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ABSTRACT
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Infertility is an important public health problem faced by many couples in our country. The introduction of intracytoplasmic sperm
injection (ICSI) for the treatment of male infertility and its success in azoospermic men demonstrating that the sperm retrieved
from epididymis or testis were capable of normal fertilization and conception are the major achievements in the management of
male infertility. This article reviews the various techniques for sperm retrieval which helps in the treatment of male infertility.
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INTRODUCTION

Evaluation of Patients Before Sperm Retrieval

The social stigma and the mental trauma inflicted
by infertility are so high that it is incorporated in the
national reproductive and child health programme.1
Male infertility accounts for 40-50% of infertility2
and only 23% among these undergo treatment
in our country.3 Azoospermia is defined as the
complete absence of spermatozoa in the ejaculate
after centrifugation. Azoospermia is found in 1-3%
male population and 10% of infertile males. Though
associated with infertility azoospermic men retain
sperm production at varying levels within the testis.4
Sperm obtained by various retrieval techniques can be
used in assisted reproductive techniques like in vitro
fertilization (IVF) associated to ICSI.5,6 Pregnancy rates
with ICSI are the same whether ejaculated, epididymis
or testicular sperm are used.7

The success rate and the type of sperm retrieval
technique to be used depends on whether azoospermia
is obstructive or non obstructive. Clinical history,
physical examination, hormonal evaluation of FSH
and testosterone levels are helpful in diagnosing around
90% of the type of azoospermia.10,11

Indications for Sperm Retrieval
Surgical sperm retrieval is indicated in a) obstructive
azoospermia (OA) especially when reconstruction has
failed or not possible due to vas deferens aplasia or
multiple strictures due to tuberculosis or patient wishes,
b) non-obstructive azoospermia (NOA) in patients with
focal spermatogenesis, c) failed ejaculation during ICSI
procedure or d) total astheno or necrozoospermia.8 In
case of immotile sperms, viable ones can be identified
by hypo osmotic swelling test and used for ICSI.9

Spermatogenesis is intact in OA but an obstruction
is present somewhere between the epididymis and
ejaculatory duct. Congenital causes of OA are cystic
fibrosis, congenital bilateral absence of vas deferens
(CBAVD) and Young’s syndrome.4-6,11 Acquired causes
of OA are vasectomy, failure of vasectomy reversal,
inguinal, pelvic or scrotal surgeries and trauma.4,5
Causes of NOA can be divided into a) Congenitalanorchia, cryptorchidism or testicular dysgenesis,
genetic abnormalities like Y-chromosome deletions b)
Acquired – trauma, testicular torsion, trauma, mumps
orchitis, exogenous medications or toxins, irradiation,
testicular tumours, varicocele and surgeries leading into
testicular vascular compromise. Idiopathic NOA are
also reported.4
Patients with OA have normal sized testis and hormone
profile. The epididymis or seminal vesicles may be
enlarged clinically. The pathognomonic features
of OA are low volume ejaculate (<1.5 ml) which is
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acidic (pH<7.0) and azoospermic with absent or low
fructose associated sometimes with non palpable vas
deferens.4,5 Cystic fibrosis transmembrane conductance
regulator(CFTR) gene mutation is seen in about
two-third of the patients with OA and CBAVD and
counseling is advised before proceeding with sperm
retrieval and ICSI because of high risk of cystic fibrosis
transmission to the offspring.4-6,12

advantages of MESA are large number of sperms
can be retrieved which can be cryopreserved for
future ICSI, less chance of hematoma formation
and with microsurgery; reconstruction of the
ductule is possible. The disadvantages are the need
for microsurgical instruments, operating microscope
and expertise apart from this procedure being
expensive and time consuming.8,20,21

NOA is associated with small sized testis and elevated
FSH level.4,6 Patients with normal sized testis and semen
volume and FSH level within normal range may have
either OA or NOA. In such cases a testicular biopsy is
helpful in proper diagnosis. The presence of normal
spermatogenesis in testicular specimen indicates OA
while maturation arrest, Sertoli cells only or decreased
spermatogenesis usually indicates NOA.4-6,12,13 Due
to the heterogenous distribution of spermatogenesis
in patients with NOA, the absence of spermatozoa
in testicular biopsy does not completely excludes the
chance of finding sperm elsewhere.11,13,14

