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ABSTRACT
TESE-ICSI (testicular sperm extraction associated with 

intracytoplasmic sperm injection) represents a technique 
to attain pregnancy in couples with non-obstructive 
azoospermia (NOA) and other unlikely situations. Because 
of the poor pregnancy outcomes obtained by this procedure, 
we need new sperm selection techniques to improve 
the livebirth rate of NOA patients. Here we describe a 
successful micro TESE-ICSI cycle performed with sperm 
selected through high magnification and polarized light 
microscopy in a couple with two previous ICSI failures.
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INTRODUCTION
Non-obstructive azoospermia (NOA) is considered a 

non-medically treatable cause of male infertility (Flan-
nigan et al., 2017). NOA patients constitute up to 10% of 
all infertile men, and have abnormal spermatogenesis as 
the cause of their azoospermia (Flannigan et al., 2017). In 
this condition, standard techniques to retrieve sperm are 
testicular sperm extraction (TESE) and testicular sperm 
extraction with micro dissection (micro TESE), having a 
reported success rate of 55% (Flannigan et al., 2017) and 
63%, respectively (Donoso et al., 2007; Shah & Gupta, 
2017). In case of successful extraction, the standard pro-
cedure is to analyze the retrieved spermatozoa under a 
40x magnification microscope, with the purpose of select-
ing the ones with the most adequate morphology and mo-
tility to use for intracytoplasmic sperm injection (ICSI). 

Due to severe testicular failure, sperm from NOA pa-
tients have higher percentages of aneuploidy, altered DNA 
compaction, and both single and double stranded DNA 
breakages (Arumugam et al., 2019; Garolla et al., 2017). 
This condition is believed to affect assisted reproduction 
outcome (Garolla et al., 2015), and many authors report a 
strong association between poor semen quality and lower 
cumulative live birth rates (Kamkar et al., 2018; Zacà et 
al., 2020). On this basis, there are advanced sperm selec-
tion techniques, proposed to improve the likelihood that 
chromosomally intact and mature sperm with high DNA 
integrity are selected for fertilization (Pérez-Cerezales et 
al., 2018; Simopoulou et al., 2016). These strategies in-
clude selection according to membrane charge, apoptosis, 
birefringence, thermotaxis, chemotaxis and normal mor-
phology, observed at higher magnification. Although the 

current evidence is insufficient to reach final conclusions, 
these techniques could theoretically improve outcomes 
in assisted reproduction (Lepine et al., 2019). However, 
there is no method suggested for the selection of sperm 
retrieved by TESE. The aim of this case report is to report 
on the fertility outcome in a couple with NOA, undergoing 
the third ICSI cycle, in which sperm were retrieved by mi-
cro TESE and selected by birefringence through polarized 
light under high magnification microscopy.

CASE REPORT
A couple with male factor infertility underwent two 

unsuccessful micro-TESE-ICSI cycles. The female partner 
was 37 years old, body mass index (BMI) of 22, no history 
of previous surgeries or use of medications and regular 
menstrual cycles. The male partner was 37 years old, with 
idiopathic NOA due to testicular failure, follicle stimulating 
hormone 11.3 IU/L, luteinizing hormone 8.3 IU/L, testicu-
lar volume 12mL bilaterally and no history of orchidopexy, 
orchitis, varicocele or hormonal treatments. We ran ICSI 
cycles with sperm retrieved by micro-TESE procedure. In 
the first cycle, we obtained 14 oocytes, 10 were MII and 
6 were injected with non-progressive motile sperm, and 
4 had non-motile but viable sperm, evaluated by the hy-
posmotic swelling test (Rossato et al., 2004). Upon day 3, 
three embryos developed only from oocytes injected with 
motile sperm. Thereafter, two embryos were transferred on 
the same day while the third stopped its development after 
5 days of extended culture. We had no pregnancies. In the 
second cycle, we used sperm from the same micro-TESE 
procedure. We collected sixteen oocytes, all resulted in 
MII. We injected ten with non-progressive motile sperm 
and six with immotile, but viable sperm. We obtained the 
development of three embryos that were cryopreserved on 
the third day. In a later cycle, the embryos were warmed 
and cultured until the fifth day. We transferred one blasto-
cyst, also with no pregnancy. 

On a third ICSI cycle; we selected sperm obtained by 
the same micro-TESE procedure, for ICSI, using criteria 
based on high magnification morphology and birefrin-
gence, according to the protocol proposed by Garolla et 
al. (2014). 

