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Surgical treatment of
cryptorchidism: current
insights and future directions
Niklas Pakkasjärvi* and Seppo Taskinen

New Children’s Hospital, Department of Pediatric Surgery, Section of Pediatric Urology, Helsinki
University Hospital, Helsinki, Finland
Cryptorchidism presents with an incidence of 1-5% with potential long-term

implications on future fertility and overall health. This review focuses on surgical

treatment modalities, their impact on testicular development, and function while

addressing the Nordic consensus statement as well as current European

Association of Urology (EAU) and American Urological Association (AUA)

guidelines. Congenital and acquired cryptorchidism present distinctive

challenges in surgical management, with different implications for fertility.

While congenital cryptorchidism entails a risk to fertility and warrants early

intervention, both retractile testes and acquired cryptorchidism also pose risks

to fertility potential, underscoring the importance of evaluating treatment

options. Testicular location and the child’s age form the basis of a practical

classification system for undescended testicles. Early diagnosis by clinical

examination enables timely treatment. Imaging is reserved for selected cases

only. Following guidelines, orchidopexy is recommended between 6-12 months

of age for congenital cryptorchidism. Evidence increasingly suggests the benefits

of early surgery for promoting testicular health and fertility potential. Current

surgical options range from open to laparoscopic techniques, with the choice

largely determined by the location and accessibility of the undescended testicle.

The advancement in laparoscopic approaches for non-palpable testes

underscores the evolving landscape of surgical treatment. Sequential surgeries

may be required depending on the mobility of the undescended testes. More

research is needed to explore both the potential and limitations of hormonal

therapy, which is secondary to surgical treatment and can selectively have a role

as adjunct to surgery. Long-term follow-up is imperative to evaluate fertility

outcomes, risk of testicular malignancy, and psychological impact. By integrating

current guidelines with the latest evidence, this review intends to facilitate a

comprehensive understanding of cryptorchidism, thereby optimizing patient

management and outcomes.
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1 Introduction

Cryptorchidism presents with an incidence of approximately

1-5% of full-term boys at birth in Western Countries and is

characterized by the failure of one or both testes to descend into

the scrotum (1, 2). The incidence of cryptorchidism decreases by

approximately 50% during the first six months of life, attributable

to the process of natural testicular descent (3). For those

individuals where this natural descent does not transpire

successfully, clinical intervention becomes imperative. Left

unaddressed, cryptorchidism carries a heightened risk of

compromised fertility and testicular cancer (4, 5). Early

intervention can substantially mitigate, if not entirely negate,

these risks (6, 7). While the cooler environment of the scrotum

is believed essential for spermatogenesis, the precise impact of

temperature remains debated (8–11). Common to all type of stem

cell niches are that these contain tightly regulated milieus for the

cells to propagate and differentiate accordingly (12, 13).

Therefore, despite uncertainties on the precise biological

mechanisms underpinning cryptorchidism and its consequences,

orchidopexy remains the primary intervention.

The fertility potential in cryptorchid boys post-orchidopexy can

be inferred from the germ cells per tubular cross-section ration (G/

T) (14, 15). Reduced ratios indicate a heightened infertility risk,

even in cases of unilateral cryptorchidism (16). Inhibin-B, produced

by the Sertoli cells, serves as an indicator of seminiferous tubule

function. Its serum levels not only correlate with the count of Sertoli

cells in prepubertal cryptorchid testes, but also have a strong

association with the G/T ratio (17–21). Recent research indicates

that low serum inhibin-B levels in boys with bilateral

cryptorchidism can reliably predict a compromised G/T (22).

Histological data reveal that cryptorchidism can lead to bilateral

damage, even in cases of unilateral disease. In patients with

unilateral cryptorchidism, 70% of scrotal testes exhibited impaired

transformation from Ad spermatogonia to Ap spermatogonia (23).

While hypogonadotropic hypogonadism can cause

cryptorchidism, its incidence is relatively rare compared to the

overall prevalence of cryptorchidism (22, 24). Precise, age-matched

gonadotropin measurements during minipuberty are crucial due to

significant variability, with existing studies suggesting

hypergonadotropism rather than hypogonadotropism.

Consequently, current guidelines recommend gonadotropin/

Gonadotropin hormone releasing hormone (GNRH) treatment

mainly for clinical hypogonadotropic hypogonadism, not

routinely for cryptorchidism.

Congenital cryptorchidism is associated with a heightened risk

of infertility, necessitating early intervention. However, recent

studies highlight that retractile testes and acquired cryptorchidism

also impact fertility potential, albeit to a varying degree. Treatment

decisions for these conditions are influenced by factors such as

testicular mobility, but the emerging evidence suggests that the

fertility implications of acquired cryptorchidism may be more

significant than previously understood. This is supported by

findings indicat ing his to logica l changes in acquired
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cryptorchidism similar to those observed in congenital cases,

underscoring the need for careful consideration in the

management of all forms of cryptorchidism to mitigate fertility

risks (25–28). The prevalence rates of acquired undescended testis

were found to be 1.2% at age 6 years, 2.2% at age 9 years, and 1.1% at

age of 13 years in Dutch schoolboys (29). In 66% of boys with

acquired cryptorchidism, the testes have been documented with

normal positions previously, highlighting the importance of

consistent follow-up during childhood (30).

Testicular descent during fetal development is a complex,

biphasic process governed by a series of physiological changes (1).

