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KEY POINTS

� Improved understanding of the pathophysiology of many medical and surgical conditions and the
mechanisms of action and side effects of pharmaceutical agents have identified opportunities to
recognize and mitigate.

� Although pediatric urologists should be aware of the many causes of and treatment for fertility con-
cerns, a multidisciplinary, patient-centered approach is crucial to helping providers, patients, and
families identify and achieve fertility goals.

� Threats to potential fertility can arise at any point along the hypothalamic-pituitary-gonadal axis, or
may be the result of direct end-organ damage.
Although infertility was once considered a disease
of adults, improved understanding of the patho-
physiology of many medical and surgical condi-
tions and the mechanisms of action and side
effects of pharmaceutical agents have identified
opportunities to recognize and mitigate potential
barriers to fertility at an earlier age, in some cases
even before puberty. Despite the fact that many
factors influencing fertility arise in children, many
pediatric and early-career specialists are not
comfortable discussing fertility concerns with pa-
tients.1 This may lead to absent or incorrect infor-
mation provided to patients and families, and
missed opportunities to preserve fertility in time-
sensitive settings. Although pediatric urologists
should be aware of the many causes of and treat-
ment for fertility concerns, a multidisciplinary,
patient-centered approach is crucial to helping
providers, patients, and families identify and
achieve fertility goals.

In adults, “infertility” is defined as the inability to
conceive a child after 1 year of unprotected inter-
course, or 6 months if the female partner is older
Disclosure: None.
Division of Urology, Seattle Children’s Hospital, 4800
98105, USA
* Corresponding author. Division of Urology, Seattle Chi
9.220, Seattle, WA 98105.
E-mail address: kathleen.kieran@seattlechildrens.org

Urol Clin N Am 45 (2018) 587–599
https://doi.org/10.1016/j.ucl.2018.06.006
0094-0143/18/� 2018 Elsevier Inc. All rights reserved.

Downloaded for Anonymous User (n/a) at University of North Carolina - C
For personal use only. No other uses without permiss
than 35.2 In the pediatric population, many of
whom have not reached sexual maturity and/or
are less likely to have attempted conception,
fertility concerns are better characterized as
changes in fertility potential. These threats to po-
tential fertility can arise at any point along the
hypothalamic-pituitary-gonadal axis, or may be
the result of direct end-organ damage. Although
altered fertility potential can arise from multiple
causes, those most relevant to pediatric urologists
are described in this article.

Although an evolving understanding of the un-
derlying mechanisms of and optimal treatments
for potentially altered fertility mandates that this
list should not be considered exhaustive, it pro-
vides a reference point for pediatric urology pro-
viders caring for these children.
FERTILITY CONSIDERATIONS IN PEDIATRIC
ONCOLOGY PATIENTS

Fertility preservation is an increasingly important
topic in the treatment of pediatric cancers as
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survival rates have improved and quality of life,
particularly related to late effects, has become a
focal point for survivors and their families.3–5 Sur-
gical intervention (eg, prostatectomy or orchiec-
tomy), chemotherapy (particularly alkylating
agents), and radiotherapy (especially cranial or
testicular) have all been implicated in altered
fertility in patients with childhood cancer. Replace-
ment of gonads by tumor (as in Fig. 1) may also
negatively impact fertility potential. Fertility
compromise in the oncologic setting can arise
from alterations at the hormonal (steroidogenic)
or end-organ levels.6–8 Hormonal derangements
can arise at the hypothalamic, pituitary, or gonadal
levels; in one series, one-quarter of childhood can-
cer survivors had hypogonadism (defined as ele-
vations in serum follicle-stimulating hormone
[FSH] and luteinizing hormone [LH]), as did more
than one-third of survivors of testicular cancer.9

Patients undergoing bone-marrow transplanta-
tion, particularly myeloablative regimens incorpo-
rating whole-body radiotherapy, are also at high
risk of fertility loss; myeloablative regimens are
associated with high rates of ovarian failure,
whereas one-third of women receiving nonmye-
loablative regimens in one study had successful
pregnancies following treatment.10,11

