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K linefelter syndrome (K S) 

• T h e  m o s t c o m m o n  c hromos omal dis order 
in  m e n

• E s t im a t e d  p r e v a le n c e : 

– G e n e r a l p o p u la t io n : 0 .2 %

– I n f e r t i le  m e n : 3 %

– M e n  w it h  n o n  o b s t r u c t iv e  a z o o s p e rm ia : ~ 1 1 %  



• F r e q u e n t ly  u n d e r d ia g n o s e d : 
–Wide phenotypic  varia tion 
– L a c k  o f e s t a b l is h e d  s c r e e n in g  p r o g r a m s
• C a te g o r iz e d  b y  X -c h r o m o s o m e  p o ly s o m y
• X  d is o m y (4 7 ,X X Y ): M o s t c o m m o n  v a r ia n t 

• < 1 0% : D ia g n o s e d  b e fo r e  p u b e r t y

• 2 5 % : D ia g n o s e d  d u r in g  th e i r  l i f e t im e



• E a r ly  d ia g n o s is /m a n a g e m e n t  E a r ly  
in t e r v e n t io n s  

– P h y s ic a l , o c c u p a t io n a l, s p e e c h  th e r a p y

• P r o m o t in g  n o rm a l p h y s ic a l d e v e lo p m e n t in  
a d o le s c e n t s  w i t h  K S  
 m a y  h a v e  p o s i t iv e  p s y c h o lo g ic a l b e n e f i t s

– C o m b in e d  w i t h  h o rm o n e  m a n ip u la t io n  th e r a p y

⇒N o  R C T  e v a lu a t in g  th e  e f f ic a c y  o r  o u t c o m e  



T replacement therapy (TRT) 

• G o a l: 

– P r o m o te  l in e a r  g r o w th

– I n c r e a s e  m u s c le  m a s s

– P r e s e r v e  b o n e  d e n s i t y

– D e v e lo p m e n t o f 2 n d s e x u a l c h a r a c t e r is t ic s

• Im p a c t o n  th e  fe r t i l i t y  p o te n t ia l : u n k n o w n

– B e n e f ic ia l e f f e c t o n  s e m e n  v o lu m e

– E x o g e n o u s  T   s u p p r e s s in g  te s t ic u la r  fu n c t io n  
 m a y  c o n v e r s e ly  h a v e  a  d e t r im e n ta l im p a c t



Characteristic features

S m a l l t e s t e s , H y p o g o n a d is m , In f e r t i l i t y

Abs olute or rela tive hyperg onadotropic  
hypog onadis m &  impa ired 
s permatog enes is

• H ig h e r  g r a d e s  o f X  c h r o m o s o m e  p o ly s o m y   
M o r e  s e v e r e  c l in ic a l p r e s e n t a t io n

• G e n e t ic  m o s a ic is m  (4 6 ,X Y /4 7 ,X X Y )  u s u a l ly  a  
m i ld e r  p h e n o t y p e



Testosterone levels 

• I n  in f a n t : U s u a l ly  n o rm a l 

• D u r in g  c h i ld h o o d : A p p r o p r ia t e  r e s p o n s e  to  
g o n a d o t r o p in  s t im u la t io n  

• T o  in i t ia t e  p u b e r t y : M o s t h a v e  s u f f ic ie n t le v e ls

• P r o g r e s s  m a tu r i t y  a d e q u a te ly : o f t e n  fa i l 

D e c e le r a t e d  o r  p o o r  p r o g r e s s io n  o f p u b e r t y  
(Poor development of facial hair, 
masculinization, and emotional and social 
development delay)



Testosterone levels 

• D u r in g  e a r ly  p u b e r t y : ↑
• D u r in g  m id -p u b e r t y : 

– T e s t o s t e r o n e  S tabilize (lo w  ~ n o rm a l r a n g e )

– L H  &  F S H : P r o g r e s s  ↑  h y p e r g o n a d o t r o p ic  
le v e ls

– I n h ib in  B : C o n c o m i t a n t ↓  u n d e te c t a b le  le v e l

 P rogressive testicular steroidogenic 
dysfunction 

• M id -to -la t e  p u b e r t y : R e q u ir e  e x o g e n o u s  T  

s u p p ly   fu l l p u b e r t a l d e v e lo p m e n t &  2

n d

 
s e x u a l c h a r a c t e r is t ic

• L a te r : ↓



Spermatogenic function of the testes 

• D u r in g  c h i ld h o o d : L o w e r  te s t ic u la r  v o lu m e s  

• O n s e t o f p u b e r t y  ~ m id  p u b e r t y : 

