three times per week) [78]. Approximately 80% of
men will be able to develop sperm [31,32] and the vast majority achieve maximum testicular volume
and develop sperm in the ejaculate with 12e18 months of treatment (see Practice points).
Approaches to fertility treatment IV: sequential treatment protocols
As reviewed above, mono-therapy with hCG has produced less than optimal outcomes for patients
without testicular development and outcomes improve with the addition of FSH. However, prepubertal
TV remains a strong negative predictor of outcome. As 90% of testicular volume is determined by the
seminiferous tubules, factors promoting tubule development (i.e. proliferation of immature Sertoli and
germ cells) are critical for optimizing spermatogenic capacity [11,12]. Therefore, a plausible approach
for improving fertility in the most severely affected CHH men is to provide unopposed FSH treatment to
proliferate immature Sertoli cells prior to androgen-induced maturation [15]. Accordingly, a sequential
treatment approach could be employed in an attempt to recapitulate the hormonal dynamics of puberty wherein FSH rises prior to increased serum levels of LH-induced T. Raivio and colleagues ﬁrst
demonstrated the beneﬁcial effects of rFSH on serum inhibin B (IB) and TV in three prepubertal boys
with gonadotrophin deﬁciency (one case each of Kallmann syndrome, panhypopituitarism and posttreatment for craniopharyngioma) [79]. This resulted in testicular growth and the increased serum
IB following rFSH administration was presumed to reﬂect FSH-induced Sertoli cell proliferation.
Moreover, rFSH has been administration to gonadotrophin-deﬁcient patients of diverse etiologies
(CHH, congenital hypopituitarism, or post-surgery for intracranial tumors) in several studies all of
which demonstrated testicular growth and increased serum IB and AMH levels [34,79e81]. In 2007,
Raivio and colleagues reported a long term follow up of a series of 14 prepubertal boys with gonadotrophin deﬁciency of different etiologies (including 4 CHH, 2 of whom had a history of
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cryptorchidism) all of whom received pre-treatment with variable rFSH regimens prior to pubertal
induction with hCG [80]. Importantly, three of the four CHH men developed sperm suggesting that
those men with the most severe GnRH deﬁciency (TV < 4 mL, cryptorchidism ± microphallus) may
beneﬁt from rFSH priming prior to hCG induced maturation.
In 2013, the results of an open-label randomized study were published that compared 4-months of
rFSH treatment prior to 24 months of pulsatile GnRH (LH þ FSH) (n ¼ 7) versus standard treatment (24
months of pulsatile GnRH) (n ¼ 6) in CHH men with prepubertal testes [82]. To control for confounding
factors patients with without cryprochidism and gonadotrophin therapy were excluded. rFSH treatment induced normal serum IB levels and TV doubled in 4 months while histologic studies revealed
Sertoli cells and spermatogonia proliferation as well as cytoskeletal rearrangements. Importantly, all
men receiving rFSH pre-treatment developed sperm in their ejaculate (7/7) compared to 4/6 in the
GnRH-only group. Moreover, the pre-treated group trended towards higher maximal sperm counts.
Given the difﬁculty to recruit severely affected CHH patients without cryptorchidism or prior gonadotropin treatment, this study was not sufﬁciently powered to reach statistical signiﬁcance and would
require an estimated 28 subjects in each treatment arm to do so. Regardless, these initial studies
demonstrate that sequential treatment approach including pre-treatment with FSH is successful in
inducing testicular growth and fertility in CHH men with prepubertal testes. To deﬁnitively demonstrate superiority of this approach, a larger prospective multicenter study would be required. Further, a
similar treatment approach could potentially be employed for those CHH men with a history of maldescended testes who are among the least responsive to gonadotrophin therapy (see Research agenda).
Patient monitoring during fertility induction
Patient care during fertility induction involves both regular assessment of testicular development
and spermatogenesis as well as monitoring for unwanted effects associated with gonadotrophin
therapy. Gynecomastia is the most common side effect of hCG therapy [48] and is seen in up to one
third of patients. The presumed mechanism is excess LH-induced estrogen secretion which is best
minimized or avoided by utilizing the lowest dose capable of maintaining low-normal serum T levels.