Within the testis, spermatogenesis is more likely
to be disrupted than steroidogenesis owing to the
differential sensitivity of the germinal epithelium
(which fosters sperm maturation) to cytotoxic
agents compared with the Leydig cells, which
secrete testosterone.12 The direct and dose-
dependent gonadal toxicity of chemotherapeutic
agents is best understood for alkylating and alky-
latinglike agents (eg, cyclophosphamide, chloram-
bucil, busulfan).7,8,13–16 Much less robust data are
available regarding the impact of contemporary
chemotherapy regimens on spermatogenesis
and steroidogenesis. In particular, limited fertility
data are available for cisplatin, which comprises
the backbone of modern chemotherapeutic
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regiments for common childhood cancers,
including germ cell tumors, osteosarcoma, Ewing
sarcoma, and central nervous system malig-
nancies; however, exposure to these agents is
associated with lower pregnancy rates for male
but not female cancer survivors compared with
sibling controls.17 Although exposure to
platinum-based chemotherapy, particularly over
multiple cycles, is associated with a 17-fold
increased risk of hypogonadism in testicular can-
cer survivors,9 much less is known about the sper-
matogenic and steroidogenic effects of platinum-
based chemotherapy in non–germ cell patients.
Similar studies of patients receiving ifosfamide
alone or in combination with cisplatin are also
plagued by small numbers, variability in treatment
regimens, inconsistent semen analysis collection,
and lack of healthy controls for comparison.18–20

Bleomycin has been correlated with impaired
fertility in some studies.21

One promising avenue to understand how expo-
sure to chemotherapy may lead to alterations in
fertility is differential methylation of spermatozoal
DNA. In normal spermatogenesis, DNA methyl-
ation of specific loci is known to play a role in
germ cell development22,23; variations in DNA
methylation patterns have been associated with
decreased sperm counts and clinically decreased
fertility.24,25 Altered (both hyper- and hypo-)
methylation patterns have been observed in ani-
mal models exposed to multiple antineoplastic
agents, including cyclophosphamide; these
changes persist in future generations, supporting
the ability of chemotherapeutic agents to induce
an epigenetic shift through differential spermato-
zoal DNA methylation patterns.26,27 Differential
DNA methylation patterns in chemotherapy-
exposed cancer survivors suggest that oncologic
treatment may have the potential to influence
epigenetic inheritance.28

Female patients with cancer may also have
fertility challenges arising after chemotherapy,
Fig. 1. Testis replaced by leukemia
in post-chemotherapy relapse.
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radiation therapy, or pelvic surgery. Premature
ovarian failure is described as the loss of ovarian
function before the age of 40.29 Unlike testes,
which constantly generate new spermatozoa,
ovaries have a maximal number of follicles at birth
and thus the supply of oocytes cannot be replen-
ished.30 Like the testis, the ovarian follicles are
exquisitely sensitive to the effects of alkylating
agents; compared with alternative chemotherapy
regimens, those involving alkylating agents are 4
times as likely to be associated with gonadal
injury, although platinum-based and other nonal-
kylating regimens should not be considered to be
completely free from potential gonadal toxicity.31

Both oocyte cryopreservation and ovarian tis-
sue cryopreservation are options for preservation
of fertility in female patients being treated for can-
cer.32–35 Oocyte cryopreservation is beneficial in
that only oocytes (and not gonadal tissue) are har-
vested, but to do so requires ovarian stimulation, a
process that can take several weeks and may
delay the initiation of oncology treatment. Ovarian
tissue cryopreservation can be offered to all pa-
tients and does not require a delay or hyperstimu-
lation, but carries the risk of potentially preserving
neoplastic cells (if any are present within the
ovary), as well as failure of the immature follicles
contained in ovarian tissue to mature properly.
Even when fertilization can be successfully
achieved, female patients may not have a uterus
capable of carrying a child to term: pelvic radiation
or surgery may damage the uterine lining, compli-
ance, and vasculature.31,36

As the mechanisms of fertility changes in child-
hood cancers are further elucidated, fertility pres-
ervation through the acquisition and storage of
testicular tissue and/or semen samples remains
an option for patients and their families. For fertility
preservation programs to be successful, however,
tissue must be collected before the start of treat-
ment; this requires a motivated and educated pro-
vider who recognizes the need to discuss fertility
preservation at an often emotionally charged
time, as well as a family (and patient) with the inter-
est in and financial resources to preserve genetic
material. One particular challenge is the potentially
prolonged period between cancer treatment and
desired fertility; for example, one study37 found
that although 80% of newly diagnosed adoles-
cents and young adult oncology patients were
interested in biologic parenthood, fewer than
one-third ranked having a child as a significant
life goal, and fewer than half had discussed fertility
with their physician. Another study found that pa-
tients without insurance, female patients, those
receiving treatment regimens classified as “low
risk” to fertility, and those raising children younger
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than 18 years were less likely to discuss fertility
preservation with providers and to make arrange-
ments for fertility preservation.38 In one study,
only approximately 1 in 4 pediatric oncologists
routinely referred pubertal female patients for
consideration of fertility preservation.39