The gubernaculum remains pivotal throughout these stages, but

occasionally, it can cause the epididymis to elongate. Notably, over

50% of patients with cryptorchidism exhibit abnormalities in the

epididymis and the ductus deferens (31). Furthermore, testis-

epididymis dissociation, observed in 45-80%, is believed to result

from a persistently abnormal genital mesentery (32). Recognizing

these variations is imperative for all operating surgeons for

optimal outcomes.

Early recognition and surgical repair before 1 year of age

remain the most important intervention to reduce the negative

impact of both unilateral and bilateral cryptorchidism (4). A

systematic review and meta-analysis by Allin et al. evaluated

outcomes following orchidopexy for cryptorchidism before or

after one year of age (33). While they found no difference in

atrophy rate between early and delayed orchidopexy, early

intervention was associated with greater testicular volume and

more spermatogonia per tubule, suggesting better fertility

potential according to data deduced from fifteen eligible studies.

A retrospective cohort study by Boehme et al. found that more

than half of the orchidopexies performed after the first year of life

were due to acquired undescended testis (34). Hack et al., in a

study from the Netherlands in 2003, postulated that acquired

cryptorchidism occurs three times more frequently than primary

cryptorchidism (35). In a retrospective study of over 3500 patients

in Germany, 42% of orchidopexies were performed for patients

between 4 and 17 years of age during 2003-2012, however, it was

unclear what proportion of these were acquired (36).

One-stage orchidopexy with spermatic vessel preservation is

the standard procedure for palpable inguinal testicles. However,

intra-abdominal testicles are often limited by short spermatic

vessels. A debate over the optimal surgical approach persists,

particularly concerning one-stage and two-stage orchidopexy for

intra-abdominal testes where the limited length of the spermatic

cord introduces complexities. One-stage orchidopexy involves

bringing the undescended testis directly into the scrotum with

possible division of the spermatic vessels during a single surgery,

while two-stage orchidopexy involves dividing the spermatic

vessels during an initial surgery followed by bringing the testis

into the scrotum during a second surgery. The staged approach

was pioneered by work from Fowler and Stephens (FS) in 1959

and is the prevalent approach for addressing high intra-abdominal

testes when spermatic vessel tension precludes testicular

mobilization (37). However, this technique is not without its
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drawbacks, particularly given the ligation of spermatic vessels

which may lead to potential atrophy. The documented success

rates are between 80-86% (33). To optimize vascular preservation

and achieve ample mobilization, alternative methodologies have

been developed. Notably, the Shehata technique is predicated on

the principle of traction-induced elongation (38). Research by

Ellis et al. elucidated that the gubernaculum augments blood

supply in concert with the established role of the spermatic

vessels and vas deferens, thus underscoring the necessity for

exploring novel techniques (39). Consequently, gubernaculum

sparing FS orchidopexy has gained traction as a promising

approach, emphasizing the dual objectives of enhancing

testicular survival and preserving cremasteric collaterals. To

provide an update on current concepts, we review the surgical

treatment modalities while addressing the Nordic consensus

statement as well as current European Association of Urology

(EAU) and American Urological Association (AUA) guidelines

(40–42).
2 Methodology

A search was conducted on PubMed on 9.8.2023 to explore

surgical treatment modalities for cryptorchidism. The following

search strings were used for general review: (“surgical procedures,

operative” “[MeSH Terms] OR (“surgical”[All Fields] AND

“procedures”[All Fields] AND “operative”[All Fields]) OR

“operative surgical procedures”[All Fields] OR (“surgical”[All

Fields] AND “treatment”[All Fields]) OR “surgical treatment”[All

F i e l d s ] ) AND ( “ c r y p t o r c h i d i c ” [ A l l F i e l d s ] OR

“cryptorchidism”[MeSH Terms] OR “cryptorchidism”[All Fields]

OR “cryptorchid”[All Fields] OR “cryptorchids”[All Fields]). This

search returned 2933 results. To narrow down the scope due to the

abundance of studies, we restricted our search to studies published

from 2011 onwards, which returned 1165 results. We then screened

for eligibility and focused on comparative studies, systematic

reviews, and meta-analyses for research questions in specific. The

titles were initially scanned for relevance, and then abstracts were

assessed. This process allowed us to curate a collection of reports

that focused on the surgical treatment of cryptorchidism.

Our research for this review primarily aimed to address the

following questions:
Fron
• Are there recent advancements in operative techniques that

call for updates to existing protocols?

• What operative techniques are currently in use for intra-

abdominal testicles?

• Does hormonal therapy serve as an effective adjunctive

treatment in orchidopexy?

• How are these factors considered in the EAU, AUA, and

Nordic consensus guidelines?
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3 Guideline policies for orchidopexy

Current evidence advocates for physical assessment as the

primary investigative method. For patients with a non-palpable

testis, an ultrasound can be beneficial if the choice of surgical

approach or the decision for diagnostic laparoscopy hinges on its

findings. However, imaging studies are only to be used selectively

and must not delay referrals after diagnosis (43). The EAU, AUA

and Nordic Consensus guidelines uniformly recommend early

intervention for undescended testes between the ages of 6 to 18

months. The AUA guidelines advocate the standard inguinal

approach as the primary treatment for palpable undescended

testes, whereas both the EAU and Nordic Consensus guidelines

also acknowledge a scrotal approach for selected cases. For non-

palpable testes, both the EAU and the Nordic consensus guidelines

favor laparoscopy, while the AUA guidelines propose either open or

laparoscopic surgery. Regarding the choice of one-stage and two-

stage approaches, the AUA guidelines indicate that the choice is at

the surgeon’s discretion. This decision is influenced by location,

vascular supply, and the anatomy of the surrounding structures. On

the other hand, the EAU guidelines suggest that the two-stage

approach might lead to reduced testicular atrophy and improved

testicular mobility. The EAU, like the AUA guidelines, does not

recommend hormonal therapy as the primary treatment for

undescended testes. The Nordic Consensus guidelines aligns in

highlighting its limited efficacy and potential adverse reactions

during childhood. The Nordic guidelines do entertain the

potential consideration of hormonal treatment in exceptional

cases, though tangible evidence supporting its benefits either pre-

or post-surgery remains elusive. All guidelines emphasize the

importance of long-term follow-up.
4 Impact of orchidopexy timing on
testicular characteristics

