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ABSTRACT
Objective: : To explore the medical literature on techniques of tissue and sperm handling after 
surgical retrieval for intracytoplasmic sperm injection (ICSI).
Methods: : A search was performed in PubMed and Google Scholar databases, according to a 
modified Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) guide
line, considering the studies investigating tissue handling and sperm selection techniques for 
ICSI.
Results: : Overall, 42 articles were included in this study, investigating sample handling, 
methods for sperm selection, and the use of chemical compounds to improve sperm motility 
and fertilisation rates.
Conclusion: : The ideal sperm handling method should provide a high sperm count, high 
vitality and appropriate sperm function, without side-effects. In this review the most common 
and useful techniques are described and the best combination strategies discussed in clinical 
scenarios.
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Introduction

Rapid advances have occurred in recent decades with 
respect to male infertility, since the introduction of 
intracytoplasmic sperm injection (ICSI) in 1992, in the 
treatment of severe male factor infertility [1]. Male 
factor infertility is present in almost half of couples 
who fail to conceive after a year of attempts. 
Azoospermia, defined as absence of sperm in ejaculate 
after centrifugation, affects 10–15% of infertile men. It 
may occur due to impaired sperm production, the 
most severe form of male-factor infertility, named non- 
obstructive azoospermia (NOA), or due to obstruction 
of the male reproductive tract, obstructive azoosper
mia (OA) [2].

In 1994, the first series of ICSI using sperm retrieved 
from the epididymis was reported in a group of men 
with OA [3]. In the following year testicular sperm 
retrieval using an open biopsy (testicular sperm extrac
tion [TESE]) was performed in 15 men with NOA [4]. As 
result, the development of different methods of sperm 
recovery allowed patients with OA and NOA consid
ered sterile to father their biological children.

Procedures for sperm retrieval may be coordinated 
with oocyte retrieval so that fresh sperm can be used 
for ICSI. In contrast, other centres offer sperm retrieval 
with cryopreservation with the intention of using 
thawed sperm at a future date [5]. Outcomes for the 
use of fresh vs frozen sperm for assisted reproductive 

technology (ART) in men with NOA have been com
pared. A meta-analysis compiled data from 11 studies 
comprising 574 ICSI cycles and reported no difference 
between fresh and frozen sperm in clinical pregnancy 
rate or fertilisation rate [6].

Today, many clinicians are increasingly inclined to 
perform ICSI with testicular sperm in non-azoospermic 
patients who failed implantation and have high levels 
of DNA damage [7], but it is still controversial, and the 
decision should be made on a case-by-case basis [8]. 
Several sperm selection techniques have been pro
posed to improve the chance of recovering surgically 
retrieved mature sperm with high DNA integrity and 
preserved structure [9].

The challenge with sperm retrieval in NOA is that 
testicular sperm are often non-motile, extremely rare 
and a spermatogenesis focus should be found. 
Therefore, sperm extraction from patients with NOA 
requires special care and techniques of the embryol
ogy team [10]. However, spermatogenesis remains pre
served in patients with OA, so sperm retrieval has more 
successful retrieval rates and less complex sperm 
handling than NOA.

In the present article, we provide a brief literature 
review on surgical sperm retrieval techniques (SRT), as 
well as a systematic review on sample handling and 
sperm selection for ICSI. Finally, clinical cases in which 
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these techniques were performed are reported in a 
practice-based approach.

Methods

A literature search was conducted on PubMed and 
Google Scholar databases looking for studies investi
gating tissue handling and sperm selection techniques 
for ICSI. The search strategy according to a modified 
Preferred Reporting Items for Systemic Reviews and 
Meta-Analyses (PRISMA) guideline included the follow
ing terms: ‘sperm selection’, ‘sperm separation’, ‘sperm 
processing’, ‘sperm injection, intracytoplasmic [MeSH 
Terms]’, ‘assisted reproduction technology’, ‘assisted 
reproduction techniques’. Studies performed with sur
gically retrieved human sperm, published in English 
were included. Manual search of references of the 
selected studies was also performed.

Results

The search was performed as previously described and 
yielded 439 articles. After careful analysis of title and 
abstracts, 392 were excluded. The 47 remaining articles 

were screened, and 42 met the inclusion criteria 
(Figure 1).