Because children with cancer are younger than
the age of consent, parental values and desires
may influence treatment choices, including fertility
preservation. Although parents are charged with
acting in their child’s best interest, the priorities
of parents and children may not be identical,40

although discerning whether this is a true differ-
ence in values can be challenging. However, one
study41 of cancer survivors found uniform value
placed on fertility preservation by both patients
and parents. These findings underscore the need
for fertility preservation to be uniformly offered to
all newly diagnosed patients regardless of cost,
for provider education on fertility preservation at
a patient-appropriate level, and to use amultidisci-
plinary approach wherein the responsibility for dis-
cussing fertility considerations does not fall on a
single provider. Many of the pitfalls and challenges
of fertility preservation can be avoided with a stan-
dardized process of care42 even soon after diag-
nosis, many families will choose to pursue sperm
or tissue banking and are satisfied with the
process.43 The American Society for Clinical
Oncology published guidelines for fertility preser-
vation in patients with cancer in 2006 and updated
these guidelines in 2013; the most current version
of the guidelines encourages active assessment
of patient/family interest in fertility preservation,
referral of interested and ambivalent patients to
fertility specialists, and collection and banking of
appropriate tissue at the earliest available oppor-
tunity (ideally before the initiation of treatment).44

There are no guidelines on how long banked tissue
should be preserved, particularly if the donor pa-
tient has died45; although this debate is beyond
the scope of this article, providers should be aware
that simply collecting and banking tissue is not an
endpoint for patients and families.
FERTILITY PRESERVATION IN PEDIATRIC
PATIENTS WITH DIFFERENCES IN SEX
DEVELOPMENT

Addressing fertility concerns of individuals and
families with differences in sex development
(DSD), given the heterogeneity of this group of pa-
tients, ideally is based on genetic andmolecular as
well as anatomic understanding of each individual
with a DSD. DSD is the current nomenclature for
patients in whom the chromosomal sex (eg, XX
or XY) differs from the gonadal and/or phenotypic
Chapel Hill - TRLN from ClinicalKey.com by Elsevier on January 11, 2019.
ion. Copyright ©2019. Elsevier Inc. All rights reserved.
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sex. DSDs are generally stratified chromosomally:
46,XX; 46,XY; and other abnormalities of sex chro-
mosomes, such as Klinefelter syndrome (47,XXY)
and Turner syndrome (45,XO). Abnormal tissue
receptivity (complete and partial androgen insen-
sitivity syndrome) are also considered forms of
DSD.
The most common cause of DSD is congenital

adrenal hyperplasia (CAH) caused by 21-hydroxy-
lase deficiency (salt-wasting and non–salt-
wasting), an autosomal recessive condition;
11-beta-hydroxylase deficiency is the second
most common subtype of CAH. In this condition,
the increased androgen production as a result of
insufficient enzyme levels results in masculiniza-
tion of 46,XX female individuals (Fig. 2); in 46,XY
male individuals, the phenotype may be less
apparent. Impaired fertility is more common in
the salt-wasting variant of 21-hydroxylase defi-
ciency and in 11-beta-hydroxylase deficiency,
but improved fertility rates can be achieved with
suppression of adrenal hormones through exoge-
nous mineralocorticoid administration, thereby
relieving the suppression of the hypothalamic-
pituitary-gonadal axis and promoting ovula-
tion.46–49 Male individuals with CAH may also
develop adrenal rests that can enlarge and steri-
cally block the reproductive tract.46,47 Patients
with less common, more severe abnormalities of
steroid synthesis, such as 3-beta-hydroxysteroid
dehydrogenase deficiency, StAR (steroidogenic
acute regulatory) protein deficiency, and abnor-
malities of cytochrome P450 enzymatic pathways,
are generally considered infertile.50–52
Fig. 2. Masculinized female individual with classic
CAH (21-hydroxylase deficiency). Note enlarged clito-
rophallic structure.
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Undervirilization of 46,XY male individuals
(Fig. 3) may also be secondary to defects in
testosterone biosynthesis, in Leydig cell hypopla-
sia or failure, or in reduced or absent androgen
receptivity of target tissue. Patients with inability
to endogenously synthesize testosterone are typi-
cally infertile, although paternity has been reported
in one patient with Leydig cell hypoplasia in whom
sperm harvesting was performed after human
chorionic gonadotropin (hCG) stimulation.53–55

