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Introduction

Summary

The clinical workup of the infertile male with azoospermia aims at determining
the aetiology and estimating the chances of finding spermatozoa by testicular
sperm extraction (TESE). To establish prognostic criteria, 1583 consecutive
patients with azoospermia consulting the Centre of Reproductive Medicine and
Andrology, Miinster, a tertiary referral centre, between 1976 and 2009 compris-
ing 9.8% of all patients providing a semen sample were included in this retro-
spective analysis. The frequencies of diagnoses were as follows: 21% genetic
causes (14% Klinefelter syndrome, 1% other chromosomal aberrations, 2%
Y-chromosomal microdeletions, 1% hypogonadotropic hypogonadism, 3%
congenital bilateral absence of the vas deferens), 31% current or former mal-
descended testes, varicocele, urogenital infections, 15% malignancies, 11%
obstructions, 7% endocrine or other chronic diseases and 12% idiopathic
azoospermia. Receiver-operating characteristic curves for chances of finding
spermatozoa by testicular biopsy were calculated for testicular volume, serum
follicle-stimulating hormone (FSH) and the seminal markers o-glucosidase,
fructose and zinc where these data were available (N = 283). Histograms of the
seminal markers comparing data from men with obstructive azoospermia and
normozoospermia visualize their discriminating power. Evidence-based thresh-
old values for high chances of positive testicular biopsy serving as surrogate
marker for TESE were derived from the subgroup of men with obstructive
azoospermia for testicular volume (=21 mL), FSH (<10 U/L) and seminal
a-glucosidase (<18 mU/ejaculate). Fructose and zinc could not predict the
chances of finding spermatozoa upon biopsy. Based on these three parameters,
positive biopsy and presumably TESE success can be quickly and reliably esti-
mated in everyday practice with the colour-coded figures constructed from
these data. As a seminal o-glucosidase reference limit of 18 mU/ejaculate
can also be used to diagnose congenital bilateral absence of the vas deferens,
a-glucosidase (rather than seminal fructose) should be determined as part of
the clinical routine when counselling patients before testicular biopsy.

by testicular sperm extraction (TESE) are essential for
counselling patients desiring paternity. However, predic-

Azoospermia, defined as the complete absence of sperma-
tozoa in the ejaculate [World Health Organization
(WHO), 1987, 1992, 1999)], is found in 5-15% of infertile
men (Jarow et al., 1989; Thonneau et al., 1991; Mazzilli
et al., 2000). Identifying the underlying aetiology of azoo-
spermia and predicting the chances of finding spermatozoa
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tions are often unreliable and a final answer can frequently
only be achieved by testicular biopsy (Schlegel, 2004).
Based on a large group of azoospermic patients, the aims
of this study were to provide an aetiological classification
of azoospermia contributing to understanding the patho-
physiology and to evaluate clinical, hormonal and
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biochemical parameters to predict the chances for sperm
retrieval from biopsies. We retrospectively investigated
1583 azoospermic patients of a period of over 30 years
who underwent a complete clinical workup including
medical history, physical examination and semen and
hormone analysis. A subgroup of 453 of them underwent
testicular biopsies. Here, we show that the measurement of
seminal o-glucosidase may improve the prognostic value
of testicular volume and follicle-stimulating hormone
(FSH) for finding spermatozoa in testicular biopsies and
consequently TESE success.

Materials and methods

Study population

The Centre of Reproductive Medicine and Andrology
(former Institute of Reproductive Medicine) is a tertiary
referral centre for male infertility and hypogonadism.
From the electronic database and patient record Andro-
base (Tuttelmann et al., 2006), of all patients consecu-
tively consulting from November 1976 to May 2009 who
provided at least one semen sample (N = 16 161), those
with azoospermia (N = 1583, 9.8%) were selected retro-
spectively. Infertile patients with normozoospermia
according to WHO (1987, 1992, 1999) consulting for cou-
ple infertility (N = 212) where all clinical parameters were
available were chosen for comparison. All subjects gave
written informed consent for scientific evaluation of their
clinical data. Scrotal contents had been investigated by
ultrasonography since 1988 (available for 86% of patients)
by applying a high-frequency 7.5-MHz convex scanner.
Testicular volumes were calculated for each side using
the ellipsoid method (Behre ef al., 1989) and totalled as
bi-testicular volume. Seven men with primary hypogona-
dism (19%), 29 with Klinefelter syndrome (13%) and 2 with
hypogonadotropic hypogonadism (6%) were on testoster-
one replacement therapy and 2 of the latter received
gonadotropins (6%) upon first evaluation. Diagnoses were
assigned after complete workup by trained andrologists.