B. Open fine needle aspiration (OFNA): In this open
method, the exposed epididymal ductule is directly
punctured through the tunica using a 26 gauge (G)
needle to aspirate the fluid at different locations which
increases the yield of quality sperm. Repeatability, non
requirement of operating microscope, microsurgical
expertise and yield of large number of sperms are
the advantages of this procedure. The disadvantages
are fibrosis and obstruction at aspiration site and post
operative discomfort. Since OFNA helps to collect
large number of sperms without much expertise and
microsurgical instruments, it is the preferred open
epididymal sperm retrieval technique.8,20,22

In patients with idiopathic NOA, karyotyping and Y
chromosome deletion testing are helpful.
Karyotyping abnormalities are seen in 10-15 % of
NOA men where as 7-15% of men with NOA have
Y chromosome microdeletion.13,15 Y chromosome
microdeletion restricted to AZFc region is associated
with viable sperm within the testis where as AZFa
and AZFb microdeletion is associated with complete
absence of sperm.16,17 Sperm aspirated from the testis
is used in necrozoospermia since these are motile and
viable.10
Sperm Retrieval Techniques
Sperm can be retrieved either from testis or epididymis
in case of OA where as only testicular sperm retrieval is
helpful in NOA cases. Open surgical and percutaneous
methods are the two general sperm retrieval
techniques.8 The main goals of sperm retrieval are: (i)
obtaining sufficient sperm for both immediate use and
cryopreservation, (ii) retrieval of high quality sperm,
and (iii) minimizing the reproductive tract damage to
preserve testicular function for future sperm retrieval.18
Epididymal Sperm Retrieval Techniques
A. Microsurgical epididymal sperm aspiration (MESA):
In this open technique described by Temple-Smith
et al in 1985, scrotal incision exposes the epididymis
after cutting the epididymal tunica under an operating
microscope.19 The epididymal ductule is dissected
and the epididymal fluid is aspirated using needle.
Multiple attempts of epididymal ductule dissection
can be done if the sperms are not seen initially. The
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C. Percutaneous epididymal sperm aspiration (PESA):
The percutaneous approach to retrieve sperm from
epididymis was first described by Shrivastav et al in
1994.(23) In this technique a 26 G needle attached to
a tuberculin syringe containing sperm wash medium
is inserted into the epididymis through scrotum
percutaneously. The negative pressure created by
pulling the syringe plunger and in and out movement
of the needle tip helps in epididymal fluid aspiration.
The may be repeated at a different site preferably
epididymal head if motile sperms are not obtained
initially. Better quality sperms are obtained from the
epididymal head rather than body and tail in case of
OA. This procedure is cheap, simple, lesser expertise
needed and easy to perform. Since percutaneous
approach can obtain enough sperm for ICSI, PESA
is preferred first followed by OFNA and MESA
when epididymal sperm retrieval is considered. The
disadvantages of PESA are retrieval of few sperms,
risk of fibrosis and obstruction at puncture site
and increased risk of hematoma or spermatocele
formation.8,20,23
Testicular Sperm Retrieval Techniques
A. Testicular sperm aspiration (TESA): This technique
is an alternative if PESA fails in cases of OA.8,24 It
can also be used for NOA cases.25 In this procedure,
an 18 or 22 G needle is inserted into the testis
through scrotum percutaneously usually at the
anterolateral and anteromedial aspect of the superior
pole of the testis in an oblique angle to minimize
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injury to the testicular artery branches running
superficially beneath the tunica albuginea. The same
technique is used as in PESA to aspirate fluid which
is then flushed into a tube containing sperm wash
medium.20,26 Colour Doppler ultrasonography can be
used to avoid blood vessels during puncture thereby
reducing the incidence of hematoma and also helps
in taking biopsy from areas with good perfusion
to obtain better quality sperms.27 Simplicity, cheap,
easy to perform and non requirement microsurgical
instruments are the advantages where as hematocele
formation, intratesticular hemorrhage, few sperms
for cryopreservation and low success rate in NOA
cases are the drawbacks.8,20
B. Testicular fine needle aspiration (TEFNA): This
technique was described by Turek et al in 1997,
though it was used initially as a diagnostic method in
case of NOA.28 Later this procedure was used also
for sperm retrieval in both OA and NOA cases. In
this technique, a 23 G fine needle is attached to a 10
cc syringe and the fluid is aspirated using the same
technique as in PESA or TESA. The aspirated fluid
is then flushed into a tube containing sperm media.
The advantages and disadvantages are the same as
that for TESA with the additional benefit of lesser
post procedural discomfort.8,20,28
C. Testicular sperm extraction (TESE): It was described
by Devroey et al in 1995.29 In this technique, testis is
exposed by deepening the incision over the scrotum
till albuginea is seen. A small incision over the
albuginea with gentle pressure over the testis extrudes
the testicular parenchyma, a 5×5 mm fragment of
which is excised using sharp scissors and placed in
sperm media. Multiple such specimens can be taken
after which the albuginea and the scrotal wound is
closed. No microsurgical expertise is needed and the
procedure is repeatable. Retrieval of relatively few
sperms, risk of impairment of testicular androgen
production, testicular atrophy and post procedural
discomfort are the drawbacks.20,29-31
D. Single Semeniferous Tubule (SST) biopsy: In this
technique, the testis is exposed by opening the
scrotum and an avascular area of testis is punctured
using 26 G needle. A micro forceps is then introduced
to dilate the puncture site using its prongs till a
loop of semeniferous tubule is extruded out. It is
examined under operating microscope and healthy
thick semeniferous tubules are excised, crushed
and examined for spermatozoa. The procedure
is repeated at multiple sites. This technique helps
in extensive sampling of the testis without many

