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Case 1 

• Boy  14 yrs old -short stature 

• TSH=14  mIU/l 

• T4= 4 mg/dl 

• Diagnosis? 

• Treatment? 

 



Case 2 

• Girl 8 yrs in routine lab test : 

• TSH=8  mIU/l 

• T4= 9 mg/dl 

• Diagnosis? 

• Treatment? 

 

 



Case 3 

• Boy 5 yrs in routine lab test : 

• TSH=4  mIU/l 

• T4= 4 mg/dl 

• Diagnosis? 

• Treatment? 

 



Case 4 

• In PICU boy 5 yrs with sepsis : 

• TSH=2  mIU/l 

• T4= 4 mg/dl 

• Diagnosis? 

• Treatment? 

  

 

 



Hypothyroidism 

• ↓Free T4 

 

 Thyroid (primary) 

 

 Pituitary  (secondary) 

 Hypothalamus (tertiary)        central hypothyroidism 

 

• Hypothyroidism 

 Congenital 

 Acquired  

• May be associated with a goiter 

 



Hypothyroidism in childhood and adolescence 

• Hypothyroidism is most common disturbance of thyroid function 

in children 

• Acquired hypothyroidism is most often caused by autoimmune 

thyroiditis 



 TSH slightly elevated 

T4 normal 

TSH high 

T4 low 
TSH normal or low 

T4 low 

 Subclinical hypothyroidism 

 Obesity 

Primary hypotyroidism  Central hypothyroidism 

 TBG deficiency 

 Euthyroid Sick Syn 

TSH high 

T4 high 

 Hypothyroidism + 

levo before test 

 Resistance to thyroid 

hormone  

 

TSH high  

T4 normal  

macroTSH 



Primary hypothyroidism may be:  

 Subclinical (↑TSH {<10} and normal free T4) 

 

 

 Overt (↑TSH and low free T4)  

 



Central hypothyroidism 

• low Total T4 + low or 

inappropriately normal TSH 

 

• Differential diagnosis for central 

hypothyroidism: 

  Thyroxine-Binding Globulin 

Deficiency 

 X-linked pattern 

 Acquired forms of TBG 

deficiency→ androgens  

 

 Euthyroid sick syndrome 

 



 Central hypothyroidism 

• T4↓  

• TSH normal or ↓ 

• ↓T3RU 

•  ↓FT4 

 

 TBG deficiency 

• T4 ↓ 

• TSH normal  

• T3RU ↑ 

• FT4  normal 

 

 

 

 

 

 



Central hypothyroidism 

1. Check other pituitary axis 

hormones:                                               

Cortisol 

2. Brain MRI with contrast 

 

 

• Levotyroxine increases 

urinary excretion of cortisol 

→Adrenal crisis 

• Hydrocortisone before 

Levotyroxine 

 

 

 



Euthyroid sick syndrome 



TSH high 

T4 high 

 

• In patients with primary hypothyroidism who do not take drug 

properly, levothyroxine may be taken in large amounts 2-3 days 

before test 

 

• Resistance to thyroid hormone (RTH)   



Resistance to thyroid hormone (RTH)  

• Impaired sensitivity to thyroid hormone (TH) 

• Mutations in thyroid hormone receptor beta (THRB) gene 

• Rare syndrome thyroid hormone ↑↑but TSH is not suppressed 

• Generalized RTH are usually euthyroid because ↑↑thyroid 

hormone overcome nuclear receptor defect 

• However, they may some tissue-specific clinical manifestations 

of hypothyroidism ± hyperthyroidism 



Elevations of TSH with normal free T4  

• Occasionally, are caused by confounders that affect assay 

measurement of TSH, such as heterophile antibodies or macro-

TSH 

 



 



CLINICAL MANIFESTATIONS 



 symptoms  

• Sluggishness 

• Lethargy 

• Cold intolerance 

• Constipation 

• Dry skin 

• Brittle hair 

• Facial puffiness 

• Muscle aches and pains 

• Weight gain, typically minimal and due to fluid retention  

• If hypothalamic or pituitary disease, may headaches, visual 

symptoms, or manifestations of other ↓pituitary hormone 



Physical Examination  



Physical Exam 





• Palpation →feel and examine size, consistency, nodularity and 

motion of gland.  