Among the included studies, seven concern sample 
handling [11–17], 10 articles investigated the use of 
chemical compounds to improve sperm motility, such 
as pentoxifylline and theophylline [18–27]. The use of 
calcium ionophore was analysed in four studies [28– 
31]. The identification of primordial cells in the sample 
was reported in three studies [32–34]. Methods of 
sperm selection were investigated in 12 articles [35– 
46]. Finally, different techniques of sample handling for 
sperm freezing/thawing were discussed in six studies 
[47–52].

Sperm retrieval techniques (SRT)

Sperm retrieval techniques are surgical methods to 
obtain spermatozoa from the testicle or epididymis to 
be used in ICSI [53]. The most important outcome 
when assessing sperm extraction is the sperm- 
retrieval rate (SRR). The SRR indicates the percentage 
of success in sperm recovery, which means that when 
sperm is found it is considered successful. The SRR is 
calculated by dividing the number of successful cases 
by the number of total cases performed. In OA, the SRR 

Figure 1. PRISMA flowchart of literature search.
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is near 100%, the ICSI outcomes do not differ if testi
cular or epididymal sperm is used [54].

Percutaneous epididymal sperm aspiration (PESA) 
and microsurgical epididymal sperm aspiration 
(MESA) are the most used methods to harvest epididy
mal sperm in cases of OA and testicular sperm aspira
tion (TESA) for testis.

Regardless of technique, in NOA, the SRR ranges 
from 30% to 63%, with a median rate of 50% [55]. 
Microdissection-TESE (micro-TESE) and TESE are the 
most used methods to harvest testicular sperm in 
cases of NOA. In 1999, micro-TESE was described esti
mating that the performance of a micro-TESE was 
1.5-times more likely to retrieve sperm [56,57].

In selected cases, non-azoospermic patients who 
failed implantation and have high levels of DNA 
damage, sperm can also be retrieved from testis. In 
such cases, epididymal techniques should not be 
performed due to the risk of obstruction [8].

Indications, advantages and disadvantages of SRT 
are summarised in Table 1.

Surgically retrieved sample handling

Sample preparation
Dissection methods
Surgical sperm extraction techniques from the testis 
and epididymis are well established, and protocols for 
handling these samples may vary between labora
tories. It is not suitable to use seminal processing 
techniques of ejaculated samples for these samples 
due to poor concentration or low motility of the 
retrieved sperm [11].

Epidydimal retrieved sperm generally need less 
laboratory manipulation, once surgeons use sup
plemented and heated culture medium in the pro
cedure, and sperm is extracted directly from the 
epididymis, without the necessity of dissecting tis
sue, as other approaches [58].

Testicular sperm extraction and tissue processing 
require a gentle manipulation to acquire a good cell 
yield. The biopsied tissue is manually fragmented to 
release seminiferous tubules (STs) content. This is a 
crucial procedure, as it is the only method to recover 
sperm [11].

Different procedures can be applied to release 
sperm from the STs:

● scissors cutting
● scalpel tear
● 26-G needle dissection

In all the applied techniques above, the untied 
spermatozoa remain attached to STs, which often hin
ders sperm visualisation.

It is common sense that better results would be 
obtained if testis sperm extraction is performed the 
day before oocyte retrieval, to ensure an incubation 
of this sample in supplemented culture medium, which 
improves sperm motility [11,12,57–59].

Laboratory staff may also choose to use some of the 
contiguous techniques described below.

Erythrocyte lysis
Surgically recovered sperm samples usually present 
red blood cells, which may hinder sperm identification 
and uptake, especially if they are immotile. In such 
cases, the use of an erythrocyte lysis solution is a 
possible alternative [60].

