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Abstract
Objective: To perform a systematic review on the effects of testicular sparing sur-
gery (TSS) on the oncological, functional, and hormonal outcomes of adults with tes-
ticular tumors.
Methods: A literature search was performed after PROSPERO registration 
(CRD42020200842) and reported in compliance with Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) methods. We conducted a sys-
tematic search of Medline (Ovid), Embase, Cochrane CENTRAL, CINAHL, Scopus, 
Web of Science, ClinicalTrials.gov, and the WHO/ICTRP from inception to November 
20, 2020. Manuscripts and published abstracts were included if they involved testis-
sparing surgery (TSS) and contained data on any outcomes related to fertility, hormo-
nal parameters, or oncological control, or if they evaluated surgical technique.
Results: Our initial search yielded 3,370 manuscripts, with 269 of these screened 
for full-text eligibility. After our exclusion criteria were applied, 32 studies were in-
cluded in the final analysis. Oncological outcomes were obtained from 12 studies 
(average follow-up 57.8 months), functional data from 26 studies (average follow-up 
49.6 months), fertility information from 10 studies (average follow-up 55.8 months), 
and data on nonpalpable tumors from 11 studies (average follow-up 32.1 months). 
Oncological control appears to be excellent in studies that reported these outcomes. 
Presence of germ cell neoplasia in situ was controlled with adjuvant radiation in 
nearly all cases. Functional outcomes are also promising, as development of primary 
and compensated hypogonadism was rare. Semen parameters are poor preopera-
tively among men with benign and malignant testis tumors, with occasional decline 
after TSS. Frozen section analysis at the time of surgery appears to be very reliable, 
and the majority of nonpalpable tumors appear to be benign.
Conclusions: TSS is a safe and efficacious technique with regards to oncological 
control and postoperative hormonal function based on retrospective, noncontrolled 
studies. TSS avoids unnecessary removal of benign testicular tissue, and should be 
given serious consideration in cases of nonpalpable, small tumors under 2  cm. In 
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1  | INTRODUC TION

Germ cell and sex cord testicular tumors (Leydig/Sertoli/Granulosa 
cell) continue to be a relatively common GU malignancy in young 
men. Due to an exceptionally high cure rate for testis malignancy, we 
need to consider issues with survivorship such as fertility, testoster-
one production, and quality of life. This is especially pertinent given 
the young age at which most men are diagnosed and the long-term 
surveillance protocols are employed. Early perspectives and onco-
logical dogma necessitate the use of radical inguinal orchiectomy as 
the gold standard treatment for men with testicular masses. There 
is evidence to suggest that even only undergoing a radical orchiec-
tomy, without subsequent chemotherapeutics or radiotherapy, can 
cause hormonal and fertility dysfunction such as compensatory 
Luteinizing Hormone (LH) production and deterioration of semen 
analysis parameters.1,2

The availability and technical improvements of imaging modal-
ities have increased the identification of small, often histologically 
benign and slow growing testis tumors.3,4 The incidence of these 
nonpalpable tumors can be as high as 7.4%, with a range between 
10 and 15 mm.5 The management of these lesions is evolving, with 
some centers offering active surveillance with serial ultrasound 
examinations as an initial approach.6 Moreover, recent studies are 
beginning to explore the use of ultra-sensitive mRNA biomarkers 
to guide more accurate diagnosis, further questioning our current 
management pathways.7

Testis-sparing surgery (TSS) can be a viable option for men with 
nonpalpable, sub centimeter, and/or bilateral testicular tumors. 
Additionally, men with functional or anatomic solitary testicles have 
also been excellent candidates for TSS. Indeed, most urological so-
cieties have embraced this method of organ-sparing as part of their 
clinical guidelines.8–10 Intraoperative ultrasound probes and the use 
of the operative microscope have also been introduced as additional 
technical tools to improve the outcomes and decrease the total 
amount of testicular tissue excised.11,12

While it is clear that TSS can prevent overtreatment of benign 
tumors, ample evidence suggests that TSS is important for main-
taining sperm and testosterone production after surgery as these 
parameters can be abnormal prior to surgery. In the past decade, 
there has been significant accrual of evidence examining this topic. 
The aim of this paper is to systematically review the most up-to-
date evidence with regards to the use of TSS in select scenarios. We 
hope these data can assist clinicians and surgeons so that they can 

have informed discussions with their patients with regards to opti-
mal management.

