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Background and Objective: Previous studies indicated that the treatment of male hypogonadism can
be beneficial for intraoperative and postsurgical outcomes. In this study, we aimed to determine the impact
of male hypogonadism on urologic surgeries. We provided an overview of the key studies in the field with
the focus on the outcomes of urologic surgeries in hypogonadal men with/without testosterone replacement
therapy (TRT).

Methods: We performed a literature review in PubMed and Google Scholar databases for the most relevant
articles pertaining to the outlined topics without placing any limitations on publication years or study
designs. We included full-text English articles published in peer reviewed journals between January 1970 and
March 2022.

Key Content and Findings: Androgen deficiency is a common finding after major urologic surgeries.
Although guidelines recommend against TRT in men with prostate carcinoma, recent investigations showed
no association between TRT and disease progression and recurrence. Indeed, recent evidence suggested that
low androgen levels could be related to high grade prostate carcinoma and increased risk of upgrading from
low to high grade disease. Investigations on the application of TRT in benign prostatic hyperplasia (BPH)
patients also revealed contrasting results. While some studies suggested higher rates of prostate-related
events in men who received TRT, others showed that TRT could alleviate urinary symptoms in hypogonadal
men with BPH. Decreased testosterone level is commonly seen in bladder cancer patients. The treatment of
perioperative androgen deficiency can reduce postoperative morbidities and lower the risk of recurrence in
these patients. Low testosterone levels are observed in approximately half of the men who undergo artificial
urinary sphincter (AUS) placement and can increase the risk of complications.

Conclusions: The role of testosterone treatment in patients with urologic diseases such as prostate
carcinoma and BPH is controversial. Further investigations are needed to determine the impact of

hypogonadism and TRT on the outcomes of urologic surgeries in patients with androgen deficiency.
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Introduction

Male hypogonadism is defined as decreased serum
testosterone levels (total testosterone <300 ng/dL
equivalent to 10.41 nmol/L) in the presence of symptoms
and/or signs of androgen deficiency (1). It affects 5-10%
of men above 30 years old and its prevalence increases with
age (2,3). Several studies have reported a physiologic age-
dependent decline of nearly 1-2% per year in total and free
testosterone concentrations in men after the age of 30 years
(4-6). The incidence rate of male hypogonadism is estimated
as 481,000 new cases per year in the United States (US)
men (7). American Urological Association (AUA) guidelines
recommend male hormone profile assessment in male
patients with signs and symptoms of testosterone deficiency
such as decreased bone mineral density, loss of muscular
mass, erectile dysfunction (ED), decreased libido, fatigue,
and mood changes (1). There exist several challenges for
diagnosis of hypogonadism (8). Although most patients
become symptomatic at total testosterone levels below
300 ng/dL, studies have shown that there are no universal
serum testosterone levels associated with hypogonadism
symptoms forcing specialists to rely more on patient-
reported symptoms than blood test values. Serum
testosterone level is also fluctuating over the course of
the day and from day-to-day (8). Previous investigations
determined that approximately 15% of healthy men can have
low testosterone at any hour of the day (9). Measurement of
testosterone concentration widely depends on the process
and protocol utilized by the laboratory. There are several
methods to measure total testosterone concentrations
including radioimmunoassay, immunometric assays, and
liquid chromatography—tandem mass spectrometry (LC-
MS/MS). These methods are associated with considerable
interassay variations (3,10). LC-MS/MS generally provides
higher specificity, sensitivity, and precision especially in low-
range levels compared with other methods (3). Nonetheless,
this technique is costly and is available to a limited number
of care facilities. Therefore, the most commonly utilized
methods to measure testosterone in non-reference hospitals
and commercial laboratories are enzyme immunoassays (8).
Serum total testosterone comprises unbound and protein-
bound testosterone. Most of the serum testosterone is
bound to sex hormone-binding globulin (SHBG) and
albumin, and only 2-4% of the circulating testosterone is
considered as unbound or free (11). Previous investigations
revealed that men with low free testosterone levels are
affected with testosterone deficiency symptoms regardless of
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their total testosterone levels (12). While total testosterone
concentration is usually affected by conditions that modestly
increase or decrease SHBG, free testosterone levels usually
remain within the normal range limits in such conditions.
Guidelines recommend measuring free testosterone
concentration when total testosterone is mildly above or
below the reference ranges (2,3). Free testosterone is mainly
calculated upon accurate measurement of total testosterone,
SHBG, and albumin using different available formulas
based on the binding characteristics of testosterone to
SHBG and albumin (3,13).

Low testosterone levels cause a wide range of
pathophysiologic changes in various body systems. It is
associated with increased risk of insulin resistance and
metabolic syndrome (14,15). It has been demonstrated that
long-term uncorrected testosterone deficiency is closely
related to poor general health, hypercholesterolemia,
and anemia (16,17). Furthermore, male hypogonadism
can independently increase the risk of cardiovascular
diseases and all-cause mortalities (18-20). Disease-specific
investigations demonstrated that male hypogonadism is
associated with higher mortality rates in patients with
cardiovascular, respiratory and renal diseases, type 2
diabetes and malignancies (21,22). Also, male hypogonadism
can increase postoperative complication rates and total costs
of care after various orthopedic surgeries (23,24).

Testosterone replacement therapy (TRT) is extensively
used to treat men with androgen deficiency and symptoms
of hypogonadism (25). The main goals of TRT are to
restore and maintain sexual function and body composition,
in addition to improving mood, general health, and quality
of life (14,15,17). Previous investigations demonstrated the
benefits of preoperative testosterone administration, even at
higher than physiological levels, to minimize postoperative
adverse outcomes and improve recovery following major
surgeries (26,27). Studies have also shown that low free
testosterone concentration is associated with increased
mortality rates after major surgeries (28).

To the best of our knowledge, no study has reviewed the
role of androgen deficiency and TRT in urologic diseases
and their surgical outcomes. In this narrative review, we
aimed to determine the impact of male hypogonadism
on urologic surgeries. We provide an overview of the
key studies in the field with the focus on the outcomes of
urologic surgeries in hypogonadal men with/without TRT.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
taw.amegroups.com/article/view/10.21037/tau-22-308/rc).
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ltems Specification
Date of search * 03/01/2022
Databases and other sources ° PubMed

h
searched * Google Scholar

” o«

Search terms used

* “male hypogonadism”, “androgen deficiency”, “testosterone”, “testosterone replacement therapy”,

“androgen replacement” in combination with “urologic surgery” and “urologic intervention”

Timeframe e January 1970-March 2022

Inclusion and exclusion criteria Inclusion criteria:

e Focus on urologic surgeries and interventions in hypogonadal men and the impact of testosterone

therapies on surgical outcomes

® English-language papers

® Peer-reviewed, published literature including review papers

Exclusion criteria:

* Main topic not related to male hypogonadism or urologic surgeries/interventions

e Editorials, letters to the editors, and abstracts

* Non-English-language articles

Selection process

e First author conducted the selection and all the co-authors approved the included studies

Methods

We performed a literature review in PubMed and Google
Scholar databases for the most relevant articles pertaining
to the outlined topics without placing any limitations on
publication years or study designs. The search keywords
included “male hypogonadism”, “androgen deficiency”,
“testosterone”, “testosterone replacement therapy”, and
“androgen replacement” in combination with “urologic
surgery” and “urologic intervention”. We also manually
reviewed the references lists of the articles to include other
papers relevant to the topic. We included full-text English
articles published in peer reviewed journals between January
1970 and March 2022 (Table 1).

Transient postoperative/post-illness hypogonadism

Androgen deficiency is a common finding among men
with critical illness or cancer, and up to two-thirds of
male patients with advanced or metastatic malignancies
are affected with various degrees of symptomatic or
asymptomatic low serum testosterone levels (29-31). A
transient decline in testosterone concentration is detected
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in male patients after major surgeries, and the level of the
decrease is related to the severity of the surgical stress
(32-34). Stress-induced impaired adrenal and testicular
function has been suggested as the underlying mechanisms
for this decline (35).

Preoperative testosterone administration can be
beneficial for intraoperative measures and postsurgical
outcomes. Studies showed that preoperative testosterone
treatment can increase patients’ hematocrit and reduce
the need for intraoperative blood transfusions (27). In the
study by Amory et 4l., 25 male patients received weekly
intramuscular injections of 600 mg testosterone enanthate
for four consecutive weeks prior to surgery (days 21, 14, 7,
and 1 before surgery). Postoperative hematocrit levels were
significantly increased in the testosterone-receiving group
compared with the placebo-receiving group (32%+3.3% vs.
30%+4.8% on postop day 3 and 41%+4.4% vs. 38%+4.5% on
postop day 35). The authors did not detect any complications
attributable to testosterone therapy (27). Testosterone
administration can positively affect postoperative recovery
and rehabilitation by increasing protein synthesis and
anabolism of muscle tissues, in addition to modulating the
immune system (36,37) (Table 2).
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Table 2 Hypogonadism symptoms, indications/contraindications for TRT

Signs and symptoms for

Parameters
decreased levels

Indications for TRT

Contraindications for TRT

Total testosterone:
300-1,080 ng/dL

e Sexual symptoms,

in particular low libido,
decreased spontaneous
and sex-related erections

e Infertility

* Anemia

* Bone mineral density
loss

e Diabetes mellitus

e Loss of muscle and
increase in adiposity

* Reduced energy,
reduced endurance,
diminished work and/or
physical performance

e Fatigue, especially in the
afternoon

e Visual field changes
(bitemporal hemianopsia)

e Anosmia
e Depression
e Poor concentration

Free testosterone:
47-244 pg/mL

® Impaired memory

Bioavailable testosterone: e Irritability
131-682 ng/dL

e Testosterone deficiency is based
on the presence of both abnormal
laboratory measurements and clinical
symptoms/signs

e Patients need to report symptoms of
androgen deficiency and have a total
serum T level lower than 300 ng/dL

e The threshold for low testosterone

as being consistently <300 ng/dL on

at least two serum total testosterone
measurements obtained in an early
morning fashion, preferably using the
same laboratory with the same method/
instrumentation

e History of breast or prostate cancer;
elevated plasma levels of PSA (>4 ng/mL)
and/or biopsy confirmed prostate cancer