Cryptorchid testes frequently display morphological

abnormalities and tend to be of reduced volume (43). These

abnormalities can include diffuse hypoechoic patterns,

microlithiasis, and an uneven surface. While testicular location

might play a more significant role in atrophy than age at surgery

(44), younger patients have been observed to show fewer

morphological issues (25.0% vs 83.3%, p=0.05) (45). Interestingly,

the mean testicular volume ratio does not differ significantly based

on whether the surgery was performed before or after two years of

age (45). The G/T ratio is better maintained when orchidopexy is

performed early (43). Supporting this, a systematic review by Allin

et al. found that early orchidopexy correlated with a larger testicular

volume and a higher number of spermatogonia per tubule,

suggesting a brighter fertility prognosis (33). Nonetheless, these

children may still encounter fertility challenges in the future.
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5 Palpable testes

For palpable testes, the current consensus is for primary open

orchidopexy with high success rates. Two-incision inguinal

orchidopexy and single scrotal incision orchidopexy show similar

results of post-operative testicular retraction and atrophy, however,

the single incision technique seems more suitable for lower-

positioned testes with longer cords (43). While the choice of

technique is surgeon-based, according to two studies from

Canada and Saudi Arabia, pediatric urologists tend to favor the

single-incision approach when appropriate (46, 47). In a recent

systematic review and meta-analysis, Yu et al. concluded that the

single-incision orchidopexy provided benefits over traditional the

two-incision approach, arguing for it to be the primary choice in

low palpable cryptorchidism (48).
6 Intra-abdominal testes

We identified four systematic reviews on two-stage procedures

for intra-abdominal testes (IAT) (Table 1) (43, 49–51).

Penson et al. examined treatment options for cryptorchidism

through a systematic review during 1980-2012 (49). Their objective

was to assess the effectiveness of hormone therapy or surgery for

cryptorchidism. They identified fourteen studies addressing

hormonal therapy and 26 studies addressing surgical intervention

outcomes with 695 participants undergoing primary orchidopexy,

644 participants undergoing 1-stage FS, and 784 undergoing 2-stage

FS orchidopexy. They concluded that hormonal therapy alone is

marginally effective as compared to placebo and may have a role for

some patients. Surgical treatment, however, is associated with

success rates of 96.4% for primary orchidopexy and 78.7% for 1-

stage Fowler-Stephens, and 86% for 2-stage FS orchidopexy.

Descent rates were comparable between primary and laparoscopic

interventions as were outcome rates.
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Wayne et al. conducted a systematic review to address the

management of intra-abdominal testes to preserve fertility during

2008-2014 (50). They identified two systematic reviews and 29 non-

randomized studies. They concluded that primary orchidopexy is

effective for low IAT with a success rate of 85-100% compared to 80-

85% for FS orchidopexy. The two stage FS orchidopexy was

associated with complication risks, including ileus, hematoma, and

infection as opposed to one-stage FS to which none of those

complications was associated. Long-term follow-up revealed that

83% of two-stage FS testes were scrotal at 10-17 years postoperatively.

Gates et al. performed a systematic review on treatment options

for undescended testes (UDT) during 2005-2020 addressing

imaging standards, medical treatment, surgical technique, timing

of operation, and outcomes (43). They included 260 articles in the

review and concluded that pre-operative imaging and hormonal

therapy are only reserved for special circumstances. Timing of

surgery was suggested to be performed before one year of age

which improves both testicular growth and potential fertility as

compared to later stages. One and two-stage FS had similar rates of

ascent and testicular atrophy.

Tian et al. analyzed the outcomes of FS orchidopexy as

compared to the Shehata technique in a systematic review and

meta-analysis in four studies published during 2021-2022 with 77

and 69 participants in each group (51). In their meta-analysis, the

Shehata technique had a higher overall success rate than staged FS

orchidopexy, while the operation times and retraction rates were

similar. However, the success rates of two-stage FS were lower

(66%) than in the three other systematic reviews.
7 Gubernaculum sparing
laparoscopic orchidopexy

Literature regarding gubernaculum sparing laparoscopic

orchidopexy remains sparse. A mere six original research studies

that examined this technique were identified, of which three were

comparative (Table 2).
TABLE 1 Outcomes of direct and staged Fowler-
Stephens orchidopexies.

Study Operation Success rate

Penson et al. (49) One-stage FS 79%

Two-stage FS 86%

Wayne et al. (50) One-stage FS 80%

Two-stage FS 85%

Gates et al. (43) One-stage FS 86%

Two-stage FS 91%

Tian et al. (51) Two-stage FS 66%

Shehata 87%
FS, Laparoscopic Fowler-Stephens orchidopexy.
TABLE 2 Outcomes of staged orchidopexies with gubernaculum
sparing techniques.

