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REVIEW

Male factor infertility and ART
Herman Tournaye
For years, the management and treatment of male factor infertility has been ‘experience’ and not ‘evidence’ based. Although not
evidence-based, current clinical practice involves extensive use of assisted reproductive techniques (ART). Where specific treatments are
not indicated or have failed, ART have become popular adjunctive treatments for alleviating male factor infertility. According to the limited
evidence available, intrauterine insemination (IUI) may be considered as a first-line treatment in a couple in which the female partner has a
normal fertility status and at least 13106 progressively motile spermatozoa are recovered after sperm preparation. If no pregnancy is
achieved after 3–6 cycles of IUI, optimized in vitro fertilization (IVF) can be proposed. When less than 0.53106 progressively motile
spermatozoa are obtained after seminal fluid processing or sperm are recovered surgically from the testis or epididymis, intracytoplasmic
sperm injection (ICSI) should be performed. Although the outcome of no other ART has ever been scrutinized as much before, no large-scale
‘macroproblems’ have as yet been observed after ICSI. Yet, ICSI candidates should be rigorously screened before embarking on IVF or ICSI,
and thoroughly informed of the limitations of our knowledge on the hereditary aspects of male infertility and the safety aspects of ART.
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INTRODUCTION
In contrast to women, only a limited number of men with primary
male factor infertility have potentially treatable conditions. Moreover,
meta-analyses show that current empirical medical treatments for
unexplained male infertility are not beneficial.1,2 However, assisted
reproductive techniques (ART) are perceived as being more successful
than any other empirical option. When non-empirical or specific,
well-defined treatments with proven benefit have not been successful
in a given individual with male factor infertility, ART may be used
as second-line therapy. In both circumstances, ‘unexplained’ and
‘explained’ male factor infertility, optimization of the female partner
is the first action to be taken. When empiric or specific treatment
improves sperm quantity or quality to a limited degree, but not
enough for natural conception, this may be enough to allow the use
of less intensive adjunctive techniques such as intrauterine insemination (IUI) or in vitro fertilization (IVF), and avoid intracytoplasmic
sperm injection (ICSI)—clearly, an often unappreciated benefit.
ART aims at increasing the probability of fertilization by bringing
the spermatozoa closer to (or even within) the oocyte(s), thereby
bypassing some functional deficits of the male gametes. IUI and
IVF– embryo transfer are the most popular techniques for treating
male factor infertility. In the latter, the rate of fertilization is enhanced
by microinjecting one single spermatozoon directly into the oocyte’s
cytoplasm, i.e. ICSI. ICSI allows the successful use of ejaculated, epididymal or testicular spermatozoa to obtain fertilization in vitro.
WHICH ART SHOULD BE USED TO CIRCUMVENT MALE
FACTOR INFERTILITY?
Defining when and which technique to choose remains an important
issue. Although good prospective evidence is lacking, often the choice

of which ART is employed to circumvent male factor infertility is
made according to sperm parameters, i.e., total motile count (TMC)
either before or after sperm preparation. TMC is the total number of
spermatozoa in the ejaculate or prepared sample (volume3concentration) multiplied by the percentage of progressive motile spermatozoa. If the native, unprocessed semen sample contains a TMC of at
least 13106–33106, corresponding to mild to moderate oligoasthenoteratozoospermia, IUI can be proposed as a first-line approach,
when at least 0.83106 motile sperm can be recovered after preparation, which will not always be the case in this subgroup.3
Compared with IVF with or without ICSI, there is good evidence that
IUI is a cost-effective treatment option that should be initiated before
more invasive and expensive treatment alternatives are offered.4,5 As a
recent meta-analysis has shown, in cases of male factor infertility, if the
post-processing TMC is ,13106, IUI has no benefit with little expectation of conception.3 Instead of IVF, ICSI or a combination of both, i.e. a
split set-up, may be the initial suggestion to the couple.
