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INTRODUCTION

Azoospermia, the absence of spermatozoa
in the ejaculate, is common in the infertile male
population, occurring in 10%-20% of men
with abnormal semen data.1 Azoospermia was
first recognized more than 300 years ago when
Anthony van Leeuwenhoek observed in his let-
ters to the Royal Society in 1685 that animal-
cules seen under the optical microscope in hu-
man ejaculates were responsible for conception
and their absence led to infertility. These ani-
malcules were later termed spermatozoa. Up
until now, there has been no chance of preg-
nancy for couples in which the male partner
had permanent azoospermia except by the use
of donor insemination treatment.

The advent of intracytoplasmic sperm
injection (ICSI) in 19922 has enabled the treat-
ment of male infertility conditions considered
previously untreatable. These men who suffer
from azoospermia are now considered suitable
candidates for sperm retrieval by several dif-
ferent feasible techniques. Using the power-
ful tool of ICSI, the number of sperm neces-
sary for a successful treatment may be limited
to almost the number of oocytes obtained
from the female partner. For men with non-
obstructive azoospermia, retrieval of sperma-
tozoa from the testes and its utilization in as-
sisted reproduction techniques has provided
a fertilization capacity for this sperm that is
equal to that of sperm obtained from the epi-
didymis, thereby potentially producing viable
embryos and successful deliveries. Several dif-
ferent sperm retrieval techniques have been
described with almost the same results. Sper-
matozoa retrieved by percutaneous epididy-

mal sperm aspiration (PESA), testicular sperm
aspiration (TESA) or open biopsy for testicu-
lar sperm extraction (TESE) can fertilize hu-
man oocytes by ICSI, leading to pregnancy.

The purpose of this study was to evaluate
pregnancy and miscarriage rates in relation to
men with obstructive and non-obstructive
azoospermia, using TESA and PESA. Further-
more, we assessed the fertilization and preg-
nancy rates according to the status of the sper-
matozoa retrieved (motile or immotile).
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METHODS

This retrospective study was done in a
private center for assisted fertilization (“Fer-
tility”, São Paulo, Brazil) from January 1995
to December 1999. It was granted approval
by an authorized Ethics Committee. This in-
vestigation involved 108 consecutive men who
presented with obstructive and non-obstruc-
tive azoospermia, on whom a total of 144 re-
trieval procedures were performed. All of these
patients signed an informed consent form re-
garding all of the procedures, including the
authorization for their results to be shown in
scientific articles.

Of these procedures, 104 were TESA and
40 were PESA. Microsurgical procedures were
offered for patients with obstructive azoosper-
mia prior to the ICSI whenever possible. In
the beginning, TESA was the procedure of
choice in all cases, both obstructive and non-
obstructive. Later on, PESA was the first ap-
proach in obstructive patients, whereas TESA
was used when the former had failed.

A total of 63 patients with obstructive
azoospermia were included, on whom 82 pro-
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CONTEXT: Several sperm retrieval techniques are avail-
able for use on azoospermic men. Comparisons
between spermatozoa retrieved from the testicles
and epididymis in relation to pregnancy and mis-
carriage rates are not well established.

OBJECTIVE: To compare pregnancy and miscarriage
rates using sperm retrieved from the testes and
epididymis using intracytoplasmic sperm injection.
Furthermore, we evaluated the fertilization and
pregnancy rates according to the status of the
spermatozoa retrieved (motile or immotile).

DESIGN: Retrospective study.

SETTING: A private center for assisted fertilization.

PARTICIPANTS: One hundred and eight consecutive
patients who presented with azoospermia were
included in our study, on whom a total of 144
retrieval procedures were performed.

PROCEDURES: Of the 144 retrieval procedures,
104 were testicular sperm aspirations (TESA)
and 40 were epididymal sperm aspirations
(PESA). PESA was the first approach in obstruc-
tive patients (n = 68), whereas TESA was used
when the former failed. For non-obstructive pa-
tients (n = 40), TESA was the method of retrieval.

MAIN MEASUREMENTS: Pregnancy and miscar-
riage rates according to spermatozoa character-
istics (motile or immotile).

RESULTS: The number of cycles performed using sper-
matozoa retrieved from the testicles and epididymis
was 81 and 30, respectively. Motile spermatozoa
had higher fertilization (2PN) and pregnancy rates
compared to immotile spermatozoa (p < 0.05). Also,
motile spermatozoa had lower miscarriage rates
compared to immotile spermatozoa (p < 0.0001).
No differences were seen in pregnancy rates with
testicular spermatozoa (n = 28) compared to epid-
idymal spermatozoa (n = 13) (p = 0.1). However,
the miscarriages rates were higher in spermatozoa
retrieved from the testicles (n = 12) compared to
epididymis retrievals (n = 1) (p = 0.01).

