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Objectives
• Infertility in general population (Male & Female)
• Fertility in Klinefelter syndrome
• Fertility in Triple X syndrome
• Current clinical options to treat infertility
• Future options to treat infertility





Terminology
Fertility refers to the capability to conceive or induce a pregnancy. 

Fecundity refers to the probability of producing a live birth arising from a given
menstrual cycle.

Infertility is the term used when a couple fails to induce a pregnancy within one 
year of regular unprotected intercourse.

Primary infertility defines the condition when no pregnancy at all has been
Achieved.

Secondary infertility means no further pregnancies have occurred. The term 
infertile can be applied to both men and women.



Infertility Prevalence





Interdependence of male and female reproductive functions



Classification of causes of the male infertility



Distribution of Diagnostic 
Categories



Semen Analysis

• 2-3 days of  abstinence

• Collection technique

• Note: SA best performed in andrology lab;  
If abnormal always repeat





Sperm count vary over time









Male



Klinefelter Syndrome (KS) 
• First described in 1942 as an 

“endocrine disorder”
• Extra-X chromosome 

identified in 1959; re-
classified as “chromosomal 
disorder”

Harry F. Kleinfelter, MD



KS Prevalence
• 1 in 500 men

• Most common sex chromosome disorder in men
• Most common genetics cause of male infertility



Error in Cell Division
• Usually, a random error
• Either the egg or the sperm can have an imbalance in 

number of chromosomes



KS Variability!
• 47,XXY    80-90% of KS patients

• Extra X chromosomes                            
(48,XXXY,  49XXXXY etc.)

• Mosaicism (46,XY/47,XXY)
• Structurally abnormal X chromosome

• The “classic” KS patient is….not so classic

10-20% of 
KS patients



Testosterone (T) Production

• T levels are normal in infants and pre-pubertal boys 
• Most boys initiate puberty normally, but might fail to 

progress
• T levels rise in early puberty, plateau in the low-

normal range in mid-puberty, then decline



Hormone Levels

Eberhard Nieschlag 2013

Pituitary Gland

https://pubmed.ncbi.nlm.nih.gov/?term=Nieschlag+E&cauthor_id=23825486


Sperm Production

• Klinefelter syndrome
• Germ cells do not progress 

normally to produce sperm
• Seminiferous tubes become 

scarred
• Rare areas of sperm 

production are possible

Wikstrom et al, 2007



Testicular Size

• Boys with KS have 
smaller testes compared 
to their peers  

• Testicular growth briefly 
increases after the onset 
of puberty to mid-
puberty, then declines



Puberty: A Critical Time
• Decline in testicular function begins shortly after 

entering puberty
• This is the time to consider testosterone therapy
• This is also the time to think about fertility 

preservation



Testosterone Therapy (TRT)
• Testosterone supplementation is helpful because 

testosterone plays many important roles:
• Promotes growth
• Increases muscle mass
• Preserves bone density
• Allows development of secondary sexual characteristics
• Has positive psychological benefits
• May increase libido and improve erection function 



Male Contraception 

Testosterone therapy does not improve spermatogenesis and 
should not used by men of reproductive age



Options

• Use non-testosterone 
based hormone therapies
• hCG
• Clomiphene citrate
• Anastrazole/Letrozole

• Nasal Testosterone 



Each dose should be taken 6 to 8 hours apart: once in the 
morning, once in the afternoon, once in the evening

One pump (5.5 mg) in each nostril 3 times daily, for a total 
daily dose of 33 mg

Nasal Gel Testosterone



Natesto appears to increase testosterone while maintaining semen parameters in a majority 
of men.





