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Purpose: Although optimizing endogenous testosterone production before testic-
ular sperm extraction is commonly practiced, whether improved preoperative
testosterone levels enhance sperm retrieval remains unclear. We evaluated the
influence of preoperative medical therapy in men with nonobstructive azoosper-
mia before microdissection testicular sperm extraction.
Materials and Methods: A total of 1,054 men underwent microdissection testic-
ular sperm extraction from 1999 to 2010. Patients with preoperative testosterone
levels less than 300 ng/dl were treated with aromatase inhibitors, clomiphene
citrate or human chorionic gonadotropin before microdissection testicular sperm
extraction with the goal of optimizing testosterone levels. Patient demographics,
preoperative testosterone levels, sperm retrieval rate and pregnancy outcomes
were recorded and compared in men with different baseline testosterone levels.
Results: Of the 736 men who had preoperative hormonal data 388 (53%) had
baseline testosterone levels greater than 300 ng/dl. The sperm retrieval rate in
these men was 56%. In the remaining 348 men with pretreatment testosterone
levels less than 300 ng/dl, the sperm retrieval rate was similar (52%, p � 0.29).
In addition, the sperm retrieval, clinical pregnancy and live birth rates were
similar between men who responded to hormonal therapy and those who did not.
Conclusions: Men with nonobstructive azoospermia and hypogonadism often
respond to hormonal therapy with an increase in testosterone levels, but neither
baseline testosterone level nor response to hormonal therapy appears to affect
overall sperm retrieval, clinical pregnancy or live birth rates.
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and Acronyms

AZF � azoospermia factor

FSH � follicle-stimulating
hormone

hCG � human chorionic
gonadotropin

ICSI � intracytoplasmic sperm
injection

KS � Klinefelter syndrome

LH � luteinizing hormone

MA � maturation arrest

micro-TESE � microdissection
testicular sperm extraction

NOA � nonobstructive
azoospermia

SCO � Sertoli-cell-only

SRR � sperm retrieval rate

T � testosterone

TESE � testicular sperm
extraction
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MICRODISSECTION testicular sperm ex-
traction has become a procedure of
choice for men with nonobstructive
azoospermia. Micro-TESE combined
with ICSI allows men with nonob-
structive azoospermia the opportu-
nity to have children of their own
while minimizing testicular damage.1

Hypogonadism, defined here as serum
testosterone less than 300 ng/dl, is
frequently observed in men present-
ing with NOA, and there are many

therapeutic options available for low
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testosterone.2 Unfortunately in most of
these cases no specific, targetable cause
of spermatogenic failure is identifiable.
As a result, various empirical medical
treatments are often used to treat idio-
pathic male infertility with limited suc-
cess. Controversy exists regarding the
efficacy of preoperative hormonal ma-
nipulation.3 However, it is possible that
hormonal therapy increases intrates-
ticular testosterone levels and there is
evidence that improvement in serum
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production. Hussein et al showed return of sperm to
the ejaculate with clomiphene citrate in men with
nonobstructive azoospermia.4 We previously re-
ported that in men with nonobstructive azoospermia
and Klinefelter syndrome the sperm retrieval rate
with micro-TESE was better in those who responded
to hormonal therapy.5

In this study we analyzed the results of sperm
retrieval surgery relative to preoperative testoster-
one optimization. We determined the effect of pre-
operative medical therapy on optimizing serum tes-
tosterone levels in men undergoing micro-TESE in a
large population. We compared SRRs and pregnancy
outcomes in men with NOA who underwent micro-
TESE who were and were not treated preoperatively
for hypogonadism with hormonal therapy.