After testicular tissue dissection or epidydimal 
aspiration, the sample should be centrifuged, the 
supernatant discarded and should be added ~1–2 mL 

Table 1. Indications, advantages and disadvantages of SRT.
Technique Indications Advantages Disadvantages

PESA OA Fast and repeatable; 
no microsurgical 
expertise required; 
minimal morbidity 
and fast recovery; 
local anaesthesia 
and low cost

Few sperm retrieved; 
limited possibility 
for 
cryopreservation; 
risk of epididymal 
damage and 
haematoma

MESA OA Large number of 
sperm retrieved; 
reduced surgical 
complications; 
available 
cryopreservation 
with excellent 
results

Microsurgical 
expertise required; 
increased cost; 
general 
anaesthesia 
required; surgical 
microscope and 
microsurgical 
instruments 
required; 
postoperative 
discomfort

TESA OA and 
NOA1

Fast and repeatable; 
no microsurgical 
expertise required; 
minimal or mild 
morbidity and fast 
recovery; local 
anaesthesia and 
low cost. 
Can be used as first 
choice in OA or in 
failed PESA

Few sperm retrieved; 
limited possibility 
for 
cryopreservation; 
risk of testicular 
atrophy and 
haematoma; low 
success rate in NOA

TESE OA and 
NOA1

Fast and repeatable; 
no microsurgical 
expertise required

Low success rate; few 
sperm retrieved; 
limited possibility 
for 
cryopreservation; 
postoperative 
discomfort

Micro- 
TESE

NOA Higher success rate; 
larger number of 
sperm retrieved

Microsurgical 
expertise required; 
increased cost and 
general 
anaesthesia; 
surgical 
microscope and 
microsurgical 
instruments 
required; 
postoperative 
discomfort
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of buffer solution. The amount to be used depends on 
the pellet size [16].

Buffer solution is composed of (in mM) NH4Cl (155), 
KHCO3 (10) and ethylenediamine tetra-acetic acid (EDTA, 
2) at pH 7.2. This solution is responsible for erythrocyte 
lysis and does not affect sperm viability [16,60].

This mixture should be incubated at room tempera
ture for 5 min. Then, heated and supplemented culture 
medium is added to remove the buffer solution, and 
the sample is centrifuged again, the supernatant dis
carded and pellet re-suspended in 0.5–1 mL of supple
mented and heated culture medium. After this 
procedure, the sample must be evaluated under a 
microscope [16,60].

This procedure is not time-consuming and it does 
not have negative effects on fertilisation potential [13].

Enzymatic digestion
Surgical samples where sperm is not easily found 
require some specific procedures to ensure the recov
ery of these cells. Enzyme digestion is an alternative to 
improve sperm recovery [13,14].

In men with NOA, sperm production is low, and 
most of them are adhered to testicular tissue, 
mechanical extracting is time-consuming, and, if 
improperly performed, might damage sperm. Thus, 
performing enzymatic digestion of testicular tissue 
is an efficient tool to improve sperm recovery [60].

Baukloh [15] in 2002, carried out a multicentric and 
retrospective study comparing fertilisation rates and 
concluded that the use of immotile sperm and elon
gated sperm selected enzymatically presented a 
higher fertilisation rate than untreated ones.

The purpose of these enzymes is to digest the col
lagen that composes basement membrane and extra
cellular matrix, helping sperm release from tissue. 
Different enzyme varieties are used, such as collagenase 
types I and IV, and DNase I. The difference between 
them is the respectively used protocol [13,14,60].

Wöber et al. [17] managed to recover 7–26% of sam
ples classified as having no sperm after microtubule dis
section, being a viable alternative in poor prognosis 
cases.

Primordial cell identification
The use of nuclear-fast/picroindigocarmine staining 
(NF-PICS) may help in clinical management of 
azoospermic patients in a rapid and non-invasive 
form by identifying primordial germ cells in ejacu
late or biopsied testicular tissue, indicating a possi
ble spermatogenesis focus [32,34].

Azoospermia is defined as the complete absence 
of sperm from the ejaculate. For a precise diagno
sis, it is necessary to centrifuge the entire semen 
sample and look for sperm in the pellet to ensure 
it is completely absent [61], but frequently the 
observer may have difficulty in applying this 

technique, because sperm may be present in a 
small quantity, and its morphology altered, which 
hinders its identification.

With NF-PICS staining the sperm head is red and 
tail green. The same staining pattern may be 
observed in primordial cells (spermatids and 
spermatogonia).

In case of TESE, primordial cells identification may be 
of great value because this finding indicates a possible 
spermatogenesis focus. Occasionally, the morphology 
of these cells may be altered due to the extraction 
method of microtubules, hence applying a differential 
and specific staining may help in identifying these cells.

