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Normal Growth
 As multifactorial and complex as the process of growth 

is, children normally grow in a remarkably predictable 
manner

 Deviation from a normal pattern of growth can be the 
first manifestation of a wide variety of disease 
processes including endocrine and non endocrine 
disorder and involving any organ system of the body

 Frequent and accurate assessment of growth is 
therefore of primary importance to physician and 
nurse caring for children



Measurement
 Measurement of supine length is employed in children 

younger than two years of age 

 When children are old enough to stand erect, it is best to 
employ a wall-mounted “ Harpenden” stadiometer

 The patient should be fully erect with the head in the 
Frankfurt plane

 The back of the head , thoracic spine, buttocks and heals 
should be touching the vertical axis of the stadiometer



 Serial measurement  should be made at the same time 
of day because diurnal variation in standing height has 
been observed.

 It is critical that height determination be performed by 
an individual with proper training rather than by an 
inexperienced member of staff.

 The height be measured in triplicate, that variation be 
no more than 0.3 cm, and that the mean height be 
recorded



 It is obviously better to have the same individual 
performing the determination

 A minimum interval of 3 months’ is necessary for 
accurate height velocity computation.

 6 months’ data are preferable because of the seasonal 
variation in height velocity 





Most pediatric endocrine clinic continue to use the 
cross –sectional data provided by NCHS(CDC, which 
were originally introduced in 1977 and recently update

Limitation

•subjects were white formula-fed , middle class infants 
from southwestern Ohaio

The NCHS can be used to compute standard deviation 
scores (Z- scores)























Height and weight SDS

 SDS = 1.645.( Ht. or Wt. patient –Ht. or Wt 50% )

( Ht. or Wt. 50%–Ht. or Wt 5% )

 SDS =1.881.( Ht. or Wt. patient –Ht. or Wt 50% )

( Ht. or Wt. 50%–Ht. or Wt 3% )







Sexual maturity rate







BMI
 BMI=    WT

Ht² (m)

BMI percentile for age

 <5th percentile               Underweight

 5th-84th percentile         Normal

 85th-94th percentile       At risk overweight

 >= 95th percentile           Overweight









Algorithm biochemical evaluation of growth failure

Step I-Defining the risk of GH/IGF Deficiency

Auxologic Abnormality

 Severe short stature height SDS<-3SD

 Severe growth deceleration(height velocity<-2SD over 12month

 Ht<-2SD and HV<-1SD over 12month

 Ht<-1.5SD and HV<-1.5SD over 2 years

 Features of GHD  or GHI

Risk factors

History of a brain tumor ,cranial irradiation, or  other documented 
organic pituitary abnormality

Incidental finding of pituitary abnormality on MRI

If any of the above exists, proceed to step 2: if not , follow clinically 
an return to step 1 in 6 month



Step2-Screening for GH/IGF deficiency and other diseases

A. Order  a laboratory panel including  assessment of bone age, 
thyroid function, chromosomes(in famales), and nonendocrine
tests( CBC diff, ESR, CRP,FBS, Bun, Cr, VBG, Na, K, Cl , Ca, P, 
ALP, SGOT, SGPT, U/A, U/C , S/E, Anti TTG IgA, Anti EMA  
IgA, Total IgA ) and if indicated, treat diagnosed conditions as 
appropriate.

B. Order  an IGF-1 and an IGFBP-3 level

 If IGF-1/ IGFBP-3 are above the mean, follow clinically and 
return to step 1 in 6 months

 If IGF-1/ IGFBP-3 are low , proceed to step 3; but if the MRI is 
abnormal, GH stimulation test is optional.

 If height <-2.25 SDS proceed to step 3 regardless of the 
screening tests.