• Watch during swallow to note enlargement or asymmetry of 

thyroid lobes 

• Auscultation →bruit over gland should differentiated from carotid 

bruit. 

 

 



Examination findings  

• Most common physical finding at presentation is diffusely 

enlarged thyroid gland (goiter).  

 

• Noticeable goiter in 39.5 % of children autoimmune thyroiditis 

• Thyroid may be normal in size or not palpable at all  





Physical Examination  

 Short stature 

 Apparent overweight (more fluid retention than obesity) 

 Pseudohypertrophy of muscles 

 Delayed deep tendon reflexes  

 Bradycardia 

 Auscultation chest and cardiac →pleural or pericardial effusion  

 Higher risk of slipped capital femoral epiphysis 



Declining growth velocity/ 

short stature  
• ↓Height velocity 

• Short stature 

• Skeletal 

maturation is 

delayed 

• Bone age and 

height age < 

chronologic age  

 



( a ) A 14-year-old boy with 

primary congenital hypothyroidism 

having short stature, distended 

abdomen, and umbilical hernia. 

Myxedematous features in same 

child 



Abnormal pubertal development  

• Delayed puberty is common 



Abnormal pubertal development  

• Some long primary hypothyroidism have sexual precocity→ 

 Breast development and vaginal bleeding in girls 

 Enlarged testes in boys 

 

• Slightly ↑ (for age) FSH 

 

• Bone age may not be delayed, due to sex steroid  

 

• Rarely galactorrhea secondary to hyperprolactinemia 

 



Pituitary Hyperplasia from Primary 

Hypothyroidism 

• A 10-year-old girl presented with headache and poor growth. 

Laboratory studies showed primary hypothyroidism, and MRI 

revealed an enlarged pituitary 



Functioning in school  

• Performance often declines, but it improves in some children, 

perhaps because they are less active and, therefore, less easily 

distracted  حواس پرتیand better able to concentrate 

 

• One reason for delay in diagnosis is that parents see latter 

changes as positive. 



Laboratory abnormalities  



Laboratory abnormalities  

• In addition thyroid function testing: 

 T3RU 

 Hyperlipidemia (hyperTG and low HDL) 

 Normocytic or macrocytic anemia 

 Hyponatremia (infrequently) 

 Rarely, myopathy and ↑ CPK 

    (Kocher-Debre-Semelaigne syndrome) 



T3RU 

 
وابسته به جنس  TBGكمبود مادرزادي • 

 غالب است 

•T4 ↓ 

•TSH    نرمال 

•T3RU ↑ 

•FT4    نرمال 

 

 

 تشخیص افتراقی با کم کاری مرکزی تیرویید•

•↓T4  

•TSH  نرمال یا↓ 

•↓T3RU 

• ↓FT4 

 

 

 

 



Antithyroid peroxidase antibodies (TPOAb) and 

Antithyroglobulin antibodies (TgAb) 

 

 

• Primary hypothyroidism (↑TSH, ↓FT4) be tested for autoimmune 

thyroiditis by measuring Anti TPOAb and Anti TgAb  

•  ~ 85 to 90 % autoimmune thyroiditis have positive TPOAb, 

        30 to 50 % have positive TgAb   

• TSH receptor-blocking antibodies may in 9.2 % of autoimmune 

thyroiditis 

• Measurement of TSH receptor-blocking antibodies is not 

recommended as part of routine care. 

 



Paraclinic Imaging 



Imaging abnormalities  

• Brain MRI→ 

 Central hypothyroidism 

 Primary hypothyroidism must be excluded in any child with an 

enlarged sella turcica due to secondary hyperplasia of 

thyrotroph cells 

• Reversible with levothyroxine therapy.  