Complete androgen insensitivity syndrome typi-
cally presents as a phenotypic female without
Mullerian structures and with a blind-ending va-
gina. Histopathology of testes in these patients
shows Leydig cell hyperplasia (consistent with
increased testosterone secretion in the absence
of an intact feedback loop), local fibrosis, and a
decreased number of Type Ad spermatogonia.56

Removal of these gonads following puberty is dis-
cussed owing to the increased risk of neoplasia;
thus, making fertility potential an important topic
of discussion before surgery. Partial androgen
insensitivity and 5-alpha reductase insensitivity
syndromes have a broader range of phenotypes
commensurate with variations in local tissue sensi-
tivity, but abnormal development of Wolffian struc-
tures and poor spermatogenesis secondary to
Fig. 3. Patient with partial androgen insensitivity syn-
drome. Note penoscrotal transposition, poorly ru-
gated and underdeveloped scrotum. This patient
also has penoscrotal hypospadias (not pictured).

Hill - TRLN from ClinicalKey.com by Elsevier on January 11, 2019.
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limited androgen activity may compromise
fertility.57–59 Testes in these patients have a
much higher risk of malignant transformation and
thus gonadectomy at the time of diagnosis in pa-
tients reared female or shortly after puberty in
those reared male is recommended.60

Ovotesticular DSD is associated with the pres-
ence of both ovarian and testicular tissue. In
some cases, one of each gonad is present, and
in other cases, and ovotestis (both ovarian and
testicular tissue in the same gonad). Fertility po-
tential largely reflects the integrity of the internal
genitalia; ovarian tissue is often adequate for
ovulation, although most children with this condi-
tion are raised male.61,62 However, the risk of
gonadoblastoma in ovotestes often prompts
consideration for early gonadectomy, which may
negatively impact future fertility.60

Individuals with DSDs are at risk for hypogonad-
ism that increase their risk of infertility. Male indi-
viduals with a 46,XX genotype usually have
testes, but these testes have no Leydig cells and
no spermatogenesis, and these men are consid-
ered infertile.53,63 Male individuals with Klinefelter
syndrome (genotype 47,XXY) typically present
with a tall, thin body habitus as well as smaller,
firmer testicles at puberty, although many patients
will have subtle presentations and may remain un-
diagnosed. Men with Klinefelter syndrome have
low serum testosterone levels but elevated levels
of pituitary hormones (LH and FSH), and typically
have small, firm testes developing as germ cells
are lost beginning in early childhood and replaced
with firmer fibrotic tissue64,65; as a result, most
men with this syndrome have abnormally low or
absent sperm counts on semen analysis. Although
sperm can be found, microscopically extracted,
and preserved (or used for intracytoplasmic injec-
tion) in approximately half of patients with Klinefel-
ter syndrome, there is continued debate about
whether this procedure should be routinely offered
to youngmen with this condition.66,67 As with other
conditions in which sperm banking should be
considered, the interest in and knowledge of future
fertility by the adolescent patient and his family, as
well as cost, are important considerations for pro-
viders and families.

Streak gonads, associated with gonadal failure,
have been reported in Turner syndrome (genotype
45,XO) and in mixed gonadal dysgenesis (variable
genotype). In Turner syndrome, patients are
phenotypically female but have few ovarian folli-
cles at birth. The ovarian failure also necessitates
exogenous estrogen replacement in most pa-
tients. Women with this condition are often able
to bear children with assisted reproductive tech-
niques (eg, donor oocyte and embryo transfer),
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but may have high-risk pregnancies owing to co-
morbid cardiovascular conditions associated
with Turner syndrome.68,69 Patients with mixed
gonadal dysgenesis typically have hyalinized go-
nads, few Leydig cells (thus necessitating testos-
terone supplementation for puberty), and very
low to absent spermatogenesis, and are generally
considered infertile.70,71
FERTILITY CONSIDERATIONS IN
TRANSGENDER YOUTH

