/“/

Short Stature
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Objectives

Normal and abnormal growth patterns.
Short stature and growth failure.
Causes of growth failure.

Evaluation process.

Growth hormone therapy.
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Growth Veloc

ity C

urves

Height velocity L

cmiy

ar r

GIRLS

Age (years)

500\ 11

12345678 910111213141516171819

Height velocity L

gn B
Age (years) 350 L

12

3456

78 910111213141516171819

FIGURE 2-2 B Ranges of linear growth velocities in males and females. (Modified from charts prepared by Tanner and Whitehouse, 1078, and
reproduced with permission of Tanner JM and Castlemead Publications, Ward's Publishing 5envices, Herts, UK.)
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Table 1. Normal Growth Velocity at Various Life Stages

AN

Life stage Growth veloci ¥

In utero 60 to 100 @D in)
First year 23102%cmn ( 11in)
14 cr4 1o 6 in)
Fourth year (2 1o 3 in)
Prepubertal nadir Qtﬂ 5cm (2 to 2.2 in)
Pubertal growth spurt ins:8t012cm (310 5in)

Boys: 1010 14 cm (4 to 6 in)

Second year 1

1/24/2017
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Upper to Lower Extremity Ratios in Boys and Girls

Boys

Age [Years) U/L Ratio U/L Ratio
Birth 1.70 1.70
172 162 160
1 154 152
1172 1.50 146
2 142 141
2112 137 1.34
3 135

3112 130 N 1.27
4 1.24 Q 1.22
4172 1 1.19
5 1.1 1.15
& 12 1.10
7 1.06
g 1 1.02
g 1.00
10 0.99 1.00
" \ 0.95 0.90
12 0.98 099
13 097 1.00
14 097 1.00
15 0.95 1.00
16 0.99 1.00
17 0.99 1.00

Adaptediom Wikns . The Cbagnosis and  Treafment of Endoone Disordes
inCfaldhoodand A dolescence i - Springfietd, Charks O Thomas, R bisher; 1957

1/24/2017 13
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/ easurement of length

A

Rogol and Hayden www.jpeds.com Vol. 164, No. 5, Suppl. 1
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FIGURE 2-3 B Measurement of children less than 2 years of age should be obtained in the “Frankfurt plane” which places children in the
supine position in full extension and other canthus of the eyes and the external auditory meatus perpendicular to the long axis of the trunk.

Kappy et al. m Pediatric Practice: Endocrinology 2010: 25
1/24/2017 16



Fixed measuring
device attached
to a wall (stadiometer)

/ Movable head projection at
right angle to board \

Hat/hair ornaments

removed. Head in line g s
with the head plate. : |

Horizontal axis of vision.

’
Measurer applies gentle / /

traction beneath the jaw
to maintain this position

Head,
shoulders,
buttocks,
and heels in
contact with
the vertical
surface

Shoes off; heels together f—

l?ggol and Hayden www.jpeds.com Vol. 164, No. 5, Suppl. 1

2017



Measurement dCCUracy

Table ] E

185 4 -

175 4

165 4

145 ]

125 4

115 4

ostature-for-age, 2 - 20 years, Boys
2 4 L+ & 10 12 14 16 12

@ Resuts [T year(sy - T = 3 ;—135
4 Value off Chart :

— MPH

1354 --

1/24/2017
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Stature-for-age, 2 - 20 years, Boys