Ovarian stimulation, oocyte fertilization and em-
bryo culture

Controlled ovarian stimulation was the same in all ICSI 
cycles and happened as follows: pituitary blockade was 
achieved with a GnRH antagonist, and ovarian stimulation 
was performed with recombinant FSH initiated on day 3 of 
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the menstrual cycle. The initial gonadotrophin dose was 
100 UI and adjusted according to the ovarian response 
to 50UI + 1 ampule of Pergoveris®. We monitored follicle 
development using ultrasound; when at least two follicles 
were ≥18 mm in diameter, we triggered final oocyte mat-
uration with Ovidrel®. Oocyte aspiration was performed 35 
h after triggering. The oocytes were denuded and then as-
sessed for maturity stage. All mature metaphase II (MII) 
oocytes were fertilized by intracytoplasmic sperm injection 
(ICSI) (Palermo et al., 1992). On day 1 (D1), the normally 
fertilized oocytes - defined as having two pronuclei (2PN) 
and two polar bodies - were identified and cultured in mi-
crodroplets from day 1 until blastocyst stage (D5 or D6) 
50 μL of medium containing 10% human albumin (CSCM, 
Irvine Scientific) under 11 mL of paraffin oil. The embry-
os were then incubated in triple gas incubators (89% N2, 
5% O2 and 6% CO2). The blastocysts were morphologically 
classified according to Gardner et al. (2000). The cycles 
with blastocyst formation underwent fresh transfer or blas-
tocyst cryopreservation.

Micro-TESE
We performed the Micro-TESE under epidural sedation 

in a hospital. The procedure was handled with microsurgi-
cal material and under light microscopy, with 6-8x mag-
nification. The surgeon provided areas of testicles to be 
removed. During the procedure, all removed seminiferous 
tubules, were analyzed by an andrologist in the surgical 
room. The sample was flushed into a sterile Petri dish, 
containing culture medium: Multipurpose Handling Media 
(MHM) supplemented with 5% HSA (Irvine Scientific, San-
ta Ana, CA, USA). We used BD PrecisionGlideTM 0.80X30 
mm (21GX11/4”) sterile and disposable needles to dissect 
the seminiferous tubules. We examined an aliquot of this 
fluid under the light microscope with phase contrast and 
objective magnification of 20X, to ascertain the presence 
of spermatozoa, on microscope slides covered with glass. 
The samples were placed into a conical tube with mHTF, 
plus 10% SSS and transported to laboratory at 37°C. We 
centrifuged the sample at 1200 rpm and transferred the 
pellet to a Petri dish with Multipurpose Handling Media 
(MHM), supplemented with 5% HSA covered with mineral 
oil. After sperm identification, sperm aliquots to be frozen 
were diluted with human sperm cryopreservation medium 

(Irvine Scientific, Santa Ana, CA, USA). The diluted ali-
quots were drawn into 0.5 ml sterile plastic straws (Cryo-
Biosystem, L’Aigle, France) and cryopreserved as follows: 
the protocol used 0.5 mL straws and the freezing was con-
ducted in LN steam for 3 min, 3 cm over the LN surface, 
before immersion and storage at –196°C. For the thawing 
procedure, the straws were placed upright on a rack at 
room temperature until all visible ice was gone.

Sperm selection for ICSI by high magnification 
microscopy and birefringence

After thawing, the sample was washed by centrifuga-
tion at 300 g for 10 minutes. The pellet was incubated in 
10-µL microdrops of PVP 7% (polyvinylpyrrolidone solu-
tion; Origio Medicult Media, Måløv, Denmark) in a Petri 
dish, covered with liquid paraffin (Origio Medicult Media) at 
room temperature for 15 minutes, and immediately used 
for further analysis. Motile sperm were evaluated under 
high magnification for morphology and birefringence, as 
previously reported (Garolla et al., 2014). In brief, each 
sperm was assessed using an inverted microscope (Eclipse 
TE 2000 U; Nikon) equipped with high-power differential 
interference contrast optics (Nomarski), with Hoffman 
contrast and polarizing lenses. The morphology evaluation 
criteria were defined according to Bartoov et al. (2002), 
observing sperm at higher magnification, as previously re-
ported (Garolla et al., 2008). The combined analysis took 
approximately 5 minutes per sperm. Only birefringent mo-
tile sperm with normal morphology and no vacuoles were 
selected and used for ICSI. 

