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Hypopituitarism

_affirgtive/inflammatory

dopment/st phocytic hypophysitis

Midline ¢ | defect syndromes /ﬂ/emnchromawsis

Pituita sia arcoidosis
_Prifmary empty sella < Histiocytosis X -

1 rs(septo-aﬁ dysplasia, Prader-Willi Granulomatous hypophysitis /
syndrome, Bardet-Bied! syndrome, Kallmanp-syndrome) Transcription factor antibodies
nital central nervous system mass, encephalocele mmunotherapy
- Ceiseafys”
bined pitui nciess” TR0 > =7
pituitary hormone deficiencies\”, / pitiitary apoplexy .
primary hormone deficiencies % . Pregnancy-related (infarctio with diabetes; postpartum necrosis)

aumatic ./ Q/ Subacacfinoid hemorrhage

Surgical resection Nad Sickle cell disease””

Radiotherapy damage /

Parasitic (toxoplasmosis)

G
A )
1 L
Tuberculosis~" C A (’0
Pneumocystis jirovecii e (’ 0
ﬁg-induced
CTLA-4 inhibitors

PD-1/PD-L1 inhibitors

S %‘ - Arteritis—" .
injuries_” \ \ J’K Spake bite venom _~
. o ections :
Pitwuitary adenoma 7 “ : i /
Parasslor mass rmindé. ependymo{na. glio(a) W Fungal (histoplasmosis) / v ' I

“Trophic hormone failure associated with pituitary compression or destruction
usually occurs sequentially: growth hormone > follicle-stimulating hormone >
luteinizing hormone > thyroid-stimulating hormone > adrenocorticotropic hormone.
During childhood, growth retardation is often the presenting feature, and in adults,
hypogonadism is the earliest symptom. ‘

Abbreviations: CTLA-4, cytotoxic T lymphocyte antigen 4; PD-1, programmed cell
death protein 1; PD-L1, programmed cell death protein ligand 1.
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1) Developmental causes

* Pituitary dysszna: @c or
'\Wtary development: from n nasopharyngeal Rathke’s pouch J

along midline ¢
* Hence \(ridline craniofacial disor

an_be a/wytultary dysplasia

| Al o
* Acquired cause at : birth trauma, cranial haemorrhage, asphyxia
and breech delivegy.

Various transcription factors are involved in
pituitary development

P~

“and the function of dlfferentlated anterior pnt i
tions have been descrlbed in the ¢

~All are false except

//J S mr‘“‘u\ﬁﬂ‘/w

Pit1: PB]. TSH defic)cies

GH PRLTSH LH, FSH( ngier have ACT:-L)r ficiency )
enlarged,in some " (LoSaonak AU j
TPIT: deficiency‘*ﬁ(—w hyf < Ulo
F1/ NR5A1: Gonadotrophs adrenal and Gonjh‘fevelopment ——



* Syndromic midline defects:@D: iso ho@]e deficiency

: Pituitary can be hypoplasti W ectoph:./
/

eets: abnormal development ofe/yes, co pu/, m, vertebrae,
gemt\a/l.systems et

w{, i =
&( PRL, TSH{ﬁcuencnes MRI: hy
RtTS;IrLH FSﬁ( small ming @ Hdefl;lency MRI:

enlarged in s o
* TPIT-AT ‘6eﬂcuency :
* SF1/ NRSAL: onadotr/ophs, adrepaf’and Gondal develepment.

* Based on the

HYPOTHALAMIC ENDOCRINE
DYSFUNTION

AFFECTS

* Temperature regulation -
* Appetite

* Sleep wake cycles

* Autonomic systems

* Behaviour

* Memory

* Other endocrine systems



MUTATION WHICH IS AD mhqted fo Kallman
syndrome

(M
* GPR54 .

* KAL1
* FGFR1

1) KaIImannyome/

* Defective GnRH

*a/w an&srﬁla/ hypos due to glfactory bulb agenesis g hypoplasia )
* a/w: colour blmdness optic atrophy; ve deafness, cl

renal abr)gl;malltles crytorc dism, neurolog|c1mpa|rments such as

* AR: GPR54, KISS1
* AD: FGFR1

e
C/F @ M

. Delayed/r abser/pubertal development /
" Lo«(LH/FSH With low estrogen / te sterone \}./ W»}”‘\
)

‘ -
HCG/ Testosterone e \(‘/
*Wermen: cyclical E+p

‘ o
-l
* FERTILITY: BY gonadotropins orportdble |n§05|o ump * Ki};
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All true about bardet biedl syndrome except

* Intellectual disability

* central AVP-D

* GnRH deficiency: 75% males and 50% females will have
\QRetinal degermation begins late in adulthood.