incisions over the albuginea. Relatively few sperms
are retrieved in NOA cases.8,22,32
E. Microsurgical testicular sperm extraction (Micro
dissection TESE): In this technique described
by Schlegel in 1999, testicular sperm extraction is
done with the help of an operating microscope.33
The testis is exposed by incising the scrotum and
a large single incision is made in an avascular area
of the tunica albuginea to expose the testicular
parenchyma. Healthy semeniferous tubules which
are more likely to harbour viable sperm can be
identified by its comparatively larger size and
dissected under 16-25X magnification.33,34 Deep
testicular regions can be examined and testicular
biopsies can be taken micro surgically if needed to
extract the enlarged semeniferous tubules which are
then placed in petridish containing sperm media.
Retrieval of larger number of sperms with higher
chance of cryopreservation, higher success rate
in NOA cases and low risk of complications are
the advantages where as requirement of technical
expertise and microsurgical instruments, costlier
and time consuming and risk of devascularisation
and fibrosis of the testis are the disadvantages of
this procedure.8,20,33,34
Complications of Sperm Retrieval Techniques
The complication rate varies depending on the sperm
retrieval technique used. The main complications
are hematoma, persistent pain, infections, testicular
fibrosis and testicular atrophy which may occur with
both percutaneous and open surgical methods.8,20,30
Percutaneous approach is more commonly associated
with hematoma formation compared to open approach.
Conventional TESE is associated with increased
risk of decrease in serum testosterone levels due to
excessive tissue removal and testicular devascularisation
compared to micro surgical TESE. The testosterone
levels usually return to normal values within 12 months
following the procedure.35
Considerations in Sperm Retrieval
There is no consensus on the minimum number of
biopsies to be taken before stating that no sperm is
found. Various studies suggest that sperm will be found
in the first four biopsies if it is actually present.8,36-38
With micro dissection TESE or SST biopsy techniques,
6 to 15 biopsies can be taken on each side without
much complication.8
The detection of scanty sperms in the testicular tissue
can be facilitated by properly lysing the tissue with
collagenase after the tissue is minced and subjected
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to multiple passes through fine needle attached to a
syringe.39,40 Erythrocyte lysing buffer can be used if
the sample is mixed with blood.41 It is suggested that
incubating the testicular tissue for 24-72 hours improve
sperm motility and improves pregnancy rates especially
in men with testicular failure.42
Sperm retrieval may be performed on the same day
of oocyte retrieval or one day before. Fresh sperm is
preferable for ICSI because frozen and thawed sperm
from NOA men have significantly impaired motility
and viability.43
Success Rate and Outcome of Assisted
Reproduction
The pregnancy rate achieved with retrieved sperm and
ICSI is far better than that with IVF. The successful
retrieval rate after percutaneous approach was 97.9%
in OA men with about 86% success using PESA alone.
TESA yielded about 90% success rate in cases of
failed PESA. 44 Cryopreservation of sperm is essential
in the treatment of male infertility with OA as the
major problem, which helps in avoiding complications
associated with repeated sperm retrieval procedures.
Fertilization rates of 45-75% are seen with ICSI
when epididymal or testicular spermatozoa from men
with OA are used and pregnancy and live birth rates
range from 26-57% and 18-55% respectively.20,45-49
The fertilization and pregnancy rates are low in case
of sperm retrieved from NOA cases compared to OA
men. The sperm retrieval rate with TESA range from
10-30%.20,38 Previous successful TESA or testicular
histopathology showing hypospermatogenesis are
good predictors of successful sperm retrieval in which
retrieval rate range from 70-100%.5,14 TESE have a
retrieval rate of 49.5% and results in higher yield than
fine needle aspiration (TEFNA) when multiple biopsies
are used. Micro dissection TESE have retrieval rates
ranging from 35% to 77%.20,38 With the presence of
motile sperms in retrieved samples from NOA men,
the pregnancy rates are the same.