As the half-life of hCG is approximately, 36 h [83], monitoring serum T levels should be done in the
context of the pharmacokinetics. Speciﬁcally, trough levels obtained prior to the subsequent injection
are most informative as they can facilitate closer dose titration to minimize unwarranted effects as well
as to avoid excessive escalation of serum T levels that could result in elevated hematocrit. Typically hCG
dose begins at 10000e20 000 U every other. As TV increases, doses can often be reduced to 500e10500 U
every other day as long as the dose for maintaining trough serum T level at the lower end of the normal
adult range. With the efﬁcacy of subcutaneous hCG injections [64,65,84], invasive intramuscular injections are no longer necessary. However, inquiries about adherence should be made at patient visits
because sporadic compliance may contribute to the development of hCG antibodies. As such, falling T
response to hCG treatment may result from poor adherence and in rare cases, antibodies [85]. For
sequential or combined treatment approaches serum measurement of FSH is warranted. We target
levels of 4e6 IU/L and attempt to avoid levels >9 IU/L [82].
Additional hormone markers, such as IB and AMH levels, may prove useful from both a prognostic
point of view as well as for monitoring treatment. Low baseline serum IB level (<60 pg/mL) has been
demonstrated to be negative predictor of outcome [29] (Table 1). Given that CHH men have a limited
Sertoli cell population (and low T levels), it is expected that serum IB levels are low and AMH levels are
high [13,20]. As such, IB and AMH could be used as a proxy for the proliferation of immature Sertoli
cells [9,82] during FSH treatment. In CHH men with severe GnRH deﬁciency, serial monitoring of serum
IB indicated that levels reached a plateau after 2 months of rFSH treatment (75 IU daily) in, suggesting
that 2 months could be a sufﬁcient pre-treatment period with rFSH alone [82]. Similarly, INSL3 has
been proposed as a marker of Leydig cell function and could be used to gauge Leydig cell response to
treatment much in the same way as IB for Sertoli cells [86].
Clinically, assessment of testicular volume using a Prader orchidometer is an important metric of
response to fertility treatment [87]. Typically TV of 8e10 mL indicates spermatogenesis yet it is
important to note that men on fertility inducing treatment who attain limited testicular growth (i.e.
volume of 4e5 mL by Prader orchidometer) can have sperm in the ejaculate [27,28,53]. Further, CHH
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men with TV as small as 3 mL via ultrasonography can have active spermatogenesis and in some cases
are able to conceive naturally [82] (Fig. 1). The vast majority of CHH men will not achieve normal sperm
counts as deﬁned by the World Health Organization (i.e. >20 million/mL) [88] yet low sperm counts do
not preclude fertility [89]. Indeed, median sperm counts for conception range from 3 to 8 million/mL
[24,27,28,33] and median time to reach sperm has been reported at 5 months [33] thus seminal ﬂuid
analysis can commence within a few months of starting treatment. However, testis volume is the single
most important predictor of outcome and those with smaller testes or a history of maldescended testes
can take considerably longer with 12e24 months often needed for patients with bilateral cryptorchidism [22,27,31,63,65]. Therefore, when discussing fertility plans with patients, it is recommended
that treatment is initiated at least 6e12 months prior to the time at which fertility is desired.
Fertility-inducing treatment is typically continued after conception into the 2nd trimester due to
the possibility of miscarriage early in the pregnancy. If the couple desires to conceive again quickly, hCG
alone can be continued. This can effectively maintain spermatogenesis yet sperm counts tend to
progressively fall over time [90]. Importantly, Liu and colleagues noted that a prior gonadotrophin
treatment resulted in a 2e3 fold shorter time to the appearance of ﬁrst sperm on subsequent
gonadotrophin treatment regimens [31]. So, while it appears that repeated gonadotrophin treatment
does not have a negative effect on fertility, it is important to remember that this does not guarantee
success on subsequent cycles. Therefore, we recommend that patients be given the option to store
sperm and transition to testosterone replacement in between periods of gonadotrophin treatment (see
Research agenda). Further, for those adolescents receiving pubertal induction via gonadotrophin
therapy, cryopreservation prior to transitioning to testosterone replacement could be done as an insurance policy of sorts for future fertility.