The care of transgender patients, particularly in the
adolescent age group, is an emerging focus for
primary care and specialty providers. Although di-
versity of self-described gender is not a new
concept, until recently most patients undergoing
gender-affirming procedures (medical or surgical)
were adults. The emergence of transgender health
care in the adolescent age group has underscored
the importance of proactively discussing fertility
with these patients. As with pediatric oncology pa-
tients, both oocyte cryopreservation and sperm
banking, as well as ovarian or testicular cryopres-
ervation (both investigational), may be offered.72 A
minority of gender-diverse and sex-diverse ado-
lescents report having conversations regarding
fertility preservations with their providers, although
at least 25% to 50% of these patients indicate an
interest in preserving fertility and most want to
know more about fertility preservation.73,74 In one
study, only 12.8% of patients were referred for
conversations regarding fertility preservation, of
whom 38.5% went on to use fertility preservation
techniques.75 Timely discussion of fertility preser-
vation options is especially important in these
patients, as many gender-diverse children experi-
ence significant emotional distress at puberty
when secondary sex characteristics that are not
congruent with the self-identified gender begin to
develop; hormonal suppression (eg, histrelin im-
plants) can successfully delay pubertal develop-
ment both externally and at the gonadal level.
Similarly, exogenous hormones administered to
promote the development of gender-congruent
secondary sexual characteristics will further sup-
press endogenous gonadotropins, although pres-
ervation of ovarian follicles and maturation is
seen even after prolonged androgen exposure.76

As with oncologic therapies, cost, provider knowl-
edge, and desire to promptly initiate therapy have
also been identified as reasons that fertility preser-
vation was not pursued.75 Finally, gender-affirming
surgery (including gonadectomy, vaginoplasty,
hysterectomy, or phalloplasty) may limit the future
reproductive options available to transgender
persons.
Chapel Hill - TRLN from ClinicalKey.com by Elsevier on January 11, 2019.
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GONADOTOXIC DRUGS

Successful treatment of many nononcologic med-
ical conditions involving increased immune sys-
tem activity involves drugs that dampen the
immune response and limit cellular division.
Notably, liver and kidney failure may result in
impaired fertility secondary to influence on the
hypothalamic-pituitary-gonadal axis, with fertility
restored approximately 1 year after transplanta-
tion.77,78 In particular, pharmaceuticals used for
organ transplantation and rheumatologic dis-
eases may have adverse effects on fertility.79–81

Women with rheumatoid arthritis tend to have
prolonged time to conception (only approximately
50%–75% are able to conceive within 1 year of
unprotected intercourse), earlier menopause,
and elevated levels of anti-Mullerian hor-
mone.82–84 The effects of the disease and the
treatment are difficult to tease apart, because dif-
ficulty conceiving and abnormal hormone levels
are more prevalent during disease flares, and
some investigators have postulated that women
with rheumatologic diseases are less likely to be
sexually active during periods of more acute
disease severity.82 Regardless of the independent
contribution of the disease process, numerous
categories of drugs used for treatment of rheuma-
tologic conditions have been associated with
impaired fertility. Alkylating agents, such
as cyclophosphamide, can cause permanent
gonadal damage. The anti-prostaglandin effect
of nonsteroidal anti-inflammatories may impair
spermatogenesis, although the consistency
and reversibility of adverse gonadal effects is
not well described.85,86 Corticosteroids may
adversely affect fertility by blocking inflammatory
pathways and also by direct feedback on the
hypothalamic-pituitary-gonadal axis, but are not
consistently associated with decreased sperm
counts.85,87,88 Similarly, methotrexate, chloro-
quine, and tumor necrosis factor inhibitors all
have postulated mechanisms of action that may
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impair fertility, but semen analyses in patients on
these medications has not shown a consistent
negative effect on sperm production.85,87,88

Interestingly, although stem cell transplantation
(particularly after irradiation) has been found to
correlate with impaired fertility in oncology pa-
tients, patients undergoing stem cell transplanta-
tion for autoimmune disease fared better: in one
study, 36% of women were able to achieve preg-
nancy, and no patients suffered premature
gonadal failure.89

Literature on education regarding fertility
preservation in adolescents with rheumatologic
diseases undergoing potentially gonadotoxic ther-
apy is lacking. One study found that fewer than
half of patients had conversations regarding
fertility preservation documented in the medical
chart; in this study, fewer than 25% of men were
offered sperm banking, and female individuals
were offered only hormonal therapy with leuprolide
acetate for fertility preservation.90 These findings
support the need for providers to initiate conversa-
tions about fertility preservation with adolescent
patients in these settings.

