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CHOLESTEROL
Cholesterol @ 170-hydroxylase/ 17a-hydroxylase/
side chain cleavage 17,20 lyase 17,20 lyase

PREGNENOLONE [C——— > 17-OH-PREGNENOLONE C—— > DHEA

3p-hydroxysteroid ﬂ 3pB-hydroxysteroid
dehydrogenase dehydrogenase
PROGESTERONE [————— > 17-OH-PROGESTERONE [ > A’DIONE

21 hydroxylase ﬂ 21 hydroxylase
DOC 11-DEOXYCORTISOL
11p-hydroxylase ﬂ 11B-hydroxylase ﬂ

CORTICOSTERONE CORTISOL ANDROGENS

Aldosterone ﬂ
synthase

ALDOSTERONE GLUCOCORTICOID

MINERALOCORTICOID




Glucocorticoid Excess
Cushing’s syndrome
Pseudo-Cushing’s syndromes
Glucocorticoid Resistance

Glucocorticoid Deficiency

Primary hypoadrenalism

Secondary hypoadrenalism

Post-chronic corticosteroid replacement therapy

Congenital Adrenal Hyperplasia

21-Hydroxylase, 3 B-hydroxysteroid dehydrogenase, 17a-hydroxylase,
11B-hydroxylase, and StAR deficiencies

Mineralocorticoid Excess

Mineralocorticoid Deficiency
Defects in aldosterone synthesis
Defects in aldosterone action
Hyporeninemic hypoaldosteronism

Adrenal Incidentalomas, Adenomas, and Carcinomas
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Box 1. Frequency of the causes of Cushing’s syndrome

ACTH-dependent CS
Pituitary-dependent CS: 68%

Ectopic ACTH syndrome: 12%
Ectopic CRH syndrome: rare (< 1%)

ACTH-independent CS
Adrenal adenoma: 10%

Adrenal carcinoma: 8%
Macronodular adrenal hyperplasia: rare (1%)
Micronodular adrenal hyperplasia: rare (< 1%)




Extomo ¢. Cushing
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Brain/CNS:
Depression
Psychosis

Eye:

Glaucoma
Endocrine system:
{ LH, FSH release
d TSH release

{ GH secretion

GI tract:
Peptic ulcerations

Carbohydrate/lipid metabolism.:

T hepatic glycogen deposition
peripheral insulin resistance

T gluconeogenesis

T free fatty acid production

Overall diabetogenic effect

Adipose tissue distribution:
Promotes visceral obesity

Cardiovascular/Renal:
Salt and water retention
Hypertension

Skin/muscle/connective tissue:

Protein catabolism/collagen breakdown
Skin thinning

Muscular atrophy

Bone and calcium metabolism:
{ bone formation
J bone mass and osteoporosis

Growth and Development:
{ linear growth

Immune system:
Anti-inflammatory action
Immunosuppression




Box 1. Who should be screened for Cushing’s syndrome?

Signs and symptoms

Central obesity with:

Facial rounding with plethora

Increased supraclavicular and dorsocervical fat
Cutaneous wasting with ecchymoses

Wide violaceous striae (greater than 1T cm)
Proximal myopathy

Increased lanugo hair

Superficial fungal infections

Growth retardation (in children)

Clinical diagnosis
Metabolic syndrome X
e Diabetes mellitus (Hgb A1C > 8%)
Hypertension
Hyperlipidemia
Polycystic ovary syndrome (PCOS)

Hypogonadotropic hypogonadism
e Oligomenorrhea/amenorrhea/infertility
e Decreased libido and impotence

Osteoporosis (especially rib fracture)
e Patients aged < 65 y

Incidental adrenal mass
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Circadian rhythm of ACTH/cortisol levels in normal individuals
and relationship to values in states of disordered secretion

Cushing's cortisol Cushing's cortisol
Morning value (08.00-09.00) Midnight value
= Normal ."- >=>> Normal .-.
Poor diagnostic value Optimum diagnostic value

Cushing's syndrome

i Cortisol
i N tt
! ormal pattern : ACTH

Plasma cortisol
(nmol/L)

