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Presenter
Presentation Notes
Hello, my name is Katie O’Sullivan, one of the first year Med-Peds Endocrine fellows and I will be presenting the case of a patient that I met earlier this month in my pediatric endocrine clinic.




Chief Complaint



 

12 year and 9 month-old boy with 47,XXY 
Klinefelter Syndrome presents to re-establish 
care in our endocrinology clinic and discuss 
management of his potential infertility

Presenter
Presentation Notes
- And discuss, at the young age of 12, 
Potential – if not inevitable – infertility 




History of Present Illness



 

Diagnosed with 47,XXY by karyotype in- 
utero via amniocentesis



 

Karyotype repeated at 9 mo: No mosaicism


 

Microphallus identified at birth


 

Penile length “2-2.5 cm” at 10 months of age



Presenter
Presentation Notes
-	My patient first established endocrine care when he presented here at the University of Chicago with small phallus length despite adequate growth in weight and height.
-	At that time, his penile length was noted to be 3.4cm, less than 2 standard deviations below the mean of 6.1cm, which is what is expected for a boy of 6 yrs and 6 months of age. 
-	Laboratory studies were performed and revealed appropriately undetectable  levels of FSH, LH, Testosterone and DHT 
-	He received a total of 3 doses of 25mg Testosterone, and following the 2nd dose, his penile length was noted to improve to 4.7 cm.
-	He was then discharged from endocrine clinic until puberty.


J. Pediatr. (Rio J.) vol.83 no.5 Porto Alegre Sept./Oct. 2007
http://dx.doi.org/10.1590/S0021-75572007000600008  
ORIGINAL ARTICLE
Penile anthropometry in Brazilian children and adolescents
Pedro N. GabrichI; Juliana S. P. VasconcelosII; Ronaldo DamiãoIII; Eloísio A. da Silva IV 



8 yrs 2mo: Enrolls in Clinical 
Trial


 

“Androgen Effects on Cognition in Klinefelter 
Syndrome.”



 

Dr. Judith Ross, Thomas Jefferson University
- Goal of Study: “Address questions regarding the 

relationship of early androgen deficiency to learning and 
social-behavioral functions.”

- Enrolled boys age 4-12 years old
- Randomized to either Oxandrolone 0.06 mg/kg/day or 

Placebo control for 2 years
- Bone age/Labs: baseline, 3 mo and every 6 mo
- Cognitive testing: baseline, 12 mo and 24 mo
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-1.5 years later, our patient enrolled in a clinical trial at Thomas Jefferson University with Dr. Judith Ross, a Klinefelter specialist. 
-She sought to further determine the effects of androgen on cognition in patients with Kleinfelter and 
specifically determine whether low-dose androgen replacement at an early age would improve learning difficulties seen in patients with Kleinfelter Syndrome.
-The study enrolled pre-pubertal boys age 4 to 12yo and 
-randomized children to one of two treatment groups: oxandrolone 0.06mg/kg/d or placebo for 2 years.
-We are still blinded to the arm of the trial to which he was assigned, but based on his outcome, we have a pretty good idea which medication he received.



History During Trial Course



 

Prior to trial at 8 yrs 2 mo:


 

Denies testicular growth, penile growth, growth spurt and 
all secondary sex characteristics



 

1st year of trial:


 

Develops axillary hair, acne, and body odor


 

Dose of trial medication “changed”


 

2-year follow-up at 10yrs 2mo:


 

Develops mustache hair, Tanner IV pubic hair, and testes 
measuring 6mls



 

Bone Age: Advanced at 13 years skeletal age
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Prior to the trial, our patient had no symptoms of puberty
However, during the first year of the trial, he appeared to develop …
The dose of the trial medication was then changed.
Then, at the conclusion of the study 2 years later, it appeared that our patient had enlarged testes, facial hair, pubic hair, and skeletal advancement consistent with pubertal changes…  This is unusual since, if anything, Klinefelter children typically have a more delayed onset of puberty.



