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Surgical recovery of sperm in non-obstructive
azoospermia

Tomomoto Ishikawa

The development of intracytoplasmic sperm injection (ICSI) opened a new era in the field of assisted reproduction and revolutionized

the assisted reproductive technology protocols for couples with male factor infertility. Fertilisation and pregnancies can be achieved

with spermatozoa recovered not only from the ejaculate but also from the seminiferous tubules. The most common methods for

retrieving testicular sperm in non-obstructive azoospermia (NOA) are testicular sperm aspiration (TESA: needle/fine needle aspiration)

and open testicular biopsy (testicular sperm extraction: TESE). The optimal technique for sperm extraction should be minimally

invasive and avoid destruction of testicular function, without compromising the chance to retrieve adequate numbers of spermatozoa to

perform ICSI. Microdissection TESE (micro-TESE), performed with an operative microscope, is widely considered to be the best

method for sperm retrieval in NOA, as larger and opaque tubules, presumably with active spermatogenesis, can be directly identified,

resulting in higher spermatozoa retrieval rates with minimal tissue loss and low postoperative complications. Micro-TESE, in

combination with ICSI, is applicable in all cases of NOA, including Klinefelter syndrome (KS). The outcomes of surgical sperm retrieval,

primarily in NOA patients with elevated serum follicle-stimulating hormone (FSH) (NOA including KS patients), are reviewed along with

the phenotypic features. The predictive factors for surgical sperm retrieval and outcomes of treatment were analysed. Finally, the short-

and long-term complications in micro-TESE in both 46XY males with NOA and KS patients are considered.
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SURGICAL SPERM RETRIEVAL

Prior to the availability of assisted reproductive technologies, the use

of donor sperm was the only option offering a realistic chance of

conception for couples affected by azoospermia.

The approach to azoospermic patients has changed significantly

with the introduction of sperm retrieval techniques and assisted repro-

ductive technologies, especially intracytoplasmic sperm injection

(ICSI). In addition to improving pregnancy rates using sperm from

ejaculated semen, ICSI has provided new possibilities for achieving

pregnancy with sperm retrieved from the epididymis or testis.

Azoospermia, defined as the absence of spermatozoa in the ejaculate

after the assessment of centrifuged semen on at least two occasions, is

observed in 1% of the general population and in 10–15% of infertile

men.1,2

Surgical sperm retrieval techniques are applied in azoospermia cases

of either obstructive or non-obstructive aetiology. Remarkably, the

first pregnancy using epididymal sperm and standard in vitro fertilisa-

tion was achieved in 1985,3 and the first pregnancies after fertilisation

by ICSI with testicular sperm from men with obstructive azoospermia

(OA) were reported in 1993.4

Percutaneous epididymal sperm aspiration, microsurgical epididy-

mal sperm aspiration and testicular sperm aspiration (TESA) are used

for OA cases, while TESA and testicular sperm extraction (TESE) are

applied in non-obstructive azoospermia (NOA) cases.

NOA

NOA affects 10% of infertile men and is diagnosed in 60% of azoos-

permic men.2 Aetiologies for testicular failure include genetic disor-

ders, such as sexual chromosomal abnormalities, translocations and

microdeletions of the Y chromosome, cryptorchidism, testicular tor-

sion, radiation and toxins.2,5–7

It has been shown that mature spermatozoa can be found in only part of

the testes of NOA patients. Testicular spermatozoa can be retrieved from

some NOA men despite the absence of ejaculated spermatozoa in their

semen because of the existence of isolated foci of active spermatogenesis.

In examining the testes of infertile men, Levin8 found a mixed

histological pattern of germinal cell aplasia and minute focal sper-

matogenesis. A similar histology has been observed with the side-by-

side presence of different patterns of focal spermatogenesis and Sertoli

cell-only syndrome (SCO) in NOA men.9,10 Therefore, the perform-

ance of multiple focal testicular sperm retrieval has been recom-

mended to ensure the presence of sperm in testicular samples.11

SPERM RETRIEVAL TECHNIQUES IN NOA

Fine needle aspiration (FNA) and TESA

The most common methods for retrieving testicular sperm are TESA

(needle/fine needle aspiration) and open testicular biopsy (TESE).

