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ABSTRACT: Clomiphene citrate is a well-established agent that
has been empirically used in cases of idiopathic oligospermia. Clo-
miphene increases endogenous gonadotropin-releasing hormone
secretion from the hypothalamus and gonadotropin hormone secre-
tion directly from the pituitary and, thus, increases intratesticular tes-
tosterone concentration. Using intracytoplasmic sperm injection
(ICSI), very few sperm may be required for fertilization. The objective
of this study was to determine if the application of clomiphene citrate
in males with nonobstructive azoospermia might produce sufficient
sperm for ICSI, either by resulting in sperm identified in the ejaculate
or by potentially improving outcomes of surgical testicular sperm ex-
traction. Forty-two patients with nonobstructive azoospermia (age
range, 25–39 years) from 3 international centers were evaluated with
routine history, physical examination, and hormonal assessment. Ini-
tial testicular biopsy demonstrated maturation arrest in 42.9% and
hypospermatogenesis in 57.1% of patients. Clomiphene citrate was
administered, with the dose titrated to achieve serum testosterone
levels between 600 ng/dL and 800 ng/dL, and semen analyses were

performed at periodic intervals. In patients remaining azoospermic
on semen analysis, surgical testicular biopsy and sperm extraction
were performed. After clomiphene citrate therapy, 64.3% of the pa-
tients demonstrated sperm in their semen analyses ranging from 1
to 16 million sperm/mL, with a mean sperm density of 3.8 million/
mL. Sufficient sperm for ICSI was retrieved by testicular sperm ex-
traction in all patients, even though 35.7% remained azoospermic.
Additionally, clomiphene citrate administration resulted in a statisti-
cally significant increase in testis biopsy patterns associated with
greater likelihood of sperm obtained by surgical extraction (P , .05).
We conclude that clomiphene citrate administration may result in
sperm in the ejaculate of patients with nonobstructive azoospermia
or the simplification of testis sperm retrieval. Surgeons may consider
a course of clomiphene citrate administration prior to surgical sperm
retrieval in patients with nonobstructive azoospermia.
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With advances in assisted reproduction techniques,
only 1 sperm per ovum is necessary for fertiliza-

tion with intracytoplasmic sperm injection (ICSI). Sperm
may be surgically retrieved from the testis (Bourne et al,
1995). Men with nonobstructive azoospermia due to hy-
pospermatogenesis and maturation arrest at the level of
spermatids may, thus, father children by surgical sperm
retrieval and ICSI. Focal areas of spermatogenesis may
be missed in unilocal testis biopsy (Plas et al, 1999).
Specimens from several testicular sites may yield sperm
(Weiss et al, 1998). Testicular fine needle–aspiration map-
ping may predict these focal areas of spermatogenesis and
aid in sperm retrieval (Turek et al, 1999, 2000). Micro-
surgical testicular sperm extraction (micro-TESE) allows
for sperm retrieval in cases of nonobstructive azoosper-
mia by observing and resecting the dilated seminiferous
tubules, resulting in a higher probability of finding sperm
(Schlegel, 1999).
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Clomiphene citrate is a well-established agent that has
been described to empirically treat idiopathic oligosper-
mia (Sigman and Jarow, 2003). Clomiphene citrate in-
creases pituitary secretion by blocking the feedback in-
hibition of estradiol, thus increasing serum follicle-stim-
ulating hormone (FSH) and luteinizing hormone (LH)
levels, with the latter gonadotropin stimulating the testic-
ular synthesis of testosterone. Numerous studies report
improvement in semen quality and increased pregnancy
rates among the partners of men in whom clomiphene
citrate was administered (Check et al, 1989). The objec-
tive of this investigation was to determine if the appli-
cation of clomiphene citrate in males with nonobstructive
azoospermia may result in sufficient sperm for ICSI, ei-
ther by resulting in sperm identified in the ejaculate or
potentially increasing the probability of successful sur-
gical testicular sperm extraction.

Materials and Methods
The study was conducted between June 2001 and June 2002 at
3 institutions. Subjects were recruited from the Minia Infertility
Research and Treatment Unit, El-Minia University, Egypt and
the IVF and Infertility Center, Gulhane Military Medical Faculty,
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Figure 1. Distribution of histopathologic patterns on initial biopsy.