Rest of History Following Trial



 

Continues to grow taller, develop more pubic 
hair and axillary hair



 

Continues to have acne requiring topical 
prescription treatment



 

Shaves infrequently


 

1 year prior to presentation develops breast 
buds, no galactorrhea

Presenter
Presentation Notes
Following the trial, our patient…



More History…


 

Birth History:


 

Uncomplicated 
pregnancy and delivery



 

Full-term


 

Birth Weight 8 lbs, 1 oz 
(AGA)



 

Past Medical History:


 

ADHD


 

Oppositional Defiant 
Disorder



 

Nocturnal enuresis


 

Allergic Rhinitis


 

Insomnia



 

Allergies: None



 

Immunizations: Up-To- 
Date



 

Medications:


 

Clonidine 0.1 mg daily


 

Methylphenidate 54 mg 
daily PRN



 

Trazodone 50 mg qhs


 

Desmopressin 0.2 mg 
PRN
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As for the rest of his history, his birth history is unremarkable
He does have a few psychological diagnoses including ADHD and Oppositional Defiant Disorder as well as insomnia, allergic rhinitis, and noctural enuresis
He is on clonidine and methylphenidate for ADHD
Trazodone as needed for insomnia
Desmopressin as needed for his nocturnal enuresis





 

Social History


 

Lives with mother, 
father, and brother in 
Southwest Chicago



 

7th grade student with 
“good” grades



 

Enjoys participating as 
middle school mascot, 
the “Cardinal”



 

Family History


 

No family history of 
precocious puberty


 

Mother with menses 
at 14 yo; 5’5.5’’



 

Father with growth 
spurt during “high 
school”; 6’3’’

Presenter
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His social history is remarkable only for the fact that he is a “good” student.
There is no history of precocious puberty in his female



Review of SystemsReview of Systems



 

Constitutional: Negative for fever, diaphoresis, weight change or 
appetite change



 

HENT: Negative for congestion, rhinorrhea, sore throat, neck 
swelling or difficulty swallowing.  



 

Eyes: Negative for visual disturbance. 



 

Respiratory: Negative for cough or shortness of breath. 



 

Cardiovascular: Negative for palpitations or chest pain. 



 

Gastrointestinal: Negative for abdominal pain, nausea, vomiting, 
diarrhea. +intermittent constipation.

Presenter
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On review of systems, he has problems with intermittent constipation.



Review of Systems ContinuedReview of Systems Continued



 

Genitourinary: +Nocturnal enuresis. +enlarged phallus.  +pubic 
hair.



 

Musculoskeletal: Negative for arthralgias, edema. +low muscle 
tone.



 

Skin: Negative for dry skin, rash. +acne.



 

Neurological: Negative for weakness, light-headedness, seizure, 
fainting. +intermittent headache. 



 

Psychiatric/Behavioral: Negative for depression.  +some 
nervousness, +insomnia, +ODD, +ADHD

Presenter
Presentation Notes
In addition to what I mentioned earlier, his mother is concerned about his “low muscle tone.”  He also has intermittent headache and quite a few psychiatric/behavioral problems including nervousness, insomnia, ODD, and ADHD as I mentioned previously



Physical Exam



 

Vital Signs: 


 

T 36.1C, P 63, BP 107/64


 

Weight: 


 

81.67 kg (99.4%)


 

Height: 


 

178.8 cm (99.8%)


 

BMI:


 

25.54 kg/m2 (95.8%)
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On physical exam, his vital signs are normal, his weight and height are proportional and both very high for his age
BMI is consistent with obesity.



Growth Chart: Height for Age

Presenter
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On his growth chart, we see that he has been tall for his age ever since the first day he established care in our clinic
He has nearly reached his mid-parental predicted height.



Growth Chart: Weight for Age
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We see that his weight has also been on the heavier side.





 

Constitutional: Appears well-developed and well-nourished. 
Active. Appears older than stated age and very tall.