Lewin et al.12 successfully performed testicular FNA to retrieve

sperm from a patient with maturation arrest (MA) and elevated

Department of Urology, Ishikawa Hospital, Himeji 6710221, Japan
Correspondence: Dr T Ishikawa (iskwtmmt@hotmail.com)

Received: 20 May 2011; Revised: 1 August 2011; Accepted: 24 August 2011; Published online: 28 November 2011

Asian Journal of Andrology (2012) 14, 109–115
� 2012 AJA, SIMM & SJTU. All rights reserved 1008-682X/12 $32.00

www.nature.com/aja

www.nature.com&sol;aja


gonadotropins. Testicular needle aspiration was initially used for dia-

gnostic purposes and later to establish the likelihood of sperm retrieval

for testicular ICSI cases on the day of oocyte retrieval.13,14 To avoid

postoperative testicular damage, a needle biopsy with a biopsy gun15–17

and needle aspiration18 have been utilized. Different techniques have

been described, with variations in the needle diameter and the number

of testicular punctures.19 Regarding the needle diameter for FNA,

Rosenlund et al.20 concluded that 19-gauge needles are better than

21-gauge needles. Large needle percutaneous aspiration biopsy showed

good results in a descriptive study (60% sperm retrieval rate (SRR)),

irrespective of testicular volume.21 However, another study showed

that TESE yielded a significantly higher SRR compared with FNA,

despite the use of an 18-gauge needle (62.1% vs. 24.1%).22

FNA is usually performed in 1–6 different locations, in the centre of

the testis and in the upper and lower poles, with the aim of aspirating

testicular tissue from the depth of the testis. Upon stabilizing the testis

and stretching the scrotal skin, the needle is inserted into the anterior

face of the testis, and negative pressure is applied. While maintaining

negative pressure, the needle is partially withdrawn and inserted again

at different angles.

FNA has also been proposed as a mapping technique for performing

multiple punctures prior to TESE.14 FNA mapping has shown a high

cytohistological correlation with multiple biopsies (92%).23

The main advantages of the FNA and TESA techniques are their

simplicity, low cost and minimal invasiveness and that they produce

less post-operative pain compared with multiple TESE under local

anaesthesia.24 Moreover, it has been suggested that FNA can increase

the chance of finding a site of active spermatogenesis by reaching

deeper testicular sites.24 However, several controlled studies have

shown a significantly lower SRR compared with simple or multiple

TESE.20,24 In addition, a disadvantage of FNA and TESA is that fre-

quently there are no supernumerary spermatozoa to cryopreserve

because of the limited number retrieved.25 In fact, a prospective study

reported a significantly smaller number of frozen straws per patient

compared with multiple TESE.11 The authors also showed that a sig-

nificantly lower motile SRR was obtained when only FNA was per-

formed, compared with conventional TESE.

Simple TESE and multiple TESE

In general, for multiple TESE, the tunica albuginea is incised trans-

versely at several locations of the centre and upper and lower poles of

each testis. The testis is then gently squeezed, and the protruding

tissues are excised, each weighing approximately 50–100 mg.

Several TESE procedures for patients with NOA have also been

reported. Simple TESE (open single biopsy) is the main procedure

for NOA, on the basis of the assumption that multifocal distribution

of spermatogenesis throughout the entire testis is present in NOA

patients. A single incision and large volume of tissue result in a high

retrieval rate but also result in the increased loss of testicle volume.