2) Bardet bied| syndrome W
* Intellectual disability /

* Renal abnormalltles / /g}%{
. Obe5|ty /

. He/adactII or brachyga/yly or synd/a({yly

ncy Ies an ales will hav
mati segins i ‘ dhood arfd blind by 30 y'@

.
Wcilia function)”’

3) LEPTIN/ LEPTIN RECEPTOR MUTATION

* Broad spectrum hypothalamic abnormalities{ hyperphagia, obe@
ypo hy@gonﬁdism |



All false about prader willi syndrome except
OB _

> Q%Sduﬂﬁn of paternal copies of SNRPN gene, NECIDIN IECIDIN gene and
other genes on chromosome 15q.

> L,T"Flormal rfusclefone Qv QWS R‘XW
\}: Normal 1L} \()@ :

. eonatal DM +¥x 5

/Fnlnlshed hypg}ralamlan‘roducmg nucle. M/?/Q

i :

4) Prader willi syndrome WM
/ Lo
* Delétion of paternal copjes of @ e gene and other
genes on chromosome
» Hyperphagic obesity /
defectivesis)

e Adult onset DM

| Itiple ic sym?‘?ﬁs inv
* Diminished hypothala oxytocin and AVP producing nuclei

mw\ o 1Y,
Q\ V\c\@\\wﬂ; -

ACQUIRED °" ¢
HYPOPITUI}A/RISI\/I

/é‘; o

4 %Q’%\
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CAUSES

AJMA 25-40% develop pituitary dysfunction) —> LAA L”\wwr
* Vascular: apog y/

. zit/u(ary/ hypothalamic eoplagm
. aniopharynfioma - V\éd
* Lymphoma / 3 Q\*"}

* Mets _~

* Inflammatory; hypophysisti )

* Autoimmune Sitis due {0 i @ ge¢kpei
r

* Infil atiom{a-wﬁs, hemochronfatosts

. iation

1) Hypothalamic infiltration disw/\

* Sarcoidosis
* Histiocytosis X
* Amyloidosis

* Hemochromatosis ’
* (involve bath hypothalamic p '
* Hencg D is)a common-presentation ( at least 50%)

2) Inflammatory lesions:

* Tuberculosis /
« AIDS g

» Tertiary syphilils 7 Y,
* Granulomas and sarcoidosis

* These lesions cause extensivehypothalamic and pituitary dama



All are true regarding radiation induced

hyp'opituitar o som

* Mc with whole brain or head and neck irradiation — g\,,p\
V-/2/3"’: will develop hypopituitarism with median dose c{f 50Gy

" directed at skull base. /
%ally occur§ 5- 15 years Efter RTE L3 thﬂh a

ually reflects pituitary uctio

* Pattern m GH defjqjet cMost common > LH, FSH>
<’
[

TSH>ACTH deficiency / ﬂ

3) Cranial irradiation AT

* Children, adolescepts are more susceptible
* Mc with whole brain or head and neck irradiation

* It depends o nd ime interval after R
. ill devetop-hy W ith median dose @

eCted at skull base
* Usually occy , 4
* Usually reflects-hypothialamic damage rather than pituitary
destruction. - o i
» Pattern of hormone logsT™GH deficiency is most common >} H, FSH>
TSH>ACTH deficiency

R
'LYMPHOCYTIC HYPOPHYSITIS " g{/w

(B
. w \
* Mc seen lfI post partum women (
« Usual presents withfhyperprolactinemia W

I
* MRI: {@ent pituitary mass{.close D/D adenoma )

* Hypopitui ary] :W /
* Rarely isolated pituitz;py srmone deficiencies. ( selective:

autoimmunep}ess Y

* ESR rai \ o~
* Resolves after months of glucocortico}tﬁjv




All are true about ICI hypophysitis except?

JOQ% of patients receiving CTLA 4( ipilimumab) lop hypophysitis
* not seen with PD 1/ PD L1 inhibitors( pembrolizumab and nivolumab )
* HLA- DQO602 is a/w ICI associated hypoptiysitis in 39% /

* Immunotherapy can t://antmued

3 49V B e d ﬁ/
& & L(:;Hp o0

A or without high dose of glucocorticoids

. |mmunothWan be continued.

PITUITARY APOPLEXY _—

L —

* Acute intrapituitary hemorrhagic vascular events
* canca ityi rrounding sellar
structures. .

* occyr spontaneou ary adenoma

* _pOstpartum (8heehan’s syndrome
* in association With d”be es, hypertension, sickle cel) anemia, or acute
shock. / i

Incr‘ged ris ~)
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* Patients with ident alloss or impaired-consciousness can be
observed and ManagedCofiservatively with high-dose glucggorticoids.