CONCLUSION
The success rate of sperm retrieval depends on the
type of azoospermia and the retrieval technique used.
Sperm retrieval rate is high in OA cases compared to
NOA. Same technique yield more sperm when done
on testis compared to epididymis in OA cases where as
only testicular procedures are successful in NOA cases.
Considering the complications and minimal difference
in the sperm retrieval rate, less invasive percutaneous
procedures are done first followed by open methods
if sufficient sperm are obtained initially.8 Which ever
170

method is used collection of motile sperm is necessary
to increase the efficacy of testicular cryopreservation
programmes.

END NOTE
Author Information
1. Dr. Jithin Lal M, Senior Resident, Department of
Urology, Government Medical College, Kottayam
2. Dr. Suresh Bhat, Professor, Department of
Urology, Government Medical College, Kottayam
Conflict of Interest: None declared
Editor’s Remarks: Infertility is increasing in the
community especially among the well educated young
population. These couples face social humiliation and
are willing to take the trouble of treating the difficult
problem especially with assisted reproduction, the
results are variable. The article reviews the current
techniques of sperm retrieval.

REFERENCES
1. Gupta N. Infertility: planning a prototype action plan in the existing health care system. J Indian Med Assoc. 2002 Jun;100(6):391–2,
394.
2. Sadock BJ, Sadock VA. 9th ed. Philadelphia: Lippincott Williams
and Wilkins; 2003. Kaplans and Sadocks Symptoms of Psychiatry
Behavioral Sciences Clinical Psychiatry; pp. 872–4.
3. Zargar AH, Wani AI, Masoodi SR, Laway BA, Salahuddin M. Epidemiologic and etiologic aspects of primary infertility in the Kashmir region of India. Fertil Steril. 1997 Oct;68(4):637–43.
4. Esteves SC, Miyaoka R, Agarwal A. An update on the clinical assessment of the infertile male. [corrected]. Clinics (Sao Paulo).
2011;66(4):691–700.
5. Esteves SC, Agarwal A. Sperm retrieval techniques. In: Gardner
DK, Rizk BRMB, Falcone T. Human assisted reproductive technology: future trends in laboratory and clinical practice. Cambridge:
Cambridge University Press, 2011, pp. 41-53.
6. Male Infertility Best Practice Policy Committee of the American
Urological Association; Practice Committee of the American Society for Reproductive Medicine. Report on evaluation of the azoospermic male. Fertil Steril. 2006; 86(Suppl 1): S210-5.
7. Nagy Z, Liu J, Cecile J, Silber S, Devroey P, Van Steirteghem A. Using ejaculated, fresh, and frozen-thawed epididymal and testicular
spermatozoa gives rise to comparable results after intracytoplasmic
sperm injection. Fertil Steril. 1995 Apr;63(4):808–15.
8. Shah R. Surgical sperm retrieval: Techniques and their indications.
Indian J Urol. 2011;27(1):102–9.
9. Verheyen G, Joris H, Crits K, Nagy Z, Tournaye H, Van Steirteghem
A. Comparison of different hypo-osmotic swelling solutions to select viable immotile spermatozoa for potential use in intracytoplasmic sperm injection. Hum Reprod Update. 1997 Jun;3(3):195–203.
10. Toumaye H, Liu J, Nagy Z, Verheyen G, Steirteghem AV, Devroey
P. The use of testicular sperm for intracytoplasmic sperm injection
in patients with necrozoospermia *. Fertility and Sterility. 1996 Aug
1;66(2):331–4.
11. Schlegel PN. Causes of azoospermia and their management. Reprod Fertil Dev. 2004;16(5):561–72.