– Tes tic ular g row th b r ie f ly   ↑  ↓t h e r e a f t e r

• I n  u n a f f e c te d  b o y s : R e s u l t o f g e rm  c e l l 
p r o l i f e r a t io n  (8 0%  o f th e  to t a l t e s t ic u la r  
v o lu m e : s e m in i f e r o u s  t u b u le s )

• I n  b o y s  w i t h  K S : l ik e ly  t h e  r e s u l t o f 
in t e r s t i t ia l c e l l p r o l i f e r a t io n  &  h y p e r p la s ia

– L o w e r  s e r u m  T  &  ↑ g o n a d o t r o p in  le v e ls



Spermatogenic function of the testes

• A t th e  s p e rm a to g o n iu m  
o r  e a r ly  s p e rm a to c y t e  
s t a g e

– G e rm  c e l l d i f f e r e n t ia t io n  
a r r e s t

• S p e rm a to g o n ia : 

– D i f f ic u l t y  e n te r in g  
m e io s is

– A t th e  o n s e t o f p u b e r t y : 
P r o c e e d in g  d i r e c t ly  t o  
a p o p to s is



Other characteristics

• S eminiferous  tubules : G r a d u a l d e t e r io r a t io n  

• Tubular hya linization
• Leydig  c ell hyperplas ia



Effect on Fertility

• Historically, men with KS  were considered infertile
• R a r e  e ja c u la t e d  s p e rm   S u c c e s s f u l p r e g n a n c ie s  

h a v e  b e e n  p r e v io u s ly  r e p o r t e d

– I n  t h e  te s t e s  o f p a t ie n t s  w i t h  K S   Is o la t e d  f o c i 
o f s p e rm a to g e n e s is  c a n  e x is t 

– W it h  a d v a n c e s  in  A R T  d u r in g  t h e  p a s t 2  
d e c a d e s   M a d e  p a t e r n i t y  p o s s ib le

• Fluores c enc e mic ros c opy f o r  s p e rm  s a m p le : 

– S a m p le  p r e p a r a t io n  is  t o x ic  t o  s p e rm   
Im p o s s ib le  to  a p p r e c ia t e  motility



Effect on Fertility

• Ons et of puberty  P r o g r e s s iv e  ↓ in  
s t e r o id o g e n ic  &  s p e rm a to g e n ic  fu n c t io n s  o f t h e  
te s t e s  

A s  th e  c r i t ic a l t im e  to  a d d r e s s  th e  fertility 
potentia l 

• E a r ly  S p e rm  r e t r ie v a l, S e m e n  o r  te s t ic u la r  t is s u e  
c r y o p r e s e r v a t io n

– S e v e r a l in v e s ig a t o r s  r e c o m m e n d  fo r  p a t ie n t s  
w i t h  K S

– T im in g  &  s u c c e s s  m a y  b e  in f lu e n c e d  b y  H T  (?) 
 A  m a t t e r  o f d e b a te



Aims

• C o m p r e h e n s iv e  s e a r c h  o f t h e  p u b l is h e d  
l i t e r a t u r e  

I n v e s t ig a t e : T h e  im p a c t o f early HT o n  s perm 
retrieva l ra tes  in  p a t ie n t s  w i t h  K S

E x a m in e  P r e d ic t o r s :

– S p e rm  r e t r ie v a l

– F e r t i l i t y  o u t c o m e s  a r e  e x a m in e d , 

D is c u s s  fu t u r e  d ir e c t io n s : F e r t i l i t y  p r e s e r v a t io n  in  
p a t ie n t s  w i t h  K S



M A T ER I A L S A N D  M E T H O D S



u p  to  a n d  in c lu d in g  M a r c h  2 0 1 2

M ic r o s c o p ic  o r  
M ic r o d is s e c t io n  
T e s t ic u la r  S p e rm  
E x t r a c t io n  (T E S E ) 



R ESU L T S



Studies evaluation

• M a jo r i t y : 
– R eview  artic lesR eview  artic les : : M a n a g e m e n t o f 
a d o le s c e n t s  a n d  a d u l t s  w i t h  K S