* Abnormal findings at DRE of the
prostate raising a suspicion of cancer

e Hematocrit level of at least 52% at
baseline

¢ Patient at risk of cardiovascular events

e MI or stroke within the past 3-6 months

e Severe diseases such as terminal
cardiac disease, severe diabetes mellitus,
severe obstructive LUTS (IPSS >19),
polycythemia, or serious renal and liver
disease that might be aggravated by T
administration

¢ Young infertile men and patients who are
interested in future fertility

TRT, testosterone replacement therapy; PSA, prostate-specific antigen; MI, myocardial infarction; DRE, digital rectal exam; LUTS, lower
urinary tract symptoms; IPSS, international prostate symptom score; T, testosterone.
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Hypogonadism and kidney transplant

Male hypogonadism is frequently detected in end-stage
renal disease (ESRD) patients, and nearly half of the patients
are affected by some levels of androgen deficiency (38-40).
Decreased prolactin renal clearance, abnormal luteinizing
hormone (LH) secretion and function, and corticosteroid
use are suggested as potential etiologies for testosterone
deficiency in uremic patients (41-43). Carrero ez 4l. found
a significant negative correlation between serum levels of
testosterone and inflammatory mediators such as CRP, IL-
6, and fibrinogen in ESRD patients (38). In a randomized
trial, androgen administration showed therapeutic effects
similar to recombinant human erythropoietin for the
treatment of anemia in men with chronic kidney disease.
Additionally, androgen therapy was associated with
improved anthropometric and biochemical nutritional status
in these patients (44). Although renal transplants can restore
androgen levels in a considerable proportion of the patients
after 6-12 months, nearly 25% of ESRD patients remain
hypogonadal even 24 months following transplantation (45).
In the study by Lofaro et al., testosterone deficiency was
detected in nearly half of kidney transplant recipients. They
detected significant relationships between low androgen
levels and reduced estimated glomerular filtration rate,
hemoglobin and serum albumin concentrations, in addition
to increased C-reactive protein (CRP) and high-density
lipoprotein cholesterol serum levels (46).

Shoskes er al. evaluated serum testosterone levels in
197 kidney transplant recipients and reported higher rates
of graft loss and mortality in patients with low serum
testosterone concentrations (43). Androgens can suppress
inflammatory immune cells and antibody response while
promoting the function of regulatory immune cells (47).
Therefore, it has been suggested that TTR can reduce
rejection rates and increase survival in graft recipients
(43,45). The reason(s) for the positive impact of TRT on
renal transplant recipients has been described through
several mechanisms including hormonal, cardiovascular, and
immunological means. Experimental studies showed that
administration of exogenous testosterone in animal models
can stimulate CD4 T cells and prolong graft survival
(43,48). TRT can also ameliorate the adverse effects of
immunosuppressive therapies such as insulin resistance,
dyslipidemia, anemia, and reduced bone density in kidney
transplant recipients (45). Administration of acute low-
dose testosterone can be protective against renal ischemia-
reperfusion injuries by modulating the immune response
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and reducing T-cell infiltration (49).

Hypogonadism and urolithiasis

Men are three times more susceptible to stone formation
compared to women and this may stem from androgen
production. Several investigations indicated increased
risk of kidney stone formation in patients with either
low or high androgen levels. While several studies
demonstrated increased incidence of urolithiasis and
stone-related events in men with high plasma androgen
concentrations (25,50,51), others suggested increased risk
of stone formation in hypogonadal men and patients with
ED (52,53).

Naghii et al. reported increased serum concentrations of
total testosterone, free testosterone, and dihydrotestosterone
in male patients with idiopathic urolithiasis (50). Male
stone formers show higher levels of testosterone than those
without stones after adjusting for age and body mass index
(BMI) (51). McClintock et 4l. reviewed the records of 26,586
hypogonadal men who received TRT, and found increased
risk of stone-related events among them in comparison with
those who did not receive this treatment (25). Testosterone
therapy can suppress osteopontin expression and increase
urinary oxalate excretion which could increase the risk of
stone formation (54).

On the other hand, lower urinary testosterone
concentration has been observed in male patients with
urolithiasis. Van Aswegen er al. demonstrated a positive
correlation between total urinary testosterone and urokinase
activity (53). Otunctemur ez 4/. investigated the prevalence
of androgen deficiency and ED in 98 male patients
with kidney stones. They detected ED in 29% and low
testosterone levels in 13.3% of the patients (52). Further
prospective investigations and randomized controlled trials
(RCT5) are needed to determine the impact of androgen
deficiency and TRT on kidney stone formation, symptoms,
and the need for interventions.

Hypogonadism and bladder diseases

The prevalence and mortality rates of bladder carcinoma
are considerably higher among men (55,56). The bladder
is primarily derived from the urogenital sinus during
embryogenesis, and there exists a well-established role for
androgens in normal development and carcinogenesis of
the bladder (57). Decreased testosterone concentration is
commonly observed in bladder cancer patients especially
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those who underwent radical cystectomy. Smelser
et al. performed a prospective observational trial in
male patients undergoing radical cystectomy for non-
metastatic bladder cancer. They found that the treatment of
perioperative androgen deficiency can reduce postoperative
morbidities (58). They also detected low serum testosterone
levels in 52.5% of the patients prior to the surgery which
increased to 95% on postoperative days two and three.
Although the prevalence of postoperative androgen
deficiency decreased over time, serum testosterone
concentrations remained low in 63% and 37.5% of the
patients on postoperative days 30 and 90 (58). Previous
studies revealed that declining androgen levels after
cystectomy is a significant contributory factor to sarcopenia
which can result in worsened outcomes. Also, it has been
demonstrated that perioperative alterations in androgen
concentration is associated with weight loss, frailty,
immunosuppression, and infections. Therefore, decreased
androgen levels can considerably impact morbidity in this
group of patients (58). Nam ez 4/. showed lower recurrence
rates in transitional cell carcinoma with increased androgen
receptor expression (59).

In a prospective study by Kafkasli ez 2/ on 257 bladder
cancer patients, total testosterone levels were not related
to tumor aggression parameters (60). Several investigations
reported negative associations between androgen
receptor expression and increased pathologic stage of
bladder carcinoma (57,51,62). Previous studies suggested
that androgen receptor signaling can increase de novo
carcinogenesis and bladder cancer recurrence (63,64). It has
been demonstrated that androgen receptor signaling can
suppress detoxification through expressional regulation of
uridine 5'-diphospho-glucuronosyltransferases which can
affect the removal of carcinogens. Previous investigations
reported that androgen treatment down-regulates NF-«xB
mediated IL-6 expression by human transitional carcinoma
cells in response to bacille Calmette-Guérin (BCG) which
can significantly affect BCG treatment efficacy (65).

Experimental investigations on androgen deprivation
animal models showed that TRT can improve bladder
capacity and smooth muscle content (66,67). In addition, in
a prospective study on hypogonadal men, TRT improved
bladder functions by increasing bladder capacity and
compliance and decreasing detrusor pressure at maximal
flow (68). Nonetheless, several studies showed increased
androgen receptors in bladder cancer and prominent impact
of androgen signaling pathways in oncogenesis, progression,
and resistance to chemotherapy in bladder carcinomas
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(69-73). Izumi et al. demonstrated reduced recurrence rates
and higher 5-year recurrence-free survival in bladder cancer
patients who received androgen deprivation therapy (71).

In the study by Tyagi et 4/., androgen receptor expression
was detected in nearly 60% of bladder carcinomas. This
study depicted the efficacy of administration of androgen
receptor inhibitors as monotherapy or in combination with
cisplatin to inhibit bladder cancer progression (74). Shiota
et al. suggested the application of androgen suppression
therapy for prophylaxis for intravesical recurrence of
bladder cancer (63). Tripathi and Gupta also demonstrated
androgen receptor inhibition as a promising method to
inhibit urothelial carcinoma growth (69).

Hypogonadism and prostate cancer

According to current guidelines, TRT is contraindicated
in the presence of hormone-responsive tumors including
prostate carcinoma (15,75); however, the impact of
hypogonadism and TRT on prostate cancer progression
and disease course is controversial (76,77). In 1996, Gann
et al. demonstrated the association between high serum
testosterone concentration and enhanced risk of prostate
carcinoma (78). Furthermore, Porcaro et al. suggested
increased preoperative total testosterone level as a
predictor of positive surgical margins in prostate carcinoma
patients (79).

Increased preoperative total testosterone is also
associated with increased risk of lymph node invasion
in prostate cancer patients (80). Androgen-deprivation
therapy has been successfully used to control advanced
and localized prostatic carcinoma (81). Hugosson
et al. evaluated the efficacy of neoadjuvant hormone
treatment by triptorelin and cyproterone acetate prior
to radical prostatectomy which resulted in reduced risk
of malignancy in surgical margins (82). On the contrary,
several investigations suggested that TRT is not related to
increased risk of developing prostate cancer (76,77). Also,
androgen deficiency is associated with insulin resistance and
increased leptin levels which could ultimately lead to higher
mortality, recurrence, and metastasis in prostate carcinoma
patients (83).

Morales et al. demonstrated the efficacy of TRT in
hypogonadal men after external beam radiotherapy for
localized prostate carcinoma. They suggested that prostate-
specific antigen (PSA) levels should reach a nadir prior
to TRT (84). A retrospective study by Morgentaler et al.
showed higher prevalence of biopsy-detectable prostate
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cancer in patients with low total or free testosterone
concentrations. The outcomes of this study suggested
that PSA testing and digital rectal examination could be
insensitive indicators for prostate cancer screening in
hypogonadal men (85). Kaplan and Hu reviewed records
of 149,354 men with prostate cancer using Medicare data
and demonstrated that TRT at the time of diagnosis was
not associated with aggressive features of the disease and
mortality rates (86). Furthermore, Khera et a/. showed
that TRT can be safely used in hypogonadal men who
underwent radical prostatectomy without increasing PSA
levels (87). The study by Coward ez 4/. indicated that
hypogonadism and TRT do not increase the incidence
of prostate carcinoma. They evaluated PSA serum
concentration for 144 months and concluded that TRT did
not alter PSA levels (76).

In a prospective study by Pichon ez al. on 937 patients
who underwent radical prostatectomy, low serum
testosterone was an independent risk factor for high
grade prostate carcinoma and upgrading from low to
high grade disease between biopsied and postoperative
specimens (88). Gao et a/. also showed that lower
preoperative serum testosterone is associated with
increased rate of upgrading and upstaging in prostate
carcinoma patients (89). Botto ez 4/. showed a correlation
between preoperative low serum testosterone levels and
tumor aggressiveness in prostate cancer patients who
underwent radical prostatectomy (90). Preoperative
androgen deficiency is also correlated with increased rates
of extraprostatic invasion, biochemical recurrence, and
postoperative progression in prostate carcinoma patients
who undergo radical prostatectomy (91,92).