Date Age Value Centile |z—scure{SDMCaltu\tmn ‘Medical Service Plot
1?}’&3}’2!}13 8 years (c ) 115.40 cm 0.78 -2.42 Paedlatrlcs Ent:lm:nnt:—lm;;*,-r
08/04/2013 8 years  [118.00cm 258|195 | N|  [|FamilyPracice | @
15}’&4}’2&13 8 years 119 00 cm 3 26 -1 84, Family Practice [l
16/04/2013 8 years 122.00 cm 0.48 1.31 | R 'Ij Family Practice £l
09/05/2013 8 years 117.00 cm 138 -2.20 § g O Med-Dermatology [
05/06/2013 8 years 122.00 cm 8.25 -1.39 [ Med-Dermatology [l
08/06/2013 8 years 120.00 cm 4.08 'T._?-ﬂr [l Pharmacy [l
18/06/2013 8 years 119.00 cm y '2.3_1 =1.99 [ Family Practice £l
14/07/2013 8 years 120.00cm _@.95 -1.89 [l Paediatrics-Endocrinology
27/07/2013 8 years 126.00 cm . 19.87 -0.85 [ Family Practice [l
03/10/2013 8 years 123.00 cm 6.58 -1.51 [l Family Practice [l
24/11/2013 8 years (c) 122.40 cm 4.01 -1.75 [ Paediatrics-Endocrinology
17/02/2014 9 years 124.50 cm 5.59 -1.59 [l Paediatrics-General [
09/03/2014 O years (c) 126.60 cm 10.76  -1.24 [ Paediatrics-Endocrinology
22/06/2014 9 years (c) 128.40 cm 11.51 -1.20 [l Paediatrics-Endocrinology

1/24/2017 19



4 6 & 10 12 14 16 18

stature-for-age, 2 - 20 years, Boys

185 4

175 4

163 4

155 4

145 |

135 4

125 -

115

— MPH

1/24/2017
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Shortiﬁ&f :
Definition Ca&j and approach
L
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Short Stature

Height more than 2 SD below mean for the same age
and sex compared to genetically relevant population (<

2.3 %)

1/24/2017
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Growth evaluation

Accurate measurement of child’s height and weight.
Accurate plotting on appropridte growth chart.
Assessment of longitudinal growth (growth velocity):

Accurate heights measured at 6 - 12 month interval

Measuring parent’s height.

1/24/2017 23
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Familial (genetic) Short stature

Parents are short
Child is growing within target height range.
Child’s bone age = Chronological age

1/24/2017 24



- Midparental height (Boys)

F: Father’s height (cm)
M: Mother’s height (cm)

Midparental height in cm for boys
=(F+M +13)/ 2

=(F+M)/2+6.5

1/24/2017 25
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Midparental height (Girls)

F: Father’s height (cm)
M: Mother’s height (cm)

Midparental height in cm for Girls
=(F+M-13)/2

=(F+M)/2-65

1/24/2017 26
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Familial
(genetic) Short
Stature
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~ Constitutional Delay of Growth and

Puberty (CDGP)

Normal growth velocity.

Delayed bone age.

Delayed puberty (Often runs‘in the family)
Normal adult (final) height

1/24/2017 28
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Constitutional
Growth Delay
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Nutrition

Systemic
Disease

Causes of

Short Stature

Skeletal
Dysplasia

1/24/2017 32



Systemic
Diseases Pulmonary

1/24/2017 -




Endocrine

Hypothyroidism

Hypopituitarism

[solated growth hormone'deficiency
GH insensitivity (Laron dwarfism)
Cushing syndrome

Poorly controlled type 1 diabetes mellitus -
Mauriac syndrome

Rickets
Idiopathic short stature

1/24/2017
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Evaluation of Short
Stature

Should be based on findings from
History and Physical Exam

35
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Evaluation of Short stature

CBC, ESR
Electrolytes & Renal Panel, Ca; Phos.
Thyroid (TSH, FT4)
Celiac Screen:
e (Tissue transglutaminase antibodies).
Chromosomal analysis (girls).
IGF-1, IGF-BP3
Bone Age X ray.

1/24/2017 36
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Differential diagnosis of low circulating IGF-1 concentration

L]

L]

L]

L]

GH deficiency

GHR dysfunction (GH resistance/insensitivity)
Post-GHR signaling defect (STATSb)
IGF1 gene defect

ALS deficiency

Hepatic insufficiency (eg, cirrhosis)
Malnutrition

Hypothyroidism

Delayed puberty

Poorly controlled diabetes mellitus
Chronic illness

Glucocorticoid therapy

Endocrinol Metab Clin N Am 41 (2012) 265-282

37
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GH — IGF1 axis

Hypothalamus

Signal transduction
JAKISTATIMAPK

Endocrinol Metab Clin N Am 36 (2007) 131-186

Post- receptor
avents

39



Defects in GH/IGF axis

Table 1

Phenotypes of patients with defects in GH/IGF axis

Condition Affected Gene Prenatal Growth Postnatal Growth GH/IGF Axis Other Features