Step-3 Testing Gh secretion 
This step can be bypassed if a clear GHD risk factor and a severe 

IGF deficiency are identical.
Perform two of the following GH stimulation tests (if appropriate , 

sex hormone prime):
 Clonidine
 Arginine
 Insulin 
 Glucagon
 Levodopa
 Propranolol
If both are below 10 ng/ml, go to step 4
If GH > 15 ng/ml, obtain GHBP; if GHBP,-2 SDS. Consider an IGF-I 

generation test, and , if  abnormal IGF treatment
If GH>10 and height is <-2.25 SDS consider GH treatment for 

ISS(step 5)



Step4-Evaluating the pituitary

 Perfome MRI

 Test HPA , if not already done(CRH stimulation or 
ITT), and teach cortisol supplementation as needed



Step 5- Treating for Growth promotion

 Initiate GH therapy ( or if GHIS is suspected , consider 
IGF-I)

 Regularly evaluate growth parameters, IGF-I, and 
IGFBP-3, as well as compliance  and safety.

 GH secretion shoul be retested at the end of GH 
treatment if the diagnosis was GHD.



GH stimulation test



IGF-I generation test
 Ensure that nutritional intake is adequate prior to and 

during the performance of this test

 Protocol

1. day 1: take blood for IGF-I and IGFBP 3 estimation.

2. day 2-4: give SC GH (0.1 IU/Kg/ day= 33 µg/Kg/day

3. Day 5:take blood for IGF-I and IGFBP 3 estimation.

 Interpretation

An incremental increase in IGF-I of > 20 µg/L and 
IGFBP-III of > 0.4 mg/l above the basal exclude GH 
insensitivity.







 An intact hypothalamic/pituitary /IGF-1 axis, adequate 
nutrition, and absence of significant systemic disease are 
requirements for normal linear growth.

 As multifactorial and complex as the process of growth is, 
children normally grow in a remarkably predictable manner

 A comprehensive past medical, family, and social history

with assessment of an accurate growth velocity is required 
for the initial investigation of abnormal growth.

 Deviation from a normal pattern of growth can be the first 
manifestation of a wide variety of disease processes including 
endocrine and non endocrine disorder and involving any 
organ system of the body

 Frequent and accurate assessment of growth is therefore of 
primary importance to physician and nurse caring for children



Secondary Growth disorders

 Malnutrition 

 Chronic diseases

Malabsorption

Cardiovasular disease

Renal disease

Hematologic disorders

Diabetes mellitus

IEM

Pulmonary disease

Chronic infections



Endocrine disorders

 Hypothyroidism 

 Cushing syndrome

 Pseudohypoparathyroidism

 Ricketes

 IGF deficiency (Hypothalamic dysfunction, pituitary 
GHD, primary and secondary GHI)

 IGF-I resistance









CC: short stature
 A 4 year old boy who refer to us because of growth 

abnormality

 ROS: polyuria

 F/E : weight SDS: -3.5

Height SDS: -3.4



Before treatment



PLT:234000HB:12WBC: 8.5CBC

0.6:CrBUN:14

P: 4.2Ca: 10ALP:800K:2.5Na:132

HCO3:30PCO2:397.5 :PHVBG

1 :TTGEMA<0.1

3.5 :TSHT3U:30T4:11

RBC:1-2WBC:1-2SG: 1005U/A

NegS/E



 BP:70/40

Renin: 34 (0.5-4.5 ng/ml/hr)

Aldosterone:1100(100-800 pmol/L)

Urine( Na: 57 meq/L ,CL: 80 meq/L, K: 45)

 Diagnosis : BARTER SYNDROME



After  treatment



CC: short stature
 A 3 year old boy who refer to us because of growth 

abnormality

 ROS: polyuria

 F/E : weight SDS: -3.2

Height SDS: -3.4



Before treatment



PLT:234000HB:12WBC: 8.5CBC

0.6:CrBUN:14

P: 4.2Ca: 10ALP:800K:2.7Na:132

HCO3:13PCO2:297.25 :PHVBG

1 :TTGEMA<0.1

3.5 :TSHT3U:30T4:11

PH: 8RBC:1-2WBC:1-2SG: 1005U/A

NegS/E



 Ultrasonography : nephrocalsinosis

 Urine ( ca:  438   cr:159mg      volume:1200cc)