2  | METHODS

The search strategy was developed by two investigators (J.O. and 
J.R), and was reviewed using the Peer Review for Electronic Search 
Strategies (PRESS) tool.13 The search strategy was written for Ovid 
Medline and translated using each database's syntax, controlled 
vocabulary, and search fields. MeSH terms, EMTREE terms, and 
text words were used for the concepts of testicular tumors, organ-
sparing surgery, and their synonyms. We searched Ovid Medline 
(Including Epub-Ahead-of-Print, In-Process & Other Non-Indexed 
Citations and Daily, 1946 to November 20, 2020), Embase (Elsevier, 
Embase.com, 1947-present), Cochrane CENTRAL (Cochrane Library, 
Wiley, no date limit), CINAHL Plus (EBSCO, 1937 to present), Scopus 
(Elsevier, 1788-present), and the Web of Science platform (Clarivate: 
Science Citation Index Expanded (SCI-EXPANDED)––1945-present; 
Social Sciences Citation Index (SSCI)––1956-present; Arts & 
Humanities Citation Index (A&HCI)––1975-present; Conference 
Proceedings Citation Index-Science (CPCI-S)––1990-present; 
Conference Proceedings Citation Index-Social Science & Humanities 
(CPCI-SSH)––1990-present; Emerging Sources Citation Index 
(ESCI)––2015-present; KCI-Korean Journal Database 1980-present; 
Russian Science Citation Index 2005-present; SciELO Citation Index 
2002-present). The SR-Accelerator Polyglot Search Translator tool 
was used in part to aide in converting the original search to run in 
other databases.14 An initial, simpler search was also run in Scopus 
and PubMed prior to the development of the final search strategies 
and results from these studies were also screened. We searched 
trials registry Clinicaltrials.gov and the World Health Organization 
International Clinical Trials Registry Platform (ICTRP), for trials with 
reported results. Conference abstracts were included in Embase, 
Scopus, and Web of Science searches. We also reviewed the stud-
ies included in two systematic reviews on related topics.15,16 No 
language, date, or other limits were applied. We searched all data-
bases on November 20, 2020. For full search strategies, see online 
Appendix. All database records were downloaded to EndNote X9,17 
then uploaded to Covidence web-based software18 for deduplica-
tion, screening, and full-text evaluation. We did not contact any 
study authors, manufacturers, or other experts. We checked the 
Retraction Watch database for retractions or corrections of studies 

cases of malignancy, TSS can safely avoid anorchia in men with bilateral tumors and in 
men with solitary testicles. The use of the operating microscope, while theoretically 
promising, does not necessarily lead to better outcomes, however data are limited.

K E Y W O R D S
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neoplasms, testis-sparing surgery
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selected for inclusion. Our inclusion criteria included adult men over 
the age of 18 who underwent testis-sparing surgery for a testicu-
lar tumor and reported on any oncological or functional outcome. 
After our search was completed, two authors (D.G. and J.O.) inde-
pendently performed an initial abstract screen. Following this, two 
authors (D.G. and A.S) independently performed a full-text review 

with any disputes resolved by a third author (J.O) (Figure 2). Sources 
of funding were investigated in these studies but were not found for 
any of the included papers.

D.G, J.W, C.D, and A.G extracted data from the included articles. 
Extracted variables included study characteristics (eg, Author, year 
of publication, population, adjuvant therapy, tumor type, and tumor 

F I G U R E  1   Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of screening and selection 
procedure
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size) and outcomes of interest (eg, Testosterone, sperm parameters, 
other hormonal levels, and recurrence-free interval). Relevant data 
were extracted into a Microsoft Excel database. A meta-analysis of 
our data was not able to be conducted due to heterogeneity in study 
designs, outcomes, and populations of our included studies. Because 
of this, only descriptive analyses were performed.