 

• CXR→pericardial and pleural effusions may present in severe 

hypothyroidism  

• BA→skeletal maturation (bone age) is delayed 



Congenital hypothyroidism 

• Dysplastic bullet-shaped vertebrae 

     with anterior beaking (solid arrows) 



 • left normal neonate with both 

knee epiphyses present  

• Right a neonate with 

congenital hypothyroidism in 

whom both epiphyses are 

small 

 



Ultrasound Examination and FNA 

• In child with hypothyroidism and positive thyroid antibodies who 

has a palpable goiter→ we suggest an ultrasound examination 

  

• If markedly asymmetric goiter or a palpable nodule, ultrasound 

examination for determine size and echo characteristics of 

goiter and nodule and determine if fine-needle aspiration biopsy 

of nodule is indicated.  

 



Radioactive iodine uptake  

• RAIU→ how much radioactive iodine is taken up by thyroid 

gland in a given time period.  

• Asked to ingest (swallow) a small dosage radioactive iodine     

(I-123 or I-131) in liquid or capsule form 

• After a time (usually 6 and 24 hours later), measures amount of 

radioactive iodine (taken by mouth) that accumulates in thyroid 

gland 

• Normal Values: 

 6 hours: 3 to 16% 

 24 hours: 8 to 25% 



Radioactive iodine uptake  

• RAIU, is a test of thyroid function. 

• Increased (>35% at 24 hours): 

 Hyperthyroidism due to Graves, multinodular goiter or thyroid 

adenoma 

 Hashimoto's thyroiditis (early) 

 Iodine deficiency 

• Decreased (<8% at 24 hours): 

 hypothyroidism 

 subacute thyroiditis 

 iodine overload (excessive iodine ingestion) 

 



 



ETIOLOGY 





TERMINOLOGY 

 
 

●Autoimmune thyroiditis – is most common cause of acquired 

hypothyroidism.  

Synonymous terms → chronic lymphocytic thyroiditis and 

Hashimoto thyroiditis 

●Autoimmune thyroid disease – This is a broader term, 

encompassing disorders with autoimmune mechanisms that have a 

risk of both hypothyroidism (Hashimoto disease) and 

hyperthyroidism (Graves disease). 



Disorders associated with autoimmune 

thyroid disease  
• some chromosomal disorders or other autoimmune disorders 

are at ↑ risk for autoimmune thyroiditis : 

 Down syndrome (trisomy 21) 

 Klinefelter syndrome 

 Turner syndrome 

 Type 1 (autoimmune) diabetes mellitus 

 Celiac disease 

• periodic screening TSH and free T4 or TSH followed by test free 

T4 if TSH is abnormal 

 



 Down syndrome  

• The American Academy of Pediatrics recommends screening at 

birth (newborn screen), at 6 and 12 months, and then annually 

thereafter 

 



Turner syndrome  

• Annual screening for thyroid disease is recommended in all 

patients with Turner syndrome.  



Klinefelter syndrome  

• one study reported hypothyroidism in one of eight boys with 

Klinefelter syndrome 



Type 1 diabetes mellitus  

• Children with type 1 diabetes should be screened for thyroid 

disease at diagnosis (after metabolic control is established) and 

then every one to two years thereafter. 



Celiac disease  

• ~10 to 20 % celiac disease have autoimmune thyroiditis 

• Conversely, ~ 2 to 7 % autoimmune thyroiditis develop celiac 

disease 



Autoimmune polyglandular syndrome  

• Autoimmune thyroiditis occurs in 10 % type I APS: 

 Mucocutaneous candidiasis 

 Hypoparathyroidism 

 Adrenal insufficiency 

 

 

• Chronic autoimmune thyroiditis occurs in 70 % type II APS: 

 Adrenal insufficiency +autoimmune thyroiditis ±Autoimmune 

diabetes  



Disorders with transient hypothyroidism, 

developing after a short course of 

hyperthyroidism  

• These disorders are characterized by hyperthyroidism in acute 

phase, often followed by hypothyroidism, then recovery to 

euthyroidism. 

