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One of the most severe forms of male infertility is 
azoospermia. This is a pathological condition in which 
a man’s ejaculate completely lacks spermatozoa. 
Determine it during a series of spermograms, 
examining under a microscope the sediment from 
the centrifugation of seminal fluid. The prevalence of 
azoospermia among men who are married and do not 
have children is 11-14% [1]. However, azoospermia 
should be considered as one of the manifestations 
of spermatogenesis disorders, rather than as an 
independent disease. Depending on the origin, 
azoospermia is divided into obstructive OA, caused by 
a violation of the permeability of the VAS deferens, and 
Non-Obstructive NOA (secretory). In OA, sperm are 
produced in the seminal tubules of the testicles, but 
as a result of obstruction of the VAS deferens, they do 
not enter the ejaculate, which may be due to trauma, 
urogenital infections, operations on the scrotum, as 
well as some genetically determined syndromes, such 

as cystic fibrosis. An increased frequency of mutations 
of the cystic fibrosis gene is noted both in patients with 
NOA and with a severe form of oligospermia, in which 
there is a decrease in the volume of ejaculate obtained 
during ejaculation. Currently, more than 1,800 
mutations of the cystic fibrosis gene – CFTR (cystic 
fibrosis transmembrane conduction regulator) have 
been identified, about 250 of them may predispose 
to impaired spermatogenesis and / or fertilizing 
ability of spermatozoa [2]. NOA is diagnosed when 
there is a violation of maturation or lack of sperm 
in the testicular tissue, i.e. testicular insufficiency, 
which occurs in 10% of infertile men, and is detected 
in 60% of men with azoospermia. The causes of 
testicular insufficiency can be genetic disorders (sex 
chromosome abnormalities, deletions, translocations, 
and mutations in the AZF region of the Y chromosome 
(Azoospermia Factor)), cryptorchidism, exposure to 
radiation, chemotherapy, and toxin poisoning [3,4]. In 
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Abstract
In recent years, the range of assisted reproductive technologies has expanded significantly, and many couples 
with infertility, even with its severe forms, were able to have their own children. 272 married couples with 
male infertility factor - azoospermia who underwent TESA in the period from January 2016 to July 2020 were 
examined. It was shown that in 73% of patients with azoospermia it was possible to obtain sperm. Clinical 
pregnancy occurred in 47% of this category of patients, but 17% of them had a miscarriage.  In 33% of patients, 
pregnancy did not occur, in 9% of patients did not have normal embryos.  It was shown that during the repeated 
TESA procedure in 89% of patients in whom sperm were found for the first time sperm were also found.  In 
8% of patients with repeated TESA procedure, no sperm were found. in patients with a negative result of the 
procedure TESA and in the future no sperm was found.   It is shown that the negative result of the procedure 
TESA cannot be explained by age-related changes in the male body, since most of the men in this category were 
under the age of 40 years.
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some cases, there is a combination of spermatogenesis 
disorders of varying degrees in one or both testicles, 
and complete or incomplete violations of permeability 
of the VAS deferens, a common cause of which, as 
already mentioned above, is mutations of the CFTR 
cystic fibrosis gene [2]. Another common of these 
genetic causes of spermatogenesis disorders are 
deletions (loss of a fragment) of the long arm of the Y 
chromosome that capture the AZF locus (azoospermia 
factor) [4–8]. Deletions at a given locus can be complete, 
i.e., completely removing one, two, or all three of its 
three regions (AZFа, AZFb и AZFc ), or partial, i.e., 
not completely capturing any region [5-7]. Almost all 
complete AZF deletions are de novo mutations and 
lead to male infertility due to secretory azoospermia 
or severe oligozoospermia  [5, 6]. Other genetic 
disorders that are associated with male infertility are 
Kleinfelter’s syndrome, polymorphisms in the gene 
(AR/HUMARA), Young’s syndrome, characterized by 
systematic blockage of the testicular ducts; and others 
[3]. In humans, more than 2,300 genes are involved in 
spermatogenesis, which causes a pronounced genetic 
heterogeneity of many forms of male infertility [6-9]. 

