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Abstract: While radical orchiectomy remains the gold standard for testicular cancer, partial orchiectomy
has become a well-accepted organ-sparing approach for benign testicular tumors in pre-pubertal patients.
The aims of testicular-sparing surgery include prevention of over-treatment, preservation of future hormonal
and reproductive function, and provision of a durable cure. For pre-pubertal patients, who have a high
likelihood of benign lesions, partial orchiectomy provides effective treatment, owing to the high reliability
of scrotal ultrasound (US) and intraoperative frozen section. In adolescent and young adult patients, who are
more likely to harbor malignant pathology, the role of partial orchiectomy is less clear. Testis-sparing surgery
is being reported with greater frequency in the adult literature for small testicular masses and for situations
in which radical orchiectomy would result in an anorchia. More recently, a testis-sparing approach has also
been described for carefully-selected post-pubertal pediatric patients. This review will highlight the role of

partial orchiectomy in pediatric patients (<18 years old).
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Introduction

Pediatric testicular tumors are rare, occurring in
approximately 1 per 100,000 boys annually and accounting
for only 1% of all pediatric solid tumors (1). A bimodal
age distribution is observed, with the first peak in early
childhood and a second, larger peak in young adulthood (2).
Until the mid-1980s, the management of pediatric testis
tumors followed guidelines for adult patients, which
consisted of radical inguinal orchiectomy. This was largely
based upon the assumption of a high rate of malignancy,
which was supported by the results of several early pediatric
tumor registries (1,3-5). Recognizing these results were
possibly biased with over-reporting of malignant and
rare tumors, subsequent single- and multi-center studies
have since demonstrated a greater percentage of benign
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lesions in pre-pubertal patients, with teratoma being the
most commonly-reported histology (6-9). Unlike in adult
patients, teratoma behaves in a universally benign fashion
in pre-pubertal boys and is not associated with germ cell
neoplasia in situ (GCNIS) (10). Other reported pediatric
tumor types include stromal tumors like Sertoli cell tumor,
Leydig cell tumor, and juvenile granulosa cell tumors,
which generally behave in a benign fashion in pre-pubertal
patients. Pure yolk sac tumor is the most commonly-
encountered malignant tumor among pre-pubertal patients
(3,7). Given the higher likelihood of benign lesions in this
population, a clear shift towards a testis-sparing approach
has been observed for pre-pubertal patients. For benign
testis tumors, partial orchiectomy offers a durable cure
with and may allow preservation of long-term hormonal
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function, fertility and quality of life (11-14).

For pre-pubertal patients diagnosed with a malignant
testis tumor or post-pubertal males, who are more likely
to have malignant tumors, radical inguinal orchiectomy
remains the gold standard for initial treatment. More
recently however, there have been increasing reports
of testis-sparing approaches for adult patients with
incidentally-detected small testicular masses, based upon
studies suggesting smaller tumor size may correlate with a
higher likelihood of benign pathology. Partial orchiectomy
with adjuvant radiation therapy has also been advocated in
carefully-selected adult patients with bilateral malignant
testis tumors or tumors in a solitary testicle (15-18). It
remains unclear if these practices can be safely extrapolated
to post-pubertal pediatric patients, and radical inguinal
orchiectomy is generally undertaken unless there is a very
high suspicion for a benign lesion.

Patient evaluation and selection

The age of the patient, presentation and specific findings on
evaluation aid in the selection of patients for a testis-sparing
approach. Physical exam may reveal a firm, painless intra-
scrotal mass, testicular enlargement, and/or an associated
hydrocele. Signs of virilization in a pre-pubertal patient
or gynecomastia may support the presence of a Leydig
cell tumor, Sertoli cell tumor or testicular adrenal rests
associated with congenital adrenal hyperplasia (19,20).
While pre-pubertal patients are more likely to have a
benign tumor, a testis mass in a post-pubertal patient has a
much higher potential of being malignant.