VARICOCELES IN PEDIATRIC AND
ADOLESCENT BOYS

Varicoceles, or dilated veins in the pampiniform
plexus that drains the testicle, are increasingly
common in adolescents and even in prepubertal
children. Although prevalence estimates are
widely variable, approximately 1 in 6 teen boys
will be diagnosed with a varicocele.91,92 The rela-
tive venous stasis (Fig. 4) associated with varico-
celes has been associated with an increase in
local temperature in the ipsilateral (and to a lesser
degree the contralateral) testis; because optimal
spermatogenesis occurs within a narrow tempera-
ture window, this excess heat may be associated
with decreased sperm production. Oxidative
stress and changes in blood flow in and around
the testis may be associated with the altered
Fig. 4. Grade 3 varicocele in adoles-
cent boy. Note enlarged caliber of
pampiniform plexus.

Hill - TRLN from ClinicalKey.com by Elsevier on January 11, 2019.
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semen parameters and decreased DNA quality
observed in the testes of men with varicoceles.
Although the precise mechanisms remain un-
known, surgical repair has been associated with
improvement in semen parameters and DNA frag-
mentation in some series.93,94

Although more than 1000 articles have been
published on the topic of adolescent varicoceles,
there is ongoing debate regarding whether (and
when) to repair varicoceles in pediatric patients.
In adults, abnormal semen parameters and a
substantial (>15%) variation in testicular size
are indications for repair. However, these indica-
tions are less clear cut in adolescents who may
still be growing (and for whom transient, not per-
manent, testicular asymmetry may represent a
normal pattern of growth) and for whom fertility
has not yet been assessed. Published literature
on adolescent varicoceles also has few random-
ized studies, but many meta-analyses; the con-
sistency of data collection in the various
studies included in many meta-analyses is vari-
able, with patient Tanner stage, objective testic-
ular measurements, and semen analysis data
often limited or missing.95 The lack of consistent
data collection across studies included in meta-
analyses makes drawing definitive conclusions
difficult and likely contributes to some of the
clinical confusion surrounding varicocele
management.

Although semen analyses are recommended
during the evaluation of adolescents with varico-
celes, only approximately 1 in 8 pediatric urolo-
gists routinely obtain semen analyses in such
patients, with practitioner and family discomfort
and lack of patient knowledge cited as the most
common reasons that semen analyses were not
obtained.96 Even in patients for whom semen ana-
lyses were obtained, there are currently no stan-
dard parameters akin to the World Health
Organization guidelines for adult semen analyses,
making interpretation difficult and limiting the util-
ity of the test for clinical planning. Despite this, at
least one meta-analysis suggests that the pres-
ence of a varicocele in adolescence is associated
with decreased sperm concentration and altered
sperm characteristics (motility and morphology),
and that surgical intervention is associated with
an improvement in sperm concentration and
motility on serial semen analyses.97 However, the
relationship between testicular asymmetry and
abnormal semen parameters has been well docu-
mented. Patients with symmetric testes are less
likely to have poorer semen parameters over
time, and varicocelectomy appears to have bene-
ficial effects on “catch-up” growth for patients with
greater than 10% testicular asymmetry.98,99
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Although testicular size and semen parameters
appear to be correlated, the inconsistent findings
in meta-analyses and individual studies suggests
that a third factor may modify his relationship.
Although this modifying factor has not been iden-
tified, one candidate is testosterone production.
Meta-analyses assessing serum testosterone
levels in men with varicoceles before and after
surgical intervention have found decreased
testosterone levels preoperatively compared
with healthy controls, and often (but not always)
improved serum testosterone levels after surgical
correction of the varicocele.100,101 However,
these data should be considered in light of the
facts that few studies consistently measure
serum testosterone, variations in testosterone
level do not necessarily correlate with preopera-
tive severity of the varicocele or postoperative
improvement in semen parameters, and some
men actually had decreased serum testosterone
levels following surgical repair. A prospective
study102 assessing hormone levels and fertility
in men with varicoceles and a median age of
19 years found no differences in serum testos-
terone levels, but did find that the men with var-
icoceles had lower levels of inhibin-B and
increasing levels of LH and FSH, as well as
more abnormal semen parameters, compared
with healthy controls. The severity of the hormon-
al derangements and abnormal semen parame-
ters increased in higher-grade varicoceles.
Again, the variability in clinical results reported
in studies included in meta-analyses and in indi-
vidual prospective studies likely reflects the con-
tent and quality of the data collected in each
study.