/ . /
* Those with significafit or pregfesswcﬁisﬁl loss, cranial [jewe palsy, or loss
of consciousness require urgent surgical decompression
____’L

* Visual mcoveWer sellar surgery is inversely 'F the length of
time after the acute event. -
/ m L\ A N
* Therefore, severe ophthalmoplegi isual deficits M@@br ’
early surgery. eﬁ 0)} Qv

_/ | (A0

* Norm nﬁ uitary function mostly /
* Small pituitary ade’rlg_r_wan develop from the remin

LABORATORY INVESTIGATION

* low levels of respective pituitary trophic hormones in the settj

low levels of target organ hormones. %
\/g L . QL\"JJ



HORMONE | TEST

BLOOD SAMPLES

INTERPRETATION
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GH

| Insulin tolerance test: Regular insulin
| (0.05-0.15 U/kg IV)

30,0, 30, 60, 120 min for glucose
and GH

| Glucose <40 mg/dL; GH should be >3 pg/L

GHRH/L-arginine test: GHRH 1 pg/kg IV and
arginine 30 g IV over 30 min

Ghrelin reéeptor agonist test: 0.5 mg/kg PO

0,15, 30, 45, 60, 120 min for GH

0, 30, 45, 60, 90 min for GH

Normal GH response is BMI dependent: 11 pg/L if BMI
<25 kg/m?, 8 pg/L if BMI 25-20, and 4 pg/L if BMI 230

Not available in the United States
Normal response is GH >2.8 pg/L

Glucagon test: 1 mg IM (1.5 mg if body
weight >90 kg)

| L-Dopé test: 500 mg PO

| 0,30, 60, 120 min for GH

0, 30, 60, 90, 120, 150, 180, 210, 240
for GH .

Normal response is GH >3.0 pg/L if BMI <25 kg/m” or if BMI
25-30 and low pretest probability, and GH >1.0 pg/L if BMI

| 25-30 and high pretest probability or if BMI >30
| Normal response is GH >3 pg/L

PRL

| TRH test: 200-500 g IV

0, 20, and 60 min for TSH and PRL

Normal PRLis >2 pg/L and increase >200% of baseline

ACTH

J A ACTH 1-24
(cosynitroping, 1 g |

Insulin tolerance test: Regular insulin

-30, 0, 30, 60, 90 min for glucose and

' Glucose <40 mg/dL

(0.05-0.15 U/kg IV) cortisol | Cortisol should increase by >7 pg/dLor 10520 po/dL
CRH test: 1 pg/kg CRH IV at 8 am. 0, 15, 30, 60, 90, 120 min for ACTH and | Basal ACTH increases 2- to 4-fold and peaks at
cortisol 20-100 pg/mL

Cortisol levels >20-25 pg/dL

Metyrapone test Metyrapone (30 mg/kg) at
midnight

Plasma 11-deoxycortisol and cortisol

at8am.; ACTH can also be'measured | response

Plasma cortisol should be <4 g/dL to assure an adequate

' Normal response is 11-deoxycortisol >7.5 pg/dL or
L7 ACTH >75 pg/mL
stiFIpqtion test: ACTH 1-24 /@, 30, 60 min for coftisol and Normal response is cortisd] >21 L and aldosterone
A, 0.25 Mig M4 IV aldosterone response >4 ng/dL abpua.ba

f 30, 60 min fo/rg(m'sol

' Cortisol shotid b@l.

W 156t 0.25
H124gw$ e Bh a

Coms(>21 uﬂ

| SR

TSH ASal thyroid function tests: T, T, TSH

| Basal measurements

insufficiency

| Low free thyroid hormone levels in the setting of TSH levels
1 that are not appropriately increased indicate pituitary

N

-~

[\ . L

A /_\\
0, 20, 60 min fog TSH and PRL*
k -~ -

Basal measurements

women

AN

‘ TSH should increase
Ievels are increased

Basal LH and FSH should be mcmasad in postmenopausal

y >5 mU/Linless thyroid hormone

Low testosterone levels in the semng of low LH and FSH
mdncate pituitarygpsufficiency

?;m\‘gcnw
nRH test) Gn 1] ‘\/

al responses are variable

0,30, 60 min fofLH ghd FSH [ tn most adu@ould increase ymw/ an%

Muitiple
hormones

‘ Combmed anterior pituitary test: GHRH (1
| ug/kg), CRH (1 pg/kg), GnRH (100 pg), TRH
| (200 pg) are given IIV

-30, 0, 15, 30, 60, 90, 120 min for GH,
ACTH, cortisol, LH, FSH, and TSH

‘ Combineq or individual releasing hormone responses must be
elevated in the context of basal target gland hormone values

and may not be uniformly diagnostic

(see text)
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reatment

« Hormone replacement therapy, including glucocorticoids, thyroid
hormone, sex steroids, GH, and AVP, is usually safe and)freeof

