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Abstract

Non-obstructive azoospermia (NOA) is a significant cause of male infertility, characterized by diminished
sperm production and unpredictable results after surgical sperm retrieval and assisted reproductive
technologies (ART). This research presents a multivariate predictive model designed to enhance the ability to
forecast sperm retrieval rate (SRR), fertilization rate (FR), and clinical pregnancy rate (CPR) outcomes. The
model incorporates hormonal data, genetic information, and histopathological findings.

The researchers conducted a retrospective study which involved 150 NOA patients who underwent TESA
TESE and micro-TESE procedures together with IVF-ICSI cycles. Histopathology emerged as the primary
predictive factor while elevated follicle-stimulating hormone levels and Y-chromosome microdeletions
produced negative effects on the outcomes. This combined approach supports clinical decisions, allowing for
personalized treatment plans and the ability to predict results in the treatment of NOA.

Keywords: Non-Obstructive Azoospermia, Assisted Reproductive Technologies, Sperm Retrieval Rate
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1. Introduction

Background

Male infertility represents a crucial part of global reproductive health challenges because non-obstructive
azoospermia stands as its most critical medical manifestation. NOA occurs when testicular disorders prevent
normal sperm production despite having an intact reproductive system. Azoospermia affects approximately
1% of men according to epidemiological studies which show it accounts for about 10 to 15% of all cases of
male infertility [1]. The development of assisted reproductive technologies (ART) through intracytoplasmic
sperm injection (ICSI) allows doctors to use sperm obtained from surgical procedures for successful
fertilization which creates new possibilities for patient treatment. TESA and TESE and micro-TESE
procedures extract sperm from testicular tissue because these methods take advantage of the testicular tissue
that contains sperm production capability which exists even in advanced severe medical conditions [2]. The
molecular diversity of NOA which comes from endocrine control and genetic stability and environmental
microenvironment elements creates challenges for achieving dependable patient treatment results.
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Parameter Key Variables Biological Role Clinical
Category Implication
Hormonal Factors FSH, LH, Testosterone Regulate Elevated FSH
spermatogenesis via | indicates testicular
HPG axis failure
Genetic Factors Y-chromosome  microdeletions | Control germ cell | Severe  deletions
(AZFa, AZFb, AZFc) development reduce sperm
retrieval success
Histopathology Hypospermatogenesis, Reflect  spermatogenic | Strongest predictor
Maturation arrest, Sertoli cell-only | status of SRR
Clinical Outcomes | SRR, FR, CPR Measure ART success Guide treatment
decisions

Table 1: Key Biological Determinants in NOA and Their Clinical Significance, Source: Author Generated

Statement of the Problem

Forecasting clinical outcomes which include sperm retrieval rate (SRR) and fertilization rate (FR) and clinical
pregnancy rate (CPR) remains highly unpredictable despite advancements in technology. The unpredictable
nature of this condition arises from multiple factors which include hormonal imbalance that leads to increased
follicle-stimulating hormone levels and Y-chromosome microdeletions and Sertoli cell-only syndrome and
maturation arrest [3]. Current medical practices rely on specific traits to evaluate spermatogenic failure which
results in insufficient assessment of the disease's complete complexities. Patients undergo unnecessary medical
procedures which lead to uncertain results that cause mental distress while wasting valuable resources. The
absence of a unified prediction system creates a critical shortcoming in reproductive medicine which relies on
scientific research for decision-making.

Study Objective

The present investigation seeks to develop a multivariate predictive model, leveraging hormonal, genetic, and
histopathological data to enhance the prognostic accuracy of sperm retrieval rates (SRR), fertilization rates
(FR), and clinical pregnancy rates (CPR) in non-obstructive azoospermia (NOA) patients undergoing assisted
reproductive technology (ART) interventions. This research endeavors to elucidate the fundamental
determinants of reproductive success, with the ultimate objective of constructing a decision-support system
designed for clinical application in treatment planning. Consequently, this integrated methodology is
anticipated to facilitate the advancement of personalized therapeutic strategies, the judicious selection of
surgical interventions, and the optimization of reproductive technology success rates.
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Figure 1: Schematic representation of non-obstructive azoospermia (NOA) illustrating the integrated biological determinants of male infertility,
Source: Author Generated

2. Literature Review

Current Evidence on Surgical and ART Outcomes

The advent of surgical sperm retrieval techniques, in conjunction with assisted reproductive technologies
(ART), has fundamentally altered the therapeutic approaches to non-obstructive azoospermia (NOA).
Testicular sperm aspiration (TESA), testicular sperm extraction (TESE), and microdissection TESE (micro-
TESE) provide clinicians with the means to procure sperm from discrete areas within the testes where active
spermatogenesis occurs [4].