MATERIALS AND METHODS

Patient Selection
All 1,054 consecutive patients with NOA who underwent
micro-TESE between March 1999 and June 2010 were
retrospectively analyzed. Of the 1,054 men who under-
went micro-TESE, 736 had perioperative hormonal data
available and were included in our study. The study pro-
tocol was approved by the institutional review board of
Weill Cornell Medical College. Azoospermia in all patients
was confirmed by analysis of at least 2 different centri-
fuged ejaculate specimens according to WHO guidelines.6

On the day of surgery another ejaculate sample was ob-
tained and azoospermia was confirmed via an extended
sperm preparation.7

Karyotype analysis and Y chromosome microdeletion
analysis was performed on all patients. Micro-TESE was
not performed in men with known AZFa, AZFb, AZFb�c
and complete Yq deletions. Men with AZFc deletion (31,
4.5%) underwent micro-TESE. Testicular volume was
measured by physical examination using an orchidometer
and the average volume of both testes was used for anal-
ysis. Additionally, physical examination was used to de-
tect the presence of varicocele. Testicular histology was
determined based on the results of previous biopsy or
intraoperative random sampling of testicular parenchyma
during testis exploration via microdissection. Histological
category was determined by the most advanced histology
present on biopsy. Categories included Sertoli-cell-only
syndrome, in which no germ cells are present, maturation
arrest, in which germ cells are present and hypospermato-
genesis, in which spermatozoa (usually spermatids) are
present. Hormonal evaluation included total serum testos-
terone (measured by radioimmunoassay) and FSH ob-
tained within 2 months before the micro-TESE attempt.
Clinical pregnancy per patient in female partners was
defined by the identification of at least 1 gestational sac
with a fetal heartbeat on transvaginal ultrasound exami-
nation 6 to 7 weeks after embryo transfer. Confirmation of
live birth was obtained by telephone interviews of couples

who achieved clinical pregnancy.
Medical Therapy Before Micro-TESE
We have previously described our algorithm for medical
therapy before micro-TESE.5 The decision to treat was
based on initial serum total testosterone with a cutoff of
300 ng/dl (chemiluminescent enzyme immunoassay). Men
with low serum testosterone were treated with aromatase
inhibitors (50 to 100 mg testolactone orally twice daily or
1 mg anastrozole daily), hCG or clomiphene citrate for at
least 2 to 3 months before surgery (table 1). Patients
treated for the first time at our institution were preferen-
tially treated with an aromatase inhibitor if the T/E2 ratio
(�g/dl testosterone, pg/�l estradiol) was less than 10 or
with clomiphene citrate if T/E2 was greater than 10 with T
less than 300 ng/dl. Patients treated elsewhere first were
maintained on their treatments if testosterone levels on
treatment were adequate, or were transitioned into our
algorithm if testosterone levels were still inadequate. If
there was not an adequate response to the oral medical
therapy then hCG injections were added to the regimen
(at a dose of 1,500 to 2,000 IU 2 to 3 times a week subcu-
taneously). If patients were on testosterone therapy at the
time of initial therapy, treatment was stopped and micro-
TESE was not performed until the patient had been off
exogenous testosterone for at least 6 months.

Micro-TESE
The micro-TESE procedure has been previously de-
scribed.1 Sperm retrieval surgery was typically attempted
the day before oocyte retrieval in the female partner. A
midline incision was made in the scrotum, and the testis
with spermatic cord was preferentially delivered from the
hemiscrotum with the larger testis. The tunica vaginalis
was opened and the tunica albuginea was visualized. Un-
der an operative microscope the tunica albuginea was
widely opened in an equatorial plane, around approxi-
mately 270 degrees of the circumference of the testis, with
preservation of subtunical vessels. After the tunica albu-
ginea was opened, direct examination of the testicular
parenchyma was performed at a magnification of 12 to
18� under an operating microscope. The examination in-
volved microdissection deep into the testicular paren-
chyma to include as much of the testicular tissue as was
necessary until spermatozoa were identified, or to provide
a sampling of tissue for analysis after the procedure if no
spermatozoa were identified intraoperatively. Small sam-
ples (1 to 15 mg) were excised by teasing out larger, more
opaque tubules from surrounding Leydig cell nodules or
hyperplasia in the testicular parenchyma. Samples were
then examined for spermatozoa by an embryologist.