Scrotal ultrasound (US) with Doppler is useful in
characterizing the size and appearance of the mass and
confirming it is a testis tumor vs. an extra-testicular
process. US is unable to reliably distinguish between
benign and malignant tumors, however certain features
may be predictive of histology (6,21). Most cystic lesions
in children are benign (22). Well-circumscribed lesions
containing hypoechoic or anechoic cystic areas with
adjacent hyperechogenic and solid areas surrounded by
normal testicular tissue are characteristic of teratoma
(10,23). Calcifications may also be present within the tumor,
which allow differentiation from granulosa cell tumors (24).
Epidermoid cysts may demonstrate an “onion-skin” or
targetoid appearance, owing to deposition of layers of
keratin debris within the cyst (25,26) and are always benign.
Juvenile granulosa cell tumors may appear as discrete
multi-septated hypoechoic cystic lesions reminiscent of
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“Swiss-cheese”, while yolk sac tumors and other malignant
lesions tend to demonstrate hypervascularity and a more
solid appearance (27,28). While multiple adult series have
suggested a higher likelihood of benign histology for
small testicular masses, a recent report on 24 pediatric and
adolescent patients did not find that a tumor size of <2 cm
accurately predicted final pathology in this population
(15,16,18,29). It should also be noted that the amount of
normal residual parenchyma on preoperative US should not
be used as a factor in determining the appropriateness of
partial orchiectomy, as the true volume of normal testicular
parenchyma is often underestimated (30).

As with adult patients, measurement of tumor markers
is paramount in the evaluation of a pediatric testis mass.
Serum alpha-fetoprotein (AFP) is secreted by yolk sac
tumors, which account for virtually all malignant testis
tumors in pre-pubertal patients. Serum AFP is elevated in
90% of children with yolk sac tumor, making it a sensitive
and useful marker for diagnosis and surveillance (28). It
should be noted that serum AFP levels are typically elevated
to the tens of thousands (ng/mL) at birth, decreasing to
normal levels during the first year of life, and may therefore
be a confounding factor in a young infant with a testis tumor
(31). A review of the Pre-pubertal Testis Tumor Registry
found considerable overlap in AFP levels among infants <6
months old with teratoma versus a yolk sac tumor; however
after age 6 months, all patients with AFP levels less than
100 ng/mL harbored a teratoma (3). This finding may
provide guidance towards consideration of a testis-sparing
approach. In general however, an elevated AFP level in a
child older than 1 year almost always indicates the presence
of a yolk sac tumor, and radical orchiectomy should be
performed. Although not typically helpful in the evaluation
of pre-pubertal patients, human chorionic gonadotropin
(HCG) is an important marker in adolescent and young
adult patients and is elaborated by several malignant germ
cell tumors including seminoma, choriocarcinoma and
embryonal carcinoma (32).

Specific indications for partial orchiectomy and
consideration of a testis-sparing approach

Pre-pubertal testis tumors

Several reviews have since documented a predominance of
benign testicular lesions (48-74%) in pre-pubertal patients,
with teratoma comprising the most common histology (6-9).
In general, given the increased likelihood for benign
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pathology, a testis-sparing approach should be considered
in a pre-pubertal patient with a normal age-adjusted AFP
level. Partial orchiectomy is performed if benign histology
is encountered on intra-operative frozen section, while a
radical orchiectomy is performed if malignancy is detected.
Partial orchiectomy has since been described in numerous
reports as a safe and effective modality for the management
of a various benign testicular neoplasms including teratoma,
epidermoid cyst, Sertoli cell tumor, Leydig cell tumor,
Juvenile granulosa cell tumor, simple intra-testicular cyst,
tubular ectasia of the rete testes, and testicular adrenal rest
tumors (6,8,9,12,14).

Post-pubertal patients

Testicular tumors occur more frequently in post-pubertal
males and are also much more likely to be malignant.
Mixed germ cell tumor is the most common histology in
adolescent and young adult patients, as opposed to pure
yolk sac tumor, which accounts for 98% of malignant
pre-pubertal testis tumors (7). Radical orchiectomy is
therefore the initial treatment of choice for a testicular
tumor occurring a post-pubertal patient, and a testis-
sparing approach is not routinely unless there is a high
degree of certainty of encountering a benign lesion. In
an effort to decrease the potential significant morbidity
of testicular loss, experience with testis-sparing surgery
is being described with greater frequency in the adult
population. Partial orchiectomy has been successfully
utilized for the management of adult benign testis masses
including stromal tumors, epidermoid cysts, and fibrous
pseudotumors (33-36). Recently, there have been increasing
reports of partial orchiectomy in adult patients with small
and/or incidentally-detected testicular masses, which have
a higher likelihood of benign pathology (15,16,37-39).
Various definitions of small testicular mass have been used,
and in general, smaller tumors correlate with a higher
likelihood of benign histology. Amongst these studies,
masses <2 cm had a 50-80% chance of being benign. Data
in the adolescent population remain scarce, however and
to date, only one study has attempted to correlate tumor
size with histology in this cohort of patients. Using a 2 cm
threshold, the authors did not find this size cut-off provided
an accurate prediction of pathology that could guide the
appropriateness of partial orchiectomy in either pre- or
post-pubertal patients (18). Their group presently only
considers a testis-sparing approach in carefully-selected
post-pubertal patients with masses <2 ¢m and normal
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tumor markers. Partial orchiectomy is performed if frozen
section reveals benign histology, and radical orchiectomy is
completed if malignancy is detected (40,41).