Ahlering et al. investigated the risk of biochemical
recurrence after radical prostatectomy in 850 hypogonadal
patients with prostate cancer and found that the patients
on TRT were at lower risk for recurrence, and TRT
was not associated with any complications, and (93).
Pastuszak et al. demonstrated that TRT is not related to
increased recurrence rates, even in patients with high risk
prostate carcinoma (94). A recent study by Ferro er al.
showed that low levels of circulating total testosterone can
predict worse prognosis and outcomes following radical
prostatectomy (95). Also, a significant correlation has
been observed between low preoperative testosterone and
ED after radical prostatectomy for prostate cancer (96).
Conclusively, prospective multi-institutional studies on
large populations and RCTs are needed to carefully evaluate
the effects of androgen deficiency and TRT in prostate
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carcinoma patients, in addition to the outcomes of radical
prostatectomy and postoperative complications.

Hypogonadism, benign prostatic hyperplasia (BPH) and
lower urinary tract symptoms (LUTS)

Investigations on the application of TRT in BPH patients
show contrasting results. Although endocrine society
guideline recommends against TRT in patients with
severe LUTS and International Prostate Symptom Score
(IPSS) above 19, several prospective trials studies failed
to demonstrate any association between TRT and higher
incidence or severity of LUTS and increased prostate
volume (75,97).

While some studies suggested higher rates of prostate-
related events including acute urinary retention and
increased IPSS in men who received TRT (98), others
showed that TRT could alleviate urinary symptoms in
hypogonadal men with BPH (99). The AUA and European
Association of Urology (EAU) guidelines acknowledged
lack of associations between TRT in BPH patients and
increased IPSS or urinary retention. Nonetheless, EAU
guidelines indicated that testosterone administration can
increase prostate volume especially during the first year of
the treatment (100).

The investigation by Behre et 4/. showed no increase
in prostate volume following androgen therapy in
hypogonadal men (101). These findings were confirmed in
a multi-center study by Meikle ez 4/. which demonstrated
that hypogonadal men on TRT showed prostate volume
comparable to normal men (102). The absence of adverse
effects of TRT in BPH patients is explained by low prostatic
uptake of exogenous testosterone (103,104). Furthermore,
investigations showed that LUTS and prostate volume
are not correlated with endogenous testosterone levels as
well (105,106).

Increased expression and activity of nitric oxide synthase
and smooth muscle relaxation has been proposed as other
mechanisms for the positive impact of TRT in this group
of patients (107). Studies have also suggested that treating
hypogonadism can reduce inflammatory processes that lead
to BPH symptoms (99). An RCT by Marks et al. showed
no alterations in prostate volume, voiding symptoms, and
urinary flow following six months of TRT. They also found
that androgen replacement did not increase intraprostatic
testosterone and dihydrotestosterone concentrations (108).
In 2007, a pilot study by Kalinchenko ez /. showed
that testosterone administration significantly improved
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symptoms of LUTS (109). The authors subsequently
performed an RCT using testosterone undecanoate in 184
men with hypogonadism and metabolic syndrome; however,
they did not detect any significant differences in prostate
volume and IPSS between treatment group and those who
received placebo (110). Haider er al. demonstrated that
TRT in hypogonadal men with metabolic syndrome can
improve IPSS and residual bladder volume (111).

The efficacy of TRT in reducing LUTS has been
confirmed by several RCT investigations (68,112,113).
A prospective study on 656 patients with eight years of
follow-up showed long-term benefits of TRT on IPSS and
post-void bladder volume (114). Debruyne et a/. carried
out a prospective study on 999 hypogonadal men and
determined the positive outcomes of TRT in alleviating
LUTS and lowering patients’ IPSS (115). An observational
investigation by Yassin et 4l. revealed that while TRT can
improve IPSS, residual bladder volume, and bladder wall
thickness, interruptions in androgen therapy can worsen
these parameters (116). Altogether, the current data suggest
that the treatment of androgen deficiency in BPH patients
could alleviate urinary symptoms and ultimately reduce the
need for surgical interventions.

Hypogonadism and urethral surgeries

Hofer et al. retrospectively evaluated 1,200 men who
underwent urethroplasty and concluded that androgen
deficiency (<280 ng/dL) is associated with lower androgen
receptor and angiopoietin receptor expression, decreased
peri-urethral vascularity, and urethral atrophy in patients
with strictures (117). Testosterone supplementation in
experimental hypogonadism models positively affected
periurethral vascularity and postoperative regeneration
following urethroplasties (118).

Androgen supplementation and high testosterone levels
in experimental models resulted in increased and prolonged
inflammatory response, myofibroblast proliferation, and
delayed urethral healing (119,120). Also, Low testosterone
levels can increase the risk of complications after artificial
urinary sphincter (AUS) implantation surgeries. Studies
showed AUS erosion will affect 90% of men with androgen
deficiency (121,122). Also, McKibben et 4l. demonstrated
that low androgen levels are observed in approximately 50%
of men who undergo AUS placement (123). In the study by
Bailey er al., androgen deprivation therapy within two years
before AUS placement showed no impact on the outcomes
and complications (124).
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Presurgical administration of topical and parenteral
testosterone is used to increase size before reconstructive
surgeries on the urethra. Gearheart and Jeffs described
the positive surgical benefits of preoperative testosterone
treatment in hypospadias, epispadias, and urethral
fistulas (125). Prospective randomized studies on patients
with mid to distal hypospadias who underwent tubularized
incised plate surgery showed that preoperative testosterone
can reduce post-op complications and requirement for
reoperation (126,127).

Adverse events associated with testosterone therapy

Testosterone therapy is associated with several adverse
outcomes such as edema and polycythemia (41). Also, several
cases of thromboembolism have been reported following
treatment with androgens (128-130). A retrospective study
on 947 patients on TRT, treatment with androgens did
not increase thromboembolic events after non-cardiac
surgeries (131). Testosterone treatment can result in
progression of metastatic prostate cancer (132), and some
guidelines recommend against testosterone administration in
patients with hormone-dependent cancers (3).

The outcomes of testosterone therapy in hypogonadal
patients with urologic disorders merits further evaluations.
The impacts of androgen deficiency and TRT on patients
with transitional cell carcinoma, prostate cancer, BPH, and
urethral surgeries are still controversial. Although current
guidelines recommend against the application of TRT
in men with prostate carcinoma and severe BPH, recent
studies showed no association between TRT and worsened
outcomes in these patients. Further investigations, especially
RCTs, are needed to determine the impact of testosterone
therapy on disease progression and surgical outcomes in
urologic disorders. The impacts of testosterone treatment
on the need for surgical interventions and costs of care
are to be determined. Future studies should be focused on
evaluation of postoperative adverse effects of testosterone
administration, particularly in patients with cardiovascular
diseases and thrombophilia. In this study, we reviewed
the literature on the impact of low androgen levels on the
outcomes of various general urologic surgeries and the role
of preoperative TRT in patients who were hypogonadal
at the time of the surgery. Therefore, we did not include
surgeries that would directly influence testosterone levels
such as testicular related surgeries (partial orchiectomy/
radical orchiectomy). We suggest future research is
conducted on the impacts of TRT on disease progressions,
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treatment outcomes, and rehabilitation in such conditions.
Several studies reported an inverse relationship between
the severity of metabolic syndrome and plasma testosterone
concentrations (110,133,134). Although some investigations
reported no significant differences in testosterone-related
outcomes after adjusting for BMI as a potential confounding
variable (51), patients with multiple comorbidities and
metabolic syndrome often fare poorer after surgery
and many of them are affected with variable degrees of
hypogonadism. Therefore, future studies should take these
important cofounders into account and determine their
impact on the surgical outcomes (1able 3).

Conclusions

Androgen deficiency is a common finding after major
urologic surgeries. Testosterone administration in
hypogonadal men can positively affect post-op outcomes
and improve recovery. Also, androgen therapy can modulate
the immune system and increase graft survival following
transplant surgeries. The role of testosterone treatment
in prostate cancer and BPH patients is controversial.
Although guidelines recommend against the application
of these treatments in men with prostate carcinoma,
recent investigations showed no association between TRT
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and disease progression or recurrence. Low androgen
levels are related to high grade prostate carcinoma and
increased risk of upgrading from low to high grade disease.
Testosterone therapy in hypogonadal men can alleviate
urinary symptoms of BPH and reduce the need for surgical
interventions. Decreased testosterone level is commonly
seen in bladder cancer patients and perioperative treatment.
The treatment of perioperative androgen deficiency can
reduce postoperative morbidities and lower recurrence
rates. Further investigations, especially RCTs, are needed
to determine the impact of hypogonadism and TRT on the
outcomes of urologic surgeries in patients with androgen
deficiency. The findings from this review shows that
urologists should more frequently screen for testosterone
deficiency, and further evaluate the impact of correction
of pre-existing hypogonadism on different outcomes such
as quality of life, comorbidities, and frailty. The outcomes
of this review are in favor of more regular testosterone
evaluation before and after implantation and transplant
surgeries. The current evidence shows that diagnosis
and treatment of hypogonadism could be associated with
prominent positive outcomes in these conditions. The
need for more regular preoperative and postoperative
testosterone assessment and TRT in certain urological
disorders such as BPH merits further investigations.

Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308


https://paperpile.com/c/AGTYm6/pgCiB+g5hF+u2oh
https://paperpile.com/c/AGTYm6/iWzlt

Fendereski et al. Hypogonadism and urologic surgeries

1054

(ponurzu0) ¢ J[qe],

1SV YHM UsW U} J8dUed Joppe|q SAISBAUI-8|0SNW 0} passaiboid aseo
OU B|IYM ‘] SV INOUNM UBW (% |"E) XIS U] PSLINDD0 JSOUBD JOppe|d SAISEAUI-8[0sNW
0} Uoissaibo.d Jown] *9ouUB.INO3I [EDISOARIUI 10} SI0}0B) YSI Juspuadapul aiom

(€1=u)

aplwelnjeoiq Juabe usbolpuenue ue

Jo/pue (83e30€ Ujj2I0idna)| o 8e1eoe
ulje19s06) 1siuobe suowioy Buises|al

‘(g’e-2’| HOI) -suowuloy Buiziuigin| e Buisn Adeiay

(#20°0=d ‘9€°0= HH) 1SV 40 @oussaid sy} se ||om Se (020°0=d ‘GF'2= HH) Bunjows steak g uoneaudsp usboipuy ‘(0g=u Bw G0 Jeoued |013U0D (€9) 2102 ‘1010
Jane pue (€70°0=d ‘€}"2= YH) Jown} 8bie| ‘(220°0=d ‘28 }= HH) siown} | JO UelpSy  SpuLlSEINQ) JONgIYUI 8SEJONPaI-DG Jeppelg ase) 822 I “lejeelos
Bumes siyy ul ejuadooues pue susboipue ul sebueyo
usamiaqg yul| e Buipsefal suoisnjouod Bullwi| ‘POAISSQO S19M BAJE [BUOIIOSS-SSOIO
sjosnw seosd ul sabueyd eoyubis ou ybnoyye ‘pajou aiem Wblam asuljeseq (89)
ul sebueyo JueopIubIg "AjpAloadsal ‘944G /€ PUB ‘94E9 ‘%G6 ‘%2G 10 | [B10} Awo1001840 |euoioas 1202 ‘joouQ 10iNn
MO Jo aouslena.d anjesadoisod Aep-0e pue -og ‘doisod ajeipawwi ‘do-aid v - - |eoipey SS0ID) G2 ‘“le 1o Jas|ows
SISBIUH|I0IN Yim pejeloosse Ajjuedyiubis aiem | mo| pue a3 'siusied (%g'8l) siselyyjoin (2s) v10z ‘j0ipuy
81 Ul Wil JOMO| BY} Je Pa}0alap 8I9M S[9AS| | PUE (%€ S |) SOU0ls Yyum sjusiied @ UonoUNYSAp |oJ3u0d 1040 [B}] Y21y ‘e
€1 ul wsipeuoBodAy [eo1Wwayo0Ig JO [9AS] BY} 1 Pa10a1ap SIOM S|9AS| | WINJeS - - 9130813 ase) 86 18 Inwslouni0
S|oAd| | Juswieal}-uo Jaybiy Jo JojedIpul JoaiIpul Ue
se pasn sem yolym ‘sisoubelp ejwayifoAjod Arepuooss uo paseq saposide auols
ul @ouaJlayip Jueolubls ou sem aiay] "sigjjed Joj Jou ybnouys ‘sdnoibgns adAy (S2) 6102
-AdeJay} uonoalul pue [eo1do} Joy paAIaSqo Sem douaIayIp Siyl "siuaiied 14| -UON (291=u) 19|12d pue ‘(6Gg‘=U) ‘loin r ‘e e
puUE 14| Y} USSMIaq SISBIYN|oIN Ul ddusiaylp Jueoyiubis Ajleonsijels e sem aiay | sywouw ¢ uonos(ul (Geg‘gL=u) [eoldo]. siselyyioin Hoyoo CLL'eS MOOWUIOOIN
Msu jue|dsueJi-1sod 1oy Jo ew
B aq ||1s Aew | Mo ‘Aliesned Inoyupn ‘lealans 1oedwi Aew Adessyy | ‘Aljesneo jue|dsuesy |euonoas (ev) 102 ‘10N
0} anp }| 'sso| Yelb pue yyesp jusiied yum pajeloosse s| jueldsuel} je | moT - - Aaupry SS0ID /6l I ‘e }e seysoys
Adeusyy uessaiddnsounwwi siouqiyul uipAweded jo
sjebie) uejewweW UO sjusljed JO Jaquinu 8y} Ul PUNO} 819M SadUaJIayIp JUBDIUBIS
's|ans| |oJa1sejoyo-uiaoidodi| Asusp-ybiy pue uiwnge wnias Jo SenjeA Jamo| (9%) 8102
pue ‘ssew anssi} 8sodipe/xapul 8nssi} Je} pue ulejoid daA13OESI-) JO sanjen Jaybiy jue|dsuel} [euonjoas ‘oaydapnN
‘uigojbowsy pue a1eJ uolje}|l Jejniowolb parewiss Jomo| pey siusiied jualonep | - - Aaupry SS0ID 2Ll ‘e 1o oseyo
(€0°0=d) L Uum payeal} usw ul Jobuo| Sem [BAIAINS UBIPSW 8u} (80°0=d ‘¥=u
{05 /) syuaidioal juejdsue.) pajeal) pue (9=U {94 | 2) pajeasiun ul syyesp jo uoipodoid G=u
U} Ul 9oUBIBYIp OU Sem a1ay SlIUp\ “1uaied Jad suoissiwpe pauuejdun Jo Jaquunu (euaydiwo|o pue HOH “o’l) seidesayy  (syue|dsuesy
‘suoioajul ‘uonosfel ‘sisojfooiyihie ‘sasoubelp Jaoued ajeisold Ul aouUsIa P OU SeM 9U0J8}S0}S9)-UoU puE (|=u) s}a||ed | Asupiy 9g) (S¥) 22og ‘sey
aJay] "ue|dsue) uebio pijos Jo wsipeuobodAy JO Jusiuleas} O} Pare|al S108YS 9SIONPE SnNosueINOgNs pue ‘(L.g=u) | a|qeioslul jue|dsuel) jodwy ryuf ‘e 1
10} ¥S1 8y} 8seasou] Jou pip spuaidioas uefio pijos ul wsipeuobodAy jo juswiyess) - ‘(Le=u) suonesedaid ] [eoido] uebiQ poyon /8 UBABlBABWINIIYL
Adesayy
uswies.y Kiebins
SaWwo2IN0 uoissaiddns usboipue/au0Ia}so}sa} ubiseg uonendod Apnig
10 uoneing 10 adAL

10 sadA) ‘seinol ‘sebesoq

sor1a8.ms d130[01n Jo sawono oy uo Adera Jusurase[dar suornsolsay wsipeuododAy jo 1oedur oy uo sapmg ¢ I[qe],

Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308

© Translational Andrology and Urology. All rights reserved.


https://paperpile.com/c/63bfeU/kCkO
https://paperpile.com/c/63bfeU/r66j
https://paperpile.com/c/63bfeU/FyQf
https://paperpile.com/c/63bfeU/RwSe
https://paperpile.com/c/63bfeU/4DZu
https://paperpile.com/c/63bfeU/j7bU
https://paperpile.com/c/63bfeU/NuAj

1055

Translational Andrology and Urology, Vol 11, No 7 July 2022

(ponuizu0d) ¢ S1qey,

pouad dn-mojjo} 8y} 1noyBno.y) paureiurew sem pue ‘dnolb payesiiun

aU1 ul Jou Inq ‘dnoub pajeall-| 8yl ul 43-4311 8Y3 Ul Juswianoidw Jueoliubls
papJooal osfe Aay "dnoib pajeasiun ayj ul Jou ing dnoib pajeas) | 8y} ul SINY
Qy} Ul 8seaI08p e papiodal Aey] dnoib pajeasiun sy} ul jou Ing |H1 Buineoas
sjualyed ul awn|oA Jappe|q Bulplon-}sod pue SSd| Ul Sesealoap Juediiubig

pajepion|e 8q 0} SUBWSI WSIUBYOSW 8| dHD PUB Suln Jo AgY JO pue SSd|
3y JO JuswWaAoldwWI Ue OS[e SBM 818y} ‘UOHBJISIUIWPE | uodn SWOIPUAS OljogeIaWw
8y} Jo juswaoidwi 8y} yum Buoyy “ezis e1eisoid pue SSd| YIM 10U INg sun

1O BWIN|OA [BNPISBI PUB 8DUBISJLUNDIIO ISIBM JO BUIOBP BY} USBMIS( UONB|81I00

10 [9A3] (MO)) B SEM J0U ] dHD PUB AGY ‘SSdI BU} JO SaN[eA sy} Jo duijoap
JuBOlIUBIS B SEM 8J8Y} ‘SWOIpUAS dljogeisw 8y} Jo sjuswaroidwi 8y} yim Buopy

usw pajeasun o} pasedwos usw pseyesl; Ul

papodal a1om S$8100S 8[e0s-gns SAIIBII SSd| JOMOT "SNje)s Juswieal) | Ag 8100s
9[BOS-0NS 9AI}ONIISO SSd| JO ‘91008 SSd| [B10} ‘S[oAS| YSd Ul PaAISSqO alom
S90UBJIBHIP ON APNIS 8U} JO 8SIN0D 8U} JON0 (%0°/E) 1 UO Jou 8soy} 0} paledwod
(%G°/€) 1 uo usw ui [eonuap! Aleau sem saisdoiq aalysod jo uoipodold 8yl I1H1
pareul (%G2) 062 ‘wsipeuobodAy pesoubeip-Ajieoiuo yum siusired 666 4O

Joujw ajem moyy Areunn pue ‘swoidwAs Buiploa ‘usbiue oyoads-ajeisoid
wnJas ‘awn|oA ayeysoid ul sebueyd pajejai-juswieal] ‘A}ISASS JO SoUBpPIoUl
J20UED 0 ‘uoissaldxa auab ‘sieysewolq anssi} ‘ABojolsiy areisold ul paalasqo
sem abueyo pajejai-juswieal; oN 'dnoib 14| sy ul Apueoyiubis abueyd jou pip
(6/6u 6/°9) auoisisoisaioipAyip pue (B/6u |6°0) 1 JO S|oAd| anssiy a1eisoid ueIpa|n