Hendin et al. [34] carried out a study comparing 
histological findings of prognostic testicular biopsy 
and NF-PICS staining in centrifuged ejaculates. A 
positive correlation was observed between both 
analyses, concluding that the use of staining may 
avoid a surgical testicular biopsy procedure. NF- 
PICS can be easily included in andrology labora
tories routines as an inexpensive and effective way 
to identify sperm in azoospermic patients [33,34].

Sperm selection

Pentoxifylline
Pentoxifylline is a phosphodiesterase enzyme inhibitor, 
derived from methylxanthine. It inhibits cyclic adeno
sine monophosphate (cAMP) phosphodiesterase, 
increasing intracellular cAMP concentration and tyro
sine phosphorylation at the sperm tail level [19]. cAMP 
plays a role in sperm kinematics and in the acrosome 
reaction. Accordingly, if intracellular cAMP concentra
tion is increased, sperm motility also increases, as well 
as the acrosome reaction [20].

Pentoxifylline has become a tool to increase 
sperm motility and fertilisation capacity in astheno
zoospermic samples or in selecting immotile testi
cular sperm; however, still with controversial results 
[21,22]

Some studies reported an improvement in fertili
sation rate, and consequently, in the number of 
available embryos, but no benefit in clinical results 
[23,24]. Other authors have shown no difference in 
any of the evaluated parameters [25].

An important highlight is that the pentoxifylline 
concentration in an adopted protocol may affect 
laboratory results. Concentrations in the micromolar 
range did not have a negative influence on embryo 
development, but in millimolar, however, demon
strated deleterious effects, leading to developmen
tal embryo block in early stages [26,27].

Although clinical evidence is still conflicting 
about this techniques benefits, adding pentoxifyl
line simplifies sperm selection by inducing motility, 
giving the advantage of significantly reducing the 
time-consuming identification of viable sperm [24].
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Theophylline
There is still a small representation in literature of using 
theophylline in spermatic stimulation. This technique 
principle is similar to pentoxifylline, increasing intra
cellular cAMP.

A single, well-structured study was developed by 
Ebner et al. [18], in which 65 patients were selected 
and submitted to TESE for various causes. Those 
samples were frozen to perform ICSI in the near 
future. After thawing, samples were divided into 
two groups: in one, theophylline was added to 
sample and in the other not. The results showed 
that 98.5% of the samples with theophylline had 
improved seminal motility, as well as oocyte fertili
sation and pregnancy rates.

Calcium ionophore
Calcium ionophore has the main function of stimulat
ing the acrosome reaction, to improve oocyte fertilisa
tion rates. The literature on this topic is scarce and the 
most well-structured studies are slightly old and pre
sent conflicting results. Studies such as those of Yovich 
et al. [28] and Ebner et al. [29], demonstrated the 
effectiveness of using a calcium ionophore in in vitro 
fertilisation parameters.

Other studies such as those of Parinaud et al. [30] 
and Liu et al. [31], showed no advantages in calcium 
ionophore use, or classified it with limited importance 
in clinical practice.

Hypo-osmotic swelling (HOS) test
The HOS test is used to define functional integrity 
of sperm plasma membrane and was initially intro
duced as a functional assay to diagnose infertility 
[35]. Sometimes spermatozoa may have their mem
brane physically intact, but functionally inactive. 
Therefore, HOS provides supplementary information 
about sperm function. Rossato et al. [36] demon
strated that the exposure of sperm to hypo-osmotic 
conditions leads to the influx of water into the 
cytoplasm, expanding the volume of sperm that 
stretches the sperm membrane.

The main indication to perform the HOS test, 
according to the WHO 2010 manual, is in total asthe
nozoospermia cases, aiming to choose viable sperm 
for ICSI [61,62].

The published data remains inconclusive when cor
relating values found in the HOS test with ICSI results. 
Some studies have shown benefits of using the HOS 
test for sperm selection for ICSI with better quality 
embryos and higher implantation rates [39–41].

Despite the potential benefits associated with the 
use of HOS, even sperm with a low degree of HOS 
have the same fertility potential when performing 
the ICSI method, and therefore, the use of HOS is 
questionable for ICSI cycles [42–44].

Sperm tail flexibility test
This test consists of evaluating the viability of immotile 
sperm in a sample by observing if they have their tail 
flexible. This test is done by moving the sperm tail up 
and down with an ICSI needle, without moving its 
head [37]. In cases where the head moves along with 
tail, the sperm is not considered feasible to be used.