Semen and hormone analyses and testicular histology

Azoospermia was defined as no spermatozoa in both rep-
licates of 1 : 10-diluted semen in the central grid of a
Neubauer chamber, followed by centrifugation of un-
diluted semen at 1000 g for 10 min and finding no sper-
matozoa in two 10-pL aliquots of the pellet. Seminal
plasma markers were analysed in sperm-free fluid
obtained by centrifuging semen at 1000 g for 15 min.
Semen volume was measured in a graduated collection
vessel to 0.1 mL accuracy. Neutral a-glucosidase, fructose
and zinc were measured by multi-well spectrophotometric
assays (WHO, 1987, 1992, 1999; Cooper et al., 1990a,b).
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Serum concentrations of luteinizing hormone (LH),
FSH and sex hormone-binding globulin (SHBG) were
included after March 1985 (available for 95% of patients),
when the method for gonadotropin determination chan-
ged from radioimmunoassay (RIA) to immunofluoromet-
ric assays (Autodelfia; Perkin Elmer, Freiburg, Germany).
Normal ranges for LH and FSH in our laboratory are
2-10 and 1-7 U/L, respectively. Serum testosterone (T)
was measured over this period with different assays (RIA,
luminescence immunoassay, enzyme-linked immuno-
assay) without changes in normal ranges (>12 nmol/L).
Free testosterone was calculated from total testosterone
and SHBG concentrations (Vermeulen et al., 1999).

Bilateral and multilocular (at least two sites per testis)
testicular biopsies were performed in 453 patients after
scrotal incision and preparation of the tunica albuginea
of the testis (Bergmann & Kliesch, 2009). Each biopsy
sample (about 5 mm in length and 2 mm in diameter)
was immediately fixed in Bouin’s solution for 10-24 h
and then washed in 70% alcohol. Paraffin sections of
4-5 um were stained with haematoxylin—eosin and peri-
odic acid-Schiff. Histological analysis included the evalua-
tion of all individual tubules of each side, noting the
number of tubules with elongated spermatids. Indication
for testicular biopsy was infertility and thus the biopsy
was routinely combined with TESE procedure (N = 284,
63%) and cryopreservation of testicular samples. In some
cases, merely diagnostic biopsies (N = 169, 37%) were
performed, for example, because of altered ultrasound
findings such as microlithiasis or former contralateral can-
cer. Histology was considered positive if at least one tubule
contained elongated spermatids and TESE was taken as
successful if at least one spermatozoon was found.

Genetic analyses

Karyotype analysis was performed when Klinefelter syn-
drome was suspected clinically (N = 644). The cystic
fibrosis (CF) transmembrane conductance regulator
(CFTR) gene was analysed if congenital bilateral absence
of the vas deferens (CBAVD) was assumed (N = 151).
Y-chromosome microdeletion screening was performed
in all patients visiting after 1996 who provided a DNA
sample (N = 1039).

Statistical analysis

Comparisons among groups were carried out using the
non-parametric Kruskal-Wallis test followed by Dunn’s
multiple comparison post hoc test. As multiple com-
parisons for the clinical parameters were performed,
p-level (two-sided) was set as 0.01. Frequencies were com-
pared by the Chi-squared test and p-values < 0.05 were
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considered statistically significant. All calculations includ-
ing receiver-operating characteristic (ROC) curves were
performed with GRAPHPAD Prism version 5.00 for Win-
dows (GraphPad Software, San Diego, CA, USA).

Results

Cohort description

The distribution of main diagnoses of the 1583 azoosper-
mic patients is shown in Table 1. The diagnosis ‘idio-
pathic azoospermia’ was applied when no explanation for
azoospermia could be found (12.3%). Maldescended

Table 1 Distribution of diagnoses of 1583 men with azoospermia
with genetic diagnoses highlighted (in grey)

Percentage® (total
number/histology

Clinical diagnosis available)

31.0 (491/160)
16.7 (264/97)
10.3 (163/33)
10.3 (163/42)
15.4 (244/45)
14.2 (225/42)

General andrological diagnosis®
Maldescended testis/testes
Varicocele
Urogenital infections