90UB1IND8BI YSd [B21W8Y00Iq B pey jusijed ou snyy pue

141 JO UOleIIUI JOYe SBNjeA YSd Ul 9sealoul ou sem aiay] (L00'0>d) 141 Jeue
Tp/Bu GG 0} 141 ©1042q TTp/BU GGZ WO} PESESIOU| SONJBA | UBSW 8Y] *(Syuow
9g -1 ‘@buel) gy BuImoj|o} SyluoW 9 10 8BeIaAR UR IO} |H| PaAISdal US|\

pawinsaJ jJuswiealy [I3un pabueyoun aiem awNjoA ayeisoid pue dyo o|iym

VSd PUE ‘SSauyly} |[BM JOppPe|q pue awnjoA BUIploA [enpisal ‘SSd| ‘siejeweled
Alsaqo jo Buiuasiom ul paynsal pue sjuaired ul sjpAs)| [epeuocbodAy oy | [e10}
paonpas uondnuisiul 14| "pasesioul awn|oA ajeisold pue ySd aiym sieyeweled
A1S800 pUB SSd| ‘SSBUNDIY] [[eM JappE|q ‘@Wwn|oA Buiploa [enpisal paaoiduwl | H |

wsipeuobodAy jesuo ae| oljewoidwAs

sieak 0|
1O Wnwixen

syjuow g}

SUSIA
BAIINDBSU0D
210W JO OM}

1e | paAleoal
%G ‘USIA
auo Ajuo je |

paAIeoal %91

syjuow 9

syjuow 9g

(sreak G'01)

suyuow 9z
10 Wnwixen

syeem z|/Bw 000°
N.L |eJauaied

N [eseussed Bw 000‘L

sBnup paJelsiuiwpe-Ajjeio
Buineoal 9,z Aluo ‘(% Lg) sajgeioalul
10 (9%89) sjeb [eoidoy Asopy

uol308(ul Je|nosnwe.ul
Aq ogaoe|d aules Jo Apjeamiq
‘(Bw G |) @1BYIUBUS BUOIS]S01S|

uoiouny
|lenxas pue
Areuun

awoJIpuAs
ollogelow
® SN

Jooued
21e1S0I1d

aseas|p
aje1sold

[eDolpuy Jo wiyse] Awojosieisoid

Jayue yum Adessyy Juswaoeldal 96 |

SleAssul seem-g | ul B 000°
N ressiuased Bunoe-buo

[eotpey

saxapul
areysoud
pue AuseqQ

Ansifal (P11 8LoZ ‘10N
pajjosuo) 959 I “[e o JepleH

(L)
6002 ‘eibojoipuy

Hoyoo LEL “'[e }o JopleH
Gy

Ansibal 2102 ‘wrnra
aA3oadsold 666 ‘e 1o auAnigeQ
(8o1)

9002 ‘YWVIr

104 124 “Ie Jo sxIeN

(8)

[euoI}09s 6002 ‘PaN X8S
$S01D /S I e 18 eiayy
(CTRY]

|013U00 910z ‘erepy buiby
ase) 292 ‘[ 1@ UISSBA

(89) 8002 ‘areN

UHM USW Ul MOJ} [ewixew Je ainssaid Josniyep Buiseasosp pue aoueldwod pue Aepuad  uoponisgo [euonjoas buiby ‘e jo
Ayoedeo usppe|q Buisealoul Aq suoiouny Jappe|d/S1n1 aAoidwi Aew Adessyy | syjuow gL 196 Bw 0O 1—0G ‘L [ewJapsuel] 19]1n0 Jappe|g SS0ID GZ n|BoueAipuizesey]
uaw }Npe Ul S|9A3| | |B}0} pue BOQ JO SSaudAIssalbbe Jowny aujwisiep 1ey (09) 1202
sali0beyeo Aue Usamiaq UOIIE|1I00 OU SEM alay] “(G0"0<d) SSeuaAissalbbe jowny JaouUEd |oJ3u0d ‘arey\ buiby
aulwJLlap 1y} salobaled ay} Jo Aue Yim pajeioosse 8q 0} punoyj JoU SBM [9A8] | - - Jappe|g ase) /G2 “[e 18 |sexe
Adesayy

uswiieany ISEID
SaWwooIN0 uolssaiddns usboipue/au0Is}so}sal ubiseg uonendod Apnig

10 uopeing jo adAL

10 sadA} ‘sejnol ‘sebesoq

(ponurzuo) ¢ I1qe],

Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308

© Translational Andrology and Urology. All rights reserved.


https://paperpile.com/c/63bfeU/zTGe
https://paperpile.com/c/63bfeU/eeOP
https://paperpile.com/c/63bfeU/KBOD
https://paperpile.com/c/63bfeU/uJLe
https://paperpile.com/c/63bfeU/t65q
https://paperpile.com/c/63bfeU/KokC
https://paperpile.com/c/63bfeU/2p6s
https://paperpile.com/c/63bfeU/cwZW

Fendereski et al. Hypogonadism and urologic surgeries

1056

01deoas usbolpue ‘Yy ‘soulyds Ateuun [eloliue ‘SNY ‘enpisal pioa-1sod ‘UAd
‘Adesay) Juswaoe|das usbolpue ‘| HY ‘GL-UOI}ouUN} B]1}08J JO XapUl [BUOIIBUISIUI ‘GL-4T|| ‘UIBLLOP UOI}OUN) 8]1}0848 — UOI}OUN) 8[1}08J8 JO Xapul [euoljeulaiul ‘43-43|| ‘©leds swoidwAs sejew Buibe
‘SINY ‘OWn|oA Jappe|q [enpisal \gY ‘91eouBdapuUN SU0I9}S0}Sd} ‘N1 ‘8u0I91s0lsal ‘| ‘Awoloalelsoid [eolpes ‘dy ‘usbiiue oloads ajeisold ‘yYSd @100s woldwAs ajelsoid [euoljeussiul ‘SSd| ‘uteyoud
aAloBaI-) ‘dy) ‘swoirdwAs joesy Areuun Jamol ‘S N7 “4eoued seppe|q ‘g ‘Adesayy uoissaiddns usboipue ‘| Sy ‘ones piezey ‘YH ‘uonounysAp aji1oaie ‘g3 ‘Adeisyl Juswaoe|dal aU0I81S01S8} IH ]

S2INJ0LIS [BJyRIN Yum sjuaiied ul Aydouaie [eayiein 0} 8ingquiuod

Aew jeyy Ajuenosen [eiylainiiad paseaiosp pue S|aAd| | Mo| usamiaq diysuolne|al
OlISIUBYOSW B Pajeolpul SYNsal 8y "SainjoLs [eylain jo sejdwes anssiy [eiyjeinuied
Ul SJUNOD [9SSOA JIOMO| PUE UOISSaIdXd HY PeoNpal PaMOYS S|9AS| | MO| UIM US|

S8}kl UOIS0J8 JNd 8onpal
JIIM | wnias mo| Buiealy ji sujwIsiap 0} pepaau si APNIS Jayuny ‘| MO| Yim usw
Ul UOWILWIOD @J0W 8¢ 0} sieadde UoIsold JNd SNV SIUA "L WNISS MO| YUm jussaid
juswaoe|d SNy Bulobispun adousuuooul Areunn ssaais Yim usw Jo jiey Aluesn

uolsols 0}
B} Ul 82UBJBYIP OU S| 848U} INQ ‘UOISOI N YlM jussaid 0} Aol 8low aie | Mo|
UHM USIA “UOISOI8 N0 SNY 40} 10308} ysI Juspuadapul Ue S| UOIFRIIUSOU0D | MOT

MsH sy}

arebiyw |im uonejuswsalddns | Jayieym Jesjoun

S| }l pue pajuelem s| uoljelueldwi SNY 8J0jeq Buljesunod ajeldoiddy "uoisoss
}4ND SNY 9oualadxa 0} Ysui Jaybiy Ajpueoyiubis e je ale S|oAs| | MO| YIM US|

S|0J]U0D BY} Ul USas aiem sabueyo ueoly!
JO JuswadueyuS JueoIubIs pamoys dnoib | Hy "dnoib Jayue ur sabueyo jueoiubis

IS OU SBaJayM ‘BLUN|OA 8|osNw uesw

OU PAMOYS HAd "S|0JIUOD BY} Ul PAAISSUO alam sjuswanoidull Juesiiubis ou
SEIBUM ‘DUUN|OA PBPIOA PUE e MOJ} WNWIXeW Ul Juswaroidwi peamoys osfe

(VARY)

ainjous /102 ‘ABojoin
[ely1ein [0U0D 8se) 002l “'[e }o JojoH
(ez1)

[euonoas 810g ‘“ABojoin

sny $8010 €Ll /e o usqaIMON
(ez1)

120z ‘uApoin

|euoljoes joinoinaN

sny $8010 [Re] “'[e 19 3)|oM
(k4]

[euooes 910¢g ‘Abojoin

sny $8010 €9 “'[e 19 J9JoH

(e11) LLoz ‘orew

dnoib 1Yy 8yl "dnoib |0s3u0D By} Ul panIasqo aiem sabueyd juedlubis oN syeaMm 7 Alane buiby ‘’le 1o
dnoib |4y 8y} Ul suljeseq Yum pasedwod aseasoap jueoliubls B pamoys SSd| syow g| 9]BYJUBUS 8U0JS}S0}Sd} Jo Bw 062  Hdd ® SL1NT 104 o eJeyabiys
Joye|npow
J0}daoal uab-041S0 BAI309|8S B %10
G1-43|] U1 4O UlBWIOP UO[DUNY B[1308J8 8y} Ul Ajuo ‘dnolb pajeasy ‘[eJo N1 %2’ | ‘9U0j0-IB}SaW %2’ |
8y} uey} Jamo| ybnoyye ‘uswanoidwi Jueoyiubis e papodal dnosb payessun sy ‘uidosjopeuob 21UOLIOYD %61 (66) 6102
‘AlosIanu0) "SSd| @Y} Ul SE ||om SEB SNV @Y} JO sulewopgns [eoisAyd pue [enxes ‘Bunoe poys | 8|qeioslul %6 ‘NL Ansibai ‘AaY Pay\ X8
BU} Ul ‘GL-43|| Y} JO SUIBWIOP U} [[e Ul 8seasour ue papodas Aeyy ‘| Buidels Jeyy - a|qeloslul %G° L ‘SIeb | %072 ayl| [enxag  [eulpnybuoT eey “Ie 39 1|jlonsey
sieak
/ 0 wnwixew Jayeaiay} syjuow g Aians (seh)
aJl| Jo Ayjenb pajejai-yieay pue swolpuAs odljogelsw paroiduwl ‘sieleweled B yum ‘sieak pue ‘g yeam je ‘| Aep 1e NL Bw 000 L aWoJpUAs Ansibal 102 ‘PO X8S
Aysaqo peonpal 03 pue wsipeuoBodAy 19suo-aye| Uim usw Ul | H| wie}-buo GZ'v uea\ JO suoljoa(ul Jejnosnwieiu| ollogels|N [euipnybuo] 192 [ ‘e e uissep
Adesayy
uswies) AisbBins
SBWO02IN0 uoissaiddns usBoipue/euoia}so}sa} uBiseg uonendod Apnig
Jo uolieing jo adAL

10 sadA} ‘seinol ‘sebesoq

(panurzu0s) ¢ dIqe],

Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308

© Translational Andrology and Urology. All rights reserved.


https://paperpile.com/c/63bfeU/IeHw
https://paperpile.com/c/63bfeU/1s00
https://paperpile.com/c/63bfeU/D5VR
https://paperpile.com/c/63bfeU/7tVa
https://paperpile.com/c/63bfeU/qW6Y
https://paperpile.com/c/63bfeU/Xinu
https://paperpile.com/c/63bfeU/VcFK

Translational Andrology and Urology, Vol 11, No 7 July 2022

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at https://
tau.amegroups.com/article/view/10.21037/tau-22-308/rc

Peer Review File: Available at https://tau.amegroups.com/
article/view/10.21037/tau-22-308/prf

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://tau.amegroups.
com/article/view/10.21037/tau-22-308/coif). JMH serves as
an unpaid editorial board member of Translational Andrology
and Urology from August 2021 to July 2023. The other
authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Mulhall JP, Trost LW, Brannigan RE, et al. Evaluation and
Management of Testosterone Deficiency: AUA Guideline.
J Urol 2018;200:423-32.