3  | RESULTS/DISCUSSION

3.1 | Study selection

Our search identified 5514 records. After duplicated were filtered, 
we had 3370 studies to screen. After title and abstract screening of 
these, 270 manuscripts remained for full-text review. Of these 270 
articles, 32 fulfilled the study criteria and were included for further 
evaluation. The primary cause for exclusion included wrong study 
design (148), wrong setting (51), wrong/no outcome (18), and wrong 
intervention (12). Figure 1 describes the process of study inclusion.19

3.2 | Surgical approach

A standard inguinal approach is recommended in the event a radical 
orchiectomy needs to be performed, thereby avoiding scrotal viola-
tion.20,21 Early clamping of the cord prior to delivery of the testicle 

into the operative field has been advocated to decrease the risk of 
tumor spread from manipulation of the affected testicle, but this 
long-held practice holds little basis in literature. In the largest series 
by Leonhartsberger et al., a non-clamping approach was utilized in 
65 patients for both radical orchiectomy and TSS. They found that all 
patients were free of disease at a median follow-up of 52.5 months 
(range 3-107  months).22 If TSS is being performed, after delivery 
of the testicle, a transverse incision of the tunica albuginea is rec-
ommended in order to identify an avascular plane23,24 (Figure 1). If 
clamping is to be performed, the benefits of cold or warm ischemia 
are still under debate.22 Ultrasound guidance may be beneficial, par-
ticularly in cases of nonpalpable lesions.20 A microsurgical approach 
with an operating microscope can be used if equipment is available 
and surgeon has the skillset (Figure 2). Ultimately, because each in-
dividual surgical variation has little to no functional or oncological-
based evidence, we believe that the operative method chosen 
should be determined by the surgeon's preference.

3.3 | Microsurgical vs Macrosurgical

The majority of authors described a macrosurgical approach with 
ultrasound (US) guidance for tumor localization. Surgical loupes 
were used in two studies.25,26 There were four studies which evalu-
ated a microsurgical approach.23,24,27,28 There were no studies di-
rectly comparing the outcomes of a microsurgical and macrosurgical 

F I G U R E  2   Clockwise from top left: (A) a transverse incision in the tunical albuginea to expose the testicular parenchyma. (B) After 
ultrasound detection, the yellow Leydig cell tumor is exposed here with a 4k 3D Orbeye Microscope. (C) Closure of the tunica albuginea with 
5-0 prolene running suture
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approach. Magnification varied between 10× and 25× between the 
microsurgical cases.23,24,27,28 The most common indication for a mi-
crosurgical approach was a nonpalpable tumor identified on US. The 
other indication was concurrent testicular sperm extraction (TESE) 
in an azoospermic man for assisted reproductive techniques that 
had incidental testicular lesions identified on US. All studies29 that 
we identified for this review included some detail on the surgical 
approach.

The largest series of microsurgical testis sparing cases by De 
Stefani et al. included 23 patients.28 In this retrospective study, non-
palpable tumors with negative tumor markers were routinely treated 
with testis-sparing surgery (TSS) using a microsurgical approach. The 
mean size of lesion was 16.5 mm ± 8.7 mm. One patient required 
an additional surgery 5 years from the first, after normal testicular 
tissue was reported on initial pathology. The repeat surgery revealed 
seminoma, requiring radical orchiectomy. There were no patients 
with progression of disease in this group. All patients were disease 
free and had normal scrotal US findings after a mean follow-up of 
35  ±  25  months. One patient did develop clinical hypogonadism 
postoperatively though objective hormone levels were not available.

Authors using a microsurgical approach describe potential 
benefits being increased preservation of normal parenchyma and 
decreased risk of vascular injury to the tunica albuginea with a the-
oretical decreased risk of hypogonadism, testicular atrophy, and in-
fertility.23,28 We were unable to identify any meaningful differences 
from a functional or oncological standpoint between patients under-
going microsurgical and macrosurgical techniques due to the small 
number of reported series. A microsurgical approach does appear to 
be safe in appropriately selected patients, while the best outcomes 
for each surgeon will likely be based on their individual experience 
and preference.