Study Operation No atrophy No ascent

Braga et al. (52) One-stage FS 69% n/a

Two-stage FS 72% n/a

Two-stage GSLO 99% 91%

Roy et al. (53) All two-stage LO 92% 94%

Zhou et al. (54) Two-stage GSLO 99% 97%

Two-stage GSOO 98% 97%
FS, Laparoscopic Fowler-Stephens orchidopexy; GSLO, Gubernaculum sparing laparoscopic
orchidopexy; GSOO, Gubernaculum sparing open orchidopexy; LO, Laparoscopic orchidopexy.
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Braga et al. compared gubernaculum sparing orchidopexy to

conventional laparoscopic FS to maximize testicular blood flow and

decrease atrophy rates in a prospective study where treatment arms

were based on surgeon preference (52). In a cohort of 212 intra-

abdominal testes, conventional FS orchidopexy was performed for

46 while gubernaculum sparing laparoscopic orchidopexy on 166

patients. Atrophy was observed in 28.3% following conventional FS

and 0.6% following gubernaculum sparing laparoscopic

orchidopexy, p<0.01. Interestingly, the distance of the testicle

from the internal inguinal ring was not a risk factor for atrophy.

They concluded that the preservation of cremasteric vessels can be

beneficial for outcomes.

Roy et al. retrospectively analyzed outcomes following two-stage

FS orchidopexy in a cohort of 128 intra-abdominal testes, where 96

testes were available for follow-up (53). 85% had a successful

outcome. Despite the absence of evident predictors of success, the

authors hypothesized that gubernaculum sparing techniques could

mitigate the risk of atrophy (p=0.06; OR 3; 95% CI 0.97-9.3). No risk

factors regarding intraoperative findings or operative factors were

identified as associated with testicular outcome.

Zhou et al. conducted a retrospective comparison between open

and laparoscopic gubernaculum sparing second stage FS in a cohort

of 205 patients of which 96 underwent the gubernaculum sparing

procedure (54). The overall testicular atrophy rate was 1.5% and the

groupwise incidence of post-operative testicular ascent was 2.8%

and 3.1% respectively. No significant difference was discerned

between groups, leading them to infer that gubernaculum sparing

FS orchidopexy yielded commendable survival rates and outcomes,

mirroring those of more invasive open surgery.
8 Hormonal therapy in conjunction
with surgical intervention

Hormonal therapy for cryptorchidism remains controversial.

The Nordic Consensus, EAU, and AUA, advise against hormone

therapy in cryptorchidism. The success of human chorionic

gonadotropin (hCG) or luteinizing hormone-releasing hormone

(LHRH) treatments is largely contingent upon the initial testicular

location; the more inferior, the higher likelihood of descent.

Pertaining to cancer or infertility, evidence remains scant.

Hadziselimovic et al. advocate for hormone therapy as the

primary treatment for cryptorchidism as this method not only

negates the need for surgery, but in non-responsive cases, is

conducive to testicular anchoring and markedly decreases the risk

of testicular atrophy post-surgery (15, 55). They recommend

hormonal therapy for boys with cryptorchidism at high risk for

infertility and azoospermia who have undergone early orchidopexy.

Thorup et al. categorized bilateral cryptorchid patients based on

testicular mass, testicular germ cell number and maturation of germ

cells to Ad Spermatogonia, and hormone levels (20). They identified

three groups: (I) primary testicular failure, (II) transient

hypothalamus-pituitary-gonadal dysfunction, and (III) normal

endocrine and histopathologic evaluation. It was observed that
Frontiers in Endocrinology 05
patients with temporary hypothalamic-pituitary-gonadal

dysfunction might gain from post-operative hormonal therapy

(20). Findings from current studies indicate that post-operative

hormone therapy might be advantageous for specific groups,

however, given the small sample sizes and inconsistent results,

more extensive trials are needed to provide compelling

recommendations (43).

Cryptorchidism appears to be more than just an irregularity in

testicular positioning as suggested by the study of Hildorf et al. on

hormonal findings where 11% of boys with unilateral

cryptorchidism exhibited serum inhibin-B levels below the 2.5

percentile (18). This aligns with the anticipated infertility risk

shown in long-term follow-up studies. Notably, 90% of these

patients displayed transient hypogonadotropic hypogonadism.

This could affect the development of both testes, even if one

naturally descends into the scrotum and the other is surgically

positioned there. For such patients, treatment with adjuvant

gonadotropin-releasing hormone may be a viable consideration.

Hormone therapy is not devoid of adverse effects, with hCG

reportedly inducing virilizing effects more frequently (74%) than

LHRH (5.1%) (43, 56). While many of these systemic side effects are

transient and tend to dissipate within six months, there are

documended side effects on the testis itself, including interstitial

bleeding and germ cell apoptosis which was associated with reduced

testicular volume later in adulthood (56, 57).
9 Conclusion

Orchidopexy remains a cornerstone in pediatric urologic

surgery, constantly evolving in technique and approach. For

palpable cryptorchidism, open single-stage surgery is safe and

established. Current evidence gently advocates for single-incision

surgery for lower testicles, however, definitive superiority over two-

incision surgery remains elusive. Non-palpable cryptorchidism still

poses challenges. Protecting blood flow is essential, given its role in

preventing testicular atrophy. The gubernaculum sparing second-

stage FS along with the Shehata variant show promise, both of

which warrant further studies for affirmation. In all studies, the

single-stage laparoscopic orchidopexy, which involves sacrificing

the gubernaculum and its associated vessels, was found to be

associated with a greater risk of testicular atrophy.

The role of hormonal therapy for cryptorchidism remains

controversial. While hormonal therapy may offer some

therapeutic benefit, potential risks like infertility and surgical

delays cannot be ignored and warrant further investigation.