2. Anawalt BD, Hotaling JM, Walsh TJ, et al. Performance of
total testosterone measurement to predict free testosterone
for the biochemical evaluation of male hypogonadism. J
Urol 2012;187:1369-73.

3. Bhasin S, Brito JP, Cunningham GR, et al. Testosterone
Therapy in Men With Hypogonadism: An Endocrine
Society Clinical Practice Guideline. J Clin Endocrinol
Metab 2018;103:1715-44.

© Translational Andrology and Urology. All rights reserved.

10.

11.

12.

13.

14.
15.

16.

1057

Feldman HA, Longcope C, Derby CA, et al. Age trends
in the level of serum testosterone and other hormones

in middle-aged men: longitudinal results from the
Massachusetts male aging study. ] Clin Endocrinol Metab
2002;87:589-98.

Trost LW, Mulhall JP. Challenges in Testosterone
Measurement, Data Interpretation, and Methodological
Appraisal of Interventional Trials. ] Sex Med
2016;13:1029-46.

Shi Z, Araujo AB, Martin S, et al. Longitudinal changes in
testosterone over five years in community-dwelling men. J
Clin Endocrinol Metab 2013;98:3289-97.

Araujo AB, O'Donnell AB, Brambilla D], et al. Prevalence
and incidence of androgen deficiency in middle-aged and
older men: estimates from the Massachusetts Male Aging
Study. J Clin Endocrinol Metab 2004;89:5920-6.

Sterling J, Bernie AM, Ramasamy R. Hypogonadism: Easy
to define, hard to diagnose, and controversial to treat. Can
Urol Assoc J 2015;9:65-8.

Brambilla DJ, O'Donnell AB, Matsumoto AM, et al.
Intraindividual variation in levels of serum testosterone
and other reproductive and adrenal hormones in men. Clin
Endocrinol (Oxf) 2007;67:853-62.

Agretti P, Pelosini C, Bianchi L, et al. Importance of

total and measured free testosterone in diagnosis of male
hypogonadism: immunoassay versus mass spectrometry in
a population of healthy young/middle-aged blood donors.
J Endocrinol Invest 2021;44:321-6.

Goldman AL, Bhasin S, Wu FCW, et al. A Reappraisal of
"Testosterone's Binding in Circulation: Physiological and
Clinical Implications. Endocr Rev 2017;38:302-24.
Antonio L, Wu FC, O'Neill TW, et al. Low Free
Testosterone Is Associated with Hypogonadal Signs and
Symptoms in Men with Normal Total Testosterone. J Clin
Endocrinol Metab 2016;101:2647-57.

Vermeulen A, Verdonck L, Kaufman JM. A critical
evaluation of simple methods for the estimation of

free testosterone in serum. J Clin Endocrinol Metab
1999;84:3666-72.

Basaria S. Male hypogonadism. Lancet 2014;383:1250-63.
Corona G, Goulis DG, Huhtaniemi I, et al. European
Academy of Andrology (EAA) guidelines on investigation,
treatment and monitoring of functional hypogonadism

in males: Endorsing organization: European Society of
Endocrinology. Andrology 2020;8:970-87.

Pazderska A, Mamoojee Y, Artham S, et al. Safety and
tolerability of one-year intramuscular testosterone regime
to induce puberty in older men with CHH. Endocr

Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308


https://tau.amegroups.com/article/view/10.21037/tau-22-308/rc
https://tau.amegroups.com/article/view/10.21037/tau-22-308/rc
https://tau.amegroups.com/article/view/10.21037/tau-22-308/prf
https://tau.amegroups.com/article/view/10.21037/tau-22-308/prf
https://tau.amegroups.com/article/view/10.21037/tau-22-308/coif
https://tau.amegroups.com/article/view/10.21037/tau-22-308/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

1058

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

© Translational Andrology and Urology. All rights reserved.

Connect 2018;7:133-8.

Young J, Xu C, Papadakis GE, et al. Clinical Management
of Congenital Hypogonadotropic Hypogonadism. Endocr
Rev 2019;40:669-710.

Yeap BB, Alfonso H, Chubb SA, et al. In older men an
optimal plasma testosterone is associated with reduced
all-cause mortality and higher dihydrotestosterone with
reduced ischemic heart disease mortality, while estradiol
levels do not predict mortality. ] Clin Endocrinol Metab
2014;99:E9-18.

Araujo AB, Dixon JM, Suarez EA, et al. Clinical review:
Endogenous testosterone and mortality in men: a
systematic review and meta-analysis. ] Clin Endocrinol
Metab 2011;96:3007-19.

Laughlin GA, Barrett-Connor E, Bergstrom J. Low serum
testosterone and mortality in older men. ] Clin Endocrinol
Metab 2008;93:68-75.

Muraleedharan V, Jones TH. Testosterone and mortality.
Clin Endocrinol (Oxf) 2014;81:477-87.

Khaw KT, Dowsett M, Folkerd E, et al. Endogenous
testosterone and mortality due to all causes,
cardiovascular disease, and cancer in men: European
prospective investigation into cancer in Norfolk (EPIC-
Norfolk) Prospective Population Study. Circulation
2007;116:2694-701.

Sequeira SB, Chen DQ, Bell JE, et al. Hypogonadism

Is Associated With Increased Risks of Postoperative
Complications Following Total Hip Arthroplasty. ]
Arthroplasty 2020;35:2495-500.

Ardeljan AD, Meneses ZA, Neal BV, et al. Increased
Medical Complications, Revisions, In-Hospital Lengths
of Stay, and Cost in Patients With Hypogonadism
Undergoing Primary Total Knee Arthroplasty. J
Arthroplasty 2020;35:95-9.

McClintock TR, Valovska MI, Kwon NK, et al.
Testosterone replacement therapy is associated

with an increased risk of urolithiasis. World J Urol
2019;37:2737-46.

Wau B, Lorezanza D, Badash I, et al. Perioperative
Testosterone Supplementation Increases Lean Mass in
Healthy Men Undergoing Anterior Cruciate Ligament
Reconstruction: A Randomized Controlled Trial. Orthop J
Sports Med 2017;5:2325967117722794.

Amory JK, Chansky HA, Chansky KL, et al. Preoperative
supraphysiological testosterone in older men
undergoing knee replacement surgery. ] Am Geriatr Soc
2002;50:1698-701.

Lin F, Hong G, Kwon E, et al. Low free testosterone

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Fendereski et al. Hypogonadism and urologic surgeries

is associated with increased mortality in frail surgical
patients. Surg Open Sci 2021;7:36-41.

Fourrier F, Jallot A, Leclerc L, et al. Sex steroid hormones
in circulatory shock, sepsis syndrome, and septic shock.
Circ Shock 1994;43:171-8.

Strasser F, Palmer JL, Schover LR, et al. The impact of
hypogonadism and autonomic dysfunction on fatigue,
emotional function, and sexual desire in male patients with
advanced cancer: a pilot study. Cancer 2006;107:2949-57.
Del Fabbro E, Garcia JM, Dev R, et al. Testosterone
replacement for fatigue in hypogonadal ambulatory males
with advanced cancer: a preliminary double-blind placebo-
controlled trial. Support Care Cancer 2013;21:2599-607.
Nakashima A, Koshiyama K, Uozumi T, et al. Effects of
general anaesthesia and severity of surgical stress on serum
LH and testosterone in males. Acta Endocrinol (Copenh)
1975;78:258-69.

Wang C, Chan V, Yeung RT. Effect of surgical stress

on pituitary-testicular function. Clin Endocrinol (Oxf)
1978;9:255-66.

Matsumoto K, Takeyasu K, Mizutani S, et al. Plasma
testosterone levels following surgical stress in male
patients. Acta Endocrinol (Copenh) 1970;65:11-7.
Scheingraber S, Dobbert D, Schmiedel P, et al. Gender-
specific differences in sex hormones and cytokines in
patients undergoing major abdominal surgery. Surg Today
2005;35:846-54.

Griggs RC, Kingston W, Jozefowicz RE, et al. Effect of
testosterone on muscle mass and muscle protein synthesis.
J Appl Physiol (1985) 1989;66:498-503.

Schroeder ET, Terk M, Sattler FR. Androgen therapy
improves muscle mass and strength but not muscle quality:
results from two studies. Am J Physiol Endocrinol Metab
2003;285:E16-24.

Carrero JJ, Qureshi AR, Nakashima A, et al. Prevalence
and clinical implications of testosterone deficiency in men
with end-stage renal disease. Nephrol Dial Transplant
2011;26:184-90.

Reinhardt W, Kiibber H, Dolff S, et al. Rapid recovery
of hypogonadism in male patients with end stage

renal disease after renal transplantation. Endocrine
2018;60:159-66.

Carrero JJ, Stenvinkel P. The vulnerable man: impact

of testosterone deficiency on the uraemic phenotype.
Nephrol Dial Transplant 2012;27:4030-41.

Schmidt A, Luger A, Hérl WH. Sexual hormone
abnormalities in male patients with renal failure. Nephrol
Dial Transplant 2002;17:368-71.

Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308



Translational Andrology and Urology, Vol 11, No 7 July 2022

42. Dunkel L, Raivio T, Laine J, et al. Circulating luteinizing
hormone receptor inhibitor(s) in boys with chronic renal
failure. Kidney Int 1997;51:777-84.

43. Shoskes DA, Kerr H, Askar M, et al. Low testosterone at
time of transplantation is independently associated with
poor patient and graft survival in male renal transplant
recipients. ] Urol 2014;192:1168-71.

44. Navarro JF, Mora C, Macia M, et al. Randomized
prospective comparison between erythropoietin
and androgens in CAPD patients. Kidney Int
2002;61:1537-44.

45. Thirumavalavan N, Scovell JM, Lo E, et al. Is treatment of
hypogonadism safe for men after a solid organ transplant?
Results from a retrospective controlled cohort study. Int J
Impot Res 2022;34:50-4.

46. Lofaro D, Perri A, Aversa A, et al. Testosterone in renal
transplant patients: effect on body composition and clinical
parameters. ] Nephrol 2018;31:775-83.

47. Trigunaite A, Dimo J, Jorgensen TN. Suppressive effects
of androgens on the immune system. Cell Immunol
2015;294:87-94.

48. Uchiyama M, Jin X, Zhang Q, et al. Induction of
regulatory CD4" cells and prolongation of survival of fully
allogeneic murine cardiac grafts by danazol. Transplant
Proc 2012;44:1067-9.

49. Patil CN, Wallace K, LaMarca BD, et al. Low-dose
testosterone protects against renal ischemia-reperfusion
injury by increasing renal IL-10-to-TNF-a ratio and
attenuating T-cell infiltration. Am J Physiol Renal Physiol
2016;311:F395-403.

50. Naghii MR, Babaei M, Hedayati M. Androgens
involvement in the pathogenesis of renal stones formation.
PLoS One 2014;9:¢93790.

51. Watson JM, Shrewsberry AB, Taghechian S, et al. Serum
testosterone may be associated with calcium oxalate
urolithogenesis. ] Endourol 2010;24:1183-7.

52. Otunctemur A, Ozbek E, Cakir SS, et al. Association of
erectile dysfunction and urolithiasis. Arch Ital Urol Androl
2014;86:215-6.

53. van Aswegen CH, Hurter P, van der Merwe CA, et al. The
relationship between total urinary testosterone and renal
calculi. Urol Res 1989;17:181-3.

54. Yagisawa T, Ito F, Osaka Y, et al. The influence of
sex hormones on renal osteopontin expression and
urinary constituents in experimental urolithiasis. ] Urol
2001;166:1078-82.

55. Siegel R, Ward E, Brawley O, et al. Cancer statistics,
2011: the impact of eliminating socioeconomic and racial

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

1059

disparities on premature cancer deaths. CA Cancer J Clin
2011;61:212-36.

Dobruch J, Daneshmand S, Fisch M, et al. Gender and
Bladder Cancer: A Collaborative Review of Etiology,
Biology, and Outcomes. Eur Urol 2016;69:300-10.
Boorjian S, Ugras S, Mongan NP, et al. Androgen receptor
expression is inversely correlated with pathologic tumor
stage in bladder cancer. Urology 2004;64:383-8.

Smelser WW, Randall JH, Caldwell J, et al.
Characterization of perioperative androgen profiles in men
with bladder cancer undergoing radical cystectomy. Urol
Oncol 2021;39:435.€23-31.

Nam JK, Park SW, Lee SD, et al. Prognostic value of
sex-hormone receptor expression in non-muscle-invasive
bladder cancer. Yonsei Med J 2014;55:1214-21.

Kafkasli A, Yazici O, Can U, et al. Testosterone status is
not associated with bladder cancer parameters in adult
male patients: results of a prospective controlled study.
Aging Male 2021;24:101-5.

Kauffman EC, Robinson BD, Downes M]J, et al. Role

of androgen receptor and associated lysine-demethylase
coregulators, LSD1 and JMJD2A, in localized and
advanced human bladder cancer. Mol Carcinog
2011;50:931-44.

Kashiwagi E, Fujita K, Yamaguchi S, et al. Expression of
steroid hormone receptors and its prognostic significance
in urothelial carcinoma of the upper urinary tract. Cancer
Biol Ther 2016;17:1188-96.

Shiota M, Kiyoshima K, Yokomizo A, et al. Suppressed
Recurrent Bladder Cancer after Androgen Suppression
with Androgen Deprivation Therapy or 5a-Reductase
Inhibitor. J Urol 2017;197:308-13.

Izumi K, Zheng Y, Hsu JW, et al. Androgen receptor
signals regulate UDP-glucuronosyltransferases in the
urinary bladder: a potential mechanism of androgen-
induced bladder carcinogenesis. Mol Carcinog
2013;52:94-102.

Chen F, Langenstroer P, Zhang G, et al. Androgen
dependent regulation of bacillus Calmette-Guerin induced
interleukin-6 expression in human transitional carcinoma
cell lines. J Urol 2003;170:2009-13.

Tek M, Balli E, Cimen B, et al. The effect of testosterone
replacement therapy on bladder functions and

histology in orchiectomized mature male rats. Urology
20105;75:886-90.

Abdel-Hamid AA, Ali EM. Effect of testosterone therapy
on the urinary bladder in experimental hypogonadism of
rats. ] Mol Histol 2015;46:263-72.

© Translational Andrology and Urology. All rights reserved. Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308



1060

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

© Translational Andrology and Urology. All rights reserved.

Karazindiyanoglu S, Cayan S. The effect of testosterone
therapy on lower urinary tract symptoms/bladder and
sexual functions in men with symptomatic late-onset
hypogonadism. Aging Male 2008;11:146-9.

Tripathi A, Gupta S. Androgen receptor in bladder
cancer: A promising therapeutic target. Asian ] Urol
2020;7:284-90.

Birtle AJ, Freeman A, Munson P. The androgen receptor
revisited in urothelial carcinoma. Histopathology
2004;45:98-9.

Izumi K, Taguri M, Miyamoto H, et al. Androgen
deprivation therapy prevents bladder cancer recurrence.
Oncotarget 2014;5:12665-74.

Mizushima T, Tirador KA, Miyamoto H. Androgen
receptor activation: a prospective therapeutic target for
bladder cancer? Expert Opin Ther Targets 2017;21:249-57.
Martinez-Rojo E, Berumen LC, Garcia-Alcocer G, et al.
The Role of Androgens and Androgen Receptor in Human
Bladder Cancer. Biomolecules 2021;11:594.

Tyagi A, Chandrasekaran B, Kolluru V, et al. Combination
of androgen receptor inhibitor and cisplatin, an effective
treatment strategy for urothelial carcinoma of the bladder.
Urol Oncol 2019;37:492-502.

Bhasin S, Cunningham GR, Hayes FJ, et al. Testosterone
therapy in men with androgen deficiency syndromes:

an Endocrine Society clinical practice guideline. J Clin
Endocrinol Metab 2010;95:2536-59.

Coward RM, Simhan J, Carson CC 3rd. Prostate-specific
antigen changes and prostate cancer in hypogonadal men
treated with testosterone replacement therapy. BJU Int
2009;103:1179-83.

Shoskes DA, Barazani Y, Fareed K, et al. Outcomes of
Prostate Biopsy in Men with Hypogonadism Prior or
During Testosterone Replacement Therapy. Int Braz |
Urol 2015;41:1167-71.

Gann PH, Hennekens CH, Ma J, et al. Prospective study
of sex hormone levels and risk of prostate cancer. J Natl
Cancer Inst 1996;88:1118-26.

Porcaro AB, Tafuri A, Sebben M, et al. Positive Association
between Preoperative Total Testosterone Levels and Risk
of Positive Surgical Margins by Prostate Cancer: Results
in 476 Consecutive Patients Treated Only by Radical
Prostatectomy. Urol Int 2018;101:38-46.

Porcaro AB, Tafuri A, Sebben M, et al. Positive Association
between Preoperative Total Testosterone and Lymph
Node Invasion in Intermediate Risk Prostate Cancer. Curr
Urol 2019;12:216-22.

Kawakami J, Cowan JE, Elkin EP, et al. Androgen-

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Fendereski et al. Hypogonadism and urologic surgeries

deprivation therapy as primary treatment for localized
prostate cancer: data from Cancer of the Prostate Strategic
Urologic Research Endeavor (CaPSURE). Cancer
2006;106:1708-14.

Hugosson J, Abrahamsson PA, Ahlgren G, et al. The
risk of malignancy in the surgical margin at radical
prostatectomy reduced almost three-fold in patients
given neo-adjuvant hormone treatment. Eur Urol
1996;29:413-9.

Giles C. Hypogonadism might cause insulin resistance in
prostate cancer. Nat Clin Pract Urol 2006;3:180.

Morales A, Black AM, Emerson LE. Testosterone
administration to men with testosterone deficiency
syndrome after external beam radiotherapy for localized
prostate cancer: preliminary observations. BJU Int
2009;103:62-4.

Morgentaler A, Bruning CO 3rd, DeWolf WC. Occult
prostate cancer in men with low serum testosterone levels.
JAMA 1996;276:1904-6.

Kaplan AL, Hu JC. Use of testosterone replacement
therapy in the United States and its effect on subsequent
prostate cancer outcomes. Urology 2013;82:321-6.

Khera M, Grober ED, Najari B, et al. Testosterone
replacement therapy following radical prostatectomy. J Sex
Med 2009;6:1165-70.

Pichon A, Neuzillet Y, Botto H, et al. Preoperative low
serum testosterone is associated with high-grade prostate
cancer and an increased Gleason score upgrading. Prostate
Cancer Prostatic Dis 2015;18:382-7.

Gao Y, Jiang CY, Mao SK, et al. Low serum testosterone
predicts upgrading and upstaging of prostate cancer after
radical prostatectomy. Asian J Androl 2016;18:639-43.
Botto H, Neuzillet Y, Lebret T, et al. Preoperative low
serum testosterone levels are associated with tumor
aggressiveness in radical prostatectomy treated cancer
patients. Horm Mol Biol Clin Investig 2010;2:191-201.
Kim HJ, Kim BH, Park CH, et al. Usefulness of
preoperative serum testosterone as a predictor of
extraprostatic extension and biochemical recurrence.
Korean J Urol 2012;53:9-13.