CONCLUSIONS: Although pregnancy rates were simi-
lar when the intracytoplasmic sperm injection was
performed with spermatozoa retrieved from the tes-
ticles and epididymis, the use of testicular spermato-
zoa yields a significantly higher miscarriage rate. It
is possible that the higher miscarriage rate seen in
patients using spermatozoa retrieved from the tes-
ticles is linked to high genetic sperm abnormalities.
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cedures were performed (42 TESA + 40 PESA).
For non-obstructive patients (n = 44), TESA
(n = 61) was the method of retrieval. In one
patient who was unable to ejaculate, one TESA
was performed. Of the total of 63 patients with
obstructive azoospermia, 46 were post-vasec-
tomy (56 procedures) and 17 (26 procedures)
had other types of obstructions (8 epididymal
obstructions, 1 aspermia, 7 congenital absence
of the vas deferens, 1 after herniorrhaphy).

Forty-four patients (61 punctures) had
clinical evaluations and laboratory data indi-
cating non-obstructive azoospermia. A re-
trieval procedure was performed in one pa-
tient due to difficulties (stress) in obtaining
the semen specimen. All procedures were per-
formed on an outpatient basis, under local
anesthesia in the spermatic cord. A negative
pressure device was utilized with a 21-gauge
butterfly needle connected to a 20 ml plastic
syringe for TESA and a 27-gauge needle was
employed for PESA in the same way. The
needle was directed within the same puncture
to various sites of the testicle and epididymis
(TESA and PESA respectively), to aspirate the
maximum quantity of material possible, which
was transferred to a dish containing human
tubal fluid (HTF/HEPES) buffer. The sample
was further divided using two needles of one
ml (29-gauge) and examined under 400X
magnification in the microscope for the pres-
ence of sperm cells.

Discontinuous density gradients (isola-
tion) were used in all cases to separate sper-
matozoa and spermatids. The gradient scales
and compositions applied were three mini-
density gradients containing volumes of only
0.3-0.5 ml of different density gradient mate-
rials (50%, 70% and 85% isotonic solution).
After centrifugation (300 rpm), another me-
dium bath was made up (0.3 ml) into a pellet
containing spermatozoa. All metaphase II
oocytes were injected for ICSI according to
standard protocols.2 Statistical analysis using
the Student “t” test was used for comparing
the results, and p< 0.05 was considered statis-
tically different.
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RESULTS

A total of 144 cycles was available for this
study. Of these, 18 cycles were excluded, in
which neither spermatozoon nor spermatids
were found, and ICSI was performed using
donor spermatozoa. The remaining 126 cycles
had a total count of 2060 oocytes. Supple-
mentary results are shown in Table 1.

Spermatozoa were successfully obtained
from 112 cycles (94 motile and 18 immotile).
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Of 144 cycles, no spermatozoa were found in
14 of them; we found round spermatids in 13
cycles and elongated in one. In these cases,
these cells were injected into oocytes (ROSI,
injection of round spermatids and ELSI, us-
ing elongated spermatids).

When motile spermatozoa were injected,
higher normal fertilization (2PN) was ob-
tained and we were consequently able to note
higher pregnancy rates, in comparison with
immotile spermatozoa (p < 0.05).  Also, the
ICSI with motile spermatozoa provided lower

miscarriage rates in comparison with immo-
tile spermatozoa (p < 0.0001) (Table 1).

When sperm retrieval techniques were
compared (TESA vs. PESA, or testicular and
epididymal sperm), no differences in terms of
pregnancy rates were noted (n = 28; n = 13 /
p = 0.1, respectively). However, miscarriages
rates were higher in cases that used spermato-
zoa retrieved from the testicles, in compari-
son with retrievals from the epididymis for
ICSI (n = 12; n = 1/ p = 0.01, respectively)
(Table 2).

Table 1. ICSI results according to the type of sperm cell injected

Variables Immotile Motile ROSI + ELSI Total

Cycles 18  94  14 126
Total number of oocytes 290 1505 265 2060
Manipulated oocytes 223 1100 144 1467
Intact oocytes   199  992  107   1298
Fertilization 127 (64%) 730 (73.6%) 49 (46%) 906 (69.8%)
Normal fertilization (2PN) 106 (53%) 605 (61%) 31 (29%) 742 (57.2%)
Embryos transferred 84 312 23 419
Pregnancy rate (%) 6 (33.3%) 37 (39.3%) 2 (14%) 45 (35.7%)
Miscarriage rate (%) 5 (83%) 10 (27%) 2 (100%) 17 (37.7%)

No embryos were transferred in 10 cycles: six with no fertilization or morphologically abnormal embryos, and four in which all the embryos were
frozen. Pregnancy was achieved in 4 cycles using donor sperm.