Chromosomal aberration
Klinefelter syndrome (47,XXY)

XX male 0.6 (9/1)
Translocation 0.3 (5/1)
Other 0.3 (5/1)
Malignancy 15.0 (237/44)
Non-testicular (lymphoma, leukaemia, sarcoma) 8.1(129/13)
Before gonadotoxic treatment 2.0(31/2)
After treatment 6.2 (98/11)
Testicular tumour 6.8 (108/31)
Before gonadotoxic treatment 4.0 (64/22)
After treatment 2.8 (44/9)

12.3 (195/81)
11.3(179/58)

Idiopathic azoospermia (no cause identifiable)
Obstruction

Vasectomy 5.9 (94/27)
CF, CBAVD 3.3 (53/27)
Other 2.0 (32/4)

Endocrine or other chronic disease (e.g. diabetes) 7.3 (115/31)

Primary hypogonadism 2.3(36/11)
Secondary (hypogonadotropic) hypogonadism 2.0 (32/2)
Kallmann syndrome 0.5 (8/0)
Isolated hypogonadotropic hypogonadism 0.4 (7/1)
Pituitary insufficiency after surgery 0.4 (6/0)
Other 0.7 (11/1)
Y-chromosomal deletion 1.7 27/17)
AZFa 0.1(2/2)
AZFb 0.1(2/2)

AZFc 1.2 (19/11)
Other 0.3 (4/2)
Other 1.7 (27/4)

2All frequencies in relation to complete cohort; °combinations of
diagnoses possible.

CF, cystic fibrosis; CBAVD, congenital bilateral absence of the vas
deferens; AZF, azoospermia factor.
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testes (16.7%), varicoceles (10.3%) and infections of the
genital tract (10.3%) were found frequently. A total of
225 patients with Klinefelter syndrome (14.2%) and 9 XX
males, together with some rare structural chromosomal
anomalies, constituted the group with chromosomal aber-
rations (15.4%) as a frequent cause of azoospermia. The
diagnosis of primary hypogonadism was provided when
low testosterone (<8 nmol/L) in conjunction with specific
clinical symptoms of androgen deficiency was found.
Oncological diseases were present in 15.0%, with non-
testicular tumours slightly more frequent than testicular
tumours (8.1% and 6.8%, respectively). Of the azoosper-
mic patients with malignancies, 40.1% (95/237) consulted
our clinic for cryopreservation of spermatozoa before
treatment. Altogether, 179 men (11.3%) suffered from
obstruction of their excurrent ducts with 94 (5.9%)
resulting from vasectomy; 53 men (3.3%) had proven
mutations of the CFTR gene and either CF with CBAVD
or CBAVD alone; 32 additional men had other (e.g.
surgically) proven obstructions; 7.3% had chronic dis-
eases (e.g. gynaecomastia, diabetes) and regularly took
medication which might have been cofactors for their
infertility. Secondary (hypogonadotropic) hypogonadism
(2.0%) - including Kallmann syndrome and isolated
hypogonadotropic hypogonadism (IHH) — and Y-chro-
mosomal deletions (1.7%) were the least frequent causes
of azoospermia. Details of patients with deletions of the
azoospermia factors (AZF) have been reported recently
(Simoni et al., 2008). Patients with a definite genetic
cause of azoospermia (chromosomal, CF/CBAVD, AZF
deletion or Kallmann syndrome/IHH) constituted 21.4%
(339) of the cohort.

Prediction of spermatozoa detection upon biopsy

When positive histology (at least one tubule with elon-
gated spermatids) and successful TESE were compared,
84% of cases with both information available (N = 284)
were in agreement (both negative in 78 and both posi-
tive in 161 cases); 9% and 7% had discrepant findings
with either only positive histology or only successful
TESE. As the majority of cases were in agreement, testic-
ular histology was further evaluated, of which a larger
amount of cases were available, and TESE success is used
synonymously.

Testicular histology, testicular volumes, FSH and the
seminal markers o-glucosidase, fructose and zinc of 283
patients without genetic and oncological causes of azoo-
spermia were available and used to construct ROC curves.
The predictive power of testicular volume [area under
curve (AUC): 0.68, p < 0.0001] was comparable with that
of FSH (AUC: 0.71, p < 0.0001) for finding spermatozoa
by testicular biopsy (Fig. 1A). Of the seminal markers
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Figure 1 Receiver-operating characteristic curves of serum follicle-
stimulating hormone (FSH) and testicular volume (A), seminal
a-glucosidase, fructose and zinc (B) in azoospermic men with
testicular histology available (N = 283) and seminal markers only in
men with serum FSH < 10 U/L (N = 90; C).