Table 1. Initial clinical characteristics in the patient population

Minimum Maximum Mean 6 SD

Age (y)
Right testis size (mL)
Left testis size (mL)
FSH (mIU/mL)*

22.0
10.2
10.4
0.80

39.0
28.6
27.3
18.0

29.6 6 4.54
18.6 6 4.52
18.4 6 4.07
7.21 6 7.85

* FSH indicates follicle-stimulating hormone.

Table 2. Seminal parameters in patients manifesting ejaculated
sperm subsequent to clomiphene citrate therapy

Seminal Parameter Minimum Maximum Mean 6 SD

Density (million/mL)
Motility (%)
Total motile count (million)

1.0
0.0
0.0

16.0
40.0
11.2

3.81 6 4.99
20.8 6 16.4
2.56 6 3.92

Ankara, Turkey. Data analysis was performed by the Division
of Andrology, Department of Urology, University of Illinois at
Chicago. Patients with nonobstructive azoospermia diagnosed by
testis biopsy and who were referred from other centers were
included if they remained azoospermic at an average of 6–10
semen analyses for at least 12 months. We re-evaluated those
patients with routine history and physical examination. At min-
imum, 2 semen analyses were performed in each patient, with
centrifugation of the specimen and microscopic examination of
the pellet to confirm azoospermia. Morning plasma testosterone
and FSH assays (enzyme-linked immunoabsorbent assay [Sorim]
method at El-Minia University Central Laboratory, El-Minia,
Egypt, and Gulhane Military Medical Laboratory, Ankara, Tur-
key) were performed in each patient. After microscopic exami-
nation of previously performed testicular biopsy for each patient
was undertaken by a single investigator in each center, 42 pa-
tients (age range, 25–39 years) with nonobstructive azoospermia
due to hypospermatogenesis or maturation arrest at the levels of
spermatocytes and spermatids were selected. Histopathologic di-
agnosis was based on the predominant histology. Patients with
Sertoli cell–only syndrome and testicular malignancy noted in
the biopsy were excluded from the study, as were patients with
varicocele and those receiving chemotherapy or radiotherapy.
Patients with contraindications to clomiphene citrate such as se-
vere depression, hepatic impairment, and heart failure were also
excluded.

Clomiphene citrate was administered to azoospermic patients,
with hypospermatogenesis and maturation arrest noted on testic-
ular biopsy with an initial dose of 50 mg every other day. After
a minimum of 2 weeks, plasma testosterone was assayed. The
dose of clomiphene citrate was titrated in increments of 25 mg
every other day (eg, daily alternating 50 mg/25 mg, then 50 mg
daily, then daily alternating 50 mg/75 mg, then 75 mg daily)
until morning serum testosterone was determined to be between
600 ng/dL and 800 ng/dL. In cases where the serum testosterone
was noted to exceed 800 ng/dL, the dose of clomiphene citrate
was decreased to 50 mg every third day. The lower limit of
serum testosterone (600 ng/dL) was chosen as twice the lower
limit of the Federal Drug Administration’s (FDA) normal range
(300–1000 ng/dL), and the upper limit (800 ng/dL) was chosen
as a margin of safety of 200 ng/dL under the upper limit of the
FDA’s normal range.

Duration of treatment ranged from 3 to 9 months (mean du-

ration of treatment, 5.15 6 2.38 months). In cases where the
serum testosterone was noted to exceed 800 ng/dL, the dose of
clomiphene citrate was decreased to 50 mg every third day. Se-
men analyses were performed at periodic intervals. If at 6
months of treatment sperm was not noted in the ejaculate, tes-
ticular sperm extraction using an incisional testis biopsy tech-
nique and microdissection of the seminiferous tubules was per-
formed in an attempt to obtain testicular sperm for ICSI. His-
topathologic examination of the specimen was performed in a
sample of 15 patients who remained azoospermic after clomi-
phene citrate administration and compared with the biopsy per-
formed before treatment.