 Diagnosis : Distal RTA



After  treatment



Cc: abnormal growth
 A  5 months old boy refer to us because of FTT

and  history of recurrent fever

F/E 

hypotonia

Temp: 37.8 

Mild dehydration





PLT:234000HB:10WBC: 8.5CBC

BS 900.9:CrBUN:45

P: 4.2Ca: 10ALP:860K:4.7Na:150

HCO3:20PCO2:297.45 :PHVBG

1 :TTGEMA<0.1

3.5 :TSHT3U:30T4:11

PH:7RBC:1-2WBC:1-2SG: 1001U/A

NegS/E



 Plasma osmolality : 321mosmol/kg

 Urine osmolality : 100mosmol/kg

 Ultrasonography : severe hydronephrosis and 

megaureter

 AVP challenge test: 

SG: 1003

Plasma osmolality : 316 mosmol/kg

Urine osmolality : 120 mosmol/kg

 Diagnosis: nephrogenic DI



CC: short stature
 A 11 years old girl who refer to us because of growth 

abnormality

 ROS : loss of appetite

 P/E : non specific

height SDS: - 3.7 

weight SDS: -4

SMR: B1p1





PLT:234000HB:11WBC: 8.5CBC

0.6:CrBUN:14

P: 4.2Ca: 10ALP:800K:3.7Na:137

HCO3:22PCO2:397.3 5 :PHVBG

TTG>200EMA:pos

3.5 :TSHT3U:30T4:11

PH: 8RBC:1-2WBC:1-2SG: 1015U/A

Fat drop+S/E



 Endoscopic findings and pathologic report compatible 
with celiac disease



After treatment



CC: short stature and leg bowing
 A 6 years old boy who refer to us because of genue

varum and leg bowing

 P/E: genue varum and widening of wrist





PLT:234000HB:12WBC: 8.5CBC

BS 900.7 :CrBUN:15

P: 2.5Ca:9.3ALP:1860K:4.7Na:137

HCO3:20PCO2:297.45 :PHVBG

1 :TTGEMA:neg

3.5 :TSHT3U:30T4:11

PH:7RBC:1-2WBC:1-2SG: 1014U/A

NegS/E



 Ca: 9.8 , p :2.5  cr : 0.7 ALP: 1800 PTH: 48 (7-60 

pg/ml)

24 hr Urine ( ca: 20, P : 670 , cr: 340 volume :970 )

FEP : 55%

urine aminoacid and carbohydrate 

chromatography:Neg





 Diagnosis : familial hypophosphatemic rickets



CC: short stature
 A 4 years old boy refer to us because of short stature

 ROS: -

 P/E : pallor

height SDS: -2.5

weight SDS : - 2.7



PLT:234000HB:10WBC: 8.5CBC

BS 90Cr: 2.3BUN:55

P:5Ca: 10ALP:1160K:3.7Na:137

HCO3:20PCO2:297.45 :PHVBG

1 :TTGEMA<0.1

3.5 :TSHT3U:30T4:11

PH:6RBC:1-2WBC:1-2SG: 1008U/A

NegS/E



 Ultrasonography : decreased in size of both kidney

 VCUG: VUR grade 2

 Diagnosis : CRF



Cc : abnormal growth





PLT:234000HB:12WBC: 8.5CBC

BS:900.6:CrBUN:14

P: 4.2Ca: 10ALP:800K:4.7Na:132

HCO3:22PCO2:397.4 5 :PHVBG

1 :TTGEMA<0.1

3.5 :TSHT3U:30T4:11

PH: 8RBC:1-2WBC:1-2SG: 1025U/A

NegS/E



Fallow up



Diagnosis
Channelization



CC: abnormal growth
 A 5.5 years old girl with short stature

 F/E :