Other researchers strongly recommend multiple TESE.26 It is rea-

sonable to assume that more testicular tissue increases the prospects

for the identification of spermatozoa. Indeed, multiple TESE is more

effective than needle biopsy for the retrieval of spermatozoa in patients

with NOA.27,28 Significantly larger numbers of sperm cells, locations

with spermatogenesis per testis and motile sperm cells per testis have

been reported following conventional TESE compared with FNA.11

The most appropriate number of biopsies to be taken remains con-

troversial. Single testicular biopsy has been refuted by several studies

that found a patchy distribution of regions with minimal spermato-

genesis throughout the testis.11,29 Therefore, taking multiple samples

from different sites of the testis could increase the chance of finding a

focus of active sperm production. In addition, it has been shown that

the number of biopsies required to retrieve motile sperm is signifi-

cantly higher in cases of MA and SCO, compared with patients with

hypospermatogenesis.29

In addition, the multiple biopsy approach enables a significantly

higher SRR compared with single biopsy (49% vs. 37.5%).30 Taking

multiple biopsies could also increase the chance of finding motile

sperm, as it was shown that in 35% of the cases, only non-motile

spermatozoa were found in one location and motile spermatozoa were

found in others.11

Regarding the location of the biopsy, Hauser et al.11 found no

advantage of any particular site of the testicle after performing biopsies

on the upper pole, midline and proximal pole, whereas Witt et al.31

concluded that the midline portion of the testis enabled the highest

SRR.

Large resections can result in postoperative testicular damage.

Multiple TESE may result in devascularisation because of the limited

blood supply to the testicle flowing beneath the tunica albuginea

before it penetrates into the testicular parenchyma. Multiple TESE

should be performed cautiously because these interventions could

injure enough of the blood supply to risk testicular devascularisation

and result in permanent androgen deficiency.

Micro-TESE

The optimal technique for sperm extraction would be minimally

invasive and avoid destruction of testicular function, without com-

promising the chance to retrieve adequate numbers of spermatozoa to

perform ISCI.

Schlegel32 have combined simple TESE and multiple TESE tech-

niques with the assistance of an operating microscope and have suc-

cessfully developed a technique known as micro-TESE.

Micro-TESE is an advanced version of TESE that applies microsur-

gical techniques to identify individual seminiferous tubules that are

more likely to contain active spermatogenesis.32

It has also been noted that micro-TESE performed while observing

the seminiferous tubules under an operating microscope could min-

imize the damage to testicular tissue while maximizing sperm recovery

compared with simple or multiple TESE.32 Micro-TESE has also been

shown to be more successful in sperm retrieval than a single biopsy or

multiple random biopsies.33,34 In addition, micro-TESE improves the

yield of spermatozoa per biopsy, results in less tissue removal (and loss

of testicle) and allows for the identification of blood vessels within the

testicle, minimizing the risk of vascular injury and loss of other areas of

the testis.32 Thus, micro-TESE is based on the principle of identifying

the most advanced pattern, though not necessarily the predominant

pattern, of spermatogenesis in the testis.

In cases of NOA, the sperm retrieval procedure is often extensive,

involving general anaesthesia and micro-TESE until sufficient sper-

matozoa are extracted for ICSI, as described below in Schlegel’s

method.

A midline incision is made in the scrotum, the tunica vaginalis is

opened, and the testis, which is covered with the tunica albuginea, is

visualized. The remainder of the procedure is performed under an

operative microscope. After the tunica albuginea has been opened,

direct examination of the testicular parenchyma is performed at

315 magnification (Figure 1). The tunica albuginea is opened on

an equatorial plane because an antimesenteric incision increases the

risk of testicular devascularisation and may adversely affect access to

the seminiferous tubules. A transverse incision appears to reduce the
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risk of vascular injury because the testicular artery enters the testis

posteriorly beneath the epididymis at the mid-pole, continues infer-

iorly to the lower pole, and then flows superiorly along the anterior

surface, where it gives rise to transverse branches that supply the

parenchyma. The examination includes as much of the testicular par-

enchyma as possible. Small samples (5–10 mg) are excised from the

tubules. If no spermatozoa are identified in the initial sample, then

subsequent samples are taken from the same testis and, if needed, from

the contralateral testis. Dissection is performed through all regions of

testicular tissue, preserving the testicular blood supply. The procedure

is terminated when spermatozoa are retrieved or when further dissec-

tion is thought likely to jeopardize the testicular blood supply.35 Most

of the studies have defined success as the recovery of at least one

spermatozoa; however, others also consider the morphology and mot-

ility of the retrieved sperm as relevant parameters. In general, we

define the success of sperm retrieval as the recovery of at least one

testicular spermatozoon.