(Fig. 1B), only a-glucosidase could significantly predict
spermatozoa (AUC: 0.65, p < 0.0001), in contrast to fruc-
tose (AUC: 0.56, p =0.08) and zinc (AUC: 0.54,
p = 0.22). In addition, the frequency distributions (histo-
grams) of the seminal markers comparing data from men
with obstructive azoospermia (vasectomized men and
men with CBAVD) and normozoospermia show that only
a-glucosidase has discriminative power with only small
overlap of the cohorts (Fig. 2), whereas low seminal fruc-
tose is specific for CBAVD (Fig. 2B).

As recommended for setting one-sided reference limits
in clinical chemistry (Solberg, 2004), the 5th percentile of
testicular volume, corresponding to 21 mL, and the 95th
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percentile of FSH (10 U/L) in men with proven obstruc-
tive azoospermia (N = 179) were chosen as thresholds for
a high likelihood of spermatogenesis present in the testis.
When seminal markers were re-evaluated in men whose
parameters were within these thresholds (N = 90;
Fig. 1C), the predictive value of o-glucosidase increased
significantly (AUC: 0.81, p < 0.001), whereas fructose and
zinc still had no predictive power (AUC: 0.59, p = 0.31;
AUC: 0.58, p = 0.36, respectively). In this subgroup,
a-glucosidase had a 100% specificity to predict spermato-
zoa up to a threshold of 18 mU/ejaculate derived from
the ROC curve, which was close to the 95th percentile
calculated from men with obstructive azoospermia
(22 mU/ejaculate).

The thresholds for testicular volume, FSH and a-gluco-
sidase were also tested for patients with other diagnoses,
but only one patient with a translocation, one with Kline-
felter syndrome, three after chemotherapeutic treatment of
a testicular tumour and two of other malignancies, four
with secondary hypogonadism and two with AZFc dele-
tions fulfilled these criteria. Histology was only available
for the Klinefelter man with spermatozoa in his biopsy and
who was actually diagnosed as having low-grade mosai-
cism (47,XXY[1]/46,XY[29]). Of 79 patients, 77 could be
correctly predicted as having spermatozoa in their biopsy
(specificity 99%) independent of their diagnoses, albeit
with a low sensitivity of 38% (129 of 342 men not fulfilling
the criteria also had spermatozoa). Interestingly, 95% of
patients with CBAVD (36/38) also had a-glucosidase levels
<18 mU/¢jaculate.

For practical use, when counselling patients, colour-
coded tables depicting the chances of finding spermatozoa
in testicular biopsies were constructed from the same
cohort described before with testicular histology available
(N = 283), using the established threshold values and add-
ing some thresholds for testicular volume and FSH.
According to Fig. 3A, the chances for a single patient can
be well classified as high (>95% chance), medium or low
(<5%) if testicular volume and FSH are known. If the
a-glucosidase cut-off value of 18 mU/ejaculate is applied
in addition (Fig. 3B), the probability of finding spermato-
zoa increases for patients with higher testicular volume and
lower FSH levels, and decreases for those with lower testic-
ular volume and higher FSH levels, demonstrating that the
predictive value of these two parameters is sharpened by
a-glucosidase measurement. Therefore, adding a-glucosidase
increases the accuracy of prediction, providing an addi-
tional, evidence-based tool useful in patient counselling.

Discussion

This study, based on the largest cohort of azoospermic
patients reported so far, showed that azoospermia is
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Figure 2 Histograms of seminal a-glucosi- 5
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after vasectomy (N = 94), with congenital
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and with normozoospermia (N = 212).

present in about 10% of men consulting for infertility, a
value in concordance with previous reports (Jarow et al.,
1989). The aetiology of azoospermia in this cohort is
essentially comparable with that reported earlier by two
smaller studies based on 100 and 55 azoospermic men
(Fedder et al., 2004; Fogle et al., 2006) and also reflects
the specific scope of our centre with a high percentage of
Klinefelter patients and endocrine diseases. Klinefelter
syndrome was highly prevalent (14.2%), whereas 1.2% of
patients had other chromosomal aberrations, consistent
with the literature (Van Assche et al., 1996; Vincent et al.,
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2002). Details of the majority of the Klinefelter patients
and XX males have been given elsewhere (Kamischke
et al., 2003; Lanfranco et al., 2004; Vorona et al., 2007).
With 0.6% compared with >1% in other studies (Van
Assche et al., 1996; Vincent et al., 2002), autosomal aber-
rations may be underrepresented because of selection
bias, as karyotyping was mainly performed if Klinefelter
syndrome was suspected.