Fertility Preservation Consultation & Services



Physical Exam (sexual maturity)
Tanner Staging



Special Elastography Ultrasound (stiffness; Fibrosis)



One Step Encounter Fertility Preservation

Sadri-Ardekani et al, Fertility and Sterility 2013



Microscopic Testicular Sperm Extraction 
(mTESE)

Medical and Surgical Management of Male Infertility 2014; Edited by Rizk, Aziz & Agarwal  

Clinical Andrology 2011, EAU/ESAU Course Guidelines; Edited by L BjÖrndahl, A Giwercman, H Tournaye and W 
Weidner   



In Vitro Fertilization (IVF) using stored sperms

Medical and Surgical Management of Male Infertility 2014; Edited by Rizk, Aziz & Agarwal  

Clinical Andrology 2011, EAU/ESAU Course Guidelines; Edited by L BjÖrndahl, A Giwercman, H Tournaye and W 
Weidner   

Intra-cytoplasmic sperm injection (ICSI)

April 1991- Jan 1992

Overall Sperm Retrieval : 44%
Overall Live Birth Rate per ICSI cycle: 43%

Corona et al 2017, HRU



Pre-Implantation Genetic Diagnosis 
(PGD)



(Fresh) mTESE
(at least 70% chance 
of finding sperm)

ICSI/PGTA 

Pregnancy (70% per Embryo Transfer if partner is <35 yr old)



From Spermatogonia Stem Cell  to Sperm





Fertil Steril. 2022 Nov;118(5):864-
873





IRB approval
March 2013 

FDA registration
June/July 2014

First patient recruitment
07/22/2014

Good Tissue Practice (GTP) 
regulations

221 Patients 
Cancer Bilateral 

UDT Klinefelter Registry denied

* One subject was Klinefelter and suffered from the cancer too.

12 Updated July 25, 2025





Creating the 3D Organoids (HTO); Methods

48hrs

Ultra Low Attachment Round-bottom plates 

Pendergraft et al 2017 
Galdon et al 2024

10000 cells 






In Vitro Formed HUMAN Haploid Germ cells; DNA FISH (Ch.)
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Galdon et al 2024





Female





History

• The first published report of a woman with a
47,XXX karyotype was by Patricia A. Jacobs, in
Edinburgh, Scotland in 1959. She was a 35-year-
old, 5 ft. 9 in., 128 lb. woman who had premature
ovarian failure at age 19; her mother was age 41
and her father was 40 at the time of her
conception.

• Occurs more often when older men and women
conceive vs. younger couples.



Triple X Syndrome
 One in every 1000 females has an extra X chromosome
 The most common sex chromosome abnormality in females
 Most individuals with 47,XXX are diagnosed incidentally on prenatal genetic

screening
 The physical phenotype shows earlier growth and longer legs. 47,XXX

females have a tendency to be tall, with many reaching the 80th percentile in
height by adolescence, but with an average head circumference between the
25th to 35thpercentile
 Puberty and fertility are generally in the normal range, but premature

ovarian failure can occur



POF occurs in approximately 1% of all women

Premature ovarian failure (POF) is a condition in which the ovarian functions of hormone 
production and oocyte (egg) development become impaired before the typical age for 
menopause.

Studies on the prevalence of POF in adolescents or adults with trisomy X have not yet been performed
Premature ovarian failure (POF) seems to be somewhat more common than in the general population



Summary
 Infertility is common in general population (15%)
 More than 98% of Klinefelter individuals deal with infertility
 Early Fertility Preservation is recommended before long term Testosterone

replacement
 Microsurgical Testicular Sperm Extraction (Micro-TESE) and Intra

Cytoplasmic Sperm Injection (ICSI) is the most successful clinical option in
Klinefelter syndrome
 Spermatogonial Stem Cell Technology is a great hope for the future
 Infertility is not an issue in most of the Triple X individuals; however they

need a good reproductive health management
 Egg Freezing (Triple X)



• Appointment for initial evaluation and consultation (In Person Only): 

336.713.1493 

• Appointment for initial evaluation and consultation (Virtual for Non-NC Residents or 
In-Person):

336.448.9100

Winston-Salem, North Carolina
Greensboro, North Carolina

Charlotte, North Carolina
Greensboro, North Carolina
Winston-Salem, North Carolina



Hooman Sadri, MD PhD 

Cell Phone (Text Only): 
336.745.7034

E-Mail: hsadri@cfi.clinic

Winston-Salem, North Carolina
Greensboro, North Carolina

Charlotte, North Carolina
Mooresville, North Carolina
Greensboro, North Carolina
Winston-Salem, North Carolina

mailto:hsadri@cfi.clinic
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