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Overview: 

Pubertal delay is defined as the absence of breast development in a girl by age 

13 or in a boy a testicular volume less than 4 ml by age 14. Pediatric 

endocrinologists are frequently consulted for pubertal delay in teenagers. The 

first issue is to determine whether there is indeed delay in puberty as sometimes 

younger children and adolescents are referred for “low” hormones. Pubertal 

delay could be caused by structural or functional deficiencies of the 

hypothalamo-pituitary-gonadal (HPG) axis. Pubertal delay is more commonly 

seen in boys than girls and the great majority of the boys will eventually be 

diagnosed with constitutional delay of puberty (CDP). Our task is to determine 

the cause of the pubertal delay and manage the case appropriately, which often 

requires long term follow up. 

In practice, the most frequently encountered problem is to discriminate CDP 

from isolated hypogonadotropic hypogonadism (HH). CDP is much more 

common than HH and both are particularly frequent in boys. The typical boy 

with CDP has been growing at a normal rate but at around 3rd percentile. His 

short stature may have lately become more pronounced with his peers 

experiencing their pubertal growth spurts. The physical exam is usually normal 

except for small genitalia. They sometimes have a parental history of pubertal 

delay. They typically have delayed bone age and prepubertal levels of sex 

steroids and FSH, LH.  

Patients with isolated HH typically grow normally and may occasionally have 

physical signs of prenatal androgen deficiency i.e. micropenis and/or 

undescended testicles. In the management of a case with delayed puberty it is 



important to determine whether history, physical examination and growth 

pattern are consistent with CDP. If so, one should avoid extensive testing and 

start testosterone or estradiol then follow up. There is no single reliable test to 

distinguish two conditions. Thus, a long term follow up may be necessary to 

arrive a definitive diagnosis. 

Depending on the underlying cause (See Table 1) patients with pubertal delay 

may have associated signs such as cleft palate in multiple pituitary hormonal 

deficiencies.  

 

Table 1: Causes of Hypogonadotropic Hypogonadism 

• Congenital 

• Isolated HH 

• Kallmann syndrome (KAL1, FGF8, FGFR1, PROK2, PROKR2) 

• Normosmic: (GNRHR, GNRH1, GPR54, TAC3, TACR3, FGFR1) 

• Syndromes associated with HH 

• AHC (DAX1), LEPTIN, LEPTIN receptor, Bardet Biedl (BBS), 

CHARGE (CHD7) 

• Multiple pituitary hormone deficiencies (e.g. PROP1, LHX3, HESX1, 

SOX2, SOX3) 

• Acquired 

• Inflammation, tumor, trauma, surgery, radiation, deposition at the 

hypothalamo pituitary region 

• Functional HH (chronic systemic diseases e.g. uremia, diabetes, 

extreme thinness, anorexia nervosa, malnutrition, intensive exercise) 

Case 1: 

A 15-year-old boy is referred for short stature and pubertal delay. He has been one 

of the shorter boys in his classes. He has been otherwise healthy. His family history 

is unremarkable. His parents are of average height.  



On physical examination; Height: 148 cm (3 p., Height Age: 11.5), Weight: 37kg (<3 

p.) A=1, P=1 

Genital examination; penis: 6.4 cm, testes: 3 ml bilaterally. 

Questions: 

1. Is his puberty delayed? 

2. What tests would you do at this stage? 

3. What would be the course of action? 

 

Case 2: 

13.5-year-old girl is referred because of absence of breast development and short 

stature. She has been always one of the shorter girls in her classes. She is 

otherwise healthy. Her family history is negative for pubertal delay. Her parents are 

of average height. She is academically good at school.  

On physical examination; Height: 138cm (<3 p., Height Age: 10), Weight: 38kg (10 

p.) She has no dysmorphic features except for a few pigmented nevi. Her breasts is 

stage 1, axillary stage 2, and pubic stage 3. 

Questions: 

1. Is his puberty delayed? 

2. What tests would you do at this stage? 

3. What would be the course of action? 

Case 3: 

A 15-year-old boy was referred for small penis which was noted at birth. He also 

had had undescended testicles for which he was operated at the age of 2 y. He has 

grown and develop normally. He has been otherwise healthy. His parents are first 

cousins. 

On physical examination; height: 154 cm (3 p., Height Age: 13), weight: 45kg (10p.), 

A=2, P=2. Genitalia; right testicle: non palpable, left testicle: 1 ml in the scrotum, 

stretched penile length: 4.5 cm. 

Questions: 



1. Is his puberty delayed? 

2. What tests would you do at this stage? 

3. What would be the course of action? 

 

Management: 

In cases where a definite diagnosis (CDP vs. HH)cannot be made a course of 

testosterone 50 mg per month for 6 months provide psychological relief and may 

serve as a trigger for HPG axis without undue advancing of bone age. If there is still 

no sign of testicular enlargement during or afterwards a second course may be 

prescribed. 

In girls a low dose of oral estradiol (0.5 mg per day) or conjugated estrogens (0.3 mg 

per day) for 6 months help induce breast development. If hypogonadism is decided 

to be permanent the dose may be doubled. After the first period and oral 

contraceptive may replace. 

In consideration of future fertility, Gonadotropin containing medications may be 

used to enlarge gonads to produce sex steroids as well as gametes.  
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When Should You Think it is Not Type 1 Diabetes 

              

 

RENATA  LORINI  MD 

DEPARTMENT OF PEDIATRICS , IRCCS G. GASLINI, UNIVERSITY OF  GENOA,  GENOA, ITALY 

 

The American Diabetes Association and the World Health Organization define two sub-types  of type 1 
diabetes :  Type 1A diabetes mellitus, the autoimmune form of T1DM whose major genetic risk traits are 
certain defined HLA DR/DQ alleles; type 1A accounts for approximately 90% of cases of type 1 diabetes 
in Caucasians, is associated with circulating autoantibodies to pancreatic islet antigens and is assumed to 
be due to autoimmune-mediated destruction to β cells; Type 1B ( idiopathic) has clinical features of type 
1A but without evidence of islet autoimmunity. Type 1B  excludes known specific causes of β-cell 
dysfunction or failure, such as monogenic diabetes, maturity-onset diabetes of the young ( MODY). 
 In fact monogenic diabetes results from the inheritance of mutation or mutations in a single gene. It may 
be dominantly or recessively inherited or may be a de novo mutation and, hence, a spontaneous case. In 
children, almost all monogenic diabetes result from mutations in genes that regulate β-cell function. 
The majority of patients with genetically proven monogenic diabetes are initially incorrectly diagnosed as 
having type 1 diabetes mellitus (T1DM) or type 2 diabetes mellitus (T2DM). It is important to correctly 
diagnose monogenic diabetes as it can predict the clinical course of the patient, explain other associated 
clinical features, and, very important, guide the most appropriate treatment. In addition, making a 
diagnosis will have implications for other family members, often correcting the diagnosis and treatment 
for other diabetic family members, as well as allowing appropriate genetic counselling. 
Clinical presentations in children, when a diagnosis of monogenic diabetes should be considered, are 
discussed below and include the following: 1) Neonatal diabetes and diabetes diagnosed within the first 6 
months of life; 2) Familial diabetes with an affected parent; 3) Mild (5.5–8.5 mmol/L) fasting 
hyperglycemia, especially if young or familial; 4) Diabetes associated with extra pancreatic features. 
 