One cause of obstructive azoospermia is CF which results
in CBAVD (Popli & Stewart, 2007) and minor mutations
of the CFTR gene may cause isolated CBAVD in otherwise
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Figure 3 Chance of finding elongated spermatids upon testicular
biopsy in all patients (A; N =283) and only in men with seminal
a-glucosidase levels <18 mU/ejaculate (B; N = 75) colour coded and
given as percentage. Green squares without number have a calculated
chance of 100%, red squares of 0%, for practical reasons, these
should be considered as >95% and <5% chances, respectively. Grey
squares depict data not available.

healthy men. CBAVD is characterized by obstructive azoo-
spermia and low ejaculate volume, seminal plasma pH,
a-glucosidase and fructose (von Eckardstein et al., 2000).
As confirmed by this study, low values of these parameters
should lead to the suspicion of CBAVD and screening for
mutations of the CFTR gene in such men. Given the good
prognosis for TESE/ICSI (intracytoplasmic sperm injec-
tion), CFTR sequencing is essential because the offspring is
at high risk of developing the severe form of CF if the
female partner is also a mutation carrier.

Microdeletions of the Y-chromosome are found in up
to, or more than, 10%, depending on the study popula-
tions and methods (Simoni et al., 2008). The prevalence
in our complete cohort was below 2%, but would be cal-
culated as 4-5% if other causes of azoospermia had been
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excluded, as in other studies. Details of these men have
been given elsewhere (Simoni et al., 2008).

In total, a genetic cause for azoospermia was found in
about 21% of cases, which is a high proportion but still
probably an underestimation, as genetic analyses were not
performed in all azoospermic men, mainly because tests
were unavailable at earlier times. The lack of genetic anal-
yses in several cases is a limitation for the evaluations
concerning the biopsies as some patients considered ‘idio-
pathic’ may well carry genetic causes making this group
heterogeneous. However, with our retrospective design,
additional genetic analyses were not possible, but, in con-
trast, even the group of patients analysed genetically
remains heterogeneous until more — probably genetic —
causes are established in the future.

Being informed about the diagnosis of azoospermia is
regularly very frustrating for infertile patients, who will
then be counselled about the possibility of a testicular
biopsy, usually in conjunction with TESE, as the only
tool to try to achieve paternity. These men, confronted
with the decision whether to undergo surgery or not, reg-
ularly ask for their chances of success. When the chances
are high as, for example, in a man with CBAVD, the
patient will be more comfortable to undergo the proce-
dure and most probably a conventional biopsy is suffi-
cient. However, when his chances are low, he might be
referred to undergo microsurgical TESE (see next). Cur-
rently, no evidence-based algorithm exists to estimate
TESE success and to decide when to opt for microsurgi-
cal TESE. As the major outcome of this study, parameters
predicting the chance of finding spermatozoa by testicular
biopsy, which is a good surrogate marker for TESE suc-
cess, were identified. A subgroup of patients presented
herein has been previously analysed, but selection and
scope were different (Zitzmann et al., 2006). Testicular
volume or FSH alone is not sufficient as predictors for
finding spermatozoa upon TESE and, as in this study,
the concordance of positive histology and successful
TESE is high (Zitzmann et al., 2006). However, the diag-
nostic value of a-glucosidase in infertility workup
remains controversial (Krause & Bohring, 1999). This
study predicts high TESE success when using evidence-
based thresholds of testicular volume (20 mL), FSH
(10 U/L) and seminal o-glucosidase (18 mU/ejaculate)
derived from a group of vasectomized men and con-
firmed by ROC curves calculated from other patients
with biopsies. The analyses show a clear chemical-organ
system correlation of o-glucosidase with obstructions,
that is, high chances of sperm retrieval. Albeit low, the
predictive value of fructose might stem from distal
obstructions and zinc may be a marker of spermatogene-
sis (Yamaguchi et al., 2009). The a-glucosidase activity of
18 mU/ejaculate is almost identical to the lower reference
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value from fertile men (WHO, 1987, 1992, 1999; Cooper
et al,, 1991). If these cut-off values are applied to azoo-
spermic patients, these patients are clinically indistin-
guishable from proven obstructive azoospermic men and
can be considered as having a high chance of positive
histology/TESE. The chance of finding spermatozoa by
testicular biopsy can be predicted almost perfectly (posi-
tive predictive value 97%). The sensitivity, however, is
low and men not falling into these categories may also
have a fair chance of retrieving spermatozoa.