• Hyperthyroidism →Hypothyroidism→ Euthyroidism 

 



"Hashitoxicosis"  

• Transient hyperthyroidism caused by inflammation assotiated 

with hashimoto thyroiditis 



Subacute granulomatous thyroiditis  

• de Quervain disease 

• Viral or postviral syndrome  

• Tender, diffuse goiter 

• 25- 50% fever or leukocytosis 

• High ESR 

• Brief course of hyperthyroidism (two to six weeks), followed by 

hypothyroidism and then recovery.  

• Radioactive iodine uptake will be low, distinguishing this entity 

from Graves disease in which uptake is high. 

 



 

 

 

 

• A recent prospective observational study →SARS-CoV-2 might 

directly induce viral thyroiditis. 

• Low fT3 associated with an ↑ clinical deterioration 

• May be a direct effect of SARS-CoV-2 on thyroid function 



 

 



DIAGNOSIS 

 
• Children suspected to hypothyroidism  

     check of TSH and  

 Free thyroxine (free T4)  

      or 

 Total T4 plus T3RU 

 

• TSH have diurnal variation (higher at night, lower during day)  

• TSH at 8 AM are more sensitive for diagnosis of mild primary 

hypothyroidism as compared with 4 PM   





Case 1 

• Boy  14 yrs old 

• TSH=14  mIU/l 

• T4= 4 mg/dl 

• Diagnosis? 

• Treatment? 

 

 



Elevated TSH with low free T4  

• overt primary hypothyroidism 

 

 

• Replacement of thyroid hormone medication: Levothyroxine 

 



 

 
Anti TPOAb and Anti TgAb  

If goiter →Sonography  

If suspicious sonography →FNA  





Case 2 

• Girl 8 yrs  

• TSH=8  mIU/l 

• T4= 9 mg/dl 

• Diagnosis? 

• Treatment? 

 

 



Elevated TSH with normal free T4  

• subclinical hypothyroidism 



subclinical hypothyroidism, treatment  

1. TSH levels >10 mU/L 

2. Clinical features such as a decreasing height velocity 

3. Goiter  

4. Positive antithyroid antibodies 

5. Metabolic complications such as dyslipidemia   

 

 

• most clinicians would treat until growth and puberty are 

complete, and then reevaluate thyroid function.  



Elevated TSH with normal free T4  

• Elevated TSH probably is consequence rather than a cause of 

obesity that return to normal after weight loss  

• Elevated serum leptin, stimulates transcription of TRH gene 

 



Case 3 

• Boy 5 yrs in routine lab test : 

• TSH=4  mIU/l 

• T4= 4 mg/dl 

• Diagnosis? 

• Treatment? 

 

 



 Central hypothyroidism 

• ↓T4  

• TSH normal or     ↓  

• ↓T3RU 

•  ↓FT4 

 

 TBG deficiency 

• T4 ↓ 

• TSH   normal  

• T3RU ↑ 

• FT4  normal 

 

 

 

 

 



Normal or low serum TSH with low free 

T4  
• Central hypothyroidism 

• Clinical setting suspicious for central hypothyroidism. 

 

 )  ناشی از کمبود هورمون رشد و آدرنوکورتیکوتروپین(وجود هیپوگلیسمی •

 ،)ناشی ازکمبود هورمون آنتی دیورتیک(پرادراري •

 ناهنجاریهاي خط میانی صورت •

• Microphallus ،ناشی از کمبود گونـادوتروپینهـا 

 نیسـتاگموس مـادرزادي و اخـتلالات بینایی،  •

 



Case 3 

• RT3u= 23%  ( nl 26- 35%) 

• Free T4= 0.5 ng/dl (Nl 0.8 – 2.2 ) 

 



Case 3 

• Central  Hypothyroidism 

 

• Treatment? 

 



Case 3 

1. Check other pituitary axis 

hormones:                                               

Cortisol 

2. Brain MRI with contrast 

 

 

• Levotyroxine increases urinary 

excretion of cortisol →Adrenal 

crisis 

• Hydrocortisone before 

Levotyroxine 

 

 



• Similar results may be found with nonthyroidal illness syndrome. 