The use of frozen-thawed testicular sperm selected 
by this technique was analysed and the results were 
the same when comparing to the use of motile sperm. 
Besides that, the live-birth rate was similar in both 
groups [38].

The main advantage of this technique is that it uses 
only mechanical touch and does not require any acti
vating compounds that could compromise embryo 
development. In addition, ICSI can be performed 
immediately after this test. However, this analysis is 
not 100% accurate and requires a highly-qualified 
laboratory staff [63].

Laser-assisted immotile sperm selection (LAISS)
The laser has been widely used in ART and is currently 
present in most laboratories. Another application for 
this tool is in the identification of immotile, but viable 
sperm [45]. A single laser shot is performed at the tip of 
the flagellum, and if sperm is alive, its tail will become 
curled or waved.

The use of this technique was shown to be similar 
when compared to the HOS test [46]. However, the 
main advantage of LAISS is that it does not require 
chemical substances to induce motility and, therefore, 
we do not expect associated side-effects [63].

Tissue and sperm freeze–thawing

Different techniques

Sperm cryopreservation is an essential and well- 
established practice in ART. The slow-freezing method 
has been widely used in sperm cryopreservation, 
allowing to preserve a huge sample volume with 
acceptable results regarding vitality and motility recov
ery after thawing [51].

Slow freezing stages consist of temperature 
decreasing, cell dehydration and storage [47].

Cryoprotectant agents are used to minimise cryoin
jury, preventing intracellular ice formation. They con
trol the water relocation from intracellular to 
extracellular environment [47,51].

The ideal cryoprotectant should have easy cell 
penetration, low toxicity and be soluble in water 
[51,52]. There are different cryoprotectants with their 
respective formulations and protocols available.

In freezing and thawing procedures, the cell mem
brane undergoes an important structural change 
because lipids freeze faster than membrane proteins. 
Besides that, there is also an alteration in hydrocarbons 
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arrangement, which decrease their fluidity and, conse
quently, alters membrane permeability. These facts are 
due to the transition from membrane liquid phase to 
gelatinous state of cryopreserved cell [51,52].

It is necessary to control freezing velocity and add a 
cryoprotectant to assist cell survival, minimising then 
the occurrence of any sort of irreversible damage in the 
cell during this transition [51,52].

According to the WHO (2010), ~20–70% of sperm 
may not survive or suffer any irreversible damage dur
ing freezing/thawing processes. This wide variation is 
due to seminal sample quality before freezing [61].

It is known that sperm extracted from the epididy
mis or testis generally have poor concentration and 
low motility, so there was a necessity to develop a 
different method to freeze these samples [48].

In 2004, Isachenko et al. [49] developed sperm vitri
fication. Its success is based on two prime aspects: the 
very fast cooling before liquid nitrogen storage and 
the ultra-fast heating. These steps prevent intracellular 
ice formation, which is potentially lethal to the cells. 
Likewise, very fast heating step avoids re- 
crystallisation.

However, this technique allows the freezing of a 
very small volume of cells, as during devitrification 
intracellular ice formation and a mechanical damage 
(cracks) in the vitrified cell matrix may occur, which is 
potentially lethal to the cells [49,64].

Many sperm vitrification protocols were developed 
without using cryoprotectants, mostly with the use of 
sucrose and a low count of sperm. The main difference 
in protocols is based on different types of storage, 
through commercially devices available: cryoloop, 
drops (microdroplet), cryotop, cell sleepers or 
spermVD [64].

The vitrification technique is used for the storage of 
a few selected sperm through a micromanipulator, 
being especially favourable in surgical retrieval 
obtained sperm. Sperm vitrification may be an alter
native to traditional freezing, with better results in 
sperm survival rate and DNA damage [47]. Le et al. 
[50] (2019) also highlighted a better morphology in 
spermatozoa after vitrification when compared to tra
ditional freezing.

Cryopreservation of testicular tissue

Paediatric cancer treatments have improved significantly 
in recent years, reaching an aggregate 5-year survival 
rates of >80%, and the majority of patients will live into 
adulthood [65]. On this basis, increased interest has risen 
about strategies for fertility preservation in children and 
pre-pubertal boys who have malignant diseases.