Table 1. Medical therapies for men with baseline serum T less
than 300 ng/dl

No.

Anastrozole 180
Anastrozole � hCG 29
Clomiphene citrate 66
Testolactone 14
Testolactone � hCG 12
hCG 9

Other combinations/unknown 38
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Testicular Tissue Processing and ICSI
In cases in which spermatozoa were not found intraoper-
atively, testicular tissue was processed with collagenase
and DNase I, and examined using a microdroplet ap-
proach under modulation optics as previously described.8

ICSI was performed by microinjection technique on ma-
ture oocytes as previously described.9

Statistical Analysis
Microsoft Excel 2008, GraphPad Prism® 5 and Stata®
version 11.0 software were used to perform all statistical
calculations, with p �0.05 considered statistically signif-
icant. Student’s t test (unpaired) and chi-square analysis
were used to compare factors between men with successful
and failed sperm discovery. Fisher’s exact test rather than
a chi-square analysis was used when the sample size was
less than 10 in 1 of the cells of the 2 � 2 contingency table.

RESULTS

Of the 736 men 348 (47%) had initial testosterone
levels less than 300 ng/dl and 388 (53%) had initial
testosterone levels greater than 300 ng/dl (table 2).
Serum FSH was higher and the proportion of pa-
tients with Klinefelter syndrome was higher in men
with a low serum testosterone (p �0.0001). How-
ever, there were no differences between the patients
with low or higher initial testosterone with respect
to the proportion of men with varicocele or testicular
histology. Among the 348 men with initial testoster-
one levels less than 300 ng/dl, testicular spermato-
zoa were retrieved in 52%. Among men with initial
testosterone levels greater than 300 ng/dl, testicular
spermatozoa were retrieved in 56%. Mean female
age was 31 � 5 years, mean number of oocytes
injected was 6 � 5 and mean number of fertilized
eggs was 3 � 4. There were no differences in clinical
pregnancy per patient or live birth rates between
the patients with low initial testosterone levels and
those with normal levels.

Of the 348 men with serum testosterone less than

Table 2. Baseline patient characteristics

Pretreatment T
Less Than
300 ng/dl

Pretreatment T
Greater Than

300 ng/dl p Value

Mean � SD pt age 35 � 2 34.5 � 3 0.52
Mean � SD ng/dl pretreatment T 207 � 28 – –
Mean � SD ng/dl preop T 403 � 24 459 � 32 �0.0001
Mean � SD IU/l FSH 25.7 � 2.4 22.7 � 2.1 0.02
No. Klinefelter syndrome (%) 65 (19) 23 (6) �0.0001
No. varicocele (%) 72 (21) 79 (20) 0.98
No. SCO (%) 194 (56) 214 (55) 0.93
No. MA (%) 53 (15) 80 (21) 0.07
No. hypospermatogenesis (%) 50 (14) 65 (17) 0.43
No. sperm retrieval (%) 182 (52) 219 (56) 0.29
No. pregnancies (%) 93 (51) 105 (48) 0.60
No. live births (%) 72 (40) 94 (43) 0.56
300 ng/dl, 307 (88%) were treated with hormonal
therapy and 41 (12%) were not treated. There were
no differences in sperm retrieval, pregnancy or live
birth rates between men treated for low testosterone
and those with low testosterone but not treated
(table 3). Of the 307 men who were treated for low
testosterone, 252 (82%) responded and had serum
testosterone levels of at least 250 ng/dl before micro-
TESE, while 55 (18%) did not. Men with a history of
Klinefelter syndrome or varicocele responded more
often to hormonal therapy, with a preoperative tes-
tosterone greater than 250 ng/dl, compared to those
men without this history (p �0.05). In the complete
cohort of men treated with hormonal therapy there
were no differences in SRR, clinical pregnancy or
live birth rates between the patients who responded
to hormonal therapy and those who did not (table 4).