When should you think it is not T1DM ? 

Features in children initially thought to have T1DM that should suggest a possible diagnosis of monogenic 
diabetes are shown below. 
 1- A diagnosis of diabetes before 6 months . 
 2- Family history of diabetes with a parent affected . 
 3- Evidence of endogenous insulin production outside the ‘honeymoon’ phase (after 3 yr of diabetes), 
with detectable C-peptide (>200 mmol/L) when glucose level is  >8 mmol/L  . 
 4- When pancreatic islet autoantibodies are absent, especially if measured at diagnosis .   
 
Making a diagnosis of monogenic diabetes 

As well as having clinical features that are unusual for T1DM and T2DM, a patient on whom a diagnosis 
of monogenic diabetes is made should also have the features of a specific genetic subtype of monogenic 
diabetes. While in T1DM and T2DM diabetes there is no single diagnostic test, this is not the case in 
monogenic diabetes where in >80% of cases, a molecular genetic diagnosis can be made by DNA testing .   
 

Specific subtypes of monogenic diabetes  
 

- Neonatal diabetes and diabetes diagnosed within the first 6 months of life 
There is good evidence that diabetes diagnosed in the first 6 months is not T1DM, as auto-antibodies are rare and 
human leukocyte antigen (HLA) genotyping shows HLA haplotypes actually protective for T1DM in these patients. 
Clinically, two subgroups have been recognized: transient neonatal diabetes mellitus (TNDM) that resolved at a 
median of 12 wk and then did not require any treatment, although as many as 50% of cases would ultimately 
relapse; in contrast to permanent neonatal diabetes mellitus (PNDM), which required insulin treatment from 
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diagnosis. For most patients with both types of neonatal diabetes, the molecular etiology can be defined. The 
majority of patients with TNDM have an abnormality of imprinting of the ZAC and HYMAI genes on chromosome 
6q , while the most common known cause of PNDM are mutations in the KCNJ11 gene encoding the Kir6.2 subunit 
of the β-cell KATP channel.     
Most patients have isolated diabetes, although neurological features are seen in 20% of patients. Despite being a 
heterozygous mutation, most have no family history, as 90% of cases are spontaneous mutations. 
The most severe defect is very marked developmental delay of motor and social function and generalized epilepsy, 
as in West syndrome. This has been called the developmental delay, epilepsy, and neonatal diabetes (DEND) 
syndrome. More common is the intermediate DEND syndrome where patients have less severe developmental 
delay, without epilepsy. 
Patients with Kir6.2 mutations have all the clinical features of insulin dependency, as 30% of them present with 
ketoacidosis, and they usually do not have detectable C-peptide and, thus, are treated with insulin . It has been 
shown that these patients can not only be successfully treated with oral sulfonylureas but can also get better 
glycemic control without an increase in hypoglycemia. With time, many patients have been able to reduce their 
doses of sulfonylureas but maintain excellent glycemic control . 

 
  
- Familial  diabetes 
The possibility of monogenic diabetes should be considered whenever a parent has diabetes, even if he/she is 
thought to have T1DM or T2DM.  
 

Children and young adults with diabetes and a strong family history of diabetes: HNF-4  gene mutations 

(MODY1)  
Diabetes due to mutations of the HNF-4  gene are considerably less common than diabetes due to mutations of the 
HNF-1  gene but has similar characteristics, except that there is no low renal threshold and the age of diagnosis 
may be later. HNF-4  mutations should be considered when HNF-1  sequencing is negative but the clinical 
features were strongly suggestive of HNF-1 . Treatment - Patients are often sensitive to sulfonylureas . 
 
Mild fasting hyperglycemia and a strong family history of diabetes:  glucokinase mutations (MODY2) 

The finding of raised fasting blood glucose in the range of 5.5–8.5 mmol/L is unusual in children and young adults. 
This always raises concern that they may be about to develop T1DM or that the patient has T2DM. However, a 
considerable proportion of these patients with persistent mild fasting hyperglycemia will have a heterozygous 
mutation in the glucokinase gene mutations. The following features suggest a glucokinase mutation: 
 1- The fasting hyperglycemia is persistent and stable over a period of months or years. 
 2- HbA1c is typically just below or just above the upper limit of normal range (5.5–5.7%). 
 3- In an OGTT, the increment (2-h glucose – fasting glucose) is small (typically <3.5 mmol/L  
 4- Parents may have ‘T2DM’ or may not be diabetic.   
Treatment - These patients do not need treating in the paediatric age range. There is very little, if any, response to 
either oral hypoglycemic agents or insulin. 
 
The form of monogenic diabetes which results frequent in some nations are hepatocyte nuclear factor (HNF)-1  

mutations (MODY3).  
The clinical characteristics of patients with HNF-1  mutations are as follows: 
 1- Young-onset diabetes that shows characteristics of not being insulin dependent. 
 2- Family history of diabetes. This may be treated with insulin and considered to be ‘T1DM’.   
 3- Oral glucose tolerance tests (OGTTs) in early stages tend to show a very large glucose increment, usually >5 
mmol/L. Some subjects may have a normal fasting value but still rise into the diabetic range at 2 h. 
4- Glycosuria at relatively normal blood glucose levels is often seen . 
5- Marked sensitivity to sulfonylureas resulting in hypoglycaemia. 
Treatment - The first treatment to be used in children  should be low-dose sulfonylureas. 
 