The potentially protracted period between sur-
gical intervention and attempts at fertility further
cloud the picture of whether varicocelectomy
provides clinical benefits to future fertility in
teenagers. One study103 of more than 400 young
men with palpable varicoceles found that, after a
mean 16-year follow-up, the fertility rate was
77.3% in those who had undergone repair,
compared with 48.4% of those who had not.
Mean time to conception was also significantly
shorter (11.2 vs 16.9 months) in those men who
had undergone surgical repair compared with
those who had not. Although this study was per-
formed at a single institution with a single sur-
geon and had more than 16 years of follow-up,
there was no randomization (patients were
allowed to choose whether or not to pursue sur-
gical intervention), and nearly two-thirds of pa-
tients had bilateral varicoceles, which may
have a different natural history than unilateral
disease.
Chapel Hill - TRLN from ClinicalKey.com by Elsevier on January 11, 2019.
ion. Copyright ©2019. Elsevier Inc. All rights reserved.
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FERTILITY CONSIDERATIONS IN PEDIATRIC
PATIENTS WITH CRYPTORCHIDISM

Cryptorchidism, or undescended testes, affects
approximately 1% to 2% of male individuals after
term birth; by the age of 3 months, almost all of
these testes will have descended spontaneously
into the scrotum.104 The incidence of cryptorchi-
dism is higher in premature infants.105 Cryptorchi-
dism has been consistently associated with an
adverse effect on fertility parameters, including
decreasing number of germ cells and smaller size
of the cryptorchid testis in the first several years
of life (although these 2 parameters are not neces-
sarily correlated).106 The decreased number of
germ cells is thought to arise from a lower rate of
development of Type Ad (dark) spermatogonia
from gonocytes.107 Early orchidopexy (Fig. 5),
ideally between the ages of 6 months and 1 year,
is currently recommended to preserve fertility in
these patients.108 Later age at definitive surgical
repair has also been found to correlate with more
abnormal hormone (FSH and LH) levels and
abnormal semen analyses in adulthood.109 Impor-
tantly, children with syndromes associated with
increased risk of cryptorchidism (eg, Prader-Willi
syndrome) may be at increased risk of fertility is-
sues despite surgical treatment in keeping with
current best practices.110 In the past, hormonal
treatment with hCG or gonadotropin-releasing hor-
mone (GnRH) was offered as a nonsurgical option
for treatment of undescended testicles; however,
this approach is no longer recommended to facili-
tate descent,108 although GnRH has been shown
to be associated with changes in the expression
of genes within the hypothalamic-pituitary-
gonadal axis, which directly influences fertility.111
Fig. 5. Early orchidopexy is important for fertility
preservation, especially for intra-abdominal testes.
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Recent research112 has demonstrated that the
concentration of Type Ad spermatogonia, but not
germ cells, in unilateral cryptorchid testes is asso-
ciated with differences in sperm count and quality
on adult semen analysis. Although patients with
decreased concentrations of Type Ad spermato-
gonia continued to have FSH levels and sperm
concentrations and motility that were within the
normal range, FSH levels were significantly higher
and sperm concentrations and motility signifi-
cantly lower than levels seen in patients with uni-
lateral cryptorchidism but normal concentrations
of Type Ad spermatogonia. In patients with bilat-
eral cryptorchidism, hormone levels and sperm
characteristics in adulthood were abnormal in pa-
tients with decreased concentrations of Type Ad
spermatogonia, but these levels were not signifi-
cantly different from those of patients with bilateral
cryptorchidism and normal concentrations of Type
Ad spermatogonia. Sperm density was signifi-
cantly decreased in patients with bilateral unde-
scended testes and decreased concentrations of
Type Ad spermatogonia. The investigators
concluded that the unilateral and bilateral unde-
scended testes may have differential sensitivity
to the development of endocrinopathy, and that
the concentration of Type Ad spermatogonia per
tubule (at the time of orchidopexy) is a better pre-
dictor of adult fertility parameters than the concen-
tration of germ cells per tubule.
HYPOGONADISM IN ADOLESCENTS