SMR: B3P1

dry skin and hair

puffiness

+/- goiter





PLT:234000HB:12WBC: 8.5CBC

BS 900.7 :CrBUN:15

P:5.5Ca: 10ALP:1060K:4.7Na:137

HCO3:20PCO2:297.45 :PHVBG

1 :TTGEMA<0.1

TSH> 100T3U:25T4:3µg/dl

PH:7RBC:1-2WBC:1-2SG: 1001U/A

NegS/E



Diagnosis : hypothyroidism



CC: short stature
 A 9 years old girl who complains of short stature















 FSH: 45

 Karyotype: 45 X

 Diagnosis : Turner syndrome



CC: abnormal growth

 BW:1400gr

 P/E: triangular  faces

fifth finger clinodactyly

asymmetry in Rt and Lt limbs 

UDT 





After  GH treatment



http://www.google.com/imgres?imgurl=http://download.imaging.consult.com/ic/images/S1933033208734803/gr54-midi.jpg&imgrefurl=http://imaging.consult.com/image/chapter/Pediatric?title=Musculoskeletal%20System%20(Pediatric),%20Selected%20Syndromes%20and%20Chromosomal%20Disorders&image=fig54&locator=gr54&pii=S1933-0332(08)73480-3&usg=__n3PpcGqjFWbhT52jH-AwUDznjC0=&h=200&w=197&sz=4&hl=en&start=65&zoom=1&itbs=1&tbnid=3MoZ0M0YDnkHeM:&tbnh=104&tbnw=102&prev=/images?q=silver+russel+syndrome&start=60&hl=en&sa=N&gbv=2&ndsp=20&tbs=isch:1


Diagnosis: silver Russell syndrome



CC: short stature
 RFR: short stature and body disproportion







http://www.google.com/imgres?imgurl=http://www.radswiki.net/main/images/thumb/6/68/Achondroplasia-002.jpg/200px-Achondroplasia-002.jpg&imgrefurl=http://www.radswiki.net/main/index.php?title=Achondroplasia&usg=__-ZZ-qgDW7Dcd_Id4SC28Wuk2Kr0=&h=134&w=200&sz=4&hl=en&start=25&zoom=1&itbs=1&tbnid=Z7ngg0aEIF3g4M:&tbnh=70&tbnw=104&prev=/images?q=Achondroplasia&start=20&hl=en&sa=N&gbv=2&ndsp=20&tbs=isch:1
http://www.google.com/imgres?imgurl=http://img.medscape.com/pi/emed/ckb/radiology/336139-415494-9601.jpg&imgrefurl=http://emedicine.medscape.com/article/415494-overview&usg=__IFij2NIbuGlwvTeTqFz1itSBBNg=&h=2100&w=1715&sz=126&hl=en&start=19&zoom=1&itbs=1&tbnid=qPoFil4HGgXocM:&tbnh=150&tbnw=123&prev=/images?q=Achondroplasia&hl=en&sa=N&gbv=2&ndsp=20&tbs=isch:1


Diagnosis : Achondroplasia



CC:Short stature and weight gain





Diagnosis
 Cushing syndrome

 Hypothyroidism

 Acquired GHD 



 Routine lab test : normal

 DST: NL

 TFT:NL

 GH provocative test : 0.3 , 0.1, 1.8 , 1.2  miu/ml

 IGF1:36 ng/ml



http://www.google.com/imgres?imgurl=http://www.ssc.education.ed.ac.uk/courses/pictures/vnov072ii35.jpg&imgrefurl=http://www.ssc.education.ed.ac.uk/courses/vi&multi/vnov072iv.html&usg=__80ciV6Eqv3YwMSX655mdtK0Mq6k=&h=328&w=329&sz=72&hl=en&start=18&zoom=1&itbs=1&tbnid=Vu0TWTJ2cHkGuM:&tbnh=119&tbnw=119&prev=/images?q=craniopharyngioma&hl=en&sa=G&gbv=2&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.pedsradiology.com/Uploadimg/craniopharyngioma31100286468194.jpg&imgrefurl=http://www.pedsradiology.com/Historyanswer.aspx?qid=320&fid=1&usg=__tXdlalgH27IMZ9XSTJeQuxHtwFA=&h=277&w=275&sz=17&hl=en&start=19&zoom=1&itbs=1&tbnid=ytMTmeCeFiEu9M:&tbnh=114&tbnw=113&prev=/images?q=craniopharyngioma&hl=en&sa=G&gbv=2&tbs=isch:1