GH insensitivity, Laron GHR Mormal LIl GH 1 Hypoglycemia common; affected

syndrome IGF-I | usually homozygous

IGFEP-3 |

STATSb deficiency STATSh Mormal L1 GH 1 Immune deficiency; affected
IGF-I | usually homozygous
IGFEP-3 |

IGF-I gene mutation IGF1 111 LY GH 1 Deafness, microcephaly,
IGF-1 | carbohydrate intolerance;
IGFBP-3 NI affected usually homozygous

Russell-Silver syndrome IGF2 via abnormal L1l L Ll GH NI Dysmorphic features and body

cytosine methylation IGF-1 NI asymmetry; normal IGF-Il levels

IGFEP-3 NI

ALS deficiency IGFALS Maormal =11 GH NI Phenotype similar to
IGF-I | constitutional delay of growth
IGFEP-3 | and adolescence; affected
ALS undetectable usually homozygous

IGF resistance IGF 1R L= L] L1l GH NI- 1 Variable effect on intellect/mental
IGF-I NI- 1 status; usually hemizygous,
IGFEP-3 NI- 1 heterozygous, or compound

heterozygote

Abbreviations: ALS, acid-labile subunit; IGFBP-3, insulin-like growth factor binding protein 3; IGF1R, type | IGF receptor; NI, normal; STAT, signal transducer and
activator of transcription.

Endocrinol Metab Clin N Am 41 (2012) 265-282

1/24/2017 40



~ When to suspect Growth Hormone
Deficiency (GHD)?

Low growth velocity.

Low IGF-1, IGF-BP3

Delayed bone age.

Other causes were excluded

+ Evidence of pituitary’abnormality.

1/24/2017
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How to confirm GHD?

Growth hormone stimulation testing:
Arginine,

Clonidine.

Glucagon

Levodopa

Insulin / hypoglycemia

1/24/2017 42



Tests to Provoke Growth Hormone Secretion

Stimulus Dosage Times Samples Are Taken (min) ments
Exercise Step climbing; exercise 0,10,20 serve child closely when on
cycle for 10 min e steps
Levodopa < 15kg: 125 mg 10,60, 90 Nausea, rarely emesis
10-30 kg: 250 mg
= 30 kg: 500 mg,
Clonidine 0.15 mgs/m* 0,30, 60,90 Tiredness, postural hypotension
Arginine HCI(IV) 0.5 g/kg (mas 30 q) 0,15, 30,45, 60

10% arginine HCl in 0.9%
NaCl over 30 min
Insulin (IV) 0.05-0.1 unit/kg

Glucagon (M) 0.03 mg/kg (max 1 mg)
GHRH (IV) 1 (g/kg)

Hypoglycemia, requires close supervision
Mausea, occasional emesis
Flushing, metallic taste

aally the night before and the moming of the test orwith 50 fo 1a0 pgvd ethiny! estradiol for 3 consecutive days beforetesting or 100 ng depol fesfostorone 3 days
before testing. This, of course, alters patient’s steady state and perfomms the provoa tivetest in a steraid-rich environment. Patients must be euthyroid at the time of
testing.

Documeniation of agpropriate lowering of Blood glucose is recommended. F GHD &5 suspectad, the lower dosage of insulin is usually administered especially in infanis.
D10l and glucagon showld be availabile.

Copywight 2005 by Chares C Thomas, Publisher, LTD,

1/24/2017



| If GHD is confirmed

MRI of brain (hypothalamus / pituitary)
Start GH therapy.

1/24/2017 44



The Story of hGH

1958: Cadaveric GH was first used.

1980s: Trials of Recombinant GH.

1985: Creutzfeldt-Jakob’s disease reported in a number
of patients using Cadeveric GH.