Assisted reproductive technology (ART)
The ﬁeld of assisted reproductive technology (ART) had rapidly advanced and it is now possible to
achieve conception in men with severely impaired sperm counts or quality. Clinically, before pursuing
expensive and often invasive ART one should not neglect to evaluate fertility of the female partner as an
important factor. ART approaches range from relatively less invasive intra-uterine insemination (IUI), to
in vitro fertilization (IVF), and intracytoplasmic sperm injection (ICSI). ICSI was ﬁrst used in CHH as an
approach to shorten treatment duration [91]. Yet authors recommended delaying ART intervention
until maximal testicular development has been achieved. The success rates of ICSI are high with
fertilization rates of 50e60% and pregnancy rates of ~30% per cycle [92e95]. If no sperm are present in
the ejaculate it is possible to utilize epididymal aspiration or testicular biopsy as alternative approaches. Notably, detailed assessment of sperm quality in a group of CHH men undergoing combined
gonadotrophin treatment revealed that CHH per se does not seem to impede DNA integrity or increase
the risk for chromosomal aberrations [96]. Questions have been raised regarding the possible increased
risk for some birth defects with ART [97,98] yet this remains controversial and there is no clear
consensus on this matter.
Summary
Men with CHH are a patient population with a treatable form of male infertility. The existing data
support that approximately 80% of CHH men are able to develop sperm in the ejaculate with either
combined or sequential gonadotrophin treatment (rFSH followed by hCG þ rFSH treatment). CHH men
with partial testicular development typically develop sperm within 6-months of starting treatment.
Important factors affect fertility outcomes including degree of spontaneous testicular development
and history of maldescended testes. For the most severe cases (i.e. TV < 4 mL), a sequential approach
including FSH followed by FSH þ hCG (or pulsatile GnRH) appears to be highly effective to induced
spermatogenesis. However, a large multicenter study is needed to deﬁnitively conﬁrm if this novel
approach results in superior fertility outcomes. Additional questions remain including the issue
neonatal treatment in cases of absent mini-puberty (i.e. cryptorchidism and micropenis) or whether
using gonadotrophins for pubertal induction is preferable to inducing secondary sexual characteristics
with exogenous androgens. In addition to fertility outcomes, a recent report provides initial support for
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the notion that gonadotrophin therapy may help ameliorate some of the psychosocial aspects of CHH
and improve some health-related quality of life domains [99]. Last, the growing understanding of
genetics of CHH may also reveal insights into fertility potential in CHH and could lead to more
personalized approaches to treatment.

Practice points
 The neonatal mini-puberty is a window of opportunity to diagnose CHH and this period may
have far-reaching effects on fertility.
 Initial testicular volume (<4 mL), history of cryptorchidism and low inhibin B levels (<60 pg/
ml) are critical negative predictors of spermatogenesis.
 Prior treatment with rFSH followed by rFSH þ hCG (or pulsatile GnRH) appears to improve
fertility in a subset of CHH men with severe GnRH deficiency.
 Men with CHH and prepubertal testes (with/without cryptorchidism) often require combined
gonadotrophin stimulation and often extended treatment (18e24 months) to achieve fertility.
 Approximately 80% of CHH can attain spermatogenesis and low sperm counts do not preclude fertility in these patients.
 Assisted reproductive technologies can be helpful in men with severely compromised sperm
count and or quality.
 Professional genetic counseling is recommended for CHH patients pursuing fertility.

Research agenda
 Evidence is conflicting on the potential benefit of gonadotrophin treatment prior to surgical
intervention for cryptorchidism and warrants further investigation.
 Initial studies point to beneficial effects of early gonadotrophin treatment during infancy or
for pubertal induction raising important questions about the optimal timing for treatment.
 Some evidence suggests prior androgen exposure negatively impacts fertility outcomes, this
should clarified on a larger scale.
 The use of rFSH pretreatment prior to combined gonadotrophin treatment in men with no
testicular development (i.e. TV < 4 mL) with/without cryptorchidism should be assessed in a
large, multicenter study.
 Further genetic elucidation of CHH could possibly contribute to more personalized treatment
approaches concerning particular genotypes that have more/less favorable outcomes to
fertility-inducing treatment.
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