Ejaculated sperm outcomes were compared by subpopulation
characteristics including testicular volume, testosterone, FSH,
dose of clomiphene citrate, and duration of therapy using inde-
pendent sample Student’s t tests. Biopsy patterns of spermato-
genesis prior to and subsequent to clomiphene citrate adminis-
tration were compared using x2 analysis.

Results

As shown in Figure 1, hypospermatogenesis was noted in
the initial biopsy in 24 patients (57.2%), maturation arrest
was noted at the level of spermatocytes in 9 patients
(21.4%), and maturation arrest was noted at the level of
spermatids in 9 patients (21.4%). Table 1 delineates clin-
ical characteristics including patient age, testis volume,
and FSH. Mean age was 29.6 6 4.5 years, mean right
testicular volume was 18.6 6 4.5 mL, mean left testicular
volume was 18.4 6 4 mL, and mean FSH was 7.21 6
7.85 mIU/mL. Of the 42 patients, in 18 patients (42.9%)
initial testosterone level was less than 300 ng/dL.

After clomiphene citrate therapy, 27 (64.3%) of the pa-
tients demonstrated sperm in their semen analysis with
densities ranging from 1 to 16 million sperm/mL. Mean
sperm density in these patients was 3.8 million/mL, mean
motility was 20.8%, and mean total motile count was 2.6
million (Table 2). One partner achieved spontaneous preg-
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Figure 2. Biopsy histologic patterns prior to and subsequent to clomi-
phene citrate therapy.

Table 4. Seminal outcomes by initial biopsy pattern*

Initial Biopsy Result Azoospermic Sperm in Ejaculate

Maturation arrest
Level of spermatids
Level of spermatocytes

Hypospermatogenesis
Total

11 (61.1%)
2 (22.2%)
9 (100%)
4 (16.7%)

15 (35.7%)

7 (38.9%)
7 (77.8%)
0 (0%)

20 (83.3%)
27 (64.3%)

* Chi square, P , .0005; Cramer phi, r 5 0.70.

Table 3. Semen outcomes after treatment stratified by patient age, testicular volume, serum FSH, final clomiphene citrate dose after
titration, and duration of clomiphene citrate treatment

Clinical Feature
Semen Outcomes After Clomiphene

Citrate Treatment Mean 6 SE P

Age (y)

Right testis size (mL)

Left testis size (mL)

Patients remaining azoospermic
Patients demonstrating sperm
Patients remaining azoospermic
Patients demonstrating sperm
Patients remaining azoospermic
Patients demonstrating sperm

32.00 6 4.43
29.09 6 4.55
17.25 6 3.85
18.59 6 3.66
17.13 6 3.23
18.15 6 3.41

.081

.322

.404

FSH (mIU/mL)

Clomiphene citrate dose (mg/d)

Clomiphene citrate duration (mo)

Patients remaining azoospermic
Patients demonstrating sperm
Patients remaining azoospermic
Patients demonstrating sperm
Patients remaining azoospermic
Patients demonstrating sperm

9.75 6 13.27
6.94 6 4.26

31.25 6 14.60
20.46 6 20.62
3.81 6 0.69
5.90 6 2.22

.364

.119

.010

nancy (3.7%), while the remainder underwent IVF or
ICSI with ejaculated sperm. Fifteen (35.7%) of the pa-
tients remained azoospermic after clomiphene citrate ther-
apy, but sufficient sperm for ICSI was retrieved by tes-
ticular sperm extraction in all.

In those patients remaining azoospermic and in which
testicular sperm extraction was performed, simultaneous
biopsy was also performed for histopathologic analysis
and compared with initial biopsy results (Figure 2). A
statistically significant difference was noted subsequent to
clomiphene citrate therapy in patterns of spermatogenesis
toward those with higher probability to yield mature
sperm on surgical extraction (x2, P , .05; Cramer phi, r
5 0.52).