1985: Recombinant GHwas approved starting era of
unlimited supplies and expanded use

1/24/2017 45
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rhGH associated adverse events

Impaired insulin sensitivity.

Benign Intracranial Hypertension
Slipped capital femoral epyphysis
Scoliosis

Features of acromegaly

Sudden death in‘Prader Willi Syndrome
No evidence of increase in cancer risk

High cost is a major issue

1/24/2017 46
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What determines response to GH?

Diagnosis.
Correction of other underlying problems.
Age at initiation of treatment.

Dose.
Adherence.

1/24/2017 47
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Table | Approved indications for GH use in the USA and Europe

/
Indication Year of FDA approval
GH-deficiency states
Childhood growth-hormone deficiency 1985 (E)

Adult growth-hormone deficiency 1996 (E)
Pubertal dosing 2000
Mon-GH-deficiency states

Chronic kidney disease 1993 (E)
Turner syndrome 1996 (E)
AlDS wasting 1996
Prader—Willi syndrome 2000 (E)
Small for gestational age 2001 (E)
Idiopathic short stature 2003
Small bowel syndrome 2004
SHOX deletion 2006 (E)
Moonan syndrome 2007
Abbreviations: E. Europe; FDA. US Food and Drug Administration; GH, growth
hormone.

Drug Design, Development and Therapy 201 1:5

1/24/2017 48
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i Therapy

Indication Doszage®

GHD 0.16-0.30 mo/kg'wk also dosed as
0.024-0.034 mgkg/d

PW5S Up to 0.24 mag/kg/wk (or body
surface area-based ng at
~1 mg/m*BSA/day

SGANUGR Up to 0.43 mag

Tumer syndrome Up to 0.33-0u also dosed as

d)

Noonan syndrome  Up to O %‘

155

Chronic renal

insufficiency
AlDS wasting
Adult GHD: Starting 0.2 mg/d (range 0.15-030 mg'd)

increase by increments of 0.1-0.2 mg'd
every 1-2 m or starting

0.006 mg'kg/d up to 0025 mg'kg/day
depending on age

SHOX deficiency Up to 0.35 mag/kg'wk

"Depending on whid brand of GH wed the dosing may vary wifan the mange
listed

1/24/2017 49



Table 3. GH doses recommended for different indications

Indication Europe (EMA) Japan (PMDA) USA (FDA)!

Hg/kg/day MYGWEL  mgkgweek  pglkg/day
GHD 25-357 0.175 0.16-0.30° 23-43
PWS 35 0.245 0.24 34
TS 45-50 0.35 0.33-047 47 -67
CRI 45-50 0.175-0.35 0.35 50
SGA 35 0.23-047 0.47-048 67-69
SHOX haploinsufficiency 50 not approved 0.35 50
1SS not approved not approved 0.30-0.47 43-67
NS not approved not approved up to 0.46 up to 66

Not all brands have been approved for each indication. GH dose = mg/kg/week:7 = pg/kg/day.

PWS = Prader-Willi syndrome; CRI = chronic renal insufficiency; NS = Noonan syndrome.

! Dose ranges reflect FDA-approved doses for same indication by different companies.
2 May be increased in puberty in USA up to 0.70 mg/kg/week (100 pg/kg/day).

Towards Optimal Treatment with GH in Horm Res Paediatr 2013;79:51-67

Short Children and Adolescents DOI: 10.1159/000347121

1/24/2017
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GH in TS and SHOX-D

-1.5
== Untreated subjects with SHOX-D
~/= GH4reated subjects with SHOX-D .
-2.0 4 —@— GHd4reated subjects withTurner syndrome
B 25
L]
=t
£
?
- 307
-3.5 1
*p<0.001 GH-treated vs. untreated subjects with SHOX-D (meantSE)
<40 T T T T T T T T

I
0 3 G 9 12 15 18 21 24
Treatment duration (months)

] Clin Endocrinol Metab 2007;92:222;
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GH in SGA children

o |
N |

e =2 85D

Gain in height 3035

Height SOS
ra

TH SDS

0 2 5 AH
Years of GH treatment

] Clin Endocrinol Metab 2003;88:3587
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Stature-for-age, 2 - 20 years, Girls