Normal !
| Minimum !
— at 09.00h = |
! 180 nmol/L

&

Normal
Maximum
at 24.00h =
50 nmol/L

Adrenal deficiency

T4 16 - 18 20 22 24 24h Clock time

e
A

Midnight

Noon Midnight

Hypoadrenal cortisol X

{ Morning value
<<= Normal .-. i
Optimal diagnostic |
value i

Hypoadrenal
Midnight value
= Normal -°-
Poor diagnostic
value




> 15 pg/ml

Confirmed CS

k

ACTH-dependent

ACTH

L 4

5-15 pg/ml

Adenoma

v

Criteria for CD

No

No

k 4

CD confirmed

A __IPsSorvs

v

<5 pg/ml
ACTH-independent

v

CT/MRI Adrenals

v

Primary adrenal disorders
Unilateral Mass

Adrenal adenoma

Adrenal carcinoma

Bilateral Abnormalities
Macronodular hyperplasia
Micronodular hyperplasia

Criteria for EAS

L J

CT/MRI

Meck/Chest/Abdomen/Palvis

Follow up Re-imaging

r L J

Ectopic-ACTH tumors
Bronchial, thymic &

pancreatic carcinoids,

MTC, pheochromocytorna

Islet call tumaors
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Box 1. Causes of primary hyperaldosteronism

Aldosterone-producing adenoma (APA), 60%°
diopathic hyperaldosteronism (IHA), 34%"°
Angiotensin-Il responsive adenoma, 5%

Unilateral primary adrenal hyperplasia (PAH), <1%
Glucocorticoid-remediable aldosteronism (GRA), <1%

Aldosterone-producing adrenocortical carcinoma, <1%
Familial hyperaldosteronism, Type I, (FH-II), very rare

¢ Recent reports suggest that the frequency of APA is lower and the frequency
of IHA is higher in populations screened for primary hyperaldosteronism.




karakpdatnon Na* BeTIKY VOTPOTOC urtokaNaa |
KQTAOTON < y Spdon Y
I - '
pevivng Y (YYEL0OUGTON]
kaTakpdInon uypwv Y

* * dykou TMAAOHATOG = 4 OYKOU TIOAWOU ~ =»> UTIEQTAON
ANP \

Y
avaoToNy Na#-K-ATPGang  -»awvéyevo dlaguyng Na- l

auEnom evookut.{Na‘} - 5 QUOTON} =  QUENOT HISPKPEP'
uefwon eEodou {Ca+} ayyelov avTloTaoEw!

(Basic & Clinical Endocrinology, F. Greenspan, 197




Who should we screen?

The following individuals should be screened for PA.

e Those affected with unexplained ‘spontaneous’ hypoka-
lemia or with diuretic-induced hypokalemia. (Although
as a group individuals with PA have reduced serum
potassium, it is now established that less than 30% of
these individuals have biochemical hypokalemia.
Nevertheless, when hypokalemia is present further
screening tests are mandatory).

Those who remain hypertensive despite triple anti-

hypertensive therapy (including a diuretic).

Those with a history of hypertension or stroke in

immediate family members less than 50 years of age.

Those with an adrenal incidentaloma.

Screening individuals with stage 2 and stage 3
‘essential’ hypertension might also increase the number
of people who test positively for PA [20]. In fact, a recent
study has shown that the prevalence of PA rises with the
increasing severity of hypertension: in individuals with
hypertension grade 1, the prevalence of PA is 2%, whereas
in individuals with hypertension grade 2 and 3, the
prevalence of PA i1s 8% and 13%, respectively [20].