Testicular tissue cryopreservation can be safely 
obtained by performing a wedge biopsy before start
ing gonadotoxic treatments [66]. However, at this 
point it remains an experimental option, as no 

pregnancy from cryopreserved testicular tissue has 
been achieved to date [66,67].

Clinical cases

As discussed above, there is wide variability of sperm 
selection methods, and each andrology laboratory 
may use different strategies to better handle sperm 
and testicular tissue before ICSI. In order to provide a 
practical and useful understanding of the techniques 
discussed, we present in this section two clinical cases 
of couples with severe male factor infertility under
going ICSI.

Case 1

A 25-year-old male, seeking medical assistance 
after identifying testicular lumps on self- 
examination was diagnosed with a testicular 
tumour. Concerned about fertility preservation, 
the physician ordered a semen analysis, which 
showed azoospermia. The patient was referred to 
a male infertility centre and after shared decision- 
making, it was decided to proceed with onco-TESE. 
As soon as the testicular tissue was obtained, we 
proceeded with shredding and fine mincing of the 
tissue with rupture of the STs. The suspension was 
assessed under an inverted microscope and no 
sperm was identified. It was decided to proceed 
with incubation of the pelleted testicular suspen
sion with collagenase IV for 1 h. The digested 
solution was centrifuged, and supernatant cell sus
pension was washed with buffered medium, and 
the pellet was assessed by droplets under oil and 
rare sperm were identified. The formed pellet was 
placed into heated culture medium micro-drops in 
a Petri dish, covered by oil, and in the same plate 
we placed SpermVD (Sperm VD assisted reproduc
tion device, developed by MFC global) device to 
perform sperm vitrification, as described by 
Berkovitz et al. [68].

Due to the very low count of sperm, vitrification was 
the technique of choice for cryopreservation. 
Approximately 10 spermatozoa were placed in each 
well of the device with the aid of an ICSI needle using 
an inverted microscope.

After orchidectomy, this patient underwent che
motherapy and follow-up evaluations showed that 
the treatment was successful. After 5 years, the 
patient and his partner presented to the clinic again, 
seeking ART. After complete evaluation of the couple, 
it was decided to perform ICSI using the cryopre
served sperm, as semen analysis showed azoosper
mia. The frozen sample was thawed by removing the 
device from the liquid nitrogen and placing it in a 
Petri dish covered with heated oil. The sperm were 
removed from the SpermVD with the aid of an ICSI 
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needle and the oocyte fertilisation procedure was 
performed.

Case 2

A 32-year-old male was admitted for fertility evalua
tion, reporting failure to conceive after 2 years of reg
ular intercourse. He had an unremarkable past medical 
and surgical history. On physical examination, both 
testes were normally descended with decreased size 
and consistency. No other abnormalities were identi
fied. His spouse was 26-years-old and had no gynae
cological problems. Two semen analysis confirmed 
azoospermia after centrifugation. Blood tests revealed 
normal levels of testosterone, LH, prolactin, oestradiol 
and high FSH, karyotype 46 XY and no Yq microdele
tion was found.

The couple was counselled about treatment options 
and decided to proceed with diagnostic TESA before 
ART. After TESA sample processing no sperm was iden
tified; however, when NF-PICS was applied, primordial 
germ cells were stained. The pathology report result 
was Sertoli cell-only syndrome. Nonetheless, in light of 
the NF-PICS finding, it was decided to proceed with an 
attempt of sperm retrieval by micro-TESE along with 
ovarian stimulation for ICSI, on the day before oocyte 
aspiration. Concerning the micro-TESE sample, immo
tile sperm were identified after careful shredding and 
mincing of the tissue. Due to immobility, pentoxifylline 
was used to increase motility, ensuring the use of 
viable motile sperm for ICSI.

Conclusion

The basic principle of ART is to combine gametes in 
order to achieve higher fertilisation, pregnancy and 
live-birth rates. Aiming for better clinical results, the 
interest on sperm has increased in recent years.

The ideal sperm handling method should provide a 
high sperm count, high vitality and appropriate sperm 
function, without side-effects. After decades of experi
ence, the best strategy of testicular tissue and sperm 
handling for ART has not been completely defined. In 
the present review the most common and useful tech
niques have been described and the best combination 
strategy should be identified for each case.
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