Renal cysts and diabetes syndrome due to a HNF-1β mutation (MODY5) 

Although initially described as a subgroup of familial diabetes (MODY5), it is now clear that patients with 
mutations in HNF-1β rarely present with isolated diabetes. Renal developmental disorders, especially renal cysts 
and renal dysplasia, are present in almost all patients with mutations or gene deletions. Other features which may be 
present in children include uterine and genitalia developmental anomalies, hyperuricemia, gout, and abnormal liver 
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function tests. A diagnosis of HNF-1β should be considered in any child with diabetes who also has non-diabetic 
renal disease. Patients with HNF-1β mutations usually require insulin treatment. Pancreatic size is reduced, 
reflecting a reduction in both the endocrine and exocrine pancreas, and subclinical exocrine deficiency is present in 
most patients. 
 
Other causes of familial diabetes - A handful of families with autosomal dominant non-insulin-dependent diabetes 
have been described with mutations in insulin promoter factor 1 (IPF1) (MODY4), NeuroD1 (MODY6), KLF11 

(MODY7), carboxyl ester lipase (CEL) (MODY8), PAX4 (MODY9), insulin (MODY 10), B lymphocyte kinase  
(BLK )  (MODY 11),  but these are  unusual.   
 

- Genetic syndromes associated with diabetes 
When diabetes in a child is associated with other multi-system disease, the possibility of a monogenic syndrome 
that explains all features should be considered.. 
Diabetes insipidus, diabetes mellitus, optic atrophy, deafness syndrome (Wolfram syndrome). 

Wolfram syndrome is an autosomal recessive syndrome in which the association of diabetes with progressive optic 
atrophy under 16 yr of age is diagnostic. The syndrome is more common in countries where consanguineous 
marriages are frequent. Other features are bilateral sensorineural deafness, diabetes insipidus, dilated renal tracts, 
and truncal ataxia or more neurological signs, with the complete phenotype seen in 75% of patients, with increasing 
prevalence with age. The order of appearance of the neurological symptoms may vary even within families. The 
median age of death in Wolfram syndrome is 30 yr. Mutations in the gene for Wolfram syndrome (WFS1) are 
present in at least 90% of patients with clinical Wolfram syndrome. The diabetes is non-autoimmune, insulin 
deficient, and presents at a mean age of 6 yr. Patients require insulin treatment from the time of diagnosis. 
 
   -   Mitochondrial diabetes  
 Maternal transmission of mutated or deleted mitochondrial DNA can result in maternally inherited diabetes, 
although they are not usually in the paediatric age range. Despite that several mutations and deletions have been 
implicated, the strongest evidence relates to a point substitution at nucleotide position 3243 (A–G) in the 
mitochondrial tRNA [leu (UUR)] gene. An identical mutation occurs in the mitochondrial myopathy, 
encephalopathy, lactic acidosis, and stroke-like syndrome, and there may be some overlap between these syndromes 
in family members. Mitochondrial diabetes is commonly associated with sensorineural deafness and short stature. 
The diabetes is characterized by progressive non-autoimmune β-cell failure and may progress to needing insulin 
treatment rapidly. 
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CUSHING SYNDROME: CHALLENGES IN MANAGEMENT 

 
Diagnosis and management of Cushing syndrome (CS) remains an enigma, even eighty years after its first 
description by Harvard Cushing. Diagnostic approach and rational use of various tests is best done by a 
person experienced in managing CS. Given its rarity in pediatric age group, consultation with an adult 
endocrinologist is helpful in overcoming various challenges encountered during management of these 
patients. This review gives an overview of the diagnostic approach and management of CS in pediatric 
age group.  
 
Etiology and Epidemiology 
Endogenous CS is produced either by adrenocorticotropic hormone (ACTH)-dependent or ACTH-
independent causes (table 1). It is a rare disorder with an incidence of 2 to 3 cases/million/year and only 
10–20% of cases occur in childhood and adolescence. Unlike adults, where clear female preponderance is 
observed, there is no sex predilection in childhood cases. Adrenal carcinomas most often occur in 
childhood (mean age at presentation: 4.5 years); in contrast, Cushing’s disease (CD) typically presents 
during adolescence (mean age at presentation: 14.1 years). In children more than five years of age, CD 
accounts for more than 75% cases of CS. 
 
Clinical Presentation 
Clinical diagnosis in florid cases may not be difficult. CS in a child is associated with a distinct morbidity 
of growth retardation due to delay in diagnosis. Weight gain associated with failure of height gain is the 
classical presentation.  Variable degree of androgenization in the form of hirsutism, acne and premature 
pubic hair development may be present. Distinct catabolic manifestations of hypercortisolism like striae, 
myopathy, and osteoporosis are less common in children compared to adults. Even the differential 
distribution of fat may not be marked in pediatric Cushing patients. Delayed puberty, oligomenorrhoea 
and polycystic ovaries are manifestations of gonadotropin axis involvement. Duration of symptoms 
ranges from few months to few years as the diagnosis is often not suspected. In mild cases, progressive 
features and/or appearance of new features over a period of time increase the probability of CS. 
 
Diagnostic Approach  

 

Initial tests to prove endogenous hypercortisolism 
It is necessary to take a thorough history to exclude exogenous CS. Suppressed basal cortisol is indicative 
of exogenous CS. 24h-urinary free cortisol (24h-UFC), late night salivary cortisol and overnight 
dexamethasone suppression test are used as initial screening tests for endogenous CS. In this setting, goal 
is to choose a test with high sensitivity. Conditions associated with physiological hypercortisolism like 
morbid obesity, physical or mental stress and high CBG levels may give false positive results on initial 
screening tests. 
 
24h-UFC measurement 
Sensitivity of this test is close to 90% when upper limit of normal is used as a cut off to diagnose CS.  It 
needs to be ensured that the sample collection is complete and state of high fluid intake is avoided. False 
negative results can occur in milder cases. It is recommended to obtain 2 or more samples to account for 
variability of cortisol secretion in these patients. 
 
Late night salivary cortisol 

The most validated assays used are ELISA and LCMS. Using these two techniques, normal subjects will 
have a late night salivary cortisol of less than 1.4 nmol/L. Various studies have reported high sensitivity 
(92-100%) and specificity (93-100%). Obtaining two separate samples increases the diagnostic yield of 
the test.  Confounding factors like smoking, oral gels with steroids and brushing of teeth must be avoided.  
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Dexamethasone suppression test  
Overnight dexamethasone suppression test is used in pediatric population, though there is lack of data to 
interpret its performance in this age group. However, in adult population, it has 95% sensitivity and 80% 
specificity at the cutoff of 1.8 µg/dl. Low dose, 48-h dexamethasone suppression test (LDDST) is an 
alternate test with higher specificity. In pediatric patients weighing more than 40 kg, the dose of 
dexamethasone is 0.5 mg, every 6 hourly for 48 hours. Patients weighing less than 40 kg need 30 
µg/kg/day in 4 divided doses.  Sensitivity of this test is 94%. It could be extended as dexamethasone 
suppressed – CRH stimulation test, to increase its sensitivity.  
 