SRR BY MICRO-TESE

The outcomes of micro-TESE have been reported (Table 1).32–40 In

1999, the first report on this technique compared 22 patients who

underwent standard multiple biopsies with a group of 27 men who

underwent micro-TESE. The author described a significant improve-

ment in the SRR when micro-TESE had been performed (63% vs.

45%).32 A comparative study that included 116 men found a signifi-

cantly higher SRR with the addition of optical magnification com-

pared with conventional TESE (47% vs. 30%), indicating the efficacy

of micro-TESE for sperm retrieval.36 To date, the largest study series

on micro-TESE reported the results of 792 procedures, which achieved

a SRR of 60%.39 Micro-TESE is a highly effective technique to obtain

sperm in the setting of NOA but requires a learning curve. We

reported, regarding the learning curves, that the SRRs for NOA

patients in the middle 50 cases (44%) and the last 50 cases (48%) were

significantly higher than for the first 50 cases (32%).40 The SRR of

micro-TESE is strongly influenced by the surgeon’s case volume, as a

considerable number is necessary to reach an optimal plateau level for

the SRR in this microscopic surgery.40 The outcome of SRR may

depend on factors other than surgical technique, such as embryolo-

gists’ learning curves.

Tsujimura et al.34 reported the SRR by micro-TESE compared with

that by conventional TESE for each pattern of testicular histology in

patients with NOA; the SRR by micro-TESE for patients with SCO was

22.5%, whereas that by conventional TESE was 13%. Furthermore, the

SRR by micro-TESE for patients with hypospermatogenesis was 100%,

while that by conventional TESE was 76.9%. Okada et al.33 also

reported reasonable results, showing that the SRR by micro-TESE

for hypospermatogenesis was 100%. They further reported that the

SRRs by micro-TESE for MA and SCO were 75% and 33.9%, respect-

ively, while those by conventional TESE were 37.5% and 6.3%,

respectively. Ramasamy et al.35 reported the outcomes of 460 patients

with NOA treated with micro-TESE. In that report, the SRR by micro-

TESE was 57%, whereas that by conventional TESE was 32%. They

reported excellent SRRs of 81%, 44% and 41% for hypospermatogen-

esis, MA and SCO, respectively.

Micro-TESE is also effective for patients in whom conventional

TESE has failed. By conventional TESE, spermatozoa may not be

retrieved in patients who previously underwent conventional TESE

because of testicular damage caused by the first TESE.30,41,42

Tsujimura et al.43 found comparable results in patients undergoing

primary micro-TESE (45.7% vs. 44%) and after a failed conventional

TESE. Ramasamy and Schlegel44 also reported a lack of threshold for

the number of previous negative biopsies before undergoing micro-

TESE, although the SRR was significantly lower in patients who under-

went three or four biopsies, compared with one or two biopsies (23%

vs. 51%). Thus, the possibility of spermatozoa retrieval by salvage

micro-TESE remains, regardless of the previous failure of other

TESE procedures.

MICRO-TESE FOR KLINEFELTER SYNDROME (KS)

KS is the most common sex-chromosome disorder among infertile

males, with a prevalence of 1 in 660 men45 and is a frequent cause of

hypogonadism and infertility. KS may present with delayed sexual

maturation, increased height, learning and behavioural difficulties,

varicosities, obesity, diabetes, leukaemia, increased likelihood of

extragonadal germ cell tumours, and breast cancer (20-fold higher

than in normal males). Approximately 80% of individuals with KS

have a uniform 47,XXY karyotype (non-mosaic type), and the other

Table 1 Comparison of the sperm retrieval rate (SRR) between conventional and micro- testicular sperm extraction (TESE)

Year Author Case (n) SRR by conventional TESE (%) SRR by micro-TESE (%)