—— . e—t o —

. . —
complications. 3

R
mon ep emen i

HORMONE REPLACEMENT

rocortisone (10-20 mg/d in divided doses)
'C}msona acetate (15-25 mg/d in divided doses)
-~ ‘1! ednisone (5 mg am.) j

}h.qune (0.075-0.15mg dalty)
-Eo{ugated estrogen (0.65-1.25 days)

& &Q uﬁfdﬁsterone (5-10 mg qd) on dhy
/ Estradiol skin patch (0.025-0.1 mg every week), adding
progesteroneomenys 16-25 if uterus intact
ility- menopausal gonadotropins, human
' chorionic gonadotropims——
GH AduhsTSomatotropin (0.1-1.25mg SC qd)
Children: Somatotropin (0.02-0.05 mg/kg per day)
AVP Intranasal desmopressin (5-20 g twice daily)
" | Oral 300-600 pg qd

All doses shown should be individualized for specific patients and should
1e reassessed during stress, surgery, or pregnancy. Male and female fertility
equirements should be managed as discussed in Chaps. 403 and 404.

Vote: For abbrewviations, see text.

DISORDERS OF GROWTH
AND DEVELOPMENT
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Growth plate consumes [0/ % normal

energy production

. 10%

. 20% /
. 30% ' % 6_,}

. 40%

Growth plate depends on P
*GH v« :
*IGF1 ./ *

* Sex steroids
* Thyroid hormones
* FGF

* Cytokines

* Caloric energy

* AA

* Vitamins
* Trace met; \ .
* consumes al ener%
* Hence malnutrition impairs chohdrocyt , increases GH resiatnce
lead to Iow/l_e_vgl_s,lGF landl
——

Highest linear bone growth is seen during

Anfancy - W @
* Toddler A~

* Later childhood 2 A% U‘” N\
* Puberty o N \ & o‘-’"\ h
a / 4V



Growth physiology

* Elevated sex steroids : causes progressive epiphyseal growth plate

closure e ‘

yed in all forms oefects

Clinical manifestation o@ children all

except ?
-
*SS
* Micropenis el

* Hyperglycaemia %
* Cherubic facies, -

GHD in children

* IGHD «~

. S{micrgpeﬁns mcrgzse/fat high pacf@vonce ypoglycaemia| due
to unpposed insulin /

* Familial inheritanc - /XL
. ve mutation | &

16



eceptor mutation

ow basal GH

* Low stimulated GH()GHRH, GHRP, ITT induced hypoglycemia)

* Pituitary hypoplasia 3

GH insensitivity —

\GS
. structure defect : : gﬂ\d’

* Compl arti
Growth failur ;
* Normal or hig

h
* Other causes:j@g, IGF

~Nutritional SS (A \_:@

* Caloric deprivation / malnutrition

\
@. ncontrolled DM | b =
¢ All condition will have proinflammatory cytokine. which block the GH

mediated signal transduction. /
* Normal or high GH with low IGF 1

17



Psychosocia@ 18

. Emotlm oc@pnvatlon
* Leadstog -m ; elayed speech; dISC dant hyperpha

and attenuated-résponseto GH

\Mrmg environment restores(gréwth rates. -

Scales used to measure[final predicted‘height]
? - : : |

* Bayley pinneau method

Presentation and diagnosis

« SS needs evaluation if height is < 35D below the mean for the age or if
growth rate is decelerated.
« Skeletal age can be determined by radiologic bone age( GP/ TW)

* Final helght an be predicted by standardised scales( Bayley- pinn




: P¢~‘ ~-19
LAB investigatio ‘
@&7 =

* Best : provoc |vetest excersi deuced ypoglycaemla or other
pharmological agents :

* GH: <7mcg/! : GHD
« Low IGF 1 are not sensitive or specific for diagnosis

* Can be useful to gqnﬂm{\G'FlfD
\LO

* Pituitary MRI ? - |
* Molecular anaIysn%
L
il €| iyt

Treatment

* Replacement therapy with 0.02 -0.05 mg/kg/day S/C
* GV increased to 10cm/year
* Other hormonal deficiency has to be corrected

* In certain situation puberty has to be delayed with GnRH agonist/
Aromatase inhibitors

ADULT GH DEFICIENCY
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Order of hormone loss in acuried
hypopituitarism?/

* GH-FSH/LH-TSH-ACTH

e ACTH-GH-FSH/LH-TSH

* TSH-ACTH-GH-FSH/LH
* FSH/LH-TSH-ACTH-GH

* Mostly acquired causes
* Usually follows sequential order of hormone loss

* GH-FSH/LH TSH-ACTH——

« Patient with childhood on@hould t(e r@ as & o/

affirm the diagnosis .

BT wnwﬂ«wwﬁ&