Table 2. Pregnancy and miscarriage rates in relation to patients with testicular
and epididymal sperm in azoospermic patients

Variables TESA PESA P-value

Pregnancy 28 / 104 (26.9%) 13 / 40 (32.5%) 0.1
Miscarriage 12 / 204 (11.5%) 1 / 40 (2.5%) 0.01

p < 0.05 was considered significant.

Table 3. Cycles divided according to kind of azoospermia
and cells obtained by retrieval techniques

Motile spermatozoa Immotile ROSI Donor Total
spermatozoa ELSI semen

TESA PESA TESA
PESA

Obstructive 32 27 9 9 2 2 2 83

Spermatogenesis failure 26 - - 7 - 12 16 61

Total 58 27 9 16 2 14 18 144

Table 4. Pregnancy and miscarriage rates according to motility of spermatozoa

Motile spermatozoa Immotile spermatozoa

Testicle 65 cycles 16 cycles
22 pregnancies (33.8%) 6 pregnancies (37.5%)
7 miscarriages (10.8%) 5 miscarriages (31.2%)

Epididymis 29 cycles 2 cycles
13 pregnancies (44.8%) -
1 miscarriage (3.4%) -
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Obstructive and non-obstructive
azoospermia included, respectively, 83 and 61
ICSI cycles. Motile spermatozoa were found
in 65.3% of the total number of cycles. In
obstructive azoospermia, motile spermatozoa
were obtained in 81.9%, against 42.6% in
non-obstructive patients (p < 0.05) Table 3
shows other results from this viewpoint.

Our results shown in Table 4 give proof
that testicle spermatozoa can provide the same
pregnancy rates as can epididymal spermato-
zoa, and higher miscarriage rates than the lat-
ter (Table 4).
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DISCUSSION

The introduction of ICSI has resulted in
a great enhancement of fertilization and preg-
nancy rates in relation to patients with severely
reduced sperm quality.3 The availability of
ICSI enabled the first attempts at acetic fer-
tilization using epididymal or testicular sper-
matozoa in obstructive or non-obstructive
azoospermic patients, leading to viable preg-
nancies. According to the nature of the ICSI
procedure, all natural barriers of fertilization
are surpassed through direct injection of the
spermatozoon into the ooplasm. Thus, the
intracellular events can be initiated both
through ejaculation and otherwise, allowing
embryo cleavage and later development.

However, various factors affect ICSI re-
sults. These include the method of sperm re-
trieval, the maturity and motility status of re-
trieved gametes, the timing of sperm retrieval
in relation to oocyte collection and the possi-
bility of freezing the retrieved male gametes
for repeated use.4

In our study, the procedures for sperm
retrieval were efficient. Of the 144 ICSI cycles,
donor semen was employed in only 18 cycles
(12.5%), thus showing the real efficiency of
these techniques. According to our results, the
combination of ICSI with testicular or epid-
idymal spermatozoa seems to be a solution for
problems of severe male factor infertility in-
volving azoospermia.

PESA was more efficient in cases of ob-
structive azoospermia than in non-obstructive
ones. This fact is easily explained, because in
these cases the spermatogenesis process has
continued without any failure, producing
healthy haploid cells (spermatozoon).

One point that needs to be analyzed is in
relation to sperm motility. More motile sper-
matozoa (81.9% of the cases) were obtained
when the etiology of azoospermia was obstruc-
tive, probably because there was no impair-
ment of the spermatogenesis process in these

cases, in comparison with non-obstructive
azoospermia (42.6%).