Not primary

PAC/PRA < 20 .
hyperaldosteronism

: PAC/PRA > 30, with a PAC -
Screening > 15 ng/L and a PRA < 1 — ™| Primary

ng/ml/hr hyperaldosteronism

PAC/PRA > 20 with a
PAC of = 15 ng/LL

Need confirmation

L E : Saline suppression test
Confirming the diagnosis PP

Oral salt loading test
Fludrocortisone suppression test

h 4
Primary
hyperaldosteronism

v

Subtype (APA versus [HA) CT scan

Solitary hypodense adrenal mass Bilateral Bilateral asymmetrical nodularity
> lcm in size with normal normal or bilateral symmetrical
appearing contralateral adrenal adrenals enlargement of adrenal gland
gland

Cannot be done
Inconclusive

Cannot be done Bilateral
Inconclusive

APA ®——

Unilateral laprascopic Targeted
L
Treatment adrenalectomy pharmacotherapy
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HG-OH
HCH
HN-CH,

l
H(I}COOH
HNH

L-Tyrosine  L-DOPA

Dopamine L-Norepinephrine L-Epinephrine




HISTORY SUSPECT
PHYSICAL EXAM

BP X3 » 140/90 ______~ PHEOCHROMOCYTOMA
BASIC LAB TESTS J'

W

Plasma Norepinephrine

Epinephrine
Diagnosis <=——— Elevated <T———

Dopamine
Phegchromocytoma

Urinary Catechols

l[ Mormal

- Evaluate for
CTT - 7 Venous Sampling ———-> Other Causes
MIBG /

MRSy JL )

er— (¥ -blockade, then Remove

LOCALIZE




Frequency

Headacha GO-90%
Falpitations GO-7 0%
Swzating CL-75%
FPallor AD-45%
Mausea 20-40%
Flushing 10-20%
Weight loss 20-40%
Tiredness 2 L—-A40%
Psychaological symptoms (anxiety, panic) 20-40%
Sustained by pertension LO-560%
Farcecysmal by pertension 0%

Orthostatic hypotension 10-50%
Hyperglycasmia A0

lable adapted from references 17, 20, and 21.° Frequency in patients tested because of
signs and syrmploms.

Table 1: Frequency of signs and symptoms (3) of
phasochromocytoma*®




Sensitivity Specificity
Plasma-free metanephrines 99% 89%
Plasma catecholamines 84% 81%
Urinary catecholamines 86% 88%
Urinary-fractionated metanephrines 97 % 69%
Urinary total metanephrines 77 % 03%
VMA 64% 95%

Sensitivity values of all tests for familial phaeochromocytoma are lower than that for

sporadic phaeochromocytomas; the reverse is the case for specificity values. Table

adapted from reference 64.

Table 3: Sensitivity and specificity of biochemical tests for diagnosis of

phaeochromocytoma




BIOCHEMICALLY-PROVEN
DISEASE™

ANATOMICAL IMAGING

CT of the abdomen
(MRI of the abdomen)

(+)ve or(-)ve

FUNCTIONAL IMAGING SPECIFIC FOR
THE CATECHOLAMINE UPTAKE
MECHANISM™ ™ *

[1231]-MIBG
PET with [18F]-F-DA
PET with [18F]-F-DOPA

NON-SPECIFIC
FUNCTIONAL IMAGING

SRS
PET with [18F]-FDG







mléldKﬁ AVETTAPKEIO







Symptom, Sign, or Laboratory Finding

Frequency (%)

Symptom
Weakness, tiredness, fatigue
Anorexia
Gastrointestinal symptoms
Nausea
Vomiting
Constipation
Abdominal pain
Diarrhea
Salt craving
Postural dizziness
Muscle or joint pains
Sign’
Weight loss
Hyperpigmentation
Hypotension (<110 mm Hg systolic)
Vitiligo
Auricular calcification
{aboratory Finding
Electrolyte disturbances
Hyponatremia
Hyperkalemia
Hypercalcemia
Azotemia
Anemia
Fosinophilia

100

100
92
86
7S
33
31
16
16
12

6-13

100
94
88-94
10-20
5

92
88
64

6
35
40
17
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Adrenocortical
insufficiency
suspected

Rapid ACTH
stimulation test

Abnormal

!