3.4 | Hormonal changes after testis-sparing surgery

Changes in reproductive hormone levels have been well docu-
mented after radical orchiectomy, with and without adjuvant 
therapy. Typically, luteinizing hormone (LH) and follicle stimulating 
hormone (FSH) increase, while most series show either a reduction 
in testosterone, or at minimum, an increase in rates of compensated 
hypogonadism (normal testosterone and elevated LH), even in those 
with orchiectomy alone.30–32 Rates of compensated hypogonadism 
(elevated LH with normal T) are much higher in men with solitary 
testis of any cause,29 which by itself carries a risk of significant nega-
tive long-term effects.33

Due to these outcomes and associated risks, it is reasonable 
to attempt to reduce the amount of testicular parenchyma that is 
removed, thus avoiding subsequent changes in reproductive hor-
mones. We identified 22 studies that reported hormonal outcomes 
following TSS (Tables 1 and 2). The largest series to date to describe 
the hormone levels followed 101 men for a median of 80 months 
after testis-sparing surgery for a malignant tumor. They reported a 
9.7% rate of hypogonadism following TSS, in men with a mean tumor 

diameter of 15 mm. Most men in this series (79%) underwent adju-
vant radiation with 18 Gy.34 The largest series reported thus far that 
describes both preoperative and postoperative testosterone levels 
found both to be “normal” with few quantitative data in 49 men, and 
a tumor diameter of less than or equal to 1.5 cm.12

In most series that document hormone levels after TSS for be-
nign lesions, in which adjuvant therapy is unnecessary, subsequent 
testosterone deficiency is rare (Table 1).

In some series, postoperative hormone levels were not available, 
yet prescription of testosterone therapy was used as a clinical in-
dicator of hypogonadism. A recent meta-analysis on TSS revealed 
7.1% of patients received testosterone therapy following treatment 
(17/238 men from 10 studies).35 Whether or not these men received 
adjuvant therapy is unclear.

Luteinizing hormone is rarely reported in these series, but is 
important to consider as compensated hypogonadism is common 
in men with solitary testis, and is associated with serious long-term 
health effects such as higher incidence of cardiovascular disease and 
deterioration of cognitive and physical function.33 In the few series 
that report LH, only 2 men were noted to have an increase in LH out 
of 41 postoperatively (Tables 1, 2).

By removing less testicular parenchyma without sacrificing on-
cological outcomes, especially in testicular lesions more likely to be 
benign, we can potentially avoid testosterone deficiency or com-
pensated hypogonadism that are more often associated with radical 
orchiectomy. This decision can be pursued after an informed discus-
sion with the patient, and is an approach that has been endorsed in 
small tumors, under specific circumstances, by multiple guidelines 
recently.9,36

3.5 | Semen parameters

Testicular cancer is the most common malignancy among men be-
tween the ages of 15 and 44, a timeframe that includes the prime 
reproductive window for most men who desire families.37 Therefore 
it is important to discuss the impact of fertility, and how it may be 
preserved using TSS, obviously with oncological safety as top pri-
ority. We identified 17 studies that reported on either paternity or 
sperm-related outcomes (Table 3). In one series, six men found fer-
tility important enough to delay adjuvant radiation in order to have 
families, with no worsening of oncological outcomes.34

Unfortunately, most men undergoing surgery for benign or ma-
lignant testicular lesions have abnormal sperm parameters preoper-
atively (Table 3), a phenomemon well documented in the literature.38 
From the limited data available on fertility post-TSS, sperm param-
eters do not appear to change significantly. The largest trial of TSS 
to track sperm parameters in men having surgery for benign lesions 
found that most men were oligospermic and aesthenospermic pre-
operatively, with no significant decline postoperatively.39 This is in 
contrast to radical orchiectomy, where semen parameters inevita-
bly worsen, even in the absence of adjuvant therapies.3,40 A large-
scale comparison of these two groups on fertility has not yet been 
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performed, however, in men with synchronous tumors or a tumor 
in a solitary testis, performing TSS is the only option for men to be 
able to attempt natural conception in the future. Regardless of the 
approach used, clinicians must keep fertility preservation guidelines 
in mind41 and discuss sperm cryopreservation prior to surgery, as 
this relatively simple intervention is still forgotten in the majority of 
cases for men.42

3.6 | Oncological outcomes

The long-life expectancy of testis cancer patients has prompted the 
urological community to explore a more conservative approach to 
patients who wish to avoid late adverse events derived from losing 
testicular function.43 However, radical orchiectomy is still consid-
ered the gold standard approach to testicular masses of suspicious 
or malignant origin.