 

•  If patient with acute or chronic illness, should be repeated after 

recovery from illness before making a definitive diagnosis. 

 



Case 4 

• In PICU boy 5 yrs with sepsis : 

• TSH=2  mIU/l 

• T4= 4 mg/dl 

• Diagnosis? 

• Treatment? 

  

 





TREATMENT AND PROGNOSIS 

 



Indications for levothyroxine  

• Levothyroxine is recommended treatment for children with 

primary or central hypothyroidism.  

 

• The goals of treatment are to restore normal growth and 

development, pubertal development 

 





Levothyroxine dose  

• Initial treatment at following doses, oral , once daily: 

 

• ●Age 1 to 3 years – 4 to 6 mcg/kg body weight 

 

• ●Age 3 to 10 years – 3 to 5 mcg/kg 

 

• ●Age 10 to 16 years – 2 to 4 mcg/kg 

 

• Dose at any age is approximately 100 mcg/m2/day 

• Children clear levothyroxine more rapidly than adults→ weight-

adjusted daily replacement dose is higher. 

 



Levothyroxine dose  

• Therapy should be initiated with levothyroxine dose in middle of 

appropriate range for age 

• Lower end of range in subclinical hypothyroidism and central 

hypothyroidism.  

• Then adjusted based on thyroid hormone  

 

 



Levothyroxine dose  

• In longstanding hypothyroidism, rapid correction of 

hypothyroidism may associated with untoward effects, in 

particular on behavior and ↑risk of pseudotumor cerebri.  

 

• we recommend a slower up-titration to full dosing→ 

I. one-quarter of full dose for 4-6 weeks 

II. then ↑ by a one-quarter dose every 4-6 weeks 

III. full dosing is achieved by 12 to 16 weeks. 



Monitoring and dose adjustment  

Check TSH and FT4 : 

  6-8 weeks after initiation of treatment and then every 6 to 12 

months  

 6-8 weeks after any dose change or 

 If patient develops any clinical manifestations of hypo- or 

hyperthyroidism  

 



Monitoring and dose adjustment  

• Maintain TSH and free T4 (or T4) in normal reference range for age  

• FT4 varies according to assay method, to determine range for their 

specific lab 

• In children grow: 

 Target TSH in lower one-half 

 Free T4 in upper one-half of reference range 



Monitoring and dose adjustment in central 

hypothyroidism 
• Only measurement of FT4 or T4  

• TSH usually low or undetectable so is not useful 

 

• Maintaining FT4 in upper one-half of reference range  

• As an example, if normal free T4 reference range is 0.8 to 1.8 

ng/dL, optimal free T4 range would be 1.3 to 1.8 ng/dL.  



Adverse effects  

• Levothyroxine is generally well tolerated and has minimal 

adverse effects. Considerations are: 

 

• ●Longstanding hypothyroidism are at risk pseudotumor cerebri 

shortly after initiation of levothyroxine 

• ●Children with more chronic (or severe) hypothyroidism also 

are at higher risk of temporary poorer school achievement and 

hyperactivity at initiation of treatment 

 



• ●Prolonged excessive doses of levothyroxine should be 

avoided:  

• Infants with open cranial sutures may develop craniosynostosis, 

and older children may develop adverse behavior changes and 

lower school performance. 

 

• ●Both hypothyroidism and overtreatment  

         can affect bone mineral density   

 



Course 

• Once levothyroxine therapy is started, it probably is best to 

continue treatment until growth and pubertal development are 

complete.  

• At that time that question of permanency of hypothyroidism (eg. 

subclinical hypothyroidism), it can discontinue levothyroxine and 

measuring TSH one month later 

 

• Hypothyroidism due to autoimmune thyroiditis is not invariably 

permanent→ some treated for several years have persistently 

normal thyroid function after levothyroxine treatment is 

discontinued.  



 