– C as e reports :  C as e reports :  A c h ie v e d  p a te r n i t y  in  
p a t ie n t s  w i t h  K S , s p o n ta n e o u s ly  o r  w i t h  A R T

• 1 6  s tu d ie s  (4 9 7  p a t ie n t s  w e r e  a n a ly z e d ): 

– Eva luated s uc c es s  ra tes  of s perm 
extrac tion

– Optimal timing & modality of HRT: limited
– Impact of HT on sperm retrieval or 

reproductive outcomes in men with KS : Lack 
of RCT



Sperm retrieval rate

• A v e r a g e : 5 1 %  (2 8 % – 6 9 % )
– M ic r o d is s e c t io n  te s t ic u la r  s p e rm  e x t r a c t io n  
(T E S E ): > n o n -m ic r o d is s e c t io n  T E S E  (6 1 %  
v s . 4 7 % )

– Previous TRT(s to p p e d  a t le a s t 6  m o n th s )   
m ic r o d is s e c t io n  T E S E  (2 0% – 2 5 % )

• T e s t ic u la r  h is t o lo g y : S e r t o l i c e l l-o n ly  p a t t e r n  
 7 0% : h a d  s p e rm  fo u n d  o n  m ic r o -d is s e c t io n  
T E S E



(+) Predictors for sperm retrieval

• Y o u n g  a g e

• P r e -o p  T  le v e ls : c lo s e  to  o r  w i t h in  th e  n o rm a l 
r a n g e , e i t h e r  a t b a s e l in e  o r  w i t h  H T  (a r o m a ta s e  
in h ib i t o r s , c lo m ip h e n e  c i t r a t e  [C C ], o r  h C G )

• L a r g e r  t e s t ic u la r  v o lu m e  (Madgar et al. )

• R a r e  tu b u le s  w i t h  g e rm  c e l ls   s p e rm a to z o a  (+)



Non specific predictor

• S e r u m  [L H ] o r  [F S H ] 
 te s t ic u la r  s p e rm a to g e n ic  fu n c t io n

• T e s t ic u la r  D o p p le r  r e s u l t s , >1 0%  m o s a ic is m  in  
p e r ip h e r a l ly m p h o c y t e s  o r  b u c c a l t is s u e  
 s u c c e s s f u l s p e rm  r e c o v e r y

• P r e t r e a tm e n t t e s t ic u la r  h is t o lo g y



D I SC U SSI O N



Ejaculated sperm 
from Adult men with K S

• ~ 8 %  h a v e  s p e rm  p r e s e n t

– C r y p t o z o o s p e rm ia  o r  s e v e r e  o l ig o s p e rm ia

– S p e rm  c o n c e n t r a t io n s  < 1  x  1 0 6/m L

– Im p a irm e n t in  s p e rm  m o t i l i t y  a n d  m o r p h o lo g y

• A id e d  w it h  A R T   S u c c e s s f u l p r e g n a n c ie s  

⇒S u r g ic a l s p e rm  r e t r ie v a l &  IC S I 
 d r a m a t ic a l ly  im p r o v e d  th e  fe r t i l i t y  p o t e n t ia l



Sperm retrieval

• 1 s t r e p o r t e d  s u c c e s s f u l s p e rm  r e t r ie v a l: in  1 9 9 6  
(T o u r n a y e  e t a l.) 

1 s t p r e g n a n c ie s  a c h ie v e d  u s in g  IC S I o f 
e ja c u la t e d  a n d  te s t ic u la r  s p e rm : 2  y e a r s  la t e r

1 0 1  c h i ld r e n  b o r n  to  fa t h e r s  w i t h  n o n m o s a ic  
K S  (u n d e r e s t im a t io n )

• U s e  m ic r o d is s e c t io n  T E S E  
 S perm retrieva l ra tes   ↑ in  p a t ie n t s  w i t h  
K S  (C o n s id e r e d  e q u iv a le n t t o  th o s e  in  m e n  w it h  
n o n  o b s t r u c t iv e  a z o -o s p e rm ia )



Sperm retrieval

• F r e s h ly  r e t r ie v e d  s p e rm   IC S I   P↑ r e g n a n c y  
r a t e

• C ryopres erved s perm 
– H a v e  b e e n  s u c c e s s f u l ly  u s e d  b y  s e v e r a l 
g r o u p s  

– ↓ R e p e a t s u r g ic a l p r o c e d u r e s  fo r  s p e rm  
r e t r ie v a l

– A  c h a l le n g e  w h e n  th e  s p e rm  r e t r ie v e d  a r e  
l im i t e d  in  n u m b e r  o r  q u a l i t y  



Testosterone Replacement Therapy

• Im p a c t : D i f f ic u l t t o  a s c e r t a in  

• E x o g e n o u s  T

• S u p p r e s s iv e  e f f e c t o n  te s t ic u la r  s t e r o id o g e n ic  &  
s p e rm a to g e n ic  fu n c t io n
– F u l ly  r e v e r s ib le  ? 