The widespread use of ultrasonography has led to an increase 
in the number of incidentally detected small testicular masses.5,44 
Furthermore, the close follow-up of patients treated with radical 
orchiectomy for testicular cancer has led to a rise in detection of 
small tumors in the contralateral testis,45 leaving TSS as an excellent 
option for preserving testicular function while maintaining adequate 
oncological outcome.16 We identified 12 studies that reported on 
TSS for malignant testicular tumors.

The first successful testis-sparing surgery was performed by 
Richie, who performed the procedure for a synchronous bilateral 
seminoma. The patient remained free of disease without the need 
for permanent androgen replacement at 2.5 years follow-up. The au-
thor himself described this management as “unorthodox”.46

Since then, several series, case reports, and systematic reviews 
have described TSS for selected patients with GCTs (organ-confined 
tumors in patients with synchronous bilateral tumors or solitary tes-
tis with normal preoperative endocrine function).16

The largest series concerning TSS for malignant GCT was re-
ported by The German Testicular Cancer Study Group. TSS was suc-
cessfully performed in 101 patients with bilateral GCT, or solitary 
testis GCT. Surgery was performed at eight high volume institutions. 
Mean tumor diameter was 15 mm (5-30 mm). Germ cell neoplasia in 
situ (GCNIS) was found in 84% of the cases and 79% underwent ad-
juvant radiation with 18 Gy. After a median follow-up of 80 months, 
100 patients remained with no evidence of disease. Local recurrence 
developed in two patients with associated GCNIS after local radia-
tion and in four patients who postponed radiation for paternity rea-
sons. All six patients were salvaged by inguinal orchiectomy.34,47

Steiner et al reported TSS in 11 patients with GCT.44 All tumors 
were less than 25 mm in diameter, and 10 of them were diagnosed 
with concomitant ipsilateral GCNIS. All but two patients with GCNIS 
received local radiation with 18 Gy. One local recurrence was seen in 
a patient with GCNIS who decided not to undergo local radiation to 
preserve fertility; TSS was repeated and patient later gave consent 
to receive local radiation. All patients were free of disease at a mean 
follow-up of 46.3 months.TA
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Bojanic et al, reported 24 patients who underwent TSS for bi-
lateral GCT or solitary testis tumors.48 Tumor size was <2 cm in all 
cases. A total of seven patients developed local recurrence, five of 
them had GCNIS and were salvaged with radical orchiectomy; a sec-
ond TSS was done in the other two patients. At a median follow-up 
of 51 months, overall survival of the study group was 100%.

The management of GCNIS is important in these cases because 
the majority of GCNIS cases will progress into invasive disease with-
out treatment.49 The presence of GCNIS in a testis is associated 
with an estimated risk of developing invasive disease of 50% within 

5 years and 70% within 7 years.50 In cases of biopsy-proven GCNIS 
the cumulative probability for developing testicular cancer ranges 
between 30% and 70% after 7-15 years.51

Petersen et al, analyzed the effect of radiotherapy for erad-
ication of GCNIS in the testis.52 A total of 48 patients received 
local radiation at doses of 14, 16, 18, and 20  Gy. All patients 
treated at dose levels of 16 Gy-20 Gy achieved histologically ver-
ified complete remission without signs of recurrence at 5  years 
follow-up. One of the patients treated with 14 Gy had a relapse 
of GCNIS 20 months after radiation. These findings are reflected 

F I G U R E  3   Algorithm to follow for 
management of a small testis mass
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Guidelines, which recommend offering local radiotherapy (18-
20 Gy in fractions of 2 Gy) for patients with GCNIS in a solitary 
testis.53 Fertile patients who wish to father a child may delay ra-
diation, but close follow-up with regular testicular US and clinical 
examination is mandatory.16