Until recently, patients with azoospermia were 
considered unpromising in terms of the possibility 
of having genetic offspring. A breakthrough in the 
rehabilitation of patients with severe pathospermia 
and azoospermia was the introduction of the IVF-TESA 
- ICSI technique. In this regard, it became necessary to 
reconsider the attitude to patients with azoospermia 
as unambiguously unpromising. However, 
empirical treatment of patients with azoospermia 
is unacceptable and not justified. This category of 
patients is shown testicular biopsy only in the absence 
of microdeletions of the entire AZF, AZFa  оr AZFb 
regions. Because in 46, XX men, as well as in patients 
with complete deletions of AZF, Azfa, AZFb or AZFb+c, 
severe disorders of spermatogenesis are detected up 
to Sertoli cell-only syndrome, which indicates that it 
is impossible to obtain spermatozoa [4-7].  Therefore, 
with these deletions, a negative result is predicted 
during testicular biopsy and TESA procedure. Less 
severe in terms of reproduction are deletions that 
completely cover the AZFc region, which account 
for 75-80% of all complete AZF deletions [7]. With 
complete deletion of the Azfc region, successful sperm 
extraction is predicted. At the same time, there is a fairly 
clear dependence of the degree of spermatogenesis 

disorder on the size and localization, i.e. on the type 
of deletion [7]. This is an important prognostic value 
in relation to the possibility of reproduction and 
obtaining sperm suitable for artificial insemination. 
TESA (testicular sperm aspiration) is the” Gold 
standard “ of Reproductology for both non-obstructive 
and obstructive azoospermia. In this procedure, sperm 
is obtained by aspiration of testicular tissue through a 
thin needle inserted into the testicle through the skin. 
This method allows you to get a sufficient volume of 
sperm for work, is not traumatic and does not require 
special equipment. [10].  Spermatozoa obtained 
during puncture can be cryopreserved for subsequent 
ICSI cycles. Cryopreservation of spermatozoa allows 
you to avoid unnecessary stimulation of a woman’s 
ovaries and additional surgical intervention if the first 
attempt of ICSI was not successful. This allows you 
to eliminate the factor of loss of sperm quality, avoid 
the need to synchronize manipulations with another 
partner, and completely eliminate the risk of useless 
superovulation induction. Thus, sperm puncture using 
the TESA technique can overcome male infertility in 
both variants of azoospermia. In this regard, the aim 
of our study was to assess the frequency of different 
clinical outcomes of IVF - TESE - ICSI programs in a 
cohort of infertile couples with azoospermia. 

Materials and Methods
 The study group consisted of 272 married couples in 
which men were diagnosed with azoospermia.

The criteria for selecting patients were:

1) male infertility factor-azoospermia.

2) the absence of karyotype abnormalities, deletions 
of the Azfa, AZFb or AZFb+c Y chromosome 
according to the survey data; the absence of a 
history of cryptorchidism, chemotherapy, radiation 
therapy, taking steroid hormones, anabolics, being 
in the radiation zone, or the presence of testicular 
malignancies.

The examination of men included: clinical, andrological, 
and genetic.   All patients underwent genetic analysis 
(karyotype, analysis of AZF region microdeletions, 
analysis of CFTR cystic fibrosis gene mutations) 
after full consultation. Spermological analysis of the 
ejaculate was performed according to the standard 
procedure recommended by WHO (2010) [11]. When 
analyzing the ejaculate, the following parameters 
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were evaluated: volume, color, consistency, sperm 
concentration in 1 ml of ejaculate, degree of mobility, 
and quantitative analysis of pathological forms of 
sperm according to Kruger. 

Results
We examined 272 married couples with male infertility 
factor-azoospermia, who had TESА  procedure 
between January 2016 and July 2020. In 73% of 
patients after the TESA procedure, spermatozoa were 
obtained. In 27% of patients, no sperm was obtained. 

Figure 1 shows the age distribution of men who had 
azoospermia and a negative result during the TESA 
procedure (no sperm was found). 