[ Adrenocortical

insuffi

ciency —[

Adrenal atrophy excluded,
decreased ACTH reserve
Nnot excluded

Plasma
ACTH

g Excludes primary
adrenocortical
insufficiency

Elevated

l

Primary
adrenocortical
insufficiency

}

Normal

Metyrapone or
insulin hypogilycemia
testing

or iow |
l Abr;ormal

Secondary
adrenocortical
insufficiency

Normal

¥

Excludes secondary
adrenocortical
insufficiency




Symptom
Weakness, tiredness, fatigue 100

Anorexia 100
Gastrointestinal symptoms 92
Nausea 86

\Vomiting 75

Constipation 33
Abdominal pain 31

Diarrhea 16

Salt craving 16

Postural dizziness 12

Muscle or joint pains  6-13
Sign

Weight loss 100
Hyperpigmentation 94
Hypotension (<110 mm Hg) 88-94
Vitiligo 10-20

Auricular calcification 5
Laboratory Finding

Electrolyte disturbances 92
Hyponatremia 88
Hyperkalemia 64
Hypercalcemia 6

Azotemia 55

Anemia 40

Eosinophilia

17

Secondary

*Exogenous glucocorticoid therapy

*Hypopituitarism

*Selective removal of ACTH-secreting pituitary adenoma
*Pituitary tumors and pituitary surgery Craniopharyngiomas
*Pituitary apoplexy

*Granulomatous disease (tuberculosis, sarcoid, eosinophilic
granuloma)

*Secondary tumor deposits (breast, bronchus)

*Postpartum pituitary infarction (Sheehan's syndrome)
*Pituitary irradiation (effect usually delayed for several years)
*Isolated ACTH deficiency

eldiopathic

*Lymphocytic hypophysitis

*POMC processing defect

*POMC gene mutations



. Cortisol, 15-20 mg in am and 10 mg at 4-5 PM.
. Fludrocortisone, 0.05-0.1 mg orally in am.
. Clinical follow-up: Maintenance of normal wieght, blood

pressure, and electrolytes with regression of clinical
features.

. Patient education plus identification card or bracelet.
. Increased cortisol dosage during "stress."




APS, Type I

Prevalence (%)

Endocrine

Hypoparathyroidism 89
Chronic mucocutaneous 75
candidiasis

Adrenal insufficiency 60
Gonadal failure 45
Hypothyroidism 12
Insulin-dependent diabetes 1
mellitus

Hypopituitarism <1
Diabetes insipidus <1
Nonendocrine

Malabsorption syndromes 25
Alopecia totalis or areata 20
Pernicious anemia 16
Chronic active hepatitis 9
Vitiligo 4

APS, Type 11 Prevalence (%)
Endocrine

Adrenal insufficiency 100
Autoimmune thyroid disease 70
Insulin-dependent diabetes mellitus 50
Gonadal failure 5-50
Diabetes insipidus <1
Nonendocrine

Vitiligo 4
Alopecia, pernicious anemia, <1

myastheniagravis, immune
thrombocytopenia purpura,Sjogren's
syndrome, rheumatoid arthritis




Primary: Addison's Disease

Autoimmune
Sporadic
Autoimmune polyendocrine syndrome type |
Autoimmune polyendocrine syndrome type Il
Infections
Tuberculosis
Fungal infections
Cytomegalovirus
HIV
Metastatic tumor

Infiltrations

Amyloid
Hemochromatosis
Intra-adrenal haemorrhage (Waterhouse-Friderichsen)
Adrenoleukodystrophies
Congenital adrenal hypoplasia
DAX-I mutations
SF-I mutations
ACTH resistance syndromes
Mutations in MC2-R
Triple A syndrome
Bilateral adrenalectomy
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Adrena\lincidentalomas




< TUuXaIWUOTO ETTIVEQPEIOIWYV
OpIoHOG

Tuxaiwg aveupIOKOPEVOI OYKOI OTA ETTIVEQPIOIX
KOTA TNV OIAPKEIQ OTTEIKOVIOTIKOU EAEYXOU

via TNV OlEpeUVNON ONUEIOAOYIOC
AOXETNG ME TO ETTIVEPPIODIO.