– F o r  w h a t p e r io d  o f t im e  ?

• L a c k  o f d a ta :
– U n k n o w n  d u r a t io n , r o u t e  o f t h e r a p y , r a r e  c a s e  

n u m b e r  

• C o n c o m it a n t u s e  a t t h e  t im e  o f s u r g e r y   
U n k n o w n  im p a c t o n  th e  n u m b e r  o r  q u a l i t y  o f s p e rm  
r e t r ie v e d



Testosterone Deficiency and HTTestosterone Deficiency and HT



1. Testosterone Deficiency

• D u r in g  n o rm a l m a le  d e v e lo p m e n t : 3  
p h y s io lo g ic a l p e a k s  o f s e r u m  T  

– 1 s t: I n  th e  p r e n a t a l p e r io d

– 2 n d : M in i-p u b e r t y , d u r in g  th e  1 s t 2 – 4  m o n th s  o f 
l i f e

– 3 r d : A t a d o le s c e n c e

• Whether T deficiency occurs during all 3 times 
in males with KS  ?

• Whether androgen therapy should be 
considered when activation of the pituitary-
gonadal axis first occurs ?



Studies for serum T in infants with K S

• S e v e r a l: A  p e a k  a r o u n d  3  m o n th s  o f a g e

• 2  s e r ie s : L o w e r  m e a n  le v e ls  v e r s u s  c o n t r o ls

• O th e r : N o rm a l o r  h ig h  n o rm a l le v e ls  

• C h i ld r e n  w i t h  K S : n o rm a l le v e ls  o f T , F S H , L H , 
in h ib in  B  in  th e  p r e p u b e r t a l p e r io d  

A lo n g  w i t h  a  n o rm a l s e r u m  T  r e s p o n s e  to  
h C G  s t im u la t io n

N o  in d is p u t a b le  e v id e n c e  o f 
hypoandrog enis m  in  in f a n t s  a n d  
p r e p u b e r t a l c h i ld r e n  w it h  K S



2. Penile length 

• A  s e n s i t iv e  in d ic a t o r  o f a n d r o g e n iz a t io n

• A n  in v e r s e  c o r r e la t io n  to  C AGC AG n  r e p e a t le n g t h
– A n d r o g e n  r e c e p t o r

– L e n g th  p o ly m o r p h is m s  m a y  c o n t r ib u t e  to  p h e n o t y p ic  
v a r ia n c e  o f K S

• K S  o f t e n  < 4 6 ,X Y  (not in the range of 
micropenis)

• T r e a tm e n t w i t h  TT fo r  d e c r e a s e d  p e n i le  le n g t h :
– L a c k  o f a l t e r n a t iv e  d o s in g  r e g im e n s

– A n d r o g e n  th e r a p y  d u r in g  in f a n c y   Im p r o v e d  
o u t c o m e s ?

– C o n s id e r e d  o n  th e  b a s is  o n  C A G n  r e p e a t le n g t h ?



Current practice for patients with K S 

• I n i t ia t io n  o f t h e r a p y  in  e a r ly -t o -m id  p u b e r t y
                               o r  a t t h e  o n s e t o f h y p o -
g o n a d is m

E n s u r e  th e  n o rm a l t im in g  o f c o m p le t io n  o f 
p u b e r t y

P r e v e n t t h e  s y m p to m s  a n d  s e q u e la e  o f lo n g -
te rm  a n d r o g e n  d e f ic ie n c y

• N o  s p e c i f ic  g u id e l in e s  o f T R T

– IM , T r a n s d e rm a l a p p l ic a t io n s

– Im p la n t a b le  T  p e l le t s  in  n o n c o m p l ia n t 
a d o le s c e n t s  (o n e  c a s e  r e p o r t)



In this andrology setting practice

• T y p ic a l ly  in i t ia t e  T R T  after th e  o n s e t o f p u b e r t y  
• T o p ic a l T  g e l