INTRAUTERINE INSEMINATION FOR MALE FACTOR
INFERTILITY
Although there are no studies available in the literature demonstrating
increased live-birth rates after IUI in male factor infertility, six randomized controlled trials (RCTs) showed a significant increase in pregnancy rates after IUI, compared to timed intercourse in cases of male
factor infertility.6 When used for unexplained infertility, ovarian
superovulation coupled with IUI will increase the pregnancy rate,
but level 1 evidence does not show this to be true when ovarian superovulation coupled with IUI is applied for male factor infertility.7–9
However, timing by either detecting the onset of the luteinizing hormone surge or administering human chorionic gonadotropin or
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recombinant human chorionic gonadotropin is beneficial (level 1
evidence).10 Both timing methods are of a similar value,11 but human
chorionic gonadotropin injection has to be performed when the
dominant follicle(s) reach a mean diameter of 16–18 mm and is followed by insemination 36–42 h later. When a spontaneous leutenizing
hormone peak is detected in serum, insemination has to be scheduled
24 h later, and when detected in urine, 18 h afterwards.
There is still some controversy whether a second insemination per
cycle increases the chances for conception. When combining the conclusions of six RCTs in regard to male factor cases, a double insemination strategy appears to be of some benefits. However, this
conclusion is suspect, as it is based upon one large RCT with extremely
high pregnancy rates per cycle and its conclusion is contradictory to
those from the five other RCTs, obviously casting some doubt on the
final recommendation.12
While good evidence is available that at least one million motile
spermatozoa have to be inseminated at IUI, limited evidence is available on how to prepare semen for IUI. A meta-analysis authored by
Boomsma et al.13 shows that, while gradient techniques yield the highest recovery rates, no semen preparation technique appears superior
when compared to others that are also in common use. Whether
exogenous agents used to promote sperm motility, sperm capacitation
and the acrosome reaction can improve the chances for conception
after IUI for male factor infertility also remains inconclusive. For
example, even the addition of platelet-activating factor, a signaling
phospholipid known to be involved in regulation of sperm-fertilizing
potential, to sperm wash used for IUI does not result in significantly
higher pregnancy rates.14
According to retrospective cohort studies, most pregnancies
achieved with IUI in women under 37 years of age will occur during
the first 3–4 treatment cycles.15,16 While this highlights that female age
plays an important role in the success of IUI, including IUI for
male factor infertility,4,17,18 there are few data available exploring the
effect of paternal age on IUI outcome. For spontaneous conception,
increased paternal age has no profound effect whenever the female
partner is young, but time to pregnancy is reported to be longer when
compared to younger men.19,20 However, when the female partner is
also of advanced age, there seems to be a synergistic adverse effect of
paternal age, as reported in a large, retrospective, multicenter study.21
Retrospective data suggest that the synergistic effect described for
spontaneous conception may also exist in IUI, i.e. no age effect when
an older man and a young female partner employ IUI, but reduced
reproductive success when the female partner is older.22 Finally, a
recent retrospective study reported not only a decline in pregnancy
rate, but also an increased miscarriage rate after IUI in couples with
advanced paternal age. Although more than 17 000 IUI cycles were
analyzed, this study did not properly control confounding factors, and
hence, the conclusions are controversial.23
IVF OR ICSI FOR MALE FACTOR INFERTILITY
While IVF was introduced in the late 1970s as a treatment for tubal
infertility, it quickly became apparent that it was also an excellent
therapeutic option for male subfertility.24 It is important to heed the
advice of a few small RCTs, however, that caution against resorting to
IVF too early in the evaluation and management of male factor infertility. When early IVF is compared to conventional treatment, chances
of pregnancy achievement may not be improved, and total costs may
be higher.4,25,26 It is reasonable, therefore, to escalate treatment to IVF,
when no conception has occurred after 3–4 IUI cycles in couples with
moderate male factor subfertility with at least one million motile
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sperm after semen preparation. A larger question arises, however,
‘For male factor infertility, is there still a role for IVF in the era of
ICSI?’.