Kerala Medical Journal | October-December 2016 | Vol IX Issue 4

Jithin Lal M and Suresh Bhat. Sperm Retrieval Techniques for the Management of Male Infertility

12. American Urological Association Education and Research, Inc.
The management of obstructive azoospermia: AUA best practice
statement. Linthicum (MD): American Urological Association
Education and Research, Inc.; 2010. pp.22 [cited May 19th, 2011].
13. Esteves SC, Agarwal A. Novel concepts in male infertility. Int Braz
J Urol. 2011 Feb;37(1):5–15.
14. Esteves SC, Verza S, Prudencio C, Seol B: Sperm retrieval rates
(SRR) in Nonobstructive azoospermia (NOA) are related to testicular histopathology results but not to the etiology of azoospermia.
Fertil Steril. 2010; 94 (Suppl): S132.
15. De Braekeleer M, Dao TN. Cytogenetic studies in male infertility: a
review. Hum Reprod. 1991 Feb;6(2):245–50.
16. Brandell RA, Mielnik A, Liotta D, Ye Z, Veeck LL, Palermo GD,
et al. AZFb deletions predict the absence of spermatozoa with testicular sperm extraction: preliminary report of a prognostic genetic
test. Hum Reprod. 1998 Oct;13(1O):2812–5.
17. Hopps CV, Mielnik A, Goldstein M, Palermo GD, Rosenwaks Z,
Schlegel PN. Detection of sperm in men with Y chromosome microdeletions of the AZFa, AZFb and AZFc regions. Hum Reprod.
2003 Aug;18(8):1660–5.
18. Esteves SC, Miyaoka R, Orosz JE, Agarwal A. An update on sperm
retrieval techniques for azoospermic males. Clinics (Sao Paulo).
2013 Feb;68(Suppl 1):99–110.
19. Temple-Smith PD, Southwick GJ, Yates CA, Trounson AO, de
Kretser DM. Human pregnancy by in vitro fertilization (IVF) using sperm aspirated from the epididymis. J In Vitro Fert Embryo
Transf. 1985 Sep;2(3):119–22.
20. Esteves SC, Miyaoka R, Agarwal A. Sperm retrieval techniques for
assisted reproduction. Int Braz J Urol. 2011 Oct;37(5):570–83.
21. Girardi SK, Schlegel P. MESA: Review of techniques, preoperative
considerations and results. J Andrology 1996;17:5-9.
22. Shah RS. Surgical and Non-Surgical Methods of Sperm Retrieval.
In: Hansotia M, Desai S, Parihar M, editors. Advanced Infertility
Management.: Jaypee Brothers; 2002. p. 253-8.
23. Shrivastav P, Nadkarni P, Wensvoort S, Craft I. Percutaneous
epididymal sperm aspiration for obstructive azoospermia. Hum
Reprod. 1994 Nov;9(11):2058–61.
24. Tournaye H, Clasen K, Aytoz A, Nagy Z, Van Steirteghem A,
Devroey P. Fine needle aspiration versus open biopsy for testicular
sperm recovery: a controlled study in azoospermic patients with
normal spermatogenesis. Hum Reprod. 1998 Apr;13(4):901–4.
25. Turek PJ, Givens CR, Schriock ED, Meng MV, Pedersen RA, Conaghan J. Testis sperm extraction and intracytoplasmic sperm injection guided by prior fine-needle aspiration mapping in patients with
nonobstructive azoospermia. Fertil Steril. 1999 Mar;71(3):552–7.
26. Craft I, Tsirigotis M. Simplified recovery, preparation and cryopreservation of testicular spermatozoa. Hum Reprod. 1995
Jul;10(7):1623–6.
27. Belenky A, Avrech OM, Bachar GN, Zuckerman Z, Ben Rafael
Z, Fisch B, et al. Ultrasound-guided testicular sperm aspiration in
azoospermic patients: a new sperm retrieval method for intracytoplasmic sperm injection. J Clin Ultrasound. 2001 Aug;29(6):339–43.