Diagnosis : Craniopharyngioma



Short stature and Obesity





Diagnosis
 Cushing syndrome

 Hypothyroidism

 Syndrome with obesity( Prader willi, Down, Alstrome, 
Leurance moon bardet biedel, Albright phenomen, 
Turner )

 GHD





PLT:234000HB:12WBC: 8.5CBC

BS 900.7 :CrBUN:15

P:8.9Ca:7.8ALP:1860K:4.7Na:137

HCO3:20PCO2:297.45 :PHVBG

1 :TTGEMA<0.1

TSH:2T3U:35T4:13µg/l

PH:7RBC:1-2WBC:1-2SG: 1001U/A

NegS/E



 Ca: 7.7, P: 8.9 ALP: 560 PTH: 350pg/ml





 Diagnosis : Albright phenomene
(pseudohypoparathyroidism)



CC: Growth abnormality





PLT:234000HB:12WBC: 8.5CBC

BS:900.6:CrBUN:14

P: 4.2Ca: 10ALP:800K:3.7Na:132

HCO3:22PCO2:397.4 5 :PHVBG

1 :TTGEMA<0.1

3.5 :TSHT3U:30T4:11

PH: 8RBC:1-2WBC:1-2SG: 1025U/A

NegS/E



GH provocative test with clonidine
and fasting

1209060300MIN

2.22.51.210.2GH miu/ML

43ng/mlIIGF

22µg/dlCortisol 8AM:



After treatment



 Diagnosis : IGHD



CC: Growth abnormality





PLT:234000HB:12WBC: 8.5CBC

BS:900.6:CrBUN:14

P: 4.2Ca: 10ALP:800K:4.7Na:132

HCO3:22PCO2:397.4 5 :PHVBG

1 :TTGEMA<0.1

3.5 :TSHT3U:30T4:11

PH: 8RBC:1-2WBC:1-2SG: 1025U/A

NegS/E



GH provocative test with clonidine
1209060300MIN

751201235726GH miu/ML

43ng/ml1IGF



IGF 1 Generation test
Basal IGF 1 : 43 ng/ml

IGF1 after GH administration (0.1 

u/kg/ day /3 days): :45



 Diagnosis :GH resistance



http://www.google.com/imgres?imgurl=http://www.hormones.gr/images/dyn/galli3.jpg&imgrefurl=http://www.hormones.gr/preview.php?c_id=137&usg=__YM0y6zESA6lCWLg_y6WnogP2jVk=&h=450&w=350&sz=27&hl=en&start=18&zoom=0&itbs=1&tbnid=328WWd_ofu1pMM:&tbnh=127&tbnw=99&prev=/images?q=Laron+syndrome&hl=en&sa=G&gbv=2&tbs=isch:1






Diagnosis
 Precocious puberty





Diagnosis
 Genetic short stature





Diagnosis
 Genetic short stature





 Diagnosis : genetic short stature





Diagnosis
 Constitutional delay of growth and puberty





Diagnosis
 Constitutional delay of puberty





PLT:234000HB:12WBC: 8.5CBC

BS:900.6:CrBUN:14

P: 4.2Ca: 10ALP:800K:4.7Na:132

HCO3:22PCO2:397.4 5 :PHVBG

1 :TTGEMA<0.1

3.5 :TSHT3U:30T4:11

PH: 8RBC:1-2WBC:1-2SG: 1025U/A

NegS/E



GH provocative test with clonidine
1209060300MIN

7202352GH miu/ML

243ng/mlIIGF



 Idiopathic short stature







Diagnosis 
 Hormonal disorder

 Systemic disorders 

 Idiopathic short stature





 Normal growth spurt

 GH excess





Diagnosis
 Systemic  disorders

 Malabsorption

 Celiac disease

 Food Allergy





Diagnosis
 Turner syndrome or other syndromic disorder

 GHD

 Hypothyroidism

 Cushing dis





Diagnosis
 Cushing syndrome

 Hypothyroidism

 Acquired GHD 





Diagnosis
 GH IGF1 Axis disorders

 Cushing syndrome

 Hypothyroidism

 Syndrome with obesity( Prader willi, Down, Alstrome, 
Leurance moon bardet biedel)