 

Head/Face: No dysmorphic features. 



 

Eyes/Mouth/Throat: Conjunctivae and EOM are normal. Pupils 
are equal, round, and reactive to light. Mucous membranes are 
moist. Dentition is normal. Oropharynx is clear. 



 

Neck: Neck supple. No adenopathy. No thyromegaly. 



 

Cardiovascular: Normal rate and regular rhythm. Radial pulse 
is 2+ bilaterally. No murmur heard. 



 

Pulmonary: Effort normal. There is normal air entry. No 
wheezes. 



 

Chest: +Glandular breast tissue palpable bilaterally (Tanner 
stage 3). Left breast larger than right breast. Areola is not 
raised. No galactorrhea expressed. 
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On the rest of the physical exam, we are impressed with the mature appearance of our patient.  He looks much older than his stated age.
He has no dysmorphic features.
He does have a substantial amount of breast tissue falling under the category of Tanner Stage 3 bilaterally with the left breast larger than the right.





 

Axilla: Abundant pigmented, coarse axillary hair. 



 

Abdominal: Soft, no distension. No hepatosplenomegaly. No 
masses. No tenderness.  Normal bowel sounds.



 

Genitourinary: Tanner 5 pubic hair. Adult-appearing phallus, 
pigmented scrotum, testes descended bilaterally, left 3.1 cm and 
right 3 cm in long diameter. No testicular masses.



 

Musculoskeletal: Normal range of motion. There is no edema and no 
tenderness. 



 

Neurological: Exhibits normal muscle tone.  No motor weakness. 2+ 
Patellar DTRs. Balance and gait in tact. 



 

Skin: Skin is warm. +Fine mustache hair. +Sparse acne on 
forehead. No acne on chest.
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He has an abundant amount of axillary hair, Tanner 5 pubic hair, an enlarged phallus with minimally-enlarged testes.
He does have acne on his forehead and fine mustache hair



Bone Age Study

Our Patient
Male 16-year-oldMale 12-yr and 6mo
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Next, we obtained a bone study:
Kristen this is a bone study of a patient of similar chronological age.  How do you feel these images compare.
Yes, we agree that his appears to have more skeletal advancement and when comparing standards, we felt his skeletal maturity was more in line with that of a 16-year-old child.



Laboratory Studies

Value Range

LH 20.5 IU/L
Prepubertal: <0.3 IU/L

Adult: 2-6.8 IU/L

FSH 35.2 IU/L
Prepubertal: <1 IU/L

Adult: 1.2-8 IU/L

Total Testosterone 332 ng/dL
Tanner 4: 200-620 ng/dL
Tanner 5: 350-970 ng/dL

Adult: 350-1030 ng/dL

SHBG 37 nmol/L Pubertal Males: 72-220 nmol/L

Free Testosterone 95 pg/mL Adult Males: 52-280 pg/mL

Estradiol 23 pg/mL Adult Males: 8-35 pg/mL
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Next, we obtained the following laboratory studies:
Yes, it appears he has hypergonadotropic hypogonadism
His testosterone is in the low range of normal and his estradiol levels are actually normal.

So at this time – would you start this patient on testosterone replacement?  What is your next clinical step?
We opted to hold testosterone therapy at this time, but anticipate close monitoring of testosterone in the future in anticipation of eventual decline in testosterone levels
We also held off on treating the gynecomastia just yet and are going to assess for increase in breast tissue at follow-up.