DISCUSSION

NOA is characterized by impairment of the endocrine
(testosterone producing) and/or exocrine (sperm pro-
ducing) functions of the testis. The phenotype of
primary exocrine testicular failure is impaired sper-
matogenesis leading to male infertility. Spermato-
genic failure may result from hypothalamic, pitu-
itary, testicular or post-testicular disorders. Specific
and effective medical treatment is available for men
with gonadotropin deficiencies, but these patients
represent a small proportion of men with NOA. The
more common variant of severe male infertility is
primary testicular failure, which is characterized by
low serum testosterone as well as increased serum
FSH (and often LH) levels. In most of these men no
specific cause of NOA is identifiable, leaving no spe-
cific medical therapy. Therefore, various empirical
medical treatments such as hormonal agents and
antioxidants are often used to treat idiopathic male
infertility with varying degrees of success.10 These
therapies act at a variety of points on the hypotha-
lamic-pituitary axis. Clomiphene is a selective estro-
gen receptor modulator that prevents negative feed-

Table 3. Preoperative testosterone optimization for men with
baseline serum T less than 300 ng/dl

Untreated Treated p Value

Mean � SD pt age 37 � 3 34 � 4 0.11
Mean � SD ng/dl pretreatment T 249 � 19 199 � 23 0.15
Mean � SD ng/dl preop T – 423 � 21 –
Mean � SD IU/l FSH 28 � 2 25 � 2 0.02
No. Klinefelter syndrome (%) 7 (17) 58 (19) 1.00
No. varicocele (%) 7 (17) 65 (21) 0.68
No. SCO (%) 21 (51) 169 (55) 0.77
No. MA (%) 4 (10) 54 (18) 0.27
No. hypospermatogenesis (%) 7 (17) 43 (16) 0.63
No. sperm retrieval (%) 25 (61) 157 (51) 0.31
No. pregnancies (%) 14 (56) 79 (50) 0.75

No. live births (%) 12 (48) 60 (38) 0.54



MEDICAL THERAPY BEFORE MICRODISSECTION TESTICULAR SPERM EXTRACTION 535
back by sex hormones and, as a result, increases the
expression of gonadotropins. hCG is an analog of the
gonadotropin LH that stimulates Leydig cell produc-
tion of testosterone. Other drugs such as anastrozole
and testolactone increase the effective concentration
of endogenous testosterone by preventing its conver-
sion to estradiol by aromatase. These various hor-
monal therapies are used to increase endogenous
testosterone production and are associated with im-
proved sperm retrieval rates for men with KS un-
dergoing micro-TESE. However, the role of optimiz-
ing testosterone in all men with NOA undergoing
micro-TESE has yet to be studied. The rationale for
optimizing serum testosterone is that spermatogen-
esis in the testis is related to intratesticular testos-
terone levels. Therefore, an increase of endogenous
testosterone production via hormonal manipulation
could lead to improved sperm production in the tes-
tis. While it is unknown whether there is a threshold
level at which production of spermatozoa becomes
likely, we have used a threshold based on the serum
level at the low end of the normal range.

In a case series from 3 international centers com-
prised of 42 patients with nonobstructive azoosper-
mia, 64% of highly selected patients with NOA were
reported to respond to clomiphene citrate with
sperm in the ejaculate sufficient for ICSI.4 The pa-
tients with NOA were highly selected, including
men with MA (43%) and hypospermatogenesis (57%)
only, and no patients with SCO syndrome. The post-
treatment sperm concentration ranged from 1 to 16
million sperm per ml (mean 3.8).4 Since no control
group was evaluated, and the patients with NOA
were selected as those most likely to have sperm in
the ejaculate on occasional semen analyses, it is
likely that the reported changes in sperm concentra-
tion were not necessarily related to medical therapy.