Fig1. The age distribution of men who had 
azoospermia and a negative result during the TESA 

procedure (no sperm was found). 

It can be seen that 73% of this category of men were 
under 40 years of age, 25% of men were middle - aged 
(from 40 to 50 years), and only 2% of men were over 
50 years of age.   In other words, the negative result 
of the TESA procedure cannot be explained by age-
related changes in the male body. Figure 2 shows the 
distribution diagram for the results (outcomes) of 
IVF - TESA –ICSI programs in couples with infertility, 
men who had azoospermia and a positive result 
during the TESA procedure. At the same time, by the 
result of these programs, we mean not only the result 
of fresh embryo transfer, but also the results of cryo 
transfers of embryos obtained during fertilization of 
the spouse’s oocytes with the husband’s spermatozoa 
found during the TESA procedure. It can be seen that 
clinical pregnancy occurred in 47% of patients in this 

category, but 17% of them had a miscarriage. This can 
be explained by the high percentage of abnormalities 
in the spermatozoa of men with azoospermia. 33% 
of the patients did not become pregnant, in  9% all 
embryos were anomalous, and 11% of patients had a 
diagnostic TESA.

At the same time, 25% of patients with non-interrupted 
clinical pregnancy-pregnancy occurred after a fresh 
embryo transfer , in 45% of patients this category 
the pregnancy after the first cryo embryo transfer, 
9% after 2 cryo embryo transfer, 13% after the third 
cryo  embryo transfer, and 5% after 4 cryo embryo 
transfer. Thus, in the majority of patients (70%) of 
this category, pregnancy occurred after fresh embryo 
transfer or after first cryo embryo transfer .

Fig2. Distribution by results (outcomes) of IVF-TESE - 
ICSI programs in couples with infertility

In addition, 60 patients in the examined group 
underwent a repeated TESA procedure.  It was shown 
that during the repeated TESA procedure, 89% of 
patients who were found to have spermatozoa for 
the first time were also found to have spermatozoa. 
No spermatozoa were detected in 8% of patients 
during the repeated TESA procedure. If the patient 
was not found to have spermatozoa during the first 
TESA procedure, then they were not found to have 
spermatozoa during further procedures TESA.

Discussion
In recent years, the range of assisted reproductive 
technologies has expanded significantly, and many 
couples with infertility, even with severe forms 
of infertility, have been able to have their own 
children. However, these patients need medical 
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and genetic examination both to identify the cause 
of pathozoospermia, differential diagnosis of male 
infertility, confirmation/verification of the diagnosis, 
and to assess the possibility of reproduction (using 
assisted reproductive technologies), predict its success 
and determine the genetic risks in offspring. For all 
patients with azoospermia, a very accurate history 
is required to determine the potentially correctable 
factors that led to infertility. Some men may have 
cryptorchidism. Hormonal changes, for example, in 
men with NOA are usually characterized by increased 
levels of serum FSH and reduced levels of testosterone 
[10]. Before further intervention, it is recommended to 
conduct comprehensive treatment, including surgical 
treatment of cryptorchidism, expressed varicocele, 
and hormonal disorders. To determine the success 
criteria for subsequent TESA surgery, some authors 
recommend Doppler mapping of the testicles and 
starting a biopsy in the area of maximum perfusioт. 
[12]. A high level of FSH is not a reason for refusing to 
perform the TESA procedure in men with NOA.  Since 
neither the level of FSH nor the volume of the testicles, 
according to many researchers, are not associated 
with the effectiveness of the TESA procedure [13-14].

In connection with the above, the search for new 
molecular genetic markers of residual spermatogenesis 
is an extremely promising area of research. For 
example, it was found that ESX 1 mRNA is detected 
in all cases of the presence of germ cells in seminal 
tubules. A useful addition to the usual prognosis 
parameters is the expression of the VASA gene in the 
testicles  [10]. 