In those patients manifesting sperm in the ejaculate af-
ter clomiphene citrate therapy, semen outcomes were
stratified by patient age, testicular volume, serum FSH,
final clomiphene citrate dose after titration, and duration
of clomiphene citrate treatment (Table 3). No statistically
significant difference between patients manifesting sperm
in the semen analysis was noted by comparing patient

age, testicular volume, or serum FSH. Interestingly, al-
though no statistically significant difference was noted in
outcomes when final clomiphene citrate dose was com-
pared, a longer duration of clomiphene citrate therapy was
associated with a greater likelihood of finding sperm in
the ejaculate (P 5 .010). This finding argues that as long
as the dose of clomiphene is titrated to a serum testos-
terone between 600 ng/dL and 800 ng/dL, the final dose
is not as consequential as the duration of therapy, with
longer treatment durations favored.

Semen outcomes after clomiphene citrate treatment in
all patients are delineated in Table 4 by initial testis bi-
opsy result. The finding of sperm in the ejaculate subse-
quent to clomiphene citrate was highly correlated to initial
testis histologic pattern (chi square, P , .0005; Cramer
phi, r 5 .70). In cases of hypospermatogenesis, 83.3% of
patients had sperm in their ejaculate after clomiphene cit-
rate treatment, while 16.7% remained azoospermic. How-
ever, although 77.8% of patients with maturation arrest at
the level of spermatids manifested sperm in their ejaculate
after treatment, no patient with maturation arrest at the
level of spermatocytes did so.

Discussion

Coupled with surgical retrieval of testicular sperm, intra-
cytoplasmic injection represents the only currently avail-
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able treatment for patients with nonobstructive azoosper-
mia (Devroey et al, 1995; Silber et al, 1995). Surgeons
may use one of a number of specific techniques to retrieve
testicular spermatozoa including open or percutaneous bi-
opsy, fine-needle aspiration, and microsurgical extraction
(Friedler et al, 1997; Sheynkin et al, 1998; Sigman and
Jarow, 2003). Many surgeons consider fine-needle biopsy
to be the least invasive method of sperm retrieval. How-
ever, with the exception of the systematic multiple aspi-
ration approach described by Turek et al (1999), con-
trolled studies indicate that in patients with nonobstruc-
tive azoospermia who harbor scant testicular sperm, nee-
dle biopsy is much less likely to identify rare foci of
spermatogenesis than would an open procedure (Rosen-
lund et al, 1998).

In this study, we investigated the use of clomiphene
citrate to stimulate the presence of ejaculated sperm in
azoospermic men and, in those cases of persistent azoo-
spermia after treatment, to improve the probability of ob-
taining sperm by testicular extraction. The rationale for
this use of clomiphene citrate was based on its effect in
increasing endogenous gonadotropin-releasing hormone
secretion from the hypothalamus and gonadotropin-hor-
mone secretion from the pituitary, thus increasing intra-
testicular testosterone concentration, a fundamental re-
quirement for spermatogenesis. In a similar manner, many
investigators have described the use of clomiphene citrate
in cases of idiopathic male infertility (Check et al, 1989).

In 1993, J.W. Akin reported the case of an infertile
male with a deletion within the androgen receptor gene
who presented with nonobstructive azoospermia and, after
treatment with clomiphene citrate treatment, was found to
have sperm within his ejaculate. However, ICSI was not
available at that time and the ultimate goal of pregnancy
was not achieved, nor were there enough sperm present
to warrant an IVF attempt (Akin, 1993). In the current
study of patients with nonobstructive azoospermia, use of
clomiphene citrate allowed for both the appearance of
sperm in the ejaculate and, in those patients who re-
mained azoospermic after therapy, successful sperm re-
trieval for ICSI. After duration of therapy ranging from
3 to 9 months, 64.3% of patients manifested sperm in
their ejaculate. Sperm concentrations in these patients
ranged from 1 to 16 million sperm/mL, with a mean
sperm density of 3.8 million/mL and the partner of 1 pa-
tient achieving a spontaneous pregnancy. Ejaculates of the
remainder of these patients contained sufficient sperm for
either IVF or ICSI. In the 35.7% of patients who remained
azoospermic after therapy, enough sperm for ICSI was
retrieved by testicular sperm extraction in all of them.