Hormonal assessment may soon complement orchidopexies,

offering a nuanced approach to treatment.

Emerging techniques in laparoscopic orchidopexy are intriguing,

but their inclusion into guidelines awaits more robust evidence.

However, current treatments, aligned with existing guidelines,

continue to produce excellent outcomes. Therefore, adherence to

these guidelines remains paramount for best practices in patient care.

To aid in applying these insights, Figure 1 presents a proposed
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algorithm for managing cryptorchidism, guiding clinicians through

treatment decisions from diagnosis to follow-up based on testis

palpability and location. This schematic aims to streamline clinical

decision-making in pediatric urologic surgery.
Author contributions

NP: Conceptualization, Data curation, Formal analysis,

Investigation, Methodology, Project administration, Resources,

Software, Validation, Visualization, Writing – original draft,

Writing – review & editing. ST: Conceptualization, Formal

analysis, Investigation, Methodology, Project administration,

Resources, Supervision, Validation, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Frontiers in Endocrinology 06
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and

do not necessarily represent those of their affiliated organizations, or

those of the publisher, the editors and the reviewers. Any product that

may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1327957/

full#supplementary-material
References
1. Hutson JM, Balic A, Nation T, Southwell B. Cryptorchidism. Semin Pediatr Surg.
(2010) 19:215–24. doi: 10.1053/j.sempedsurg.2010.04.001

2. Toppari J, Kaleva M. Maldescendus testis. Horm Res. (1999) 51:261–9.
doi: 10.1159/000023412

3. Boisen KA, Kaleva M, Main KM, Virtanen HE, Haavisto AM, Schmidt IM,
et al. Difference in prevalence of congenital cryptorchidism in infants between
two Nordic countries. Lancet. (2004) 363:1264–9. doi: 10.1016/S0140-6736(04)
15998-9
4. Lee PA, Houk CP. Cryptorchidism. Curr Opin Endocrinol Diabetes Obes. (2013)
20:210–6. doi: 10.1097/MED.0b013e32835ffc7d

5. Batra NV, DeMarco RT, Bayne CE. A narrative review of the history and
evidence-base for the timing of orchidopexy for cryptorchidism. J Pediatr Urol.
(2021) 17:239–45. doi: 10.1016/j.jpurol.2021.01.013

6. Pettersson A, Richiardi L, Nordenskjold A, Kaijser M, Akre O. Age at surgery for
undescended testis and risk of testicular cancer. N Engl J Med. (2007) 356:1835–41.
doi: 10.1056/NEJMoa067588
FIGURE 1

Clinical algorithm for the management of cryptorchidism.
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2024.1327957/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1327957/full#supplementary-material
https://doi.org/10.1053/j.sempedsurg.2010.04.001
https://doi.org/10.1159/000023412
https://doi.org/10.1016/S0140-6736(04)15998-9
https://doi.org/10.1016/S0140-6736(04)15998-9
https://doi.org/10.1097/MED.0b013e32835ffc7d
https://doi.org/10.1016/j.jpurol.2021.01.013
https://doi.org/10.1056/NEJMoa067588
https://doi.org/10.3389/fendo.2024.1327957
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Pakkasjärvi and Taskinen 10.3389/fendo.2024.1327957
7. Florou M, Tsilidis KK, Siomou E, Koletsa T, Syrnioti A, Spyridakis I, et al.
Orchidopexy for congenital cryptorchidism in childhood and adolescence and testicular
cancer in adults: an updated systematic review and meta-analysis of observational studies.
Eur J Pediatr. (2023) 182:2499–507. doi: 10.1007/s00431-023-04947-9

8. Cobellis G, Noviello C, Nino F, Romano M, Mariscoli F, Martino A, et al.
Spermatogenesis and cryptorchidism. Front Endocrinol (Lausanne). (2014) 5:63.
doi: 10.3389/fendo.2014.00063

9. Vikraman J, Hutson JM, Li R, Thorup J. The undescended testis: Clinical
management and scientific advances. Semin Pediatr Surg. (2016) 25:241–8.
doi: 10.1053/j.sempedsurg.2016.05.007

10. Partsch CJ, Aukamp M, Sippell WG. Scrotal temperature is increased in disposable
plastic lined nappies. Arch Dis Child. (2000) 83:364–8. doi: 10.1136/adc.83.4.364

11. Hadziselimovic F. Temperature is not a major factor in the differentiation of
gonocytes into ad spermatogonia and fertility outcome in congenitally cryptorchid
boys. Basic Clin Androl. (2022) 32:2. doi: 10.1186/s12610-021-00152-6

12. Di Persio S, Neuhaus N. Human spermatogonial stem cells and their niche in
male (in)fertility: novel concepts from single-cell RNA-sequencing. Hum Reprod.
(2023) 38:1–13. doi: 10.1093/humrep/deac245

13. Mäkelä JA, Hobbs RM. Molecular regulation of spermatogonial stem cell renewal
and differentiation. Reproduction. (2019) 158:R169–87. doi: 10.1530/REP-18-0476

14. Cortes D, Thorup J. Histology of testicular biopsies taken at operation for
bilateral maldescended testes in relation to fertility in adulthood. Br J Urol. (1991)
68:285. doi: 10.1111/j.1464-410X.1991.tb15325.x

15. Hadziselimovic F, Herzog B. Treatment with a luteinizing hormone-releasing
hormone analogue after successful orchiopexy markedly improves the chance of
fertility later in life. J Urol. (1997) 158:1193. doi: 10.1097/00005392-199709000-00130