With the advance of microsurgical TESE (Schlegel,
1999), spermatozoa may be found even in Klinefelter
patients in up to 50% of cases (Schiff et al., 2005; Yarali
et al., 2009). To date, it remains unclear whether micro-
surgical TESE is favourable in any or only selected cases
(Donoso et al., 2007; Wald et al., 2007), but has definitely
been shown to yield better sperm retrieval rates when
FSH is high (Colpi et al., 2009; Ramasamy et al., 2009).
So far, no reliable marker(s) has (have) been described
that are able to predict TESE success in these primarily
‘low chance’ patients (small testes, high FSH): for exam-
ple, inhibin B is not established for clinical routine (von
Eckardstein et al., 1999), which is also the reason why it
is not currently measured in our patients and not avail-
able for evaluation in this study. Applying fine needle
aspiration mapping (Turek ef al., 2000), flow cytometry
(Yeung et al., 2007) or measuring serum antisperm anti-
bodies (Lee et al., 2009) and new seminal markers (Hesh-
mat et al., 2008; Roshdy & Mostafa, 2009) offer new
approaches to solve this problem.

Our goal was to establish evidence-based criteria to be
used when counselling patients about their chances of
positive testicular biopsy and TESE. As microsurgical
TESE has only been practised in recent years, it could not
be evaluated in this retrospective study. The colour-coded
figures presented here (Fig. 3) give an accurate estimate
and require only parameters which are regularly measured
in the workup of male infertility, that is, testicular volume
and serum FSH. We show that the accuracy of the predic-
tion can be further improved if seminal a-glucosidase is
included. A prospective study applying these thresholds is
now warranted to prove their usefulness under clinical
conditions. Especially in men without an established
cause for their azoospermia (patients with genetic and
oncologic causes were excluded from this analysis), the
three parameters in combination may serve as an accurate
tool to predict TESE success. Patients with primarily low
chances should, however, not be counselled against testic-
ular biopsy, but instead be referred to a specialized centre
performing microdissection (mTESE) increasing their
chances for sperm retrieval (see before). Aside from this,
the a-glucosidase cut-off of 18 mU/ejaculate predicted
CBAVD in over 95% of cases, making it an almost perfect

© 2010 The Authors

Azoospermia and chance of sperm retrieval

diagnostic criterion and rendering fructose determination
superfluous for this purpose.

Conclusions

The prevalence of azoospermia in patients consulting our
tertiary referral centre is high, around 10%. Genetic
causes can be found in 21% of these patients, underlining
the need for thorough genetic workup depending on the
clinical parameters. The evidence-based thresholds of tes-
ticular volume and serum FSH in conjunction with semi-
nal o-glucosidase discriminate between high and low
chances of finding spermatozoa by testicular biopsy.
Patients with predicted low chances should not be coun-
selled against a biopsy/TESE, but about the new tech-
niques available for sperm retrieval possibly increasing
their chances by using microsurgical TESE procedures.
a-glucosidase can also be used to diagnose CBAVD and
should be applied in clinical routine in favour of seminal
fructose before referring patients to TESE.

Acknowledgements

This work would not have been possible without the continuous
and highly appreciated efforts of physicians, scientists, students,
technicians and medical secretaries working at the institution for
over 30 years and making the data available electronically.
The language editing of Susan Nieschlag (MA) is gratefully
acknowledged. The study was supported by the Deutsche Fors-
chungsgemeinschaft grant TU 298/1-1.

References

Behre HM, Nashan D & Nieschlag E. (1989) Objective measurement of
testicular volume by ultrasonography: evaluation of the technique and
comparison with orchidometer estimates. Int ] Androl 12, 395-403.

Bergmann M & Kliesch S. (2009) Testicular biopsy and histology. In:
Andrology: Male Reproductive Health and Dysfunction (eds E Nieschlag,
HM Behre & S Nieschlag), pp. 155-167. Springer, Heidelberg.