cytoplasmic sperm injection in azoospermic men (letter). Lancet
1998;352:37.
32. Shah RS. Operative sperm retrieval for ART. In: Goenka ML,
Goenka D, editors. Recent Advances in Infertility Management.
Guwahati: Goenka; 2001. p. 179-83.
33. Schlegel PN. Testicular sperm extraction: microdissection improves
sperm yield with minimal tissue excision. Hum Reprod. 1999
Jan;14(1):131–5.
34. Schlegel PN. Nonobstructive azoospermia: a revolutionary surgical
approach and results. Semin Reprod Med. 2009 Mar;27(2):165–70.
35. Ramasamy R, Yagan N, Schlegel PN. Structural and functional
changes to the testis after conventional versus microdissection testicular sperm extraction. Urology. 2005 Jun;65(6):1190–4.
36. Altay B, Hekimgil M, Cikili N, Turna B, Soydan S. Histopathological
mapping of open testicular biopsies in patients with unobstructive
azoospermia. BJU Int. 2001 Jun;87(9):834–7.
37. Tournaye H, Liu J, Nagy PZ, Camus M, Goossens A, Silber S, et
al. Correlation between testicular histology and outcome after intracytoplasmic sperm injection using testicular spermatozoa. Hum
Reprod. 1996 Jan;11(1):127–32.
38. Donoso P, Tournaye H, Devroey P. Which is the best sperm retrieval technique for non-obstructive azoospermia? A systematic
review. Hum Reprod Update. 2007 Dec;13(6):539–49.
39. Crabbé E, Verheyen G, Silber S, Tournaye H, Van de Velde H,
Goossens A, et al. Enzymatic digestion of testicular tissue may
rescue the intracytoplasmic sperm injection cycle in some patients
with Nonobstructive azoospermia. Hum Reprod 1998;13:2791-6.
40. Schlegel PN, Li PS. Micro dissection TESE: Sperm retrieval in
Nonobstructive azoospermia. Hum Reprod Update 1998;4:439.
41. Nagy ZP, Verheyen G, Tournaye H, Devroey P, Van Steirteghem
AC. An improved treatment procedure for testicular biopsy specimens offers more efficient sperm recovery: Case series. Fertil Steril
1997;68:376-9.
42. Morris DS, Dunn RL, Schuster TG, Ohl DA, Smith GD. Ideal culture time for improvement in sperm motility from testicular sperm
aspirates of men with azoospermia. J Urol 2007;178:2087-91.
43. Verheyen G, Nagy Z, Joris H, De Croo I, Tournaye H, Van
Steirteghem A. Quality of frozen-thawed testicular sperm and its
preclinical use for intracytoplasmic sperm injection into in vitromatured germinal-vesicle stage oocytes. Fertil Steril 1997;67:74-80.
44. Esteves SC, Verza S, Prudencio C, Seol B: Success of percutaneous sperm retrieval and intracytoplasmic sperm injection (ICSI) in
obstructive azoospermic (OA) men according to the cause of obstruction. Fertil Steril. 2010; 94 (Suppl): S233.
45. Verza S Jr, Esteves SC: Sperm defect severity rather than sperm
Source is associated with lower fertilization rates after intracytoplasmic sperm injection. Int Braz J Urol. 2008; 34: 49-56.
46. Nagy Z, Liu J, Cecile J, Silber S, Devroey P, Van Steirteghem A: Using ejaculated, fresh, and frozen-thawed epididymal and testicular
spermatozoa gives rise to comparable results after intracytoplasmic
sperm injection. Fertil Steril. 1995; 63: 808-15.

28. Turek PJ, Cha I, Ljung BM. Systematic fine-needle aspiration of the
testis: correlation to biopsy and results of organ “mapping” for mature sperm in azoospermic men. Urology. 1997 May;49(5):743–8.

47. Tournaye H, Merdad T, Silber S, Joris H, Verheyen G, Devroey P,
et al.: No differences in outcome after intracytoplasmic sperm injection with fresh or with frozen-thawed epididymal spermatozoa.
Hum Reprod. 1999; 14: 90-5.

29. Devroey P, Liu J, Nagy Z, Goossens A, Tournaye H, Camus M, et
al. Pregnancies after testicular sperm extraction and intracytoplasmic sperm injection in non-obstructive azoospermia. Hum Reprod.
1995 Jun;10(6):1457–60.

48. Habermann H, Seo R, Cieslak J, Niederberger C, Prins GS, Ross
L: In vitro fertilization outcomes after intracytoplasmic sperm injection with fresh or frozen-thawed testicular spermatozoa. Fertil
Steril. 2000; 73: 955-60.

30. Schlegel PN, Su LM. Physiological consequences of testicular
sperm extraction. Hum Reprod. 1997 Aug;12(8):1688–92.

49. Nicopoullos JD, Gilling-Smith C, Almeida PA, Norman-Taylor J,
Grace I, Ramsay JW: Use of surgical sperm retrieval in azoospermic men: a metaanalysis. Fertil Steril. 2004; 82: 691-701.

31. Manning M, Junemann KP, Alken P. Decrease in testosterone
blood concentrations after testicular sperm extraction for intra-

Kerala Medical Journal | October-December 2016 | Vol IX Issue 4

171