16. Cortes D, Thorup JM, Lindenberg S. Fertility potential after unilateral
orchiopexy: simultaneous testicular biopsy and orchiopexy in a cohort of 87 patients.
J Urol. (1996) 155:1061–5. doi: 10.1016/S0022-5347(01)66392-4

17. Hildorf S, Cortes D, Clasen-Linde E, Hildorf A, Thorup J. The Inhibin-B level at
orchidopexy and follow-up of 280 boys with non-syndromic unilateral cryptorchid
testes. J Pediatr Surg. (2023) 58(11):2233–7. doi: 10.1016/j.jpedsurg.2023.07.010

18. Irkilata HC, Yildirim I, Onguru O, Aydur E, Musabak U, Dayanc M. The
influence of orchiopexy on serum inhibin B level: relationship with histology. J Urol.
(2004) 172:2402–5. doi: 10.1097/01.ju.0000145223.75776.cd

19. Thorup J, Petersen BL, Kvist K, Cortes D. Bilateral undescended testes classified
according to preoperative and postoperative status of gonadotropins and inhibin B in
relation to testicular histopathology at bilateral orchiopexy in infant boys. J Urol. (2012)
188:1436–42. doi: 10.1016/j.juro.2012.02.2551

20. Thorup J, Kvist K, Clasen-Linde E, Petersen BL, Cortes D. The relation between
adult dark spermatogonia and other parameters of fertility potential in cryptorchid
testes. J Urol. (2013) 190:1566–71. doi: 10.1016/j.juro.2013.01.058

21. Kato T, Mizuno K, Matsumoto D, Nishio H, Nakane A, Kurokawa S, et al. Low
serum inhibin B/follicle-stimulating hormones and anti-Müllerian hormone/follicle-
stimulating hormones ratios as markers of decreased germ cells in infants with bilateral
cryptorchidism. J Urol. (2022) 207:701–9. doi: 10.1097/JU.0000000000002344

22. Hildorf SE, Clasen-Linde E, Cortes D, Fossum M, Thorup J. The positive
predictive value of using FSH and inhibin-B serum levels to diagnose gonadotropin
insufficiency in bilateral cryptorchid boys is high. J Ped Urol. (2022) 18:844.e1–7.
doi: 10.1016/j.jpurol.2022.10.031

23. Hadziselimovic F, Hoecht B. Testicular histology related to fertility outcome and
postpubertal hormone status in cryptorchidism. Klin Padiatr. (2008) 220:302–7.
doi: 10.1055/s-2007-993194

24. Hadziselimovic F. On the descent of the epididymo-testicular unit,
cryptorchidism, and prevention of infertility. Basic Clin Androl. (2017) 27:21.
doi: 10.1186/s12610-017-0065-8

25. Van Brakel J, Kranse R, de Muinck Keizer-Schrama SMPF, Hendriks AEJ, de
Jong FH, Hack WWM, et al. Fertility potential in a cohort of 65 men with previously
acquired undescended testes. J Pediatr Surg. (2014) 49:599–605. doi: 10.1016/
j.jpedsurg.2013.09.020

26. Rusnack SL, Wu H-Y, Huff DS, Snyder 3HM, Zderic SA, Carr MC, et al. The
ascending testis and the testis undescended since birth share the same histopathology. J
Urol. (2002) 168:2590–1. doi: 10.1016/S0022-5347(05)64223-1

27. Mayr J, Rune GM, Holas A, Schimpl G, Schmidt B, Haberlik A. Ascent of the
testis in children. Eur J Pediatr. (1995) 154:893–5. doi: 10.1007/BF01957500

28. Hildorf S, Clasen-Linde E, Fossum M, Cortes D, Thorup J. Fertility potential is
impaired in boys with bilateral ascending testes. J Urol. (2021) 205:586–94.
doi: 10.1097/JU.0000000000001350

29. HackWWM, Sijstermans K, van Dijk J, van der Voort-Doedens LM, de KokME,
Hobbelt-Stoker MJ. Prevalence of acquired undescended testis in 6-year, 9-year and 13-
year-old Dutch schoolboys. Arch Dis Child. (2007) 92:17–20. doi: 10.1136/
adc.2005.076208

30. van der Plas E, Zijp G, Froeling F, de Wilde J, van der Voort L, Hack W.
Orchidopexy in late childhood often associated with previously normal testicular
position. Eur J Pediatr Surg. (2013) 23:276–82. doi: 10.1055/s-00000015

31. Johansen TE. Anatomy of the testis and epididymis in cryptorchidism.
Andrologia. (1987) 19:565–9. doi: 10.1111/(ISSN)1439-0272
Frontiers in Endocrinology 07
32. Mentessidou A, Mirilas P. ‘Testis-epididymis dissociation’ in cryptorchidism
and hydrocele: the tip of the iceberg of a persistent genital mesentery. Surg Radiol Anat.
(2020) 42:1329–37. doi: 10.1007/s00276-020-02449-z

33. Allin BSR, Dumann E, Fawkner-Corbett D, Kwok C, Skerritt CPaediatric
Surgery Trainees Research Network. Systematic review and meta-analysis comparing
outcomes following orchidopexy for cryptorchidism before or after 1 year of age. BJS
Open. (2018) 2:1–12. doi: 10.1002/bjs5.36

34. Boehme P, Degener S, Wirth S, Geis B, Aydin M, Lawrenz K, et al. Multicenter
analysis of acquired undescended testis and its impact on the timing of orchidopexy. J
Pediatr. (2020) 223:170–177.e3. doi: 10.1016/j.jpeds.2020.04.037