1999 Schlegel32 27 45 63

2000 Amer et al.36 100 30 47

2002 Okada et al.33 74 16.7 44.6

2002 Tsujimura et al.34 56 35.1 42.9

2004 Tsujimura et al.37 180 — 44.4

2005 Ramasamy et al.35 460 32 57

2005 Mulhall et al.38 48 50 45

2009 Ramasamy et al.39 792 — 60

2010 Ishikawa et al.40 150 — 42 (32, 44, 48)

Figure 1 Focal spermatogenesis could be identified in dilated and opaque sem-

iniferous tubules surrounded by shrunken tubules or fibrous tissue in a Klinefelter

syndrome (KS) patient.
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20% have either 47,XXY/46,XY mosaics or have higher-grade aneu-

ploidy of the sex chromosomes.45 Reproductive hormone studies usu-

ally demonstrate decreased serum testosterone (T) and elevated

luteinizing hormone (LH) and follicle-stimulating hormone (FSH)

levels. The histological pattern is one of SCO and often with areas

showing sclerosis and hyalinisation of the seminiferous tubules.

A case of non-mosaic KS successfully treated by TESE was reported

in 1996.29 Tournaye et al.46 also reported successful spermatozoa

retrieval in four of nine KS patients (44.4%) by conventional TESE

in 1996. Reubinoff et al.47 reported successful spermatozoa retrieval in

four of seven KS patients (57.1%) by FNA in 1998.

Several studies have been conducted with micro-TESE in patients

with KS.48–50 Schiff et al.49 reported an impressive SRR (69.0%); how-

ever, these cases of KS included mosaic individuals. We reported an

SRR of 52.4% of 21 patients with non-mosaic KS by micro-TESE.40 It

has been reported that the patient age in successful TESE for cases of

KS is significantly younger than it is in failed cases.48,51,52

In all patients in whom micro-TESE was successful, we could

identify focal spermatogenesis in dilated and opaque seminiferous

tubules that were surrounded by shrunken tubules or fibrous tissue

(Figure 1). Micro-TESE is particularly helpful for successful sperm

retrieval in KS cases. In NOA, the absence of uniformity in the testicu-

lar tissue is critical to the success and rationale for using micro-TESE. If

a better or the best portion can be identified under the microscope,

then there is an increased chance of retrieving testicular sperm.

Recently, Ramasamy et al.53 analysed the influence of preoperative

hormonal therapy on the SRR for KS patients. They concluded that

patients who required medical therapy and who responded to that

treatment, with a resultant T level of 250 ng dl21 (8.7 nmol l21) or

higher, had a higher SRR than men in whom the post-treatment T level

was less than 250 ng dl21 (8.7 nmol l21) (77% vs. 55%).53

In patients already receiving exogenous T treatment, it is recom-

mended that this treatment be discontinued, for example, for at least 6

months before micro-TESE, in order to allow for an increase in endo-

genous gonadotropin levels and to reactivate spermatogenesis in any

tubules that may respond. However, this strategy is not supported by

solid evidence, and the cessation of T treatment may result in troub-

ling symptomatic hypogonadism in many patients.

PREDICTORS FOR SPERM RETRIEVAL

Micro-TESE with subsequent assisted fertilisation by ICSI is now a

popular approach in the management of couples with NOA. However,

given the treatment demands on both partners and the associated

emotional and financial burdens, it would be beneficial to be able to

predict the success of sperm retrieval using non-invasive parameters

before the attempted procedure. Any proposed prognostic parameter

for successful sperm retrieval ought to be sufficiently robust as to

meaningfully inform the couples’ decision to proceed, given that

alternative strategies are limited to donor insemination, adoption or

childlessness.