 

47,XXY or 46,XX/47,XXY 
mosaic



 

Prevalence: 1 in every 600 
males



 

Only ¼ of males are 
diagnosed



 

Phenotype is result of extra 
inactivated X-chromosome

Klinefelter Syndrome

Harry Klinefelter, M.D

Groth et al. JCEM. 2013.  98(1):20-30.
http://www.britannica.com/EBchecked/topic/320066/Klinefelter-syndrome
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- Our patient has Klinefelter Syndrome which is characterized by the genetic abnormality of 47, XXY genotype which results from a meiotic non-disjunction event
- 80% of patient’s with Klinefelter has a pure 47,XXY karyotype while 20% have a genetic mosaic of 46XY and 47XXY.
- Klinefelter Syndrome is named after Harry Klinefelter, an American endocrinologist and rheumatologist who described a set of symptoms that characterized the condition in 1942 at Mass General.  
- These characteristics included: small testes, tall stature, gynecomastia, and elevated gonadotropins
- In 1959, a British research Patricia A. Jacobs identified the chromosomal abnormality
- Klinefelter Syndrome is actually quite common with an estimated prevalence of 1 in 600 males, which was confirmed by universal prenatal screening and diagnosis of newborn males with KS in Denmark.  This is the most common sex chromosome disorder in males.
- It is suspected that only 25% of with KS diagnosed 
- And Only 10% are diagnosed before puberty
-Suggesting a severe delay in diagnosis, underdiagnosis, and nondiagnosis



Wikstrom, AM and Dunkel, L. Best Practice & Research Clinical Endocrinology & Metabolism. 2011.  25(2):239-250.
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Here is a list of features seen in the Klinefelter Syndrome phenotype along with their percentage of prevalence.
First, we see that while some symptoms are seen, the phenotype is still quite variable.
Many of the symptoms can be attributed to small testes producing low testosterone including decreased secondary sex characteristics, decreased libido, muscle strength, gynecomastia and decreased bone mineralization
However, there are a variety of other symptoms including abdominal obesity, Type 2 DM and metabolic syndrome that cannot be explained by low testosterone alone.
One of the phenotypic features that isn’t seen on this list is the presence of neurodevelopmental problems which I will discuss in more depth later.



Clinical Questions



 

What is the pathophysiology of 
hypergonadotropic hypogonadism and 
infertility in 47,XXY males?



 

What is the most effective means of 
preserving fertility in 47,XXY patients?



 

What is the effect of pre-pubertal androgen 
therapy on the neurocognitive development 
of 47,XXY patients?



47, XXY and Hypergonadotropic 
Hypogonadism



 

Pathophysiology is still poorly understood



 

Histology in KS:


 

Hyalinization of seminiferous tubules 


 

Loss of germ cells 


 

Leydig cell hyperplasia

Groth et al. JCEM. 2013.  98(1):20-30.
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In terms of why patients with Klinefelter develop hypergonadotropic hypogonadism, the pathophysiology is still not well-understood
But we do know that the histology of the testes in adult patients is characterized by fibrosis and hyalinization of the seminiferous tubules, loss of germ cells, Leydig cell hyperplasia as well as Sertoli cell degeneration which would explain low testosterone levels and in turn elevated LH and FSH



HP-T Axis Testis

Infancy Impairment Leydig cell 
function

Spermatogonia decline

Childhood Normal FSH/LH, T Spermatogonia do not 
enter meiosis

Puberty T increase then plateau 
at low/nl

FSH/LH rise

Accelerated:
-Sertoli cell degeneration
-Leydig cell hypertrophy

Adult FSH > LH, both high
T low (65-85%)
E2 high

- Extensive fibrosis and 
hyalinization of the 
seminiferous tubules
- Azospermia (90-95%)

Wikstrom, AM and Dunkel, L. Best Practice & Research Clinical Endocrinology & Metabolism. 2011. 25(2):239-250.
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It appears that the alteration in the hypothalamic-pituitary axis and the degeneration of the testes occurs as a progressive process beginning even before birth.
Infancy:
	- Researchers have found that fetuses with 47,XXY have reduced numbers of spermatogonia (premature sperm) compared to controls and this number appears to decline during the first year of life.	
- I terms of the HPT axis during infancy:
	-It appears that these children do go through a mini-puberty with normal timing of testosterone peak, however the actual level of peak testosterone is lower compared with that of controls.
-During childhood:
Throughout childhood, it appears that some of the spermatogonia have trouble completing meiosis and advancing to become mature sperm.
Meanwhile the hypothalamic-pituitary-testicle axis appears quite normal even through early puberty.