RESULTS
After two previously failed ICSI cycles, we ran a new 

attempt with the same stimulation protocol and using 
sperm obtained by the same micro-TESE procedure. In this 
cycle, the sperm were selected by using criteria based on 
high magnification morphology and birefringence, accord-
ing to the protocol previously proposed by Garolla et al. 
(2014). In Figure 1 there are two examples of spermato-
zoa with non-progressive motility and normal morphology, 
retrieved by micro TESE, selected under high magnifica-
tion, and polarized light microscopy. Pictures A and B show 
a birefringent and a non-birefringent sperm, respectively. 

Figure 1. Two examples of spermatozoa retrieved by micro TESE, selected at high magnification, and 
polarized light microscopy. In the small windows, the same cells seen upon standard magnification. A) 
Birefringent sperm with non-progressive motility and normal morphology. B) Non-birefringent sperm with 
non-progressive motility and normal morphology.
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In the third ICSI cycle, ten MII oocytes were collected, and 
injected with non-progressive motile, birefringent sperm 
with normal morphology. Seven fertilized embryos were 
obtained, five of which reached the blastocyst stage on 
days 5 and 6 reached embryonic development. After NGS 
analysis, all embryos were diagnosed as euploid. In a sub-
sequent cycle, an euploid embryo was warmed, transferred 
and after 12 days the β-hCG resulted positive.  

DISCUSSION
Infertile men, particularly those with NOA, have higher 

percentages of sperm aneuploidy and DNA fragmentation 
due to abnormal spermatogenesis (Calogero et al., 2003; 
Flannigan et al., 2017). Therefore, couples with NOA fre-
quently face in-vitro fertilization failures, including poor 
fertilization, reduced implantation or increased miscarriage 
rates (Alvarez Sedó et al., 2017; Calogero et al., 2003). In 
these couples the conventional technique used to retrieve 
sperm is represented by TESE (Donoso et al., 2007). Re-
cently micro-TESE, performed under a microscopic obser-
vation, has been suggested as a more effective method of 
sperm retrieval because of its capability to identify areas 
with higher likelihood of having spermatozoa (Wosnitzer 
et al., 2014). However, the problem regarding the quality 
of the sperm retrieved from an impaired testicle remains 
(Loutradi et al., 2006). On this basis, there are concerns 
regarding the use of intratesticular sperm from NOA pa-
tients for assisted reproduction (Loutradi et al., 2006). 
These cells are frequently non-mobile, thus it is difficult 
to understand their viability. Moreover, the lack of motili-
ty has been related to changes to the intermediate piece 
(centriole), that is a preponderant factor for the beginning 
of embryonic cleavage (Tesarik, 2005). In this context, 
embryologists select motile sperm, when present, in order 
to improve ovular division and the cleavage process. 

In recent years, many tests were developed to select 
sperm with reduced nuclear abnormalities from semen 
samples of infertile men candidate to assisted reproduc-
tion (Lepine et al., 2019; Mazzilli et al., 2017). Among 
these, birefringence associated with high magnification 
microscopy was reported as being able to select sperm 
with higher likelihood of having normal DNA (Garolla et 
al., 2014). Therefore, it has been suggested as a real-time 
analysis to select good-quality sperm, to improve the ICSI 
outcome for men with testicular damage (Garolla et al., 
2014). Despite many papers reporting the selection of the 
best sperm for infertile men in couples with repeated ICSI 
failures, there is some data regarding this approach after 
testicular sperm extraction (Verheyen et al., 2017). 

In this report, we describe the success of a micro TESE-IC-
SI procedure, performed for the first time with a particular 
technique of sperm selection, in a couple who experienced 
two previous treatment failures. Non-progressive motile 
sperm were selected at high magnification microscopy with 
a polarized light microscope, to obtain morphologically nor-
mal and birefringent sperm. From ten MII oocytes injected 
with non-progressive motile and birefringent sperm with nor-
mal morphology, five euploid blastocysts were obtained. The 
transfer of an euploid embryo, performed in a subsequent 
cycle, allowed the couple to get pregnant.

Even though this event could be attributed to a role of 
chance, this technique represents a new approach for cou-
ples with non-obstructive azoospermia. It is worth stress-
ing that in all three attempts the ovulation induction was 
the same and the retrieved sperm derived from the same 
micro TESE procedure. The only difference was the use of 
high magnification microscopy and birefringence for sperm 
selection in the third attempt. 

In conclusion, we speculate that implementing the 
sperm selection after micro TESE, using high magnification 

morphology and birefringence, the analysis could be much 
deeper, providing better ICSI outcomes. Despite our re-
sults, it is clear that larger studies should be performed to 
assess the real benefits of this technique, helping to ana-
lyze whether or not it could become a new option for NOA 
patients undergoing ICSI.
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