The prevalence of complete fertilization failure after conventional
IVF is reported to be as high as 50%.27,28 Complete fertilization failure
is an unwanted event not only because of the obvious (no hope of
pregnancy that cycle) impact on the couple, but also because of the
negative, distressing, psychological impact on the couple. The causes
of total fertilization failure during standard IVF are related to either
oocyte, sperm or laboratory factors; this is also true for ICSI cycles in
which complete fertilization failure occurs in less than 3% of started
cycles.29 Although ICSI has been put forth as the most robust technique for achieving fertilization in an IVF program, the aim of reproductive medicine and the specialists that practice it should always be to
use the simplest and least expensive procedure with the greatest longterm chance of healthy children (Figure 1).
The cutoff values used to decide between conventional IVF and ICSI
are generally experience-based. As for IUI, the TMC (in the native
semen sample or after sperm preparation) and sperm morphology
(strict criteria) have been used as criteria for determining if conventional IVF treatment will be recommended to the couple. In this
regard, Kastrop et al.30 proposed a minimum motile count of at least
one million spermatozoa in the native semen sample. Other authors
use the motile progressive count after sperm preparation as their
criterion, with suggested lower limits of one million31 to 0.5 million
progressive motile spermatozoa32 or even 0.2 million motile progressive spermatozoa.33 When morphology is used as a guage, 5% normal
forms is the cutoff value, below which poor fertilization after conventional IVF is anticipated.34 Occasionally, a combination of morphology and motile count is analyzed. Plachot et al.35 propose that at least
0.5 million normal, progressively motile sperm per milliliter must be
present in the ejaculate in order to recommend conventional IVF.
Contemporary strategies for deciding between IVF and ICSI are either
formulated using these experience-based, preset cutoff values or created with the assumption that ICSI is the more robust insemination
technique. A meta-analysis focusing only on border-line oligoasthenoteratozoospermia concluded that whether fertilization occurs or
not during standard IVF is highly dependent on the numbers of motile
spermatozoa used for insemination.36 Subanalysis of three RCTs in
which a high insemination concentration was used could not show any
significant benefit of ICSI over IVF. Although the current evidence is
limited, the conclusion of independent two meta-analyses calls for
caution when promoting ICSI for moderate male factor infertility.36,37
Before ICSI was introduced, sperm function tests were used in an
attempt to test the fertilizing potential. While sperm function tests can

Figure 1 Intracytoplasmic sperm injection.
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identify certain deficiencies of sperm function, they are subject to both
inter- and intra-observer variability and show limited sensitivity. A
recent paper critically reviewed their use in ART.38 Therefore, in the
ICSI era, their role became obsolete and many of these tests are now
categorized as ‘research procedures’.39
An alternative strategy for making the IVF or ICSI choice is to treat
long-standing moderate male factor infertility with a split IVF–ICSI
cycle, in which sibling oocytes are either inseminated conventionally
or micro-injected. Although there is still inconclusive evidence on the
role of this tactic, a split IVF–ICSI approach may prevent complete
fertilization failure in 1 out of 4 cycles where conventional IVF is
applied for moderate male factor infertility and where even a high
insemination concentration is applied.40,41
ABSOLUTE INDICATIONS FOR ICSI IN MALE FACTOR
INFERTILITY
Although there is no good clinical evidence available, there are well
accepted, absolute indications for ICSI: use of surgically retrieved testicular and epididymal sperm, use of immotile, but viable, ejaculate
spermatozoa (e.g. flagellar dyskinesia and immotile cilia syndromes)
and use of round-headed spermatozoa (globozoospermia). In addition, some authors believe that the presence of significant levels of
antisperm antibodies is an indication to always perform ICSI,42,43 despite a recent meta-analysis concluding that there is no benefit of ICSI
over IVF in cases of antisperm antibody-mediated male factor infertility.44 For cryopreserved sperm from cancer patients, no prospective
comparative studies pitting the use of IVF versus ICSI are available in
the literature. However, based on retrospective case series, it may be