35. Hack WW, Meijer RW, van der Voort-Doedens LM, Bos SD, De Kok ME.
Previous testicular position in boys referred for an undescended testis: further
explanation of the late orchidopexy enigma? BJU Int. (2003) 92:293–6. doi: 10.1046/
j.1464-410X.2003.04317.x

36. Hensel KO, Caspers T, Jenke AC, Schuler E, Wirth S. Operative management of
cryptorchidism: guidelines and reality–a 10-year observational analysis of 3587 cases.
BMC Pediatr. (2015) 15:116. doi: 10.1186/s12887-015-0429-1

37. Fowler R, Stephens FD. The role of testicular vascular anatomy in the salvage of
high undescended testes. Aust N Z J Surg. (1959) 29:92–106. doi: 10.1111/j.1445-
2197.1959.tb03826.x

38. Shehata SM. Laparoscopically assisted gradual controlled traction on the
testicular vessels: a new concept in the management of abdominal testis. A
preliminary report. Eur J Pediatr Surg. (2008) 18:402–6. doi: 10.1055/s-2008-1039028

39. Ellis R, Lahiri R, Mahomed A. Mapping testicular blood supply in
gubernaculum-sparing second-stage Fowler-Stephens procedure. Surg Endosc. (2014)
28:3158–61. doi: 10.1007/s00464-014-3574-y

40. Ritzén EM, Bergh A, Bjerknes R, Christiansen P, Cortes D, Haugen SE, et al.
Nordic consensus on treatment of undescended testes. Acta Paediatr. (2007) 96:638–
43. doi: 10.1111/j.1651-2227.2006.00159.x

41. Radmayr C, Dogan HS, Hoebeke P, Kocvara R, Nijman R, Silay S, et al.
Management of undescended testes: European Association of Urology/European
Society for Paediatric Urology Guidelines. J Pediatr Urol. (2016) 12:335–43.
doi: 10.1016/j.jpurol.2016.07.014

42. Kolon TF, Herndon CDA, Baker LA, Baskin LS, Baxter CG, Cheng EY, et al.
Evaluation and treatment of cryptorchidism: AUA guideline. J Urol. (2014) 192:337–45.
doi: 10.1016/j.juro.2014.05.005

43. Gates RL, Shelton J, Diefenbach KA, Arnold M, St Peter SD, Renaud EJ, et al.
Management of the undescended testis in children: An American Pediatric Surgical
Association Outcomes and Evidence Based Practice Committee Systematic Review. J
Pediatr Surg. (2022) 57:1293–308. doi: 10.1016/j.jpedsurg.2022.01.003

44. Carson JS, Cusick R, Mercer A, Ashley A, Abdessalam S, Raynor S, et al.
Undescended testes: does age at orchiopexy affect survival of the testis? J Pediatr Surg.
(2014) 49:770–3. doi: 10.1016/j.jpedsurg.2014.02.065

45. Michikawa T, Matsufuji H, Araki Y, Nakamura A. Does early orchidopexy
prevent morphological changes in undescended testes? A perioperative assessment
using ultrasonography. Urol Int. (2008) 81:210–4. doi: 10.1159/000144063

46. Alyami FA, Bin Yahya AF, Albraidi HF, Almarek NA, Alkhalifa MA, Alhazmi H,
et al. Utilization of scrotal orchidopexy for palpable undescended testes among
surgeons. Urol Ann. (2018) 10:380–5. doi: 10.4103/UA.UA_54_18

47. Kim JK, Chua ME, Ming JM, Lee MJ, Kesavan A, Kahn N, et al. Variability
among Canadian pediatric surgeons and pediatric urologists in the management of
cryptorchidism in boys before the publication of major guidelines: a retrospective
review of a single tertiary centre. Can J Surg. (2019) 62:1–6. doi: 10.1503/cjs.014017

48. Yu C, Hu Y, Wang L, Kang L, Zhao J, Lu J, et al. Comparison of single-incision
scrotal orchiopexy and traditional two-incision inguinal orchiopexy for primary
palpable undescended testis in children: A systematic review and meta-analysis.
Front Pediatr. (2022) 10:805579. doi: 10.3389/fped.2022.805579

49. Penson D, Krishnaswami S, Jules A, McPheeters ML. Effectiveness of hormonal
and surgical therapies for cryptorchidism: a systematic review. Pediatrics. (2013) 131:
e1897–907. doi: 10.1542/peds.2013-0072

50. Wayne C, Chan E, Nasr A. Canadian Association of Paediatric Surgeons
Evidence-Based Resource. What is the ideal surgical approach for intra-abdominal
testes? A systematic review. Pediatr Surg Int. (2015) 31:327–38. doi: 10.1007/s00383-
015-3676-1

51. Tian Q, Zhao X, Zhang C, Yu K, Fang E, Zhou X, et al. Compared outcomes of
high-level cryptorchidism managed by Fowler-Stephens orchiopexy versus the Shehata
technique: A systematic review and meta-analysis. J Pediatr Urol. (2023) 19:313–9.
doi: 10.1016/j.jpurol.2023.02.025

52. Braga LH, Farrokhyar F, McGrath M, Lorenzo AJ. Gubernaculum testis and
cremasteric vessel preservation during laparoscopic orchiopexy for intra-abdominal
testes: effect on testicular atrophy rates. J Urol. (2019) 201:378–85. doi: 10.1016/
j.juro.2018.07.045