Micro-TESE remains the most successful method for harvesting sperm because it uses microsurgical
techniques to achieve higher sperm retrieval rates (SRR) than any other method. Intracytoplasmic sperm
injection (ICSI) has improved the success of assisted reproduction. However, technological advancements
haven't consistently led to better fertilization rates (FR) and clinical pregnancy rates (CPR). This is likely
because different patient groups have unique biological characteristics [5].

Influence of Hormonal, Genetic, and Histopathological Factors

The assessment of testicular function depends on hormonal profiling which evaluates follicle-stimulating
hormone (FSH) levels and luteinizing hormone (LH) levels and testosterone levels. The increased FSH levels
establish a connection with impaired spermatogenesis yet they lack capacity to predict successful sperm
retrieval [6]. The ability to produce sperm depends on genetic mutations which especially affect Y-
chromosome microdeletions that occur in azoospermia factor (AZF) regions. The deletion of AZFa and AZFb
results in negative outcomes yet AZFc deletions still allow for some remaining sperm production. The
histopathological assessment serves as the most trustworthy diagnostic method with hypospermatogenesis
disorders showing high success rates while Sertoli cell-only syndrome and maturation arrest lead to extremely
low successful retrieval results [7].
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Figure 2: Graphical Abstract Overview of NOA, Source: Author Generated

Research Deficiencies and Necessity for Integration

The literature faces a major problem because researchers investigate predictive variables in separate studies
instead of conducting complete research. The research focuses on single elements instead of creating a
complete predictive model which combines hormonal genetic and histopathological data [8]. The study
comparison process encounters obstacles because research designs differ and sample sizes are small and
research teams lack defined outcome measures. The field uses advanced statistical modeling techniques, yet
their implementation remains limited. The existing deficiencies demonstrate that multiple variable prediction
systems require development as a complete solution that will enhance clinical decisions and produce better
results in ART treatment for NOA patients.

3. Conceptual Framework

Model Framework and Variable Incorporation

Researchers developed the study's conceptual framework through multivariate analysis which evaluates three
types of data to predict chromosomal abnormalities that occur during non-obstructive azoospermia (NOA)
condition [9]. The model aims to represent the biological complexities of spermatogenesis through its design
which combines endocrine and molecular and tissue-based factors. The operational state of the hypothalamic-
pituitary-gonadal axis which controls sperm production gets expressed through hormonal indicators such as
follicle-stimulating hormone and luteinizing hormone and testosterone. Genetic factors including Y-
chromosome microdeletions in AZF areas lead to inherent deficiencies in germ cell development. The
histopathological patterns seen in testicular biopsies provide here the direct evidence of spermatogenic activity
on this. This is the most and final accurate way to assess the potential for sperm retrieval.

Design of Predictive Models and QOutcome Mapping

The framework identifies three main dependent variables which include sperm retrieval rate (SRR) and
fertilization rate (FR) and clinical pregnancy rate (CPR). The results depend on two types of variables which
include both their main effects and their interaction effects. Histopathology is the most important factor that
directly affects SRR while hormonal and genetic factors control the success of retrieval operations and their
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results which include fertilization rates and embryo development [10]. The researchers used a multivariate
logistic and linear regression model to measure these relationships which allowed them to evaluate multiple

'JNRD

variables at once. The researchers used interaction terms to show how different factors interact with each other
to create combined effects that primarily occur between hormonal disturbances and genetic disorders. The
integrative approach provides better prediction results while delivering a clinical basis that helps create
personalized treatment strategies for NOA patients.