prudent that for most of these patients, given the poor quality of sperm
cryopreserved, the post-thaw sperm damage that may occur and the
limited numbers of spermatozoa available, ICSI should be the method
of choice when assisted reproduction is indicated.45–48
Complete asthenozoospermia, i.e., 100% immotile spermatozoa in
the ejaculate, is reported at a frequency of one out of 5000 men. It is
extremely important to determine the underlying etiology, e.g., primary
ciliary dyskinesia (spermatozoa are immotile but viable) or necrozoospermia (spermatozoa are non-viable as may occur in near-complete
occlusion of the vas or ejaculatory ducts). In the former category,
electron microscopy is the gold standard to diagnose specific sperm
defects.49 Correction should be carried out when possible (e.g., transurethral resection of the ejaculatory ducts in partial ejaculatory duct
obstruction). Injection of uncharacterized immotile sperm makes fertilization after ICSI unpredictable and decreases both fertilization and
pregnancy rates.50,51 When no motile spermatozoa are found in the
ejaculate, the patient should produce a second ejaculate. In most
patients, the second semen sample often contains a few motile spermatozoa for use with ICSI. In patients with absolute asthenozoospermia, even after extensive processing of the semen specimen(s), different
strategies can be applied to improve ICSI outcome. Immotile but vital
spermatozoa may be selected by a hypo-osmotic swelling test. Since the
hypo-osmotic swelling test depends, in part, on the sperm tail membrane, it is not very useful when there are anatomical sperm tail deficiencies, functional sperm tail and flagellar defects.52 Apart from the
hypo-osmotic swelling test, additional corrective measures can be
tried, such as exposure of the sperm to pentoxifylline, application of
laser-assisted immotile sperm selection or the use of a birefringence
PolScope.52 If only dead sperm are present in repeated ejaculates
(necrozoospermia), viable spermatozoa may be recovered from a testicular biopsy, and lead to normal fertilization and pregnancies after
ICSI.53

Globozoospermia is an uncommon cause of male sterility, affecting
0.1% of all patients suffering from male infertility, and is characterized
by the complete absence of the acrosomal vesicle, i.e. acrosomal aplasia
or agenesis, hence the synonym round-headed sperm.54 Globozoospermia is the morphological end result of disturbed spermiogenesis and, recently, genetic etiologies have been described.55,56 Various
case reports have detailed the birth of ICSI-conceived offspring using
round-headed acrosomeless spermatozoa, but in consecutive case series, the results after ICSI are poor and unpredictable, even when artificial oocyte activation with calcium ionophore is applied.57
Apart from globozoospermia and structural abnormalities involving the midpiece or sperm tail, as mentioned above, the impact of
teratozoospermia on the outcome after ICSI remains limited. Minor
structural defects may be diverse and not present in all spermatozoa.
Hence, functional spermatozoa will likely be injected in at least a
portion of the oocyte pool and create a variable number of morphologically good-quality embryos and healthy offspring. A meta-analysis
of studies focusing on teratozoospermia concluded that no decrease in
the probability of conception is observed after ICSI using sperm from
men with isolated teratozoospermia.58 However, when only embryos
resulting from ICSI using morphologically abnormal spermatozoa are
transferred, implantation rates are lower.59
Loss of DNA integrity may also have an impact on ICSI outcome.60
Unfortunately, there are no real-time methods available to discard
spermatozoa with ultrastructural tail deficiencies, DNA damage or
chromosomal instability. Yet novel methods to improve selection of
spermatozoa for ICSI have been introduced. In the technique of intracytoplasmic morphologically selected sperm injection, spermatozoa
are selected by high-power magnification (about 36000). Based
on the few studies available in the literature, a recent, albeit premature, meta-analysis concluded that intracytoplasmic morphologically
selected sperm injection may significantly improve implantation and
pregnancy rates while also reducing miscarriage rates after ICSI.61
Finally, a technique that depends on binding of spermatozoa to
solid-state hyaluronan has been introduced in an effort to select
mature spermatozoa with lower levels of chromosomal instability
for use in conjunction with ICSI.62 Since the bound mature spermatozoa have to be ‘harvested’ from a Petri dish coated with solidstate hyaluronan, this selection method has been named ‘PICSI’.