– A p p r o p r ia t e ly  &  a d e q u a te ly  ↑ s e r u m  T  le v e ls  in  
th e  m a jo r i t y  o f p a t ie n t s

– A v o id s  a n x ie t y  &  n e e d le  p h o b ia  (IM )

– C o m p l ia n c e  c a n  b e  c h a l le n g in g  fo r  s o m e  
a d o le s c e n t s

• A r o m a ta s e  in h ib i t o r s  (K S  c a n  a ls o  h a v e  ↑ E 2  o r  ↑ E 2 /
T )

– A d o le s c e n t s  w i t h  g y n e c o m a s t ia  o r  c e n t r a l o b e s i t y

– P a r t ic u la r ly  p o o r  r e s p o n s e  to  T  g e l



Impaired Spermatogenesis



Testicular degeneration in K S 

• E t io lo g y : N o t w e l l u n d e r s t o o d

1. ↑ E x p r e s s io n  o f g enes  o n  th e  s u p e r n u m e r a r y  
X  c h r o m o s o m e

2. I n t r a t e s t ic u la r  hormona l im b a la n c e

3. D e fe c t s  in  s p e rm a to g o n ia l s tem c ells
4. A b n o rm a l apoptotic  ac tivity o f S e r t o l i &  

L e y d ig  c e l ls

• 4 7 ,X X Y  te s t is   im p a ir e d  
s permatog enes is  

? In t r in s ic  to  g e rm  c e l ls

? In a b i l i t y  to  s u p p o r t n o rm a l g e rm  c e l l 
d e v e lo p m e n t



Spermatogonia/Germ cell

• M a y  b e g in  d u r in g  fe t a l o r  n e o n a ta l l i f e

– P r o g r e s s iv e  d e c l in e  in  th e  n u m b e r  o f 
s permatog onia : d u r in g  t h e  f i r s t y e a r  o f l i f e  in  
in f a n t s  (M ik a m o  e t a l.)

– O th e r  q u a n t i t a t iv e  s tu d ie s : n o rm a l g erm c ell 
c o u n t s

• I n  prepuberta l boys  w it h  K S

– D im in is h e d  n u m b e r  o r  c o m p le t e  a b s e n c e  o f 
S p e rm a to g o n ia

– W it h  n o rm a l-a p p e a r in g  S e r t o l i a n d  L e y d ig  c e l ls



• I n  early adoles c enc e w i t h  K S  

– M a jo r i t y : h a v e  g e rm  c e l ls  in  th e i r  t e s t e s

– Im m u n o h is t o c h e m ic a l s t u d ie s : N u m b e r  o f 
S p e rm a to g o n ia  m a r k e d ly  ↓(e s p e c ia l ly  a d u l t 
d a r k  s p e rm a to g o n ia )

• O n s e t o f puberty
– A c c e le r a t e d  &  p r o g r e s s iv e  d e p le t io n  o f g e rm  
c e l ls   E le v a t io n  in  s e r u m  g o n a d o t r o p in  
le v e ls



Sertoli cells

• T r a n s f o rm in g   m a tu r e  a d u l t c e l ls  d u r in g  
p u b e r t y

• E x p r e s s  a n d r o g e n  r e c e p t o r s

– S m a l le r  p r o p o r t io n  

– I n  t h e  c e l l c y t o p la s m  (r a t h e r  t h a n  th e  c e l l 
s u r f a c e )

•  ↓[I n h ib in  B ] d u r in g  m id  &  la t e  p u b e r t y  
 r e f le c t t h e  lo s s  o f S e r t o l i c e l l n u m b e r  &  
fu n c t io n

• S e c r e t o r y  d y s f u n c t io n

U n s u c c e s s f u l a t t e m p t s  a t t e s t ic u la r  s p e rm  
r e t r ie v a l



Leydig cells 

• F a i lu r e   im p a i r e d  s teroidog enes is
– M a y  b e  in t r in s ic  t o  L e y d ig  c e l ls

– G e rm  c e l l d e p le t io n

– S e r t o l i c e l l d y s f u n c t io n

– E le v a te d  in t r a t e s t ic u la r  E 2  le v e ls



Germ cell 

• D i f f e r e n t ia t io n  in t o  m a tu r e  s p e rm a to z o a   
a r r e s t e d  in  th e  te s t e s  o f b o y s  w it h  K S