Xylinas E, Ploussard G, Durand X et al. Low
pretreatment total testosterone (< 3 ng/mL) predicts
extraprostatic disease in prostatectomy specimens from
patients with preoperative localized prostate cancer. BJU
Int 2011;107:1400-3.

Ahlering TE, My Huynh L, Towe M, et al. Testosterone
replacement therapy reduces biochemical recurrence after
radical prostatectomy. BJU Int 2020;126:91-6.

Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308



Translational Andrology and Urology, Vol 11, No 7 July 2022

94. Pastuszak AW, Pearlman AM, Lai WS, et al. Testosterone
replacement therapy in patients with prostate cancer after
radical prostatectomy. ] Urol 2013;190:639-44.

95. Ferro M, Lucarelli G, de Cobelli O, et al. Circulating
preoperative testosterone level predicts unfavourable
disease at radical prostatectomy in men with International
Society of Urological Pathology Grade Group 1 prostate
cancer diagnosed with systematic biopsies. World J Urol
2021;39:1861-7.

96. Gacci M, Corona G, Apolone G, et al. Influence of serum
testosterone on urinary continence and sexual activity in
patients undergoing radical prostatectomy for clinically
localized prostate cancer. Prostate Cancer Prostatic Dis
2010;13:168-72.

97. Kathrins M, Doersch K, Nimeh T, et al. The Relationship
Between Testosterone-Replacement Therapy and Lower
Urinary Tract Symptoms: A Systematic Review. Urology
2016;88:22-32.

98. Calof OM, Singh AB, Lee ML, et al. Adverse events
associated with testosterone replacement in middle-
aged and older men: a meta-analysis of randomized,
placebo-controlled trials. ] Gerontol A Biol Sci Med Sci
2005;60:1451-7.

99. Rastrelli G, Vignozzi L, Corona G, et al. Testosterone
and Benign Prostatic Hyperplasia. Sex Med Rev
2019;7:259-71.

100.Salter CA, Mulhall JP. Guideline of guidelines:
testosterone therapy for testosterone deficiency. BJU Int
2019;124:722-9.

101.Behre HM, Bohmeyer J, Nieschlag E. Prostate volume
in testosterone-treated and untreated hypogonadal men
in comparison to age-matched normal controls. Clin
Endocrinol (Oxf) 1994;40:341-9.

102.Meikle AW, Arver S, Dobs AS, et al. Prostate size in
hypogonadal men treated with a nonscrotal permeation-
enhanced testosterone transdermal system. Urology
1997;49:191-6.

103.Tenover JL. Experience with testosterone replacement
in the elderly. Mayo Clin Proc 2000;75 Suppl:S77-81;
discussion S82.

104.van der Sluis TM, Meuleman EJ, van Moorselaar R], et al.
Intraprostatic testosterone and dihydrotestosterone. Part
II: concentrations after androgen hormonal manipulation
in men with benign prostatic hyperplasia and prostate
cancer. BJU Int 2012;109:183-8.

105.Crawford ED, Poage W, Nyhuis A, et al. Effects of
Testosterone Level on Lower Urinary Tract Symptoms.
Am ] Mens Health 2016;10:440-2.

© Translational Andrology and Urology. All rights reserved.

1061

106.Schatzl G, Brossner C, Schmid S, et al. Endocrine status in
elderly men with lower urinary tract symptoms: correlation
of age, hormonal status, and lower urinary tract function.
The Prostate Study Group of the Austrian Society of
Urology. Urology 2000;55:397-402.

107.Baas W, Kohler TS. Testosterone Replacement Therapy
and BPH/LUTS. What is the Evidence? Curr Urol Rep
2016;17:46.

108.Marks LS, Mazer NA, Mostaghel E, et al. Effect of
testosterone replacement therapy on prostate tissue in men
with late-onset hypogonadism: a randomized controlled
trial. JAMA 2006;296:2351-61.

109.Kalinchenko S, Vishnevskiy EL, Koval AN, et al. Beneficial
effects of testosterone administration on symptoms of the
lower urinary tract in men with late-onset hypogonadism:
a pilot study. Aging Male 2008;11:57-61.

110.Kalinchenko SY, Tishova YA, Mskhalaya GJ, et al. Effects
of testosterone supplementation on markers of the
metabolic syndrome and inflammation in hypogonadal
men with the metabolic syndrome: the double-blinded
placebo-controlled Moscow study. Clin Endocrinol (Oxf)
20105;73:602-12.

111.Haider A, Gooren L], Padungtod P, et al. Concurrent
improvement of the metabolic syndrome and lower
urinary tract symptoms upon normalisation of plasma
testosterone levels in hypogonadal elderly men.
Andrologia 2009;41:7-13.

112.Legros JJ, Meuleman EJ, Elbers JM, et al. Oral
testosterone replacement in symptomatic late-onset
hypogonadism: effects on rating scales and general
safety in a randomized, placebo-controlled study. Eur J
Endocrinol 2009;160:821-31.

113.Shigehara K, Sugimoto K, Konaka H, et al. Androgen
replacement therapy contributes to improving lower
urinary tract symptoms in patients with hypogonadism
and benign prostate hypertrophy: a randomised controlled
study. Aging Male 2011;14:53-8.

114.Haider KS, Haider A, Doros G, et al. Long-Term
Testosterone Therapy Improves Urinary and Sexual
Function, and Quality of Life in Men with Hypogonadism:
Results from a Propensity Matched Subgroup of a
Controlled Registry Study. ] Urol 2018;199:257-65.

115.Debruyne FM, Behre HM, Roehrborn CG, et al.
Testosterone treatment is not associated with increased
risk of prostate cancer or worsening of lower urinary tract
symptoms: prostate health outcomes in the Registry of
Hypogonadism in Men. BJU Int 2017;119:216-24.

116.Yassin A, Nettleship JE, Talib RA, et al. Effects of

Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308



1062

testosterone replacement therapy withdrawal and re-
treatment in hypogonadal elderly men upon obesity,
voiding function and prostate safety parameters. Aging
Male 2016;19:64-9.

117.Hofer MD, Kapur P, Cordon BH, et al. Low Testosterone
Levels Result in Decreased Periurethral Vascularity via
an Androgen Receptor-mediated Process: Pilot Study in
Urethral Stricture Tissue. Urology 2017;105:175-80.

118.Yura Gerbie E, Bury MI, Chan YY, et al. Testosterone
and Estrogen Repletion in a Hypogonadal Environment
Improves Post-operative Angiogenesis. Urology
2021;152:9.e1-6.

119.Hofer MD, Cheng EY, Bury MI, et al. Androgen
supplementation in rats increases the inflammatory
response and prolongs urethral healing. Urology
2015;85:691-7.

120.Chua ME, Rong M, Tuba-Ang K, et al. The impact of sex
hormones on genital wound healing in mice: a comparative
study. J Pediatr Urol 2019;15:635-41.

121.Hofer MD, Morey AF, Sheth K, et al. Low Serum
Testosterone Level Predisposes to Artificial Urinary
Sphincter Cuff Erosion. Urology 2016;97:245-9.

122.Wolfe AR, Ortiz NM, Baumgarten AS, et al. Most
men with artificial urinary sphincter cuff erosion have
low serum testosterone levels. Neurourol Urodyn
2021;40:1035-41.

123.McKibben MJ, Fuentes J, Shakir N, et al. Low Serum
Testosterone is Present in Nearly Half of Men Undergoing
Artificial Urinary Sphincter Placement. Urology
2018;118:208-12.

124.Bailey GC, Linder BJ, Rivera ME, et al. The impact
of androgen deprivation on artificial urinary sphincter
outcomes. Transl Androl Urol 2016;5:756-61.

125.Gearhart JP, Jeffs RD. The use of parenteral testosterone
therapy in genital reconstructive surgery. ] Urol
1987;138:1077-8.

126.Asgari SA, Safarinejad MR, Poorreza F, et al. The effect of

parenteral testosterone administration prior to hypospadias

Cite this article as: Fendereski K, Ghaed MA, Calvert JK,
Hotaling JM. Hypogonadism and urologic surgeries: a narrative
review. Transl Androl Urol 2022;11(7):1045-1062. doi:
10.21037/tau-22-308

© Translational Andrology and Urology. All rights reserved.

Fendereski et al. Hypogonadism and urologic surgeries

surgery: A prospective, randomized and controlled study. J
Pediatr Urol 2015;11:143.e1-6.

127.Babu R, Chakravarthi S. The role of preoperative intra
muscular testosterone in improving functional and cosmetic
outcomes following hypospadias repair: A prospective
randomized study. ] Pediatr Urol 2018;14:29.e1-6.

128.Martinez C, Suissa S, Rietbrock S, et al. Testosterone
treatment and risk of venous thromboembolism:
population based case-control study. BMJ 2016;355:15968.

129.Baillargeon J, Urban RJ, Morgentaler A, et al. Risk of
Venous Thromboembolism in Men Receiving Testosterone
Therapy. Mayo Clin Proc 2015;90:1038-45.

130.Glueck CJ, Prince M, Patel N, et al. Thrombophilia
in 67 Patients With Thrombotic Events After Starting
Testosterone Therapy. Clin Appl Thromb Hemost
2016;22:548-53.

131.Argalious MY, You J, Mao G, et al. Association of
"Testosterone Replacement Therapy and the Incidence of
a Composite of Postoperative In-hospital Mortality and
Cardiovascular Events in Men Undergoing Noncardiac
Surgery. Anesthesiology 2017;127:457-65.

132.Fowler JE Jr, Whitmore WF Jr. The response of metastatic
adenocarcinoma of the prostate to exogenous testosterone.
J Urol 1981;126:372-5.

133.Kaplan SA, Meehan AG, Shah A. The age related decrease
in testosterone is significantly exacerbated in obese men
with the metabolic syndrome. What are the implications
for the relatively high incidence of erectile dysfunction
observed in these men? J Urol 2006;176:1524-7; discussion
1527-8.

134.Allan CA, Strauss B]J, Burger HG, et al. The association
between obesity and the diagnosis of androgen deficiency
in symptomatic ageing men. Med J Aust 2006;185:424-7.

135.Yassin DJ, Doros G, Hammerer PG, et al. Long-term
testosterone treatment in elderly men with hypogonadism
and erectile dysfunction reduces obesity parameters and
improves metabolic syndrome and health-related quality
of life. ] Sex Med 2014;11:1567-76.

Transl Androl Urol 2022;11(7):1045-1062 | https://dx.doi.org/10.21037/tau-22-308