Unfortunately, to date, no data from RCTs are available in order to
evaluate the benefit from this novel method.
AZOOSPERMIA AND ICSI
ICSI has changed the treatment of some forms of azoospermia completely. In patients with obstructive azoospermia in whom surgical
correction is not possible or has failed, spermatozoa may be recovered
from either the epididymis or the testis. Different surgical techniques
including microsurgical epididymal sperm aspiration, percutaneous
epididymal sperm aspiration, testicular sperm extraction (TESE), testicular sperm aspiration and fine-needle aspiration of the testis have
all been described.63 A Cochrane meta-analysis on surgical sperm
retrieval techniques concludes that there is insufficient evidence to
recommend any specific sperm retrieval technique and that the least
invasive technique should be used.64
Aspiration methods are usually simple and less invasive, and can be
repeatedly performed under local anesthesia. In men with normal
spermatogenesis, e.g., men with an irreparable vasectomy or postinfectious obstruction, or men with congenital absence of the vas
deferens, motile spermatozoa can be harvested from either the epididymis or the testis. When epidydimal sperm are to be obtained,
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motile fractions must be recovered, i.e., spermatozoa with very low
levels of DNA damage, so as not to jeopardize the success rate of the
coincident ICSI cycle. When motile spermatozoa are used, no differences in fertilization rates or live-birth rates are observed between
epididymal and testicular sperm used for ICSI,65 but epididymal spermatozoa can be more easily cryopreserved. As for ejaculated sperm,66
in terms of the live-birth rate, there are again no differences between
using cryopreserved epididymal or using fresh epididymal sperm for
ICSI.64 Therefore, when cryopreservation is required, percutaneous
epididymal sperm aspiration is the method of choice, followed by
TESE, whenever percutaneous epididymal sperm aspiration fails.
When cryopreservation is not required, fine-needle aspiration can
be performed, being a minimally invasive ‘no-scar’ technique.
For men suffering from non-obstructive azoospermia (NOA) in
need of ICSI, TESE is the best choice to recover sperm, as it provides
the highest sperm recovery rate. Although technically more demanding, a benefit may be seen with a microsurgically guided technique, i.e.,
micro-TESE. Retrieval rates in non-obstructive azoospermic patients
are between 40% and 50%. However, they vary between reports
because of re-allocation of successful patients or inclusion of patients
with hypospermatogenesis and patients with slightly elevated folliclestimulating hormone levels with no confirmatory histological diagnosis available. Even in men persistently azoospermic after cancer
treatment, including ablative chemotherapy, testicular spermatozoa
may be recovered for ICSI.67 Lastly, in adult azoospermic 47,XXY
Klinefelter patients, spermatozoa can be recovered for ICSI.68,69
Apart from a multiple biopsy approach, the most important factor
to improve sperm recovery from testicular specimens is the microscopic assessment of the wet preparation and the concomitant application of erythrocyte-lysing buffer and/or enzymatic digestion.70,71
In men with NOA, including 47,XXY males, there is controversy on
the timing of TESE relative to the cycle of ICSI.72 Since not all cryopreserved TESE samples will yield spermatozoa for ICSI after thawing,73 it may be preferable to perform the sperm retrieval on the day of
oocyte pick-up. However, since more than half of NOA men will not
have sperm recovered, except when undergoing repeat TESE,74
a pointless ovarian stimulation and oocyte aspiration will occur.