– E a r ly  a t t h e  le v e l o f t y p e  A  s p e rm a t o g o n ia , 
before meiotic  divis ion (Testicular biopsies, 
14 adolescents)

– M eiotic  a rres t la ter (Other investgators)

• A t th e  1 O  s p e rm a to c y t e  o r  s p e rm a t id  s t a g e s

• W it h  r a r e  f o c i o f n o rm a l s p e rm a to g e n e s is



Early Sperm Retrieval

Microsurgical Epididymal Sperm Aspiration

Testicular Sperm Extraction 

Testicular Sperm Aspiration

Percutaneous Epididymal Sperm Aspiration



• I n  m e n  w i t h  K S   S e c o n d a r y  d e c l in e  in  
te s t ic u la r  f u n c t io n  

– P r o g r e s s iv e , b e g in n in g  in  p u b e r t y  &  w o r s e n in g  
d u r in g  a d u l t h o o d

– Y o u n g e r  a g e : A  p o s i t iv e  p r e d ic t o r  o f s p e rm  r e t r ie v a l

– S p e rm  r e t r ie v a l d u r in g  a d o le s c e n c e  m a y  h a v e  le d  to  
e v e n  b e t t e r  s p e rm  r e t r ie v a l r a t e

• Case report (Damani et al.):

– S u c c e s s fu l c r y o p r e s e r v a t io n  o f s p e rm -c o n ta in in g  
te s t is  t is s u e , a  1 5  y /o  a d o le s c e n t b o y  w i t h  K S



(S e le c t iv e  D N A  f lu o r o c h r o m e  &  f lu o r e s c e n t 
m ic r o s c o p y , Mehta et al., Poster 53, American S ociety of 

Andrology Meeting 2012)

•A d o le s c e n t s  w i t h  K S  a g e d  1 2 – 2 0  y /o   
e ja c u la t e d  s e m e n  s a m p le s   7 0%  p r e s e n t w i t h  
S p e rm

(Recommendation from this paper)
•R o u t in e ly  s e m e n  c r y o p r e s e r v a t io n  in  a d o le s c e n t s  
w h o  h a v e  s p e rm  p r e s e n t in  th e  e ja c u la t e

•P o s i t iv e  l im i t e d  e x p e r ie n c e : S u r g ic a l s p e rm  
r e t r ie v a l in  3  a d o le s c e n t s  w i t h  K S



Testicular dissection for sperm extraction

• N e g a t iv e  e f f e c t s  o n  te s t ic u la r  f u n c t io n : 

– T e m p o r a r y  d e c l in e  in  s e r u m  T  

R e c o v e r s  1 2 – 1 8  m o n th s  p o s t o p e r a t iv e ly

O n e  r e p o r t :  N o  im p r o v e m e n t a f t e r  1 2  
m o n th s  p o s t c o n v e n t io n a l o r  
m ic r o d is s e c t io n  T E S E  

A n o th e r  r e p o r t : R e c o v e r e d  to  5 0%  o f 
b a s e l in e  a f t e r  m ic r o  d is s e c t io n  T E S E

– I r r e v e r s ib le  te s t ic u la r  a t r o p h y  &  
h y p o g o n a d is m   m u c h  le s s  c o m m o n



- The negative effects on testicular function

• M a y  r e f le c t preexis ting  tes tic ular 
dys func tion in  t h e  s t u d y  p o p u la t io n  th a t 
w o r s e n e d  p o s t o p e r a t iv e ly

– N o  a c c o u n t f o r  t h e  w id e  r a n g e  o f T  le v e ls  
a m o n g  th e  s u b je c t s

– N o  a c c o u n t f o r  t h e  p o s s ib i l i t y  o f n a tu r a l 
d e c l in e  in  T  o v e r  t im e  in  m e n  w it h  K S



Sperm retrieval and cryopreservation 
- Recommendation –

• A s  e a r ly  a s  p o s s ib le

• B e fo r e  th e  in i t ia t io n  o f e x o g e n o u s  T  th e r a p y  

• E a r ly  t o  m id  p u b e r t y

– B r ie f ↑ in  te s t ic u la r  s iz e
– S e r u m  h o rm o n e  c o n c e n t r a t io n s  a r e  r e la t iv e ly  
w i t h in  th e  n o rm a l r a n g e

M a y  b e  th e  b e s t t im e  to  c o n s id e r  s p e rm  
r e t r ie v a l