2 4 6 & 10 12 14 16 18

185 4

175 1

165 4

135 1

145 3
135
125 3
115 3
105 3

95

85 Foz

7o
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Stature-for-age, 2 - 20 yvears, Boys
2 4 B g 10 12 14 16 18

180

155

180

HE17s

F170
- 165
- 160
155
-150
F145
- 140
135
1730
F125
F120
F115
-110
-105
-100
a5
90
-5
50

E 75
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e Constitutional growth delay
Stature-for-age, 2 - 20 years, Boys

. 4 B & 10 12 14 16 18
190 gz f180
185 4 s 155
180 “F1a0
175 4 “E17s
170 170
165 a1} 165
160 4 - 160
155 155
150 4 150
145 145
140 140
135 § - - --F135
130 130
125 125
120 4 120
115 F115
110 E1110
105 105
100 § - o 100
a5 95
a0 4 -390
a5 -85
&0 50
2 4 B & 10 12 14 16 18
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- Poorly controlled diabetic

Stature-for-age, 2 - 20 years, Boys
6 3 10 12 14 16 18
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/ Familial short stature

Stature-for-age, 2 - 20 years, Girls

2 4 z g 10 12 14 18 18

185 E;—ma

175 1 %1?5

165 ;EEE—*IEE

155 1 155
MPH

145 145

135 135

125 1 125

115 115

105 1 105

95 g5

85§45 a5
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GHD

Stature-for-age, 2 - 20 years, Boys
6 & 10 12 14 16 18

185 4

175 -

185 -
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stature-for-age, 2 - 20 years, Boys

6 & 10

12

14

16

18

185 4

175

165

155

145 |

135

1254

115
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Stature-for-age. 2 - 20 vears. Boys

Date Age Value Centile |z—5mref5DﬂGU|(&ulati& ‘Medical Service Plot
15/09/2012 12 years 138.00cm  2.15 -2.02 ] Paediatrics-Endocrinology
09/10/2012 12 years 137.00cm  1.54 -2.16 ‘DJ\ y 4 Paediatrics-Endocrinology
09/12/2012 12 years 140.00 cm  2.90 -1.90 Paediatrics-Endocrinology
10/03/2013 13 years 143.80cm  5.33 161 © Paediatrics-Endocrinology
1.06 E _-
09/10/2013 13 years 154.00cm  19.29 (-0.87. [l Paediatrics-Endocrinology
08/01/2014 13 years (€) 157.70 cm 26.00 =0.64 [l Paediatrics-Endocrinology
13/04/2014 14 years 162.00 cm m 041 [l Paediatrics-Endocrinology
30/08/2014 14 years 164.80 cm +36.99 -0.33 12.4 CM/YEARS  Paediatrics-Endocrinology
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Stature-for-age, 2 - 20 years, Boys
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ostature-for-age, 2 - 20 years, Girls
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Weight-for-age, 0-36 months, Girls
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Length-for-age, 0-36 months, Girls
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Weight-for-length, 0-36 months, Girls
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Special considerations .. TS

<
v
N\

* Timing of Estrogen
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Special considerations .. CKD

* Nutrition

* Anemia

* Metabolic acidosis
* Hypocalcemia
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Special considerations ... PWS

* Extreme obesity
¢ Sleep apnea
* Uncontrolled diabetes
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Other treatment considerations

* Oxandrolone

* Testosterone

* IGF-

* GnRH analogues

* Aromatase inhibitors
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~— Delning successfu vear

response to GH

Change in Ht SDS > 0.5
Ht velocity increment more than 3 em/yr
Ht velocity SDS more than +1
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Conclusion

[t is important to recognize Normal pattern and
variants of Growth

Accurate measurement and monitoring of GV.
The majority of short children-do not have endocrine
cause.

Diagnosing GHD is-not easy task and is subject to false
results

Approved indications for GH have expanded over the
years

Long term safety of GH is still unknown
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