From these series, it appears that under the right circumstances, 
TSS for small testicular masses has a reasonable cure rate, with the 
ability to control GCNIS with adjuvant radiation, and perform a sal-
vage orchiectomy in case of recurrence (Table  2). Follow-up after 
TSS has not been well defined and has not been studied prospec-
tively in any published literature. In fact, up to 21% of men are lost 
to follow-up in these series. Thus patient selection and cautious, fre-
quent follow-up with integration of US is necessary until improved 
protocols are developed.54,55 According to current guidelines, testis-
sparing surgery can be considered in patients with bilateral GCT or 
a solitary testis with a mass suspicious for GCT.53,56 Expanding this 
indication to men with both testicles in situ at the time of surgery 
will require further research and controlled comparison with the 
gold standard radical orchiectomy.

3.7 | Nonpalpable tumors

Increased use of scrotal US for orchialgia or infertility has led to in-
creased detection rates for small, nonpalpable testicular masses.57,58 
Final histopathological examination concludes that 50%-80% of inci-
dentally detected lesions < 2 cm are benign, with Leydig cell tumors 
being the most common variant.5,9,59 Of 11 studies in this review 
with complete information, 229 (81%) of a total of 282 US-detected 
testicular masses under 2  cm were found to be benign (Table  4). 
Gentile et al reported the largest series of TSS for nonpalpable tu-
mors. Ninety-one of 147 patients in this series presented with a 
nonpalpable tumor that was either found incidentally or as part of 
infertility workup.60 In these patients, preoperative tumor size was 
8.7 mm with 76 of 91 tumors identified as benign on final histology. 
This series confirmed the predictive value of size on predicting ma-
lignancy, with a size cutoff of 8.5 mm having a 95% negative predic-
tive value for malignant pathology.

Testis-sparing surgery for nonpalpable tumors remains as an 
acceptable alternative, as many series report safe and effective 
oncologic and functional outcomes. Nonpalpable tumors are good 
candidates for TSS, as many have recently been managed with ac-
tive surveillance with good outcomes. Bienek et al reported that 
close US surveillance appeared safe in a series of 120 infertile men 
diagnosed with testicular mass, only 18 (15%) of which underwent 
surgical exploration.4 The average mass size in this trial was 4.14 mm 
(±2  mm). Of those on active surveillance, an average follow-up 
length of 1.3 years showed that the overall lesion growth rate was 
negligible. While active surveillance may avoid direct intervention, 
the active surveillance may place patients on an indefinite routine of 
follow-up visits, creating an additional undue burden that may have 
been solved by surgical extirpation.

Despite the apparent safety of TSS in small, US-detected lesions, 
there still remains a small chance for malignancy. Muller et al re-
ported a series of 20 men who underwent surgical exploration for a 
nonpalpable tumor < 5 mm, 4 of which were found to have GCNIS.61 
In another series by Khan et al, 3 of 12 patients that presented with 
issues related to infertility were found to have an incidental mass on 
scrotal US.62 In the first patient, frozen section examination (FSE) 
showed a high-grade B cell lymphoma. Thus, TSS with FSE may be 
considered as an initial approach for patients with nonpalpable tu-
mors, with the understanding that a radical orchiectomy may be nec-
essary given the possibility for malignancy.

4  | CONCLUSION

Men with malignant and benign testicular tumors suffer from un-
derlying spermatogenic failure and are at risk for postoperative tes-
tosterone deficiency following radical orchiectomy. Testis-sparing 
surgery is an option to preserve function in men with a testicular 
mass. Figure  3 outlines a basic algorithm for approaching these 
cases.

Guidelines support pursuing TSS in men where radical orchiec-
tomy would leave them anorchid, or in circumstances where fertility 
or hormone production would be seriously compromised. Among 
men with small lesions, TSS is a reasonable option, as transitioning 
to radical orchiectomy at the time of frozen section should not com-
promise outcomes, and adjuvant treatment in the context of GCNIS 
shows excellent rates of oncological control. As no standardized pro-
tocols for postoperative follow-up after TSS have been investigated, 
an abundance of caution and frequent clinical visits are warranted. 
Testis-sparing surgery with or without use of operative microscope 
should be in the armamentarium of urologists so patients can be 
guided with a shared decision-making approach.
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