• N o n -T – b a s e d  H T s  (h C G , C C , a r o m a ta s e  
in h ib i t o r s ) 

– T h e o r e t ic a l ly  s t im u la t e  tes tic ular 
s teroidog enes is  

– M a y  b e  c o n s id e r e d  b e fo r e  p la n n e d  s u r g ic a l 
s p e rm e x t r a c t io n  in  h y p o g o n a d a l p a t ie n t s

• T h e  d e c is io n  s h o u ld  b e  m a d e  o n  a n  in d iv id u a l 
b a s is

Sperm retrieval and cryopreservation 
- Recommendation –



Genetics Risks to Offspring



Genetics Risks to Offspring

• Q u e s t io n n a i r e -b a s e d  s u r v e y  o f p a t ie n t s  w i t h  K S  
 9 0%  e x p r e s s e d  a  d e s i r e  to  fa t h e r  c h i ld r e n  
 7 0% :  T E S E -IC S I
 m a jo r i t y  o f o f f s p r in g  h a v e  b e e n  h e a l t h y , w i t h  a  
n o rm a l 4 6 ,X X  o r  4 6 ,X Y  c h r o m o s o m a l 
c o m p le m e n t 
 47,XXY has certainly been reported  S A 
or elective termination



•  ↑S e x  &  a u to s o m a l c h r o m o s o m a l aneuploidy in  
s p e rm  

– S p e c i f ic  to  K S  o f f s p r in g  ?

– R e f le c t iv e  o f th e  r a t e  s e e n  in  IC S I o f f s p r in g  in  
g e n e r a l? 

• T h e o r ie s :

1. 4 7 ,X X Y  g e rm  c e l ls   c o m p le t e  m e io s is   
p r o d u c e  h y p e r h a p lo id  s p e rm a to z o a

2. R a r e  fo c i o f 4 6 ,X Y  g e rm  c e l ls   s u s c e p t ib le  t o  
m e io t ic  e r r o r s  d u e  to  th e  a b n o rm a l t e s t ic u la r  
e n v i r o n m e n t  R e s u l t in g  in  h y p e r h a p lo id  s p e rm



1. S im i la r  c h r o m o s o m a l p a t t e r n s : 

 

 S u g g e s t c o m m o n  4 7 ,X X Y  o r ig in

Evidences from studies

4 7 ,X X Y  (S e r t o l i c e l ls , S p e rm a to g o n ia , 1 o  

s p e rm a to c y te s )  H y p e r h a p lo id  (2 0 
s p e rm a to c y te s , s p e rm a t id s , s p e rm a to z o a )



1.  

(M o u s e  m o d e ls … )

• D o n o r  X Y  g e rm  c e l ls   h a p lo id  g e rm  c e l ls  in  
th e  X X Y  e n v i r o n m e n t 

 T e s t ic u la r  e n v i r o n m e n t m a y  b e  le s s  im p o r t a n t 
t h a n  th e  c h r o m o s o m a l c o m p le m e n t o f th e  g e rm  
c e l l l in e

S e r t o l i c e l ls : 4 7 ,X X Y  k a r y o t y p e
G e rm  c e l l l in e s  in  th e  K S  te s t is : 
4 6 ,X Y  

E u p lo id  m e io t ic  s p e rm a to c y t e s  &  
N o rm a l h a p lo id  g a m e te s

Evidences from studies



Pre-implantation genetic diagnosis

• R e c o m m e n d  fo r  E m b r y o s  o b ta in e d  u s in g  T E S E -
IC S I 

– ↑∵  C h r o m o s o m a l a b n o rm a l i t ie s  p o te n t ia l

– (S taessen et al.) R a te  o f n o rm a l e m b r y o s  fo r  K S  
c o u p le s  s ig n i f ic a n t ly  < n o rm a l c o n t r o ls  (5 4 %  v s . 
7 7 .2 % )



• N o t r o u t in e ly  u s e d

– L a c k  o f a v a i la b i l i t y  in  m o s t c e n t e r

– M a jo r i t y  o f o f f s p r in g  o f K S  c o u p le s  a r e  n o rm a l

– K S  fa t h e r s  u s in g  A R T  h a v e  fe w e r  th a n  
th e o r e t ic a l ly  e x p e c t e d  X Y  o r  X X  d is o m ic  
s p e rm  &  e m b r y o s