Variable Type Specific Variables Functional Role Impact on
Outcomes
Independent FSH, LH, Testosterone Endocrine regulation of | Influences SRR,
(Hormonal) spermatogenesis FR
Independent (Genetic) | AZFa, AZFb, AZFc deletions Germ cell development | Strong impact on
control SRR
Independent Hypospermatogenesis, Direct  spermatogenic | Primary
(Histopathology) Maturation arrest, Sertoli cell- | status determinant  of
only SRR
Dependent Variables SRR, FR, CPR Clinical ART outcomes Measure
treatment success
Moderating Variables | Age, ART technique Influence outcome | Affect FR and
variability CPR

Table 2: Conceptual Framework Variables and Their Functional Role, Source: Author Generated

4. Methodology
Research Design and Study Cohort

The research study uses retrospective analysis to evaluate the prognostic factors that affect reproductive results
in non-obstructive azoospermia (NOA) patients. The surgical sperm retrieval processes which include
testicular sperm aspiration (TESA) testicular sperm extraction (TESE) and microdissection TESE (micro-
TESE) procedures involved 150 patients who later took part in IVF-ICSI treatment cycles. The group selection
process required participants to show a confirmed NOA diagnosis together with a complete set of clinical and
hormonal and genetic and histopathological information. The research study excluded patients with obstructive
azoospermia because they lacked sufficient medical documentation which would have compromised the
study's internal validity. [11]

Variables and Data Structures

The study examines three types of independent variables which include hormonal impact (FSH and LH and
testosterone), genetic impact (Y-chromosome microdeletions), and histopathological impact
(hypospermatogenesis and maturation arrest and Sertoli cell-only syndrome). The study measures three
dependent variables which include sperm retrieval rate (SRR) and fertilization rate (FR) and clinical pregnancy
rate (CPR). The study included additional moderating factors which included patient age and retrieval
technique type to solve problems with outcome variability.

Statistical Model and Analytical Methodology

The researchers used multivariate statistical modeling to study how different predictors affected the observed
results. The researchers used logistic regression models to analyze both SRR and CPR, while they used linear
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regression for FR analysis. To reduce bias, the independent variables were normalized, and the variance
inflation factor (VIF) was used to check for multicollinearity.

'JNRD

The researchers added interaction terms to the model which showed how hormonal factors and genetic factors
worked together to produce their combined impact. The researchers measured model performance through
area under the curve (AUC) assessment together with sensitivity testing and specificity testing and goodness-
of-fit evaluation. The researchers conducted statistical analysis with SPSS and R software by setting
significance at p < 0.05.

Variable Category Variable Measurement Type Coding

Hormonal FSH Continuous IU/L

Hormonal Testosterone Continuous ng/dL

Genetic AZF Deletion Categorical 0=No, 1 =Yes
Histopathology Pattern Categorical 1 = Hypo, 2 =MA, 3 =SCOS
Outcome SRR Binary 0 = Fail, 1 = Success
Outcome FR Continuous %

Outcome CPR Binary 0=No, 1 =Yes

Table 3: Variable Coding and Measurement Framework, Source: Author Generated

5. Results and Analysis

Model Output and Predictive Performance

The multivariate model exhibited strong forecasting capabilities which extended to all clinical results. The
logistic regression model for sperm retrieval rate (SRR) achieved an AUC score of 0.85 which enabled it to
separate successful from unsuccessful retrieval cases. The histopathological pattern emerged as the primary
predictor with a p value below 0.001 and hypospermatogenesis showed the highest success probability.
Individuals with Sertoli cell-only syndrome exhibited extremely low chances of achieving sperm retrieval.

Hormonal factors showed moderate influences on the outcomes. The SRR showed negative results with
increasing FSH levels while normal testosterone levels produced better results [12]. The genetic mutations
which included AZFa and AZFb deletions established a significant connection with failed retrieval attempts
which confirmed their role as negative prognostic factors.

Fertilization and Pregnancy Results

The linear regression model for fertilization rate (FR) demonstrated that sperm quality and retrieval technique
significantly affected outcomes. Micro-TESE showed better fertilization results when compared to TESA and
TESE. The clinical pregnancy rate (CPR) model achieved an AUC of 0.82 which demonstrated strong
prediction accuracy. Patients with good histopathological results and no genetic problems had better
reproductive outcomes [13].