Bovio S, et al. J Endocrinol Invest 2005; 298-302
Lam KY, et al. Clin Endocrinol 2002: 56:95-101



< TuXoIWHOTA ETTIVEQPPIOIWYV
EtriTrTT]OON

GOLUOMOVO UE LOPTLPLEC OTTO
QVTOWIES

COUPOVOL LLE UEAETEC
OTTELKOVIOTIKOV EAEYYOV, ADENON TNG
eEMIMTOONC He TNV NAikia (>70£tn)

0€ KOPKIVOTAOELS

Bovio S, et al. J Endocrinol Invest 2005; 298-302
Lam KY, et al. Clin Endocrinol 2002; 56:95-101
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medullary

MYELOLIPOMA

GANGLIONEUROMA LYMPHOMA

GANGLIO- HAEMANGIOMA
NEUROBLASTOMA ANGIOMyoLIPOMA || ADENOMA
NODULAR

NEUROBLASTOMA HYPERPLASTIA
CARCINOMA CARCINOMA

HAEMATOMA
HAEMORRHAGE

metastases pseudoadrenal
masses

breast, kidney, lung, stomach, pancreas,
ovarian cancer, kidney, liver,
melanoma, lymphnodal, vascular

lymphoma, leukaemia lesions, technical
artefacts

M. Terzolo. Best Pract Res Clin Endocrinol Metab 2009: 23 : 233-243



< TUXQIWHATA ETTIVEQPIOIWYV
AiAnpua 1

ADRENAL INCIDENTALOMA

Rule out malignancy

Screening for PHEO

J

|

Specific algorithms
P i EI‘Ile:rII'IE based on imaging
i sl nencsinls E'H'Elll.lEltIDI'l Search for prirnanrturnurs

phenotype, age and
Ennsider FNB, PET clinical circumstance

Surgical resection or systemic therapy

M. Terzolo. Best Prac Res Clin Endocrinol Metab 2009: 23: 233-243
R. Kuruba, et al. Curr Opin Oncol 2008, 20:34-46



< TuxoIWHOTA ETTIVEQPPIOIWYV
AiAnuua 1

KaAon0eg???? Kakonbeg???

0 Adenoma

O Adrenal carcinoma
@ Pheochromocytoma
O Adrenal cyst

0 Ganglioneuroma
0 Myelolipoma

@ Other

0 Metastases

G. Mansmann. Endocr Rev 2004; 25(2):309-340



TUXOIWHATA ETTIVEQPIOIWV
AiAnpua 1

KaAonBeg???? KakonBeg????

O Metastases

@ Other

8 Myelolipoma

0O Ganglioneuroma

8 Adrenal cyst
8 Pheochromocytoma

O Adrenal carcinoma
O Adenoma

G. Mansmann. Endocr Rev 2004; 25(2):309-340



< TuxaiwWuaTa ETTIVEQPPIOIWYV
AiAnpua 1

KoAion0ec???? Kakon0eg??2??

Meyaro peyebog

EoTtiec vekpmonc Ko apoppayiog
Avopoio Oplo, o0KOVOVIGTO G L
Avénuévn ayyeimon

AvEnuévn mokvotnta (>10uovdoec H)
KaBvotepnuévn EkmAvon okiorypo@ikov



TuxoIWHATA ETTIVEQPPIOIWYV
AiAnpua 2

Omnotoonmote ueyebog (cuvnbme >3ex)
2uvnlmc opard opla
Avénuévn mokvotnta (icwe >10HU)

Kabvotépnon EKTAVGNC TOL CKIOYPOPTKOD



TUXOIWUATA ETTIVEQPIOIWV
AAyopi0pog digpelvnong

v

ENDOCRINE WORK-UP:

= Free metanephrine in plasma or urine

= 1 mg dexamethasone suppression test

= If hypertension: potassium and ALD / PRA ratio

No hypersecretion Apparent
4 hypersecretion

IMAGING WORK-UP: TR \

= Unenhanced CT S
= Chemical shift MRI SURGERY

=10 HU on CT

1 Delayed enhanced CT /
washout characteristics

<10HUoONCT i

Suspected malignancy

v Search for extra
adrenal primary
LESION SIZE malignant neoplasm

- < Consider percutaneous
biopsy

h 4

FOLLOW-UP:

= 1 x imaging after 6-12 months SURGERY

= Endocrine evaluation 1/year for
= 4 years