• H ig h e r  r a t e  o f c h r o m o s o m a l a b n o rm a l i t ie s  
d e te c t e d  in  p r e im p la n t a t io n  e m b r y o s  r e m a in s  a  
c o n c e r n  

T h e  u s e  o f p r e im p la n t a t io n  g e n e t ic  d ia g n o s is  
in  K S  c o u p le s  u n d e r g o in g  IC S I s h o u ld  b e  
c o n s id e r e d

Pre-implantation genetic diagnosis



Future Directions



Cryopreservation of testicular tissue
(C o n ta in in g  m a tu r e  s p e rm a to z o a )

• U s e d  fo r  e v o lv in g  te c h n o lo g ie s  (S p e rm a to g o n ia l 
m a tu r a t io n  e x  v iv o )  E x p e r im e n ta l a t p r e s e n t

• H u m a n  te s t ic u la r  t is s u e

– C a n  b e  c u l t u r e d  fo r  s e v e r a l w e e k s  w i t h o u t 
e s s e n t ia l lo s s  o f s p e rm a to g o n ia

– S p e rm a to g e n e s is  c a n  ta k e  p la c e  u n d e r  
c u l t u r e  c o n d i t io n s   N o rm a l s p e rm a t id s  w i t h  
s o m e  fe r t i l iz a t io n  p o te n t ia l



Cryopreservation of testicular tissue
(C o n ta in in g  m a tu r e  s p e rm a to z o a )

• C o n s id e r  in …

– N o n -a z o o s p e rm ia , Id e n t i f ie d  a t p u b e r t y  o r  
b e fo r e , r e a d y  fo r  f a t h e r h o o d

– S e v e r e ly  o l ig o s p e rm ic  o r  c r y p t o z o o s p e rm ic  
p a t ie n t s  

– Y o u n g e r  a d o le s c e n t , S p e rm a to g o n ia  in  th e  
s e m in i f e r o u s  tu b u le s , N o  m o r e  d i f f e r e n t ia t e d  
c e l l t y p e s



Conclusion



Early hormone substitution therapy

• R e c o m m e n d e d  in  th e  p a t ie n t s  w i t h  K S : 

C o m p le t e  n o rm a l p u b e r t a l d e v e lo p m e n t

P r e v e n t a d v e r s e  c o n s e q u e n c e s  o f 
h y p o g o n a d is m

• T  s u p p le m e n ta t io n  

– D u r in g  th e  f i r s t 2 – 3  m o n th s  o f l i f e : B e n e f i t  is  
u n c le a r

– R e c o m m e n d  in i t ia t io n  a f t e r  t h e  o n s e t o f 
p u b e r t y  (serum T levels being to decline)



 Assisted Reproductive Therapy

• C r y o p r e s e r v a t io n  o f s e m e n  s a m p le s  

– P o s s ib le  f r o m  b o y s  w i t h  K S  in  e a r ly  p u b e r t y

– C o n ta in in g  v e r y  lo w  n u m b e r s  o f s p e rm a to z o a

– S h o u ld  b e fo r e  in i t ia t in g  T  s u p p le m e n ta t io n

• S u r g ic a l s p e rm  r e t r ie v a l

– F o r  fe r t i l i t y  p r e s e r v a t io n  in  a d o le s c e n t s : 

• U n a b le  to  p r o v id e  a  s e m e n  s a m p le

• A z o o s p e rm ic



M en with non-mosaic K S

• L im i t e d  te s t ic u la r  v o lu m e

• E x te n s iv e  tu b u la r  s c le r o s is

• M a r k e d ly  ↑ [F S H ]

S p e rm  r e t r ie v a l +  T E S E  &  m ic r o -d is s e c t io n  
T E S E   P o s s ib le  f o r  5 0% – 7 0%

– B a s e d  o n  r e s u l t s  f r o m  d i f f e r e n t c e n t e r s

– A lo n g  w it h  IC S I  ↑↑ a b i l i t y  t o  fa t h e r  c h i ld r e n



Boys with K S 

• O p t io n  fo r  f e r t i l i t y  p r e s e r v a t io n  in  b o y s  w i t h  K S  

– Im m a tu r e  g e rm  c e l ls  o r  s p e rm a t o g o n ia  

I n  v i t r o  m a tu r a t io n , u s in g  A R T

I n t o  m a tu r e  s p e rm a to z o a
at least, elongated spermatids capable of 
fertilizing ova



THANK  YOU FOR LISTENING
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