It has been reported that there is no statistically significant differ-

ence in testicular volume between NOA patients in whom sperm could

be retrieved and NOA patients in whom sperm could not be retrieved.9

In addition, no lower limit of testicular volume for the absence of

spermatozoa has been identified. In comparing the SRR between con-

ventional TESE and micro-TESE, a retrospective study found the latter

to be only superior in men with a testicular volume less than 10 ml

(42% vs. 27%).38

In recent years, the addition of non-invasive examinations such

as colour Doppler ultrasound to guide FNA or TESE in the iden-

tification of regions with higher vascularisation that exhibit active

spermatogenesis has been assessed.54 In addition, high-resolution col-

our Doppler ultrasound, performed prior to TESE and focused on the

evaluation of tissue perfusion, has recently revealed a positive correla-

tion with the quantity and quality of the isolated sperm.55 Hence, these

techniques could reduce the number of biopsies required to retrieve

sperm, thus minimizing testicular damage. Nevertheless, active sper-

matogenesis regions could not be predicted in general, so more studies

are required to establish the added value of these non-invasive tests.

Many studies have shown a relationship between testicular histo-

pathological findings and testicular sperm retrieval by TESE.56–58

Histological findings are generally the most useful predictive factors

for successful TESE. However, diagnostic testicular biopsy may cause

inflammatory changes, haematoma, parenchymal fibrosis or perman-

ent devascularisation of the testes.41 Other factors that have shown an

association with the probability of recovering sperm include a history

of orchitis, testicular volume, age at orchidopexy for cryptorchidism,

KS and azoospermia factor (AZF) microdeletions.59–62 In general, the

SRR of ex-cryptorchid men by TESE is higher than that of non-cryp-

torchid men. Additionally, the SRR of KS patients by TESE is higher

than that of 46XY patients in NOA. In addition, the SRR with AZFa

and b complete microdeletion is 0%.

An important preoperative serum parameter studied in the first

years of TESE was FSH. In general, the serum concentration of FSH

is inversely correlated with the impairment of spermatogenesis. Recent

studies using multiple TESE techniques have shown that elevated FSH

levels have been associated with a low probability for the retrieval of

spermatozoa in men.63 Therefore, FSH may predict the presence of

sperm at random biopsy using conventional TESE techniques.64–67

Although FSH reflects the predominant pattern of spermatogenesis,

it may not reflect isolated areas of spermatogenesis within the testis.

Serum FSH concentration is not related to the more advanced stages of

spermatogenesis.68 The relationship between FSH and the presence of

any spermatogenesis is not straightforward in men with NOA, includ-

ing men with KS. Serum FSH level has a poor predictive value for

successful micro-TESE. Ramasamy et al.39 showed that sperm retrieval

was higher in NOA men with an FSH level .15 IU ml21 than in men

with an FSH level ,15 IU ml21. Also, SRRs were maintained even

when the FSH value was markedly elevated. A lower FSH level may be a

reflection of the larger number of Sertoli cells in a larger testis, pro-

viding more control feedback to suppress FSH production. The excel-

lent findings with higher FSH levels may reflect the sensitivity of

microdissection in finding small areas of sperm production. These

findings further illustrate that FSH is not able to resolve spermatogen-

esis on an individual tubule level, and therefore, it should not be used

as a predictor of sperm recovery.

Several studies have correlated the inhibin B level with spermato-

genetic activity, as determined by histological examination of the tes-

tis.69,70 Inhibin B has also been found to be slightly more sensitive than

FSH as an index of spermatogenic status. However, it was concluded

that the inhibin B level alone, or in combination with the serum FSH

level, fails to predict the successful outcome of TESE for patients with

NOA.71 The predictive value of inhibin B is not considered to be

sufficient to exclude or include patients for TESE.72,73

However, in some circumstances, testis size and FSH have been

shown to predict successful micro-TESE. Ramasamy et al.74 retrospec-

tively analysed the records of 126 men with NOA who underwent one

successful microdissection testicular sperm extraction attempt. They

showed that men with a successful repeat attempt had a lower FSH

level and larger testicular volume at the repeat procedure compared

with men with a failed repeat attempt.74
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Age-related changes in human testes generally include reduced

testicular size, impaired spermatogenesis, reduced tubule length,

increased thickness of tubule boundary tissue, sclerosis, focal mono-

nuclear orchitis, dilatation of the rete testis and an increased incidence

of azoospermia.75 The aging process may worsen seminiferous condi-

tions, even in patients with NOA. Okada et al.48 reported that they

succeeded in obtaining spermatozoa in 26 of 51 non-mosaic KS

patients and that the levels of LH, FSH and T, and testicular volume

did not differ between patient groups, which were defined by success

and failure. The median ages for successful and failed testicular sperm

extraction were 31 and 38 years, respectively. The percentage of suc-

cessful recovery of spermatozoa decreased after the age of 35 years old.