Confirmatory tests  
Any of the above mentioned tests may be repeated to confirm the diagnosis. In addition midnight serum 
cortisol test may be used.  
 
Midnight serum cortisol 

Sleeping midnight cortisol > 1.8 µg/dl has high sensitivity (100%). However, specificity is poor as shown 
in a recent large study (20%). In patients with high clinical index of suspicion, even with normal UFC and 
LDDST, a midnight cortisol > 1.8 µg/dl increases the probability of Cushing syndrome. While obtaining 
sleeping sample it is essential to draw blood sample within 5 minutes of awakening, via a precannulated 
venous access.        
 
 LDDS–CRH test 
A small number of patients with CD show suppression of cortisol following an LDDST. With CRH 
stimulation, patients with CD will show increased levels of ACTH and cortisol. The test is performed by 
administering intravenous CRH (1 µg/kg) 2 hours after the last dose of dexamethasone. Serum cortisol 
values >1.4 µg/dl measured 15 minutes after CRH administration indicate CD (sensitivity 98%, 
specificity 60%).  
 If patient’s pretest clinical probability of CS is high and initial screening tests are negative, the child 
should be followed up for progression of disease over time and referral to an experienced endocrinologist 
is prudent. In other patients with normal test results, further testing is not needed. If one of the initial 
screening tests is positive, further assessment for confirmation and localization are warranted. An 
algorithmic approach to a suspected case of CS is shown in figure 1.  
 
Determining the Source of Endogenous Hypercortisolism 
Plasma ACTH using an immunometric assay is a useful parameter to differentiate ACTH dependent and 
ACTH independent causes. Patient with proven endogenous hypercortisolism and suppressed morning 
plasma ACTH is likely to have adrenal disorder and should be evaluated with adrenal imaging. It should 
be remembered that ACTH may not be suppressed in mild or occult adrenal disorders.  
Patients with ACTH dependent Cushing syndrome will have normal or elevated ACTH. Vast majority of 
them are likely to have corticotroph adenomas. Dynamic contrast MRI of pituitary is the next 
investigation to be ordered. The reported sensitivity of contrast MRI with SPGR sequences is up to 70%. 
In patients with microadenoma of >6 mm, the diagnosis of pituitary corticotroph adenoma is highly likely 
and patients can be subjected to surgery without bilateral simultaneous inferior petrosal sinus sampling 
(BIPSS). 
 
Absence of localization of adenoma will necessitate invasive test like BIPSS. BIPSS is best carried out in 
an experienced centre. CRH stimulated BIPSS is the only test which fares better than pretest probability 
of pituitary location (98% vs. 80-85%). Pituitary to peripheral ACTH ratio > 2 in basal and > 3 in CRH 
stimulated BIPSS has diagnostic sensitivity and specificity of 98% each. False negative results are 
described in patients with anomalous venous drainage and poor technique of catheterization.  
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Management 
Transsphenoidal surgery (TSS) is the preferred mode of treatment for CD. Adrenal disorders require 
preferably laparoscopic adrenal surgery. Prior to surgery, blood pressure, blood glucose and potassium 
should be stabilized and chest physiotherapy instituted to ensure early recovery in postoperative period.   
TSS by an experienced surgeon cures 80–90 % of CD cases with mortality risk of < 1%.  Postoperative 
serum cortisol value of < 2 µg/dl defines cure.  Delayed cure up to 6-12 weeks after TSS are documented; 
hence, additional therapeutic means should be adopted only after documenting persistent hypercortisolism 
at/after 6-12 weeks.  
 If surgery is unsuccessful, radiotherapy is an effective second line management option, with majority of 
childhood cases achieving remission in less than a year. Even after successful treatment of CD, 
persistence of growth failure is common. Early diagnosis and treatment of growth failure is needed to 
optimize growth. Besides monitoring for the presence of risk factors for metabolic syndrome, these 
children need to be monitored for bone mineral density as well.  
Recurrence of the disorder needs to be kept in mind as it is a function of duration of follow up. 
Recurrences rates of 5-20 % over 10 years follow up have been described. Patients with recurrence should 
be investigated as de novo cases. Approach would consist of tests to confirm the presence of endogenous 
hypercortisolism, followed by tests to localize the site of the lesion. Treatment options consist of repeat 
TSS, radiotherapy, bilateral adrenalectomy, medical management or combination of these therapies.  
Given its rarity of occurrence and paucity of large experience for any single center, these patients are best 
managed in consultation with an adult endocrinologist in a center where experienced neurosurgeon is 
available.  
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Table 1: Causes of endogenous hypercortisolism 

ACTH-dependent ACTH-independent 

CD Adrenal adenoma 

Ectopic ACTH syndrome Adrenal carcinoma 

Exogenous steroid intake 

Primary pigmented nodular adrenal disease 

Ectopic CRH-secreting tumor 

McCune-Albright syndrome 

 

Fig 1: Algorithm for evaluating patients with suspected CS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cushing syndrome (CS) suspected 

Exclude exogenous glucocorticoid exposure 

24-hour UFC (≥ 2 tests)/ ODS/ LDDS/                                                           

Late night salivary cortisol (≥ 2 tests) 

Abnormal Normal 

Perform 1 or 2 other 

studies or repeat the 

abnormal test  

High clinical 

suspicion 

Low clinical 

suspicion 

Abnormal Discordant/ 

equivocal 

Midnight cortisol/ 

LDDS-CRH test 

Cushing 

Syndrome CS unlikely Abnormal Normal 
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Scott A. Rivkees, M.D.
Yale Pediatric Thyroid Center
scott.rivkees@yale.edu
http://www.med.yale.edu/pediat/thyroid/

Children have lower remission rates than 
adults
15% to 30% remission rates with two or 

    f  i h id d  (ATD )more years  of antithyroid drugs (ATDs)
Rivkees SA Pediatric Graves' disease: controversies in management. 
Horm Res Paediatr. 2010;74(5):305-11

Kaguelidou F, Carel JC, Léger J. Graves' disease in childhood: 
advances in management with antithyroid drug therapy.Horm Res. 
2009;71(6):310-7.