Recovering sperm by TESE the day before oocyte aspiration must also
be avoided, because testicular sperm may accumulate DNA damage
overnight and should thus be injected without delay.75 If couples
accept ICSI with donor sperm as a back-up, then TESE can be scheduled on the day of oocyte aspiration. Alternatively, unfertilized oocytes
can now be safely cryopreserved for ICSI using donor sperm at a later
stage.76
OUTCOMES AFTER ICSI
In order to provide ICSI candidate couples a more accurate prognosis,
they should be preferentially informed about cumulative live-birth
rates. Unfortunately, there are only a few large studies with cumulative
live-birth rates as an outcome measure. According to them, about 60%
of couples in whom the female partner is younger than 37 years of age
will achieve childbirth within 4 cycles.77,78 However, in women aged
over 37 years, this figure decreases to 20%.79 Studies reporting on
cumulative delivery rates in couples where testicular sperm was used
are even more scarce. In couples in whom the male partner suffers
from obstructive azoospermia, the cumulative chance for a delivery
after 3 cycles is reported to be 35%, but without drop-out, this figure
would be expected to be around 50%.79 Men suffering from NOA
undergoing TESE are to be counseled that not only are the sperm
recovery rates limited but also the fertilization, implantation and
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conception rates are decreased compared to men with normal spermatogenesis.65,80 For example, Osmanagaoglu et al.81 reported that
the cumulative chance of fathering a child after 3 cycles was only 17%
in a group of men with NOA, once spermatozoa were obtained for
ICSI. When omitting the high drop-out rate of 75%, this figure was
still limited to 30%.81 Consecutive case series, reporting on the cumulative success rates in couples combining the TESE retrieval rate and
the ICSI delivery rate for couples with NOA, are unfortunately not
currently available in the literature.
Since its introduction, ICSI has generated much controversy concerning its safety, mainly because of concerns about potential damage
to the cytoskeleton and meiotic spindle from the process itself, deleterious modifications that may occur in genomic imprinting and
transmission of genetic risks carried by candidate patients.82,83
According to different cohort studies, the prevalence of major congenital malformations after ICSI is comparable to the major congenital malformation rate as reported for conventional IVF and,
reassuringly, even large-population studies.84–86 Moreover, because
of the greater scrutiny to which ICSI children are subjected, any difference between ICSI, IVF and spontaneous conception may not be
noteworthy. However, the mean sex chromosome aneuploidy rate
after ICSI (0.8%) is significantly higher than in the general population
(0.2%).87 Neither obstetric outcome of ICSI pregnancies nor child
development of ICSI offspring was different from conventional IVF
and not influenced by sperm origin or quality.88,89 When epididymal
sperm is used for ICSI, stillbirths or congenital malformations are not
more prevalent in comparison to IVF and ICSI using ejaculated sperm,
while cognitive development was also similar.90,91 While aneuploidy
screening on embryos obtained after ICSI for NOA showed increased
aneuploidy and mosaicism,92 and karyotypes of miscarriages occurring after TESE–ICSI showed higher aneuploidy rates than expected,93
the few publications focusing on the outcome of children born after
ICSI using testicular sperm conclude that no significant differences
exist between ICSI using ejaculated spermatozoa or ICSI using testicular spermatozoa in terms of birth weight, perinatal mortality and
major malformation rate.90,91,94–96 Subgroup analysis on children
born from men with NOA showed no increase in malformation and
early perinatal mortality rates in comparison to the rates observed in
ICSI children after using ejaculated sperm. Given the limited numbers
of children being evaluated and the doubts about the validity of data
from many reports because of potential bias, e.g., background risk
factors, comparison with fertile controls and overscrutinizing of
ICSI pregnancies, further follow-up is certainly recommended, and
both IVF and ICSI candidate parents should be informed about the
uncertainties concerning the safety of these techniques in regards to
their future offspring. In addition, candidate patients need genetic
testing prior to ICSI, not only for pure diagnostic reasons, but also
to prevent the transmission of genetic traits associated with their
infertility problem.
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