Hypogonadism arises when the testicles are un-
able to produce adequate testosterone for normal
endocrinologic and sustentacular function. Hypo-
gonadism may be primary (failure of testosterone
production at the testis level), secondary (low
levels of gonadotropins secreted by the pituitary),
or tertiary (failure of GnRH to be released at the hy-
pothalamic level).113 In all 3 cases, the end result is
low testosterone production by the testis, but the 3
subtypes are distinguished by variations in early-
morning of the hypothalamic and pituitary hor-
mones. A diagnosis of hypogonadism should
prompt further evaluation for metabolic syndrome
and osteoporosis.114 Hypogonadism in DSD was
discussed earlier.
Hypogonadotrophic hypogonadism is associ-

ated with decreased levels of hypothalamic hor-
mones (GnRH), pituitary hormones (FSH and LH),
and testis-derived androgens (testosterone), and
typically arises when there is some type of damage
at the hypothalamic level, such as congenital
hypogonadotrophic hypogonadism (CHH; known
as Kallmann syndrome when it is associated with
anosmia).115 In recent years, significant advances
Hill - TRLN from ClinicalKey.com by Elsevier on January 11, 2019.
pyright ©2019. Elsevier Inc. All rights reserved.
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have been made in the identification and
sequencing of genes associated with CHH, and
many children with CHH can successfully achieve
fertility with a combination of GnRH treatment and
assisted reproductive technology.115 Prader-Willi
syndrome, in which a child carries 2 copies of
the paternally imprinted chromosome 15, has
also been associated with hypogonadotrophic
hypogonadism and cryptorchidism.116

Childhood cancer survivors are at increased risk
of developing hypogonadism as well as premature
puberty.117 Precocious puberty, in which the
development of secondary sexual characteristics
begins before 9 years old, is most common in
children who received cranial irradiation at doses
exceeding 18 Gy.118,119 Central hypogonadism
is more likely to develop in children who have
received cranial irradiation at doses exceeding
30 Gy or who have had cranial surgery with
potential damage to either the hypothalamus
or the pituitary.120–122 Primary hypogonadism
in cancer survivors can develop secondary to
direct chemotherapy-induced or radiation-
induced toxicity; the chemotherapeutic effects
do not appear to be dose-dependent, whereas
those of radiation are, modified by the age of the
patient (24 Gy before puberty and 30 Gy after
puberty).123–125
SUMMARY

Fertility is an important arena for pediatric urolo-
gists, as fertility concerns impact our patients
and families. Knowledge and ongoing advances
in the field will greatly impact the quality of the
care we deliver to our pediatric and adolescent pa-
tients as well as the quality of life for our patients
across their lifetimes.
REFERENCES

1. Nahata L, Ziniel SI, Garvey KC, et al. Fertility

and sexual function: a gap in training in pediatric

endocrinology. J Pediatr Endocrinol Metab 2017;

30:3–10.

2. Practice Committee of the American Society for

Reproductive Medicine. Definitions of infertility

and recurrent pregnancy loss. Fertil Steril 2008;

90:S60.

3. Zebrack BJ, Casillas J, Nohr L, et al. Fertility issues

for young adult survivors of childhood cancer. Psy-

chooncology 2004;13:689–99.

4. Hammond C, Abrams JR, Syrjala KL. Fertility and

risk factors for elevated infertility concern in 10-

year hematopoietic cell transplant survivors and

case-matched controls. J Clin Oncol 2007;25:

3511–7.
Downloaded for Anonymous User (n/a) at University of North Carolina - 
For personal use only. No other uses without permiss
5. Saito K, Suzuki K, Iwasaki A, et al. Sperm cryopres-

ervation before cancer chemotherapy helps in the

emotional battle against cancer. Cancer 2005;

104:521–4.

6. Schrader M, Muller M, Straub B, et al. The impact

of chemotherapy on male fertility: a survey of the

biologic basis and clinical aspects. Reprod Toxicol

2001;15:611–7.

7. Meistrich ML. Male gonadal toxicity. Pediatr Blood

Cancer 2009;53:261–6.

8. Howell SJ, Shalet SM. Spermatogenesis after can-

cer treatment: damage and recovery. J Natl Cancer

Inst Monogr 2005;(34):12–7.

9. Isaksson S, Bogefors K, Ståhl O, et al. High risk of
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