Rivkees SA, Sklar C, Freemark M. Clinical review 99: The management 
of Graves' disease in children, with special emphasis on radioiodine 
treatment.  J Clin Endocrinol Metab. 1998 Nov;83(11):3767-76 

Yale cohort
No remission in 24 of 25 children presenting < 5 years of 
age with Graves Disease (2‐4 yrs MMI)

Florida study
R i i   %  ith  b t l  t ti     % Remission 15% with prepubertal presentation vs 29% 
pubertal  (2‐5 yrs ATDs)
Shulman, D.I. Thyroid. 7(5):755‐760, 1997

Israeli study
Prolonged drug use needed in prepubertal children. 
Lazar L, J Clin Endocrinol Metab. 2000;85(10):3678‐82. 

Favorable

Small thyroid

Unfavorable

Large thyroid
Normal TSI levels
Older age

g y
Elevated TSI levels
Younger age

Glaser NS, Styne DM. J Clin Endocrinol Metab. 1997;82(6):1719-26.

Kaguelidou F, Alberti C, Castanet M, Guitteny MA, Czernichow P, Léger J; French 
Childhood Graves' Disease Study Group. Predictors of autoimmune 
hyperthyroidism relapse in children after discontinuation of antithyroid drug 
treatment. J Clin Endocrinol Metab. 2008 93(10):3817-26. 

MedicalSurgery 131-Iodine

1900’s

Nobel Prize 
in Medicine to 
Kocher 1909

1940’s

Thionamides 
introduced by 
Astwood   

1940’s
Introduced
by Hertz and 
Chapman

~1 child per year in the US has PTU-induced liver failure leading to 
transplant or death

The risk of PTU-induced liver failure leading to transplantation is 
about ~1 in 2,000 children 

The number of children developing PTU-induced liver injury that is 
reversible is 1 in 200 

There is no risk of liver failure with MMI

Routine biochemical surveillance of liver function  will NOT be useful 
in identifying children who will develop PTU-induced liver failure.  

**The only way to minimize risk is to not use drug
http://bpca.nichd.nih.gov/outreach/index.cfm
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PTU should NEVER be used as first line 
treatment in children.   

PTU use should only be considered in rare 
circumstances, such as preparation for surgery 

in a patient allergic to MMI, or in pregnancy.   

Current PTU use in children taking this 
medication should be stopped in favor of 

alternative therapies  
**  Recommendations included in:  Hyperthyroidism and other causes of thyrotoxicosis: 
management guidelines of the American Thyroid Association and American Association of 
Clinical Endocrinologists.  Thyroid. 2011 21(6):593-646.

Medical:
Methimazole Only 

Infants, 1.25 mg per day
1 to 5 years, 2.5 to 5.0 mg per day
5 to 10 years, 5 to 10 mg per day
 t   8     t        d10 to 18 years, 10 to 20 mg a day

With severe hyperthyroidism (free T4 > 5 
ng/dL), doses 50% to 100% higher than above  
used
SOME SIDE EFFECTS DOSE DEPENDENT:
USE LOW DOSES
Avoid block and replace???

Rivkees,
Stephenson,
Dinauer
2010
Int J Pediatr
EndocrinolEndocrinol

Univ of Minnesota
14%  overall 
remission
39 of 262 children
30% relapse of 
those in remissionthose in remission

NO INCREASED 
REMISSION 
RATES WITH 
THERAPY > 1 yr

Hamburger J. J Clin Endocrinol Metab. 
1985:60:1019 
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184 children treated 
medically
45 of 184….~24% 
remission rate after up to  10%
4 years of therapy

NO INCREASED 
REMISSION RATES 
WITH THERAPY > 2 yr

Glaser and Styne JCEM 1997:82:1719-1726

10%

14%

20%

23%

Surgery

Subtotal
Near-total/

Total

Leave 2-4 gm of tissue
20-40% relapse rate

Remove all 
tissuep
1-5% relapse 
rate

Miccoli P, et al. Surgical treatment of Graves' disease: subtotal or total 
thyroidectomy? World Surgery. 1996 Dec;120(6):1020-4 

Review of complication rates of pediatric patients with 
thyroid surgery…
1998‐2005; n= 1,11099 5; ,
Large national data bases
Ave.  Cost per operation ~$35,000
Major Complication Rate Related to Total 
Thyroidectomy in Children (not for cancer)

18% Pediatric Surgeons
12% General Surgeons
4% High Volume Thyroid Surgeons (>30 cases/yr)

Children should be cared for by high volume thyroid 
surgeons (>30 thyroid cases per year)

Local expertise is often not available Surgery is not an 

**  Recommendations included in Hyperthyroidism: Management 
Guidelines of The American Thyroid Association and American 

Association of Clinical Endocrinologists

Local expertise is often not available…Surgery is not an 
optimal option for many children

Due to the scarcity of pediatric endocrine surgeons, a 
multidisciplinary approach involving high‐volume thyroid 
surgeons and an excellent pediatric surgical team should 
be considered.

Continue ATDs
Super Saturated Potassium Iodine (SSKI). 
3‐10 drops tid x 14 days

bl kBeta‐blockers

Pre‐op cacitriol x 3 days; wean off 14 days 
after surgery

Goal:  Hypothyroidism; 131I dose:  >150 
uCi/gm (125 Gy;12,500 Rads)
Associated with >95% cure rate with single 
ddose
Acute side effects, very rare
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Stop ATDs 3‐5 days before therapy
***DO NOT STOP TOO SOON

Begin beta‐blocker when ATDs stop
No need to restart ATDs
Check T4 every 30 days after therapy
2‐4 months before hypothyroidism ensues
5% need retreatment
Not effective if gland > 80 gm….surgery

Ron JAMA 1998     US         23,020 No Effect***
Holm JN Can Inst 1991 SW 10,000 No Effect**
Franklyn JAMA 1998 UK 7,209 No Effect
Flynn JCEM 2006 UK 3,888 No Effect
Metso JCEM 2007 FN 2,793 No Effect*
Frankl n JAMA 200 UK 2 668 No EffectFranklyn JAMA 2005 UK 2,668 No Effect
Goldman Can Res 1982 US 1,762 No Effect

***Increase in thyroid CA with Nodular Disease
** 20% increase in stomach CA
•15% Increase in stomach  CA in Elderly Men with Nodular Disease