The use of partial orchiectomy in the setting of
malignant germ cell tumor remains controversial but has
been advocated in carefully-selected adult patients with
either bilateral testis tumors or tumor in a solitary testis
(42-45). The high incidence of associated GCNIS in
the remaining testicular parenchyma (80-98%) must be
emphasized, and adjuvant radiation is recommended for
all patients undergoing partial orchiectomy for malignancy
(46,47). Close surveillance is mandatory, and the risk of
infertility and need for androgen replacement may be
unavoidable, particularly after radiotherapy. Patients must
be adequately counseled on these risks. Partial orchiectomy
has also been described for malignant germ cell tumor in
the presence of a normal contralateral testis in a single
series of 9 patients. The mean follow-up time was 4120
months. No patients developed distant metastasis, and
survival was 100%, however 1 patient had local recurrence
at 39 months and underwent radical orchiectomy. Patients
did not receive adjuvant radiation in this study, and authors
attributed their low recurrence rate to a decreased incidence
of GCNIS when tumors are <2 cm (48). To date, there are
no other published trials examining the overall safety of
this practice, which deviates from clearly defined treatment
standards. The importance of intraoperative US and the
requirement of frozen section examination are emphasized
in all reports and are discussed further in the section on
operative technique.

While much of the management of post-pubertal
testicular tumors has been extrapolated from adult data, the
general applicability of these newer operative practices to
post-pubertal pediatric patients remains unclear. Oncologic
control should not be compromised, but the adoption
of these practices in the adolescent population, in whom
preservation of future hormonal and reproductive function
are high priorities, must be considered. Prospective studies
examining long term outcomes related to safety, fertility and
adequacy of androgen production, after partial orchiectomy
for small testicular masses in adult patients, are needed to
guide practice changes in the pediatric population.

Operative technique

The technique for partial orchiectomy has been well-
described for both the pediatric and adult patients. After
proper patient selection and once the decision has been
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Figure 2 The tunica vaginalis is opened, and the tumor is

enucleated or sharply excised.

Figure 3 Partial orchiectomy specimen and testis showing the

resection defect.

made for a testis-sparing approach, adequate counseling
regarding the possibility of radical orchiectomy is important.
It must be emphasized that consideration for testis-sparing
does not obviate the possibility of orchiectomy, however the
steps of the approach allow for possible testicular-sparing
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in the event of benign histology, and avoids compromising
oncologic principles should malignancy be encountered.
The need for expeditious frozen section should be
communicated to pathology, and if necessary, intraoperative
US should be readily available for tumor localization (14).

The initial steps for partial orchiectomy are the same as
for radical orchiectomy, beginning with an inguinal incision,
incision of the external oblique fascia and mobilization/
delivery of the testis into incision. Atraumatic occlusion
of the cord with a soft tourniquet has been historically
described. Recent data have suggested that clamping of the
spermatic cord may not be necessary, and that the risk of
tumor spread is less related to physical manipulation of the
testis than to inherent tumor characteristics (33,42,49). The
practice of immersing the testis in crushed ice after cord
occlusion, to achieve cold ischemia, has been advocated by
some but remains controversial (42,45,50). After delivery of
the testis (Figure I), the operative field is draped with towels
in the event of tumor spillage, and the tunica vaginalis
is opened. The mass is localized by palpation, however
intraoperative US may facilitate the localization of deeper
tumors. High resolution, high frequency US (12 MHz)
with capabilities of focusing, fine-tuning, and scale
regulation is recommended (51). A needle can then be
placed adjacent to the mass as a localizing marker (52). The
tumor is enucleated or sharply excised (Figures 2 and 3) with
a rim of normal parenchyma and sent for frozen section
examination. If frozen section confirms benign histology,
the tunica albuginea is repaired with fine, absorbable suture,
and the testis is returned to the scrotum (Figure 4). If
malignancy is detected, radical orchiectomy is completed by
high ligation of the spermatic cord at the internal ring. If a
radical orchiectomy is not performed despite malignancy
on frozen section (e.g., in the setting of bilateral tumors
or tumor in a solitary testis), biopsies of the surrounding
tissue should be obtained to evaluate for other foci of
malignancy and the presence of GCNIS on permanent
histology.