Genetic testing to determine the cause of reduced 
spermatogenesis can provide important prognostic 
and diagnostic information. Preliminary (before 
surgery) testing for microdeletions of the AZF 
region of the Y chromosome and karyotype analysis 
makes it possible not only to determine the cause of 
azoospermia, but also to predict the effectiveness of 
testicular biopsy. As mentioned earlier, the prognosis 
of success of the TESA procedure is favorable for men 
with AZFc deletions, while the effectiveness of sperm 
search in men with complete deletion of AZFa or AZFb 
(or AZFb+c) is zero. But it should be remembered 
that deviations in the male karyotype, as well as the 
use of spermatozoa with deletions in the AZF region 
in the case of boys ‘ birth, in most cases leads to the 
transmission of this pathology to the offspring. In 

addition, patients with various forms of azoospermia 
have genetic features of gametes. L. Rodrigo et al., 
revealed an increase in the frequency of chromosomal 
aberrations (13, 18, 21, X and Y) in sperm samples from 
patients with azoospermia. There was an increase in 
sex chromosome dysomy – in 29 % of patients with 
OA; men with NOA were more likely to have diploidy-
in 54 % of cases and dysomy of the 13th, 21st and 
sex chromosomes compared to the control group  
[15]. Thus, a number of authors have shown that the 
testicular spermatozoa of patients with azoospermia 
often show chromosomal abnormalities. However, if 
a girl is born, if PGD (preliminary genetic diagnosis) 
is performed, the child may be completely healthy. 
In addition, experts note that men with detected 
disorders in the AZF region of the Y chromosome 
show a progression of spermatogenesis disorders 
[7]. Therefore, all patients with these disorders are 
recommended to use cryopreservation of the obtained 
material. 

Thus, genetic factors are one of the main causes of 
infertility [4–7]. However, despite the fundamental 
importance of genetic factors for reproduction, often 
the causes of male and female infertility can not be 
established. This is due to the insufficient use of 
new molecular cytogenetic and molecular genetic 
research methods in practical medicine [7, 16-17].  
The advantages of full-exome sequencing (FES) are 
the creation of new approaches in molecular genetic 
diagnostics based on the analysis of all possible genes, 
including recently discovered ones that are not present 
in clinical (targeted) gene panels. All published results 
of newly discovered mutations associated with male 
infertility, obtained using NGS technologies, indicate 
that its use significantly increases the effectiveness 
of finding out the molecular and genetic causes of 
this disease.  [16-17]. We believe that FES can be 
recommended as an important research method for 
the molecular genetic diagnosis of male infertility.

Conclusion
In recent years, the range of assisted reproductive 
technologies has expanded significantly, and many 
couples with infertility, even with severe forms of 
infertility, have been able to have their own children.  
We examined 272 married couples with male infertility 
factor-azoospermia, who had TESА  procedure 
between January 2016 and July 2020. In 73% of 
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patients after the TESA procedure, spermatozoa were 
obtained. 

It can be seen that clinical pregnancy occurred in 
47% of patients in this category, but 17% of them 
had a miscarriage. This can be explained by the high 
percentage of abnormalities in the spermatozoa 
of men with azoospermia.  Thus, in the majority of 
patients (70%) of this category, pregnancy occurred 
after fresh embryo transfer or after first cryo embryo 
transfer .

It was shown that during the repeated TESA 
procedure, 89% of patients who were found to have 
spermatozoa for the first time were also found to have 
spermatozoa.

No spermatozoa were detected in 8% of patients 
during the repeated TESA procedure. If the patient 
was not found to have spermatozoa during the first 
TESA procedure, then they were not found to have 
spermatozoa during further procedures TESA.

It is shown that the negative result of the TESA 
procedure cannot be explained by age-related changes 
in the male body, since most men in this category were 
under 40 years of age.

To identify the cause of pathozoospermia and assess 
the possibility of assisted reproductive technologies, 
predict their success and determine the genetic risks 
in offspring, it is necessary to conduct a medical and 
genetic examination of patients. Further improvement 
of the effectiveness of IVF-TESA-ICSI programs 
involves further evaluation of the role of non-invasive 
techniques (such as dopplerography) in identifying 
the foci where sperm are most likely to be detected, 
as well as the search for adequate molecular genetic 
predictors of successful sperm extraction.
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