It is known that the motility of spermato-
zoon used for oocyte injection is an important
predictive factor for successful fertilization by
ICSI.5, 6 In some cases, no motile spermatozoa
can be found in the sample. Even though fer-
tilization and pregnancy have been reported
after the injection of immotile spermatozoa, the
rates are lower when compared to the injection
of motile ones.7, 8 The causes of total absence
of sperm motility include the absence of dynein
arms9 as well as abnormalities in the microtu-
bule configurations of the sperm tail.10, 11 Such
alterations are hardly ever associated with im-
proper centrosome function. These organelles
are introduced by spermatozoa, during in vivo
or in vitro fertilization, and are responsible for
the formation of a zygotic centrosome and
sperm aster. Sperm astral microtubules elon-
gate throughout the cytoplasm until they come
into contact with the developing female pro-
nucleus that is translocated towards the
decondensing male pronucleus, allowing single
embryo formation. Abnormal cytoskeletal
events during human fertilization may be pro-
viding fertilization failures and abnormal em-
bryo development.12

Nevertheless, immotile sperm can be alive.
In order to differentiate dead spermatozoa
from viable but immotile spermatozoa, dif-
ferent techniques have been suggested for se-
lecting the spermatozoa used for the ICSI pro-
cedure. Sallam et al.13 proposed a simple and
practical method using hypo-osmotic solu-
tion, allowing for acceptable fertilization and
pregnancy rates. In that work, motile sperma-
tozoa (both epididymis and testicular) had
higher normal fertilization (2PN) and preg-
nancy rates compared to immotile spermato-
zoa, leading to the conclusion that spermato-
zoa with better motility are essential for nor-
mal oocytic fertilization.

An important finding in that study was
that, in the majority of the cases in which sper-
matozoa were present in the testicular biopsy,
it was possible to find motile spermatozoa. Al-
though in traditional thinking testicular sper-
matozoa are considered incapable of movement,
some earlier studies showed that spermatozoa
recovered from testes did display movement to
some extent.7 During the TESA procedure, in
addition to the epididymal capacitation, mo-
tile spermatozoa can be found in testicular
samples,5 especially in obstructed systems. In
these cases, it probably occurs because of pro-
longed confinement within the reproductive
tract, direct contact with refluxed epididymal
factors or retrograde migration of sperm after

contact with the epididymal environment. Fur-
thermore, chronic obstruction may also cause
adaptation of the testicular epithelium, which
allows the acquisition of intratesticular sperm
motility and maturation of fertilizing capacity
to occur. For long time,14 the success of epid-
idymal sperm aspiration in assisted reproduc-
tion techniques has been associated with a
higher proportion of motile spermatozoa.

In fact, not only is the fertilization rate
influenced by sperm quality but also the em-
bryo and blastocyst development,15-18 the im-
plantation and pregnancy rates, and even
spontaneous abortions,17 since the longest
cleavage stage is linked to embryonic genomic
activation.17, 19

As well as failing to obtain differences in
pregnancy rates with testicular or epididymal
spermatozoa, the miscarriage rate was higher
from spermatozoa retrieved from testes, in com-
parison to epididymis retrieval. It is probable
that the use of immature testicular spermato-
zoa from patients with normal spermatogen-
esis can impair the results, i.e. involving con-
cerns regarding genomic imprinting. While the
exact timing of the imprinting of events in hu-
man gametogenesis is still unclear, some specu-
lations have been made on the basis of indirect
evidence. Ariel et al.20 have reported that im-
printing is completed even after spermiation,
and some events continue to take place during
sperm transit from the epididymis.

Incidentally, since sperm quality might be
affected, we can speculate that genetic etiol-
ogy or damaged sperm DNA may be respon-
sible for our results in terms of further em-
bryo development. In fact, complex mecha-
nisms involving epididymal transport may be
beneficial for fertilization of human oocytes
and embryo developmental. 21,22

Another point related to PESA is the risk
of recovering only a few spermatozoa when
compared with TESA samples. Nevertheless,
in our group sufficient numbers of spermato-
zoa (based on oocyte numbers) were retrieved
from the epididymis, providing a good num-
ber of embryos for transfer. Fortunately,
emerging reproductive technologies and pre-
liminary results have provided some hope for
alternative sources of gametes, for when no
spermatozoa can be found via the testicular
or epididymal aspiration, with the result that
these infertile patients may finally be able to
conceive their own genetic child.

In this work, we used the injection of sper-
matozoa precursor in a few cases. Several in-
vestigators have reported pregnancies follow-
ing intracytoplasmic injection of elongated
(ELSI) and even round spermatids (ROSI).
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Pregnancies have also been reported using fro-
zen-thawed elongated and even round sperma-
tids. Elongated spermatids can be readily rec-
ognized morphologically, but round sperma-
tids are very difficult to identify. This may rep-
resent another chance for the couple before se-
men donation; however, larger studies are
needed. The rates of fertilization and pregnancy
using round spermatids have been disappoint-
ing.22,23 Indeed, it is still unclear whether elon-
gated or elongating spermatids provide much
greater chances for success than do round sper-
matids.  These cells cannot have the “sperm
factors” responsible for oocyte activation yet.
Thus, absent or abnormal oocyte activation can
result in fertilization failure or in chromosoma-
lly abnormal embryos.20-25