No Evidence for Increased Cancer Deaths Associated 
with 131I Therapy of Graves’ Disease in Adults 

AVOID LESS THAN 5 YRS
Use <10 mCi between 5-10 YRS

Patient Stratification>30% Chance of
Remission 

<10% Chance of
Remission

Small thyroid
TSI levels < 115%
Pubertal

>30-80 gm thyroid
TSI levels > 115%
Pre-pubertal>80 gm

Surgery

MMI 12-24 months MMI 12-24 months

Relapse Relapse

131I

Surgery

OPTION A
Preferred

Patient Stratification>30% Chance of
Remission 

<10% Chance of
Remission

Small thyroid
TSI levels < 115%
Pubertal

>30-80 gm thyroid
TSI levels > 115%
Pre-pubertal>80 gm

Surgery

MMI 12-24 months MMI 12-24 months

Relapse Relapse

Continue MMIOPTION B
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Identifying Rare Diseases in the GH/IGF-I Axis 

 

Marie J.E. Walenkamp, MD, PhD 

Pediatric endocrinologist, VU University Medical Center, Dept of Pediatrics, Amsterdam, The Netherlands 

m.walenkamp@vumc.nl 

 

 

Introduction 

Pituitary-derived growth hormone (GH) promotes postnatal growth primarily by regulating  the expression of 

insulin-like growth factor (IGF)-I. IGF-I is secreted in virtually all tissues, but circulating “endocrine” IGF-I is 

predomiantly derived from the liver. In nonhepatic tissues GH stimulates growth through paracrine/autocrine 

IGF-I production, and through direct IGF-I independent mechanisms.  

The binding of GH to homodimeric cell surface GH receptors (GHR), induces signall transduction through Janus 

kinase 2 (JAK). Subsequently, multiple signaling cascades are activated of which the signal transducer and 

activator of transcription (STAT) 5b pathway has been shown to be most critical for regulating IGF-I production. 

Phosphorylation of STAT5b by JAK2 results in the formation of a STAT5b homodimer, which translocates to the 

nucleus, where it transciptionally regulates the expression of a variety of target genes, including the genes 

encoding for IGF-I, IGF binding protein (BP)-3 and acid-labile subunit (ALS). Circulating IGF-I, in ternary complex 

with IGFBP-3 and ALS  is delivered to target tissues where it interacts with cell surface type I IGF-I receptors 

(IGF1R). The IGF1R is a tetramer (α2β2) transmembrane tyrosin kinase receptor. Binding of IGF-I to the IGF1R 

results in receptor autophosphorylation on intracellular tyrosine residues and activation of the receptor’s 

intrinsic tyrosine kinase, initiating downstream signaling pathways, ultimately resulting in cell proliferation and 

other metabolic effects.  

 

Disruption of this complex chain of events can lead to clinical conditions of GH deficiency, GH insensitivity or 

IGF-I resistance. Until 1996 only one possible cause of isolated GH deficiency (GH1 defect) and of GH 

insensitivity (GHR defect) was known. The number of novel molecular defects has rapidly expanded since these 

early descriptions and have affected various levels of the GH-IGF axis. Defects have been identified in genes 

coding for proteins that are involved in GH secretion, GH binding, GH signal transduction and the synthesis, 

transport or actions of IGF-I. These mutations  are associated with a variety of phenotypes, with short stature 

as the main feature. The challenge for the clinician is to perform a diagnostic workup to identify a possible 

cause of short stature.  

 

Cases will be presented to illustrate the the diagnostic process to identify patients with short stature caused by 

a defect in the GH/IGF-I axis. This summary provides a guideline for the diagnostic work-up of a patient with 

short stature, in whom investigations have not provided a diagnosis and a genetic disorder in the GH/IGF-I axis 

is suspected.     

 

Medical history 

The medical history may provide important clues to identify the location of the defect in the GH/IGF-I axis. Low 

birth weight and/or length is indicative of a problem in the lower part of the GH/IGF-I axis: IGF-I or IGF1R. IGF-I 

is a key factor in intrauterine growth and development. Prenatal IGF-I secretion is independent of GH 

production as is illustrated by the severe intrauterie growth retardation in the cases with a defect in the IGF-I 

gene, which is not seen in patient with GH deficiency or patient with GH insensitivity due to a GHR defect. 

Deafness and microcephaly are also the result of defective IGF-I secretion in utero.  

A careful immunologic history is important to identify a possible STAT5b defects. Almost all reported patients 

with a STAT5b defect have immune dysfuntion. 

In some patients with a defect in the IGF1R severe failure to thrive is described, requiring nasogastric tube 

feeding. 

Information of height and birth size of the parents and other familymembers is essential in the assessment of a 

possible genetic defect.  

 

Physical examination 

Besides measuring auxological parameters as height, weight and body proportions, head circumference is a 

vital part of the physical examination. Microcephaly is found in patients with a defect in IGF-I or IGF1R. Some of 

the defects in the GH/IGF-I axis are associated with dysmorphic features. It can be valuable to examine a child 

with short stature and dysmorphic features together with a clinical geneticist. 
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Biochemical investigations 

Serum IGF-I and IGFBP-3 are essential in determining the diagnostic approach with regard to the GH-IGF-I axis. 

In case of low serum IGF-I a growth hormone stimulation test will be performed to assess GH secretion.   

Determining the GH binding protein level (= the extracellular part of the GHR), can be helpful in a patient with 

GH insensitivity, but doesn’t exclude a defect in the GHR, because the defect can be in any part of the receptor: 

the extracellular, transmembrane and intracellular part. 

Prolactin should be measured in patients with GH insensitivity. Prolactin is elevated in patients with a STAT5b 

defect.  

 

After the initial workup the clinician has to decide if genetic analysis is necessary. The elements that are 

important for the decision which genes should be tested are discussed, based on the findings in the 

investigations: growth hormone deficiency, growth hormone insensitivity and IGF-I resistance.  

 

Genetic evaluation of growth hormone deficiency  

GH deficiency is characterized by low levels of IGF-I because of insufficient GH secretion (secondary IGF 

deficiency). It is generally assumed that a serum IGF-I > 0 SDS virtually excludes GH deficiency.  

Isolatied GH deficiency 

Patients with severe postnatal growth failure due to isolated growth hormone deficiency and a positive family 

history for GH deficiency should be screened for mutations in the GH1 and GH releasing hormone receptor 

(GHRHR) gene. GH secretagogue receptor (Ghrelin receptor) gene mutations have been described in a few 

patients with short stature and variable GH secretion. Bioinactive variants of growth hormone appear to be a 

rare cause for growth failure, as only few reports have described so far. 