It has also been reported that the patient age in successful TESE for

cases of KS is significantly younger than that in failed cases.51,52 Koga

et al.50 showed that testicular spermatozoa were retrieved successfully

in 13 (50%) of 26 non-mosaic KS patients, although they did not find

any factor predictive of successful testicular sperm retrieval by micro-

TESE.

We have been able to retrieve testicular spermatozoa in 27 (54%) of

50 non-mosaic KS patients thus far; however, we have not found a

predictive factor retrospectively.

One must conclude that, at the present time, there are no absolute

predictors of sperm yield for micro-TESE for NOA including KS,

other than profound genetic lesions (AZFa or AZFb).

Ramasamy et al.76 concluded regarding operation time that the

chance of sperm retrieval during micro-TESE is best during the first

2 h of the operation. However, they also showed that sperm were still

found in up to 37% of men who required greater than 4 h of micro-

dissection.76

Further research should focus on the added value of non-invasive

techniques, such as ultrasound, to identify the most likely areas from

which to retrieve spermatozoa.

POSTOPERATIVE COMPLICATIONS

The testicular blood supply derives from the internal spermatic artery

and cremasteric and vassal arteries, which penetrate the tunica albu-

ginea and septa.77 Given testicular anatomic considerations, multiple

testicular biopsy has been suspected to increase the risk of testicular

damage caused by the interruption of branches of the testicular

artery41 or by pressure atrophy from intratesticular swelling and

haematoma.78 Testicular damage secondary to surgery is either the

consequence of interference with the vascular supply to the seminifer-

ous tubules or increased intratesticular pressure secondary to bleeding

within the tunica albuginea.78 The development of intratesticular

haematoma has been observed in up to 80% of patients undergoing

TESE with single or multiple biopsies, based on ultrasounds per-

formed 3 months after surgery.41

Harrington et al.79 reported intratesticular bleeding in 29% of cases

after TESE and in 7% after FNA. Several studies have documented a

lower incidence of haemorrhagic complications following micro-

TESE compared with the conventional technique.32,33

Regarding fibrosis, multiple studies have shown ultrasonographic

changes after TESE, which have been attributed to the development of

scar tissue.36,41,77 Using ultrasonography, Schlegel and Su41 reported

the incidence of testicular scars, impaired blood flow and devascular-

isation in subjects with NOA 3 months after open testicular biopsy. At

3 months after TESE, 82% of evaluated patients had ultrasonographic

abnormalities in the testis, suggesting resolving inflammation or

haematoma at the biopsy site.41

The removal of a lesser amount of testicular tissue with micro-

TESE, compared with conventional TESE, could reduce the risk of

complications.33 A comparative study based on testicular ultrasono-

graphy within 6 months of TESE showed that micro-TESE was less

invasive than conventional TESE.36 Similar results were found in

another study, with focal echogenic lesions in the TESE group com-

pared with none in the micro-TESE group.33 In a large-scale study of

435 patients with NOA in whom micro-TESE or conventional TESE

was performed, ultrasound findings showed fewer acute and chronic

changes in the microdissection group than in the conventional

group.35

Even micro-TESE may be expected to increase the risk of testicular

damage caused by the interruption of branches of the testicular artery,

pressure atrophy from intratesticular swelling, or increases in peritub-

ular scar tissue that may affect Leydig cell as well as germ cell numbers.

This technique was developed to minimize unnecessary damage to the

testis and to improve sperm recovery.