-During puberty, after an initial normal adolescent increase in LH, FSH, and testosterone, the serum testosterone levels plateau and remain in the low-normal range.  These testosterone levels appear sufficient to allow normal onset and progression of puberty as well as development of secondary sex characteristics in boys with KS.

Immunochemical analyses show that in early adolescence the majority of boys with KS have germ cells in their testes.  
Then during mid-puberty, there is accelerated degeneration of the testes with hyalinization of the seminiferous tubules, generation of the Sertoli cells and hyperplasia of the Leydig cells resulting in the adult phenotype.



Pubertal Changes in 47, XXY 
Boys

Wikstrom, AM and Dunkel, L. Best Practice & Research Clinical Endocrinology & Metabolism. 2011. 25(2):239-250.
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This figure demonstrates the considerable rise in mean LH concentration sometime after mid-puberty along with the plateau of mean testosterone after mid-puberty with the open circles demonstrating normal controls and the darkened circles representing patients with Klinefelter Syndrome.  INSL3 stands for insulin-life factor 3 which is a peptide secreted in an LH-dependent manner by Leydig cells and in mid-puberty there is a leveling off of this level, suggesting Leydig cell dysfunction.

The testicular volumes of males with Klinefelter Syndrome follows a similar pattern with normal initial growth in early puberty, then peak testicular volume around 6mls at mid-puberty followed by a decline in volume.



Fertility and 47, XXY



 

Only 8.5% of adults with spermatozoa


 

Still risk of genetically-imbalanced sperm


 

Fertility Treatments:


 

Boys:


 

Cryopreservation


 

Adults:


 

Testicular Sperm Extraction (TESE)


 

Intracytoplasmic Sperm Injection (ICSI)

Groth et al. JCEM. 2013.  98(1):20-30.
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So what can be done for our patients?
We know that only 8.5% of men have fully mature sperm in their ejaculate, but even with the fully mature sperm, they run the risk of genetically-imbalanced sperm.
Young boys:
	- especially in early-puberty, there is still viable sperm and cryopreservation of semen samples  is possible and should be offered before the start of testosterone supplementation as sperm retrieval rate is lower in men who previously received exogenous testosterone.  
Men:
	- Testicular sperm extraction form testicle cells (TESE) with recovery rates as high as 70%
	- Combined with intracytoplasmic sperm injection in which the sperm is injected directly into an egg.



Clinical Questions



 

What is the pathophysiology of 
hypergonadotropic hypogonadism and 
infertility in 47,XXY males?



 

What is the most effective means of 
preserving fertility in 47,XXY patients?



 

What is the effect of pre-pubertal androgen 
therapy on the neurocognitive development 
of 47,XXY patients?



Neurodevelopment in 47,XXY



 

Neuropsychological phenotype is variable


 

Adults have low-normal IQ 


 

Typical areas of Cognitive impairment1:


 

Speech delay and language-based learning 
disabilities



 

Impairments in attention


 

Motor difficulties

Groth et al. JCEM. 2013.  98(1):20-30.
1. Ross et al. American Journal of Medical Genetics Part A.  2008. 146A:708-719.
Ross et al. Pediatrics. 2012. 129(4):769-778.
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The description of the cognitive phenotype in males with Klinefelter is quite variable with men having IQ that range from below normal to gifted. However, on averageintelligence is typically less than that of siblings and control males.

The PI of our patient’s study performed a comprehensive assessment of 100 boys ranging between the ages of 4 and 17yo with Klinefelter and evaluated a wide range of neuropsychological measures including memory, attention, visual-spatial abilities and language.
- In general: the patients had depressed performance on measures of language development.  This is consistent with research that has shown that half of boys with KS typically having delayed speech development and learning problems.
She also found that boys with Klinefelter’s have impairment in attention
As well as motor difficulties especially impairments in strength, running speed, and agility.
Overall, though, all of these performance effects were subtle and none were pathognomonic of Klinefelter Syndrome.
This author did try to compare the neurodevelopmental outcomes in the boys that were treated with testosterone and those that were untreated, but in this particular study, the number of testosterone-treated boys was small and the impact of angrogen treatment could not be fully addressed.