Frozen section is a key component of partial orchiectomy,
has both high specificity and sensitivity in differentiating
between benign and malignant masses, and demonstrates
excellent correlation with final histopathology (53-57).
Though one study reported a 10% failure rate in
accurately distinguishing between seminomatous and non-
seminomatous tumors, this did not ultimately affect the
choice of surgical management (56). A dedicated uro-
pathologist, familiar with testicular histology likely increases
the reliability of analysis, which is almost certainly greater
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Figure 4 The testis is repaired with fine, absorbable suture.

at higher-volume referral centers (58).

Functional outcomes

Long-term functional outcomes in pediatric patients
after radical or partial orchiectomy are lacking. For adults
treated for malignant testicular neoplasms, the long term
effects of chemotherapy, surgery, and radiation have an
additional impact on gonadal function, fertility, and quality
of life. Some data suggest that the loss of only one testicle
may result in decreased spermatogenesis, insufficient
androgen production, and a negative body image (59,60).
Furthermore, a significant proportion of patients with germ
cell tumors may demonstrate underlying impaired fertility
at baseline (61,62). Preservation of as much testicular tissue
as possible through testis-sparing surgery is therefore
reasonable, if oncologic control is not compromise. For
patients undergoing partial orchiectomy for benign lesions,
multiple studies have documented successful preservation
of testicular parenchyma, without evidence of atrophy or
tumor recurrence after mean follow-up times of 5-10 years
(6,9,30,63). This may serve as a surrogate for preservation
of ultimate function. Adult studies primarily in patients
undergoing bilateral procedures or partial orchiectomy in
a solitary testis have demonstrated adequate postoperative
testosterone levels in the majority of patients (45,52). In a
large series of 101 patients, 85 patients had GCNIS, and 80
underwent radiotherapy. Ten patients required androgen
supplementation for de novo hypogonadism, and 4 patients
successfully achieved paternity with delayed adjuvant
radiation (47). In the second largest series of 11 patients,
10 had GCNIS, with 8 undergoing radiotherapy. Only
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one patient, noted to have a 3 cm mixed germ cell tumor,
who received adjuvant radiation, developed androgen
insufficiency and testicular atrophy during the mean follow-
up time of 60 months (45). Most reviews cite the need for
future prospective multi-center studies to better determine
overall long-term functional outcomes after partial
orchiectomy.

Conclusions

The predominance of benign testis tumors in pre-pubertal
patients, coupled with the high reliability of serum tumor
markers, scrotal US and intraoperative frozen section,
have resulted in a marked shift towards a testicular-
sparing approach with partial orchiectomy in this patient
population. More recently, this approach has been reported
in carefully-selected post-pubertal patients as well, in an effort
to avoid overtreatment of potentially benign lesions. Radical
orchiectomy remains the standard of care for malignant
testicular tumors, and any deviation from established
guidelines must be exercised with a high level of caution.
Future studies must focus on functional outcomes after partial
orchiectomy in this patient population, with the goal of
maximizing fertility preservation and avoiding the morbidity
of hypogonadism, without sacrificing oncologic control.

Take-home points

% Radical inguinal orchiectomy is the gold-standard for
the management of malignant testis tumors.

% In pre-pubertal patients with a testis mass and normal
AFP, a testis-sparing approach is appropriate.

% Caution should be exercised when considering a testis-
sparing approach for a post-pubertal testicular mass.

% Frozen section exam with confirmation of benign
histology is a key component of partial orchiectomy.
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