If isolated GH deficiency is accompanied by other clinical symptoms analysis of HESX1 (septo-optic dysplasia) or 

SOX3 (mental retardation) should be considered. 

Multiple pituitary hormone deficiency 

In patients with multiple pituitary hormone deficiency without other symptoms  PROP1 is a candidate gene, 

and less frequently POU1F1. PROP1 mutations result in variable degrees of GH, prolactin, TSH, FSH, LH and 

occasionally ACTH deficiency. POU1F1 encodes a transcription factor that activates GH and prolactin genes and 

regulate the TSH promotor. Mutations in POU1F1 result therefore in complete GH and prolactin deficiency and 

variable TSH deficiency.  

Multiple pituitary hormone deficiency can be associated with dysmorphic features or symptoms. Depending on 

the patient characteristics genetic analysis should be performed (HESX1, LHX3, LHX4, SOX2, SOX3, GLI2, GLI3, 

Pitx2, OTX2). 

 

Genetic evaluation of growth hormone insensitivity 

GH insensitivity is characterized by low levels of IGF-I despite normal or elevated GH secretion (primary IGF 

deficiency). Before initiating genetic tests for the various causes of primary IGF deficiency assesment of GH 

sensitivity is needed. The only available tool for this purpose is the IGF-I generation test. So far it is unknown 

which regimen is the best in terms of accuracy, sensitivity and specificity to detect GH insensitivity versus 

abnormalities of GH bioactivity or secretion.  

GHR defects 

Since 1966, more than 250 patients with a GHR defect have been identified. A range of phenotypes have been 

described. Patients with a homozygous nonsense or missense mutation of the GHR show the most severe 

phenotype. Dominant negative  GHR mutations and GHR intronic pseudoexon mutations appear to be 

associated with less severe growth phenotypes.  

If a patient presents with severe short stature, low serum IGF-I and IGFBP-3, elevated GH secretion, normal or 

slightly elevated prolactin and no or a minor increase of IGF-I in the IGF-I generation test genetic analysis of the 

GHR should be performed. 

STAT5b defects 

The identification of STAT5b mutations in human associated with severe growth failure, marked IGF-I 

deficiency and GH insensitivity provided evidence for the critical role of the STAT5b signaling pathway of GH 

induced IGF-I production and normal growth. 10 cases with a homozygous defect have been reported so far. 

The relatively normal birth size and brain development in these cases reflect the GH and STAT5b independent 

role of IGF-I secretion in utero. Most patients have serious immunological abnormalities and 

hyperprolactinemia.  

IGF-I defects 
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Homozygous IGF-I defects are extremely rare, only 4 cases have been reported. A defect in the IGF-I gene 

should be considered in patients with severe short stature, born small for gestational age with microcephaly, 

deafness and delayed psychomotor development. IGF-I levels can be very low or undetectable, but also 

extremely high levels of IGF-I should alert the clinician, because a mutation can result in a bioinactive IGF-I 

molecule. Heterozygous mutations in the IGF-I gene appear to result in a mild height deficit. 

IGFALS defects 

Homozygous IGFALS defects present with a variable degree of growth failure. The most striking feature of this 

defect is the mismatch between the severely reduced levels of IGF-I and IGFBP-3 and the relatively mild growth 

retardation. IGFBP-3 levels are more profoundly reduced than IGF-I levels and there is no response in an IGF-I 

generation test. Puberty is often delayed.   

 

Genetic evaluation of IGF-I resistance 

The most downstream defect in the GH-IGF-I axis known so far is the IGF-I receptor, resulting in IGF-I 

insensitivity. Only heterozygous defects have been described and the phenotype is variable. Intrauterine 

growth retardation, microcephaly and a relatively high IGF-I level (> +1 SDS) should raise the possibility of an 

IGF1R defect.  In addition to the major manifestations patients may present with a variable spectrum of co-

morbidities. In half of the cases a different degree of delayed psychomotor development was observed. Mild 

dysmorphic features are reported in some cases.  

 

Useful websites: 

www.shortstature-forum.com 

www.growthgeneticsconsotrium.org 
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Table 1 phenotypic and biochemical features in different defects of the GH-IGF-I axis 

 

 GHR STAT5b IGF1 IGFALS IGF1R 

Birth size normal normal Very low normal or low low 

Postnatal height SDS -4  to -12 -6 to -10 -8 to -12 -4.2 to -0.5 -2 to -4 

Head circumference SDS no no -4.9 to -8 no -2 to -4 

Deafness no no yes no no 

Delayed psychomotor dev no no yes no variable 

Puberty delay yes yes ? yes no 

Immune deficiency no yes no no no 

IGF-I extremely low extremely low undetectable, low or 

high 

extremely low > + 1SDS 

IGFBP-3 extremely low extremely low normal lower than IGF-I normal 

ALS extremely low extremely low normal undetectable or very 

low 

? 

GH secretion high normal or elevated high high normal or elevated 

Prolactin slightly increased increased normal   

 
 

Figure 1. Suggested diagnostic approach for children with proportionate short stature and a normal birth weight and length (Wit JM et al Genetic 

evaluation of short stature. Best Practice & Research Clinical Endocrinology & Metabolism 2011;25:1-17) 

 

 

 

 

  

 

Height < -2.5 SDS (proportionate) and 

Birth weight and length > -2 SDS 



 5 

 

 

Figure 1. Suggested diagnostic approach for children with proportionate short stature and low birth weight and/or length (Wit JM et al Genetic evaluation 

of short stature. Best Practice & Research Clinical Endocrinology & Metabolism 2011;25:1-17)  

 

 

 

 

 

 

  

 

Height < -2.5 SDS (proportionate) and 

Birth weight and/or length < -2 SDS 
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Toddlers with diabetes 

 
Anna, 1.5 years old, comes to the doctor together with her mother, as the mother thinks that 
Anna is not herself, but tired, in a bad mood. Her appetite has been quite good, and she likes 
to drink a lot. 
 
What would you as a doctor ask for? 
 
What somatic signs would you look for? 
 
If you suspect diabetes, what investigations would you suggest? 
 
You have decided that Anna has got diabetes, what is your next step? 
 
How should Anna be treated initially and during the first days? 
 
Discuss how you and your team take care of this girl. 
 
What is the expected clinical course? Residual insulin secretion? Partial remission? 
 