Effect of Testosterone Therapy 
on Neurocognitive Function

Samango-Sprouse et al. American Journal of Medical Genetics Part A.  2013.  161A:501-508.
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Unfortunately, it does not appear that the prospective trial that my patient participated in has been published, yet.  
So, I tried to find any other data that supports androgen supplementation to promote improved neurodevelopmental outcomes in patients with Klinefelter’s and I ran across one study, which was recently published.
 Retrospective study of 101 boys with Klinefelter Syndrome where they had them perform neurodevelopmental assessments at 36mo and 72mo of age.
 They divided them into two groups:
Group 1: included 34 boys who had received androgen treatment similar to our child with 3 injections of testosterone 25mg – typically to treat small phallus length
Group 2: remaining 67 males who did not receive testosterone injection

Results: Different developmental tests, higher number indicates higher performance and they found significantly higher performance at both 35 and 72 months in multiple neurodevelopmental domains, particularly in speech, language and overall intelligence.  This demonstrates that an early course of androgen therapy may have a positive effect in boys with XXY.
- Reason for this improvement may lie in the presence of androgen receptors in specific brain regions, although this neurobiological basis for improvement is not well understood.




Summary



 

47,XXY Klinefelter Syndrome is a common 
disorder resulting in hypergonadotropic 
hypogonadism and infertility



 

Modern techniques do allow for preservation 
of fertility especially if implemented prior to 
mid-puberty



 

Neurodevelopmental outcomes in patients 
with 47,XXY can potentially improve with 
short course androgen therapy
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Testicular Biopsies of 
Adolescents with 47, XXY
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A – KS boy age 10.7 yrs with spermatogonia
B – KS boy at 13.7 yrs with no spermatogonia
C – KS boy at 14yrs with extensive degeneration
D – focal nature of degeneration is obvious in the seminiferous tubules with spermatogonia stained with MAGE-A4, surrounded by Sertoli cell only tubules in a 10-year old patient
(references 19,50)





 

http://www.youtube.com/watch?v=6351uZSw 
Dps

http://www.youtube.com/watch?v=6351uZSwDps
http://www.youtube.com/watch?v=6351uZSwDps


6 yrs 6 mo: Endocrine Consult

UptoDate.com

Presenter
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My patient first established endocrine care when he presented here at the University of Chicago with small phallus length despite adequate growth in weight and height.
At that time, his penile length was noted to be 3.4cm, less than 2 standard deviations below the mean of 6.1cm, which is what is expected for a boy of 6 yrs and 6 months of age. 
Laboratory studies were performed and revealed appropriately undetectable  levels of FSH, LH, Testosterone and DHT 
He received a total of 3 doses of 25mg Testosterone, and following the 2nd dose, his penile length was noted to improve to 4.7 cm.
He was then discharged from endocrine clinic until puberty.

Penile length noted to be 3.4 cm
2 standard deviations below the mean for children between 6-7 years of age.  Mean 6.1 cm.


Laboratory Studies:
FSH 0.09 mIU/mL
LH <0.2 mIU/mL
Testosterone < 20 ng/dL
DHT < 3 ng/dL

He was treated with Testosterone 25mg.
After 2 doses of testosterone, penile length improved to 4.7cm.
He received a total of 3 doses of testosterone



Bone Age Study

Our Patient Male 16-year-old Standard

Presenter
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Next, we obtained a bone study:
Kristen this is a bone study of a patient of similar chronological age.  How do you feel these images compare.
Yes, we agree that his appears to have more skeletal advancement and when comparing standards, we felt his skeletal maturity was more in line with that of a 16-year-old child.
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