A literature review revealed an overall success rate in
obtaining sperm in men with nonobstructive azoospermia
by conventional TESE to be 16.7% and, when a micro-
surgical approach was employed, 44.6% (Silber, 2000;

Okada et al, 2002). That clomiphene citrate use in the
current study resulted in ejaculated sperm in 64.3% of
cases and sperm was successfully retrieved in all cases
who remained azoospermic is likely due, at least in part,
to the exclusion of cases of Sertoli cell–only syndrome,
the normal mean testis size, and relatively lower FSH.
Our results are, thus, consistent with Okada et al (2002)
who reported the retrieval of spermatozoa by testicular
microdissection in 100% of patients with hypospermato-
genesis and 75% of patients with maturation arrest. Be-
cause of the relatively small number of our patients, we
are aware that further prospective randomized studies are
needed to assess the role of clomiphene in the treatment
of azoospermic patients.

In the current study, treatment with clomiphene citrate
resulted in significantly improved outcomes in cases of
hypospermatogenesis and maturation arrest at the level of
spermatids when compared with cases of maturation ar-
rest at the level of spermatocytes. After treatment, 83.3%
of patients with hypospermatogenesis and 77.8% of pa-
tients with maturation arrest at the level of spermatids
manifested sperm in their ejaculate, compared with no
patient with maturation arrest at the level of spermato-
cytes. In addition to the outcome of ejaculated sperm in
the current study, a significant difference was observed
after therapy in patients in whom testis biopsy results
were available before and after therapy in patterns of
spermatogenesis toward those with higher probability to
yield mature sperm on surgical extraction. This was dem-
onstrated by the findings of Tournaye et al (1996) who
noted a sperm recovery rate of 100% in cases of hypo-
spermatogenesis, 84% in maturation arrest at the level of
spermatids, and 76% in maturation arrest at the level of
spermatocytes.

In a literature review of the use of clomiphene citrate
in the treatment of idiopathic oligospermia, differing dos-
es and protocols are reported with the most common be-
ing 50 mg daily, 50 mg every other day, 25 mg every
other day, or 25 mg daily for 25 days followed by a drug-
free interval of 5 days (Emperaire et al, 1979; Ronnberg,
1980; Abel et al, 1982; Micic and Dotlic, 1985; Pusch et
al, 1986; Homonnai et al, 1988; Sokol et al, 1988). Out-
comes are variable. Some studies reported improvement
in sperm count after clomiphene treatment (Emperaire et
al, 1979; Ronnberg, 1980; Micic and Dotlic, 1985; Pusch
et al, 1986; Homonnai et al, 1988). Other studies failed
to identify any efficacy of clomiphene over placebo (Abel
et al, 1982; Micic and Dotlic, 1985; Sokol et al, 1988).
In the current study, no significant difference was noted
in outcomes relative to the dose of clomiphene citrate if
the dose was titrated to a serum level of testosterone be-
tween 600 ng/dL and 800 ng/dL.

Advantages of clomiphene citrate therapy prior to con-
sideration of testicular sperm extraction include that in
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those patients with sufficient sperm manifest in the ejac-
ulate for ICSI (64.3% in the current study) surgery is
obviated, that the likelihood of obtaining sperm is in-
creased if surgical extraction is necessary, and that the
therapy is relatively inexpensive compared with surgery.
A disadvantage of instituting clomiphene citrate therapy
prior to testicular extraction is the delay prior to ICSI
(ranging from 3 to 9 months in the current study, with
longer therapeutic durations favoring improved out-
comes), especially concerning partners of advanced ma-
ternal age. As with any protocol, treatment regimens are
always the individual choice of physician and informed
patient.

Conclusion

The current study offers a rational basis for the use of
clomiphene citrate therapy in cases of nonobstructive azoo-
spermia prior to surgical extraction of sperm for ICSI.
Based on our findings, in approximately two thirds of
patients without Sertoli cell–only syndrome, the physician
may expect sufficient sperm in the ejaculate for use in
artificial reproductive techniques, obviating the need for
scrotal surgery. In the one third of patients for whom
testicular sperm extraction is required, a greater likelihood
of obtaining sperm suitable for ICSI is achieved.
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