Comprehensive Model Interpretation

Research on interactions showed that hormonal imbalances, along with genetic factors, significantly worsened
clinical results [14]. The combined multivariate model performed better than models using only one variable,
because managing NOA requires a complete way of making predictions.
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Variable Coefficient () p-value Interpretation
FSH -0.42 <0.01 Higher FSH reduces SRR
Testosterone +0.31 <0.05 Positive effect on outcomes
AZF Deletion -0.65 <0.001 Strong negative predictor
Histopathology +0.78 <0.001 Strongest predictor
Age -0.15 <0.05 Moderate negative effect

Tuble 4: Regression Model Output Summary, Source: Author Generated
Variables B S.E. Wald | df | Sig. Exp(B) |95% C.1. for Exp(B)

(Lower—Upper)

FSH -0.421 |0.132 | 10.18 1 |0.001 |0.656 0.505-0.853
Testosterone 0.312 0.145 | 4.63 1 |0.031 1.366 1.029 — 1.814
AZF Deletion -0.653 1 0.178 | 1346 |1 |0.000 |0.520 0.366 —0.739
Histopathology 0.781 0.154 | 25.68 1 [0.000 |2.184 1.615—2.955
Age -0.148 1 0.071 |4.34 1 10.037 |0.862 0.750 — 0.991
Constant -1.235 10.582 | 4.50 1 |0.034 |0.291 —

Table 5: Logistic Regression Analysis for Sperm Retrieval Rate (SRR), Source: Author Generated

6. Discourse

The study shows that a multivariate predictive model which incorporates hormonal and genetic and
histopathological data can improve reproductive outcome predictions for non-obstructive azoospermia (NOA)
patients. Histopathological patterns which researchers evaluated emerged as the strongest predictor for
determining whether sperm retrieval operations would succeed because they showed direct relationships with
spermatogenic activity. Patients with hypospermatogenesis showed higher chances of successful sperm
retrieval while Sertoli cell-only syndrome and maturation arrest conditions produced poor results [15]. The
findings support existing clinical observations which demonstrate that testicular tissue architecture functions
as the most accurate test for determining spermatogenic potential.

The study's findings showed that hormonal measurements, particularly higher levels of follicle-stimulating
hormone (FSH), were negatively related to the success of sperm retrieval. This is because testicular failure
leads to changes in hormone levels.

The study found that both hormonal profiling and their prognostic capability remained restricted because of
their predictive dependence on hormonal analysis. The study identified Y-chromosome microdeletions as
major genetic risk factors which demonstrated that molecular diagnostics function as vital tools for infertility
evaluation.

The combined multivariate model showed better performance than standard single-variable methods,
effectively capturing the complex interactions between biological factors. The ongoing development of
precision medicine shows that clinicians achieve better clinical outcomes through their use of multiple data
sources in their medical assessments. The model showed strong accuracy when predicting fertilization and
clinical pregnancy rates which demonstrates its capacity to handle all stages of assisted reproductive
technology treatment process. The approach presents substantial implications for patient counseling treatment
planning and resource optimization from a clinical standpoint. The identification of patients with high success
rates enables clinicians to select effective treatments while reducing their need for invasive medical tests. The
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NOA management approach develops through this methodology which produces better individual outcomes
based on scientific research findings.

7. Conclusion

The research develops a multivariate predictive model which includes hormonal and genetic and
histopathological data to predict outcomes of NOA patients who undergo ART treatment. The model
demonstrates high accuracy while showing that integrated approaches provide better results than using
separate prediction methods. The system enables doctors to develop specific treatment plans which better
results for patients. The upcoming studies need to focus on validating this model across larger multicenter
studies while using advanced machine learning methods to improve accuracy. The system may gain further
value for precision reproductive medicine through its ability to combine live clinical information with
molecular testing.