Colpi GM, Colpi EM, Piediferro G, Giacchetta D, Gazzano G,
Castiglioni FM et al. (2009) Microsurgical TESE versus conventional
TESE for ICSI in non-obstructive azoospermia: a randomized
controlled study. Reprod Biomed Online 18, 315-319.

Cooper TG, Weidner W & Nieschlag E. (1990a) The influence of
inflammation of the human male genital tract on secretion of the
seminal markers alpha-glucosidase, glycerophosphocholine,
carnitine, fructose and citric acid. Int ] Androl 13, 329-336.

Cooper TG, Yeung CH, Nashan D, Jockenhéovel F & Nieschlag E.
(1990b) Improvement in the assessment of human epididymal
function by the use of inhibitors in the assay of alpha-glucosidase in
seminal plasma. Int ] Androl 13, 297-305.

Cooper TG, Jockenhovel F & Nieschlag E. (1991) Variations in semen
parameters from fathers. Hum Reprod 6, 859-866.

Donoso P, Tournaye H & Devroey P. (2007) Which is the best sperm
retrieval technique for non-obstructive azoospermia? A systematic
review. Hum Reprod Update 13, 539-549.

Journal compilation © 2010 European Academy of Andrology « International Journal of Andrology 33, 1-8 7



Azoospermia and chance of sperm retrieval

von Eckardstein S, Simoni M, Bergmann M, Weinbauer GF, Gassner
P, Schepers AG et al. (1999) Serum inhibin B in combination with
serum follicle-stimulating hormone (FSH) is a more sensitive
marker than serum FSH alone for impaired spermatogenesis in
men, but cannot predict the presence of sperm in testicular tissue
samples. | Clin Endocrinol Metab 84, 2496-2501.

von Eckardstein S, Cooper TG, Rutscha K, Meschede D, Horst ] &
Nieschlag E. (2000) Seminal plasma characteristics as indicators of
cystic fibrosis transmembrane conductance regulator (CFTR) gene
mutations in men with obstructive azoospermia. Fertil Steril 73,
1226-1231.

Fedder J, Cruger D, Oestergaard B & Petersen GB. (2004) Etiology of
azoospermia in 100 consecutive nonvasectomized men. Fertil Steril
82, 1463-1465.

Fogle RH, Steiner AZ, Marshall FE & Sokol RZ. (2006) Etiology of
azoospermia in a large nonreferral inner-city population. Fertil Steril
86, 197-199.

Heshmat SM, Mullen JB, Jarvi KA, Soosaipillai A, Diamandis EP,
Hamilton RJ er al. (2008) Seminal plasma lipocalin-type prostaglan-
din D synthase: a potential new marker for the diagnosis of obstruc-
tive azoospermia. J Urol 179, 1077-1080.

Jarow JP, Espeland MA & Lipshultz LI. (1989) Evaluation of the
azoospermic patient. J Urol 142, 62-65.

Kamischke A, Baumgardt A, Horst ] & Nieschlag E. (2003) Clinical
and diagnostic features of patients with suspected Klinefelter
syndrome. | Androl 24, 41-48.

Krause W & Bohring C. (1999) Why do we determine alpha-glucosi-
dase activity in human semen during infertility work-up? Andrologia
31, 289-294.

Lanfranco F, Kamischke A, Zitzmann M & Nieschlag E. (2004) Kline-
felter’s syndrome. Lancet 364, 273-283.

Lee R, Goldstein M, Ullery BW, Ehrlich J, Soares M, Razzano RA et al.
(2009) Value of serum antisperm antibodies in diagnosing obstruc-
tive azoospermia. J Urol 181, 264-269.

Mazzilli F, Rossi T, Delfino M, Sarandrea N & Dondero F. (2000)
Azoospermia: incidence, and biochemical evaluation of seminal
plasma by the differential pH method. Panminerva Med 42, 27-31.

Popli K & Stewart J. (2007) Infertility and its management in men
with cystic fibrosis: review of literature and clinical practices in the
UK. Hum Fertil 10, 217-221.

Ramasamy R, Lin K, Gosden LV, Rosenwaks Z, Palermo GD &
Schlegel PN. (2009) High serum FSH levels in men with
nonobstructive azoospermia does not affect success of microdissec-
tion testicular sperm extraction. Fertil Steril 92, 590-593.