Is immune intervention at onset realistic? 
 
What insulin regimen would you suggest? 
 
Dietary rules/recommendations? 
 
Self-monitoring? 
 
Treatment goals? HbA1c? Blood glucose before meals? After meals? In the night? 
 
How dangerous is hypoglycaemia? 
 
What is the prognosis? 
 
During Meet the Expert session we will discuss these and other questions related to Diabetes 
in Toddlers. Much depends on the activity of the participants. 
 
Johnny Ludvigsson 
Professor of Pediatrics 
Linköping university, Sweden 
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Interpretation of Adrenal Plasma Steroid Profiles 
 

Felix Riepe, MD 
Div. of Pediatric Endocrinology, Dept. of Pediatrics, Christian Albrechts University, 

Schwanenweg 20, 24105 Kiel, Germany , friepe@pediatrics.uni-kiel.de 
 

 

Steroid hormones are key regulators of essential metabolic processes necessary for survival. 

Adrenal steroids are inter alia involved in adaptation to stress, carbohydrate homeostasis or 

renal salt reabsorption. The relevant adrenal steroid hormones are: cortisol as the most 

effective glucocorticoid; aldosterone as the most effective mineralocorticoid; and 

androstenedione and testosterone as androgens. Several precursors of these end products can 

be detected in the circulation, of which several have partial glucocorticoid, mineralocorticoid 

or androgenic activity (figure 1). Various endocrine diseases, such as e.g. Cushing’s 

syndrome, polycystic ovary syndrome or congenital adrenal hyperplasia, are associated with 

increased or decreased levels of adrenal steroids. Determination of the active steroids and 

their precursors is therefore the prerequisite to diagnosing steroid dependent diseases.  

 

 

Fig.1. Major pathways in human steroidogenesis 

Quantification of steroid hormones is a primary tool in endocrine laboratories for 

diagnosing and monitoring different congenital or acquired steroidogenic disorders. To date, 

liquid chromatography – tandem mass spectrometry (LC-MS/MS) competes with the 
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immunoassay-based techniques (IA) (1).  LC-MS/MS offers several advantages in paediatrics, 

like small sample volumes and no cross-reactivity between different steroids. For this reason 

LC-MS/MS has become a routine procedure in some paediatric centres of excellence. The 

cornerstone for the practical application of LC-MS/MS assays for the detection and 

quantification of steroid hormones was the development of soft ionization methods for large 

molecules. These allow the coupling of liquid chromatography with tandem mass 

spectrometry. LC-MS/MS was introduced for multiple analyte detection in newborn screening 

in clinical routine and has been more and more frequently used ever since (2). The first 

clinical application following the newborn screening programs was a method to measure a 

plasma steroid profile (3). The biological inter- and intra-individual variation of the plasma 

concentration of adrenal steroids requires proper reference values based on defined groups of 

individuals which represent the target population. Mean plasma concentrations of adrenal 

hormones change during childhood and senescence and display a broad physiological range. 

Thus, when LC-MS/MS, with its higher sensitivity and lower detection limit, is used new 

reference ranges have to be established.  

 

Congenital disorders of steroid biosynthesis range from impaired production of 

glucocorticoids, mineralocorticoids or sex steroids alone to global adrenal insufficiency. They 

can be caused by primary adrenal insufficiency or disorders of the hypothalamus-pituitary-

adrenal axis. The most common reason for congenital adrenal hyperplasia (CAH) is 21-

hydroxylase deficiency (21-OHD) with an incidence of 1:10000-15000 live births. Several 

countries included CAH in the newborn screening program. However, a large number of CAH 

newborn screenings based on IA yield false-positive results (4), due to cross-reactivity of 

antibodies with other steroids, neonatal stress, prematurity or physiologically delayed 

expression of 11-ß-hydroxylase. Although 17-hydroxyprogesterone (17-OHP) is a sensitive 

and specific marker complete steroid profiling in CAH remains important, especially for 

confirmatory analyses and differential diagnoses. Meanwhile a number of LC-MS/MS 

methods have been developed for a broad panel of up to 12 steroids.  A bigger panel of steroid 

hormones leads directly to the correct diagnosis and therapy. Figures 2 and 3 show typical 

patterns of adrenal steroids measured by LC-MS/MS in 21-OHD and 11-hydroxylase 

deficiency patients of different ages, all detected because of an elevated 17-OHP level as 

measured by IA. In order to demonstrate the significant differences between normal and 

pathologic values and to normalize for age, the steroid levels are depicted as multiples of the 

normal median for age (MOM).   
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Fig. 2.   
Steroid levels (MOM) of 11 patients with 21-OHD 
compared with the maximal normal range (MOM) of the 
corresponding age group. P, progesterone; 17OHP, 17-
hydroxyprogesterone; DOC, deoxycorticosterone; 11S, 
11-deoxycortisol; 21S, 21-deoxycortisol; B, 
corticosterone; E, cortisone; F, cortisol,  <1 week,  2 
weeks-2 months,  7-9 years, — maximal normal range 
(MOM) <1 week,  – – maximal normal range (MOM) 2 
weeks-2 months,   – · – maximal normal range (MOM) 
7-9 years 

 

 

Fig. 3.  
Steroid levels (MOM) of four patients with 11-OHD 
compared with the maximal normal range (MOM) of the 
corresponding age group. P, progesterone; 17OHP, 17-
hydroxyprogesterone; DOC, deoxycorticosterone; 11S, 
11-deoxycortisol; 21S, 21-deoxycortisol; B, 
corticosterone; E, cortisone; F, cortisol,  <1 week,  
3-11months,  1-3 years,  4-6 years, — maximal 
normal range (MOM) <1 week, … maximal normal range 
(MOM) 3-11months, – – maximal normal range (MOM) 
1-3 years, – · · –  maximal normal range (MOM) 4-6 
years 

 

In addition to its impact in the diagnosis of steroidogenic adrenal diseases, steroid profiling 

finds its application in long-term treatment monitoring of these entities. For example, 

treatment monitoring in CAH is based on clinical data as well as on plasma and salivary 

levels of steroids like 17-OHP, androstenedione and testosterone. Nowadays, LC-MS/MS 

based methods for the determination of steroids in saliva or plasma, including these 

parameters can be routinely used. (5)  

Altogether, plasma steroid profiling is a powerful tool allowing for setting up quick and 

reliable diagnosis in adrenal diseases as well as it is a helpful tool to monitor treatment in 

adrenal diseases. 
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