Although numerous studies have compared conventional versus

micro-TESE,33,34,36 there are few large, comprehensive studies analys-

ing hormonal changes after micro-TESE. The most important advant-

age of micro-TESE is that meticulous haemostasis can be achieved

under clear magnified vision. Ramasamy et al.35 reported that for

NOA patients, the initial decrease in the T level was followed by a

return to 95% of the pre-micro-TESE T levels after 18 months. In

KS, but not 46XY males, with NOA, a decrease in serum T levels after

micro-TESE was noted. A recent study on micro-TESE for NOA also

reported no change in T level after the procedure.80

Although micro-TESE reduces the amount of tissue required to

retrieve spermatozoa, this technique is not exempt from complica-

tions, such as fibrosis and hypogonadism. In addition, especially in KS

patients, data on hormonal changes after micro-TESE are lacking.

Hypogonadism in KS is relative rather than absolute, and has been

found to be an independent risk factor for the development of abdom-

inal adiposity.81 Hypogonadism is also associated with metabolic syn-

drome and type 2 diabetes.82 Our KS study series demonstrated a

significant decline in serum T by 30%–35% (P,0.01) at 1–12 months,

which returned to 75% of the pre-TESE levels after 18 months. The

change in serum T levels in KS may have been a result of much smaller

testes and Leydig cell loss near the scars after the procedures.83

In addition, Ramasamy et al.35 showed that for NOA patients, mean

FSH levels increased significantly after micro-TESE, but no significant

difference in LH levels was noted between the preoperative and post-

operative groups. In our data, in 46XY males with NOA, serum levels

of FSH increased significantly during the 18 months of follow-up after

micro-TESE, and serum levels of LH at 1–3 months after micro-TESE

were significantly increased from baseline concentrations, although no

significant differences were observed in the levels of LH after 6 months,

compared to baseline.83 Interestingly, FSH and LH concentrations in

patients with KS were not significantly changed. The change in FSH

levels for 46XY males with NOA may have been a result of local germ

cell loss near the scars after the procedures.84 Tash and Schlegel84 also

suggested an increase in peritubular scar tissue that may have affected

Leydig cells, as well as germ cell numbers. Changes in FSH and LH

levels after micro-TESE may suggest that the testes of NOA patients in

general may be better able to respond than those of KS patients.

T itself may have a central or permissive role in the pathogenesis of

metabolic syndrome and type 2 diabetes by increasing skeletal muscle

tissue and decreasing abdominal obesity and non-esterified fatty acids,

thus improving insulin sensitivity.85 Hypogonadism in KS may cause

an unfavourable change in body composition and metabolic syn-

drome.86 We recommend that KS patients with low T levels after

micro-TESE be treated properly to prevent the long-term deleterious
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consequences of hypogonadism. Many KS patients (before micro-

TESE) were already candidates for androgen replacement based on

clinical features, such as elevated LH and low-normal serum T.

Although the microdissection procedure is relatively safer and

improves the sperm retrieval rate significantly in patients with

NOA, we should be careful of hypogonadism in KS patients, after even

microdissection procedures.

ICSI OUTCOMES

Only a few studies are available concerning the influence of retrieval

techniques. In general, no differences were observed on fertilisation,

implantation and clinical pregnancy rates with regard to the tech-

niques used for NOA. ICSI cycles with testicular spermatozoa are less

successful in NOA compared with OA.87 Our data also show that the

overall embryo transfer rate and pregnancy rate per cycle were lower in

the NOA group than in patients with normal spermatogenesis and

OA, but the pregnancy rate per cycle was not different.88 In fact, the

2PN fertilisation rate, the cleavage rate, the number of live births per

embryo transfer and the implantation rates were not significantly

different in patients with NOA than in patients with OA. In addition,

using testicular sperm, no differences were noted in fertilisation or

clinical pregnancy rates following cryopreservation. Thus, the results

of ICSI in couples with azoospermia requiring testicular sperm

retrieval indicate that the source of the spermatozoa appeared to have

little effect on the prognosis.
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