Roshdy N & Mostafa T. (2009) Seminal plasma survivin in fertile and
infertile males. J Urol 181, 1269-1272.

Schiff JD, Palermo GD, Veeck LL, Goldstein M, Rosenwaks Z &
Schlegel PN. (2005) Success of testicular sperm extraction
[corrected] and intracytoplasmic sperm injection in men with
Klinefelter syndrome. J Clin Endocrinol Metab 90, 6263—6267.

Schlegel PN. (1999) Testicular sperm extraction: microdissection
improves sperm yield with minimal tissue excision. Hum Reprod
(Oxf, Engl) 14, 131-135.

F. Tattelmann et al.

Schlegel PN. (2004) Causes of azoospermia and their management.
Reprod Fertil Dev 16, 561-572.

Simoni M, Tittelmann F, Gromoll J & Nieschlag E. (2008) Clinical
consequences of microdeletions of the Y chromosome: the extended
Miinster experience. Reprod Biomed Online 16, 289-303.

Solberg HE. (2004) The IFCC recommendation on estimation of refer-
ence intervals. The RefVal program. Clin Chem Lab Med 42, 710-714.

Thonneau P, Marchand S, Tallec A, Ferial ML, Ducot B, Lansac ] et al.
(1991) Incidence and main causes of infertility in a resident popula-
tion (1,850,000) of three French regions (1988-1989). Hum Reprod
6, 811-816.

Turek PJ, Ljung BM, Cha I & Conaghan J. (2000) Diagnostic findings
from testis fine needle aspiration mapping in obstructed and nonob-
structed azoospermic men. J Urol 163, 1709-1716.

Tiittelmann F, Luetjens CM & Nieschlag E. (2006) Optimising work-
flow in andrology: a new electronic patient record and database.
Asian ] Androl 8, 235-241.

Van Assche E, Bonduelle M, Tournaye H, Joris H, Verheyen G,
Devroey P et al. (1996) Cytogenetics of infertile men. Hum Reprod
11(Suppl. 4), 1-24.

Vermeulen A, Verdonck L & Kaufman JM. (1999) A critical evaluation
of simple methods for the estimation of free testosterone in serum.
J Clin Endocrinol Metab 84, 3666—3672.

Vincent MC, Daudin M, De MP, Massat G, Mieusset R, Pontonnier F
et al. (2002) Cytogenetic investigations of infertile men with low
sperm counts: a 25-year experience. | Androl 23, 18-22; discussion
44—45.

Vorona E, Zitzmann M, Gromoll J, Schiiring AN & Nieschlag E.
(2007) Clinical, endocrinological, and epigenetic features of the
46,XX male syndrome, compared with 47,XXY Klinefelter patients.
J Clin Endocrinol Metab 92, 3458-3465.

Wald M, Makhlouf AA & Niederberger CS. (2007) Therapeutic testis
biopsy for sperm retrieval. Curr Opin Urol 17, 431-438.

World Health Organization. (1987, 1992, 1999) WHO Laboratory
Manual for the Examination of Human Semen and Sperm—Cervical
Mucus Interaction, 2nd, 3rd and 4th edn. Cambridge University
Press, Cambridge.

Yamaguchi S, Miura C, Kikuchi K, Celino FT, Agusa T, Tanabe S et al.
(2009) Zinc is an essential trace element for spermatogenesis. Proc
Natl Acad Sci USA 106, 10859-10864.

Yarali H, Polat M, Bozdag G, Gunel M, Alpas I, Esinler I et al. (2009)
TESE-ICSI in patients with non-mosaic Klinefelter syndrome: a
comparative study. Reprod Biomed Online 18, 756-760.

Yeung CH, Beiglbock-Karau L, Tiittelmann F & Nieschlag E. (2007)
The presence of germ cells in the semen of azoospermic, cryptozoo-
spermic and severe oligozoospermic patients: stringent flow cyto-
metric analysis and correlations with hormonal status. Clin
Endocrinol 67, 767-775.

Zitzmann M, Nordhoff V, von Schonfeld V, Nordsiek-Mengede A,
Kliesch S, Schiiring AN et al. (2006) Elevated follicle-stimulating
hormone levels and the chances for azoospermic men to become
fathers after retrieval of elongated spermatids from cryopreserved
testicular tissue. Fertil Steril 86, 339-347.

© 2010 The Authors

8 Journal compilation © 2010 European Academy of Andrology « International Journal of Andrology 33, 1-8