We concluded that ICSI associated with

sperm retrieval techniques should be employed
in assisted reproduction centers, since it al-
lows for good pregnancy rates in relation to
patients with azoospermia. On the basis of our
own results, in cases of obstructive azoosper-
mia, PESA must be the first option offered to
patients. If spermatozoa cannot be recovered,
TESA must be offered. However, we agree
with the literature with regard to female age:
this technique is not a suitable solution for
couples in which the female is older than 35
years of age. Since severe male factors are in-
volved in this question, the potential risk of
chromosomal abnormalities in the offspring
from these men should be borne in mind, and
genetic counseling (karyotyping)21,22 together
with preimplantation genetic diagnosis should
be offered to patients.
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CONCLUSION

Although pregnancy rates were similar
when ICSI was performed with spermato-
zoa retrieved from the testicles and epididy-
mis, the use of testicular spermatozoa yields
a significantly higher miscarriage rate. Efforts
should be made not only to find sperm, but
also to search for the best quality possible,
even if it means more time-consuming re-
trieval procedures, such as microsurgical
sperm aspiration (MESA) for obstructive
cases or microscopic guided testicular sperm
extraction for non-obstructive cases. It is
possible that the higher miscarriage rate seen
in patients with spermatozoa retrieved from
the testicles is linked to high genetic sperm
abnormalities.
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CONTEXTO: Técnicas de recuperação de
espermatozóides podem ser empregadas jun-
tamente com reprodução assistida em homens
azoospérmicos que desejam uma gestação.
Entretanto, comparações entre recuperação
de espermatozóides testiculares e epidi-
dimários em relação às taxas de gestação e
aborto não estão bem estabelecidas.

OBJETIVOS: O objetivo deste estudo foi com-
parar taxas de gestação e aborto em casais
submetidos à recuperação de espermatozóide
testicular e epididimário associada à técnica
de injeção intracitoplasmática de esperma-
tozóide. Além disso, avaliamos as taxas de
fertilização e gestação de acordo com o status
dos espermatozóides recuperados (móveis ou
imóveis).

TIPO DE ESTUDO: Estudo retrospectivo.
LOCAL: Centro privado de fertilização assistida.
PARTICIPANTES: Cento e oito homens

azoospérmicos foram incluídos em nosso es-
tudo, totalizando 144 ciclos de recuperação
espermática.

PROCEDIMENTOS: Do total de procedimen-
tos, em 104 procedeu-se à aspiração de
espermatozóides testiculares e em 40 a recu-
peração espermática ocorreu por aspiração
espermática epididimária. Esta foi o primei-
ro acesso em pacientes com azoospermias
obstrutivas (n = 68), enquanto a aspiração de
espermatozóides testiculares foi indicada nos
casos de falhas prévias da aspiração
espermática epididimária (nos pacientes com
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azoospermias obstrutivas) e em todos os ca-
sos com diagnóstico de azoospermias não-
obstrutivas (n = 40).

VARIÁVEIS ESTUDADAS: Taxas de gestação e
aborto de acordo com a origem e caracterís-
ticas do espermatozóide (móvel ou imóvel).

RESULTADOS: Oitenta e um e 30 ciclos foram
realizados com espermatozóides recuperados
de testículos e epidídimos, respectivamente.
Espermatozóides móveis resultaram em altas
taxas de fertilização (2PN) e gestação compa-
radas com espermatozóides imóveis (p < 0,05)
e baixas taxas de aborto comparados com
espermatozóides imóveis (p < 0,0001). Não
foi encontrada diferença significativa na taxa
de gestação com espermatozóides testicula-
res (n = 28) comparados com esperma-
tozóides epididimários (n = 13) (p = 0,1).
Entretanto, as taxas de aborto foram maio-
res com espermatozóides recuperados dos
testículos (n = 12) comparados com esperma-
tozóides epididimários (n = 1) (p = 0,01).

CONCLUSÕES: Apesar das taxas de gestação
serem semelhantes quando ICSI foi realiza-
da com espermatozóides recuperados dos tes-
tículos e epidídimos, neste estudo, o uso de
espermatozóide testicular produziu uma taxa
de aborto significativamente maior, provavel-
mente devido à presença de aberrações
cromossômicas nos espermatozóides.

PALAVRAS-CHAVE: Injeção intracitoplasmática
de espermatozóide. Azoospermia. Recupera-
ção espermática.