Diagnosis
 Cushing syndrome

 Hypothyroidism

 Acquired GHD





Diagnosis
 Precocious puberty





Diagnosis
 Genetic short stature





Diagnosis
 Constitutional delay of growth and puberty





Diagnosis
 Constitutional delay of puberty





Diagnosis
 GHD

 Idiopathic short stature 





 GH excess

 Normal growth spurt





http://www.google.com/imgres?imgurl=http://atlasgeneticsoncology.org/Kprones/Images/SilverRussellFig2.jpg&imgrefurl=http://atlasgeneticsoncology.org/Kprones/SilverRussellID10149.html&usg=__2TYlSLu1-LhufoSMdGXQE5goW9s=&h=378&w=155&sz=69&hl=en&start=13&itbs=1&tbnid=IosNM4-jK3mKYM:&tbnh=122&tbnw=50&prev=/images?q=silver+russell+syndrome&hl=en&sa=G&gbv=2&tbs=isch:1




http://imaging.cmpmedica.com/consultantlive/images/photo_clinic_03/2003/w_0305ConPPEGen1C5A.jpg




http://www.google.com/imgres?imgurl=http://www.cardiogenetics.org/images/WS/BC_50.jpg&imgrefurl=http://www.cardiogenetics.org/wsclinic_providers.asp&usg=__3Cqg5vC65X_q-uL8v9l_VggT8Do=&h=295&w=221&sz=12&hl=en&start=12&um=1&itbs=1&tbnid=gbfPuvNKgLQ88M:&tbnh=115&tbnw=86&prev=/images?q=williams+syndrome&um=1&hl=en&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.cardiogenetics.org/images/WS/NT_20.jpg&imgrefurl=http://www.cardiogenetics.org/wsclinic.asp&usg=__KBewbln-u2A_5cE8Ny75X58pDTA=&h=240&w=194&sz=11&hl=en&start=29&um=1&itbs=1&tbnid=NnTXxrkSc2gqyM:&tbnh=110&tbnw=89&prev=/images?q=williams+syndrome&start=18&um=1&hl=en&sa=N&ndsp=18&tbs=isch:1




http://www.google.com/imgres?imgurl=http://www.nature.com/ejhg/journal/v14/n9/images/5201594f3.jpg&imgrefurl=http://www.nature.com/ejhg/journal/v14/n9/fig_tab/5201594f3.html&usg=__BVUogYH08wbP_zJ5IdJYIOdZ5Fc=&h=704&w=413&sz=134&hl=en&start=4&um=1&itbs=1&tbnid=rpIf4a8XBWQaAM:&tbnh=140&tbnw=82&prev=/images?q=Rubinstein+taybi+syndrome&um=1&hl=en&sa=G&tbs=isch:1
http://www.google.com/imgres?imgurl=http://bjo.bmj.com/content/84/10/1177/F1.large.jpg&imgrefurl=http://bjo.bmj.com/content/84/10/1177.full&usg=__e_adWotbqBu3Ms9JElWtif-0DwY=&h=1637&w=1097&sz=303&hl=en&start=76&um=1&itbs=1&tbnid=RKFOFWtjS3QroM:&tbnh=150&tbnw=101&prev=/images?q=Rubinstein+taybi+syndrome&start=72&um=1&hl=en&sa=N&ndsp=18&tbs=isch:1




http://img.medscape.com/pi/emed/ckb/pediatrics_general/1331341-1331362-922902-1742637.jpg
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