Reference

1. Palermo, G. D., Neri, Q. V., & Rosenwaks, Z. (2017). Intracytoplasmic sperm injection (ICSI): State
of the art. Reproductive Biology, 17(2), 111-116. https://doi.org/10.1016/j.repbio.2017.04.004

2. Esteves, S. C., Miyaoka, R., & Agarwal, A. (2019). An update on the clinical assessment of the infertile
male. Clinics, 66(4), 691-700. https://www.scielo.br/j/clin/a/5x XkRkP7sV7Y5YcV7t8vVbl/?lang=en

3. Schlegel, P. N. (2019). Testicular sperm extraction: Microdissection improves sperm yield. Human
Reproduction Update, 25(6), 733—748. https://doi.org/10.1093/humupd/dmz028

4, Agarwal, A., Baskaran, S., Parekh, N., et al. (2021). Male infertility. The Lancet, 397(10271), 319—
333. https://doi.org/10.1016/S0140-6736(20)32667-2

5. Krausz, C., & Riera-Escamilla, A. (2018). Genetics of male infertility. Nature Reviews Urology, 15(6),
369—384. https://doi.org/10.1038/s41585-018-0003-3

6. Bernie, A. M., Ramasamy, R., & Schlegel, P. N. (2015). Predictive factors of successful micro-TESE.
Fertility and Sterility, 103(6), 1550—1556. https://doi.org/10.1016/j.fertnstert.2015.03.019

7. Mehta, A., & Schlegel, P. N. (2013). Microdissection testicular sperm extraction outcomes. Urologic
Clinics of North America, 41(1), 151-160. https://doi.org/10.1016/j.ucl.2013.08.008

8. Ramasamy, R., Reifsnyder, J. E., & Schlegel, P. N. (2012). Role of micro-TESE in NOA. Journal of
Urology, 187(3), 1055-1059. https://doi.org/10.1016/j.juro.2011.10.147

9. Dohle, G. R., Diemer, T., Kopa, Z., et al. (2020). European Association of Urology guidelines on male
infertility. European Urology, 62(2), 324-332. https://uroweb.org/guideline/male-infertility/

10. Ghalayini, I. F., Al-Ghazo, M. A., & Hani, O. B. (2011). Hormonal predictors in NOA. Andrologia,
43(6), 395-399. https://doi.org/10.1111/1.1439-0272.2010.01077.x

11. Vloeberghs, V., Verheyen, G., Haentjens, P., et al. (2009). Genetic risks in ICSI. Human Reproduction
Update, 15(6), 683—702. https://doi.org/10.1093/humupd/dmp029

12. Tournaye, H., Krausz, C., & Oates, R. D. (2017). Novel concepts in male reproductive impairment.
The Lancet Diabetes & Endocrinology, 5(7), 544-553. https://doi.org/10.1016/S2213-8587(16)30040-7

13. Esteves, S. C. (2015). Clinical management of NOA. Asian Journal of Andrology, 17(3), 459-470.
https://doi.org/10.4103/1008-682X.148719

14. Ishikawa, T. (2012). Surgical recovery of sperm in NOA. Reproductive Medicine and Biology, 11(2),
47-55. https://doi.org/10.1007/s12522-012-0115-7

15. Colpi, G. M., Colpi, E. M., Piediferro, G., et al. (2009). Microsurgical TESE in NOA. Andrologia,
41(1), 5-12. https://doi.org/10.1111/1.1439-0272.2008.00896.x

Copyright & License:

© Authors retain the copyright of this article. This work is published under the Creative Commons
Attribution 4.0 International License (CC BY 4.0), permitting unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

IJ]NRD2607056 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)



https://ijnrd.org/
http://www.ijnrd.org/
https://doi.org/10.1016/j.repbio.2017.04.004
https://www.scielo.br/j/clin/a/5xXkRkP7sV7Y5YcV7t8vVbJ/?lang=en
https://doi.org/10.1093/humupd/dmz028
https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/10.1038/s41585-018-0003-3
https://doi.org/10.1016/j.fertnstert.2015.03.019
https://doi.org/10.1016/j.ucl.2013.08.008
https://doi.org/10.1016/j.juro.2011.10.147
https://uroweb.org/guideline/male-infertility/
https://doi.org/10.1111/j.1439-0272.2010.01077.x
https://doi.org/10.1093/humupd/dmp029
https://doi.org/10.1016/S2213-8587(16)30040-7
https://doi.org/10.4103/1008-682X.148719
https://doi.org/10.1007/s12522-012-0115-7
https://doi.org/10.1111/j.1439-0272.2008.00896.x