53. Roy C, Cullis PS, Clark C, Munro FD. Retrospective analysis of testicular
outcomes following laparoscopic two-stage Fowler Stephens orchidopexy. J Pediatr
Surg. (2020) 55:300–3. doi: 10.1016/j.jpedsurg.2019.10.030

54. Zhou G, Chen J, Yin J, Liu X, Su J, Li S. Open versus laparoscopic gubernaculum-
sparing second-stage fowler-stephens orchiopexy for intra-abdominal testis: A long-term
study. J Laparoendosc Adv Surg Tech A. (2022) 32:920–4. doi: 10.1089/lap.2021.0843
frontiersin.org

https://doi.org/10.1007/s00431-023-04947-9
https://doi.org/10.3389/fendo.2014.00063
https://doi.org/10.1053/j.sempedsurg.2016.05.007
https://doi.org/10.1136/adc.83.4.364
https://doi.org/10.1186/s12610-021-00152-6
https://doi.org/10.1093/humrep/deac245
https://doi.org/10.1530/REP-18-0476
https://doi.org/10.1111/j.1464-410X.1991.tb15325.x
https://doi.org/10.1097/00005392-199709000-00130
https://doi.org/10.1016/S0022-5347(01)66392-4
https://doi.org/10.1016/j.jpedsurg.2023.07.010
https://doi.org/10.1097/01.ju.0000145223.75776.cd
https://doi.org/10.1016/j.juro.2012.02.2551
https://doi.org/10.1016/j.juro.2013.01.058
https://doi.org/10.1097/JU.0000000000002344
https://doi.org/10.1016/j.jpurol.2022.10.031
https://doi.org/10.1055/s-2007-993194
https://doi.org/10.1186/s12610-017-0065-8
https://doi.org/10.1016/j.jpedsurg.2013.09.020
https://doi.org/10.1016/j.jpedsurg.2013.09.020
https://doi.org/10.1016/S0022-5347(05)64223-1
https://doi.org/10.1007/BF01957500
https://doi.org/10.1097/JU.0000000000001350
https://doi.org/10.1136/adc.2005.076208
https://doi.org/10.1136/adc.2005.076208
https://doi.org/10.1055/s-00000015
https://doi.org/10.1111/(ISSN)1439-0272
https://doi.org/10.1007/s00276-020-02449-z
https://doi.org/10.1002/bjs5.36
https://doi.org/10.1016/j.jpeds.2020.04.037
https://doi.org/10.1046/j.1464-410X.2003.04317.x
https://doi.org/10.1046/j.1464-410X.2003.04317.x
https://doi.org/10.1186/s12887-015-0429-1
https://doi.org/10.1111/j.1445-2197.1959.tb03826.x
https://doi.org/10.1111/j.1445-2197.1959.tb03826.x
https://doi.org/10.1055/s-2008-1039028
https://doi.org/10.1007/s00464-014-3574-y
https://doi.org/10.1111/j.1651-2227.2006.00159.x
https://doi.org/10.1016/j.jpurol.2016.07.014
https://doi.org/10.1016/j.juro.2014.05.005
https://doi.org/10.1016/j.jpedsurg.2022.01.003
https://doi.org/10.1016/j.jpedsurg.2014.02.065
https://doi.org/10.1159/000144063
https://doi.org/10.4103/UA.UA_54_18
https://doi.org/10.1503/cjs.014017
https://doi.org/10.3389/fped.2022.805579
https://doi.org/10.1542/peds.2013-0072
https://doi.org/10.1007/s00383-015-3676-1
https://doi.org/10.1007/s00383-015-3676-1
https://doi.org/10.1016/j.jpurol.2023.02.025
https://doi.org/10.1016/j.juro.2018.07.045
https://doi.org/10.1016/j.juro.2018.07.045
https://doi.org/10.1016/j.jpedsurg.2019.10.030
https://doi.org/10.1089/lap.2021.0843
https://doi.org/10.3389/fendo.2024.1327957
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Pakkasjärvi and Taskinen 10.3389/fendo.2024.1327957
55. Hadziselimovic F. Opinion: comment on evaluation and treatment of
cryptorchidism: AUA/AAP and nordic consensus guidelines. Urol Int. (2016)
96:249–54. doi: 10.1159/000443741

56. Dunkel L, Taskinen S, Hovatta O, Tilly JL, Wikström S. Germ cell apoptosis after
treatment of cryptorchidism with human chorionic gonadotropin is associated with
Frontiers in Endocrinology 08
impaired reproductive function in the adult. J Clin Invest. (1997) 100:2341–6.
doi: 10.1172/JCI119773

57. Kaleva M, Arsalo A, Louhimo I, Rapola J, Perheentupa J, Henriksén K, et al.
Treatment with human chorionic gonadotrophin for cryptorchidism: clinical and
histological effects. Int J Androl. (1996) 19:293–8. doi: 10.1111/j.1365-2605.1996.tb00478.x
frontiersin.org

https://doi.org/10.1159/000443741
https://doi.org/10.1172/JCI119773
https://doi.org/10.1111/j.1365-2605.1996.tb00478.x
https://doi.org/10.3389/fendo.2024.1327957
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Surgical treatment of cryptorchidism: current insights and future directions
	1 Introduction
	2 Methodology
	3 Guideline policies for orchidopexy
	4 Impact of orchidopexy timing on testicular characteristics
	5 Palpable testes
	6 Intra-abdominal testes
	7 Gubernaculum sparing laparoscopic orchidopexy
	8 Hormonal therapy in conjunction with surgical intervention
	9 Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



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

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