There are conflicting data regarding the effect of
preoperative testosterone levels on sperm retrieval
outcome with TESE.11–13 An artificial neural net-

Table 4. Characteristics of men with NOA treated medically for

No Response
(preop/posttreatment T less than 2

Mean � SD pt age 35 � 3
Mean � SD ng/dl pretreatment T 194 � 23
Mean � SD ng/dl preop T 202 � 6
Mean � SD IU/l FSH 30 � 7
No. Klinefelter syndrome (%) 65 (44)
No. varicocele (%) 72 (11)
No. SCO (%) 194 (65)
No. MA (%) 50 (9)
No. hypospermatogenesis (%) 53 (11)
No. sperm retrieval (%) 182 (51)
No. pregnancies (%) 93 (54)
No. live births (%) 72 (43)
work model based on age, duration of infertility,
preoperative serum testosterone, FSH and LH lev-
els, and testicular volume had fair sensitivity for
predicting outcomes with TESE.12 The remaining 2
studies reported that preoperative testosterone did
not aid in predicting TESE outcome.11,13 Our previ-
ous study of patients with KS demonstrated that
patients who responded to medical therapy with an
increase in serum testosterone to greater than 250
ng/dl had a higher SRR than those men with KS who
did not respond.5

In our study there was no difference in SRR be-
tween men with NOA who presented with serum
testosterone greater than 300 ng/dl, and those who
presented with serum testosterone less than 300
ng/dl and were treated to optimize testosterone. The
success of micro-TESE is based on the presence of
focal regions of the most advanced stage of sper-
matogenesis. Serum testosterone levels could be in-
dicative of the testis function as a whole that may
not reflect focal areas of spermatogenesis. The fail-
ure of preoperative treatment to improve sperm re-
trieval in 46,XY cases compared to KS may repre-
sent a difference in the etiology of NOA. Additional
work is necessary to determine this difference.

It is interesting that men who showed increases
in serum testosterone following medical therapy had
a SRR similar to that of those who were not treated
and those who did not respond to hormonal therapy.
It is possible that the patients with a low baseline
testosterone had a lower chance of retrieval than
those with a higher baseline testosterone. These
observations are in contrast to the subset of patients
diagnosed with KS, since those men with KS who
responded to therapy (preoperative testosterone
greater than 250 ng/dl) had a higher sperm retrieval
rate.5 It has been suggested that testicular tissue in
men with KS may reflect varying degrees of low
grade gonosomal mosaicism, and that patients with
KS with an increased incidence of XY cells in their
testes may be more likely to harbor germ cells.14 It is

terone optimization before micro-TESE

l)
Response

(preop/posttreatment T greater than 250 ng/dl) p Value

34 � 2 0.71
214 � 19 0.27
472 � 18 �0.0001

23 � 8 0.14
23 (13) �0.0001
79 (23) 0.04

214 (53) 0.12
80 (19) 0.08
65 (15) 0.53

219 (51) 0.97
105 (50) 0.86

94 (37) 0.52
testos

50 ng/d
possible that patients with KS possess varying lev-
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els of normal XY cells that are able to respond to
hormonal therapy, while men with 46,XY with NOA
harbor unknown abnormalities and are less likely to
respond to treatment. The difference in SRR be-
tween responders with KS and responders without
KS could also be explained by the much smaller
subset of men left untreated before micro-TESE,
which made an appropriate statistical comparison
not possible between men with low baseline serum
testosterone (less than 300 ng/dl) who remained un-
treated and those with low baseline serum testos-
terone who underwent treatment.

While we reported on a large cohort of men with
NOA treated preoperatively to boost testosterone
levels as well as an untreated group, there are sev-
eral limitations to this large observational experi-
ence. This was a retrospective series and, thus, our
treated patient populations may have had some in-
herent selection bias. In addition, the series was not
consecutive as the medical records of 20% of the
patients who underwent micro-TESE were missing
perioperative hormonal data or did not specify the
type of treatment received. We were missing data
that could shed light on treatment effects in our
study population, such as information on preopera-

tive treatment duration, treatment regimens used

REFERENCES

EDITORIAL COMMENT

greatly anticipated since nearly half the men with
by patients elsewhere, and complications/adverse ef-
fects of treatments. The sample size in several of our
subgroups was small, making it difficult to evaluate
the effect of some conditions. Finally, those patients
with germ cells may be more likely to respond, and
these men made up a small subset of our treatment
group.

The results from this study serve as a counseling
tool for patients and doctors treating infertility who
rely on medical therapy to improve the chances of
sperm retrieval during TESE. A randomized trial
will be necessary to adequately evaluate whether
optimizing testosterone before micro-TESE would
improve SRR outcomes. However, given the small
differences in retrieval rates seen in this retrospec-
tive study, it is likely that a prospective study would
require a large number of patients to adequately
power such an investigation. With a chance of a
small effect on outcome, such an undertaking may
not be cost-effective. Although other subsets of pa-
tients may respond to medical therapy, at present it
is only clear that the treatment of men with KS, in
whom testosterone levels increased on hormonal
therapy before micro-TESE, will result in a better

chance of sperm retrieval.
1. Ramasamy R, Yagan N and Schlegel PN: Struc-
tural and functional changes to the testis after
conventional versus microdissection testicular
sperm extraction. Urology 2005; 65: 1190.

2. Raman JD and Schlegel PN: Aromatase inhibitors
for male infertility. J Urol 2002; 167: 624.

3. Kim HH and Schlegel PN: Endocrine manipulation
in male infertility. Urol Clin North Am 2008; 35:
303.

4. Hussein A, Ozgok Y, Ross L et al: Clomiphene
administration for cases of nonobstructive azoo-
spermia: a multicenter study. J Androl 2005; 26:
787.

5. Ramasamy R, Ricci JA, Palermo GD et al: Suc-
cessful fertility treatment for Klinefelter’s syn-
6. Tocci A and Lucchini C: WHO reference values for
human semen. Hum Reprod Update 2010; 16:
559.

7. Ron-El R, Strassburger D, Friedler S et al: Ex-
tended sperm preparation: an alternative to tes-
ticular sperm extraction in non-obstructive azoo-
spermia. Hum Reprod 1997; 12: 1222.

8. Ramasamy R, Reifsnyder JE, Bryson C et al: Role
of tissue digestion and extensive sperm search
after microdissection testicular sperm extraction.
Fertil Steril 2011; 96: 299.

9. Palermo GD, Cohen J, Alikani M et al: Intracyto-
plasmic sperm injection: a novel treatment for all
forms of male factor infertility. Fertil Steril 1995;
63: 1231.

10. Ross C, Morriss A, Khairy M et al: A systematic
review of the effect of oral antioxidants on male
ative medical ther
11. Ezeh UI, Taub NA, Moore HD et al: Establishment
of predictive variables associated with testicular
sperm retrieval in men with non-obstructive azoo-
spermia. Hum Reprod 1999; 14: 1005.

12. Samli MM and Dogan I: An artificial neural net-
work for predicting the presence of spermatozoa
in the testes of men with nonobstructive azoo-
spermia. J Urol 2004; 171: 2354.

13. Ma Y, Chen B, Wang H et al: Prediction of sperm
retrieval in men with non-obstructive azoosper-
mia using artificial neural networks: leptin is a
good assistant diagnostic marker. Hum Reprod
2011; 26: 294.

14. Lenz P, Luetjens CM, Kamischke A et al: Mosaic
status in lymphocytes of infertile men with or
without Klinefelter syndrome. Hum Reprod 2005;
drome. J Urol 2009; 182: 1108. infertility. Reprod Biomed Online 2010; 20: 711. 20: 1248.
Historically, infertile men with NOA have been the
most difficult to treat as opportunities for those men to
father a child rely on the success of TESE and ICSI.
Micro-TESE is currently considered the best retrieval
method in NOA, with a mean SRR of 50%.1 As such,
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date on the use of micro-TESE to retrieve sperm
from treated and untreated men with NOA. The
study was intended to analyze the effect of preoper-
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1.4-fold in men who responded to medical therapy.
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tively.3 As such, it is possible that men with KS
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ular testosterone levels and androgenic bioactivity
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testes. Intratesticular androgenic bioactivity and in-
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